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SUMMARY APPRAISALS OF THE NATION'S
GROUND-WATER RESOURCES- -
SOURIS-RED-RAINY REGION

by Harold O. Reeder

ABSTRACT

A broad-perspective analysis of the ground-water resources
and present and possible future water development and manage-
ment in the Souris-Red-Rainy Region is presented. The regicn
includes the basins of the Souris River within Montana and
North Dakota; the Red River of the North in South Dakota, North
Dakota, and Minnesota; and the Rainy River within Minnesota.
The region includes 59,645 square miles, mostly in North Dakota
and Minnesota.

The terrain is relatively flat, but ranges in altitude
from 2,541 to 750 feet. Annual average precipitation ranges
from 14 inches in the west to 28 inches in the east and about
75 percent of it 1is rain. The mean annual snow fall ranges
from 32 inches in the west to 64 inches in the east. Tempera-
tures range from -55° to 118°F (-48.3° to 47.8°C). Irrigation
is needed at least part of the time to assure crop production,

particularly in the western part of the region.



Sand and gravel deposits in the drift form the most
important fresﬁiyater aquifers. Other aquifers are found
in at least parts of the region in the Precambrian, Paleo-
zoice, Cretaceous, and Tgrtiary rocks. The potentiometric
surface in the bedrock;génerally decreases in altitude
toward the Red River of the North, indicating that the
general direction of ground-water movement 1s toward the
river.

Ground-water with less than 3,000 milligrams per liter
dissolved solids is avallable throughout the region. Ground
water with less than 1,000 milligrams per 1liter occurs in
most of the region east of the Red River of the North and in
most of the shallow aquifers west of the river. The total
volume of water available from storage having less than
3,000 milligrams per liter dissolved solids is estimated to
be 5 x 10% acre-feet. In addition to the fresh and slightly
saline water, the region has abundant highly mineralized
water that can be consldered as a resource. Yields of
wells in individual bedrock aquifers are generally less
than 100 gallons per minute but locally yields may be as
much as 500 gallons per minute and more. Yields in drift
aquifers are frequently less than 100 gallons per minute
but range from 5 to 1,000 gallons per minute. In a few

places outwash yields more than 1,000 gallons per minute.



Ground water is the sole or a primary source of water
supply in much of the region, including supplies for
jrrigation, domestic and livestock, municipal, and industrial
needs. Reportedly, the potential irrigation development is
1,550,000 acres, as compared with 50,200 acres in 1975. Both
-ground- and surface-water supplies would be required to meet
these demands. Rural domestic and livestock water supplies
are derived almost entirely from ground-water sources.

Smaller communities and towns generally rely on ground water,
and the cities and industries use ground water, surface water,
or both. The municipalities using surface water generally
depend upon reservoir storage. Water quality rather than
quantity is the greater water-supply problem for many commu-
nities in the region.

Increased demands on both ground-water and surface-water
supplies likely will be made in the future. Storage of surface
water in the ground-water reservoirs during times of surplus
for withdrawal during times of scarcity would aid in meeting
these demands. The surplus (flood) water is of better chemical
quality than underlying ground water in parts of the western
half of the region. Fresh water could be stored in saline- or
fresh-water aquifers, and pumped out later, as needed. Thus,
the ground-water reservoirs have a definite present and

potential role in water management.



To understand the hydrologic system for management
purposes there is a need to determine more adequately
the geologic and hydrologic characteristics of existing
aguifers and the location of new aquifers. Also, as
pumping and other stresses on any part of the hydrologic
system affect other parts of the system, monitoring
rrograms ideally should be started and maintained to
detect changes and determine effects of the stresses.

Many alternatives are available for managing water
in the region. Some of these are operational and others
are undergoing research. Adequate hydrologic information
is needed to aid in solving problems of water supply,use,

and pollution.
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INTRODUCTION

Purpose and Scope of this Report

The purpose of this report is to present a broad-perspec-
tive analysis of ground-water resources in the Souris-Red-Rainy
Region. The region's ground water is a large and manageable
resource that could have a more significant role in regional
water development. This report is one of a U.S. Geological
Survey series that summarizes information on the Nation's ground
water for the guidance of planners. New data were not collected
for this appraisal, but information from many sources has been
utilized.

In addition to summarizing the knowledge of ground-water
resources of the region, the report points out deficlencies in
knowledge. The primary objective of evaluating information
deficiencies is to direct attention to types of studies and
information that will lead to fuller understanding and descrip-
tion of ground-water reservolrs for better evaluation, planning,
and management of the region's water resources. With proper
knowledge, utilization, and conjunctive management of all water
resources, ground water can assume greater significance in

the region's development.
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Mest bumbers in this report are given in English units,fe}&owed-w"

y-ebricurnttes—in-parentheses,

s follows:

&aré
The conversions to metric units were made

English Metric
Unit Abbrevi- Multiplied Unit Abbrevi-
ation by atlion
nches in 25.4 millimeters mm
‘eet ft .3048 meters m
[iles mi 1.609 kilometers km
cres .004047 square kilometers km?
quare miles mi? 2.590 square kilometers km?
allons gal .003785 cubic meters m3
‘ubic feet ft3 .02832 cubic meters m3
cre-feet acre-ft 1233 cubic meters m?
allons per minute gal/min .06309 1liters per second 1/s
'ubic feet per second ft/s 28.32 liters per second 1/s

illion gallons per day M gal/d

.04381 cubic meters per second m?/s

Chemical concentrations are given only in metric units -- milligrams

er liter (mg/l). For concentrations less than 7,000 mg/l, the numerical

alue is practically the same as fcr ccencentraticns in the English unit,

arts per million.

12



Physical Setting

The region is located along the northern boundary of
the United States in North Dakota and Minnesota and extends

short distances into Montana and South Dakota (fig. 1).

Figure 1 belongs near here.

The region discussed in this report includes that part of

the three river basins within the United States. The region,
which includes 59,645 square miles in the United States,
drains northward into Hudson Bay. The Red River of the North,
hereafter referred to as the Red River, drains 39,199 square
miles in the central part of the region and flows into Lake
Winnipeg and Nelson River to Hudson Bay (all in Canada and

not shown on map). The Souris River drains 9,142 square miles
in the western part of the region, joins the Assiniboine River
in Manitoba, Canada, and flows into the Red River. The Rainy
River drains 11,304 square miles in the eastern part of the
region, flows through Lake of the Woods to the Winnipeg River
in Canada, and eventually Jjoins the Nelson River in Canada.
The three river basins in the United States are in the Western
Lake section of the Central Lowland physiographic province

(Fenneman, 1931).

13



Figure 1.--Location map of Souris-Red-Rainy Region showing

subbasins.



e~

The terrain is relatively flat. One of the most prominent
features is the plain along the Red River from 30 to 50 miles
wide and 315 miles long. Duriling the glacial epoch the Red River

was occupied by glacial Lake Agassiz (fig. la). Its ocutlet was

Figure la belongs near here.

southward into Big Stone Lake (outside the region) and through
the pfesent valley of the Minnesota River. Altitude ranges
from 2,541 feet in north central North Dakota to 750 feet where
the Red River crosses the Canadian boundary. Figure la Also

shows the locaticn of other former glacial lakes in the region.

15
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Figure la,--Location of glacial lakes in the Souris-Red-Rainy

Region,
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Regional Water Supply

Precipitation is the ultimate source of water supply.
Average annual precipitation in the region ranges from about

14 inches in the west to 28 inches in the east (fig. 2).

Figure 2 belongs near here.

About 75 percent of the annual precipitation is rain. The
mean annual snowfall ranges from about 32 inches in the west

to 64 inches in the east (fig. 3). Precipitation is adequate

Figure 3 belongs near here.

for crop production during normal years, although the western
half of the region has occasional droughts. The average
annual natural runoff originating within the region ranges
from less than 0.2 inch in the western part of the Souris
River basin to about 15 inches in the eastern part of the

Rainy River basin (fig. 4) owing to less precipitation and

Figure 4 belongs near here.

higher evapotranspiration rate in the west than in the east.
Generally, minimum flows occur during the winter under ice
cover 2 to U4 feet thick. Maximum flows generally occur during
the spring breakup, and about 50 percent of the annual flow

occurs during April and May.

17



Figure 2.--Map showing average annual precipitation.

Figure 3.--Map showing average annual snowfall.

Figure 4.--Map showing average annual runoff.
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The quantity and guality of water resources differ greatly
from place to place, season to season, and year to year. In
the Souris ﬁiver basin, streamflow is normally inadequate to
satisfy water needs, and the quality is marginally acceptable
for most present uses. During normal years, streamflow in most
of the Red River basin is adequate, and the quality is generally
satisfactory for the predominantly agricultural demands of the
basin. However, water quality in the main stem of the Red River
is poor due to heavy sediment locads; periodic low flows with
attvendant increases in dissolved solids; and increasing municipal,
industrial, and agricultural pollution. Water is abundant for
the extent of present development in the Rainy River basin, and,
except below International Falls and Shagawa Lake at Ely, its
quality is excellent for most uses (U.S. Water Resources Council,
1968, p. 6-8-3).

The glacial aquifers and much of the bedrock are recharged
by water from precipitation within the region. Some ground-water
recharge is from surface-water bodies and from bedrock aquifers
of adjacent regions. Recharge to the ground-water reservoirs
from precipitation can occur only after the soil moisture de-
ficiency is satisfied. Water requirements of plants and the
intensity and duration of a rain, and certain additional factors
such as soil type, also affect the amount of recharge. Con-
sequently, recharge is not necessarily proportional to rates of
precipitation, although, when the precipitation rate is large,

recharge is generally greater than during relatively dry periods.



Recorded temperature extremes range from —550to 118°F
(-48.3° to MT.BOC, or Celsius); however, mean monthly temperatures
range from a monthly minimum of about —IOOF (-23.300) in January
to a monthly maximum of about 85°F (29.4°C) in July (U.S.
Geological Survey, 1970, p. 104-107). The occasional droughts,
hot winds, and prolonged high temperatures that occur, particularly
in the western half of the region, cause crop failure and create
the need for irrigation at least part of the time. Large quanti-
ties of ground water evaporate through the swamps, marshes, lakes,
and streams. The average annual lake evaporation rate ranges
from 36 inches in the west to less than 24 inches in the east

(fig. 5).

Figure 5 belongs near here.

Discharge from aquifers occurs naturally and by pumping.
Natural discharge occurs by flow into adjacent rocks having
lower hydraulic head, by seepage into streams, as springs, and
by evapotranspiration. Trends in water levels reflect the balance
or imbalance of ground-water recharge and discharge. Current
pumping is not large enough to cause a significant general
impact. Significant water-level declines are noted, however,
in several areas (Kenmare, Minot, Fargo-West Fargo-Moorhead,
and Hatton areas).

Ground water constitutes a major element of the region's

water supply, as discussed in detail in the following section.

20



Figure 5.--Map showing average annual lake evaporation.



GROUND-WATER RESQURCES
Ground water in the Souris-Red-Rainy 5egion is obtailned
mainly from aguifers in P{;istocene drift‘;uch as drainage-
channel deposits, lake deltas, beach deposits, cutwash deposilts,

and small bodies of sand and gravel interbedded with till. In

addition, the Souris and Red River basins in North Dakota have

17 v 3 .
aquifers of Precambrian and Paleozoic ageg; the Dékota, Pierre,

and Fox Hills-ﬁell Creek aquifers of Cretaceous age; and the Fort
Union aquifer of Téftiary age (Crosby and others, 1973, p. 176).
In the Red and Rainy River basins in Minnesota, aguifers are of
Precambrian, Paleozoic, and Cretaceous ageg. The total volume

of water having less than 3,000 mg/l of dissolved solids available
from storage in the region is estiméted to be 5 x 10% acre-feet.
The estimate 1s based on areas, estimated and known saturated
thicknesses, and estimated and known specific yields of the

various aquifer materials.

