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GEOLOGY AND GROUND WATER RESOURCES
of Cass County, North Dakota

Part lll - Ground Water Resources

By
Robert L. Klausing

ABSTRACT

Ground water in Cass County is obtfainable from sand and gravel
deposits associated with the glacial drift and from sand and (or) sandstone
beds in the Dakota Sandstone.

Six major drift aquifers are identified and described. These are, the
Fargo, West Fargo, Page, Tower City, Bantel, and Sheyenne Delta aquifers.
The West Fargo aquifer is the most permeable and productive and will
yield as much as 1,300 gallons per minute to individual wells. Heavy pump-
ing from the West Fargo aquifer has caused the water levels to decline as
much as 85 feet since 1938. During 1965, water levels declined more than
2.5 feet at West Fargo and more than 0.5 foot in areas 20 miles away.
The declines will continue as long as withdrawals exceed recharge.

Potentially important sources of water are the Sheyenne Delta aquifer
in the southern part of the county and the Page aquifer in the north-
western part. Neither of these is extensively developed.

Water from the glacial drift aquifers generally contains less than 1,500
parts per million dissolved solids, whereas water from the Dakota Sand-
stone contains more than 2,500 parts per million dissolved solids.




INTRODUCTION

Purpose and Scope

This is the third in a series of three reports describing the results of a
study cf the geology and ground-water resources of Cass County. The study
was requested and supported by the Cass County Board of Commissioners
and was made under the cooperative program of the U.S. Geological Survey,
the North Dakota State Water Commission, and the North Dakota Geological
Survey.

The primary purpose of the study was to determine the occurrence,
availability, and quality of ground water in Cass County. This report de-
seribes the location and extent of the various sources of ground water in
the county, discusses the chemical quality of the water available from
each source, and evaluates the potential of each ground-water source for
future dvelopment:

Much of the basic data on which this interpretive report is based has
been tabulated in an earlier report entitled “Geology and Ground Water
Resources of Cass County, North Dakota, Part II, Ground Water Basic Data.”
However, 43 well logs that were collected since publication of the basic
data report are included as an appendix to this report. Another report—
“Geology and Ground Water Resources of Cass County, North Dakota, Part
I, Geology”—describes the geology of the county and provides a framework
for evaluating the ground-water resources. The three reports are meant to
complement each other, and the usefulness of any of them will be greatly
enchanced by having all three available for reference.

Location and Physiography

Cass County (fig. 1) is in southeastern North Dakota and encompasses
an area of 1,749 square miles. The county is in the Central Lowland physio-
graphic province of Fenneman (1938, p. 559), and occupies parts of the
Drift Prairie and Red River Valley areas as defined by Simpson (1929, p.
4-7). The entire county is in the drainage basin of the Red River of the

North (fig. 2).




|
98°

!
! o
IOLA 132" 10‘o°
[ e e T e e . [ S
|DIVIDE | BURKE N, ! BOTTINEAUTROLETTE  ITOWNER | CAVALIER A IPE GiNA Py
I c 1
i AR | | | !
= ! ‘ . A
. L L L 4 LAKE
e | i ) ;f
= | N ! _ leemena (%
______ T RAMSEY ~ [WALSH <

| mEs T TGENTRAL] |

! | ' WET.‘S‘F""GXRTrJD_Fb?Ks
|

[

DRIFT PRAIRIE " | l
A

(SRS
('/\__lr

| SKEYENNE
MALIEZ

] 20 40 MILES
= __— __—__—_]

FIGURE 1. Physiographic divisions in North Dakota and location of report

area.
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FIGURE 2. Major geomorphic units and drainage.

Climate

The climate of the area is variable. The winters are generally long
and cold with temperatures occasionally falling to as much as 40° below
zero. The summers usually are hot with midday temperatures occasionally
rising to 100°. The average annual temperature is 39.9°.

Most of the annual precipitation is in the form of rain, which falls
during the spring and summer. Precipitation in the Fargo area during the
period 1930 to 1965 ranged from about 9 to 30 inches per year and
averaged 18.65 inches. Precipitation in the vicinity of Amenia during the
period 1934 to 1965 ranged from about 9 to 27 inches and averaged
19.46 inches. Precipitation data for the stations at Fargo and Amenia are

shown graphically on figure 3.
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FIGURE 3. Monthly precipitation recorded at Fargo and Amenia, 1955-64.



FIGURE 4. System of numbering wells, springs, and test holes.




Well-Numbering System

The wells and test holes mentioned in this report are numbered ac-
cording fo a system based on the public land classification of the U.S. Bureau
of Land Management. The system is illustrated in figure 4. The first num-
eral denotes the township north of the base line, the second numeral the
range west of the fifth principal meridian, and the third indicates the
section in which the well or test hole is located. The letters a, b, ¢, and
d designate, respectively, the northeast, northwest, southwest, and south-
east quarter sections, quarter-quarter sections, and quarter-quarter-quarter
sections (10-acre tracts). For example, well 138-50-15daa is in the NEY%-
NEVSEYs sec. 15, T. 138 N., R. 50 W. Consecutive terminal numbers are
added if more than one well is recorded within a 10-acre tfract.

Previous Investigation

The geology and ground-water resources of the southern half of the
county were described by Hall and Willard (1905) and by Willard (1909).
Simpson (1929, p. 97-108) gave a brief summary of the geology and ground-
water resources of the county. Byers and others (1946) discussed ground-
water conditions in the Fargo-Moorhead area, North Dakota and Minnesota.
Dennis and others (1949) reported on the results of a ground-water investi-
gation in parts of Cass and Clay Counties, North Dakota and Minnesota.
This report contains an excellent summary of the history of ground-water
development in the Fargo-Moorhead area. Dennis and others (1950) described
the ground-water resources in the vicinity of Kindred. Brookhart and Powell
(1961) reported on the results of test drilling in the vicinity of Hunter, and
Froelich (1964) made a ground-water survey in the Amenia area.

Acknowledgments

The author is grateful to all the residents of Cass County who pro-
vided information during the study. Messrs.R. Fuller, K. R. Lehman of South
West Fargo, and M. O. Gunderson of Fargo deserve special mention for
their cooperation. The writer gratefully acknowledges the sample logs furn-
ished by Frederickson’s Inc., Fargo, and Lako Drilling Co., Arthur.
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GEOLOGIC SETTING
Glacial Deposits

All of Cass County is covered with glacial drift, which ranges in thick-
ness from 80 to 470 feet. Four major surface units, based on lithology,
landform, and mode of deposition, are recognized. They are: ground moraine,
lake plain, shore, and deltaic deposits (Klausing, 1968).

Ground-moraine deposits believed to have formed at the base of the
glacier occupy an area of about 450 square miles in the western part of
the county. The ground moraine is characterized by a nearly flat to gently
rolling surface, and local relief generally does not exceed 20 feef. The
ground-moraine deposits are composed chiefly of fill, heterogeneous mix-
ture of clay, silt, sand, gravel, and boulders with clay and silt predominating.

Isolated deposits of sand and gravel occur at numerous places on the
ground-moraine surface. These are referred to as ice-contact and outwash
deposits. The ice-contact deposits, characterized by sharp changes in sorting
and bedding, are closely associated with the till and are believed to have
formed within or along the edges of the glacial ice. These deposits com-
monly form low ridges and hills and are called, respectively, eskers and
kames. The outwash deposits that were laid down on or in front of the
glacier consist for the most part of poorly sorted to moderately well-sorted
silt, sand, and gravel. The outwash deposits underlie nearly flat plains,
terraces, and channels.

The lake-plain deposits occupy approximately the eastern three-fourths
of the county and consist chiefly of silt and clay that were laid down in
glacial Lake Agassiz (Upham, 1895). The lake plain is characterized by its
unusually flat and nearly featureless surface. Dennis and others (1949, p. 18)
divided the lake deposits into two units: a silt unit that comprises the sur-
ficial deposits and a lower clay unit. The contact befween the two units
is disconformable and in places is marked by dessication and vegetal remnant
zones. The silt unit has known thicknesses ranging from 10-50 feet. The clay
unit ranges from O to about 80 feet in thickness.

The deposits bordering the lake plain on the west consist of sorted
and stratified deposits of clay, silt, sand, and gravel. The deposits were
derived from the till by wave action along the lake shore, and range in
thickness from O to about 15 feet.

Deltaic deposits, which consist of silt and fine to medium sand, were
formed in the southern part of the county where the sediment-laden waters
of the Sheyenne and Maple Rivers discharged into glacial Lake Agassiz.
The deltaic deposits range in thickness from 0 to about 120 feet.

Throughout most of the county, the glacial drift unconformably over-
lies sedimentary rocks of Cretaceous age; however, in the extreme eastern
part, the Cretaceous shale has been eroded away and the drift rests on
Precarnbrian crystalline rocks.

7




Bedrock Units

The three Crefaceous bedrock units known to underlie the area are
the Greenhorn Formation, Graneros Shale, and the Dakota Sandstone (Klaus-
ing, 1968). Much of the Greenhorn Formation was eroded away during
the period following the cessation of Cretaceous deposition and the begin-
ning of Pleistocene glaciation, and now it underlies the glacial deposits
only in the western part of the area. The Greenhorn Formation is a black,
calcareous shale characterized by the presence of numerous white specks.
it lies 200 to 420 feet below land surface. The thickness of this unit is
unknown.

The Graneros Shale is a black, silty, noncalcareous shale containing
thin beds and lenses of fine white sand. In places it contains lignitic and
other organic material. Where the Graneros Shale is not overlain by the
Greenhorn Formation, it has a deeply eroded surface and ranges in thick-
ness from 10 to about 100 feet. In the western and central parts of the
area, it is generally underlain by the Dakota Sandstone, but in the eastern
part it rests on Precambrian crystalline rocks.

The Dakota Sandstone consists chiefly of interbedded black shale and
fine to coarse sand. Although absent in the eastern and southeastern parts
of the area, it underlies the rest of the county at depths ranging from
about 300 to more than 650 feet. The total thickness of the Dakota Sand-
stone in Cass County is unknown.

The Precambrian crystalline rocks form the basement rock in the area.
The upper part of the Precambrian rocks is weathered in many places, and
consists mostly of red and green clay that appears to have been derived
from granite. In some places the weathered material has been removed by
glacial erosion and fresh unaltered rock underlies the glacial drift. The
depth to the Precambrian below land surfaces ranges from about 160 feet
in the eastern part of the area to more than 900 feet in the western part.

GROUND-WATER RESOURCES
Principles of Ground-Water Occurrence

All ground water of economic importance is derived from precipitation.
After precipitation falls on the earth’s surface, a part is returned to the
atmosphere by evaporation, a part runs off to the streams, and a part sinks
into the ground. Much of the water that sinks into the ground is held
temporarily in the soil and then is returned to the atmosphere either by
evaporation or by transpiration of plants. However, part of the water in-
filtrates downward to a saturated zone (zone of saturation) where it be-
comes ground water.




Cround water moves under the influence of gravity from areas where
water enters (recharge) fo areas where water leaves the aquifer (discharge).
Its rate of movement is governed by the permeability of the deposits through
which it moves and by the hydraulic gradient or slope of the water table
or piezometric surface. Because of frictional resistance, the rate of ground-
water movement is generally very slow; it may be only a few feet per
year.

Porosity is the ratio of the volume of the open or pore space in a
rock to its total volume and is an index of the storage capacity of the
material.

Permeability refers to the ease with which a fluid will pass through
porous material. The degree of permeability is determined by the size and
shape of the pore spaces in the rock and extent of their inferconnections.
Gravel, well-sorted medium or coarse sand, and fractured lignite beds
generally are highly permeable. Well-cemented sandstone or gravel and
fine-grained materials such as silt, clay, and shale usually have low perme-
ability, and may act as barriers impeding the movement of water into or
out of more permeable rocks.

The coefficient of transmissibility is a measure of the rate of flow
through porous material. It is expressed as the number of gallons of water
that will move in 1 day under a unit hydraulic gradient (1 foot per foof)
through a vertical strip of the aquifer 1-foot wide extending the full
saturated height of the aquifer at a temperature of 60°F.

The coefficient of permeability is the rate of flow in gallons per day
through a cross section of 1 square foot under a unit hydraulic gradient.
Thus, the field coefficient of permeability is equal to the coefficient of
transmissibility divided by the thickness of the aquifer. The field coef-
ficient of permeability is stated at prevailing water temperature.

The coefficient of storage is the volume of water released from or
taken into storage per unit of surface area of the aquifer per unit change
in the component of head normal to that surface. Under water-table condi-
tions, the coefficient of storage is practically equal to the specific yield,
which is the volume of water released by gravity drainage divided by
the volume of the material drained. The specific yield may be equal to
only about half of the total porosity, and the coefficient of storage only
a very small fraction of the porosity.

The upper surface of the zone of saturation is called the water table.
Water-table conditions refer to ground water that is not confined by over-
lying impermeable beds. As the water is subject only to atmospheric
pressure, it does not rise in wells above the level at which it is encounter-
ed. If an aquifer is overlain by relatively impermeable beds, the water is
confined and is under pressure exerted by water at higher elevations. It
will rise above the level at which it is first encountered; wells supplied
from this type of aquifer are said to be artesian. The piezometric surface is
that level to which artesian water would rise in an open column.
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The water level in a well fluctuates in response to changes in recharge
to, and discharge from, the aquifer, including the effect of pumping from
other wells. Atmospheric pressure changes and land surface loadings also
cause minor water-level fluctuations in artesian aquifers. The static level
is the level at which water stands in a well when it is not being pumped.
When water is withrawn from a well, the water level in and around the
well is lowered, and the piezometric surface resembles an inverted cone
with the well at its center. The slope produces a hydraulic gradient fo-
ward the well, and the inverted cone is called the cone of depression.
The amount of water-level drawdown, or the difference between the static
level and the pumping level, is determined by the capacity of the aquifer,
the physical characteristics of the well, and the rate and duration of pump-
ing. During constant and uniform discharge from a well, the water level
declines rapidly at first and then continues to lower at a decreasing rate
as the cone of depression slowly broadens.

Specifc capacity is a measure of well performance and is determined
by dividing the rate of pumping, in gallons per minute, by the draw-
down, in feet, in a pumping well. Specific capacity is expressed as gallons
per minute per foot of drawdown.

The water level in a pumping well necessarily must decline in order
that water may flow from the aquifer to the well. However, the amount
of water-level decline becomes serious only if (1) it causes water of un-
desirable quality to move info the aquifer, (2) if the yield of the well
decreases because of interference from other wells or from other aquifer
boundaries, (3) if the pumping lift increases to the point where pumping
becomes uneconomical, or (4) if the water level declines below the top of
the screen. When pumping is stopped, the water level rises in the well
and its vicinity at a decreasing rate until the water level again approaches
the static level.

