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GEOLOGY AND GROUND-WATER RESOURCES OF THE HANKINSON AREA
RICHLAND COUNTY, NORTH DAKOTA

By
J. E. Powell

ABSTRACT

The area described in this report is in Richland County in south-
eastern North Dakota and consists of 84 square miles in the vicinity
of the city of Hankinson.

The geologic units in the area are as folows, from the land
surface down: ©Surface deposits of Plelstocene agekponsisting of Lake
Agassiz deposits and deposits of end moraine; till and associated melt s
water deposits of sand and gravel of Pleistocene age; shale of Cretaceous
age; end Precambrian rocks.

The deposits of glacial Lake Agassiz date from the Mankato substags
of the Wisconsin stage of the Pleistocene epoch. They cover all the arss
except a small part of the southwest corner, which is occupied by end
moraine. These glacial-lake deposits include clay and silt in the eastémz
part of the area and sand of the Sheyenne River delta in the central aad
horthwestern parts.

Thg sand deposilts of the Sheyenne River delte constitute the most
important aquifer in the area. An aquifer test was made at the well of
the Minneepolls, St. Paul, and Seult Ste. Maife Rallroad, which is near the
site of test hole 803; the average coefficient of transmissibility of

the delte sands was calculated to be 18,000 gallons per day per foot and




the coefficient of storage to be 0.17. Properly spaced wells probably
could produce 200,000 gallons of weter per day each without seriously
lowering the water levels. The sand deposits, which contain small amounts
of silt, extend from the land surface to a maximm determined depth of 166
feet and average 89 feet in thickness. Water 6btained from these deposits
is generally potable and of good quality; it is suitable for irrigation as
well as for general domestic use.

Clay and silt deposited in glacial Lake Agassiz constitute the surface
deposits of the eastern part of the area covered by this report. They
generally are thin and compact and are not regarded as a source¥of ground
water in the Hankinson area.

Glecial till and associated sand and gravel deposits underlie the
Lake Agassiz deposits throughout the report area. The average thickness
of the £till, as determined at five test holes that penetrated it entirely,
ig 180 feet. Most farm wells outside the delta area obtain their water
 from send and gravel deposits within the till. These wells generally
produce small amounts of water, which is more highly mineralized than
water from the delta deposits. However, the water usually is adequate for
farm and domestic use except during periods of prolonged drought.

Samples from test holes penetrating the galeial till did not reveal
an oxidized zone that would indicate the presence of an older drift.
However, a considerable amount of additional test drilling ﬁould be
necessary to determine whether or not a pre-Menkato substage or pre-

Wisconsin stage of glaciation is represented in the area.




FIGURE |

MAP SHOWING PHYSIOGRAPHIC PROVINGES IN NORTH DAKOTA(MODIFIED AFTER SIMPSON) AND LOCATION OF THE HANKINSON AREA.



- A shale, believed to be the Rentor shale of Oretaceous age, underlies
the glacial drift at the sites of all test holas that completely penetrated
the drift deposits. As no fossils were racoverad frcm the shale, 1t -
could not be positively identified. The Benton {?) shale undsrlies the
glacial drift in the Falrmount aree 95 miles east of the Hankingon area.

The Dakcha sandstone is not known to underlie the Hankinson ares.
Cuttings from the only test hole drilled to a sufficient depth to reach
the Dakotae produced no evidence of the presence of that formation. However,
it is present 12 miles to the weet at a depth of 960 feet, and 10 miles
to the east at a depth of 230 feet. Although the presence of tThe Daknt
sandstone in the report area has not been proved, it is believed to be
present as isolated remanents or nerrow extensicns. At some pleces in
the srea it may be represented by & sandy faclies at the base of the shale.

The shale of Cretaceous age is underiain by light-gray to green clsy
deposits that are believed to represent & decomposed Precambrian granite.
Decomposed granite was reached at a deptn of 383 feet in test hole 813

Drilling wes continued 17 additional feet without reaching the unalterad

granite.

INTRODUCTION

Locstion end General Features of the Ares

Hankinson, population 1,350 (1950 census ), 1s Snithe gouth-central.
part of Richland County. The area 2uversd by this report is approvimate&y
8l square mlles and is in the follswing “yeships: All of T. 130 No,

Rs. 49 and 50 W., and the acuthern tier of sertions of T. 131 N., Rs. LG

end 50 W. Hankinson, the only elty ir the area, 1s served frir the easb




and the west by State Highway 11 and by branches of the Soo Line and

Great Northern Rallroads. A United States Weather Bureau station is
located at the railroad station in Hankinson, where the average annual
precipitation recorded from 1891 to 1954 was 20454 inches. Most of the
precipitation falls during the growing season. The mean annual temperature
during the same period was 42.9 degrees. The principal occupation in

the area is farming; the main crops are o#ts, corn, barley, flax, and
soybeans. Cattle and sheep grazing are practical in the southwest (end
moraine) part of the area and in the northwest (dune) part of the

area. (See pl. 1.)

Purpose and Scope of the Investigation

This report is a progress report on a study of the geology and
ground-water resources of Richland County, N. Dak., which is being made
by the United States Geological Survey in cooperation with the North
Dakota Water Conservation Commission and the North Dgkota Geological
Survey. -This investigation is one of a series being made to study the
surface and subsurface geology and to determine the occurrence, movement,
dishcarge, and recharge of the ground water, as well as the guantity
and quality of ground water available for municipal, domestic, industrial,
and irrigation purposes. At present (1954) the most cirtiecal need in
the State is for an adequate and perennial water supply for the many small
towns and cities that are attempting to install water-supply systems or
are expanding present facilities. Because of this need, the countywide
studies are begun in the vicinities of those towns which have requested

aid from the State Water Conservation Commission and the State Geologist.
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Progress reports are released as soon as possible so that the date
may be availeble tc aid in the solution of the water-supply problems of
the towns and for general reference material. This investigation was
made in 1953 and 1954 under the direct supervision first of P. D. Akin,
district engineer, and then of Joseph W. Brookhart, district geologist,
Grand Forks, N. Dak. The field work and test drllling were done by or under
the direct superivision of the author, using a rig owned by the North
Dakots State Water Conservation Commission. Chemical amnalyses included

in the report were made by the North Dakota State Laboratories Department.

Previous Investlgations and Acknowledgments

A general study of the geology and ground-weter resources of
Richland County was mede by Simpson (1929, p. 208-21h4, 296) ,']:/a.nd
he includes in his report the records and chemical analyses of several
wells in the Hankinson area. Abbott end Voedisch (1938, p. Tu4) made
va.n investigation of the municipal water supplles of North Dekota and
thelr report included é. well description and chemical analysis of the
water from e Hankinson city well.

The first investigation of the geology of the area was made by
Uphem (1895) who made a study of the surfece features in the vicinity
of Hankinson in comnection with his report on glacial Lake Agassiz.

A similar investigation was mede later by Leverett (1932).

I/See Selected Bibilography for references glven




The cooperation of the residents of the Hankinson area was of great
help in the present investigation. Valusble assistance was given by
members of the city council, one of whom, Mr. Peter Wollack, helped with
the well inventory and the collection of wabter samples and supplied

other useful information.

Physiogrephic Features

The area is a part of the Western Young Drift section of the Central
Lowland province (Femnneman, 1938, p. 599; and, except for a small portion
in the southwest corner, is in the Red River Valley area as designated
by Simpsen (1929, p. 4). The Red River Valley is a broad, flat glacial-
lake plain modified by low beach ridges and deltas. In the Hankinson
area the valley floor is slightly irregular and reflects the modified
moreinal surface of the underlying ©ill, which, because of the thinness
of the lake deposits, alters the surface topography.

The Sheyenne River delta is the largest knownuto have been deposited
in glacial Lake Agasssiz. It covers an area of‘approximately 800 square
miles to an average depth of 4G feet (Upham, 1896, p. 315). The material
in the delts consists principally of sand and varying amounts of clay and
silt. The sand of the Sheyenne delta composes the surficial materials
over approximately half the area, and in places wind action has formed
rugged dunes 25 to 100 feet high. One dune-sand area extends into and-
occupiles approximately ﬂ square miles in the northwestern part of the
report area. The dune sand is fairly stable and is covered with prairie
grasses and brush, which provide forage for cattle and sheep. Other

isolated dunes ere scattered throughout the area, the most prominent
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being "Lightning's Nsst,” & nsme transiated from the original Siocux Indian
tongue. This dune is approximately l% wiles long and a quarter of a mile
wide and ranges in height from 10 to 60 fest. The prominent dunss
follow approximately the trend of the Herman beach {Upham, 1896, p. 309},
which in the Hankinson ares is ncrthwestward. {See fig. 2%@

In its southwestern corner the area is predominantly hilly and has
a rough morainic surface, which ig strewn with numerous boulders anc
contains many potholes and small lakes. This moraine, designated the
Seventh or Dovre by Upham (1896, p. 147), varies in width from half a
mile to 2 miles {see fig. 2). It trends generally northwestward and is
traceable to the galcial Lake Souris area in the northwestern part of
the State (Upham, 1896, p. 157).

