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GEOHYDROLOGY OF THE SOURIS RIVER VALLEY IN
THE VICINITY OF MINOT, NORTH DAKOTA

By Wayx~e A. PerTYysouN

ABSTRACT

The Minot area is in the north-central part of North Dakota and includes part
of the Souris River valley. The region is covered by glacial drift of late Wis-
consin age except in small areas where the Fort Union Formation of Tertiary age
crops out. Thickness of the drift is controlled by the topography of the bed-
rock. In places the drift is more than 450 feet thick, but it averages altout 100
feet thick.

Water from the Fort Union Formation is soft and is of sedium bicarbonate
type that is undesirable for many uses. Wells in the formation produce only
a few gallons per minute.

Six glacial aquifers were studied in the report area, but detailed work was
limited to the Minot aquifer. The Sundre buried-channel and the lower Souris
aquifers contain large quantities of hard water of good chemical gquality, but
little is known of their hydraulic characteristics owing to lack of development.
The North Hill and South Hill aquifers generally provide smiall quantities of
hard water that may be high in iron and sodium. The northwest buried-channel
aquifer has a high content of iron and chloride. Locally as much as 1,000 gallons
per minute may be pumped from it.

The Minot aquifer is a thick deposit of sand and gravel confined to the Souris
River valley. The water level has declined more than 70 feet since the first
municipal well began pumping in 1916. In some places the water level in the
aquifer declined more than 20 feet during 1961-1963. The rapid decline in water
level indicates that a serious water shortage may arise in the near future unless
counter measures are taken to prevent it.

The Minot aquifer is under both artesian and water-table conditicns. In
places the transmissibility exceeds 250,000 gallons per day per foot. In 1963, 13
municipal wells pumped an average of nearly 4 million gallons per day from
the aquifer. Some wells produce as much as 1,000 gallons per minute.

The Minot aquifer receives most of its recharge from the buried glaciofiuvial
deposits and from the Souris River. Natural recharge probably averages about
3 million gallons per day. About 56,000 acre-feet of water available to wells
was in storage in 1963.

Artificial recharge could be used to counteract the rapid decline ir water
levels. Several feasible artificial recharge sites are in the western part of Minot,
where highly permeable sand and gravel crop out.
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INTRODUCTION

In October 1963, officials of the city of Minot, N. Dak., requested
that the U.S. Geological Survey, in cooperation with the North Dakota
State Water Commisison, conduct a ground-water investigation in
and near the city. A preliminary study of existing ground-water
records of the Minot area indicated that the water level in the Minot
aquifer had declined more than 70 feet in the central part of the city
since pumping began in 1916. Such declines suggest a serious reduc-
tion in the amount of water stored in the aquifer. Also, earlier
theories that the sand and gravel which form the Minot aquifer extend
the entire length of the Souris River valley were proved untenable
by recent test drilling. Accordingly, a need arose to restudy the
municipal water-supply problems in the vicinity of Minot.

PURPOSE AND SCOPE OF THE INVESTIGATION

The purpose of this investigation was fourfold : to collect and analyze
samples from, and information on, all wells of moderate to large dis-
charge in the Minot area; to learn the extent of the Minot aquifer
by means of test drilling; to determine if other ground-water supplies
are available; and to determine which areas could feasibly be devel-
oped as artificial-recharge sites.

PREVIOUS WORK

The earliest data on the Minot aquifer were reported by Simpson
(1929) in his study of the ground-water resources of the State. An-
drews (1939) reported on the geology and coal resources of the Minot
region, but he did not include ground-water data. Akin (1947)
prepared a very comprehensive report on the geologic anc hydrologic
conditions of the Minot aquifer; his report provided a foundation
for this report. Lemke (1960) discussed the geology of the Souris
River area and reviewed some of the published data on the Minot
aquifer. Bradley’s (1963) report summarized Akin’s wcrk and pre-
sented some streamflow data.