Under natural conditions, over a long period of time, the rate of dis-
charge from an aquifer approximately equals the rate of recharge. When
equilibrium exists, the amount of water in storage remains essentially the
same. However, some water-level fluctuations may occur when periods of
peak recharge and discharge are at different times.

Withdrawal of water from an aquifer causes one or a combination of
the following: (1) a decrease in the rate of natural discharge, (2) an in-
crease in the rate of recharge, or (3) a reduction in the volume of water
in storage. If ground-water withdrawal plus natural discharge does not
exceed recharge to an aquifer, the water level will approach equilibrium.
If they exceed recharge, the excess will be withdrawn from storage. When
water is taken from storage, the water level continues to decline as long
as water is discharged. '

The maximum rate of ground-water withdrawal that can be maintained
indefinitely is related directly to the rate of recharge. However, recharge
is regulated largely by climate and geologic controls and is impossible to
evaluate quantitatively without large amounts of data.
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Quality of Water

All natural water contains some dissolved solids. As precipitation, it
begins to dissolve mineral matter as it falls to earth and continues to
dissolve minerals as it infiltrates through the earth. The amount and kind
of mineral matter dissolved depends upon the solubility and types of
rocks encountered, the length of time the water is in contact with them,
and the amount of carbon dioxide and soil acids in the water. Water that
has been underground a long time, or has traveled a long distance from
the recharge area, generally is more highly mineralized than water that
has been in transit for only a short time and is recovered near the re-
charge area. Ground water usually contains more dissolved minerals than
surface water.

The dissolved mineral constituents in water are usually reported in
parts per million (ppm) or grains per U.S. gallon. A part per million is a
unit weight of a constituent in a million unit weights of water. This can
be converted to grains per gallon by dividing by 17.12. Equivalents per
million (epm) is the unit chemical combining weight of a constituent in
a million weights of water. These units are usually not reported, but are
necessary to calculate percent sodium, the sodium-adsorption ratio (SAR),
or to check the results of a chemical analysis.

The suitability of water for various uses is determined largely by the
kind and amount of dissolved mineral matter. The various constituents of
water in Cass County were listed by Klausinig (1966, table 3). The data
are summarized in the discussion of each of the major aquifers described
in the section of this report dealing with the rock units and their water-

bearing properties.

Table 1 shows the major constituents in water, their major sources in
Cass County, and their effects upon usuability. Most of the minerals, rocks,
and mineral substances shown in the major source column are present in
the rock formations underlying Cass County.

The chemical properties and constituents most likely to be of concern
to residents of Cass County are: (1) dissolved solids and the related specific
conductance, (2) sodium-adsorption ratio, (3) hardness, (4) iron, (5) sulfate,
(6) nitrate, and (7) fluoride. The relative importance of the above proper-
ties and constituents of water depends primarily on the use of the water.
For example, hardness has very little effect on the suitability of water for
drinking, but it can make a water undesirable for use in a commercial
laundry. Additional information may be found in “Drinking Water Stan-
dards” published by the U.S. Public Health Service (1962).
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TABLE 1.—Major chemical constituents in water—their sources,
concentrations, and effects upon usability
(Concentrations are in parts per million)

{Modified after Durfor and Becker, 1964, Table

2)

U.S. Public Health
Constituents Major source Effects upon usability Service recommended
limits for drinking
weterd,
Silica Feldspars, ferromagnesium, In presence of calcium and magnesium,
(SiOZ) and cley minerals. silica forms a scale in bollers and on
steam turbines that retards heat.
Iron Natural sources: Amphi- If more then O.1 ppm iron is present, 0.3 ppm
(Fe) boles, ferromagnesium it will precipitate when exposed to air;
minerals, ferrous and causing turbidity, staining plumbing
ferric sulfides, oxides, fixtures, laundry and cooking utensils,
and carbonstes, and clay and imparting tastes and colors to food
minerals. Mammade sources: and drinks. More than 0.2 ppm is
well casings, pump parts, objectionable for most industrial uses.
storage tanks.
Caleium Amphiboles, feldspars, Calcium and magnesium comblne with
(ca) gypsum, pyroxenes, calcite, | bicarbonate, carbonate, sulfate, and
aragonite, dolomite, and silica to form scale in heating
clay minerals. equipment. Calcium and magnesium
Magnesium Amphiboles, olivine, retard the suds-forming action of
(Mg) pyroxenes, dolamite, mag- soap. High concentrations of mag-
nesgite, and clsy minerals. nesium have a laxative effect.
Sodium Feldspars, clay minerals, More than 50 ppm sodium and potassium
(Na) and evaporites, with ded matter causes foaming,
Potassium Feldspars, feldspathoids, which accelerates scale formation and
(x) some micas, and cley corrosion in bollers.
minerals.
Boron Tourmaline, biotite, Many plants are damaged by concen-
(B) and amphiboles. trations of 2.0 ppm.
Bicarbonate Limestone and dolamite. Upon heating, bicarbonate is changed
(HCO3) to steam, carbonate, and csrbon
Carbonate dioxide. Carbonate combines with
(coq) slkaline earth (principally calcium
3 and magnesium) to form scale.
Sulfate Gypsum, anhydrite, and Combines with calcium to form scale. 250 ppm
(soh) oxidetion of sulfide More than 500 ppm tastes bitter and
minerals. may be a laxative.
Chloride Halite and sylvite. In excess of 250 ppm may impert salty 250 ppm
(c1) taste, greatly in excess may cause
physiological distress. Food process-
ing industries ususlly require less
than 250 ppm.
Fluorige Amphiboles, apatite, Optimum concentration in drinking Recommended limits
(F) fluorite, and mica. water has a beneficial effect cn the depend on average
structure and resistance to decay of of maximm daily
children's teeth. Concentrations temperature,
in excess of optimm may cause Limits range from
mottling of children's teeth. 0.6 ppm st 90.5°F
to 1.7 ppm et 50°F.
Nitrate Nitrogencus fertilizers, More than 100 ppm may cause a bitter 45 ppm
(N03) animel excrement, legumes, taste and may cause physiclogical
and plant debris. distress. Concentrations greatly in
excess of LS ppm have been reported
to cause methemoglobinemia in infants.
Dissolved Anything that is More than 500 ppm is not desirable if 500 ppm
solids soluble. better water 1s available. Less than
300 ppm is desirable for some menu-
facturing processes. Excessive
dissolved solids restrict the use of
water for irrigation.

1/ U.S. Public Health Service, 1962.
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Dissolved Solids and Specific Conductance

The concentration of dissolved solids is a measure of the total miner-
alization of water. It is significant because it may limit the use of water
for many purposes. In general, the suitability of water decreases with an
increase in dissolved solids. The limits shown in table 1 for drinking water
were originally set for common carriers in interstate commerce. Residents
in areas where dissolved solids have ranged as high as 2,000 ppm have
consumed the water with no noticeable ill effects. Stock have been known
to survive on water containing 10,000 ppm. However, growth and reprod-
uction of stock may be affected by water containing more than 3,000
ppm cf dissolved solids.

The specific conductance, in micromhos, of water is a measure of its
ability to conduct an electrical current; it is a function of the amount and
kind of dissolved mineral matter. An estimate of the total dissolved solids
in parts per million can be obtained by multiplying specific conductance
by 0.65; however, the conversion factor may range from 0.55 to 0.75,
depending upon the type and amount of dissolved minerals.

Irrigation Indices

Two indices used to show the suitability of water for irrigation in
this report are SAR and specific conductance. SAR is related to the sodium
hazard; the specific conductance is related to the salinity hazard. The hazards
increase as the numerical values of the indices increase. Figure 5 shows
the SAR versus the specific conductance of analyzed water from Cass Coun-
ty. The analyses are plotted to show the general range of sodium and
salinity hazards of water from the major glacial drift aquifers. Most of
the samples fall within the C3-S1 and C3-S2 ranges. This type of water
can be used for irrigation of plants with good salt tolerance (corn, wheat,
rye, and flax) provided there is adequate drainage and the soil salinity
is controlled.

Another index used to rate irrigation water is the residual sodium
carbonate (RSC). This quantity is determined by subtracting the equivalents
per million of calcium and magnesium from the sum of equivalents per
million of bicarbonate and carbonate, If the RSC is between 1.25 and 2.5
epm, the water is marginal for irrigation. An RSC of more than 2.5 epm
indicates that the water is not suitable for irrigation purposes. Generally
the water in Cass County has an RSC index of less than 2.5 epm.

High sodium and high salinity hazard waters can be used successfully
with ideal soil conditions and drainage in conjunction with proper water
management. Good management practices and the proper use of amend-
ments might make it possible fo use successfully some of the marginal RSC
water for irrigation. For further information the reader is referred to “Di-
agnosis and Improvement of Saline and Alkali Soils” (U.S. Salinity Labo-
ratory Staff, 1954).
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FIGURE 5. Classification of water samples for irrigation purposes.
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Hardness

The hardness of water determines its usefulness for laundries and for
some industries. Water having a hardness of 0 to 60 ppm as calcium car-
bonate is rated soft, between 61 and 120 ppm is moderately hard, between
121 and 180 ppm is hard, and more than 180 ppm is very hard. Hardness
does not seriously interfere with the use of water for most purposes, but
it does increase the consumption of soap. Its removal by a softening process
can be profitable for domestic uses, for laundries, and for some industries.
Water from the glacial drift in Cass County is generally very hard, whereas
the water from the Dakota Sandstone ranges from soft to very hard.

Aquifers in the Glacial Drift

Deposits of sand and gravel of glaciofluvial or glaciolacustine origin
are the most important sources of ground water in Cass County. The po-
tential yields from these aquifers, shown on the ground-water availability
map (pl. 1, in pocket), were determined from the thickness and estimated
permeability of the water-bearing deposits logged at each test hole and
well. The logs were examined in detfail and the materials were divided
into units on the basis of assigned permeabilities according to a method
given by Keech (1964, p. 17). The permeabilities of the units were esti-
mated from the grain size, apparent sorting, and drilling characteristics
of the materials, and by comparison with available pumping-test data. The
test holes were drilled by hydraulic rotary rigs, which on drilling sand
and gravel beds commonly produce samples having less silt and clay than
is actually the case. In assigning of the permeabilities, some allowances
were made for this discrepancy.

The areas shown as yielding more than 250 gpm (gallons per minute)
have the greatest potential for the development of industrial, municipal,
and irrigation wells. The aquifers generally are lenticular in cross section;
that is, they are thinnest along their lateral boundaries. Consequently, the
largest yields generally are obtfained from the central parts of the aquifers.
Also, wells penetrating water-bearing deposits in a narrow channel may
be expected to have lower sustained yields than wells tapping deposits
of comparable thickness that have a large areal extent. The 250-750 gpm
area east of Page is underlain by two sand and gravel zones superim-
posed in the drift. The maximum yields in this area are obtainable only
by tapping both the upper and lower zones.

The availability map should be used with the understanding that the
estimated yields are for fully penetrating, properly screened, and properly
developed wells of adequate diameter. The map is intended as a general
guide in the location of ground water, not as a map to locate specific wells.
Few, if any, aquifers are so uniform in their water-bearing properties that
production wells may be drilled in them without preliminary test drilling.
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Fargo Aquifer

location and extent.—The Fargo aquifer is a buried glaciofluvial de-
posit that underlies an area of at least 10 square miles, mostly within the
city limits of Fargo. As shown in figure 6, the aquifer probably extends

into Minnesota.

About 25 test holes and wells are known to have penetrated the aquifer.
Most of these were drilled prior to 1950 (Dennis and others, 1949, p. 137-
150). Four test holes were drilled during the course of the present investi-
gation fo delineate the northern part of the aquifer. One test hole in the
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FIGURE 7. Geologic sections in Fargo aquifer.
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NE cor. sec. 36, T. 140 N., R. 49 W., penetrated 71 feet of sand and
gravel from 157 to 228 feet. Test holes drilled in adjacent sections did
nct penetrate water-bearing deposits at comparable depths.

Thickness and lithology.—The aquifer ranges in thickness from 0 to
about 160 feet and averages about 45 feet. The thickest part is near the
south line of sec. 1, T. 139 N., R. 49 W. The aquifer consists of fine to
coarse sand interbedded and intermixed with gravel (fig. 7). Boulders were
reported in well 139-49-1cdd (Dennis and others, 1949, p. 150).

Reservoir characteristics.—The Fargo aquifer is an artesian system con-
fined at the fop by deposits of glacial till and lake clay. The average
aggregate thickness of the top confining beds is about 130 feet. The basal
confining units may consist either of till or crystalline rock.

Byers and others (1946, p. 35-39) estimated the average coefficient
of permeability of the aquifer in the vicinity of well 139-49-1cbd2 (fig.
8) to be 720 gpd (gallons per day) per square foot. Thus for an aquifer
100 feet thick, the coefficient of transmissibility would be 72,000 gpd per
foot. However, computations made by Dennis and others (1949, p. 85-86)
indicate that the coefficient of transmissibility of the aquifer in the vicinity
of wells 139-48-6ccd and 139-49-1cbd2 ranged from a low of 1,190 gpd
per foot to a high of 6,180 gpd per foot and averaged 3,700 gpd per foot.

In 1956, a well was developed in the aquifer for industrial use by
the Cass-Clay Creamery (139-49-1cdb). Data from the well-development test
indicate that the well was pumped for a period of 14 hours at a dis-
charge rate of 400 to 596 gpm and with a drawdown ranging from 68
to 78 feet. The average pumping rate was 478 gpm and the average
drawdown was 72 feet,

Because the greater part of the total drawdown in a well pumping
from an artesian aquifer occurs during the first few hours of the pump-
ing period, the drawdown data from acceptance and development tests
can be used to obtain an estimate of the drawdown in a well at the end
of a 24-hour period. These data are useful in estimating the coefficient of
transmissibility. As mentioned previously, the average drawdown in well
139-49-1cdb after 14 hours of pumping was 72 feet. Assuming that pump-
ing had continued for an additional 10 hours and that the water level in
the well would not have declined more than 4 feet, the drawdown at the
end of 24 hours would have been about 76 feet. The pumping rate di-
vided by the drawdown gives a specific capacity of about 6 gallons per
foot of drawdown. Using a graph relating specific capacity to transmissibility
(Meyer, 1963, p. 338), the estimated coefficient of transmissibility in the
vicinity of well 139-49-1cdb is about 10,000 gallons per day per foot.