22



The Souris-~Red-Rainy Reglon is underlain by a serles of
bedrock units that differ greatly in thickness and in hydrologic
characteristicsland that range in age from P;écambrian to
Qﬁaternary. P;gcambrian crystalline rocks are at or near the
land surface (about 1,300 feet (ﬂﬁGMmT“above mean sea level)
locally in the eastern part of the region and about 15,007 feet
QEASJO'ﬁﬁ below the surface (about 12,000 feet L},ﬁé@ﬂﬁf below -

mean sea level) in the center of the Williston Basin (figs.

5a and 5b). The central and deepest part of this basin is in

Figures 5a and 5b belong near here.

the westernmost part of North Dakota, southwest of and beyond

the limits of the Scuris River basin (fig. 5a). Most of North
Dakota, including the Scuris and the western part of the Red
River basins, is in Williston Basin, which extends northward into

Canada, southward into South Dakota, and westward into Montana.

g s i .
Sedimentg of Paleozoic, Cretaceous, and Tertiary age were
- T s "’;/ 4 e - Ve s

dépoéi%é&win the Williston Basin. Roecks forméd from these
Feward fie

-sediments gradually thin in-an eastweard &ireetion and are

missing in the southern and eastern parts of the Red River basin

and in the Raliny River basin, where Precambrian rocks directly

underlie the glacial deposits (fig. 5b).

23



Figure 5a.--Map showing location of the Williston Basin.

20N

Figure 5b.--Diagramatic section of North Dakcta and Minnesota
7

shcewing location of aguifers.
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The cldest Pgleozoic beds dip westward at an average
slope of nearly 50 feet per mile L9f5“m7E53 across the eastern
three-fourths of North Dakota, but the ng;iary beds dip west-
ward at am-average-siope-of only a few feet per mile (Crosby and
octhers, 1973, p. 176). Sedimentary rocks of Orggvician age
overlie the crystalline rccks in meost of the Red River and
Sourls River basins, sloping and thickening westward. Rocks
of deassic and Cgétaceous age, which thicken westward from the
west border of Minnesota overlie the Pgieozoic rocks. Tégtiary
rocks occur on the west edge of the Red River basin and in much
of the Souris River basin (Glover and others, 1972).

The entire region has been glaciated, and most of it is
covered with drift that ranges in thickness from less than a
foot (0.3 mJ to several hundred feet. The drift is wade up .
largely of till, a heterogeneous mixture of clay, silt, sand,
and gravel, but it alsc contains/guried”ienses of stratified
sand, gravel, silt, and clay, which were deposited along the
margin of the glacier or near it. The buried sand units, which
range in thickness from a few inches to many feet, cover areas
of many sguare miles.

Lake Agassiz sediments significantly affect the hydrologic
system in the Red River basin because they are extremely fine
grained, thickqgnm.widespread. The thickness of these sediments
in the Minnesota part cf the lake deposits ranges from less tharn

1 foot LQfSWﬁS to more than 140 feet §93 m) (Maclay and others,

1972, p. 29).

25



Small yields of water are obtained from bedrock aquifers
underlying the drift in the Souris and Red River basins. In
parts of the Rainy River basin, where productive glacial deposits
are thin or absent, small yields of water are obtained locally
from fractures in the crystalline bedrock (Glover and others,
1972, p. B-27, B-52, B-77).

Yields of wells in individual bedrock aquifers are generally
less than about 100 gal/min but may be as much as 500 gal/min
locally, and more than 500 gal/min in a few places. Yields in
drift aquifers average less than 100 gal/min but range from
5 to 1,000 gal/min. A few wells in outwash yield more than 1,000
gal/min. Table la is a list of aquifers and range of yields to

wells.

26



Table la.--Aquifers and well yields in the Souris-Red-Rainy Region.

(Bedrock aquifers:

adapted from Crosby and other, 1973,

p. 176-185; and Glover and others, 1972, Tables B-10, B-16, B-24;

glacial drift aquifers:

adapted from Glover and others, 1972,

Tables B-11, B-12, B-17, B-18, B-19, B-24, and Q. F. Paulson,

written communiestien, 1976.)

Well yields (gal/min)

Aquifer Common General Largest known
rate pumped range
Drift <100 5-1,000 more than 1,000
Fort Union 2-14 <1-50 100
Fox Hills-Hell Creek <5 <1-30 150
Pierre <5 <1-6 100
Dakota 2-3 <1-350 500
Paleozoic <5 <1-60 700
Precambrian <5 <1-10
< less than
e
7 'J - . {?
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The potentiometric curface in the bedrock formations
generally decreases in altitude toward the Red River, indicating
that the regional direction of water movement is toward the
river. In the Rainy River basin, some ground water probably
migrates westward into the Red River basin; but most ground
water moves northwestward and 1s discharged from the area through
the Rainy River and Lake of the Woods (Glover and others, 1972,
p. B-53, B-77). These regional patterns of movements of the
ground water indicate that recharge from precipitation on
upland areas, from surface water, and from ground water entering
from adjacent regicns moves regionally to discharge areas along
the Red River Valley. The general ground-water flow system
1s much more complex because of the many local flow patterns

within the regional system Much of the ground-water discharge
w:'«jwt:':’ & 543'

occurs near the olauewof recharge w1th1n the Seuris-Red-ialny

Region. (See Maclay and others, 1972, p. 104-113).

i
b
— TR

‘..M',“‘%
e

g

G
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Precambrian Agquifer

Precambrian zrystalline rocks, which underlie all c¢f the
region, generally are poor aquifers, but locally are sources
of small supplies. Along the southeastern edge of North Dakota,
and in the eastern part of the Red River basin in Minnesota and

in most of the Rainy River basin (fig. 6), small supplies of

Figure 6 belongs near here.

water can be obtained from the fractures or from weathered zones
in the upper part of the crystalline rocks. Generally, wells in
the Precambrian aquifer will not yield more than a few gallons

per minute (Crosby and others, 1973, p. 176). The Precambrian
rock surface also generally defines the base of the water-yielding
zone of the hydrologic system. The general slope of the crystal-
line rock surface is from east to west (Maclay and others, 1972,

p. 23). (See figure 5b.)

29



Figure 6.--Map showing areal extent of bedrock aquifers in the

Souris-Red-Rainy Region.
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Paleozoic Aquifer

Water occurs in the Paleozoic rocks in the Souris River
basin and in most of the Red River basin (fié. 6);‘ Although
there are several water-bearing units within the Paleozoic
rocks, data are insufficient to determine the areal extent,
thickness (except locally), and degree of interconnection of
the individual units; therefore, all water-bearing Paleozoic
rocks are treated here as a single aquifer. The top of the
aquifer occurs at depths of about 150 feet in eastern North
Dakota and deepens westward to more than 13,500 feet at the
bottom of the aquifer in western North Dakota, beyond the
limits of the region (figs. 5a and 5b). It is composed of
iine-grained sandstcone which yields small dependable supplies
of water; and porous, cavernous limestone, which yields large
supplies of water. The salinity of the water, however, severly
limits 1its usefulness. Production of water in eastern Neorth
Dakcta is limited to one industrial well that flows, when not
closed, at a rate of about 700 gal/min, and a few domestic
wells that are used for sanitation. Water from the Paleozoic
aquifer also is produced with oil in the western part cf the
region (Crosby and others, 1973, p. 177). Because of the
highly saline water, the Paleozoic aquifers in Minnesota have
never been used. Test holes into the Paleozoic rocks have

flowed as much as 60 gal/min (Maclay and others 1972, p. 60).

31



Dakota Aquifer

The Dakota agquifer, which 1s composed of basal Cretaceous
sandstone and shale, underlies all of the §ouris River Basin and
the western half of the Red River basin (f;g. 6). Aquifers in
C;etaceous rocks, which probably are equivalent to the Ddﬁota
aquifer, underly the northwestern Red River basin in Minnesota.
The depth to the top of the Kquifer gradually increases from
100 feet (30 m) along the eastern limit of the aquifer in the
Red River basin to more than 5,600 feet (14%00 W) in the deepest
part of the Williston Basin southwest of the Souris River basin
(fig. 55). The aguifer materials differ from place to place,
but genérally consist of interbedded quartzose sand and shale.
Sand predominates in the eastern part of North Dakota and
shale predominates in the western part.

In the eastern part of North Dakota, the individual sand
beds generally are less than 30 feet Lgfmfﬁfhick, but locally
are as much as 100 feet LBDme'thick. They generally are com-
posed of fine, medium, or coarse sand that has very little
interstitial silt or clay. Interstitial silt and clay decreases
permeability of the aquifer and, thus, decreases well yields
and the rate of flow of water through the aquifer. In the
western part, individual beds generally are composed of fine
sand and minor amounts of medium sand, and interstitial silt

and clay are more common (Crosby and others, 1973, p. 178).



Numerous wells tap the Dakota aquifer in the eastern
part of North Dakota. Most of these wells are for domestic
and stock use but a few are for municipal and industrial
purposes. Flowing wells in the Dakota have discharges that
range from less than 1 to 100 gal/min and average 2 to 3
gal/min in most of the Souris-Red-Rainy Region. Pumping
rates in excess of 500 gal/min are obtained from some wells
(Crosby and others, 1973, p. 179). In the Souris basin part
of the region potential well yields range from 50 to 350
gal/min. This water is used mostly by the oil industry for
maintaining pressure in oil reservoirs (Glover and others,

1972, p. B=31).

33



Piérre Aguifer

The Pf;rre aquifer 1s in the upper part of the Piérre
Shale of Cfgtaceous age in the eastern part of the Souris River
basin and the western part of the Red River basin (fig. 6). The
aquifer may extend westward for a short distance beneath the
Féx Hills—Héll Creek aquifer, but no data are available to
determine the western 1limit accurately.

The Pfgrre is composed of light-gray to black siliceous
shale, marlstone, and claystone, ang ig logglly fractured in
the upper part. Textnra&wmaseriéingéﬁggiiéhale, marlstone,
and claystone are nearly impermeable and will not yield a
significant amount of water to wells; therefore, the fractured
zones are the only sources of water. The fractures, where
present, may extend several hundred feet below the land surface,
but they generally are too small to yield significant guantities
of water below depths of about 100 feet Agﬁmayg(Crosby and others,
1973, p. 180).

Although the Paerre is not a major aquifer, it is the only
source of water for many farms and a few municipal supplies.
Most farm wells yield less than 6 gal/min (O-4-17s7. Locally,
where the fracture zone is exceptionally thick or the fractures

unusually large, pumping rates range from 50 to 100 gal/min

(3 to 6-178Y (Crosby and others, 1973, p. 180).

-
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Fox Hills-Hell Creek Ajuifer

The Fox Hills-Hell Creek aquifer of Cretaceous age under-
lies most of the Souris River basin (fig. 6). The depth to the
top of the aguifer gradually increases from a few feet 1n topo-
graphically low areas near the eastern boundary of the aquifer
to more than 1,400 feet (406-1) in topographically high areas
near the center Qf the Williston Basin southwest of the Souris
basin (fig; 5;§<§bThe aquifer is composed of interbedded sand,
clay, silt, and lignite, but the lithology differs considerably
from place to place. Many of the individual sandy layers in
the aquifer are thin and lenticular and do not extend for more

than a few miles. However, at least ong and commonly more than
i -7

one, sandy layer more than 20 feet,éé’ﬁ?ﬁthick,aré(p%esent.
Generally, the individual sandy layers are composed

of fine to medium sand with interbedded silt and clay lenses,
but locally the sandy layers may be either very fine sand cr
include considerable amodnts of interstitial silt (Crosby and
others, 1973, p. 180).