An spproximate line of transition between the delta depcsits to the
west and the leke clays and silts to the east can be drawn from about
the SEL sec. 36, T. 130 N., R. 49 W., and proceeds thence in a north-
westerly direction across the area to the southwest corner of sec. 31,
T, 131 N., R. 49 W. {see pl. 1). This iine follows the course of a
group of indistinct and discontinuous beach ridges, the Tinteh Beaches
(Uphem 1896, p. 402), which extend along the eastern margin of the
Sheyenne delta. |

Mgst of the area is imperfectly drained by the Wild Rice River,
which follows & course roughly para;iel to the northern border of the arszs
end then turns northeastward ta}itaiccnfluence with the Red River of
the North. The Red River of the North flows northward and is a part of
the Hudsor Bay drainage eystem. Numerous small, shallgw céulees drain

" northward to the Wild Rice River, but they fiow only intéiﬁittently in

-7 =




the spring, when the ground surface is frozen. The sandy soil of the

delta ares is so permeable that little additional runoff ocecurs eicept

when the rainfall is exceptionally heavy. Drainage is very poorly‘developed
in the lake-silt parts of the area and excess moisture remains ponded

before slowly draining off, evaporatiﬁg, or rercolating intc the soil.

A smell southwestern part of the report area drains southward. This
part is acdjacent to the end moraine and is partlyioccupied.by a chein of
lakes and potholes, the most prominent of which is Lake Elsie. Leverett
(1932, p. 122-123) states that this area was occupied by Lake Milnor, a
preliminary stage of Lake Agassiz, which was a long, narrow glaclal lake
along the ice margin and which had an outlet about It miles south from
Hankinson.

Beach ridges in the report area were formed by wave and ice action
during the several stages of Lake Agassiz; however, they are not conspicuous
topographic features, as they are very broad in comparison with their

height and generally are discontinuous.

Water Supply

Residents of the Hankinson area depend almost exclusively upon
wells for water for domestic, farm, and industrial purposes. Cisterns
are used to augment well supplies in some parts of the area, especlally
in the eastern part. Ground water in that part of the area is usually
insufficient in quantity or objectionable because of its poor chemical

quality.
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Pricr tc the installation of the municipal water-supply system,
residents of the city of Hankinson obtained water from numerous shallow
wells in the city. These supplies were supplemented by water hauled
from a spring at the base of the moraine on the west side of Lake Elsie.
Two wells (City wells 1 and 2) were drilled to depths of 156 and 158 feet,
respectively, and a municipal distribution system was installed in 1920.
The wells penetrated a sand-and-gravel aquifer in the glacial drift.

The water produced by the wells, however, was highly corrosive and csused
considerable expense in well repeir. Additional expense was caused by
the deposition of black scale in the water mains, as discussed in the
quality-cf-water section of this report. Another well (City well 3)

was drilled in 1948, but by 1951 the well casing and pump bowls were
corroded so much that they had to be repaired at a cost of $5,000. From
1951 to 1954 only ome city well produced a satlisfactory amount of water.
Problems arising from corrosion and hardness continued until 1954 when,
on the besis of information gathered in this investigatlon, a new well
(City well 4) was drilled 2 miles northwest from the city. The new well,
60 feet deep, produces water of much better quélity then that produced
by the eerlier municipal wells.

Wher the investigation begen, about 50,000 gallons of water per
day wes used by the city cf Hankinson, but now that water of better

quality is aveilable 1t is estimated that the demend will increase twofwld.




Well-Numbering System

The well-numbering system used in this report is illustrated in
figure 3 and is based upon the location of the well within the U. S.
Bureau of Land Managéﬁent's urvey of the area. The first numeral denotes
the township north of the base line; the second numeral denotes the range
west of the fifth principal meridian, and the third numeral denotes the
section in which the well is located. The letters a, b, ¢, and 4, designate,
respectively, the northeast, northwest, southwest, and southeast quarter
sections, quarter-quarter sections, and quarter-quarter-quarter sections
(10-acre tracts). Consecutive terminal mmerals are added when more than
one well is located within a given lO-acre tract. Thus,well l30-50-25§g
is in the southwest quarter of the northwest quarter of the northwest
quarte} of section 2, T. 130 N., R. 50 W.. Similarly, well l3Q-50-2ccaE
is the second well located in the northeast quarter of the scuthwest quarter

of the southwest quarter of section 2, T. 130 N., R. 50 W.

GEOLOGY AND OCCURRENCE OF GROUND WATER

Principles of Occurrence of Ground Water

Essentially a2ll ground water is derived from precipitation. Rain
or melting snow enters the ground by direct nenetration or by percolation
from streams and lakes that lie above the general water table. Ground
water generally moves laterally from areas of recharge to areas of natural

discharge.
Ground weter is discharged by evaporation from laekes snd ponds, by

transpiration by plants and evaporation from the land surface in areas

- 10 =
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where the ground-water level is near the land surface, by seepage to
streams, and by pumping from wells.

Any rock formation or stratum that will yield water in sufficient
quantity %o be important as a source of supply is called an "aguifer" -
(Meinzer, 1923, p. 52). Water moving in an aquifer from recharge to
discharge areas may be considered to be in ";cra.nsient storage,%"

The amount of water that a rock can hold is determined by its porosity.
Unconsolidated materiasl, such as clay, sand, and gravel, generally is
more porous than consolidated rocks such as sandstone and limestone;
however, consolidated rocks in some areas are highly porous.

The capacity of an aquifer to yield water by gravity drainage may
be much less than indicated by its porosity because part of the water
is held in the pore spaces by molecular attraction between the water
and the rock particles; the smaller the pore, the greater the propcrtion
of water that will be held. The amount of water, expressed ag a fraction
of a cubie foot, that will drain by gravity from 1 cubie foot of en
aquifer is called the "specific yield" of the aquifer.

If the water in an agquifer is not confined by overlying, impesrvicus
strata the water is under water-table conditions. Under these conditicns,
water can be obtained from storage in the aquifer by gravity drainsge-
that is, by lowering the water level as in the vicinity of a pumped well.

Water is under artasien conditions if it is confined in the aguifer
by en overlying, impermeable stratum. Under these conditions, Lydrogtatlic
pressure will raize the water in a well, or other condult penetrating the
aquifer, sbove the top of the aquifer and water is ylelded G,S~ the water level

in the well is lowered. However, the aguifer remains saturated ard water




is yielded because the water expands and because the aquifer 1s compressed
as the pressure is decreased. Cravity drainsge does not occur under normal
artesian conditions. The water-ylelding capacity of an artesian aguifer is
called the "coefficient of storage" and generaslly is very much smaller than
the specific yield of the same material under water-table conditions. The
coefficient of storage of an aguifer is the voiume of water it releases from
or takes into storage per unit surface area of the aquifer per unit change
in the component of head normal to that surface.

To aid in visuglizing this conecept, 1t is helpful to imagine an artesian
squifer which is elastic and uniform in thickness and which for convenience
is assumed to be horizontal. If the head of water in this aquifer is reduced,
there will be released from storage a certain volume of water. The amount of
water thus released will be proportional to the decrease in head. Imagine
further a representative prism extending vertically from the top to the bottom
of this aquifer, and extending laterally so that its cross-sectionsl area is
coextensive with the area of the aguifer over which the head change‘occurs.
The volume of water released from storage in that prism, divided by the product
of the prism's cross-sectional area and the change in head, resulte ir a
demensionless number which is the coefficient of storage.

In the case of a water-table aquifer, regardless of its position in
relation to a horizontal plane, the water released from or taken into
storage in response to a change in head is attributed partly to gravity
drainage or refilling of the zone through which the water table moves and
partly to compressibility of the water and of the material in the saturated
zone. The volume of water thus released or stored, divided by the product

of the area of aquifer surface cver which the head change occurs and the

- 12 .




component of head change normal to that surface,correctly determines
the storage coefficient of the aquifer.

Generally, under water-table conditions, the volume of water
attributable to ccmpressibility is a negligible part of the total volume
of water released from or takeam intc storage and can be disregarded. Thus,
for a water-teble aguifer, the coefficient of storage is essentially
equal to the specific yield.

The resistance to the movement of water through pore spaces that are
relatively large, as in coarse gravel, is not great and the material is
said to be permeable. However, the resistance to the movement of water
through small pore spaces, as in clay or shale, may be very great and
the material then is said to be impermeable or to have low permeabllity.
‘Permeability is expressed quantitatively, for field use, as the number of
gallons of water per day that will pass through a cross-sectional afea
of 1 square foot under unit, or 100 percent, hydréulic gradient at the lozal
temperature of the ground water.