ACKNOWLEDGMENTS

The fieldwork on this project was done during November 1963
August 1964. Test holes were drilled by the North D-kota State
Water Commission by use of a hydraulic rotary-drill rig. The study
was done under the direction of D. W. Brown, district geologist, U.S.
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ployees, greatly facilitated the project by giving willingly of their
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levels, production, and test holes.
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SYSTEM FOR NUMBERING WELLS AND TEST HOLES

Figure 1 illustrates the well-numbering system used in this rewort;
the system is based on the grid system used by the U.S. Bureau of Land
Management. The first number in a well-location number indicates
the township north of a base line in Arkansas. The second number
denotes the range west of the fifth principal meridan The third num-
ber indicates the section in which the well is located. The lowercase
letters given after the section number indicate the position of the well

F16URE 1.—System of numbering wells and test holes.



4  GEOHYDROLOGY, SOURIS RIVER VALLEY, MINOT, N. DAK.

within the section. The letter “a” refers to the northeast quarter;
“b,” the northwest quarter; “c,” the southwest quarter; and “d,” the
southeast quarter. Succeeding letters refer to the quarter-quarter
section and the quarter-quarter-quarter section, or 10-acre tract.
Where more than one well is present in a 10-acre tract, consecutive
numbers beginning with 2 are added to the letters in the order in which
the wells or test holes are inventoried. For example, the designation
155-82-15aba2 indicates that this is the second well invertoried in the
NE1,NW1,NE1; of sec. 15, T. 155 N., R. 82 W. (fig. 1).

METHODS OF INVESTIGATION

Information for this report was obtained from test drilling and
geologic mapping and from well inventories, water-level w easurements,
and water-production-data evaluations. Recordsand logs of wellsand
test holes, quality-of-water information, and water-level data were
presented in a separate report (Pettyjohn and Hills, 1965).

Some evaluations or interpretations presented in this report are
necessarily qualified, for many assumptions were required owing to
the lack of sufficient available geologic and hydrologic data. Some of
the problems encountered in the study are as follows:

1. The production wells of the city of Minot do not penetate the entire
thickness of the aquifer.

2. Unusally difficult drilling conditions were encountered curing the test
drilling of the Minot aquifer ; therefore, the test holes did not penetrate
the full thickness of the aquifer.

3. All production wells in the area are constructed in such a manner that
measurement of water levels in them is difficult or impossible.

4. Available records of pumpage and water levels for the period 1946-63 are

either nonexistent or of questionable accuracy.

. Detailed and accurate data on the production wells are not available.

6. Aquifer characteristics in the central part of Minot were determined in
1946 from results of a single test, and the characteristics of the other
parts of the aquifer are inferred.

=14

Although the available geologic data in the area at the time of this
study were meager, a series of maps of lithofacies grain sizes were
constructed to aid geologic interpretation. This type of map appar-
ently has considerable value in geohydrologic studies, as discussed by
Pettyjohn and Randich (1965 a,b). Lithofacies grain-size maps illus-
trate two geologic characteristics: (1) lithology or rock type, as based
on the percentage of sand, gravel, and clay, and (2) the ratio of sand
and gravel to clay, as indicated by the grain-size lines. On these maps
the lithologic type or lithofacies of an area represents a gross quanti-
tative rock type which may be separated by a line from another rock
type of sufficiently distinet characteristics. Lithofacies maps show the
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general distribution of certain rock types such as those types
composing the Minot aquifer.