Wells in the Fox Hills-Hell Creek aquifer generally rield
less than 30 gal/min (2~1/S§} but locally where the sandy layers
are unusually thick or contain very little interstitial cr
interbedded silt or clay, yields may be as much as 150 gai/min
A9 1/5). Most of the water is used for rural domestic and stock

purposes (Crosby and others, 1973, p. 181).
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Fart Union Aquifer

Sand and lignite beds in the Fbrt Union Formation of
Téfitiary age form the Fg}f Union agquifer in the western two-
thirds of the Souris River basin (fig. 6). The Féft Union,
which may be as thick as 1,100 feet L&Sﬁﬁganear the center of
the Williston Basin, is composed of beds of silty clay, clay,
sand, and lignite. Individual beds in the formation generally
cannot be traced as much aéjmile gl.éfﬁﬁﬁ; however, bthere—are
a few exceptionally thick and extensive beds Hme¥ extend many
miles. Most sand beds are less than 10 feet (3 m) thick, but
some are as much as 150 feet (U45mY thick. ignite beds generally
are 2 to 5 feet [0.6-%e—3175 M) thick, but thicknesses of as much
as 40 feet (l2-m)Y have been reported. The sand is generally
fine, with medium sand reported locally. The sand also may con-
tain considerable amounts of interstitial clay (Crosby and others,
1973, p. 181-182).

-+ The nonmarine Téngue River Member of the Fort Union Forma-
tioqistratigraphically Qeguring in the upper part of the fermation,
is the principal bedrock agquifer in the Souris River basin. The
underlying marine Cannonball Member ylelds water that is used
for watering livestock but that is generally too salty for human
consumption, according to Glover and others (1972, p. B=27).
Although there may be several aquifers in the Fgft Union Formation,

data generally are insufficient to determine the areal extent,
thickness, or degree of interconnection of the units; therefore,

all water-bearing units in the Fort Union are considered here szs
a single aguifer.
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The quantity of water the FSrt Union aquifer will yield

1)
Athe thickness, sorting,and grain size of

)
the quantity of interstitial or interbedded

to wells depends on

A
r.ar

clay im-bhe-viecintty—~of each well. Prcoperly constructed wells

the sand beds, and

finished in sand beds. fha&—are as thick as 100 feet 36-my will
yield as much as 50 gal/min é%“Tfsiiith 20 feet 46-M) of draw-
down. A few wells will yield as much as 100 gal/min (61757,
but drawdowns are greater than 20 feet (6~-mM). Most wells that
tap the Fg;t Union aquifer are used for rural domestic and stock
supplies. Some wells, however, are used for municipal and
industrial supplies. Most farm wells are completed in the
uppermost saturated sand lens. The wells commonly are equipped
with cylinder pumps generally having capacities of only 2 to

4 gal/min €O0TYto—6+2-1/s>» (Crosby and others, 1973, p. 182).
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Drifﬁ Aquifers

Drift aquifers of Qﬁgternary age, which are the most
important sources of ground water 1in the Seurfgrﬁe&*ﬂa&ﬁy_ﬁégion,
are distributed throughout most of the Scuris and Red River
basins and part of the Rainy River basin. Although most of
the drift in the region is composed of several tens to several
hundred feet of till, which yields little or no water to wells,
some of the drift consists of stratified gieeirefiurial-deposits
«of sard and gravel which form important sources of water supply
(Crosby and others, 1973, p. 183). In the Rainy River basin,
however, glaclal erosion rather than deposition was the primary
process shapling the surface of the land, and the deposits are
thin or absent, except in the south and west parts of the basin
where the glacial deposits thicken to nearly 250 feet {46-m7)
(Glover and others, 1972, p. B-77). Figure 7 shows the areal

distribution of known major drift aquifers and the expected

Figure 7 belongs near here.

ylelds to wells of water having less than 3,000 mg/l of dissolved
solids. Ranges in yields to wells in the various aquifers
delineated in figure 7 have been simplified in-bhe-idiustration—

from those tabulated by Glover and others (1972).
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Figure 7 .--Map showing expected ylelds of individual wells.
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Most of the aquifers we%ii%;rmeﬂ either a€ valley fill or
outwash deposits. Melt water flowing from and along the ice
front deposited outwash and ice-contact deposits in a network
of channels. During subsequent periods of glacial advance and
retreat, 0ld channels were blocked and new ones formed. Each
successive advance of glacial ice berded—to smoot&fthe terrain
by filling the valleys and eroding the hills. Parts of these
channels were subsequently filled with sand, gravel, and tili,
such as‘the New Rockford aquifer in east-central North Dakota g
and’ipme of these glacial channels are now occupied by modern
streams, as illustrated by the Sheyenne River valleyin southeastern
North Dakota. Deposits in these channels form numerous aqui-
fers scattered throughout the Red and Souris River basins and
the western part of the Rainy River basin as shown by the
long narrow patterns on figure 7. Many of the earlier channels
were buried by subsequent glacial deposits, and most of the
glacial channels exposed at the surface were formed during the
most recent advance of glacial ice. Outwash deposits in these

youngest channels are generally thin, and only locally form

significant aquifers.
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he deposits in Glacial Lake Agassiz, in the center of
the Red River basin, occupy almost one-third of the area of
the basin (fig. la). These deposits are generally too fine
grained to be dimrortant as a source of ground water. However,
some lakeshore deposits, such as d=21ltas and beach ridges, are
coarse grained and form important aquifers (Glover and others,
1972, p. B-29, B-53). The Sheyenne delta aquifer in the south-
east corner of North Dakota is a notable example (Glover and
others, 1972, p. B-62). Fine-grained sediments also were

Ard £17cial
deposited in Glacial Lakes Candol1 Dekota, anquevils Lake in
the western part of the Red River basin and in Glacial Lake
Souris in the Red and Souris River basins (fig. la).

Alluvium deposited after the glacial periods consists of
silt, sand, and gravel in the valleys of some of the larger
streams. These deposits generally are finer grained and less
permeable than the outwash deposits, but locally they proﬁide

sources of water.
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The ability of the deposits to yleld water to wells depends
on the grain size and thickness of the materials, but in
broad view and ultimately the quantity of water that an aquifer
will yield depends on the amount of water in storage and on
the amount of recharge. If a sand or gravel deposit is
small and enclosed in till or other fine-grained material, it
receives little recharge; consequently, such deposits will
not yield large quantities of water for sustained periods.
Large deposits of saturated sand and gravel, however, contain
large quantities of water in storage and may be capable of
receiving sustained quantities of recharge over the large area
of contact with the clay layers, even if they are enclosed
within fine-grained deposits; consequently, such deposits form
major aquifers that will yield substantial quantities of water

for sustained periods (Crosby and others, 1973, p. 183).
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Quality of Ground Water

The chemical quality of water can be classified according
to its dissolved-solids concentration. The classification of
Winslow and Kister (1956, p. 5) used by the U.S. Geological

Survey 1is as follows:

Class Dissolved solids (mg/l)
Fresh less than 1,000
Slightly saline 1,000 - 3,000
Moderately saline 3,000 -10,000
Very saline 10,000 -35,000
Brine more than 35,000

Figure 8 shows areas in the Souris-Red-Rainy Region where

Figure 8 belongs near here.

ground water occurs with less than 1,000 mg/l1 and with 1,000
to 3,000 mg/1 dissolved solids. Ground water with less than
3,000 mg/l dissolved solids is available throughout the region;

however, yields may be small.
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Figure 8 .--Map showing dissolved solids in ground water.
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In addition to the fresh and slightly saline water, the
region has abundant highly mineralized water. Robinove and
others (1958, p. 9) state that many of the formations in
North Dakota are capable of yilelding only very small suppililes
of water. The Pierre Shale, for example, yields only minor
amounts of saline water to many wells in the eastern part of
North Dakota. Table 1 1lists and describes water-yielding

formations and their water-quality and water-supply potential.
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The quality of ground water in the Souris-Red-Rainy Region
differs from place to place, even wilthin an aquifer. Generally,
water with the best quality is in or near recharge areas
(p. 19, 28) or areas with flow sufficient to flush out saline
water. Water in surficial outwash in or near recharge areas
almost everywhere contains less than 1,000 mg/L dissolved solids
and in many places less than 500 mg/L. Highly mineralized water -
is found in older, deeper rocks in much of the region and in
shallow aquifers where water has migrated from mineralized
aquifers. For example, in the north-central part of the Red
River basin, highly mineralized water migrates upward into the
drift from the underlying Paleozoic and Dakota aquifers. Water
in the drift in these areas generally 1is a sodium chloride type,
with many of the characteristics of the water in the underlying
bedrock (Crosby and others, 1973, p. 195).

In the Pierre aquifer, water is a sodium chloride or sodium
sulfate type or a combination of the two. The dissolved-solids
concentration ranges from 700 to 12,500 mg/L, and the shallow
fractured zone generally yields water with 2,000 to 4,000 mg/L
dissolved solids. Most of the water in the Pierre aquifer con-
tains greater quantities of chloride or sulfate, or both, than
the 1limits for drinking water recommended by the U.S. Public
Health Service (1962). The Pierre is not a highly productive
aquifer, but it is the only source of water for many farms and

a few municipalities (Crosby and others, 1973, p. 194).
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Water in the Fox Hills~ﬁell Creek aquifer generally is a
sq?ium pilcarbonate type, but locally the water is a sodium
sulfate type. Although water from the Fox Hills-Hell Creek
aquifer ranges from about 300 to 3,700 mg/l dissolved solids,
water containing less than 1,000 mg/l dissolved solids occurs
near outcrcp areas, where little drift overlies the aquifer,
Most of the water that contains more than 2,500 mg/l of dissolved
sollds occurs where significant thicknesses of drift cover
the Fox Hills~Hell Creek aquifer. The drift probably contri-
butes much of the dissolved-solids concentration to recharge
water that reaches the Fox Hills-Hell Creek aquifer (Crosbhy
and others, 1973, p. 194).

Water in the Fort Union/équifer is a sodium bicarbonate
or sciium sulfate type in different places. However, scme cf
the water from the deeper parts of the aguifer in the northern
part of North Dakota is a sodium chloride type, with chloride

concentrations as high as 3,830 mg/l. Elsewhere, the water

€]

in the Fort Union aquifer generally contains less than the U.S.

Public Health Service recommended limit for chloride cf 250

mg/1.
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The quality of water differs greatly among shailower
(300 feet or less) wells in the Fort Union aquifer. Dissolved-
solids concentrations range from about 200 to 6,700 miz/L in North
Dakota. Most water in the Fort Union aquifer that contains
more than 3,000 mg/L dissolved solids is in areas covered with
drift. The dissolved-solids concentrations in most of the
deeper part of the aquifer is in the 1,000~ to 2,500-mg/L range.
The high sodium and dissolved-solids concentrations generally : T
make the water from the Fort Union agquifer unsuitable for
irrigation (Crosby and others, 1973, p. 194).
In most of the Red Rilver basin in Minnesota the dissolved-
solids concentrations in the drift are between 300 and 600 mg/L
(Maclay and others, 1972, p. 62, 63). In the Rainy River basin
and in the northeastern part of the Red River basin, the dlssolved-
solids concentrations in the drift are less than 300 mg/L. The
dissolved solids 1in drift aquifers in the Red and Souris River -
basins in North Dakota are generally greater than 600 mg/L. Dis-
solved solids in the drift in North Dakota are as high as 26,200
mg/L, although most water in areas where flow 1s upward from
bedrock aquifers contains less than 10,000 mg/L (Crosby and others,

1973, p. 195).
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ROLE OF GROUND WATER IN WATER-RESOURCES MANAGEMENT

Increased demands on ground-water and surface-water supplies
of the Souris-Red-Rainyipegion will be made in the future (Souris-
Red-Rainy River Basins 5;mmission, 1972, p. 15; and Ferris and
others, 1972, p. G-3, G-5). The population is expected to increase
20 percent between 1960 and 2020 but the municipal and rural domes-
tic water uses are expected to increase 90 percent. Increased
irrigation and industrial uses will cause even greater demands on
the water supply. Municipal and industrial growth in an area
generally depend directly upon the availability of adequate
supplies of water of suitable quality. Anticipated"uéage may
result in ground-water shortages. Little difficulty is expected
in meeting this need in the eastern part of the Souris-Red-Rainy
Region, but in the western part, particularly in the Souris basin,
good quality water from known sources is in short supply.