The "coefficient of transmissibility" is convenient to use in ground-
water studles because 1t indicates a characteristic of the aquifer aé‘a‘
whole rather than that of a small section. It is the average field
permeability of the aquifer multiplied by the thickness, in feet, of the
saturated part of the aquifer.

The suitablility of en aguifer as the source of water supply is
governed by the permeebility and transmissibility of the aquifer, by
its volume, and by its capacity to store and release water. Recharge
to the aquifer alsc must be adequate 1f the water-supply development is

to last indefinitely, because even a small rate of withdrawal will
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- deplete the water in storage ultimately unless there is equal or greater
recharge. Aquifers high in permeability, but small in areal extent and
completely enclosed in relatively impermeable material, have been pumped
nearly dry in a comparatively short time, to the detriment and disappointment
of those concerned. The rather high initial yield of a well may give an
erroneous impression that a great volume of water would be available from

the aquifer indefinitely. Thus, before any substantial ground-water
development is made; sufficient test drilling,'aquifer tests, and related
studies should be made to determine the capabilities of the agquifer heing

considered as well as 1€8 recharge.

General Stratigraphic Relationships

Information regarding the stratigrephy was obtained in part from a
study of samples from 18 test holes drilled in thé'Hankinson ares, and:
in part from published information. Locations of the test holes drilled
in the area are shown on plate 1. The test holes were drilled'with a
hydraulic-rotary drilling machine owned by the North Dakota State Water
Conservation Commission. The depth of the test holes ranged from 60 to
LOO feet and samples were taken of each 5-foot interval. The stratigraphic
nomenclature used in this report conforms geﬁerallyfté@%hat used by Paulson
(1953, P. 13) for the Fairmount area, the western boundary of which is
It miles east of the area covered in this report. A close correlation
between the stratigraphy of the two areas was indicated by an exsmination

of samples from test hole 813 (130-L9-17ccc) which was drilled to granite.

-1k -




A stratigraphic zecticn of the Eankinson area follows:

Cenozoic
Quaternary system
Pleistocene series
Wieconsin stage
Deposits of glacial Lake Agassiz
Deposdts of the Sheyenne delta
Lake clay and silt
Till and aqaociated glacioaqaeous deposits
Pre-Wisczonsin( 3} ke

Mesozoic
Cretaceocus systenm
Upper Cretaceous series
Benton{?) shale
Dakota({?) sandstone
Precambrian
Granite

Deposits of the Wisconsin Stage of the Plelstocene Epoch

The surface deposits In the Hankinson srea consist entirely of drift
deposited during the Mankato substage of the Wlsconsin stage. Considering
the nature of these drift deposits, the area may be divided into three
units (see pl. 1). The topography of each unit is controlled by the type
of drift deposits represented. In the southwestern corner of the aresa
the drift depoeits are in the form of an end moraine, and have comparatively
high relief and typical kuob-and-ketile topography. In the adjelning
grea to the east, the surface deposits consilst of deltalc sand and silt,
which in places are modlified by wind action into dunes. Except for low
beach ridges the eastern part of the area le a flat and featureless plaln,
the surface of which is lake eclay and silt.

Five test holes penetrated the entire thickness of the dﬁift, which
averaged 180 feet and ranged from 108 feet in test hole 812 (130-50-13decc)
to 257 feet in test hole 806 {130~3C~11beb). An examination of drilling
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samples from the five test holes did not reveal an oxidized zone that weuld
be indicative of an older drift. However, the number of test holes drilled
through the drift was not sufficient to establish definitely whether more
than one sequence of glacisl deposition was involved. It is not knowm,
therefore, whether & pre-Mankato substage or a pre-Wisconsin stage of

glaciation is represented in the report area.

Deposits of glacial Lake Agassiz

During the last substages of Wisconsin glaciation, Lake Agassiz
was formed in the northward-sloping Red River Valley. Sediments were
deposited in the lake directly by water from the melting ice front and
‘also by streams of glacial melt water from outside the lake. Most of
these sediments were derived from rock materials incorporated in the
body of the ice. The finer materisls, such as clay and silt, were deposited
in quiet, comparatively deep water, while the coarser meterials were
concentrated along the shores by wave action to form the beaches. Wave
action and thrusting action by lake ice forced these materials into |
beach ridges, which mark the shorelines of the glacial leke at different
stages of elevation.

The earliest stage of Lake Agassiz is represented by the Milnor
beaches, which were formed at an elevation 20 to 25 feet higher than
that of the highest beaches which extend entirely around the lake (Herman
beaches). This early stage was little more than & broad expansion of the
glacial Sheyenne River. it was approximately 30 miles long and ranged
in width from 1 to 3 miles (Upham, 1896, p. 21i1). The Milnor beaches

are lower and cover considerasbly less area than the iafér beaches,
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indicaiing that the Milnor stage was of comparatively“short duration.

Lake Milnor was formed when the ice melted back far enougﬁ to give
passage to water from the Sheyenne River, which flowed southeastward to
the Milnor outlet southwest of Hankinson. This outlet, extending along
the eastern edge of the moraine in the southwestern part of the report
area, is now occupied by a chain of lakes and sloughs (see pl. 1).

Leke Agassiz reached its meximum extent at the stage marked by the
Hermen beaches. During this stage the major outlet channel was developed
at the southern end of Lake Agassiz. From this outlet channel, located
approximately 30 miles southeast from Henkinson, water entered the
Mississippl drainage system vie the Minnesota River. The level of Lake
Agassiz dropped by stages as the outlet channel was deepened until it
stbod at the 1evel of the Campbell beach, which is about 1l miles east of
Henkinson. The southern margin of the lake moved north as the ice retreateld
northward, until the lake wes almost completely drained. A subsequent
advance of the ice blocked the northwerd drainage end the lake again
rose to the level of the southern outlet and then slowly receded.

The Lake Agassiz deposits in the Hankinson area ere of two types--
delte deposits and lake deposits. The delta sand end silt werc-dapdsited by
the Sheyenne River as it entered Lake Agassiz and the lake deposits
of clay and silt were dropped farther out, where the water wes relatively

quiet.
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Delta deposits.--The Sheyenne delts is one of the prominent features of

the Lake Agassiz basin. It is the largest delta deposited in Lake Agassiz,
having a length of 50 miles, & maximum width of 30 miles, and an average
thickness of 40 feet (Upham, 1896, p. 315). The surface geology of the
delts area was described by bofh‘Upham and Leverett.< They disagreed,
however, as to the method of deposition of the delta sands. 'Upham

(1896, p. 316) believed that the delta materials were derived from sand
cerried by the Sheyenne River during the upper Herﬁan‘stage of Lake
Agassiz, whereas Leverett (1932, pp. 126-127) believed that the‘ﬁaterials
were deposited as outwash from the melting ice front. The uniformity

of size of the sand and silt grains composing the delta and the absence

The character of the delta materials was determined by examining

semples of materials from 17 test holes. The materials consist
meinly of fine sand and silt in varying proportions; however, sand is
predominan£ in the materials overlying the glacial till in that part
"~ of the area classed as delta.

Alternating 1ayersvof send and silt were penetrated in some test
holes, such as 811 and 812, but continuous layers of sand were penetrated
ﬁin others, such as test holes 803, 806, and 817 (see pl. 3). In general,
the proportion of silt in +the zones of sand end the number of clay and
silé zones increase toward the south and east. Theselfacts indicate
that the Sheyenne River entered Lake Agassié from the ﬁofthwest and that
offshore currents prevailed for a considerable distance to theesouthwest

‘of the mouth of the river. It is probasble elso that the delta sands
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were reworked meny times as the mouth of the river migrated along the
face of its delta, silt being deposited when the current velocities were
small and sand when the velocities were greater. The foregoing is a
possible explanation for the interfingering of sand and silt zones.

The average thickness of the delta materfals as determined by test drill-
ing was 89 feet, and thgfthickness of delta;materials at the several sites
ranged from 42 to 166 feet (see pl. 3). In the Wyndmere area 17 miles

to the northwest (see fig. 2) deposits of the Sheyenne delta ranged

from 7O to 136 feet in thickness and averaged asbout 104 feet (Dennis,«
Akin, and Jones, 1949, p. 17). The greater average thickness of the
delte deposits in the Wyndmere area is additional evidemce of a gradual
_thinning of the deposits to the south and east.

The send deposits of the Sheyenne delta constitute the most importent
aquifer in the Hankinson area. The deposits cover a large part of the
delte region but very considerably in thickness. The thickest sand
deposits found were at the site of test hole 806 (130-50-1lbeb), where
108 feet of fine sand was penetrated. Here the sand extended from the
land surface to the glacial till. Sand beds weré penetrated by all the
test holes in the delta area. Interbedded sand and silt were penetrated
in some of the test holes.