GENERAL FEATURES OF THE AREA

The Minot area is near the west margin of the Central Lowland
physiographic province. Most of the area is in the Souris River
valley; however, the area extends from 3 miles west of Minot to 7
miles southeast of Minot along the river and the adjacent uplands
(fig. 2). The area contains about 45 square miles. Except for the
walls of the Souris River valley, the land is relatively flat and has a
local relief of about 100 feet. The maximum relief, including the
valley walls, is about 250 feet. The area is drained by the southeast-
flowing Souris River, which rises in Canada and has a relatively large
drainage basin of approximately 11,300 square miles. However, the
flow of the river (which is seldom uniform) is controlled almost
entirely by regulation of Lake Darling, about 1214 airline miles
upstream from Minot. The Souris River has a gradient of less than
2 feet per mile in its meanders across the 1- to 3-mile-wide flood plain.
The channel generally ranges from 8 to 30 feet in width, and the
channel banks are only a few feet above the river level. The average
annual discharge of the river for the period 1903-63 at the U.S.
Geological Survey gaging station above Minot (NW14,NW1,SE1,
sec. 17, T. 155 N., R. 83 W.) is 100,600 acre-feet. However, the river
may cease to flow in the late spring and the winter (fig. 3), owing to
regulation by several dams and to prolonged drought.

The average annual precipitation in the Minot area in the poriod
1930-63 was 15.90 inches, and that in the State during the same p-riod
was 16.58 inches (Bavendick, 1952; U.S. Weather Bur., 1960-63).
About half the annual precipitation is received during May-July.
Most of the rainfall occurs during summer convective thunderstorms,
which commonly produce large quantities of water within short periods
of time and in small areas. Flash floods are not uncommon, but several
dams along the major water courses have considerably reduced the
damage potential.

Summer temperatures of 100°F or warmer and winter temperatures
of —20°F or colder are not uncommon. The average temperature
at Minot during the 34-year period 1930-63 was 40.3°F. D-uring
January the relative humidity ranges from 75 to 80 percent; during
July the relative humidity at noon ranges from 45 to 50 percent
(Bavendick, 1952, p. 46).

The study area is encompassed by a sparsely populated ranching
and farming area. Minot, the largest city, has a population (as of
1964) of about 35,000, of which about 1,500 are students at 1finot

243-546 0—67T——2
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State College. The city has grown rapidly in the last few years—
the population was 16,577 in 1940, 20,032 in 1950, and-30,604 in 1960.
The rapid growth can be attributed to increasing imporance of the
city as a key trading center and to the installation of the Minot Air
Force Base, 14 miles north of town.

PRINCIPLES OF GROUND-WATER HYDROILOGY

The definition and principles of ground-water hydrology are com-
monly not well known to individuals outside the field of hydrology.
The following section defines several hydrologic terms and principles
so that the interested layman may better understand the information
in thisreport.

In general, ground water moves from points of high elevation to
points of low elevation—that is, from areas of recharge to areas of
discharge. Theelevation to which water will rise in the casing of wells
that penetrate an artesian aquifer is called the piezometric surface.
This is an imaginary surface that is mapped by determining the ele-
vation of the water level in a network of wells. This surface, then, is
represented on maps by contours that connect points of equal elevation.
Ground water moves downgradient and perpendicular to the contours.

The texture and sorting of the rock components control, to a large
degree, the two major water-bearing properties of an aquifer—its
porosity and permeability. Porosity of a rock is determined by the
size and number of voids, or interstices, as compared to tl'e total rock
volume and is expressed as a percentage. Generally a porosity of
more than 20 percent is considered to be high, and a porosity less than
5 percent, low. The permeability of an aquifer is its capacity to
transmit water. A permeable rock is also porous, but high poresity
does not necessarily indicate high permeability.

An aquifer drained by force of gravity will not yield all the water
contained in the voids because of molecular attraction between the
water and the rock particles. The quantity of water yielded by gravity
drainage is called the specific yield, which is expressed as a percentage.
The amount of water retained in the aquifer is called the specific reten-
tion, which is also expressed as a percentage. The specific yield plus
the specific retention equals the porosity. The specif» retention
increases as the grain size decreases because of the greater total surface
area of the grains. For example, the total porosity of clay may be
high, but the specific retention is very high, and the specific yield,
conversely, is very low. Accordingly, specific yield is considered to be
synonymous with the term “effective porosity,” or “practical porosity.™

The coefficient of permeability, in meinzer units, is the rate, in gal-
lons per day, at which water will flow through a cross-sectional area of
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1 square foot under a hydraulic gradient of 1 foot per foot at a temper-
ature of 60°F. Horizontal permeability, in general, is greater than
vertical permeability. Permeabilities may be determined by either
laboratory or field methods.