Most of the anticipated additional needs for water in the
western half of the region probably can be met from the Garrison
Diversion Unit and through greater use of ground- and surface-water
supplies. The Garrison Diversion Unit is a large-scale water
redistribution project. It is planned to divert initially

@ivnlecsly
2,000 ft'/s and, 8,850 ft3/s from the Missouri River at Garrison
Reservoir to the Red and Souris River drainages and the James
River (tributary to the Missouril) drainage for irrigation and
municipal-industrial uses. Also included as part of the Garrison

Diversion Unit plan are measures for flood control, drainage of

nonirrigable lands, pollution abatement, and recreation.

50



Maclay and others (1972, p. 47-84) discussed water-
resource management 1n the Red River basin, including ground
water. A summary of thelr discussion of ground water in the
Red River basin applies as well to the Souris-Red-Ralny Region.

Water management before 1967 included major flood-control
projects, local flood-protection projects, watershed-protection
projects, fish and wildlife developments, land drainage, and
irrigation. Many manmade reservoirs have been constructed,
particularly in North Dakota. The largest of these is Lake
Ashtabula on the Sheyenne River, which has about €9,000 acre-

feet of usable storage.
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Primary considerations in the managment of water supply
are: 1) location and amount of the supply, 2) accessibility,
3) dependability, and 4) quality. Table 2 shows the advantages
and disadvantages of ground water and surface water in regard
to these four considerations. Ground water is important to the
region's future development because of its large total quantity
and general availability in most of the region; however, careful - -
planning will be required in developing ground-water supplies
because of its different quality from place to place and
with depth, and the limited geographic extent of many of the
Quaternary aquifers. Adapting McGuinness' (1963) discussion
of the role of ground wafter in the NlNation's water situation
(p. 119) to the Souris-Red-Rainy Region:

1. Ground-water reservoirs are important and indis-

pensable in securing the region's future water
supply.

2. Existing knowledge is grossly inadequate to form a
basis for effective development and management cf the
ground-water reservoirs.

3. The region must overcome informational inadequacies
in ground-water hydrology as well as in techniques

of planning and water management.
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Fresh-Water Use

Ground water 1is the sole or a primary source of supply in
much of the Souris-Red-Rainy Region. In areas distant from
streams and in uplands, where surface water is not available
physically, legally, or in the quality required for a particular
use, ground water is the sole source of supply.

Ground water and surface water are used conjunctively in
part of the region, but conjunctive use is not fully exploited
to meet quantity and quality requirements of water supplies.

For example, water of good quality from one source could be
mixed with mineralized water from another source in some areas
to get a greater quantity within specified quality requirements.
Also during times of low or no streamflow, ground water could
supplement or replace surface water. Distribution systems could
be used for surface water or ground water.

Estimates of water use in the United States according to
categories of use are listed by State and region by MacKichan
and Kammerer (1961), Murray (1968), and Murray and Reeves (1972).
Water-use projections to 2020 are given for the Souris-Red-Rainy
Region by Ferris and others (1972) and Weber and others (1972)
in the Souris-Red-Rainy River Basins Comprehensive Study. The
U.S. Bureau of Reclamation (1973) summarizes water-resources
development in North Dakota, with emphasis on surface-water
supplies, and includes a brief description of the Garrison

Diversion Unit which was mentioned earlier.
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Irrigation

About 15,700 acres of land was irrigated in the region
in 1967 and 1968, including about 12,000 acres in the Souris
River basin, about 3,500 acres in the Red River basin, and
about 200 acres in the Rainy River basin. Irrigated land in
the Red River basin increased to about 38,000 acres in 1975
but remained about the same in the Souris and Rainy River
basins. The total land irrigated in 1975 was 50,200 acres.

The largest potential use of water in the Souris-Red-Rainy
Region is for irrigation. Forecasts of irrigation development
were described by Weber and others (1972) in the Souris-Red-
Rainy River Basins Comprehensive Study for optimum utilization
of land and water resources. Potentially irrigable lands
were considered to be suitable for development by either private
(small-scale) or project (large-scale) methods, depending on
availability of water. Private methods considered are farm-size
systems irrigated primarily with ground water. ProjJect methods
considered would use surface-water storage and distribution
works, which probably could be constructed only with public

funds.
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Sources of water in quantity for irrigation include ground
water in the Souris and Red River basins and water from the
Missouri River (Garrison Diversion Unit) and the Rainy River.
The Souris and Red River basins have large areas of potentially

irrigable land (fig. 10), but water is not available from

Figure 10 (caption on next page) belongs near here.

the Souris River for irrigation and the Red River can supply
only small parts of the potentially irrigable area in the

basin, such as the irrigated area east of Moorhead where several
irrigators tap tributaries to the Red River. Surface

water for potential irrigation development in the Souris and

Red basins must be supplied from other sources, such as the
Misscurl and Rainy Rivers. In the Rainy River basin the abun-
dance of surface water of good gquality and apparent absence of
large aquifers preclude the consideration of ground water for

major irrigation.

The ultimate potential irrigation development in the region

totals 1,550, OOU acres (64276-¥M?Y, table 3. It is predicted

x

tbat 1rrlzateﬁ 1ando will reach 530,000 acres (2,145 km?) by
the~year 2000 and 1,404,000 acres (54680-¥m?Y by 2020. Ground-

water €0?~prixa€e% development is projected to decrease between

2000 and 2020, and surface-water 46% p;o&ee%%‘develoomert is

AT v

projected to increase nearly 400 percent in the same periocd.

-




Figure 10.--Map showing areas with irrigation potential.
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Table 3.- -Projected irrigation in Souris, Red, and Rainy RiverJEésins

(From Souris-Red-Rainy River Basins Comprehensive Study by Weber and

others, 1972, Tables F-17, F-20)

River basin Water source

Year
2000

Year
2020

Cltimate

Souris: Ground water
Surface water
Red: Ground water
Surface water
Rainy: Surface water
Total: Ground water
Surface water

Total irrigation

(thousand acres)

20 16
134 369
200 180
169 824

7 15
220 196

310 1,208

530 1,404

16
369
180

970

15

156
1,354

1,550

Note: Does not include 190,700 acres as initial stage of Garrison

Diversion Unit.




The source of water and the irrigable area for the ultimate
irrigation development within each State in the region is shown
in table 4. It is estimated that 579,000 acres could be irrigated
from the Missouri River (Garrison Diversion Unit), 775,000 acres
could be irrigated from the RainvRiver, and 196,000 acres from

ground-water supplles. The estimate of potential irrigation

development is 1,203,500 acres in North Dakota, 343,000 acres

in Minnesota, and 3,500 acres in South Dakota.
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Table U.--Ultimate potential irrigation in each State in the

Souris-Red-Rainy Region

(From Souris-Red-Rainy River Basins Comprehensive Study by Weber and

others, 1972, p. F-51 to F-60)

Development plan

Potential irrigation development

~ North Dakota Minnesota South Dakota Total

Souris River basin
from ground water 1/
from Missouri River 2/
Red River basin
from ground water 1/
from Missouri River 2/
from Rainy River 2/
Rainy River basin
from Rainy River 1/

Totals

1

(thousand acres)

16 - - 16
369 - - 369
122 58 - 180
206.5 - 3.5 210
490 270 - 760

- 15 - 15
»203.5 343 3.5 1,550

1/ Private development

2/ Project development
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The projections in the Souris-Red-Rainy River Basilns
Comprehensive Study (Weber and others, 1972) show that most of
the near future 1rrigation will be with ground water. By
2000, 41 percent of the acreage will be irrigated from ground
water, but by 2020 surface-water development will account for
86 percent of the irrigated area. These projections are based

on present knowledge of the availability of ground water and

do not allow for methods of water management such as artificial
recharge, salvage of water for beneficial use, and use of
saline aquifers. Also, with continued ground-water investigations,
additional aquifers probably will be found. When water-manage-
ment possibilities are fully utllized, ground water may become
increasingly important to irrigation.
Municipal

The region is primarily rural, with few population centers
of more than a few thousand persons. Only 11 cities are pro-
Jjected to have a population of greater than 10,000 by 2020
(Ferris and others, 1972, p. G-=7). Ten are in the Red River

basin andone in the Souris basin.
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Of the 208 cities or towns in the region, 178 have
ground-water supplies, 21 have surface-water supplies, and 9
have combined supplies. Table 5 lists the number of cities and
towns and population served 1n each of the river basins. The
smaller communities and towns of the region generally rely on

ground water, and the larger cities and industries reizy on

— surface water, ground water, or both. The municipaiities—— = —

using surface water generally depend on reservolr storage.
Municipalities with water-distribution systems have a per
capita use of about 100 gallons (Q.38m¥) of water per day.
The per capita use is 108 gallons LQ.Alfm?Tﬂper day in the
Souris basin, 98 gallons LQ.8?“ﬁ’3 in the Red basin, and 79
gallons L9f361533 per day in the Rainy basin. Projections indi-
cate a per capita use of about 140 gallons (2.53-m¥) per day by
the-year 2020 for the Souris-Red-Rainy Region. Projection for
the Souris, Red, and Rainy basins are 152, 138, and 119 gallons
(0587 0T5Ry~and—+-45-m>Y per day per person, respectively, in
2020. Table 6 lists the 1960 population and water withdrawal,
and projections of population and withdrawal to 2020 for each

of the basins.
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Table 5.--Municipal water supplies 1in the Souris-Red-Rainy Region

(From Souris-Red-Rainy River Basins Comprehensive Study by Ferris

and others, 1972, p. G-19, G-36, C-75)

Source of water

Ground Surface Combined
Souris River basin
Number of cities or towns 31 0 77”7757
Population served 1/ 23,019 0 35,300
Red River basin
Number of cities or towns
North and South Dakota 69 8 5
Minnesota 69 8 1
Population served 1/
North and South Dakota 62,620 104,317 13,923
Minnesota 50,355 42,590 22,9325
Rainy River basin
Number of cities or towns 9 5 1
Population served 1/ 9,915 14,705 hes
Totals
Number of cities or towns 178 21 S
Population served 1/ 145,909 161,612 73,103

1/ 1960 census
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Table 6.--Municipal, domestic, livestock, and industrial

water supply in the Souris-Red-Rainy Region

(From Souris-Red-Rainy River Basins Comprehensive Study by

Ferris and others, 1972, Tables G-12, G-15, G-36, G-39

67

G-49, G-52)
Population
served Withdrawal
1960 2020 1960 2020
M gal/d M gal/d

Municipalities

Souris 58,819 121,899 6.36 18.50

Red 296,720 507,709 29.11 69.87

Rainy 25,085 36,511 1.98 4,36

Total 380,624 666,119 37.45 92.73
Domestic

Sourils Wi, 852 20,701 2.11 1.15

Red 244,393 135,791 13.12 7.25

Rainy 15,323 8,152 .65 .36

Total 304,568 164,644 15.88 8.76
Livestock

Souris 4,50 §.18

Red 52.63 100.06

Rainy 2.35 4,25

Total 59.48 112.49




Table 6.--Continued

Industrial
Souris ‘ 2.33 b.75
Red 151.38 92.78
Rainy _54.23 157.62
Total 207 .94 255.15




According to Ferris and cthers (12972) in the Souris-Red-Rainy
River Basins Comprehensive Study (p. G-2), for a few communities
the threat of water shortages persists or may develop as require-
ments increase. These communities include Minot, in the Souris
River basin, and several other cities(éuch as Neche, Pembina,