Most wells that penetrate the delta materials are of small diameter
and are equipped with sand points. Wells used for stock watering usually
are powered by windmills; domestic wells usually are equipped with
pressure systems or hand pumps. Ground water is adequate inkthe delta
area and the water generally is potable, of good quality, and suitable

for both irrigation and domestic purposes.
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The most favorable well sites in the Hankinson area are in the
vicinity of test-hole séction»B—B' (see pl; 3). The geologic cross sections
are based upon logs of test holes and are generalized because of scale
limitations. Therefore, zones shown tovﬁg sand may conteain some clay and
silt and those designated clay éndfsiltJﬁay céﬂtain some sand and gravel.

An aquifer test was made at‘thé well1of the Minneapolis, St. Paul,
and Seult Ste. Marie Railrosd (130-50-2cca2) which is near the location of
test hole 803 (l30-50-20ca1)§ The railrbaé-wéii was pumped at a rate of
69 gpm for 52.5 hours. At the end of‘thi# period the water level in the
pumped well was drawn down a total of h;3é:fe§t. Water levels in 3
observation wells, located at distancesfrom the pumped well of 38.6, 60.9,
and 121.3 feet were drawn down 1.68, 1.30, and 0.68 feet, respectively.
Computations based on drawdown and recovery values,:in which the Thelis
(1935) formula was employed, showed the average coefficient of transmissibility
to be 18,000 gallons per day per foot and the average coefficient of
storage, 0.17. Figure L4 is based upon these and other calculations
and shows theoretical drawdowns caused by pumping weter from a well
finished in an unconfinéd aquifer having the average characteritics
computed from the test on the railroad well. Two scales were used to show
drawdowns caused by pumping rates of 100 and 200 gpm.

On the basis of the information obtained in this investigation the
city of Henkinson contracted for the construction of a new well (130-50-2bbe).
The well was completed early in October 1954, approximately 1,200 feet
south of test hole 817 (131-50-34ddd). The well was test pumped for
2k hours at rates that fluctuated between 100 and 257 gpm. Because of

irregular variations in the pumping rate, the coefficients of transmissibility
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and storage could not be computed. The water level in the well was 36.50
feet lower when pumping stopped than w“en pumping began; it was 3.70 feet
lower 7 hours after pumping stoppsd than when pumping began.

The new city well is approximately 3,100 feet northwest along the rail-
road tracks from the railroad well. Both wells are on section B-B' and
between test holes 803 and 817 (see pl. 1). As the materials penetrated
in test holes 803 and 817 are similar and the sandy suficial deposits
are continuous between the two test holes the city well and the railroad
well are believed to be hydraulically connected. Thus, the coefficients cf
transmissibility and storage determined at the site of the railroad well
should be approximately the same as those of the aquifer at the new city well.

Leke clay and silt depctfts.--The line of demarcation between the delta

deposits and the lake deposits follows approximately the course of the
Tintah beaches (Urham, 1896, p. 316). The Tintah beach line is low and
discontinuous in the Hankinson area. It crosses the eastern part of

the area diagonally from the northwest tc the southeast but is a visible
topographic feature only in the southeastern part. The surface depcsits

to the east of this line are lake clay snd silt (see pl. 1). Only one test
hole, no. 815 (l30-h9-22aaa), was drilled in the ares where lake sediments
fégm the surface deposits, and here 16 feet of silty clay was penetrated
before reaching glacial till {see pl. 3). In the Fairmount area, which
begins L4 miles east from the Hankinscn area, logs of 16 test holes indicate
kthat the thickness of the lake depoists ranges from 3 to 18 feet (Paulscn,
 l§53, p. 14). The lake clay and silt is not an important aquifer as it is
 réiétively impermeable and yields little or nc swater to wells. Sandy
EZOnés in the depgﬁiﬁ.might yield small amounts of water, but no wells in

the area are known to cbtain water from such zones.
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Till and associated sand and gravel depcsits

Glacial till is present throughout the area. It underlies the deposits
associated with Lake Agassiz and was penetrated by all but two test
holes (see pl. 3). The till is composed of heterogeneous materials rang-
ing from clay to large boulders. It was deposited directly from melting ice
and was subjected to little or no subsequent sorting by wind or water. Be-
cause the till materials are unsorted and because the spaces between the
larger particles are usually filled with fine materials, the till does not
ordinarily yield water readily to wells.

The till in the Hankinson area is a dark- to light-gray clacarecus
silty clay that contains varying smounts of sand and gravel. The gravel
is composed principally of shale fragments and irregular amounts of lime-
stone, dolomite, and igneous-rock fragments. o

Small bodies of sand and gravel are present within the till at many

places. These deposits vary greatly in thickness and in area. They

" were deposited by running water, either weter from precipitation or glacial

melt water, and were subsequently covered by till. Their occurrence is
erratic and generslly impossible to predict from surface evidence.

Wells of rather high initial yleld might be developed in the glacial
sand and gravel deposits. However, the yileld of wells penetrating aquifers
that are completely surrounded by dense till would decrease rapidly as
the aquifers became unwatered. Recharge through the glacial till tc these
aquifers is slow, and pumping rates must be correspondingly low if continuous
production is to be meintained. Farm and domestic water 1ls obtained from
the till in the eastern and southwestern parts of the Hankinson area, scme

of it probebly from sand and gravel deposits of the type described.
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The three Hankinson city wells drilled prior to this investigation
probably were completed in a sand and gravel lens in the till. All the
wells are within & radius of 40 feet and are approximately 160 feet deep.
The first city well was completed in this aquifer in 1920 and the water
level was reported to be 3 feet above the land surface (Simpson, 1929, p. 296).
As test drilling gave no evidence of an extensive aquifer at this depth,
the cause of the high water level is not apparent. The water level»in the
single well in use at the time of this investigation could not be determined.
However, the water level was P£eported to have been below the land surface for
many years.

The depth of wells penetrating glacial till in the eastern part of
the report area ranges from 55 10220 feet and averages about 120 feet.
Wells are much shallower in the southwestern part of the aresa, where
deposits of glacial drift in the form of end moraine cover the surface, and
well depths range from 18 to 160 feet and average sbout 60 feet. These

wells are generally of low yleld but are adequate for farm use.

Benton(?) Shale

A shale, poséibly the Benton shale of Early and Late Cretaceous age,
underlies the glacial drift in a part of the Hankinson area. Five test
holes, 806, 812, 813, 8lL, and 815 (see pl. 3) were drilled to varying
depthe into the shale. In test hole 813 (l30-h9-l7ccc) the entire thick-
ness of the shale, which totaled 109 feet, was penetrated. During the
drilling of those test holes blt samples composed of dark-gray to black
silty shale were obtained. Fossils were not recovered from the shale,

end its poeitive identificatlon es the Benton wes not possible.
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The Bentcn shale is believed to underlie the glaszial drift in the
Fairmount area 4 miles to the east { Paulsun, 1953, p. 28-29}, and in
the Wyndmere area 17 miles tc the northwest (Dennis, Akin, and Jones,
1949, p. 25).

Test drilling indicates that the surface of the shale bedrock is
irregular. Elevations of the bedrock surface range from 706 feet above
sea level at the site of test hole 806 (130-50-1lbab) to 867 fest above
sea level at the site of test hole 814 (130-49-17ddd). The surface of
the shale probably was eroded cors®deddslyieither prior t¢ or contemporanecus
with the first glaciation of the arsza. No wells in the Hankinson ares
are known to obtain water from the shale, and it is not an importsnt

aquifer.

Dakota{?) Sandstone

The presence of the Dakota sandstone has not been definitely
established. One test hole, 813 (130-49-1Tcec), was drilled completely
through the Benton(?) shale. The Dakota sardstone, 1f present at the
site, was indistinguishable in the drill cuttings. However, the loss of
500 gallons of drilling fluid between 350 and 370 feet below the lané
surface, near the base of the shale, idricates the presence of permeabl
material which might be sand. The sand could easily be unrecognizable
in the drill cuttings of a hydraulic rotary rig such as was used for
drilling the test holes. The permeable zone might represent a gradational
contact or facies change involving the Benton(?) shale and the Dakota(?)

sandstone.
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Chemical analyses (see table 1) of water from two wells, {130-018-3p, -
and l3l-h8-3hdaé), which are a short distance east of the report area, are very
similar to analyses of water from wells known to produce from the Dakota sand-
stone in the Fairmount aree (Paulson, 1953, pp. 4la-4lb). The depths of these
wells are 243 feet and 250 feet, respectively, and both wells are reported to
produce from sand. Water from both wells has high dissolved solids, sulfate,
and chloride contents, which are typical of water from the Dakota sandstone.
A vell 12 miles west from Hankinson at the city of Lidgerwood produces water
from the Dakota sandstone from a depth of 960 feet. Simpscen (1929, p. 210}
believed that the Dakota sandstone underlies the western half of Rickland County
and that buried outliers underlie the eastern half of the county and extend

into western Minnesota.
Precsmbrian Granite

During this investigation only one test hole, 813 (130-49-17cce), was
drilled deep enough to reach granite. Decomposed granite was present in that
test hole at the depth of 383 feet below the land surface. Drilling was
continued 17 feet into the decomposed zone without reaching unaltered groalte.
The decomposed granite consists of clay which is white at the top of the zore
end grades downward into light green. At the site of the Heltksmp-Downing
test hole (132-49-Tzec), 12 miles due north from Hankinson, weathered granite
(gray, grading into green kaolinitic clay) was reached at a depth of LOO fewmt
below the land surface, and unaltered granite was reached at a depth of L2y
feet below the land surface (personal communication, North Dakote Geological
Survey, February 1956).