Transmissibility (7) is expressed as the rate of flow of water, in
gallons per day, through a vertical strip of the aquifer 1 foot. wide
extending the full saturated thickness of the aquifer under a hydraulic
gradient of 100 percent—that is, a 1-foot drop in head in 1 foot of
flow distance. The product of the permeability (#) and the saturated
thickness (m) of an aquifer equals the transmissibility, 7’=Pm.

The velocity of ground-water movement can be determined by
the formula:

v=P1,
where

v=velocity in feet per day,

P=coeflicient of permeability, in gallons per day per square foot,
and,

I=gradient, in feet, per foot.

Total volume of flow is the major factor in most ground-water
problems, and it can be determined by the formula:

Q=PIA, ovQ=TIW,

where P, /, and 7. are as previously described, and
) =discharge, in gallons per day,
A4 =area of flow cross section, in square feet, and

W=width of flow cross section, in feet.

Areas of high transmissibility allow rapid movement of ground
water and will yield large quantities of water to wells. Trans-
missibilities can be determined by either laboratory or field methods.
The most accurate method for determining transmissibility is that
of an aquifer test in which a well is pumped and the drawdown and
the rate of water-level recovery in the pumped well and in adjacent
observation wells are measured. Such data are then plotted and
analyzed. However, the calculated values of transmissibility from
each aquifer test are accurate only for the conditions of the tes, and
these values may change under conditions of longer periods of puraping
and different quantities of discharge.

The coefficient of storage (S) is the volume of water an aquifer will
release from, or take into, storage per unit surface area of the aquifer
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per unit change in the component of head perpendicular to that
surface. The coefficient of storage in an artesian aquifer differs
considerably from that in a water-table aquifer. Storage in an ar-
tesian aquifer depends on the compressibility of the ro~k material
and of the included water. The storage coefficient in a water-table
aquifer can be attributed to gravity drainage and, to a lesser extent,
to compressibility of the rock material and of the included water.
As a result, the coefficient of storage in an artesian, or confined,
aquifer is characteristically very small, the order of magnitude being
0.00001-0.001. This small storage coefficient indicates that large pres-
sure changes throughout extensive areas are necessary for the aquifer
to yield large supplies of water. In aquifers where the water level
is drawn below the confining layer during pumping, “lecky artesian
conditions” may exist. Leaky artesian conditions indicate that the
aquifer is under confined conditions before pumping and approaches
unconfined conditions as the water level lowers during pumping. The
coefficient of storage in a leaky artesian aquifer ranges from about
0.001 to 0.05. The storage coefficient of a water-table, or unconfined,
aquifer is commonly referred to as specific yield; it is considerably
larger, generally ranging from 0.05 to 0.30.

Large storage capacity in a water-table aquifer allows the cone of
depression (caused by pumping) to spread outward more slowly than
it would spread under similar conditions of pumping in an artesian
aquifer. Thus, under similar conditions, more water can be removed
from a water-table aquifer than from an artesian aquifer, and its re-
moval will cause less interference in adjacent wells owing to overlap-
ping cones of depression.

The specific capacity of a well is its rate of yield in gallons per
minute per foot of drawdown. Drawdown in a well increases with
continued pumping, generally at a diminishing rate, and the resulting
specific capacity calculations are only approximate. Determination
of the specific capacity of a well is convenient after a 1-day pumping
period. For example, a well that will yield 500 gpm (gallons per
minute) and have a drawdown of 25 feet has a specific capacity of
500 gpm

25 ft
Low specific capacity results in low yield, large pumping lifts, and,
consequently, high production costs. The specific capacity depends
on transmissibility of the aquifer and efficiency of the well.