Grafton, and Mayville, N. Dak., and Crookston, Minn) that depend

on tributaries of the Red River. The largest municipal water-
supply demands of the region are along the main stem of the Red
River. The Red River and its tributary storage can meet the
present municipal and industrial requirements. Shortages in

some areas, however, have occurred during prolonged drought.
Communities that depend on ground water have solved such problems
by deepening wells or constructing additional wells. As water
use along the main stem of the Red River increases, additional
storage for water supply may be required, or ground water may

be needed as a supplement. Water supplies in the Rainy River

basin exceed present and forseeable requirements.
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Domestic and Livestock
Domestic and livestock water supplied are almost entirely

from ground-water sources. Withdrawals are small and well
net
distributedy and}xtnére§@¥egmnc~shortages;aredexpected. About
/ .
two-thirds of the 305,000 rural population is served by

pressurized water systems, and per capita use is 60 gallong

(@???‘ﬁg$*per day. By ®whe—yea¥ 2020,the rural topulation 1is

expected to be about half the present number and to have the
same per capita use, according to Ferris and others (1972) in
the Souris-Red-Rainy River Basins Comprehensive Study. The
2020 water-use projections (eee table 6) are intended to
indicate the trend of water requirements based on population
projections and the general water-use criteria developed for
the basinwide projections. These projections do not reflect

the individual circumstances for a given community.
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In the Souris River basin, about half the domestic and
livestock wells tap bedrock aquifers. Drift aquifers supply
the other half. Surface water, where availlable, is used for
livestock. Some water, which 1s too mineralized for human
consumption, can be tolerated by livestock. In the Red River
basin, drift aquifers, where available, are generally tapped

by domestic and livestock wells. Well yields and water quality

from the bedrock aquilifers are generally poorer than from the
drift. Bedrock aquifers can be tapped nearly anywhere on the
Dakota side of the Red River basin, but are not present in
parts of northwestern Minnesota. As a result, local water
shortages exist where drift aquifers are alsoc absent. Livestock
production has been inhibited due to lack of adequate water
resources in parts of northwestern Minnesota. Rural domestic
water in the Rainy River basin is supplied by wells. Livestock
supplies are mostly from surface-water sources.

In the last several years, water districts have been
formed in North Dakota to supply water to rural and small-city
residents for domestic and stock uses. In general, the rural
water districts are formed as a consequence of cou~ty-wide
ground-water studies which delineated aguifers and identify
ground-water resources avallable for development. Water
supplies of about 100 gal/min (6+3-T7S) are developed from
glacial outwash, buried sand and gravel channe%i and delta
aguifers such as are found along the east edge of North Dakota
in the Red River valley. The water districts are formed dr-oridesy

to better utilize good-quality water from these agquifers and to

supply nearby rural areas where water guality and quantity are

inadequate.
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Industrial
The economy of the Souris and Red River basins is based
primarily on agriculfure and related food-processing industries.
The food-processing industries, which include sugar-beet refining,
potato processing, meat packing, and creameries, account for a

large part of the industrial water demands. Most soils in the

"Rainy River basin and in the northern Minnesota part of the Red =

River basin, however, are unsuitable for cultivation but valu-
able for forestry. In these areas forestry resources and
recreation are the economic foundation, and the pulp and paper
industry is the primary water user. Manufacturing is increasing
in the Souris basin. The large decrease in water requirements
indicated in the Red River basin from 1960 to 2020 (table 6) is
due to a shift in the power industry from flow-through to cooling-
tower operation. Table 6 reflects only water use by self-supplied
industry. Some industries obtain water from municipal supplies.

A rough guideline is that municipal water use in excess of 80

to 90 gallons per day per person is attributable to commercial

and industrial use.
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Ferris and others (1972) in the Souris-Red-Rainy River Basins
Comprehensive Study assumed that future industrial food processing
in the region would increase at about the same rate as agri-
cultural production. Figures in table 6 reflect the expected
increase in the Souris and Rainy River basins. A similar increase
in the Red River basin is overshadowed by the expected decrease
in water requirements of the power industry. That is, 5uture'

;W"S‘ﬁéfffféd“ﬁ?"?ﬁﬁlﬁﬁg‘fﬁé“?iﬁj@é‘t?d“p‘rﬁdﬁé%i—o%:%;f I
current water use. Where appropriate, adjustments were made
to reflect changing trends, such as the anticipated increase
&7 Hriaett

of water recycling.
N - 7
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Saline-Water Use

Highly mineralized ground water is plentiful in the western
part of the region. Feth and others (1965) show the availability
of water containing more than 1,000 mg/L dissolved solids at
depths less than 500 feet throughout the western half. In the
northeastern and northwestern corners of North Dakota, water

containing 10,000 % 35,000 mg/L dissolved solids lies at depth:

of less than 500 feet. At greater depths the water is generally
more mineralized. Such water can be considered a resource or
asset rather than a 1liability. The water can be used for a
number of purposes, including cooling and oil-field repressuring.
Possibly this highly mineralized water could be utilized by

the chemical industry as a source of minerals and chemicals.
Minerallzed water from the Dakdta aquifer is being used for

washing sugar beets and potatoes.
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In the western part of the region highly mineralized water
is being used to some extent to repressure oil fields to in-
crease production. Saltwater produced with the oil must be
disposed of so that it does not damage the environment and
contaminate surface water and fresh ground water. About
94 percent of the oil-field brine produced in North Dakota is

returned to saline ground-water reservoirs. Most of the brine

1s returned to the reservoirs from which it was withdrawn
(Folsom, 1973, p. 102). Where oil-field brines are insufficient
for repressuring oil fields, highly mineralized water available
from other ground-water sources ideally should be used to

conserve freshwater supplies.




A large part of the avallable water supply of the western
part of the region is saline. Robinove and others (1958) state
that a large proportion of the available water supply of North
Dakota 1s saline. Water-resources investigations in the region
have been principally oriented to municipal, industrial, domestic,
and irrigation uses requiring fresh:yater. However, saline water

can be treated to increase 1ts usability for these purposes.

Congress, in 1652, passed the Saline Water Act that provided for
research into and development of practicable and economic means
to produce fresh water from saline water to conserve and increase
the water resources of the Nation. Considerable progress has been
made in developing desalinization processes. The former Office of
Saline Water (Dept.flnterior) (now Office of Water Research and
Technology);g;érated an electrodialysis desalting plant at Webster,
S. Dak.. Although only a small number of desalinization plants
are in operation throughout the Nation, they may be used more
extensively in the future.

In some areas of the region water of acceptable quality for
a particular purpose may be inadequate in quantity. Where saline
water is available, it could be diluted with the fresh water to
create an adequate supply of usable water.

Feth (1965) prepared a map of the United States showing
distribution of saline ground water. His report includes a
large number of references. Several reports for North Dakota
and Minnesota are listed and the reader is referred to these

reports for a more detailed discussion of saline ground water

in the region.
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Artificial Recharge

Artificial recharge is the process of lncreasing the
storage of water in an aquifer system by artificial means.
Storage in the ground has several advantages over surface
storage: 1) the sand and gravel would filter the water;

2) the water would be kept at a relatively constant temper-

“ature; and 3) there would be no evaporation. Care is

necessary, however, to avoid pollution or physical impairment
of the underground system. For example, recharge waters must
be chemically compatible with the native ground water to
prevent formation of precipitates that would reduce hydraulic
conductivity. Suspended solids must be removed before injec-
tion, and pollution by bacteria must be prevented. Storage
of surface water in aquifers)during times of surplus)for
withdrawal during times of scarcity would aid in meeting
increased demands. Flood water is chemically better in most
respects than underlying ground water in parts of the western
half of the region. Fresh water could be stored in saline-
water aquifers, as well as fresh-water aquifers, and pumped

out as needed.
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Artificial recharge may be accomplished by direct and
indirect methods. Direct methods of recharge include water
spreading by means of ponds, check dams, pits, furrows, or
ditches to increase the amount of water infiltrating from the
surface into the ground-water reservoir, and injection of

water directly into the ground-water body by means of wells

‘or shafts (fig. 11). Indirect methods of recharge include

Figure 11 (caption on next page) belongs near here.

inducing movement of water from streams or lakes into under-

ground formations (fig. 12-A), and preventing the natural flow

Figure 12 (caption on next page) belongs near here.

of ground water to the land surface by lowering ground-water
(fl:/ ,Z'B).
levelsl Further information 1s available in the published

literature on methods, case studies, and other aspects of
‘]1,‘1/
artificial recharge. See Todd (1959), Signor, Growitz,,6 Kam

(1970), and Knapp (1973) for listings of literature to 1973.
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Figure 11.--Diagrams of direct methods of recharge.

Figure 12.--Diagrams of indirect methods of recharge.
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Replenishing Fresh-Water Aquifers
In_the Souris—Red=Rginy—Regitomn, surplus swppttes—of water
aPe available during winter and spring mernths from surface-
water sources, principally the larger rivers and tributaries,
which could be used to recharge ground water. Utilization of
flood water to replenish ground-water supplies wgalalalsgj

diminish flooding to some extent. Additionally, water injected

into the ground in winter or early spring would be cold
and well suited for air conditioning and as a process coolant.
This technique/685l5\g£32§211)be used near Moorhead where high
flows from the Buffalo River could be injected into the aguifer
and pumped out later in the year. Artificial recharge is not
new to the region, s shown by the following two examples.
Artificial recharge has bean in operation at Minot, N. Dak.
since 1965. The Souris River has been a source of part of
Minot's municipal water supply for many years. In 1961, Minot
constructed eight wells to supplement the stream supply. Ex-
cessive water-level declines in the following years indicated
that a grocund-water shortage was developing. Although the Souris
River is not a reliable source of direct supply, relatively large
peak flows in the spring indicated that the river was a potential
source of water for recharge to the aguifer. A ground-water
recharge facility was designed and constructed in 1965 to
ubgg;ze both direct and indirect recharge methods, (Ferris and

others, 1972, p. G-22).
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Kelly (1967, p. 20) reports that Valley City, N. Dak. had
an average daily water use of 750,000 gallons L24846’577w3n
1966, which was obtained from wells tapping partly confined
gravel deposits in the Sheyenne River valley. These deposits
at Valley City have a maximum thickness of more than 50 feet
(35T) and an areal extent of about 1 square mile (26 KmZ).

_?hg aquifer has been artificially recharged successfully since

1932 by diversion of water from the Sheyenne River to an aban-
doned gravel pit. During this time the potentiometric surface
in the aquifer has risen more than 22 feet (6.7 MJT

Before 1958, the recharge system was operated annually
from January until June; however, when the potentiometric
surface rose to within 8 feet (2.4 M) of the surface, the
recharge operation was discontinued. Between June and January
the potentiometric surface declined as ground water was
withdrawn. During the recharge-discharge cycle, the average
annual fluctuation of the potentiometric surface was 10 feet
Q%ﬂﬁff amounting to a change in storage of about 1,000 acre-feet
£#,200,000 m®Y of water. Since 1958, the recharge system has
been operated throughout the year. The quality of water in
the aquifer has gradually improved since the installation of

the recharge system.
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Fresh-Water Storage in Saline Aquifers
Saline aquifers can be used to store fresh water during
times of abundant surface supply and pumped out as needed.
Tests and experiments by the U.S. Geological Survey at Norfolk,
Va., recovered about 85 percent of the injected fresh water

(Brown and Silvey, 1973). The fresh water displaces the saline

water and forms a seebwder fresh-water Bédnyhat can be recovered.