According to Dennis and others (1949, p. 89), the coefficient of stor-
age ranged from 7.5 x 10-5 to 8.3 x 10-4 and averaged 5.8 x 10-4.

Recharge, discharge, and movement.—The aquifer could be recharged
by lateral movement of water through the till and by downward percolation
of water through the overlying sediments. At the present time water levels
in the aquifer are well above the top of the till and it seems unlikely
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that the aquifer is receiving significant amounts of recharge from the ftill.
Recharge by downward percolation of water through the overlying ma-
terials probably will not take place until water levels in the aquifer are
lowered below the base of the lake deposits. The amount of recharge reach-
ing the aquifer by downward percolation of water probably will be in-
significant owing to the very low permeability of the overlying sediments
and the small areal extent of the aquifer.

Because water levels are 50 feet or more above the top of the aquifer,
it seems likely that some water is being discharged into the adjacent de-
posits. Annual discharge by pumping is estimated to be about 20.5 million
gallons. Probably more water is discharged from the aquifer by pumping
than by natural means.

According to Dennis and others (1949, p. 73), the hydraulic gradient
in the Fargo aquifer in 1937 sloped to the southeast. Excluding temporary
reversals of the gradient caused by intermittent pumping of Fargo supply
well 139-49-1cbd2 between July 1940 and October 1952, the southeasterly
gradient persisted until June 1957, when the hydraulic gradient was re-
versed. The reversal of the gradient from southeast to northwest was caus-
ed by pumping from Cass-Clay Creamery well 139-49-1cdb, which was
put into operation June 1, 1956.

Storage.—Assuming an average thickness of 45 feet and a porosity
of 30 percent, it is estimated that there is 86,000 acre-feet of water in
transient storage; however, the tofal yield of the aquifer would be much
less (see principles of occurrence, p. 9). Pumpage records indicate that
at least 1,100 acre-feet of water was withdrawn from storage between
July 1938 and October 1952.

Water-level fluctuations.—Dennis and others (1949, p. 73) reported that
water levels in the Fargo aquifer had declined 16 to 23 feet between
1910 and 1937. They aftributed the decline to pumping from a municipal
supply well in Moorhead, Minnesota.

From July 1940 to October 1952, the water level in well 139-48-6¢ccd
declined about 7.5 feet. The decline and the fluctuations of the water level
in this well (pl. 2, in pocket) were caused by pumping from Fargo supply
well 139-49-1cbd2.

The Fargo supply well was shut down October 7, 1952 and there was
no significant amount of pumpage from the aquifer until June 1956. During
this period, the water level in well 139-48-6ccd should have recovered to
near the 1940 level; however, it did not rise significantly. It is therefore
concluded that the water pumped from the aquifer by the Fargo supply
well was withdrawn from storage and that the aquifer is receiving little
or no recharge.

On June 1, 1956, the Cass-Clay Creamery well, 139-49-1cdb, was put
into operation. The water level in well 139-48-6ccd began to decline al-
most immediately as indicated in plate 2. As of June 1965, the tofal
water-level decline in well 139-48-6¢ccd caused by pumping of the creamery
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well was 155 feet. The sharp declines of the water level in well 139-
48-6¢ccd during the summers of 1960, 1961, 1963, and 1964 were caused

by pumping.

The water-level fluctuations in well 139-48-7acc (pl. 2) are similar to
the flucutations in well 139-48-6ccd, but on a smaller scale. The water
level in well 139-48-7acc is affected by flood waters in the Red River
(Dennis and others, 1949, p. 63). The additional weight of the water in
the channel compresses the aquifer and the sediments overlying it, caus-
ing a marked rise of the water level. This loading effect is not noticeable
in wells farther from the river. The most notable fluctuations of the water
level due to loading occurred in April 1947 and May 1962.

The cause of the water-level decline in well 139-48-7acc starting
June 1, 1964 is unknown.

Quality of water.—Chemical analyses of two water samples from the
aquifer indicate that the water is a hard, sodium bicarbonate type. The
total dissolved solids ranged from 750 ppm in the sample taken from
Western Fruit Express Co. well 140-49-35ddd, to 1,129 ppm in the sample
taken from test hole 140-49-36aaa. The dissolved solids in both samples
exceeded the 500 ppm recommended for drinking water by the U.S. Pub-
lic Health Service. Also, the sample from tfest hole 140-49-36aaa contained
120 ppm more sulfate than is recommended for drinking water by the U.S.
Public Health Service.

A comparison of the following chemical analyses indicates that there
has been no significant change of the quality of the water in the aquifer
between 1949 and 1964.

Owner: City of Fargo Western Fruit
Express Co.

Location: 139-49-1cbd! 140-49-35ddd

Date of analysis: Prior to 1949 August 19, 1964

(Dennis and others,
1949, p. 112a)

Constituents (parts per million)

Silica (Si0y) 22 18
Iron (Fe) .43 .35
Calcium (Ca) 45 49
Magnesium (Mg) 15 15
Sodium (Na) and

potassiurmn (K) 206 206
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Bicarbonate (HOCj3) 324 315

Sulfate (SO4) 161 162
Chloride (C1) 132 143
Fluoride (F) 6 7
Nitrate (NO3) 3 1
Hardness as CaCO3 178 185
Total dissolved solids 746 750

Plots of SAR versus specific conductance (fig. 5) show that the two
samples have a C3-52 irrigation classification.

Utilization and potential for future development.—Prior to June 1956,
the water pumped from the aquifer was used to supplement the Fargo
municipal supply from the Red River in summers when the flow in the
river was inadequate or when water demands were unusually high. The
pumpage from well 139-49-1cbd2 since its completion in 1938 is given
below. Years for which no pumpage is given were wet years in which
the flow of the Red River was adequate and the well was not operated.

Year Months Gallons pumped
1938 July, August, September, October 22,994,000
1939 July, August, September 18,137,000
1940 July, August, September 14,219,000
1941 June, July, August, September 53,979,000
1942 July, August 9,850,000
1943 April 2,577,000
1944 - -
1945 - —
1946 August, September 9,284,000
1947 July, August 13,852,000
1948 June, July, August, September, October 19,037,000
1949 August, September, October 10,700,000
1950 July, August 6,131,000
1951 May, July, August, September 8,650,000
1952 June, August, September 1,285,000
Total gallons 190,695,000
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The Fargo supply well was abandoned on October 7, 1952 and no
significant amount of water is known to have been pumped from the
aquifer until Cass-Clay Creamery well 139-49-1cdb was placed in operation
June 1, 1956. The water from this well is used for cooling and washing
purposes. The volume of waste water discharged into the Fargo sewer
system indicates that the creamery well pumps about 19.9 million gallons
annually.

In November 1960, a well was drilled in the SE cor. sec. 35, T. 140
N., R. 49 W. for the Western Fruit Express Co. The water pumped from
this well is used fo wash railroad refrigerator cars. Estimated annual pump-
age amounts fo about 600,000 gallons.

The amount of water withdrawn from the Fargo aquifer between
July 1938 and June 1965 is estimated to be about 372.5 million gallons.

The water-bearing properties of the aquifer indicate that wells will
yield as much as 1,000 gpm. Dennis and others (1949, p. 105) list data
indicating that the maximum seasonal drawdown in well 139-49-1cbd2 was
106.73 feet while pumping at the rate of 850 gpm. A development test
for Cass-Clay Creamery well 139-49-1cdb indicated respective drawdowns
of 70 and 78 feet when the well was pumped at rates of 400 and 600
gpm. The magnitude and extent of the drawdown cone demonstrate the
necessity for locating new developments as far from the creamery well
as possible to avoid interference. Because of the shape and limited extent
of the aquifer, it is doubtful that any new developments requiring very
large quantities of water could be made without producing interference.

At the present time, water levels are well above the top of the aquifer
and drainage of the aquifer materials and of the till has not yet begun,
even after extended periods of pumping.

West Fargo Aquifer

Location and extent.—The West Fargo aquifer is a buried glaciofluvial
deposit that extends in a north-south direction and underlies parts of Tps.
137-140 N., Rs. 49-50 W. The aquifer ranges in width from about 2%
miles in T. 137 N., R. 49 W, to about 8 miles in T. 140 N, R. 49 W. As
presently defined, the aquifer underlies an area of about 110 square miles

(fig. 9.

Thickness and lithology.—The West Fargo aquifer ranges in thickness
from O to as much as 140 feet in the northwestern part of 7. 139 N. R.
49 W. The average is about 60 feet. The data shown in figures 9 and
10 are from Dennis and others (1949), Klausing (1966), and logs given in
the appendix of this report. The orientation of the thick (greater than 90
feet) aquifer segments extending southward from West Fargo suggests
that these segments may be buried channel deposits, which probably
converge info a single channel about 2 miles north of Horace. This channel
may extend southward from Horace; however, additional test drilling would
be necessary to verify this assumption.
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The aquifer is composed of material ranging in size from fine sand
through boulder, and is mainly fine to coarse sand. In places, the sand
and (or) gravel deposits are interlensed with silt and clay. The silt and
clay deposits occur most frequently near the top of the aquifer. Non-water-
bearing deposits of glacial till lying within the aquifer boundaries were
penetrated in a few test holes (Dennis and others, 1949, p. 172-173).

Reservoir characteristics.—The West Fargo aquifer is an artesian aquifer
system that is confined at the top by deposits of glacial till and lake
clay. The till, which immediately overlies the aquifer, ranges in thickness
from 15 to about 90 feet. The till in turn is overlain by lake sediments
consisting chiefly of plastic clay that ranges in thickness from 60 to about
90 feet. The aggregate thickness of the top confining beds ranges from
80 to about 170 feet. The basal confining units may be either granite,
shale of Cretaceous age, or till. The aquifer is bounded on both sides by
deposits of glacial till containing lenses and (or) beds of sand and gravel
that may have hydraulic connection with the aquifer.

Dennis and others {1949, p. 87) indicated that the coefficient of trans-
missibility of the aquifer in the vicinity of Union Stockyards well 139-49-

6abd ranged from 33,000 to 125,000 gpd per foot and averaged 71,100.
The coefficient of storage as computed by Dennis and others (1949, p. 89)
ranged from 1.8 x 10-2 to 4.6 x 10-4 and averaged 3.7 x 10-3,

In November 1963, a pumping test was run on a newly drilled mun-
icipal well in the village of West Fargo. Water levels in the pumped well
(139-49-6dcdl) and in three observation wells were measured before, dur-
ing, and after the pymping period. Computations of the coefficient of
transmissibility were made using the Theis nonequilibrium formula (Ferris
and others, 1962, p. 62). The computed coefficients of transmissibility ranged
from 74,700 gpd per foot to 269,000 gpd per foot and averaged 150,000
gpd per foot. The coefficient of storage ranged from 2.8 x 10-4 to 5.4 x 10-5
and averaged 2.29 x 10-4.

Records of water-level drawdown occurring in wells during short
duration acceptance and development tests were obtained from Siouxland
Dressed Beef Co., Union Stockyards Co., and the city of South West Fargo.
The drawdown at the end of 24 hours was estimated for each well and
the specific capacity of the well was obtained by dividing the pumping
rate by the estimated drawdown. Estimates of the coefficient of trans-
missibility were obtained by using a graph relating specific capacity to
transmissibility (Meyer, 1963, p. 338). The physical data and results for
the tests made in the West Fargo aquifer are given in table 2.
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Physical data

Estimated
drawdown
Pumping at end of
Date of Duration rate Drawdown 24 hours Lithology of aquifer at
Owner Location Depth test (hours ) _(gpm) (feet) (feet) well site
Union Stockyards Co.Y/ 139-4g-6abd - 7- 7-k5 22 GO - - Sand and gravel.
City of South West Fargo 139-L5-8bda 164 11-19-5k 23 610 35 35 Medium to coarse sand.
Union Stockyards Co. 1392-hg-bacc 08 10-31-57 S 1,200 28 38 Sand and gravel:; coarse
gravel and boulders with
clay lenses.
City of South West Fargo 139-49.7abb2 | 204 9-22-60 15.50 775 66 68 Sand and gravel.
Siouxland Dressed Beef Co. 139-49-6bda 200 10- 5-60 12 1,150 11 17 Fine sand, sand, gravel,
and boulders.
Village of West Fargo 139-49-6dedl | 215.50 | 11- 2-63 36 508 17.26 - Fine to coarse sand.
Results
Specific capacity Estimated specific
Transmissibility Thickness Permeability Storage (gallens per minute capacity, 24 hours
Location (gpd per foot) (feet) (gpd per foot) | coefficient er foot of drawdown) (gpm per foot of drawdown)
135-ko-6adby 11,100 112 634 3.7 x 1073 90 estimated --
130-b9-ipad/ 140,000 29 1,350 -- 17.5 7.4
13f;-ug>-cach 80,000 93 360 -- L6, 0 34.0
139-49-Tabt o 20,000 14 1,430 -- 11.5 11.0
139-49-6bda~ 200, 000 107 1,870 -- 10k, ¢ £7.6
/ -
139-’4*4—6dcd1—3—/ 150,500 59 2,552 2.2% x 10 4 29.4 -

1/ U.8. Geological Survey (Dennis

2/ Ectimezred aguifer coefficients.

3/ Computed aquifer co

efficients.

and others, 1949, p. 87).
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Recharge, discharge, and movement.—Recharge to the aquifer probably
occurs by lateral movement of water through the till and associated deposits
and by downward percolation of water from the water table in the silt
unit of the Lake Agassiz deposits. It is not possible to make an accurate
measurement of the amount of water reaching the aquifer, but the follow-
ing discussions will give some idea to the quantities involved.

The piezometric surface (surface defined by water levels in wells)
within the aquifer and adjacent deposits slopes toward the area of heavy
pumping. The hydraulic gradient in the area bordering the aquifer on the
west and south ranges from about 2 to about 10 feet per mile and probably
averages about 5 feet per mile. Assuming that the transmissibility of the
till and associated deposits is 1,000 gpd per foot (Dennis and others, 1949,
p. 93), the amount of water entering the aquifer along its 28 mile-long
western edge would be 1,000 x 5 x 28, or 140,00 gpd. The piezometric
surface in the till area east of the aquifer slopes from east to west at
about 2 feet per mile. The inflow to the aquifer from the east would be
1,000 x 2 x 28, or 56,000 gpd.