No wells penetrate the granite in the Hankinson area, end satisfactory
ground-water supplies probably could not be obtained from it.
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QUALITY OF THE GROUND WATER

Water dissolves a part of the soluble mineral constituents in an aquifer
as it moves through the aquifer. The amount of mineral matter the water will
dissolve from the rock material depends upon the length of time the water is in
contact with these matefials, and upon other factors including temperature and
pressure. Therefore, water that has been underground the longest time or that
has traveled the greatest distance through an aquifer usually is more highly
mineralized than water that is recovered relatively near the recharge area,

provided the aquifer is composed of rocks of homogenecus mineral camposition.

Significance of the Chemical and Physical Characteristics of Water

The following is a partial list of maximum concentrations of chemical
constituents specified by the U. S. Public Health Service (1946) for drinking
water used on interstate carriers. These standards have been adopted by the

American Water Works Association and meny of the States for all public water

supplies.
Chemical Maximum concentration
constituent (ppm)
Iron (Fe and Magnaese (Mn) 0.3
Megnesium (Mg) 125
Sulfate (SO)) 250
Chloride (C1) 250
Fluoride (F) 1.5
Dissolved solidg 500 =

;/1,000 prm permissible if water of better quality is not avallakle.
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High concentration of nitrate in ground water may be indicative of the
presence of decaying organic matter in the well, in the aquifer, or on the
ground surface in the vicinity of the well. Water containing more than about
4l parts per million of nitrate may cause cyanosis when fed to infants (Comly,
1945; Silvermen, 1949).

Fluoride in concentrations of 0.8 to 1.5 ppm in water drunk by children is
generally believed to be beneficial in the reduction of tooth decay. Higher
concentrations may cause mottling of the enamel of the teeth (California State
Water Pollution Control Board, 1952, p. 257).

Essentially all ground water contains at least a small amount of hardress-
forming constituents. The hardness of water is caused principally by calcium
and magnesium and, to a lesser extent, by iron, aluminum, strontium, barium,
zinc, or free acid, by reason of the lower conqentrations of these constituents
in natursl weter. Hardness in water is especially undesirable when the water
is used in laundering because it increases soap consumption end ceuses soap sceun.
Water having a hardness of esbout 100 ppm as CaCO3 is considered to be falrly
herd; water having & hardness of up to 200 ppm usually can be softened econcmically.

The percentage of sodium, expressed as "percent sodium," is the ratio-of
sodium to the sum of the principal cations (calcium, megnesium, sodium, end
potassium), all expressed in chemlcal equivalents, multiplied by 100. Water
conteining large proportions of sodium is undesirable for irrigation, as 1t
tends to cause the soll to become imperneable. Consequently, plant roots &o
not received the benefit of surface moisture resulting from precipitation cr

irrigation.
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Quality of Ground Water in the Hankinson Area

The problems cf lccating satisfactory ground-water.supplies In the
Hankinson area involved the quality as well as the gquantity cf water. There-
fore, a large number of water samples were collected from wells in the report
area and were analyzed by the State Laboratories Department in Bismarck. Fifty-
W determinations of hardness by the socap method aiso were made in the field.
The soap method of determining hardness of water gives only approximste results
which aid in establishing general trends.

. The hardest ground water occurs within a circle of l.2-mile radius,
centered approximately at the center of the city of Hankinson. The hardness
of the ground water in this area ranged from 397 to 1,760 ppm and averaged
870 ppm. All the wells produce water from aquifers in the glacial drift
and the depth of most wells ranges from 15 feet to 35 feet. Only two wells
exceed 100 feet in depth (see pl. 2).

The softest water was cbtained from wells in the northwestern coraer of
the report area. This area of relatively low hardness includes secs. 1-11, T.
130 N., R. 50 W., and secs. 31-35, T. 131 N., R. 50 W. The hardness ranged
from 212 to 632 ppm and averaged 335 ppm. All wells sampled produced wate
from sand deposits of the Sheyenne deita. The depth of the wells ranges® from
15 feet to 100 feet and averages 37 feet.

The hardness of the Henkinson water supply at the time of this
investigation was 852 ppm. Water considerably lower in hardness csn be
obtained in the above-menticned ares, where the thickest deposits of sand cecur.
On the basis of information resulting from this dtudy a new eilty well {130-50-
2bbe) was constructed in October 1954. The hardness of the water from that
well was 256 ppr, less than one-third of that of water from the former supply.
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High concentrations of sulfate and iron in the former city water supply
caused many difficulties, including the deposition of black scale in pipes,
which should be alleviated by the\water from the new source. The deposition
of black scale probably was cuased by the action of iron- and sulfate-
reducing bacteria. As water from the new well contains only a trace of
sulfate, the condition should gradually improve.

Problems caused by excess iron, however, will probably continue, but to
a8 lesser degree.A Water from the new source contains much less iron than
that from the old, but the concentration, 0.8 ppm, still is high enough
that it may cause staining of laundry and plumbing fixtures. The continued
presence of iron-reducing bacteria in the water mains élso may aggravate
the effect of iron in the water.

The water that has the lowest dissolved-solids content also was obtained
from wells in the area cited as having the softest water (secs. 1-11, T. 130 N.,
R. 50 W., and secs., 31-35, T. 131 N., R. 50 W.). The aquifer penetrated
by these wells is composed of delta sand and silt and is the only aquifer
in the Henkinson area capable of yielding water in sufficient quantity and
of satisfactory quality to be used for irrigation. The dissclved-solids
content of water from wells in this area ranged from 235 to 1,320 ppm
and averaged 505 ppm. The percent sodium ranged from 2 to 27 and averaged 9.
A total of 13 samples were taken from wells in the previously mentioned
sections. According to analyses of these samples, and using the method of
Wilcox (1948, p. 26) as a basis for classification, water from 7 of the
wells rated excellent to good and water from 6 of the wells rated good to

permissible for use in irrigation.
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Analyses by State Laboratories, Bismarck

Results in parts per million except as indicated

TABLE 1.--CHEMICAL

T/Sampled after 24 hours of pumping
g/Sampled after 50 hours of pumping
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130-48
3baa M. J. Meyer 10-18-53 243 Sand ... 26 27 1,040
130-49
3beb  Mary Boelke 9-17-53 105 Send .9 108 39 195
8deb Henry Thomas 10-18-53 22 Sand 1.5 187 L6 50
9abb Ed Wieser 9-17-53 187 Sand 4.0 97 67 192
15bce  Rudy Gustman 9-17-53 16 Sand ... 170 73 5
20eba G, Medenwaldt 9-2L4-53 55 Send 1.0 Ol - 37 155
2lcecb Fred Emde 9-2k-53 125 Gravel 1.0 69 32 205
130-50
2bab John Pankow 9-25-53 20 Sand .2 77 26 L2
2bbe City of
Hankinson 10-13-54 60 Sand +8 7 15 6.5
2caea, August Pankow 9-2k-53 15 Sand . 58 20 6.0
2cca2 1/Soo Line
Railroad 9-24-53 42 Sand L Th 28 19
2cca2 2/ Do '9-25-53 42 Send ... 80 26 35
3cba2 T. Prochnow 9-24-53 48 Sand .6 99 L 9.0
Lhaecd Sheyenne Valley 9-25-53 25 ... .o 51 20 2.5
Land Grazing Association
Sade. Do 12-1)4-53 20 — T 87 20 4.0
Bada Edwin Staak 11-23-53" 100 vees v 160 59 8.5
8beb Mrs.L.Vedder 10- 6-53 35 Send 1lls 99 57 88
llcac Kenneth Jones 10- 6-53 L5 Sand 1.2 210 90 23
lldde Test hole 808 10-25-53 45 Sand ... 126 62 Lo
lldde Do Ny 10-26-53 84 Sand .2 1h2 47 ha
1l3acd Williem “*%Wé%ﬁ‘ll-l9-53 23 Sand o[ 280 182 120
Gollnick
13bbb Martin Wolfe 11-19-53 2L —— 1.2 17k 145 120
- 13bebl Robert Dumpke 11-18-53 20 Sand 2 L6 91 70
13bdb Gilvert Miller 11-18-53 25 Sand - 366 206 1hhL