Wells that are not screened the entire thickness of the aquifer are
known as partially penetrating wells. The lines of waterflow in a
partially penetrating well are longer than in a fully penetrating well
because the water must travel up or down to the screen. Because the

=20 gpm per foot of drawdown for the period pumped.
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water travels additional distance to the well screen, a greater frictional
resistance to waterflow is caused, which in turn causes a greater draw-
down. The drawdown is greatest near the pumping well and, theoret-
ically, becomes negligible away from the well at a distance equal to
about twice the saturated thickness of the aquifer. Aquifer-test for-
mulas are based on the assumption that the wells penetrate the full
thickness of the aquifer, and corrective factors should be applied to
any data obtained from partially penetrating wells.

While a well is being pumped, the cone of depression in the water
table or in the piezometric surface expands and deepens. The low-
ering of the water level is known as drawdown. Shape of the cone
of depression depends mainly on the coefficients of transmissibility and
storage of the aquifer. The rate of pumping causes a corresponding
variation in the depth of the cone; the coefficient of storage controls
the radial spread of the cone. The transmissibility affects the rrdius
and the depth of the cone. Where cones of depression of two or more
wells overlap, the resulting interference causes a loss in yield or in an
increase in drawdown in each well. Also, well discharge can decline
where interference occurs, if the rate of pumping remains constant.

TERTIARY DEPOSITS AND THEIR WATER-BEARII'G
PROPERTIES

Rocks of Tertiary age in the Minot area belong to the Fort Union
Formation. The formation is composed of three members, whicl are,
in descending order, the Tongue River, Cannonball, and Ludlow I fem-
bers. The Tongue River Member, which composes the bedrock in the
Minot area, is made up of continental deposits of clay, sandstone, and
lignite; it is about 255 feet thick.

The lignite and fine-grained sandstone beds in the Fort Union
Formation are the sources of water for wells and springs. In many
areas the lignite beds are underlain by clay that restricts the downward
movement of ground water. Consequently, ground water accumulates
and moves laterally in the lignite beds to points of discharge. Ifany
springs in the Souris River valley issue at the contact of a bed of lignite
with the underlying clay.

Although flowing wells are common in the Fort Union Formation,
they generally do not yield large amounts of water. Probably the
wells flow because of considerable amounts of dissolved gas in the
water as well as because of artesian pressure. The gas probably orig-
inates in the lignite.

Water suitable for most domestic purposes can be produced from the
Fort Union Formation in some places. In many places, however, the
water is undesirable for domestic uses because it has a strong “alkali”
taste resulting mainly from its sodium bicarbonate content. It is
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soft and is commonly high in dissolved solids. The quality of water
from this formation has a wide range but is apparently not related
to depth. Water pumped directly from fractured lignite may have a
brown color, as well as a strong sulfur odor. The geochemistry of
the water is probably related to the depositional history of the water-
bearing sediments. A zone slightly more permeable tl'an adjacent
deposits would permit more rapid movement and leaching of the sed:i-
ments by circulating ground water. The removal of readily soluble
materials from this zone would make it possible for subsequent cir-
culating ground water to pass through the zone without being changed
in chemical compoesition.

Chemical analyses of water samples from selected welle that tap the
Fort Union Formation were made by the State Laboratories Depart-
ment, Bismarck, N. Dak. Analytical results of sampler from three
selected wells, given in parts per million except where indicated, are
as follows:

Siesta Motel W. Lashkowski J. Watson

Loeation_ - - - ._________ 155-82-20dce  156-83-5bb  1£6-83-12dc
Depth of well (feet).____ 40? 580 290
Date of collection__.____ 12-6-63 09-12-47 9-12-47
Silica (SiOg)--ooo . __ 11 7.0 7.0
Total iron (Fe)._______. 0. 53 0. 32 0. 62
Caleium (Ca)_ .. ____ 11 10 12
Magnesium (Mg)-.:--_- 5.5 5.7 3.7
Sodium (Na)___._.._____ 540 1, 050 718
Potassium (K).._______ 13 11 8.8
Bicarbonate (HCO;) - - - 895 936 1, 280
Carbonate (CO3) - _.____ 17 0 0
Sulfate (SOs) .- _______ 421 1.4 137
Chloride (Cl). - .. _____ 35 1, 120 295
Fluoride (F)_ - _________ 0.7? 0.3 0.3
Nitrate (NOg).- - ____ 2.0 2.2 10
Boron (B) - _..________ 0. 38 2.7 1.3
Dissolved solids:

Sum_______________ 1,500 oo ...

Residue on evapora-

tion at 180° C______ 1, 540 2, 670 1, 820

Hardness as CaCO;:

Calcium, magnesium.__ 50 48 45

Noncarbonate_.. . ____ 0 0 0
Percent sodium._.__.____ 95 97 97
Sodium-adsorption-ratio_ 1 S
Specific conductance

(micromhos at 25°C)_ _ 2, 380 4,790 2, 950
pPH. . 8.5 7.3 8.2
Remarks_ . ____________ ___________. Cannonball Tongue River

Member.! Member.!
t LaRocque, Swenson, and Greenman, (1963, table 5).
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QUATERNARY DEPOSITS AND THEIR WATER-BEARING
PROPERTIES

Glacial drift includes all glacial ice deposits, as well as river, stream,
and lake deposits, that were directly associated with the glacier. Till
was deposited directly by glacial ice and consists of a heterogeneous
mixture of clay, silt, sand, gravel, and boulders in which clay and silt
predominate. Glaciofluvial material was deposited by glacial melt
water and consists predominantly of sand and gravel. Alluviwm con-
sists of clay, silt, sand, and gravel deposited by running water that
was not directly derived from, or otherwise associated with, glaciers.

Glacial drift and alluvium mantle the Minot area, except in a few
small areas where bedrock crops out (pl. 1). The total thickress of
the glacial material is controlled by the topography of the belrock.
The thickness is more than 450 feet beneath the upland surface along
the courses of former stream channels. However, in most places the
drift averages about 100 feet thick. These deposits are more than
250 feet thick in the Souris River valley near the central pert of
Minot.

Several gravel pits in the vicinity of Minot (pl. 1) are in river-
terrace deposits. River-terrace deposits normally represent former
flood plains. The deposits appear uplifted because of downcutting in
the valley subsequent to the deposition of the terrace. Four sard and
gravel deposits in the Souris River valley in the vicinity of Minot
are mapped as river-terrace deposits (pl. 1), but their characteristics
do not entirely conform to those of similar river-terrace deposits in
other areas.

Large gravel exposures at the west end of the city (155-82-21), in
the center of the city (155-82-23 and 24), and southeast of the city
(155-82-32) may represent river-terrace deposits or kame-terrace rem-
nants. These features are composed mostly of sand and gravel but
contain boulders that are more than 7 feet in diameter. The Minot
Sand and Gravel Co. pit at the west end of the city is more than 70
feet deep. The lower part of the pit is dug predominantly in sand
that is massively crossbedded in places. The upper part is in poorly
sorted sand and gravel. Locally some zones show graded bedding and
cut and fill features. Both parts of the pit show collapse structures
near the outer boundaries. The sand increases in thickness northeast-
ward.

Ice-contact deposits were formed by melt water flowing within, or
adjacent to, the glacial ice. Kame terraces are ice-contact deposits
generally consisting of sand and gravel that were laid down by s*reams
flowing between the glacier and the valley wall during deglaciation.
As the ice supporting the valleyward side of the kamnie terraces melted,

243-546 O—67—-3
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this side of the terraces collapsed, and a contorted strncture was
produced.