Recharge to the aquifer by downward percolation of water from the
silt unit in the Lake Agassiz deposits depends upon the difference in eleva-
tion between the water table in the silt unit and the artesian head in
the aquifer, and upon the permeability of the material through which the
water must pass—the silt and clay units of the Lake Agassiz deposits and
the till. Water levels in the West Fargo aquifer range from 22 to about
108 feet below land surface. The average depth to water is 54 feet. The
depth to the water table in the silt unit is about 7 feet. Thus, the artesian
head in the aquifer is, on the average, 47 feet lower than the water
table in the silt unit. The saturated lake deposits and the till have respec-
tive average thicknesses of 65 and 50 feet. The water passing downward
from the water table to the aquifer will pass through 65 feet of lake
deposits and 50 feet of till. The average hydraulic gradient would be
2 _feet per foot. Assuming that the lake deposits and the till have a

115
combined average coefficient of permeability of 0.001 gpd per square

foot (Dennis and others, 1949, p. 96), the average quantity of water mov-
ing downward to the aquifer would be 0.001 x#s—x 43,560 x 640 = 11,148
gpd per square mile. The total amount of recharge to the aquifer by move-
ment of water downward from the water table in the silt unit would amount

to about 1.2 million gpd over the 110 square mile area considered.

Thus, although the actual amount of recharge reaching the aquifer
cannot be measured directly, it seems likely that the daily recharge rate
is more than 1 million gallons.

Prior to development, water was probably discharged from the aquifer
by lateral and upward movement info the adjacent deposits. The amount
of water discharged from the aquifer by natural processes has undoubtedly
decreased as the number of wells pumping from the aquifer increased. At
the present time it is believed that most of the water leaving the aquifer
is discharged by pumping. Approximately 471 million gallons of water
was pumped from the aquifer during 1965.
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Storage.—A substantial quantity of water is stored in the West Fargo
aquifer. Using an estimated porosity of 30 percent and an average saturated
thickness of 46 feet, the amount of water in storage would be 110 x 46
x 640 x 0.30, or about 972,000 acre-feet; however, the yield of the aquifer
would be much less (see page 9).

The estimated change in storage from November 1964 to November
1965 based on an average water-level change of 1.42 feet and an average
coefficient of storage of 4.7 x 10-3 is 1.42 x 110 x 0.0047 x 7.5 x 640 x
43,560, or about 153.5 million gallons. This is only 32 percent of the
estimated 471 million gallons withdrawn in 1965. The estimated change
in storage and the estimated annual recharge together account for about
80 percent of the estimated annual withdrawal. The water levels in the
aquifer continue to decline, indicating that discharge exceeds recharge;
therefore, it is assumed that an additional 20 percent, or about 90 million
gallons of water was withdrawn from storage during the period from Nov-
ember 1964-November 1965.

Water-level fluctuations.—Well 139-49-6adb (139-49-6ad, Dennis and
others, 1949, p. 77) is about 700 feet east of the old Union Stockyards
supply well, 139-49-6abd (139-49-6ab2, Dennis and others, 1949, p. 54),
and about 0.3 mile east of the new supply well, 139-49-6acc (fig. 9).
The hydrograph for well 139-49-6adb (pl. 2) spans a period of about 28
years and shows that the water level has declined about 85 feet since
January 1938.

The water-level fluctuations occurring between January 1938 and
October 1957 reflect variations in the pumping regimen of Union Stock-
yards well 139-49-6abd. Use of this well was discontinued about Novem-
ber 1, 1957, and the new supply well, 139-49-6acc, was made operational
at that time. Thus, the fluctuations of the water level in well 139-49-6adb
between November 1, 1957 and September 1960 were caused by variations
in the pumping from well 139-49-6acc. South West Fargo municipal well
139-49-7abb2 and Siouxland Dressed Beef Co. supply well 139-49-6bda
were developed in the aquifer in 1960. Both these wells were in operation
by the middle of November 1960. Pumping from wells 139-49-6acc, 139-
49-6bda, and 139-49-7abb?2 caused the water level in well 139-49-6adb to
decline about 13 feet between November 1960 and November 1962. The
water level in this well continued to decline at the rate of about 1 foot per
year until October 1, 1964. West Fargo municipal well 139-49-6dcdl was
put into operation at this time and the pumping of this well is believed to
have caused the 1 foot of water-level decline occurring between the latter
part of August and the first part of October.

Well 139-49-8bbal is an abandoned municipal supply well in the
city of South West Fargo. The hydrograph (fig. 11) of this well shows that
the water level declined about 6 feet between August 1962 and August
1965. The general lowering of the water level represents the combined
effect of pumping from municipal and industrial wells in secs. 6-8, T. 139
N., R. 49 W. The short-term fluctuations reflect variations in the pumping
regimen of supply well 139-49-8bda, which is about one-third mile south-
east.
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Water levels measured during the first week of November 1964 were
cornpared with those measured in the same well during the first week of
November 1965. The comparison shows a regional decline of water levels
throughout the aquifer (fig. 12). The decline, which ranged from 0.61 to
2.65 feet and averaged 1.42 feet, is attributed to pumping from industrial
and municipal wells in the vicinity of West Fargo. The maximum decline
of 2.65 feet was in observation well 139-49-6adb, which is near the point
of greatest withdrawal.

Quality of water.—Chemical analyses of 21 water samples from the
West Fargo aquifer indicate that the water is hard to very hard. Dissolved
solids range from 377 ppm to 1,562 ppm. Average iron content is 0.57 ppm.

Sodium is the predominant cation. The predominant anions are bicar-
bonate and chloride. The bicarbonate content ranges from 256 ppm to 784
ppm and the chloride ranges from 50 to about 480 ppm. Analyses of water
samples from wells tapping water-bearing sand and gravel lenses in the
outlying areas show that the bicarbonate content of these waters has about
the same range as the water in the aquifer. However, this is not the case
with chloride. Water samples collected from wells located east of the
aquifer generally have a much lower chloride concentration than do those
collected from wells west of the aquifer. The general east to west increase
in chloride content is accompanied by a transition from a sodium bicar-
bonate type water to a predominantly sodium chloride type (fig. 13).

The westward increase in the chloride content of the water probably
is due to leakage of saline water from the Dakota Sandstone, which under-
lies the glacial deposits farther west.

A comparison of the following chemical analyses shows that there
has been no significant change in the water quality in this part of the
aquifer since 1949, Thus, it is possible that the water quality has not chang-
ed appreciably since the aquifer was developed.

Owner: Union Stockyards Union Stockyards
Location: 139-49-6ab2 139-49-6acc
Date of analysis: Prior to 1949 July 25, 1965

(Dennis and others,
1949, p. 112a)

Constituents (parts per million)

Silica (Si02) 26 23
Iron (Fe) .39 .66
Calcium (Ca) 57 67
Magnesium (Mg) 21 14
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Soclium (Na) and

potassium (K) 325 312
Bicarbonate (HCO,) 412 377
Sulfate (SO,) 90 151
Chloride (C1) 355 310
Fluoride (F) 6 5
Nitrate (NO3) 5.2 53
Hardness as CaCQj; 228 224
Total dissolved solids 1,090 1,070

Plots of SAR versus specific conductance (fig. 5) show that most of
the water samples from the West Fargo aquifer fall in the C3-S1 or C3-S2
irrigation classification.

Utilization and potential for additional development.—The water pump-
ed from the West Fargo aquifer is used to meet industrial and municipal
needs in the vicinity of South West Fargo. The use and amount of water
pumped annually by individual users are given below.

Pumpage from West Fargo aquifer, 1965

Pumpage
User Use (gallons)

Union Stockyards 1 Stock watering and washing 180,000,000
Siouxland Dressed Beef Co.2 Cooling and washing 195,616,000
City of South West Fargo 3 Municipal 83,500,000
Village of West Fargo 4 Municipal 9,510,000
Goldena Mills 5 Manufacture of stock feed 600,000

Total 469,226,000

Oral comunication, K. R. Lehman,
Determined from sewage records.
Metered.

Oral communication, Richard Fuller.

O A W N —

Oral communication, Howard Emerson.

34




Another principal user is the Woodlee Water Company, a private
company that provides water to 36 residences outside the city of South
West Fargo. It is estimated that the pumpage from the water company
wells amounts to about 1,730,000 gallons annually. This estimate is based
on a water use survey made by the city of South West Fargo, which in-
dicated that the average monthly water use per residence was about 4,000
gallons (J. Dahl, oral communication).

On the basis of these data, about 470 million gallons of water was
pumped from the aquifer during 1965. This is believed to be a minimal
figure because it does not include pumpage from small industrial, motel,
or farm wells.

Water levels are about 22 feet below the land surface in the southern
part of the aquifer. Water levels in the northern part range from 60-100
feet below land surface.

Wells 139-49-6acc and 139-49-6bda, which are only about 700 feet
apart, are in the center of the ever-expanding cone of depression. The
pumping level in well 139-49-6bda was reported to be 112 feet below
land surface in October 1964 (Tom Sands, oral communication), which would
be about 9 feet below the top of the aquifer. Water levels in observation
wells 139-49-6adb, 140-49-29ddd, and 140-49-31cdc also are below the
top of the aquifer and indicate that locally the aquifer is being dewatered.

New developments in the aquifer should be located as far as possible
from wells 139-49-6acc and 139-49-6bda to avoid large interference effects.
Also, the effects of pumping from South West Fargo municipal wells
139-49-7abb2 and 139-49-8bda should be considered before any new de-
velopment is made in these areas.

Any development in the northern part of the aquifer that requires
large daily withdrawals probably will cause the existing low water levels
to decline below the top of the aquifer.

Wells developed in that part of the aquifer lying south of the pres-
ent pumping area probably will intercept water moving toward the wells
in secs. 6-8, T. 139 N., R. 49 W. The diversion of water to new wells
would decrease the amount of recharge to the original well field. Consequent-
ly, the rate of water-level decline in the vicinity of West Fargo would prob-
ably increase.

Yields from wells developed in the buried channel deposits compris-
ing the southern extension of the aquifer will be influenced by the aquifer
boundaries. For example, if a well developed in these deposits is pumped
at a rate comparable to that of well 139-49-6acc (table 2), the drawdown
in the new well will be much greater because the flow of water to the
well is restricted to the channel segments; whereas the flow of water to
well 139-49-6acc is radial. The conditions imposed upon a well pumping
from the channel deposits may be such that it would not be possible to
purnp water at a rate comparable to that pumped by wells tapping more
extensive parts of the aquifer.

35




Interconnection of Fargo and West Fargo aquifers.—Dennis and others
(1949, p. 76-77) concluded that the Fargo and West Fargo aquifers were
interconnected. Their conclusion was based on the similarity of water-level
fluctuations in Union Stockyards well 139-49-6adb in the West Fargo aquifer
and in wells 139-49-1ccd2 and 139-48-6¢ced, both in the Fargo aquifer. No
recent water-level data are available for well 139-49-1ccd2 because it has
been destroyed. A comparison of the long-term hydrographs for well
139-49-6¢ccd and well 139-49-6adb (pl. 2) shows similarity of water-level
trends prior fo 1952; however, the trends are not believed to be related.
From January 1952 to June 1956, the maximum water-level fluctuation in
well 139-49-6ccd was only about 1.5 feet, whereas the maximum fluctua-
tion in well 139-49-6adb was about 20 feet. There was no significant change
of the water level in well 139-49-6¢ccd during the period January 1952 to
June 1956, but during the same period the water level in well 139-49-6adb
declined about 17 feet. If there was good hydraulic connection between
the aquifers, the water level in well 139-49-6ced should have declined in
response to the pumping from the West Fargo aquifer.

Although the Fargo and West Fargo aquifers approach each other
closely (fig. 8), there is no geologic evidence to indicate that the aquifers
are connected (figures 7 and 10). Disregarding the lake deposits, the mate-
rial lying between the aquifers consists of till, which contains thin lenses
of sand and gravel. These lenses generally occur at different horizons and
are therefore not considered to be connected.

Page Aquifer

Location and extent.—The Page aquifer, in the northwestern part of
the county, extends northward from near the south line of T. 141 N,, R,
54 W., into Steele County. In Cass County the aquifer underlies parts of
Tps. 141-143 N., Rs. 53-55 W., and has an areal extent of about 155
square miles. The aquifer boundaries are not definitely known; however,
the available data indicate that the aquifer probably does not extend beyond
the limits shown on plate 1.

Thickness and lithology.—The aquifer consists of two intervals of sand
and gravel that are superimposed in the drift. The upper interval, here-
after referred to as “zone A” is a buried glaciofluvial deposit consisting
of very fine to coarse sand. It ranges in thickness from O to 78 feet. The
lower interval, “zone B,” is a buried outwash deposit consisting chiefly
of fine to medium sand. This interval ranges in thickness from 0 to about
50 feet (fig. 14). Both intervals were penetrated in test holes 142-54-1bbb
and 142-54-8ddd where they have respective aggregate thicknesses of 129
feet and 89 feet (fig. 15). In these test holes, zones and A and B are
separated by about 30 feet of till; however, it is not known if this sepa-
ration prevails throughout the extent of zone A.

Reservoir characteristics.—The Page aquifer is an artesian system con-
fined at the top by deposits of glacial till that range in thickness from
9 to 80 feet.
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Page municipal well 143-54-31bdd, which was drilled in zone B and
put into operation in July 1962, penetrated 40 feet of fine sand in the
inferval 81-121 feet and had a static water level of 23.5 feet. During the
development test the well was pumped for 12 hours at a rate of 230
gpm with a drawdown of 46 feet. With the exception of 1 foot of water-
level rise during the eighth and ninth hours of pumping, the pumping
level remained rather constant at 69.5 feet after the second hour of pump-
ing, suggesting that equilibrium between discharge and rate of flow to
the well had been reached. Because the pumping level remained relatively
constant after the second hour of pumping, it seems unlikely that there
would be any appreciable increase in the drawdown at the end of 24 hours.

Assuming that the drawdown remained at near 46 feet, the specific
capacity of the well would be 5 gpm per foot of drawdown. Using Meyer’s
method (1963, p. 338), the coefficient of transmissibility of the aquifer
in the vicinity of the well is estimated to be about 10,000 gpd per foot.
The estimated coefficient of transmissibility for the aquifer as a whole,
based on analyses of drill samples from test holes, ranged from 4,000 gpd
per foot to 82,000 gpd per foof.

38



25 T T T T T T ¥ T T T T T LI 1 LB T 1 T T T
26— —
27— -
o8l— 142-55 -1 bba ]
‘\900\/6
29— —
[ ]
(&)
230 — 1
5
w
<
s [ —2
Scoy
z 142-54-1bbb e
® |-
s —3
®
QL
521 = — 4
=
>
=22+ —5
®
(=]
b3
231 -6
24 -
142-54-8ddd
25— —8
26— —
_scale —

27 —
28— —
P I Y SR S | L 1 1 1 1 L L L L ) G . { 1 1 1
JIFIM[AIM] JIJ[A[S[O[N]DIJFIM[A[M]J[J][A] S[O[N]D
1964 1965

FIGURE 16. Water-level fluctuations in the Page aquifer.