ANALYSIS OF GROUND WATER

=5 ~~
8 ® 8 3
ER & P T P T I
io 28 28 Eg i3 Gz ig $8.4 Eo il
8 -s 8 w0 [ & = = 'S 8--—4 [}] go & 1%
1L 518 . 1,240 895 .2 7.3 3,630 177 92
8.5 348 .o 645 8.0 .2 holy 1,180 k29 4g
27 508 - 113 50 .2 119 8ul 654 13
11 567 27 616 55 sk L2 1,350 516 43
3.2 380 . 405 28 .5 108 1,050 726 18
9.2 555 . L5k 68 .3 3.4 1,090 379 16
9.0 607 . L17 96 .3 2.5 1,130 305 58
11 328 258 11 .o 18 604 300 22
i 4 322 . pHas L.o .3 o 263 256 5
1.0 254 e 41 e .3 9.0 260 225 5
6.0 280 ‘16 100 eee .2 11 393 301 12
6.8 246 32 987 11 W 19 1,320 308 19
4.0 451 .. 30 L0 .2 2.0 451 430 L
1.0 228 26 21 sooes ok 1.2 235 - 212 3
‘1.0 247 .o 37 35 .2 © 15 321 300 3
L.0 753 5 282 42 ceu 4.0 1,020 632 3
4.0 k434 37 “235 VT cox 1.9 736 148 27
7.0 Lk22 ik 1480 59 o2 2.5 1,080 89l 5
9.8 498 .o 2u8 e .1 11 742 563 13
11 168 - 258 11 - 18 759 5L6 1k
2k 623 . 1,073 96 2 3.5 2,090 1,450 15
20 62 .. e 25 2 1T 1,590 1,030 20
22 376 48 BT 11 .2 1.3 812 500 23
90 496 . 1,040 28 .2 Lok 2,400 1,760 1L

- 30b -




TABLE 1.--CHEMICAL

5 F

o & 4 ] o §
S8 ° 4 B ot S T 57 i® 5§73
5 H &5 o 3 B bt it B 535 8=
g% g 8 ik Bl o7 o4 B R
3 5 LY &8 & & 8 4 2
130-50~4
13bdd Test hole 319 11-24-53 100 Sand .... 15% 27k 120
13cda2 Mys. Tom Bisek 11-19-54 15 Sand .... ' 50 50
13dda  Frank

Boomersbach 11-19-53 35 Sand W5 116 27 210
1hadd Cijy of

Hemkinson 6-22-55 161 Gravel i0 b 12z T8
1hddd Test hole 811 1l- 3-53 43 Sand .3 105 1hko 85
1kdda Do 11- 4-53 143 Sand L.L 131 230 100
18dde Oscar Prachnow 10 =53 «ue  cuen 1.2 202 96 60
19bas  Gustave Muchler 10- T7-53 105 Gravel 3.0 188 106 105
2léda F. E. Coopin 9-18-53 40 Gravel .... 165 Ty 1k
223dd  H.QO. Medenwaldt 9-17-53 86 .... .2 151 57 ko
2hscc  Test hole 820 11-26-53 &0 Sand  .... 147 210 120
2hbbb  John R.Scheller $-18-53 27 .... 1.5 87 Lk 16
26bed R. C. Biadow 9-23-53 66 Gravel 1.0 151 5l 23
26ccd Hillview Farm

Inc. 9-23-53 48 ...  .... 155 47 2L
27bbb Do 9-23~53 160 .... 2 127 52 !
36abb  Fred Buckhanse 9-23-53 130 .... 50 200 123 70
131-48
3héaa  Carrie Daman 10- 8-53 25 Sand .6 38 33 1,350
131-50
3lbbe A. Witt 9-25=53 28 ... .ee. B2 32 3.2
34ddd Test hole 817 11-19-53 110 Sand .... 51 23 8
35dca  August Pankow Ga25=53 20 ... .3 61 2L €
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ANALYSIS OF GROUND WATER -- Continued

] ~~
Q 0] ] )
e [ o o
g g’(\ﬂ -3"\ Lan) (] ()] ~~ gf’l 5 0w
. o N o g ™ o T~ o] Q ™M > g ® 7} +
2 £E 58 88 8 I= 8 ¢8.8 Ho i
[ G D o~ O~ Q~— b~ 0ed Q& 85 64
5 5 &8 4 4 4 & @ 598f 5§ B8
29 m [$] w0 O [ = An-A O = o [a T o}
25 663 38 819 e 3.4 1,680 1,100 15
11 Loo 22 664 110 2 8 1,190 397 61
3.5 k29 26 87 11 .2 1.3 723 Lo2 56
1k 561 . W88  swsun +3 1,140 852 17
5.8 541 .. 556 11 2 19 1,190 836 18
35 728 .. 871 1L . 37 1,780 1,28 14
i} 985 .. 534 .25 .o 2.L 1,440 902 9
15 9TL .. 751 21 . LT 1,670 90k 26
L 647 Lo 183 11 o 1.9 777 577 5
7.2 9L .. 286 8 .o 1.7 996 610 13
13 465 20 1,090 11 - 2.1 1,840 1,230 1%
3.8 81 .. 131 — .2 .8 688 398 8
6.5 932 .. 293 11 ves 2.0 1,000 600 8
7.2 918 .. 279 11 ‘ 1.9 977 581 8
5.2 675 53 251 RETES cee .9 837 53k 6
i 1,110 .. 707 11 . 2.8 1,720 1,010 12
13 3k 28 1,280 1,500 2.4 TT L,420 230 92
2.5 266 8 L9 1. .2 52 351 285 2
4.2 280 16 21 - .2 1.1 262 223 i
2 336 .. 10 w48 .3 .9 270 253 5
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TAPLE 2.--RECORDS OF WELLS

Depth to water: Depths given to hundredths cr
tenths of feeit are measured: those given in
feet only are reported.

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

Remarks: All hardness values were determined by
the soap method and are only approximate.

Location Owner or Depth of Diameter Type Date Depth to
no. name well{feet) (inches) of Gsugamr.s water{feet
well completed below land
surface)
129-49
1bl Louis Herding 148 2 Dr - 0
1b2 John Vellenga 8l 2 Dr 1935 9
130-48
3bae M. J. Meyer 23 2 Dr 1952 12
hdde Arley Boll 75 5 Dr ey vai
130-49
1bbb Alvina Kinn 126 2 by 3 Dr 1946 3
lddd R. E. Brackin 0 2 Dr 1947 L
2bbbl Mrs. Otto Stein 125 2 Dr 1935 8
Zbbb2 do 100 3 Dr sons 8
3a2a  Arnold Burnard 125 2 Dr 1936 5]
3bab Mary Boelke 105 3 Dr TEY T
3canl Louls Wirtz 8l 3 Dr 1922 18
3cea? R. Hartleben 82 3 Dr 1923 17
Lbad C. Zieglemen 19 3 v P 5.0
6bbe  John Scheller k5 1 Dv cone 15
8deb Henry Thomas 22 — Du,Dv - sus
Sabb Ed Wieser - 187 Dr 1951 2
9dbe Mary Gustman 13.5 36 by 36 Du - Bl
10cecd Ernast Hubrig 11 L2 Du 1952 7
liseec W. R, Miller 11k 2% Dv cuwn 10
12aa  Floyd Eickhorn 60 2 Ir 1943 3
llbba Harry Gustmen 156 2 Dr 1936 152
lhceb Ernest Tigcher 20 36 Du 1923 12
1kdbe  Robert Stein 120 < Dr 1927 6
158ac Ernest Hubrig 20 L8 u 1940 bl
15bca  Rudy Gustman 16 36 by 36 Du 1938 6.8
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AND TEST HOLES

Use of water:

Date of measurement:

Date given is date measured for
measured depths to water; it is the date of report
for reported depths to water.

D, domestic; Ind, industrial; PS, public

supply; RR, railroad; S, stock.