A kame-terrace deposit forms the valley wall in the northwest part
of Minot (pl. 1). This particular deposit consists largely of sand,
although some thin layers of gravel are locally present. Many of the
layers have been deformed by faulting or folding. Another deposit,
which consists predominantly of sand and gravel, covers a large area
near the southeast edge of Minot (155-82-30). Apparently this de-
posit was overridden during the last glacial advance because it is
overlain by till. Lemke (1960, p. 55) suggested that this deposit rep-
resents an overridden kame terrace. It appears, however, to repre-
sent glaciofluvial material and probably indicates the former course
of a melt-water channel. This deposit may be a continuation of the
North Hill aquifer that was penetrated in several test I'oles in the
northern part of Minot.

NORTH HILL AQUIFER

The North Hill aquifer is a shallow glaciofluvial deposit enveloped
by glacial till in the uplands at the north end of Minot (pl. 2). The
aquifer is artesian and underlies more than 3 square miles. It ranges
in thickness from 1 to 30 feet, and its top ranges in depth from 26 to 66
feet below land surface. The aquifer consists of reddish-brown, iron
oxide coated coarse sand and fine to medium gravel.

The gradient of the water level in the North Hill aquifer is to the
south, and the aquifer discharges in a zone of springs and seeps along
the north wall of the Souris River valley (pl. 2). A spring issuing
from the North Hill aquifer in 155-83-14bca has formed a lake, and
an overflow stream from the lake has a discharge of more than 14
gallons per minute.

The North Hill aquifer also provides small quantities of water to
six domestic and industrial wells. The deepest well (155-83-2dd) is
reportedly 60 feet deep, and the shallowest well (155-83-2dad) 32
feet deep. The average depth of the wellsis 47 feet.

Water from the North Hill aquifer is high in total dissclved solids,
hardness, and sulfate contents. Nevertheless, it is used for industrial
and domestic supplies.

The following list gives the chemical analyses of water from a test
hole drilled in the North Hill aquifer and from a spring that issues
from it. Analyses were made by the State Laboratories I »partment,
Bismarck, N. Dak., and results are given in parts per million except
where indicated.
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U.S. Public
Health Service
limits (1962) Test hole 3237 Spring
Loeation_ __ _____________ ________ 155-83—1ccc  155-83-14ddd
Dept of well (feet) .. _____ ________ 30 Surface
Date of collection.._______ ________ 8-27-65 1958
Temperature °F)________ ________ 48 .~
Siliea (SiOg) o - oo _____ ____.___ 16 .
Total iron (Fe) ___ . _______ ________ 0.08 0
Caleium (Ca)____________ ________ 488 ...
Magnesium (Mg)_________ ____._.__ 151
Sodium (Na)_____._._____ ____.___ ] [ 75
421
Potassium (K)_____._____ _____.___ I l 10
Bicarbonate (HCOs) ______ ________ 380 . ____
Carbonate (COy) - .- _____ o ___ . 40
Sulfate (SO - ... __ 250 2, 300 482
Chloride (Cl) ... _________ 150 32 0
Fluoride (F) _ ____________ 1.2 0.4 0.2
Nitrate (NOg) .- -.____ 45 4.7 0.43
Boron (B) - _____________ ____.___ 0.42 Trace
Dissolved solids:
Sum_____________._. 500 3, 600 1, 019
Residue on evaporation
at 180°C__________ ________ 3, 430 024
Hardness as CaCOs:
Calcium, magnesium._  ________ 1, 840 568
Noncarbonate__._____ _____.___ 1,530 ...
Percent sodium___________ ________ 33 .
Sodium-adsorption-ratio._ . _____.__ 4.3 .
Specific conductance
(micromhos at 25°C) _ ___ . e
pH_ . .. 7.6 £.2

To determine the areal extent, thickness, and hydraulic character-
istics of the North Hill aquifer, additional test holes are needed. The
high concentration of sulfate in the water, the abrupt changes in thick-
ness, and the apparent lack of natural recharge areas suggest that this
aquifer does not have good potential for development.