39



Storage.—Based on an average thickness of 30 feet and an assumed
porosity of 30 percent, it is estimated that there is about 900,000 acre-
feet of water in transient storage; however, the yield of the aquifer would
be much less (see page 9).

Records show that water levels in three wells drilled into the aquifer
in 1928, 1951, and 1962 were, respectively, about 26, 27, and 23.5 feet
below land surface (Klausing, 1966, p. 77). These water levels are com-
parable to present-day (1965) levels and indicate that there has been no
appreciable decrease in storage in the aquifer during the past 30-40 years.

Water-level fluctvations.—The hydrographs for observation wells 142-
54-1bbb, 142-54-8ddd, and 142-55-1bba (fig. 16) span a period of 1 year
and are not of sufficient length to permit an accurate analysis of the water-
level fluctuations. However, the apparent correlation of the water-level
fluctuations in the three wells warrants some discussion.

The three observation wells were installed during the latter part of
July 1964. The first water-level measurements were made only a few days
after the casings were installed. The leveling off and subsequent decline
of the water levels, which occur during the late fall and winter, indicate
that discharge exceeds recharge and that there is a temporary loss of stor-
age in the aquifer. The rapid rise in water levels in the spring is believed
to be the combined result of recharge and compression of the aquifer by
water loading on the land surface. Precipitation in the area was unusually
high during April, May, and early June.

Quality of Water.—Analyses of eight water samples from the aquifer
show that the water is predominantly a calcium bicarbonate type. The
water is very hard and the dissolved solids range from 290 to 850 ppm.
Average iron content is 1.7 ppm. The percentages of the major constituents
in the water are shown on figure 17.

Plots of SAR versus specific conductance (fig. 5) show that most of
the water samples from the Page aquifer are classified as a C3-S1 type
water for irrigation.

Utilization and potential for additional development.—Most of the water
pumped from the aquifer is used for domestic purposes. The public supply
well at Page is the only ground-water development of large magnitude
in the aquifer. This well pumps about 7 million gallons a year and it is
estimated that about 20.4 million gallons of water have been withdrawn
from the aquifer during the period extending from August 1962 to July
1965. Lesser amounts of water are pumped from the aquifer to meet rural
demestic and stock needs. The total annual pumpage from the aquifer is
estimated to be between 8 and 10 million gallons.

From the standpoint of areal distribution and thickness of water-bear-
ing materials, the Page aquifer appears to have a greater potential for
aclditional development than do most of the aquifers in the county. Pres-
ert information regarding this aquifer is inadequate to estimate the amount
of water that could be withdrawn from it under a given set of pumping
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conditions. Depending upon the local thickness and permeability of the
material penetrated, properly constructed wells tapping the aquifer should
yield from 250 to 750 gpm.

The drawdown in the Page municipal well (143-54-31bdd) while pump-
ing at a rate of 230 gpm was 46 feet. Comparable drawdowns may be
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expected in new wells pumping at rates greater than 200 gpm. Although
nothing is known about the extent of the cone of depression caused by
pumping the Page well, the fairly large drawdown indicates that any new
developments should be widely spaced to avoid excessive well interference.

Bantel Aquifer

_ lLocation and extent.—The Bantel aquifer underlies about 9 square
miles in the southwest corner of Cass County and extends westward into
Barnes County (Kelly, 1966 p. 40).

Thickness and lithology.—The aquifer in Cass County ranges in thick-
ness from O to 80 feet and consists of fine to coarse sand intermixed
with gravel. Two test holes, 137-56-26aaa (Kelly, 1964, p. 68) and 137-
55-30bch (Klausing, 1966, p. 106), penetrated sand and gravel deposits
that are 88 and 80 feet thick, respectively. These large thicknesses, when
compared with the smaller thicknesses elsewhere, as shown on figure 18,
suggest that the thicker parts of the aquifer may be confined to a narrow
channel. Also, the aquifer is exposed along the south side of an inter-
mittent stream channel in secs. 31-32, T. 137 N., R. 55 W., suggesting
that the aquifer is lenticular and that the thicker sand and gravel deposits
may occupy a partly exhumed buried channel.

Reservoir characteristics.—The Bantel aquifer is confined at the top
and bottom by deposits of glacial till. The till overlying the aquifer ranges
in thickness from 5 to about 40 feet.

The estimated coefficient of transmissibility ranges from about 800
gpd per foot in test hole 137-55-29ddd to about 190,000 gpd per foot
in test hole 137-55-30bcb. However, as most of the fest holes penetrated
10 feet or less of sand and gravel, the overall transmissibility of the aquifer
prokably is less than 8,000 gpd per foot.

Recharge, discharge, and movement.—Because the aquifer is small in
areal extent, it probably does not receive much recharge from the down-
ward percolation of water derived from melting snow or rainfall. One
possible source of recharge fo the aquifer is in Barnes County where the
aquifer intercepts a glacial melt-water channel (T. E. Kelly, oral communi-
cation). The greatest amount of recharge from this source would occur dur-
ing the spring and early summer when the channel carries runoff from
melting snow and rainfall.

Water is discharged from the aquifer naturally by lateral movement
into adjacent deposits and by springs where erosion has exposed the aquifer.
A small amount of water is discharged by pumping from farm wells.

The available water-level data indicate that the hydraulic gradient
within the aquifer slopes from west to east (Kelly, 1966 p. 42).
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Water-level fluctuations.—No long-term water-level data are available
for this aquifer. The lowest water level measured was 22.75 feet below
land surface in January 1965. The highest water level was 21.3 feet below
land surface in April 1965.

Quality of water.—An analysis of a water sample faken from obser-
vation well 137-55-30bcb shows the water to be a sodium sulfate type.
The water is very hard, contains 0.36 ppm iron, and has a dissolved solids
concentration of 1,350 ppm. The irrigation classification is C3-S1 (fig. 5).

Utilization and potential for additional development.—Present develop-
ment in the aquifer consists of farm and stock wells. The amount of
water withdrawn annually by these wells is unknown. Developments requir-
ing large daily withdrawals of water probably would not be feasible be-
cause the aquifer is small in areal extent and relatively thin.

Sheyenne Delta Aquifer

Location and extent.—The Sheyenne delta occupies an area of about 750
square miles, mostly in Richland and Ransom Counties (Baker and Paulson,
1967, p. 33). The areal extent of the delta in Cass County is about 60
square miles; however, only about two-thirds of this area is underlain by
permeable deposits. These are mainly in T. 137 N., Rs. 52-53 W. (pl. 1).

Only four test holes penetrated the full thickness of the aquifer and
three of these were near the Cass-Richland county line. The northern limits
of the aquifer shown on plate 1 are based on well-inventory data.

Thickness and lithology.—In Cass County, the Sheyenne Delta aquifer
consists of two sand bodies that are separated by a silt bed about 20 feet
thick (fig. 19). The upper sand, which is fine fo medium, ranges in thick-
ness from O to about 50 feet. The lower sand, which seems to be finer
grained and silty, ranges in thickness from O to about 60 feet. The maxi-
mum thickness of the aquifer, including the intervening silt bed, is about
120 feet.

Reservoir characteristics.—The estimated transmissibility ranges from
1,500 to 36,500 gpd per foot and averages about 20,000 gpd per foot.

Water in the upper sand and in the underlying silt unit is under
water-table conditions. The coefficient of storage of these fwo units is
probably between 0.05 and 0.25. Water in the lower sand is probably
under semiartesian conditions caused by the overlying less permeable silt
unit. Assuming that the water in the lower unit is semiconfined, the co-
efficient of storage for that unit may be on the order of 0.01 fo 0.001.

Recharge, discharge, and movement.—The aquifer is readily recharged
by direct infiltration of water derived from melting snow and rainfall.
The greatest amount of recharge to the aquifer occurs during the spring
and early summer. Baker and Paulson (1967, p. 25) estimated that the
annual recharge in Richland County is about 50,000 acre-feet. The area
underlain by the aquifer in Cass County is about 13 percent of the area
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FIGURE 20. Water-level fluctuations in the Sheyenne Delta aquifer.

in Richland County. Assuming similar recharge conditions in Cass County,
the annual recharge would be about 6,500 acre-feet.

Water is discharged from the aquifer by evapotranspiration, lateral
movement into adjacent deposits, and by pumping. The amount withdrawn
to meet rural domestic and stock needs is probably only a small percent-
age of the total natural discharge.

The hydraulic gradient in the aquifer is to the north and east and
ranges from 1 fo 2 feet per mile.

Storage.—The average thickness of the aquifer in Cass County is about
40 feet. Thus, if the average porosity is about 40 percent (Baker and Paul-
son, 1967, p. 21) and the area is 40 square miles, the amount of water
stored in the aquifer would be 40 x 40 x 640 x 0.40, or 409,600 acre-
feet; however, the total yield of the aquifer would be much less (see

page 9).
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Water-level fluctuations.—The water-level fluctuations shown on figure
20 reflect for the most part seasonal variations in recharge. The abrupt
rise of the water levels in the wells between the latter part of March
and the first part of May indicates recharge to the aquifer by infiltration
of snowmelt and rainfall. This recharge begins with the spring thaw and
continues until May or June. The rise in water levels caused by the re-
charge appears to be in the order of magnitude of about 5 feet. The sub-
sequent decline of the water levels is a result of discharge from springs,
evaporation where the water table is near the land surface, transpiration
by crops and other vegetation, and decreased precipitation. Water levels
are deepest during January, February, and March when little or no re-
charge reaches the aquifer.

Quality of water.—Chemical analyses of two water samples from the
aquifer indicate that the water is a calcium magnesium bicarbonate type.
The water is very hard and the dissolved solids concentration is about
500 ppm. lron content ranges from 0.3 to 7.2 ppm.

Plots of SAR versus specific conductance on figure 5 show that the
water samples have a C3-S1 irrigation classification.

Utilization and potential for additional development.—At the present
time there are no large developments in the aquifer. The relatively small
amount of water pumped for domestic and stock use has not had notice-
able effects on the regional water level in the aquifer.

In view of the areal extent and thickness of the permeable water-
bearing deposits, the Sheyenne Delta aquifer appears to have more potential
for ground-water development than any of the other aquifers in the coun-
ty, except possibly the Page aquifer. Very large quantities of ground water
should be available to wells, but recovery may be a problem in places
because the sand is so fine grained. Although few data are available
regarding well yields, it seems likely that properly constructed wells at
favorable locations in the aquifer could be pumped at rates ranging from
250 to 400 gpm (pl. 1).

Tower City Aquifer

The Tower City aquifer is a surficial outwash deposit confined in a
glacial melt-water channel that enters Cass County near the center of the
west line of T. 140 N., R. 55 W. The channel passes through Tower City
and extends southeastward to its junction with the Maple River (pl. 1).
In most places the channel and deposits are about Y4-mile wide.

The thickness of the aquifer is known in only a few places. The
municipal well at Tower City (140-55-19bac2) penetrated 22 feet of sand
and gravel and fest hole 139-55-16ddd penetrated 9 feet of sandy gravel
(Fig. 21). This test hole is near the edge of a small delta terrace formed
at the mouth of the channel.
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FIGURE 21. Location and thickness of Tower City aquifer, west-central Cass
County.

The coetficient of transmissibility of the Tower City aquifer is esti-
mated to be as high as 22,000 gpd per foot. Because the water in the
aquifer is under water-table conditions, the coefficient of storage may be
between 0.01 and 0.30.

Development-test data show that the Tower City supply well was
pumped for 24 hours at a rate of 70 gpm. The drawdown at the end
of 1 day was reported to be 13 feet; thus, the specific capacity of the
well would be 5.4 gallons per foot of drawdown, indicating a coefficient
of transmissibility of 5,400 gpd per foot at that location.
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FIGURIE 22. Water-level fluctuations in the Tower City aquifer.

Most of the recharge to the aquifer occurs during the spring and
early summer when excess water from melting snow and rainfall is diverted
into the channel. The channel containing the water-bearing deposits heads
in and drains several square miles in Barnes County. Consequently, most
of tha recharge to the aquifer in Cass County is derived from precipitation

that “alls in Barnes County.

As far as known, there were no wells pumping from the aquifer prio
to the development of the public supply well at Tower City in August
1960. Pumpzage records for the period extending from August 1960 to
December 1963 indicate that the average annual pumpage is about 2.8

million gallons.
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Observation well 140-55-19bacl is about 10 feet south of Tower
City supply well 140-55-19bac2. The fluctuations shown in figure 22,
though modified somewhat by pumping, are for the most part natural
fluctuations. The first three measurements taken during the winter show
a low water level and indicate the combined effect of pumping and reduced
recharge. The abrupt rise in the water level between March and May
1964 indicates that the aquifer started receiving recharge when the spring
thaw set in. This rise continued until about July 1, at which time the
amount of recharge to the aquifer declined and pumpage increased. The
increased pumpage caused the water level to decline about 2 feet. The
subsequent rise in the water level in September 1964 probably was a
result of decreased pumpage. The gradual decline extending from October
1964 to March 1965 again shows the effect of pumping and negligible
recharge. The 5-foot rise in the water level between mid-March and the
first part of May resulted from above-normal precipitation during the spring
ancl early summer of 1965.

An analysis of a water sample taken from the Tower City supply
well indicates that the water is a calcium bicarbonate type. The water is
hard and has a dissolved-solids concentration of about 500 pm. The sample
indicated an irrigation classification of C3-S1 (fig. 5).

The supply well at Tower City is the only known development in
the aquifer in Cass County. Pumpage records show that 9,343,000 gallons
of water was pumped from the aquifer between August 1960 and Dec-
ember 1963. The average monthly use is about 233,500 gallons. Based
on the monthly average, it is estimated that as of July 1, 1965 about 13.8
million gallons had been withdrawn from the aquifer.

In addition to usage by Tower City, the aquifer probably could support
a number of farm and stock wells. However, extended drought could
seriously limit the amount of water that could be pumped from the aquifer.

Undifferentiated Sand and Gravel Deposits

Undifferentiated sand and gravel deposits that probably were laid
down in a glaciofiuvial environment are distributed randomly through-
out the drift in Cass County. Test holes and wells drilled into the drift
commonly penetrate one or more beds of sand and (or) gravel at depths
from about 20 feet to more than 400 feet. Individual deposits may range
in thickness from 1 foot to 104 feet (test hole 3145, 137-55-35ddd, Klaus-
ing, 1966, p. 107). The aggregate thickness of separate beds may be as
much as 150 feet. The sand and gravel beds are discontinuous and can-
not be correlated from one test hole or well to another.