The success of such projects would depend on knowledge of the
hydrologic system in the vicinity of the projects, favorable site
conditions, and on the operation of adequate monitoring systems.
This possibility might be investigated in the Minot area,
N. Dak., the Fargo-Moorhead area, N. Dak. and Minn., the Hallock
area, Minn. and other population centers or areas of central
rural supplies where spring floodwater might be retained tempo-
rarily in upland reservoirs until it can be treated and stored
underground. In the Red River basin, the Dékota Sandstone or
the Pierre Shale might be used in North Dakota for this purpose;
in Minnesota aquifers in C;etaceous or Ordovician rocks might
be so used. In the Souris River basin, the Fox Hills-Hell Creek
aquifer or the Fort Unilon aquifer might be so used. The Dakota
Sandstone in the Souris baslin probably is too deep to be used
economically for this purpose. To use these agquifers for storage
of surplus surface water, suitable site conditions would have

to be located.
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Liquid-Waste Disposal in Saline Aquifers
Saline aquifers can be used for liquid waste disposal.
Much has been written concerning underground waste disposal
(Rima and others, 1971). A knowledge of the geology, ground-
water hydraulics, and geochemistry would aid in determining

whether or not injected wastes could be contained and isolated,

or recovered later if it is warranted. (Injection of waste
underground can present serious hazards to water supplies and

the local environment.)
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GROUND-WATEEK DEVELOPMENT
Water use has had a rapid upward trend in the Souris-
Red-Rainy gegion. As the gross water supply is constant
and waterqéemands are rising, the answer to problems of

supply is the development of untapped sources of water and

the possible reuse of water.
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Problems of Development

The problems of development differ widely with the intended
use of the water. Problems inherent in development of most small
wells are chiefly the availability, quantity, and quality of the
water. Water quality 1s a serious problem in parts of the Souris

and Red River basins where supplies of potable water are scarce.

The development of large supplies has additional problems related
to proper planning and administration of the development pattern.

Initial development generally involves haphazard drilling
for water that is readily available. In some areas where the
ground and surface waters are closely related, the development
of ground-water supplies has depleted surface flow (Theis, 1941).
Also, unplanned development may result in aquifer overdraft in
one area and surpluses at another.

Ideally, the development of an aquifer would be designed to
achieve the&@osg’optimum}én@‘economic recovery of the water. To
achieve this, detailed information would be needed on the depth,
quality, quantity, and annual recharge and discharge of the water
in the various aquifers. Thus 1t is seen that water problems
during initial development in much of the region are related to

hydrologic and geologic conditions.
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In general, investigations that would provide ipformation
about the geologic and hydrologic conditions of the aquifer
are not undertaken until the degree of development has created
problems that threaten the continued use of the aquifer. 1In
this region, these problems are: changes in ground-water levels,
depletion of streamflow, and deterioration of water quality.

Also there are management problems relating to gfound-waté;__

replenishment, ground-water conservation, and effects of the

development on the environment.
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Ci.anges in Water Levels

Pumping necessarily causes water levels to decline near
the pumped well, creating a gradient and flow toward the well.
Water-level declines, although not yet alarming in most of
the region, are increasing the cost of pumping. Declines of
ground-water levels near West Fargo, due to municipal and in-
dustrial pumpage, indicate possible future supply problems
from this aquifer. Large water-level declines in the Minot
well field in the early 1960's indicated that a critical water
shortage was developing rapidly. The problem was alleviated
by artificial recharge of the aquifer. (See section on
Replenishing Fresh-Water Aquifers.)

If the extraction of water continues until withdrawal
exceeds recharge, significant depletion of water storage may
occury in the area of overdraft. With time, the continued or
increased water use may cause water-level declines in the entire

aquifer,
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In the late 19th century and early 20th century near the
Red River, wells flowed that tapped the glacial drift below
the lake deposits. Since then water levels in the western
part of the lake plain have declined andiéeaééd to flow.
Serious water-level declines have occurred near West Fargo
because of municipal and industrial pumpage of about 500
million gallons annually. Water levels have declined as much
as 150 feet at Moorhead where buried sand and gravel aquifers
have been tapped for a municipal water supply. Because of

the declines in water levels in this area, the ground-water

gradient has been reversed locally and the underlying drift
# , " 1{,

I
.

aquifers argﬁreéharglﬁg rather than discharging upward toward
the land surface (Maclay and others, 1972, p. 113).

Water-level rises can be caused by irrigation of land,
leakage from canals, flooding, and construction of surface
reservoirs. Percolation of irrigation water to the water table
in time may cause the water table to rise. Infiltration of
irrigation water additionally could cause deterioration of
ground-water quality. Excessive water-level rises may cause
other problems such as flooding of basements, damage to
structures, and detrimental changes to vegetation.

An example of potential rising water levels is near the
planned Kindred Dam and lake on the Sheyenne River in south-
eastern North Dakota. Downey and Paulson (1974) have predicted

that the maximum rise in water levels will occur about 50 years

after filling of the lake.
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Depletion of Streamflow
The withdrawal of ground water can decrease strecamflow
by degreasing ground-water discharge to the stream or by

-v:/f{"fi‘

. 4 : Ciees £
Pausin% infiltration of water from the éfgg;@. (Tﬁé’pumping
effect on a stream depends on the pumping rate, distance of
well from the stream, and the aquifer characteristics. The
amount of ground-water pumpage derived from a nearby stream
or drain can be computed by~usingfmethods'developed by Theis
(1941).

Decreased streamflow caused by pumping of ground water is
generally considered an adverse effect. However, benefits may
outweigh the disadvantages, as in the Minot area, where a dam
on the Souris River augments the surface supply to the city and

increases infiltration of ground water to the city's well field

(Ferris and others, 1972, p. G-22).

Deterioration of Water Quality
Deterioration in chemical quality of the ground water may
result when the natural equilibrium of the aquifer is disturbed
by development. Intensive development can cause large-scale
deterioration of quality by recirculation of water, interforma-

tional leakage, and pulling poor water from distant areas.
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Where good quality water 1s being pumped from glacial
aquifers, ppward migration of deeper mineralized water may be
caused bi?fgwered head due to pumping. The Pa{eozoic and
Cfétaceous rocks in the northwestern part of the Red River
basin contain highly saline water that is discharging where
these rocks pinch out against crystalline rocks in Minnesota.
Upward migration of saline water has resulted in contamination
of ground water in the overlying drift in northwestern Minnesota
and northeastern North Dakota (Maclay and others, 1972, p. 113;
and Crosby and others, 1973, p. 195). To the west of the area,
wells tapping the better water in the overlying drift aquifers
could induce upward migration of the saline water if the heads
are lowered sufficiently by the pumping.

Water may leak vertically between aquifers if the seal
between them is broken by improperly constructed wells. If the
quality of water is poorer in the aquifer having the higher head,
the quality of water in the receiving aquifer will deteriorate.

Municipalities and industry havelwagté for dispbéé}!/ The
important types of waste in the region are chemicals from food
and industrial processing, sewage, concentrated chemicals in
cooling water, oil-field brines, mine discharge, and return flow
of irrigation water. Any of these wastes may cause deterioration
of ground-water quality if they enter the aquifer. Other types

of waste, such as the effluent from saline-water conversion

plants may be added in the future.
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' The use and reuse of water for irrigation results in the
Agigégl§éd mineral concentrations in the water. Each time water

is applied to the land, some returns to the surface stream

or to the ground-water reservoir. This return flow is wastewater,

and its utility has been decreased because of the increase in

dissolved-solids concentration.
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Ground-Water Conservation

When intensive development reaches advanced stages, the
conservation of water becomes important as a solution toj
préééigéfbroblems. Farm conservation could include reduction
of irrigation losses between well and field; more efficient
irrigation, planting crops with a smaller watzr requirement, and
eradication of phreatophites‘ Leaky artesian wells could be
repaired and artesian flow controlled by valves at the well head.
Municipalities could repair leaky distribution systems, and
1imit lawn watering. Commercial users could return cooling water
to the aquifer. Industry could process and return used water
underground through injection wells or filter beds. All of
these conservation measures could be used to various degrees in
the Souré—Red-Rainy Region.

Elimination of phreatophytes would reduce consumptive use
of the ground water. Phreatophytes, where found, are in areas
where ground water 1is less than about 30 feet deep. Phreatophytes
may intercept and waste ground water moving toward streams or
lakes. They also may use enough water to induce recharge Tron
surface-water bodies into shallow aquifers. Phreatophytes in
some parts of the Nation are undesilrable. However, in this
region phreatophytes are desirable as wind breaks and ground

cover to prevent erosion.
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Water may be salvaged by use of evaporation suppressants
on surface reservoirs in the western half of the region where
evaporation rates are high. Experiments with evaporation
suppressants (Magin and Randall, 1960) indicate suppression
may not be practical or feaslble on large reservoirs, but:is
promising for use on small ponds. Evaporation losses_ﬁéﬁ'ge
eliminated by storing water underground and pumping it out as
needed. The underground storage could use known aquifers or
permeable, unsaturated materials.

Another method of water conservation that could be used
advantageously in the region is the salvage and recycling of
water. Such recycling includes air conditioning or industrial
water where the water can be freated to restore its usefulness.
The possibility of reuse should be considered for as many
different situations as possible. Under some circumstances
ground water used for air conditioning ;anﬂbe returned to the
reservoir without detrimental effects, thereby maintaining the

ground-water supply.
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Effects on the Environment

A Souris-Red-Rainy River Basins Commission report

(1972, p. 215) states:

"Although this Region 1s relatively small in
comparison to other water resource planning regions
in the Nation, its natural environment 1s characterized
by a wide variety of physilographic and vegetative
features. Over the years, public concern for main-
taining and/or enhancing the quality of this natural
environment has been increasing rapidly. Proper
use and management of the water and land resources,
which make up the Region's natural environment, will

preserve and maintain a high quality environment."

Development of water supplies may have a detrimental effect

on the
detect
levels
water;

in the

environment. However, adequate monitoring programs can
adverse effects in most situations. Declining water

caused by pumping can cause migration of highly mineralized
depletion of streamflow, or a change 1in natural vegetation

case of near-surface ground-water levels. Irrigation

can cause deterioration of water quality as natural minerals

and fertilizers are dissolved in recycled irrigation water.
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Long distance transportation of water may cause environ-
mental changes. Such changes depend on (1) quality of the
transported water in relation to the native water, (2) depth to
the ground water along the path of transportation and in the
area of use, and (3) effects of removing water from one area

’
_and‘itg use in another.

Along much of the Red River in North Dakota and Minnesota,
natural upward migration of highly mineralized water has
reduced soll productivity. Pumping could lower heads of the
mineralized water and improve the quality of the soils, but
provision would have to be made to dispose of the mineralized
water. Lowering the artesian heads is a drainage project that
could be detrimental to wildlife and natural vegetation.

A broad-scale analysis of land resources and watershed
management as related to economic development and certain aspects
of the environment is presented for the region in the Souris-
Red-Rainy River Basins Comprehensive Study (McClure and others,
1972).

Currently more than 2 million acres of pasture and range
land‘;é suitable for crop production. Conversely, one-hzalf
million acres of land currently used for crop production could
be converted to more economical uses such as forest, pasture or
range land. The projected land development depends largely on

availlability of water, and particularly on availability of ground

water.
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INFORMATION AND GROUND-WATER MANAGEMENT NEEDS

Few aquifers are so continuous and uniform that high-
production wells may be assured without preliminary test
drilling. In some places the aquifers are defined by data from
scattered test holes; future work may modify interpretations.
For example, very little is known about the Paleozoic rocks in

Sovris- Red-Rginy
thedgegion owing to a lack of drill-hole data and information
on depth to the rocks. Exploration, testing, and study may
help to find water at depth in quantity and quality suitable
for a particular purpose. Study and planning also are needed
to determine;best use of the water and land resources.

A properly designed and operated monitoring program can
alert managers to approaching problems of diminishing supply
or other detrimental effects. Monitoring programs ideally
should be started before development, and continued to detect
changes and determine effects of the development. For example,
pumping ground water causes water-level declines near the pumped
wells. As pumping continues or is increased, these declines
generally spread. Return irrigation water, a new canal or
reservoir, or excess precipitation can cause water-level rises.
Monitoring water levels near pumped areas could give useful
information on possible migration of inferior water toward the
well field.