SOUTH HILL AQUIFER

The South Hill aquifer trends east-west near the south end of Minot.
The aquifer, which consists of sand and gravel, is in a buried channel,
and the water is under artesian pressure. The buried channel is about
1 mile wide and at least 2 miles long; it is 451 feet deep in test hole
2239 (pl. 2). The channel probably represents a former valley of the
Souris River that was blocked by drift during an advance of glacial
ice.

The aquifer is not uniform in thickness nor in areal extent. As
much as 67 feet of sand and gravel was penetrated in the lower part
of test hole 2240 (35 ft from depths 154 to 189, and 32 ft from depths
356 to 388). However, in test hole 2239, only 9 feet of sand and gravel
(at depths 103-109 ft and 148-151 ft) was penetrated.
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Eleven industrial and domestic wells produce small quantities of
water from the South Hill aquifer. The deepest well (155-82-31
baa) has a reported depth of 338 feet and the shallowest well (155-82—
31dca) has a reported depth of 170 feet. The average denth of wells
in the South Hill aquifer is 259 feet.

Although accurate water-level measurements are not available, water
levels are reportedly 190-231 feet below land surface.

Water from the South Hill aquifer has a high content of total dis-
solved solids, hardness, iron, and sulfate. The following list gives
the chemical analyses of water from three wells tapping the aquifer.
Analyses were made by the State Laboratories Department, Bismarck,
N. Dak., and results are given in parts per million except where
indicated.

U.S. Public North Dakota State
Health Service Highway Department Jordahl Animal

limits (1962) weigh station Hospital C. J. Draw:
Location_ . ___._____ ________ 155-82-30dce  155-83-35aad 155-83-36bc
Depth of well (feet) ... _____.___ 257 215 276
Date of collection..___ ________ 8-20-65 8-20-65 1958
Temperature CF).___ ____.___ 54 . ...
Silica (SiOg) - - oo . 17 18 .
Total iron (Fe)_______ 0.3 5.2 0.80 4.9
Calcium (Ca) ____.____ _______._ 155 193 151.2
Magnesium (Mg)_____ _._._____ 56 71 75.4
Sodium (Na)_________ ________ 162 208
295.2
Potassium (K).___.___ ________ 11 11
Bicarbonate (HCOy) .. .._.._____ 692 941 1, 020
Carbonate (COg) .. ... ________ 0 0 0
Sulfate (SO4)._______. 250 285 620 390
Chloride (Cl) .. ______ 150 87 3 68.6
Fluoride (F) ... ____ 1.2 0.4 0.4 0.2
Nitrate (NOg) .- ____ 45 0.7 2.9 0
Boron (B) . _.________ ________ 0.18 0.25 0
Dissolved solids:
um. _ ... __. 500 1,120 1, 690 2, 005
Residue on
eva?oration at
180°C__ . 1, 040 1,730 . __
Hardness as CaCOj;:
Calcium,
magnesium____  ________ 615 775 687
Nonecarbonate___. ______._ 48 4 .
Percent sodium_._____ ________ 36 45 .
Sodium-adsorption-
ratio. . ____________ ________ 2.8 4.6 ___________
Specific conductance
(micromhos at
o) YU 1, 670 2,360 ___._._.___
PH_ L .. 8.2 8 ..

To determine the areal extent, thickness, and hydraulic characteris-
tics of the South Hill aquifer additional test holes are required. The
poor quality of the water and the abrupt changes in thickness of the
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sand and gravel, as well as the deep water level may exclude the South
Hill aquifer from extensive development.

SUNDRE BURIED-CHANNEL AQUIFER

In the Souris River valley 314 miles southeast of Minot, test hole
2214 (155-82—aad) penetrated 193 feet of saturated sand and gravel
in a terrace along the north edge of the valley (pl. 2). Although its
origin is not definitely known,the deposit probably represents a former
river channel that is now buried in most places by glacial drift. The
channel is 233 feet deep at the test-hole site. This aquifer, which is
exposed at land surface in some places, consists of fine to coars» sand
and fine to medium gr