Date of Use Aquifer Chemical Elevation Remarks
measure- of analysis of leand
ment water surface
12- 3-53 D,S Sand . e Hard; adequate supply.
12- 3-53 D,S Sand 5% 1T Hard; colored water; adequate
supply.
10- 8-53 D,S o x — Soft, salty.
sanihbhis DD P swi o s Hardness 427 ppm.
12- 2-53 D,8 Gravel ces cevae Hard; adequate supply.
12- 2-53 D,S Gravel vos cesee Medium soft; adequate supply.
12" 1'53 D,S Sand s e es o000 H&rd; a:d.eq_uate Supplyo
12" 1'53 D,S Sand s de seses Hardo
12- 1-53 D,S Sand cee ceses Herd; adequate supply.
9-17-53 B Sand % N Precipitate plugs screen.
12- 1-53 D,S Sand oo ceses Hard; adequate supply.
12~ 1-53 ... Sand .n wnmns Hard; inadequate supply.
9-17-53 %8 Send e IR Hard.
10"' 6-53 D’S S&nd se e IR N Ha.rd.neSS 230 Ppm-
cossssss D8 Sand X cevas
9"17"53 D,S S&nd X LR
9"17'53 M Sand sre seeee
12- 1-53 D,8 Sand,clay ... eoess Soft.
12- 2"'53 D,S Sand ose seses W‘
l2- 2-53 D,8 Gravel ses bk F Medium soft.
12- 1-53 D,8 Send see sesss Soft; inadequate supply.
12- 1-53 D,S Sand,clay «.. ceves Medium soft; adequate supply.
12- 2-53 D,S Send coe evens Medlun soft; adequate supply.
12"' 1-53 D,S E;and,CJLay LR se e Hardo
9"17"53 D’S Sa.nd. X I E NN
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TARIE 2,--RETJORDS OF WELLS

Location Owner or Depth of Diagpeter Typ2 Date Depth to
no. neme welleeet) (lLL““”? of or yaar water{ fast
well completed below ¢?na
gurlace i

130-4g -- Continued
i7saa  Test hole 821 200 5 Dr 1L-27-53 —_—
17cbb  Bill McGrey 178 2 Dr p— e
17zce  Test hole &13 L0oo 5 e 1l- €-53
17448 Teet hole 8ib 1 5 Dr 11-11-53 soo
19ohc  Frank Pietz 20 - Iry PET g
19ceca  Cari Milbrendt 15 — v veos oow
20aba G, Medenwsaldt 55 3 Dr 1951 fid
20abe éo 16 36 2 ceee 3
2088d do 125 2 i 1647 2
2Chee F. C. Healy 135 .ie Dy P Flow
20ded  Nick Meyer 125 2 Dr — 6
20484  Tast hole 822 200 5 Dr 11-30-53 ey
2icekr  Fred Enmde 125 2 Tr sooo L1
2lcdd dn 220 z Dr 1945 60
21ldedl  John Meyer 160 2 T 1941 1%
21ded2 do 125 2 Dy 1047 i
22383  Test hole 815 280 % Dy 1lelh-53
2334z  Elmer Smith 135 2 Dy igg2 32
2hcde  Wiliiem Wieser 1ho 2 o . W 30
25can  Alsis Wieser 18¢ 2% e 0 U1G5L i
26nda  Yarry Wirtz 180 2 Dr 193z 70
27obb  Ed Herman T5 2 Tip - L
28pas  Aune Kirn 165 2 o) 1943 23
29%ce  Ed Kuehl Lo Iy cese -
2938 éo 150G i 1750 5
302dd  Pete Krump 25 v vosa —
3Juabb  Max Sehmidt 122 Tre 1eu0 ok
laas Ray Eladow 18 2 Dv PR 5
lb‘l:la To Ovn T'ﬁ\&"\‘zhr 20 2 DV' evan oso
Zbal John Pankow 20 2 Dv 1952 3
2obe L”tj of Hankirazon 60 b3 Dr 1954 h.50
Zeas August Pankow 15 13 Dv 5 h e g
22z8l  Test hole 803 (% 5 De  10-16-53
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AND TEST HOLES ~- Continued

Date of Use Aquifer Chemical Elevation Remarks
measure- of analysis of land
ment water surface

sesncess ves winie e —_— 1,029 See log.

adnadbiby  AEd § 6 - cwnws Hardness 435 ppm.

LR IR O B N AN s 00 Pa o0 L 1’052 See log.

ANE R uEy  www - - 1,046  Hardness 460 ppm. See log.

LR I NN N LR N »eeo LR R LR N N Ha-rdness l’l& ppm.

cenenens ase seos oo eseee Hordness 290 ppm.
~ 9-24k-53 D,S Sand % cesos Iron precipitates after

standing.

9-24-53 8 Sand ceo P, Hardness 435 ppm.

9-2k-53 D,S Gravel e N Hardness 325 ppm.

cevsssns 0o suese cos seses Herdness 795 ppm.

l2- 2-53 D,S Sand voe cosee Soft; adequate supply.
ssecooes vee esn o T 1,0’-1-6 See log. '

9-24-53 %8 Gravel x P Temperature 48°F. Flowed before

nearby wells were constructed.

12- 2-53 D,S Sand b4 csesus Herd; adequate supply.

12- 3-53 D,S Sand P Favne Soft; inedequate supply.

12" 3"53 D,S S&nd o0 e eeo e d.o

cco.cooow\ LN e L) 996 See lOg.

12- 2-53° D,8 Sand F, . Soft; adequate supply.

12" 2‘53 D,S ;Sand e sesse dO

1l2- 2-53 D,S Send cos eseee Hard; adequate supply.

12- 2-53 D,S Send bud seune Soft; adequate supply.

12' 2-53 D,S Sand so0 senee Med.ium SOf‘b; adeq_uate Supply‘.
12- 2-53 D,S Send vee soean Reddish color; inadequate supply.
L BN NN s e e *te o8 .8 e 29080 Hardrless h35 ppmo

[ F R ERE NN E D,S sand [ ee s Hardness 215 Ppma

ssesceee sos seny see seeee Hardness l& prm.

l2- 3-53 D,S8 Sand o LT Soft; adequate supply.

10=- 6'53 t Sand sae secve Hardness ’4—10 prm.

saanasee D Sand coo an ik Hardness 507 ppm.

9-25-53 D,S Sand x LOO gpd for stock.

10-28"514- PS Sa.nd X sneesoe

9-24-53 M@ Sand b 4 sesne

e de st ®eo L N ] L 1,070 See los.
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TABLE 2.--RECORDS CF WELLS

Location Owner or Depth of Diameter Type Date Depth ©o
ro. naine well(feet) (inches) of or year  water{feet
well completed below land
surface)
130-50 -- Continued
2ecca2  Soo Line Reilroad 42 108 Du,Dv cees iC
3aacl L. Prochnow 52 2 Dv 1953 11.3
3aac? do sk 2 Dv 1933 coe
2cbal T. Prochnow 22 T}- Dv 1952 6.7
3cbaz do 48 g Dv 1952 —_—
3cbb Test hole 518 80 5 Dr  11-19-53 i
Lacd Sheyenne Valley Land 25 + Dr,Dv cooe 5
RS Grazing Association
S5ada do ‘ 20 2 Dv LN 5
6icd  W. F. Vedder . 20 1t Dv 1918 T
8ada  Edwin Staack 100 2 Dr . §in
Bbab Mrs. L. Vedder 35 —_ Dv ceso 15
%ada. August Mueller Lo . Dv sawE 8
9bbe Emma Hartleben 20 2 Dv I 8.9
%ds, C. Klawitter 1h3 - Dr coee cae
1lbab Test hole £0€ 400 5 Dr  10#2GG8u.8" ...
lleac Kenneth Jones 45 2 Dr emse | hws
11dbb Test hole S07 110 5 Dr 10-23-53 6.00
ilddz  Test hole 508 110 Dr  10-24-53 5,63
13abe  Paul Milbrendt 80 2 D coso 8.5
13asb  Gus Winfeldt 30 —_ oy veon o
I3ace  Richard Winfeldt 12 eos Dr,Dv sess &
13acd illiam GEllnick 23 36 Dr,Dv P &
13obb  Martin Wolfe 2l 36 Dr,Dv ceos 9
13bbe  (lam Brunkanrst L6 2 Dv BEEH 9
13bebl Rebert Dumpke 20 36 Dy ceoe 5
13beb?2 Jim Fallon 22 s Dr,Dv P 8
i3bce  Wilbur Chepin 21 £ Du,Dr N Bed
13hda  Alfred PBellen 26 2 Dr cvas 2
13bdb Gilbert Milier 25 36 Dr,v owwn 755
13béd Test hole 819 100 5 Dr 11-23-53 v
13cabl Hankinsoa Cresmery 165 L D P .
l2cab2 Lewis Stoure 3E 2 v v 8
13cad Art Hancon 20 2k Dr,Dv ceos el
13cha Clem Meide 25 - Du o 8
1%e¢éal Henry Erb 30 - T e &