A ground-water quality monitoring program would detect
changes in water quality such as migration of highly mineral-
ized water or other pollution within or into the aquifer. Data
from such a program could be used to suggest corrective action
such as altering the pumping rates or patterns.
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Reconnalssance and qualitative studies have been made for
}""»' b E .. 2o
most of the region. Quantitative studies, includingﬂmodels,
have been made for small parts of the region to define the

hydrologic and geochemical aspects of the system. Where suf-

ficient data are avallable for digital models, these would aid
jggzbettgf plannengse(éfit;e ground- and surface-water supplies.
All of the water in storage, both surface water and ground water,
is not usable, and the amount of each fluctuates with changing
conditions. Regulation of surface- and ground-water storage can
increase the usable supply. Adequate surface storage possibly
could elimlnate the loss of flocdwaters and reduce surface dis-
charge to that amount required for downstream water users.

Some surface water is lost during floods when streams over-
flow onto adjacent lands and the water is lost to evapotranspiraticn.
Additional surface storage could reduce these losses. These surplus
waters could be conserved by artificial recharge through wells
and infiltration beds. Data are needed to determine the amount
of surface water that could be salvaged by artificial recharge.
Also, data are needed 1n all areas to locate suitable recharge
sites.

Some water in storage is not usable because of high mineral

content. Information is needed to determine where desalinizazion

could be effective to increase the usable water supply.
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Information and inventories are needed to identify existing
and potential sites of pollution and means of waste disposal.
In a water-short area such as the western half of the region,
the reduction of waste through intensive use and conservation
would reduce problems of waste disposal. The increased concen-
tration of chemical constituents that results from intensive
reuse of water, however, may aggravate problems 1in other areas,
such as restrictions on, or lack of, suitable disposal sites or
methods. Wise and efficlent use of water requires that waste
problems be solved at the stage of prevention, rather than when
the problem becomes one of correction. Further research may
lead to better means of reducling agricultural processing wastes.
Also, research may determine the efficiency and suitability of
various types of soils for the land disposal of sewage sludges
and effluent.

Information gained by continued monitoring could be effective
in preventing pollution from oil-field waste. Water produced
with oil in the western part of the Souris River basin is an
important quality problem in North Dakota. The water is highly
mineralized and is produced in relatively large volume. Pollution
from petroleum production, however, does not appear to be a
serious problem at this time. Surveillance of these activities
is conducted by the State of North Dakota and prevention of
pollution rather than curative measures are emphasized in the
Souris-Red-Rainy River Basins Comprehensive Study (Young and others,
1972, p. H-16). Most of this water is disposed of by injection
into deep wells, either for disposal, or for repressuring oil
producing formations.
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Data are required on water-level fluctuations in connection
with the inventory of water supplies, and tominimize the possi-
bility of water logging of the land, and the invasion of inferior
water. Data also are needed on the quantity of return flow from
existing irrigation areas and on the relation among crop type,
water application practices, fertilizer use, and other factors
causing increase in dissolved solids in the return flow.

Maclay, Winter, and Bidwell (1972, p. 71-73) discussed
water-resource management alternatives and related information
needs. Their discussion i3 summarized here with respect to ground
water in the Souris-Red-Rainy Region. Many alternatives for man-
aging water are available to planners, some of which could be ap-
plied to water problems in the region. Some of these are opera-
fional and others are currently undergoing research. Many of them
require adaptation to each local situation.

Improved methods to locate ground-water supplies are
greatly needed. This would assure that the best and nearest
possible source is being used. Better methods of well drilling
and construction could lead to better development of water supplies.
More efficient well development is needed, particularly in small
aquifers. Pumping water from the lower yielding aguifers by
using several low-yield wells rather than one high-yield well
might be desirable. This is particulagy applicable to beach-ridge
aquifers associlated with deposits of former glacial lakes. Also,
special types of well construction such as infiltration galleries
may be useful for developing thin but widespread aquifers, for

example those composed of beach deposits.
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Special uses of saline or other poor quality water could
be beneficial in part of the region where this type of water
is abundant. Desalinization might be considered for these areas
when it becomes economical.

Joint use of ground water and surface water also offers
many management possibilities, particularly in the lake plain.
Mixing of good quality water with poor quality water may pro-
vide an intermediate type that is acceptable for a particular
use. This might be considered where poor quality water is
abundant.

The storage capacity of aquifers would determine the
possibility of storing surface water in them. Ground-water
pumpage could greatly exceed natural recharge if stream water
could be injected into ground-water reservoirs during periods
of high flow. This technique probably could be used near
Moorhead, where high flows from the Buffalo River could be
injected into the aquifer and pumped out later.

More efficient and less costly methods are needed for
transporting water from source to central distribution system,
and then to individual users. Better metering and more realistic
water billing in some of the communities could reduce water demancs.

Many alternatives in the managment of water supplies are
possible. The selection of methods would depend upon theilr
economic and hydrologic feasibility. In selecting any one or a
set of these alternatives, the development of a water resource
should be considered in the context of the total hydrologic system,
with the realization that hydrologic changes in one part cf a
system will cause changes at other places.
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McGuinness (1969, p. 1) states, "...management of aquifers
requires vast amounts of data plus a much better understanding
of agqulfer-system behavior than now exists. Implicit in this
deficiency of knowledge 1s a need for much new research, lest
aquifers be managed according to ineffective rule-of-thumb

standards, or even abandoned as unmanageable."
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SUMMARY

The Souris-Red-Rainy Regilon 1s underlain by a series of
bedrock units that differ greatly in thicknesg and hydrauiic
characteristics and that range in age from Precambrian to
Qﬁéternary. Pfécambrian rocks are at or near the surface
locally in the eastern part of the region and more than 15,000
feet below the surface in the center of the Williston Basin
in western North Dakota . The Péieozoic, Cﬁétaceous, and

. I
Tertiary‘éepoéﬁé;Aof the Williston Basin gradually thin eastward
and are missing in the Rainy River basin and in the southern
and eastern parts of the Red River basin. The entire region
has been glaciated, and most of the region is covered with
glacial deposits that range in thickness from less than a
foot to several hundred feet. Sand and gravel deposits in the
drift form the most important fresh-water aquifers. Other
aquifers in the region are in the Precambrian, Péleozoic, Creta-
ceous, and Tértiary rocks. The potentiometric surface in thne
bedrockﬁformétions generally decreases in altitude toward the

Red River, indicating that the general direction of ground-water

movement is toward the Red River.
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Ground water with less than 3,000 mg/l dissolved solids
i1s available throughout the Souris—Red—Raiﬁy Region; however,
yields are small in places because some aquifers contain highly
mineralized water. Ground-water quality in the Rainy River
basin generally is better than in the Souris or Red River basins.
Ground water with less than 1,000 mg/l of dissolved solids
occurs in most of the region east of gﬁe Red River and in most
of the shallow aguifers west of the Red River. The dissolved-
solids concentration generally is less than 500 mg/% in water
from the fractured crystalline rock and outwash—del%a aquifers
and less than 1,000 mg/l in other aguifers in the glacial
deposits. The total voiume of water available from storage
having less than 3,000 mg/l of dissolved solids is estimated
to be 5 x 10°® acre-feet. in addition to the fresh and slightly
saline water, the region:;gﬁhdanilmore highly mineralized water
that also can be considered as a resource.

Yields of wells in individual bedrock aquifers are generally
less than 100 gal/min but locally yields may be as much as 500
gal/min and more. Yields in drift aquifers are commonly less
than 100 gal/min but range from 5 to 1,000 gal/min. In a few

i
places outwash yields more than 1,000 gal/min.
A
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Water quallty rather than quantity is theigreaté;‘ﬁéter—
:;upply;problem for many communities in the region. Excessive
natural concentrations of dissolved solids, sulfate, and
chloride are common in the western parts. Iron and manganese
concentrations also are excessive in many supplies throughout
the region. However, at the natural concentration levels none
of these constituents are hazardous to health.

Ground water is the sole or a primary source of water
supply in much of the Souris-Red-Rainy Region. 1In areas distant
from streams, and in upland areas where surface water is not
available physically, legally, or in the quality required for
a particular use, ground water is the sole source of supply.

Reportedly, the potential irrigation development is
1,550,000 acres as compared with 50,200 acres irrigated in 1975.
Both ground- and surface-water supplies will be required to meet
these potential demands.

Rural domestic and livestock water supplies are derived
almost entirely from ground-water sources. Small communities
and towns generally rely on ground water, and the cities and
industries use ground water, surface water, or both. The
municipalities using surface water generally depend upon

reservoir storage.
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The guantity of water available to most municipalities has
been adequate. Shortages in some areas, however, have occurred
during prolonged drought. Communities depending upon ground
water have solved such problems by deepening wells or constructing
additional ones. For a few communities, potential water shortages
persist or may develop 1in the future as requirements increase.

several cities (sveh o3
Included are Minot in the Souris River basin, anﬁ‘Neche, Pembina,
Grafton, and Mayville, N. Dak., and Crookston, Minn.) that depend
on tributaries of the Red River. The largest municipal and
industrial water-supply demands are in areas along the main stem
of the Red River. As water use increases, however, additional
reservoir storage or ground water may be required. Careful
analysis and management of this complex water-supply system is
warranted. Water supplies in the Rainy River basin are abundant
in terms of present and foreseeable requirements.

Increased demands on both ground-water and surface-water
supplies will be made in the future. Storage of water in the
ground-water reservoir during times of surplus for withdrawal
during times of scarcity would aid in meeting these demands.
Similarly the surplus (flood) water is of better chemical quality
than underlying ground water in parts of the western half of the
region. Fresh water could be stored in saline-water aquifers as
well as in fresh-water aquifers, and pumped out as needed. The
ground-water reservoir has a definite potential in water management.
This reservoié’is larger than all of the surface reservoirs in

the region and should be more fully used.
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Supplies of water adequate for recharging the groundﬁwater
reservceir are available in the region during the spring months
from several rivers and tributaries.”téﬁéjsfﬂ%loo&;éter for
replenishing ground-water supplies also cguld diminish flooding
to some extent. Examples of artificial recharge projects that
are operational in the region are at Minot and Valley City, N.
Dak.

To understand the hydrologic system for management purposes
there 1s 2 need to determine more adequately the hydrologic
and geologic characteristics of existing aquifers, to determine
the feasibility of proviiing treatment for improvement of the
quality of water contained in those aquifers, and to locate new,
undeveloped aquifers. As pumping and other stresses on any part
of the hydrologic system affect other parts, monitoring programs
ideally should be started before development and continued to
detect changes and determine effects of the stresgf Monitoring
water-level changes, withdrawals, and ground-water quality can
alert managers to approaching problems of diminishing supply,
waterlogging of land, or other detrimental effects. A water-
quality monitoring program could detect migration of highly
mineralized water or of other pollut;en\in the aquifer and aid
in determining corrective action. Information is needed to
locate and identify pollution sources. Further research may lead

to better means of reducling wastes derived from product processing.
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Many alternatives are avallable to planners for managing
water. Some of these are operational and others are undergoing
research. Many of them require adaptation to specific local
situations. Adequate hydrologic information is needed by the
water manager or planner to aid in solving problems of water

supply'use, and pollution.

106




REFERENCES CITED

Brown, D. L., and Silvey, W. D., 1973, Underground storage and
retrieval of fresh water from a brackish-water aquifer in
Underground waste management and artificial recharge:

Second Internat. Sym. on Underground Waste Management and
Artificial Recharge, New Orleans, p. 379-406.

Busby, M. W., 1966, Annual runoff 1in the conterminous United
States: U.S. Geol. Survey Hydrol. Inv. Atlas HA-21Z2.

Carlson, C. G., and Anderson, S. B., 1973, Stratigraphy in
Mineral and water resources of North Dakota: North Dakota
Geol. Survey Bull. 63, p. 30-41.