Wells tapping the undifferentiated deposits may vield less than a
gallon per minute to about 100 gpm. The pumps installed on most farm
wells are piston or submersible types and have capacities ranging from
3 to 10 gpm. Most of these wells can be pumped at maximum capacity
for extended periods. Others, however, are reported to go dry or “suck air”
after pumping continuously for several hours.
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Some of the wells tapping the undifferentiated deposits fiow. Gen-
erally they flow only a few gallons per minute, but well 138-52-11ccc,
drilled to a depth of 276 feet, was reported to flow 200 gpm from sand
and gravel between 245 and 271 feet. The flowing wells are local phe-
nomena and are not indicative of an extensive body of water-bearing
material in which flowing wells could be developed.

Water from the undifferentiated sand and gravel deposits differs
widely in chemical character and the dissolved solids concentration ranges
from 182 to 12,400 ppm; however, 93 percent of the 85 samples collect-
ed had dissolved solids concentrations ranging from 445 to 3,220 ppm. The
median concentration was 1,020 ppm. Grouping the individual samples
according to water type showed that about 33 percent were sodium bicar-
bonate type, 30.5 percent were sodium sulfate type, 19 percent were
sodium chloride, 10.5 percent were calcium sulfate, and 7 percent were
calcium bicarbonate type.

On the basis of data from three test holes, Dennis and others (1949,
fig. 1) indicated the probable existence of a fairly extensive body of sand
and gravel, which they called the Maple Ridge aquifer, in the area west
of Mapleton. The deposits comprising the “Maple Ridge aquifer” are here-
in assigned to the undifferentiated sand and gravel deposits because: (1)
the sand and gravel beds in the test holes (139-51-4ccd, 139-51-11abb,
and 140-51-34daa, Dennis and others, 1949, p. 116, 168, and 177) do not
appear to be correlative, and (2) sand and gravel deposits penetrated in
surrounding test holes and wells are not correlative with the deposits
penetrated in the test holes listed above (fig. 23).

Most wells tapping the undifferentiated sand and gravel deposits sup-
ply water mainly for rural domestic and stock use; however, the villages
of Arthur, Kindred, and Mapleton have developed public supply wells in
the deposits.

Bedrock Aquifer

Of the bedrock formations underlying the area, only the Dakota Sand-
stone of Cretaceous age is an important source of ground water. The Green-
horn Formation, the Graneros Shale, and the Precambrian crystalline rocks
do not yield water in Cass County.

Dakota Sandstone

Location and extent.—The term Dakota Sandstone is used in this report
to include all the Cretaceous rocks older than the Graneros Shale. The Da-
kota Sandstone underlies all of Cass County except the approximate eastern
quarter. The eastern boundary of the Dakota Sandstone shown on plate
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1 is based for the most part on well-inventory data because only a few
test holes penetrated the formation. Consequently, the boundary shown
is tentative.

Thickness and lithology.—The depth to the top of the Dakota Sand-
stone ranges from about 300 feet in the eastern part of the area to more
than 700 feet in the western part.

The formation underlying that part of the county east of the west
line of R. 52 W. ranges from 0 to a known thickness of 158 feet in test
hole 139-52-27aaa (Klausing, 1966, p. 127). The total thicknes of the forma-
tion underlying the county west of R. 52 W. is unkown.

The Dakota Sandstone consists chiefly of interbedded and (or) inter-
lensed silt, shale, loose sand, and sandstone; however, in places it may
consist solely of clay or shale. The water-bearing deposits range in texture
from very fine to very coarse sand, but very fine to fine sand is pre-
dominant. The sand and sandstone range in thickness from 0 to about 50
feet. Hopkins and Petri (1963, p. 22) estimated that the layers and lenses
of sandstone constitute only about one-fourth to one-fifth of the total thick-
ness of the formation in northeastern South Dakota.

Reservoir characteristics.—The Dakota aquifer is confined by the
Graneros, Shale, which in turn is overlain by younger Crefaceous rocks
and glacial drift. At places along its eastern edge, the aquifer is in direct
contact with glacial till that fills pre-Pleistocene drainages that were en-
trenched into the sandstone.

In its eastern extent, the aquifer is underlain by Precambrian crystal-
line rocks. The nature of the underlying rocks in the western part of the
area is unknown.

Most wells drilled through the Dakota Sandstone penetrate one or
more water-bearing sand and (or) sandstone beds. Hall and Willard (1905,
p. 6) reported that flows were obtained at 287, 325, 378, 404, and 420
feet in a well drilled to a depth of 420 feet in sec. 15, T. 138 N., R. 53 W.
A test hole drilled to a depth of 467 feet in the NE cor. sec. 27, T. 139 N.,
R. 52 W., penetrated water-bearing sands in the intervals 367-391 feet
and 442-449 feet. Neither sand bed produced a flow. A well drilled in
the SW¥% sec. 4, T. 139 N., R. 52 W., only 3 miles north of the test hole
in sec. 27, penetrated 10 feet of water-bearing sand between 442 and
432 feet. This well was reported to flow 30 gpm. These examples indicate
that the sand beds do not have extensive lateral continuity and cannot
be correlated from one well fo another.

The estimated coefficient of transmissibility for the aquifer ranges
from 2,400 gpd per foot to 11,400 gpd per foot. The higher transmis-
sibility was at the public supply well at Buffalo where the aquifer had
an aggregate thickness of 57 feet (Klausing, 1966, p. 139). No estimates
of the average transmissiblity of the aquifer can be made because so few

data are available.

Wenzel and Sand (1942, p. 44) estimated that the coefficient of stor-
age of the Dakota Sandstone in the Ellendale-Jamestown area was 1.1 x 10-3.
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Recharge, discharge, and movement.—The aquifer is overlain by thick
and relatively impermeable shale of Cretaceous age and by glacial till. Be-
cause the water in the aquifer in many parts of the county is under suf-
ficient pressure to flow from wells, the places where water enters the
aquifer must be at a higher altitude; therefore, the recharge area is out-
side the county. It is also possible that the aquifer receives some recharge
by upward movement of water from rocks underlying the Dakota.

Water is discharged from the aquifer by upward and lateral leakage
into adjacent deposits. Probably the greatest amount of natural discharge
occurs near the eastern limit of the aquifer where the overlying deposits
are thin. The rate of natural discharge has undoubtedly decreased over
the years owing fo the large number of flowing wells that have been de-
veloped in the aquifer since the late 1800's.

As of 1963 there were at least 326 flowing wells in the county. Most of
these wells are allowed to flow continuously. However, because the flow
from most wells is reduced by use of a small-diameter discharge pipe,
relatively few wells were flowing at their maximum capacity when visited.
It was not possible to measure the maximum flow or pressure on most
of the wells. However, the reduced discharge was measured at 246 wells.
These ranged from less than one-fourth to 45 gpm and averaged 3.4 gpm.
Assuming that this is a general average for all 326 wells, the average
annual overflow discharge would amount to 582 million gallons. Most of
the flowing wells serve as a source of supply for rural domestic and stock
needs. The amount of water required to meet these needs is unkown, but
is probably on the order of several million gallons a year. Thus, the
annual discharge of water from the aquifer through wells is in excess of
582 million gallons.

The piezometric surface slopes from west to east, but the data are
inadequate to determine the hydraulic gradient.

Artesian pressure.—Artesian pressure in the Dakota aquifer and well
yields began to decline soon after the first wells were drilled and have
declined ever since. Willard (1909, p. 10) reported that a well drilled
to a depth of 743 feet in the village of Buffalo flowed at the rate of 55
gpm and had an artesian pressure of 50 psi (pounds per square inch).
Because 1 psi is the equivalent of 2.3 feet of head, the water in this
well would have risen in a pipe to a height of 115 feet above land sur-
face and the. piezometric surface would have had an altitude of 1,322
feet. The water level in the public supply well at Buffalo, which was
drilled in June 1965 to a depth of 790 feet, was reported to be 49 feet
below land surface, or 1,158 feet above sea level. Thus, the saltitude of
the piezometric surface in the vicinity of Buffalo declined 164 feet in the
56-year interval since 1909.

Quality of water.—Water from the Dakota Sandstone is highly mineral-
ized, but is used extensively in some areas because adequate supplies of
more suitable water are not available.
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The dissolved solids content of 14 water samples from the Dakota
ranged from 2,680 to 4,060 ppm. Most of the water is a sodium sulfate
type; however, some of the water is a sodium chloride type. The sulfate
type water is hard and the sodium chloride type may be either hard or
soft,

The average concentrations of boron, fluoride, and silica in water
from the Dakota are, respectively, 3.3, 2.9 and 8.2 ppm.

Concentrations of the major constituents in equivalents per million and
hardness of water in parts per million from the Dakota Sandstone are
shown on figure 24.

Utilization and potential for additional development.—Prior to June
1965, water from the Dakota Sandstone was used only for rural domestic
and stock purposes. In June 1965, a public supply well was developed
in the aquifer for the village of Buffalo because no other reliable sources
of water could be found.

Because water from the Dakota is highly mineralized, it is unsuitable
for irrigation and manufacturing purposes. Although the artesian head has
decreased greatly over the past 80 years, flowing wells or wells in which
the water rises nearly to the land surface can still be developed in the
aquifer. The yield of wells tapping the Dakota Sandstone may be expect-
ed to range from a few gallons per minute, by natural flow, to as much
as 100 gpm, if pumped.

SUMMARY

The surficial deposits in the area consist chiefly of glacial drift that
ranges in thickness from 80 to about 470 feet. In the western and central
parts of the area, the drift overlies sedimentary rocks of Cretaceous age,
but in the southeastern part it rests on Precambrian crystalline rocks.

The important sources of ground water in the county are the sand
and gravel deposits in the glacial drift and sand and (or) sandstone beds
in the Dakota Sandstone.

Six major aquifers were recognized in the drift. They are the Fargo,
West Fargo, Page, Tower City, Bantel, and Sheyenne Delta aquifers. All
are artesian aquifers except the Tower City and Sheyenne Delta, which
are water-table aquifers. The Page aquifer, with an areal extent of about
155 square miles, is the largest.

The West Fargo aquifer, which underlies about 110 square miles in
southeastern Cass County, is the most permeable and productive aquifer
in the county. It also is the most heavily pumped aquifer, and water-levels
have declined seriously in the West Fargo and surrounding areas. Rec-
ords show that at the end of 1965, the water level had declined as much
as 85 feet since 1938, when the records were started. At the end of 1965,
the water level in observation well 139-49-6adb had reached a maxiimum
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depth of 110 feet below land surface and was only a few feet above the
top of the aquifer. Regional observation-well measurements show that dur-
ing 1965 water levels in the West Fargo aquifer declined more than 2.5
feet at West Fargo and more than 0.5 foot in areas 20 miles away. Water
levels will continue to decline as long as withdrawals exceed recharge.

The quality of the ground water from the major drift aquifers differs
considerably from place to place. Generally the water is suitable for do-
mestic and stock use, and some of the water is suitable for irrigation. The
dissolved-solids concentration of water from the seven aquifers ranges
from about 360 ppm to about 1,560 ppm. The water is hard to very hard
and generally contains iron in excess of 0.3 ppm. Water from the Fargo
and West Fargo aquifers consists of three types—sodium bicarbonate, sodium
chloride, and sodium sulfate. Water from the Page, Tower City, Bantel, and
Sheyenne Delta aquifers is of the calcium bicarbonate or calcium sulfate

type.

Numerous small aquifers occur in undifferentiated sand and gravel de-
posits, which generally are only a few feet thick but may be as much as
100 feet thick in a few places. These deposits are distributed randomly
throughout the drift and are the chief source of water for many farm wells.

The dissolved-solids concentration of water from the undifferentiated
sand and gravel deposits ranges from about 180 ppm to 12,400 ppm; how-
ever, most of the water has dissolved-solids concentrations ranging from
about 400 to 3,200 ppm. The water types in order of abundance are sodium
bicarbonate, sodium sulfate, sodium chloride, calcium sulfate, and calcium
bicarbonate.

The Dakota Sandstone of Cretaceous age is the only bedrock unit in
the county that is known to yield water to wells. The Dakota consists of
interbedded shale, silt, loose sand, and sandstone. Maximum known thick-
ness is about 160 feet. The water-bearing sands in the Dakota have a
maximum thickness of about 50 feet.

Water from the Dakota Sandstone is highly mineralized and is unsuit-
able for most uses except stock watering. The water has dissolved-solids
concentrations ranging from about 2,600 ppm to about 4,000 ppm. Chloride
and sulfate content generally range from 900 to about 1,500 ppm. The
predominant water type is sodium sulfate.
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APPENDTX

137-49-17daal
(Log furnished by Frederickson's Inc.)

Geologic source Material Thickness Depth
feet (feet)
Lake Agassiz deposits:
Topsoil, black--—w—mmcaceoomoooo 1 1
Clay, yelloW-meoomcmmmm o meaes 2l 25
Clay, bluemmm-maeoommcm e 17 L2
Shale (clay), soft, sticky, blue--- 39 81 :
Till and associated glacioagueous deposits: ‘
Sand and boulders, gray-------—----- 3 8l ;
Sand, dirty, gray-----------cwe-ee. b 88 ?
Sand, fine, gray-=-------ccecammono 14 102
137-49-21bba
(Log furnished by Frederickson's Inc.)
Lake Agassiz deposits:
Topsoil, black----memocmamommon 3 3
Clay, soft, yelloW-~=--meecmouno o 20 23 ;
Shale, soft, blue-~-we--eeococioo. T 69 |
Till and associated glacioaqueous deposits: : :
Clay, sandy, blugee—eocoamamomaoo_ 2 T :
T —— 15 86
137-49-28cdd
(Log furnished by Frederickson's Inc.)
Lake Agassiz deposits:
Topsoil, black--=--mecceamamaaaaa. 2 2
Clay, yelloW-=--mmemmmcomm . 26 28
Shale, soft, sticky, blue---w-we-- 39 67
Till and associated glacioaqueous deposits:
Clay, sandy, boulders, blue--—-—---- 8 75
Clay, sandy, hard, blue----—---ee-- 23 98 ;
Shale (clayS, DlUE~mmmm e 23 121
Clay, sandy, blue---—c-oeoemauo 6 127 i
Sand, fine, gray--------eomeeoo._ 14 141
Clay, soft, blue--wecceoomooa . 3 144
Sand, fine, gray-----~-—-—cooao__. 5 149
Clay, soft, sandy, blue------wecnn 25 17h
Sand, gray------c-mmmemeo o _____ 18 192

Note: Parenthetical remarks are authors interpretation.
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137-49-32d434
(Log furnished by Frederickson's Inc.)