Crosby, O. A., Armstrong, C. A., and Paulson, Q. F., 1973, Water
resources of North Dakota in Mineral and water resources of
North Dakota: !North Dakota Geol. Survey Bull. 63, p. 161-1G6.

Downey, J. S., and Paulson, Q. F., 1974, Predictive modeling of
effects of the planned Kindred Lake on ground-water levels
and discharge, southeastern North Dakota: U.S. Geol. Survey
Water-Resources Inv. 30-T74, 22 p.

Fenneman, N. M., 1931, Physiography of the Western United States:
New York, McGraw-Hill Book Co., 534 p.

etrid

Ferris, Ted, (chm.), and others, 1972, Water supplthealth
aspects, Appendix G of Scuris-Red-Rainy River basins com-
prehensive study: Souris-Red-Rainy River Basins Commission,
v. 4, 110 p.

Feth, J. H., 1965, Selected references c¢n saline ground-water
resources of the United States: U.S. Geol. Survey Circ.
499, 30 p.

107



Feth, J. H., and others, 1965, Preliminary map of the conterminous
United States showing depth to and guality cof shallowest
ground water containing more than 1,000 parts per million
dissolved solids: U.S. Geol. Survey Hydrol. Inv. Atlas HA-1GG.

Folsom, C. B., Jr., 1973 Petroleum and natural gas in Mineral and
water resources of North Dakota: North Dakota Geol. Survey
Bull. 63, p. 99-119.

Glover, D. H. (chm.), and others, 1972, Water resources, Appendix
B of Souris-Red-Rainy River basins comprehensive study:
Souris-Red-Rainy River Basins Commission, v. 2, 80 p.

Kelly, T. E., 1967, Artificial recharge at Valley City, North
Dakota, 1932 to 1965: Jour. of Ground Water, v. 5, no. 2,
April, p. 20-25.

Knapp, G. L., 1973, Artificial recharge of ground water--A4A
Bibliography: Water Resources Scientific Information Center
73-202, 309 p.

Kohler, M. A., Nordenson, T. J., and Baker, D. R., 1959, Evapora-
tion maps of the United States: U.S. Dept. of Commerce Tech.
Paper 37, 13 p.

MacKichan, K. A., and Kammerer, J. C., 1961, Estimated use of
water in the United States, 1960, U.S. Geol. Survey Circ.
4s6, 26 p.

Maclay, R. W., Winter, T. C., and Bidwell, L. E., 1972, Water
resources of the Red River of the North drainage basin in
Minnesota: U.S. Geol. Survey Water-Resources Inv. 1-72,

129 p.

108




Magin, G. B., Jr., and Randall, L. E., 1960, Review of literature
on evaporation suppression: U.S. Geol. Survey Prof. Paper
272-C, p. 53-69.

McClure, N. A. (chm), and others, 1972, Land resources and water-
shed management, Appendix C of Souris-Red-Rainy River basins
comprehensive study: Souris-Red-Rainy River Basins Com-—
mission, v. 2, 122 p.

McGuinness, C. L., 1963, The role of ground water in the National
water situation: U.S. Geol. Survey Water-Supply Paper 1800,
1,121 p.

McGuinness, C. L., 1969, Scientific or rule-of-thumb techniques
of ground-water management--which will prevail: U.S. Geol.
Survey Circ. 608, 8 p.

Murray, C. R., 1968, Estimated use of water in the United States,
1965: U.S. Geol. Survey Cir. 556. 53 p.

Murray, C. R., and Reeves, E. B., 1972, Estimated use of water
in the United States in 1970: U.S. Geol. Survey Circ. 676,
37 p.

Rima, D. R., Chase, E. B., and Meyers, B. M., 1971, Subsurface
waste disposal by means of wells--A selective annotated
bibliography: U.S. Geol. Survey Water-Supply Paper 2020,
305 p.

Robinove, C. J., Langford, R. H., and Brookhart, J. W., 1958,
Saline water resources of North Dakota: U.S. Geol. Survey
Water-Supply Paper 1428, 72 p.

Signor, D. C., Growitz, D. J., and Kam, William, 1970, Annotated
bibliography on artificial recharge of ground water, 1955-

67: U.S. Geol. Survey Water-Supply Paper 1990, 141 p.
106




S

Souris-Red-Rainy River Basins Commission, 1972, Souris-Red-Rainy
River basins comprehensive study: Souris-Red-Rainy River
Basins Commission, v. 1, Type I Framework study, 216 p. and
Type II study of selected basins, 128 p.

Theis, C. V., 1941, The effect of a well on the flow of a nearby
stream: Am. Geophys. Union Trans., v. 22, pt. 3, p. 734-738.

Todd, D. K., 1959, Annotated bibliography on artificial recharge
of ground water through 1954: U.S. Geol. Survey Water-Supply
Paper 1477, 115 p.

U.S. Bureau of Reclamation, 1973, Water resources development in
North Dakota in Mineral and water resources of North Dakota:
North Dakota Geol. Survey Bull. 63, p. 19¢-252.

U.S. Department of Commerce, Environmental Science Ser-ices
Administration, 1968, Climatic atlas of the United States:
80 p.

U.S. Geological Survey, 1970, The National atlas of the United
States of America: U.S. Geol. Survey, Washington, D. C.,
417 p.

U.S. Public Health Service, 1962, Drinking water standards--
1962: U.S. Public Health Service Pub. No. 956, 61 p.

U.S. Water Resources Council, 1968, The Nation's water resources:
Washington, U.S. Govt. Printing Office.

Weber, W. R. (chm.), and others, 1972, Irrigation, Appendix F of
Souris-Red-Rainy River basins comprehensive study: Souris-
Red-Rainy River Basins Commissizn. v. 4, 69 p.

Winslow, A. G., and Kister, L. R., 1956, Saline-water resources

of Texas: U.S. Geol. Survey Water-Supply Paper 13¢5, 105 p.

110




Young, L. A. (chm.), and others, 1972, Water quality and Pollu-
tion control, Appendix H of Souris-Red-Rainy River basins
comprehensive study: Souris-Red-Rainy River Basins Com-

mission, v. 4, 86 p.




s
\
)
7
Steesrf 305 %.e.\\\?»,\\h. pe Y \.\‘\ ALYy -t g fo Cetl el fEICT] Y cq.\LQ.\ K .
o WL R gy TRy gy Sriasg 03t { iy

SYLiFMOUN 001
1

Tt

L2 |
831w 0l

dvict divo

F et

YiOawn &

P //- .
e iy
N
?

bt —
wssaqg 1Iplyy Situnog

wspq 2221y Auisly

‘M% _ QQ_
““
4 o / e.\vQ\



EA e B A L A Ay T

. Sl \n
\N:.\\\\.'\\wr\\\\\\\\b P Ty ;‘u\.\ e m\\:\‘.\_m\ﬁ. v ..,\.V\.),m.\t \h\.
SYFLIWO TN 00 0 |
.\14.11%&.,14_4».1_,1 : o SR -
w00l of © , _ ., FLIYEy
—_ N RO l%"l‘
/P16

2727

LY ] .ﬁ. Lo ! 4
| /P89 W :.\,, | |
e \_\.!ﬂ b . _._ : F I
sy aﬁ/ S et \ .
W3 Loy, C £
. ¢ S .wf ooet
. N .

A w/ Rm

\ //
Q¥ %

. ) i
" w«\nm.nunfrg - - 174 \\\.Nv\% \M" H .w
RSV S K ’ 5
, Cv 4
& - ) Voo
° \\ .4 ’
»
—/ .~

| _ |

oZb 74



tot yggtdt2o4d JEUUE sy 0T S1961y

[

8287 (wogeaystrepy
SRS L SRIN I Jfiyu KU SHINU

‘Eogot
‘D2t 2uIG Y JO UMY 48 A TS 7)) wadf Gl Ay Jrasyu L

"Soyour ut o\u\\%\\ 13214

SYUSLIWoTIN o0l 0 S > Dbwdaap [rrb> fo dury
L B e s S R e ’
SN G9! o Qo 0z
NOILYNY 14X 7
+
¥
X : ,
AN i
43 R .4
A,\ /.V . i ..
4
AL

Jbh —

QNG l‘@ GQQ\ —



YA Nous yrauuy rasngy g 24961y

e e F] "
otel Aonung \..ou\mm\m%% €9 wos ShNN TE jeaady ey
_ ‘h.n.__\\&v\.\ “l ¢ \\..u\\\x&\h

JEIRGE DELIINP Jnb> \b U7
144

NILENY TLX 7

skzi3mwony a0/ 9
| N WO S N |
rrri  1r1rrri
Q

T
STUN 001 o5

b=
Y
X
_ 9
43 . . -
) /¢ DN P . h
& NN -
R R e
i ) A-/M\Ms\. . » 1]
e A, T
....\. ﬁz.wvi.(J,
B N .,/ '
st — Y ’
w .\. ek
Yoo
| | v



Alownas jrrwun Cliiong _ Lty 24761y

"YPEIIPA yrasopu

7961 " Avsng woioS o
_ - e o .hk*b?.\ 4 \\\ Jund
K © ‘
S¥FLqmond 00l o :,M,Am.,\ A2 D8psopr pPabS fo surg
AP B i o s o o A .
SInuW o9l (32 o Ny f Z
MNotLogNdTLX T

b —



ca G 2Oty

YR &

YOI LB LA > DYl yeiline

Lot 2 Y2 = “z
Cogout bt ' wo/ S8 AId8AS

JPIUCE HbsoAL JET76D fo dury

TS e Qm —

NOILENY T4 X T

SHILINONY 01
|

I
$3n 00t

ﬁ\,ﬂim\. AT
RN
'r?/go, -

Rt
'3 o
- ) J
o b
A o
. R

N s g
R bbb — A..N wivny ) vic bW - . L
N ~ Rt

e \ ...&s”/

r - .,

[~ ,
291 “
9

ol



wispg YSIIIM ys fo wo1pP30] buinoys AP .- P G 206l y

Zear vosSSiw i 02 Suskeg udnry AUIEY - pIYf - S14208 wod £ oceg

54 1~ : ~
N
NG

h ~

cy gL amwonr 0ol o)
ey b _- i .—.1f
| ot 2 e B | (S ]
squn oot 423 \Aw

AVQ S

I ————— — —

T

[

. !
!

NSy NOLSITTIM E

|

S—— s — ||;|||lw

/.




‘s19jnbe  Jo uoneno| BuimMoys BJOSBUUIN Pue BlOMe( YHON 4O uoioas siewweldbeiq---qg a4nbBig

ITVIS TVIILY3IA

~ \ I
v — N
00 &M \ /h/.\“w,hov.d.o xSOmm .
R St I
v0s 0% S ¢ Feti \viowva o ©
0002 5 7% 1 \ HLEON | 3 O ueque.aig
oooy + 000¢ BT TS LMEW \?/ i
L A A 13 N [
I EVE BEEZ, P S B o Dmzds \"’
U VavNvo A 0" B
4 /
. \0000,’,
1e11s  BuipjaiA—iarem uop _HH_ \\'QQ' 21020924
SN
(liuh €& Sse pajeaulfap \\00"' /
s1341nbe  2102038(84) S134I1nbY @ \‘\\0‘\””9’
RO . ~Toissely
NOILVYNV 1dX3 \O\O\N&soﬂ’/l oissenr
7 < TSy S
""\‘“"’ ey
€/61 ‘UOsIapUY pue “’\‘\\" S
uoS{iey wWoly palJIPoON SO OO - \\\\!I\l.‘l sneanelsl’)
wnyeq |ana] eas l“‘i&f’“‘l\"\“““! 5110'd

B N -

B AAVRWAN RO RO EN U (o

N SR AAN

Ase1}i1ay

S S\, O 8
@‘Mﬂv [~ Aseusaienp
M s194inby
>

VL1OS3NNIW

viOoMvad H1IMON






