Geologic source Material Thickness Depth
(feet) feet)

Lake Agassiz deposits:

Topsoil, black-=--m=mmmaccaacaao 2 2
Clay, yellow=--eemoommoamocmacaean 21 23
Shale, blugw--mr-mmocmcmemc e 37 60
Till and associated glacioaqueous deposits:
Sandy clay, blue--ee-e—cmmceamcana 17 Vit
Sand, colored----ece-caaccmcmncnan 9 86
Clay, blug-e=mecamoc e e 3 89
137-50-2dac

(Log furnished by Frederickson's Inc,)

Lake Agassiz deposits:

Topsoil, black-----m=ccccacmacaaaa 2 2
Clay, yellow=ww--ommmmccccacanncan 31 33
Shale (clay), blue=--=-meccceaaeac 3k 67
Till and assoclated glacioaqueous deposits:
Clay, sandy, blue--e--ccccamccaaun 5 T2
Clay, sandy, boulders, hard, blue- 21 93
Clay, sandy, hard, blue-----—wc-wua. 29 122
Boulder, red---------cmccccamaaan. 1 123
Clay, sandy, hard, blue; sand
lensesem——memereocceme——e———— 25 148
Clay, sandy, SOft-=w--ceemoee—cmne 14 162
Sand-e---ememem e e 15 77

137-51-3kcee
(Log furnished by Frederickson's Inc.)

Lake Agassiz deposits:

Topsoil, black----we-cccamcmmeceax 2 2

Clay, sandy, gray-------=----e--w- 38 40

Shale (clay), soft, gray---------- 82 122

Till and associated glacioaqueous deposits:

Clay, sandy, hard, gray----=------ 2k 146

Clay, sandy, soft gray; sand
lengesremmmcc e e 66 202

Sand, whitemeeeeecrmccccrrcccae 3 205
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138-50~1bde
(Log furnished by Frederickson's Inc.)

Geologic source Material Thickness Depth
(feet) (feet)

Lake Agassiz deposits:

Topsoil, black~----c=w-mercrmo—cen 2 2

Shale (clay), yelloWw-—-ewem==ecean 1k 16

Shale (clay), bluem-—-=e-c---cuun- L6 62
Till and assoclated glacloaqueous deposits:

Clay, sandy, blue---=---c-va-caeoe 7 69

Sand, graye-=-----e------c--eamoaas 18 87

Clay, sandy, blue~-=-----==-c-e--- 2 89
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138-50-34ccec
(Log furnished by Frederickson's Inc.)

Geologic source Material Thickness Depth
(feet) {feet)

Lake Agassiz deposits:
Topsoil, black-----=--cccccrace-m- 1 1
Clay, yelloW=---memmcemcmmemom———e 6 7
Shale (clay), t&n----=-eeeocoeeana- 22 29
Shale (clay), soft, sticky, blue-- L1 70

Till and associated glacioaqueous deposits:
Clay, sandy, blue-----coceommcauno 9 79
Clay, sandy, boulders, hard, blue- b 83
Sand, brown----=c-seccmmeeaammnoan 1 84
Clay, hard, blue----ecccccmemmanan 30 11k
Sand, fine, brown-------cce-ceo_-o 3 117
Clay, blug--—mmommcmcmcmem oo 1 117%
Sand, brown----——---m-e--e-—m—a-- 1L 1313

139-49-2cce

(Log furnished by Frederickson's Inc.)

Lake Agassiz deposits:

Topsoil, blacke--c-esececcacuaaann 1 1
Clay, brown---------memcmmmcamean= 15 16
Shale (clay), soft, blue----—------ 78 9l
Till and asscciated glacioagueous deposits:
Clay, sandy, boulders, hard, blue- ! 108
Sand, blue-=rememememm——— e %— 1083
Clay, sandy, hard, blug-~--------- 225 131
Clay, sandy, hard, blue; sand
lenses----=---ccmacmmcac e 21 152
Clay, sandy, soft, blue; sand
lenges-——=—--—=mee-emcmmacann——— 137 289
Cley, sandy, hard, gray----------- 13 302
Shale (clay), blue--e--eemococmea- 17 3ko
Sandstone(?), white~---mm—ceeoaean 17 357
139-49-3cdd2

(Log furnished by Frederickson's Inc)

Lake Agassiz deposits:

Topsoil, black---==ee--ccmeomoamm- 3 3
Clay, yelloW-----=acemmo—m——eoooo- 11 11&1
Sand, fine, brown---------------u= 1;.%. 182
Shale (clay), soft, blue-=-------- 57% 76
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139-49-3cdd2--Continued
(Log furnished by Frederickson's Inc.)

Geologic source Material Thickness Depth
(feet) (feet)

Till and associated glacioaqueous deposits:
Clay, sandy, blue----=------c-cun- 15 91
Sand, dirty, gray and white------- 3 9k
Clay, sandy, blue-----------co---~ 62 156
Clay, sandy, hard, blue----------- 5 161
Clay, sandy, soft, blue; sand

lenses--------m-memmemm—m—ee - 22 183
Sand, dirty, gray----------------- 1% 1842
Clay, sandy, soft, blue; sand
1eNnses-==-~-r-mm=mmmm—m—— e 51 190
Clay, sandy-----~-=-=-cocum—cmcao= 12 202
Sand, gray----------=---=----=--o- 1 203
Clay, sandy, blue==-=--==uoea--ao-c 6 209
Sand, gray-=------------------=---- 6 215
Shale (clay), blue-==-m=mmmemmmom- 7 202
Sand, gray---------------=-=---na- 3 225
Clay, soft, blue; sand lenseg----- 33 258
Clay, hard, gray------------------ 2 260
Clay, soft, gray------------------ 19 279
Sand, blue---=--~---emmosommmomoae 2 281
Granite:
Decomposed granite; white, green,
black, and red------c-----m-en- 77 358
139-49-T7dde
(Log furnished by Frederickson's Inc.)
Leke Agassiz deposits:
Topsoil, black----=-m-=cmmmecaoma- 1 1
Clay, yelloW------=-=ccmeomacaua—x 22 23
Shale (clay), blue----=--c—mmomomn L3 66
Till and associated glacioagueous deposits:
Clay, sandy, blue-----mommoeueme— 14 80
Boulder----eemcmacmmmm e 1 81
Clay, sandy, blug-=--===-==mmaacaa- 26 107
Sand, dirty----------e-cmemmeoaaano 8 115
Clay, blue-~c—cmm e 3 118
Sand, gray-------=---=--com-aan-a- 3 121
Clay, sandy, blu@-=-me-ccaecmcaaan 18 139
Sand, fine, dirty, gray----------- I 143
Clay, sandy, soft, blue----------- 37 180
Sand, fine, gray------------=ec--w 13 193 -
Clay, gray; sand lenseS------~--=o 6 199
Shale (clay), brown-=-----=-------- 24 223
, Clay, sandy, green~—---—----ooo--- 1h 237
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139-49-9aap

Og lurnisne Yy frederickKkson’'s nc.
(Log furnished by Frederickson's Inc.)

Geologic source Material Thickness Depth
(feet) (feet)
Lake Agassiz deposits:
Topsoil, black-----=c-ommmmommneo 2 2
Clay, Drown---—-----cccoccommcnaoo 10 12
Sand, fine, brown--------m--e-cooo 8 20
Shale (clay), blue----comcemmcaaan 50 70
Till and associated glacioaqueous deposits:
Clay, sandy, hard, blue---------u- 12 82
Clay, sandy, soft, blue----------- 23 105
Clay, sandy, blue; sand lenses---- 7 112
Clay, sandy, soft, blug-----meeu-o 18 130
Clay, sandy, hard, blue----------- 13 143
Boulder-==-==ee-mmmmmmmoomeememaao 1 k4
Clay, sandy, hard, blue-=--==-=--n 2 146
Sand, brown-----=mceecmmcoacucaao- 7 153
139-49-9ccb

(Log furnished by Frederickson's Inc.)

Lake Agassiz deposits:

Topsoil, black--------mcceeccomnno 3 3
Shale (clay), yellow------m-mm-uos 16 19
Shale (clay), gray---=-==--=----=-n Ly 68
Till and associated glacioaqueous deposits:
Clay, sandy, blue---w--ecemmmcoauo- 19 87
Clay, sandy, blue; sand lenses---- 20 107
Sand, gray------------cccccmmmona- 2 109
Clay, sandy, soft, blue-----wuae-- 21 130
Clay, sandy, hard, blue----------- 22 152
Sand, gray----------=-cmmemmee———— 6 158
Clay, blue; sand lenses----------- 22 180
Sand, gray--------==--e-mecccmmaon 2 182
Clay, blue; sand lenseS-----=-—-=-- i 186
Sand, gray--------c-mcmmom—meo—nne h% 1903
Clay, sandy, hard, blue-----==-w-- 173 208
Clay, sandy, soft, blue----=--==-- 1k 222
Clay, blue; sand lenses----------- 8 230
Granite:
Decomposed granite; red and green- 121 351
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139-49-11asa
(Iog furnished by Great Northern Railway)

Geologic source Material Thickness Depth
(feet) (feet)
Lake Agassiz deposits:
Pill--emm e 3 3
Clay~emmmmmmmmmmmmmm e 13 16
Sand--=-c-memcm e 1 17
Clay-----mmemm=mmmm———eee— e 52 69
Till and associated glacioaqueous deposits:
i 1 X (-2 27 86
Sand and gravel---------=cc-e-cuo- 15 101
Clay, sandy~=----=—e-—mcomo-muen—- 7 108
Sand and gravel----—---c-eoceemouao 58 166
Shale (clay), sandy---e--emec—-e-- 2 168
139-49-1lcde2
(Log furnished by Frederickson's Inc.)
Lake Agassiz deposits:
Topsoil, black------ececcecmcncan. 2 2
Clay, yelloW-ee-mmmemcoeocoaaaaaas 12 1
Shale (clay), soft, blue--—--—-=a-- 1h 28
Sand, fine, blue------=cm-weccen 10 38
Shale (clay), soft, blue--eec-ceew- 4o 87
Till and associated glaciocaqueous deposits:
Clay, sandy, soft, blug-w-we-mee-- 5 92
Clay, sandy, hard, blue-------uw-- 25 117
Sand, COArse----m=m-e--mcameneaanan 1 118
Clay, sandy, hard, blue--=~=--=eu- 2 120
Sand, brown----------c-c-meceooooo 2 122
Cley, sandy, hard, blug-----a-e=--= 136 258
Clay, sandy, soft, blug-~-----r--- 39 297
Sandstone(?s, white-—ocomccmmcaoen 10 307
Shale(?), blug~w--mmmmmmmeee e 3 310
Sandstone(?), white--------oeem-- 6 316
Shale(?)-wmcmmcmmmemmmm e 2 318
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139-49-15¢cdc
(Log furnished by Frederickson's Inc.)

Geologic source Material Thickness Depth
feet '(_fg'ﬁ')
Iake Agassiz deposits:
Fill, variegated----wmm-e--ec—ooan 4 N
Clay, yellow-=ececoocomcmcmmooaan 1k 18
Clay, blue---~-c-mrcmomeececmeee 62 80
Ti11l and associated glacioagqueous deposits:
Clay, sandy, boulders, blue; sand
lenses-—------cmsccrm—memma— - 19 99
Clay, sandy, gray--------=-==-=--- 8 107
Sand, gray----------cec-meeceeoae- 3 110
Sand, gray; clay lengses----------- 8 118
Clay, sandy, hard, gray----------- 25 1h3
Shale (clay}, gray-------------=-- k5 188
Shale (clay), gray, sand lenses--- 21 209
Graneros{?) Shale:
Shale, black----ecccmcomamcaammaan 30 239
Granite:
Decomposed granite, white and
Ereen-c—-c-cmecem e asmcm——ene ko 281
139-49-29bcd
(1og furnished by Frederickson's Inc.)
Take Agassiz deposits:
Topsoil-mmm—mmmm e 2 2
Clay, yelloW-seocmecmccmmmee e 16 18
Shale (clay), bluermo--ecmccmmccen- 60 78
Ti1l and assoclated glacioaqueous deposits:
Clay, blue---cuceomecmca e 11k 192
Clay, blue; sand lenseg-----—------ 15 207
Clay, blue-w---emmam—cmmcwaaocaooa 13 220
Sand, COArE€-—=-m-—em=———rmm—————o 16 236
Clay, blue---cmcmeccmcmmom oo 2 238
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139-49-32¢cca
{Log furnished by Frederickson's Inc.)

Geologic source Material

Lake Agassiz deposits:

Topsoil, black---—-~—cccecccccacoa.
S11t, brown---e--eommme .

Sand,

fine

Shale (clay), gray-----cc-coceco--
Till and agsociated glacioaqueous deposits:
sandy, blue; sand lenses----
Artye e
sandy, blue; sand lenses----

Clay,
Sand,

lake Agassiz deposits:

139-50-28aa
(Log furnished by Frederickson's Inc.)

Topsoll, black-=-=cecoomomoeoaooo

Clay, yelloW-m--eemomam e ccoceno

Sand, fine, brown------eoeoooo____

Shale (clay), blue-m-mecccmecmae__
Ti11 and associated glacicaqueous deposits:

Clay, blue; boulders----eo-ee—eeo-

Clay, hard, blue--——wocmmmm o __
Grayel, sandy, brown--------———__.

Clay,

hard
soft

> blue; boulders----w—--
5 BrBY -~ mmee

sandy, soft, gray---—------..
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Thickness
feet

ERww

n
o

Lo £
HEWWDDWMND N

~ R

Depth
Zfeet)

5
12
2k
70

90
92
ok
97
145
148
151
152
183

16
69

861
88<
1062
107
110
111
211
230
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139-50-10dac
(Log furnished by Frederickson's Inc.)

Geologic source Material Thickness Depth
(feet) (feet)
Iake Agassiz deposits:
Topsoll, black---c-cmcmawemmmcca—ua 1 1
Clay, yelloW-------swmemmmcmmna— 6 7
smd, Prown--vermcccc e e ———— 5 12
Clay, sandy, blue--=--cem--—cec-o- " 16
Sand, blue-—--c-ecmmmececaeaemeo- 8 oY
Shale (clay), blue—--e-eoem—memeua L1 65
Ti11 and assoclated glacioaqueous deposits:
Clsy, sandy, blue -~ 20 85
» DLUB=mm oo 11% 99%
Clay, sandy, blue--=-=---c-m-c-e-- 28 128
Sand, blug-----c-mmecmcmmmacememo 2 130
Clay, sandy-~----=-=e=cocemccoonus h o0k
Sand, gray------=—---ceecmm-ccaaae Yy 208
Clay, blug------~cmeccmcecccaan—ax 1 209
Sand, gray------------cmee-me-m-- N 213
Clay, sandy------==--=---cw-meou-- 22 235
Sand, gray--------=--s--s=em-m--a- 5 2ko
Granite:
Decomposed granite; clay, sandy,
variegated--
140-49-Tdeal
(log furnished by Frederickson's Inc.)
lake Agassiz deposits:
Topsoil, black-------=-wcmrm-mmac-- 2 2
Clay, tan-------mem=me—momeeooa—ae 25 27
Shale, soft, blue-----we-moeuocmne 43 70
Ti11l and associated glacioaqueous deposits:
Clay, sandy, soft, blue------—---- 16 86
Boulder--em-mmmmemmemmcccmmc e 1 87
Clay, sandy, hard, blue--=---=---- 16 103
Clay, silty, hard, gray----------- 8 111
Clay, sandy----------=------=-=--- 3 1k
Sand, dirty; lenses of clay------- 17 131
Sand--~--c---ccsemsmsemm—m——em——n 20 151
Sand, fine, gray------------------ 12 163
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140-49-8bbd
(Log furnished by Frederickson's Inc.)

Geologic source Material Thickness Depth
(feet) feet
Iake Agassiz deposits:
Topsoil, black---emaccecmcoacaaanax 4 4
Clay, yelloW---cemeeomcmcacacnae 22 26
Shale (clay), blue----=ceocmcooum- 50 76
Till and associated glacioaqueous deposits:
Clay, sandy, hard, blue------=---- 17 93
Sand, dirty, gray-----e---eeaceaa-- 6 99
Sand, clean, gray----------—=~-=-- 12 111
Clay, blue--~-=-a-=m-—mmmmmcmmmeame 6 117
Band, gray------=--meoc-e—cmaeenan 1k 131
140-49-19baa

(Iog furnished by Frederickson's Inc.)

Leke Agessiz deposits:

Topsoil, black-----wecmcommeeaeaee 2 2
Clay, yelloWw--eeccccomcemmameacans 22 2k
Shale (clay), blue-----emccommomnee 48 v
Till and associated glacioaqueous deposits:
Clay, sandy, hard, blue-----==---u 23 95
Sand, gray; dry----------cc-eee--- 1 106
Cley, hard, blue----e-e-—mccacaoan 22 128
Sand, gray-------=----=---ecoaoa-- 3 131
Clay, soft, blue; sand lenses----- 13 14k
Sand, gray--------=-----cocooeoa-o 35 179
Sand, dirty, gray----------------- 4 183
140-49-19¢cce
(Log furnished by Frederickson's Inc.)
lake Agassiz deposits:
Topsoil, black-----=—-rmmccmmceas 3 3
Clay, yelloW--—-c-mmccm e 13 16
Shale (clay), bluews——-—ecomaamaan 56 72
Till and associated glacioaqueous deposits:
Clay, sandy, blue----=moceccemmanos 20 92
Sand, dirty, blug----e-cmeua —————- 1k 106
Sand, blue---mcme—ccmeeeme e 5 111
Clay, sandy------=c--c--mmccamooae L 115
Sand, dirty, blue-------ecccceannn 8 123
Clay---=-—me e cmeeeeae 5 128
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140-49-19cce--Continued
(Log furnished by Frederickson's Inc.)

Geologic source Material Thickness Depth
feet (f‘%)
Till and associated glacioaqueous deposits--Continued:
Sand, fine, blue-------ve-mceumnns 2 130
Clay, blue---wccmmcecremmanann e 3 133
Clay, sandy, blug----ccr-ecceucca- 30 163
Sand, blue---------o-mcmemmeme—ane 5 168
Sand, gravelly-------------------= 9 177
140-49-3hccd
(Log furnished by Frederickson's Inc.)
Iake Agassiz deposits:
Topsoil, black-----==~c-ceommnnma—- 1 1
Shale (clay), brown--------=------ 10 11
Sand, fine, brown-----e---e-cca-a- 13 24
Shale (clay), blue-----=-- ——————— 61 85
Ti1l and associated glacioaqueous deposits:
Clay, sendy, soft, blue-~--=------ 7 92
Clay, sandy, hard, blug-----=-==w-- 53 145
Clay, sandy, soft, blue-------=--- 25 170
Clay, hard------vceemcccm—ceacaoo- 32 202
Granite:
Decomposed granite, white and
green~---secmmmmememm—m——om— - 46 248
140-49-35ddd
(Log furnished by Frederickson's Inc.)
Lake Agassiz deposits:
Topsoil, black---seewo—mmeomooo—= 1 1
Shale (clay), soft, yellow-------- 17 18
Shale (ciay), soft, blue---------- 14 32
Sand, fine, dirty, gray----------- 7 39
Sand, fine, gray---=-=---=-=------- 20 59
Shale (clay), blue-—--em--mcoomanoe 12 kal
Snale (clay), soft, blue---------- 23 gk
7111 and associated glacioaqueous deposits:
Clay, sandy, hard, blue----------- 8 102
Clay, sandy, hard, blue; gravel
lenseg-mmme—rocr—se e 15 117
Sand, fine, gray---------------<-- 2 119
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140-49-35ddd--Continued
(Log furnished by Frederickson's Inc.)

Geologic source Material Thickness Depth
feet (feet )

Till and associated glacloaqueous deposits--Continued:

Clay, sandy, blue; lenses of sand- 12 131
Clay, sandy, hard, blug---e=ceea-- 9 140
Y T T ——— 49 189
Granites
Shale, hard, white---weceemmeenann 2 191
140-50-21cbb
(Log furnished by Frederickson's Inc.)
Iake Agassiz depogits:
Topsoil, black------==-mmmmoccemau 2 2
Clay, yellow----==-emcemasowoooooo 21 23
Shale (clay), blue-e-weecwemouommn 32 55
Till and associated glacioaqueous deposits:
Clay, sandy, soft, blue---w---enue 6 61
Clay, sandy, boulders, hard, blue- 12 73
Clay, sandy, hard---------c----e-- 8 81
Sand, dirty, brown---------co-eee- 2 83
Clay, sandy, hard, blue-~=-eececa- kg 132
Sand, fine, gray---~--ee--cceo-uon 3P 164
Sand, fine, dirty, gray----------- 11 175
Shale (clay?), blue-we—-eococceuen 1 176
140-50-2kadd
(Log furnished by Frederickson's Inc.)
Lake Agassiz deposits:
Topsoll, black----c-meecmmmmeme e 3 3
Shale (clay), soft, yellow-------- 29 32
Shale (clay), soft, blue---me--u- 47 79
Till and associated glacicaqueous deposits:
Cley, sandy, blue; sand lenses---- i 93
e R 27 120
S&nd, fine, 3 1T T —————————— 1 121
Clay, blug-——cemccm e 24 1233
Sand, fine, blue---—--mecmcmcecuao 23 17
Shale (clay), hard, blue-—----c--- 265 1733
Sand, fine, dirty, blue--—-—c-——-- 3% 177
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140-50-24add--Continued
(Log furnished by Frederickson's Inc.)

Geologic source Material Thickness Depth
(feet) (feet)
Till and associated glacioagueous deposits--Continued:
Shale (clay), sandy, blue--------- 3 180
Sand, fine, dirty, blue----~--~--- 7 187
Sand, fine, clean, blue----------- 3 190
Shale (clay), blue; sand lenses--- 29 219
Shale (clay), sandy, blue--------- 6 225
Shale (clay), blue; sand lenses--- 27 252
140-50-26cdc
(1og furnished by Frederickson's Inc.)
Lake Agassiz deposits:
Topsoil----mcmmccccr e 2 2
Clay, yelloW--~-e-mmcmmmomemm—mmme 21 23
Clay, blue-----eommmcmmmmmeememoo L5 68
Till and associated glacioaqueous deposits:
Clay, sandy, blue--m-ee-eomoemaomo b3 109
Sand, blue----------ccuemmmommnae 1 110
Clay, sandy, hard, blue---~------- 31 141
Sand, blug-----wmm-————me——emmmmoe 18 159
141-49-28aca
(Log furnished by Frederickson's Inc.)
Lake Agassiz deposits:
Topsoil, blackew--------ecwaocoamo 1 1l
Clay, yelloW------mmmo—comocmcao—— 20 21
Shale (clay), blue-=-=--ccemmema-- 58 79
Clay, blug--=--er——coomracoomaaem- 13 92
Sand-------—-cc-smmemme——e———————— 2 ol
Till and associated glacioaqueous deposits:
Clay, sandy, hard, blue-------=--- 35 129
Clay, soft, blue---------cccmu-vmm 29 158
Clay, sandy, soft, blue; sand
lensege-mummmmm e c e 15 173
Sand, dirty, gray----------------- 10 183
Sand, clean----------m--e-—a——e-o- 10 193
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141-49-28bdb
(Log furnished by Frederickson's Inc.)

Geologic source Material Thickness Depth
(feet) (feet)
Lake Agassiz deposits:
Topsoil, black-----ccomocunccaono 2 2
Clay, sandy, brown--~--------c-—.- 21 23
Shale (cla.y's, blue----mcmmmm—e o 58 81
Till and associated glacioaqueous deposits:
Clay, sandy, hard, blue~---~-c---- g 90
Boulder-~----cemmmm e 1 91
Clay, sandy, hard, blue---------—- 2L 115
Clay, sandy, soft, blue; sand
lenseS-ee—vmmmm e 7 122
Sand, dirty, brown------e--ce-oaoo 3 125
Clay, sandy, hard, blue; sand
lenseg—w-w-——memmem e e 12 137
Boulder-m=e---—---mmemeemmmemmee o 1 138
Clay, sandy, hard, blue-------—-—- 4o 180
Clay, silty, soft, gray-----=------ 1k 194
Sand--e=mmmmmmm e 12 206
Clay, gray-~---=--—--meamcommmaoo 1 207
141-49-33cab
(Log furnished by Frederickson's Inc.)
Lake Agassiz deposits:
Topsoil, black-----=m-=mmoccauaa- 3 3
Clay, yellow----c-ceemmmmmmcaeeeo 25 28
Shale (clay), soft, blue---=-=aoon 51 79
Till and associated glacioaqueous deposits:
Clay, sandy, blue----c---cewaooao 12 91
Boulder-=---cemeommem e e 1 92
Clay, sandy, blue----w--eccmcacaon 43 135
Clay, gray; sand lenseg----------- 33 168
Sand, white-=--ceccmmeee e 17 185
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141-49-33daa
(Log furnished by Frederickson's Inc.)

Geologic source Material Thickness Depth
(feet) (feet)
Lake Agassiz deposits:
Topsoil, black-=-=-memcececamma—-a- 2 2
Clay, yelloW-e--cmememomcaouocauon 16 18
Shale (clay), blue----cm-euneoono- 62 80
Till and associated glaciocaqueous deposits:
Clay, sandy, hard, blue----------- 15 v 95
Clay, sandy, soft, blue----------- 11 106
Sand, gray--------sescemmmmeoneoa- 10 116
Boulder---—~---ec-cmccmmccmem e
141-53-6dcd

(Iog furnished by Frederickson's Inc.)

Till and associated glacioaqueous deposits:

Topsoil, black-----=-m-ccmua—camea 1 1
Clay, sandy, yellow-------ee-===-- 25 26
Clay, sandy, blug-----e==--mcwaoa- 35 61
Clay, sandy, white; sand lenses--- 2 85
Sand, fine, gray-------=--=~=-==-- 25 110

141-54-14baa
(Log furnished by Frederickson's Inc.)

Till and associated glacioaqueous deposits:

Topsoil, black---=-m=eem—oaoacnooo 1 1
Clay, sandy, yellow-------coe-mu-x 25 26

Clay, sandy, blue------=---cuccn-x 11 37

Clay, bluem-me-m—mocmccmaemm——— e 25

Clay, hard, blug------cm-meconmaa- 40 102

Clay, soft, blug----ee=cmmm=mcemen 7 109

Clay, hard, blue-----=ce--menen——- i 113

Clay, soft, blue-----cc-emcvruw-—- 6 119

Clay, hard, blue------ee==cumenaax 8 127

Sand, fine, gray----------====---- 9 136

Clay, soft, blug------c-cmmmemoeeax 1% 1373
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141-54-1keee
(Log furnished by Frederickson's Inc.)

Geologic source Material Thickness Depth
(feet) (feet)

Till and associated glaciocaqueous deposits:
TOPSOLl-mm~mm oo e mm oo 2 2
Clay, sandy, soft, brown---------- 3 5
Sand, browne-=--—==-—--oommmomoeoo 2 7
Clay, sandy, soft, brown---------- 3 10
Clay, sandy, hard, brown---------- 17 27
Clay, sandy, hard, blue---w---e--- 93 120
Clay, silty, soft, blue---—-—----—-- 26 1L6
Sand, gray------=---------memowa-- 18 164

141-54-21ddc2
(Log furnished by Lako Drilling Co.)

Till end associlated glacioagueous deposits:
TOPSOilmmo e e e e cmemmmemme oo 2 2
Clay, yelloW--—weme—cemmmeccm——an 16 18
Clay, sandy, yellOW-------emeemeau 7 25
Clay, blue--—weecemmm oo 35 €0
Clay, sandy, blue--=-ecee-aaomano- 20 80
Clay, blue; send lenseSe-m-=m----n 10 90
Sand, gray---------mecooooommooooo ko 130
Clay, blue-=-—-mmmm oo L5 175

142-54-1hbac
(1og furnished by Lako Drilling Co.)

Till and associated glacioaqueous deposits:
Topsoil, black----eom—oommmmmme o 2 2
Clay, yelloW-—----m-wmemoccmmcmea 13 15
Clay, gravelly, yellow---—-----~=v 25 4o
Clay, sandy, yelloW---=--ececmmcoo 10 50
Clay, blue--—-emceccm e e 18 68
Sand, blue--~s-cccmommeaeeeo 27 95
Clay, sandy, blue=--e-c-wwowomoaan 5 100
Cl&y, R e L6 146
Sand, gray-----=---cemscemomomoooo 29 175
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143-54-31bdd
(Log furnished by McCarthy Well Co.)

Geologzic source Material Thickness
feet
Till and associated glaciocaqueous deposits:
Clay, sandy; sand lenses--e--=ce-- 81
Sand, gray------e--ecemmccemcmneaa- 40

77
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