AND TEST HOLES -~ Continued

Date of Use Aquifer Chemical Elevation Remarks
measure - of analysis of land
ment water surface
9-24-53 RR Sand b 4 ey Seven sand points below dug well.
9-24-53 D wwus —_ i
— D Send . FEnw Temperithipe 49O Hardness
' 180 ppm.
9-24-53 S e x -
P TT A o 1,076  See log.
9"25-53 sae e X cavsee
9-20-53 S Send x cenee Temperature 49°F.
10- 6-53 D Sand o ceses Temperature 50°F. Adequate
supply. Hardness 480 ppm.
[ N N NN D,S L I ] x L N B )
10- 6-53 S Sand X . Temperature 49°F.
9-13-53 ... cene cee £ 4 e Hardness 470 ppm.
9"25"53 D,S s 000 LR se0ee
ISR EE WA ceee 2 AP Hardness 580 ppm.Reddish color.
([ E N RN N R N LA se o0 [ 1,072 See log.
sosenuns Dy Send b4 veeee
10-24-53 ... cees 5 1,063 Hardness 975 ppm. See log.
10’25-53 [ 2o X 1,062 See logo
9«53 D Sand ses v v el Hardness 752 ppm.
11-19-53 ... Sand P seEwy Hardness 1,230 ppm.
11-19-53  Gidinee. Sand eoe cesne Herdness 1,320 ppm.
11‘19'53 D Sand X eceoe
9- 9-54 D Sand X p—
7- 8-53 D Sand cee S Hardness 872 ppm.
11-18"53 D Sand X ceseoe i
T" 8"53 D L ) es e sevose H&rdness 667 Ppmo
11-18-53 ... Sand — cosns Hardness 1,760 ppm.
7- 8-53 D Sand oy amww Herdness 257 ppm.
11“18‘53 D Sand X se 000
XEEEEER] sse eove X 1,063 See log-
sesssone n Gravel,sand... ceees Dark-red color.Hardness 1,090 ppm.
T-53 D Sand ves cuvien Hardness 513 ppm.
11-19-53 ... Send B TR “wnEw
9-53 D Sand wes o 8 Herdness 718 ppm.
9-5’-‘- D Sand s o0 sevae Ha.‘rdneSS 616 ppm.
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TABLE 2.--RECORDS OF WELLS

Location Owner or Depth of Dismeter Type Date Depth to
no. niame well(feet) (inches) of or year water(feet
well completed beiow land
surface)
130-50 ~- Continued
13cda2 Mrs. Tom Bisek 15 2 Du,Dv - «soee 8
13dca3 R. Medenwsldt 20 36 Dr e 7.85
13dcc Test hcle 812 250 -5 Dr 11~ 4-53 FEE
13dda F. Boomersbach 35 1% Tl  wwwn pacess
lhasa Art Lewis 37 - D w —_—
lhada Test hole 809 190 5 Dr 10-29-53 —
1lhadd City of Hankinson 161 10 Dr 1947 -
lhcac A, Medenwaldt 73 ves Dr ceee veo
1hdsd Test hole 810 100 B Dr 10-31-53 7.32
1kdde Art Graive 136 - Dr wknw -
1kddd Test hole 811 180 5 Dr 1l- 2-53 oee
15bbe.  Hankinson Nursery €0 ces Dv coee ces
l5dac  Albert Buckhause 171 2 Dr Svan P
l6ebe.  Art Hartleben h eee Dv cooe cee
l6acb Soo Line Railrosd 78 10 Du,Dr 1908 -
18cda A. Medenwaldt 55 A Dr — $Hd
18dde Oscar Prachnow - 2 Dy LB E 12
1%baa Gustave Muehler 105 2 Dr eeoe 10
19¢de  Rudolph Miller 38 2 Dr g -
19dce William Westphal L7 2 Dr eveoe .
21dsd Elroy Muehler 21 3 Dr . B3 g
2ldda F. E. Coppin Lo 36 by 36 Du  .eve 27,k
22d4d H., 0. Medenwaldt 86 2 Dr 1945
23228 Wittes Standerd )

Service 30 - - vEas 4
23abec  G. Buckksuse 60 $% 4 Dr - ves
2hoas  Alfred Miller 45 vee Dv N 10
2hace Test hole 820 60 5 Dr 11-25-53 % i
2kbas  Harry Nulph 30 -~ Dv . 8
2kbbb  Johr R. Scheller 27 8
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AND TEST HOLES -~ Continued

Date of Use Aquifer Chemical Elevation Remarks
measure- of analysis of land
ment water surface
11-19-54 D Sand x ceves
11-18-53 ... Sand cee -
SR ddEnEE A4 b B . 1,064 See log.
seev e s D Sand. X ee s o "
ceessess  see coee coe sesee Water becomes slightly red
: after standing; hardness
‘ 838 ppm.
yusespEe  wuel i - 1,065 See log.
sseesress PB Gravel X coses Has odor.
cevensses  seei ceve cee cenes Water becomes red after
standing; hardness 940 ppm.
1l- 2-53 ... csne ise 1,072 See log. '
B M EN  Xw cons ces cecee Hardness 872 ppm.
I IEERERER NS s 00 ‘se o0 X 1,073 See 1030
sasemnnn’ ade P §54 &t Dark red color;hardness 470 ppm.
esevevee D{"& Gra.'V‘el eese eecoe H&I‘dness 718 Ppm.
ks B R e - PR Hardness 540 ppm.
csesssss RR Gravel,sand... S Hardness 498 ppm.
asemeunss  DyS Send ces " eeeee Unfit for laundry,very hard;
temperature 47°F. Hardness
870 ppm. ‘
10-53 D,S —— x ceven Temperature L8°F.
10- 7-53 D,S Gravel X ceses Adﬁquate supply, temperature
: T
eD 08 000 L LI B L ] LR B N Harhess 580ppml
.‘0‘...'. D’S L N N ] LR IR ] L N N Hardn-ess 735 ppml
9-23'53 D,S es oo L L NN W ] Hard.neBS 325 ppmu
9-18-53 D,S Gravel X N Temperature L49°F,
9-17-53 D,S Send x veess  Temperature 51°F.
9'23"53 L ) oo e eo 0o e Hard.ness ’462 ppm.
amwmpnmn i . SRS 5 S Hardness 940 ppm.
9-2’-’--53 LR L LR LR Becomes I'ed af’ter S'tanding;
- hardness 400 ppm.
sevseevsse LR ] ses e X 1,073 See lOg. ’
9-24-53 ... EHpE . n s saage Hardness 435 ppm.
9-18"53 L] sev e X ees 00
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TABLE 2.--RECORDS CF WELLS

Depth'to

-369,..

Location Owner or Depth of Diameter Type Date
no. name well(feet) (dinches) of or year water(feet
well completed - below land
surface)

130-50 -- Continued
25aab Otto Buckhause 27 o ¥ Dv saei 5§93
26bed R. C. Bladow 66 2 Dr ceoe Flows
26ced Hillview Farms,Inc. 48 . Dr S .
27obb do 160 2 Dr PR .
27dcd do 80 3 Dr — .
29bde Henry Milbrandt 30 . s Du sons coe
3ltas, C. F. Buckhause 15 30 Dv cees 8.16
34dba Emil Wallman 18 . Du o 10
36abb Fred Buckhause 130 24 Dr cens 20
131-48 .
32ada Francis Hermes 184 3 Dr g 6
3hdas Carrie Daman 250 L Dr A ceo
l§l-h9 .
Te Mrs. Mike Kinn 52 2—%— Dr 8
3lbac R. C. Bladow 2k l? Dv wwmn 10

- 3lecces do 20 1 Dv PN ]
33dda Walter Pasberg 60 3 Dr ceee 10
3heba Reuben Bladow — 2 Dr I 3
3kabb do 62 2 'Dr T L
35aa8, Elroy Stein 135 3 Dr - 5
35bbel Mary Boelke 96 3 Dr - Flows
35bbe2 do 105 cos Dr - —
3541 Mrs. Grace Rossow 98 2 Dr 1916 3
3542 do 98 2 Dr 1951 9
36dda A. Stoltenow 68 2 Dr 1947 1
131-50
31lbbe Alfred Witt 28 it Dv 1949 -
3ldaa do 25 1+ Dv v 6.5




AND TEST HOLES -- Continued

Date of Use Aquifer Chemical Elevation ‘Remarks
measure - of analysis of land
ment water surface
FRsEEERE W Gravel ane ceses Hardness 435 ppm.
9—23-53 D es 00 X seeee
veesssss D,S N ® PR Temperature 47°F,
sepeenas  Dyd i x NpR— Temperature L8CF.
cesesess D,8 ceee - veess  Temperature®hg°F. Hardness
320 ppm.
senussns Dy o ces coeas Very hard.
9"23“53 soe ev e e se0 00
9"23"53 D,S snee ese see e Hardness 290 Ppm.
9-23-53 D,S PR X v Becomes brown after standing;

temperature 49°F.

10- 8-53 D,S Gravel cos s Hardness 325 ppm.
sewsansn DD Sand X seasa Salty taste.
l2- 2-53 D,S Send eee veene Hard.
12" 1'53 D Slmd LR soes e dO
12" 1-53 D,S Simd so e s000 0 d.o
12- 1-53 D,S Sand ses seene Soft.
9-17"53 D,S deoe LR IR NN Hard.-
l2- 1-53 D,S Sand cos cevee Soft.
12- 1-53 D,S  Sand e cenee do
9'17'53 S Gravel LR tce0e 0 Hardc
ceesnsne D Gravel ses veses
12' 1-53 D,S Sand e se0ee Hardo
12" 1'53 D Gravel so e seeee d.o
12"‘ 2'53 D,S Sand. L escoe do
cssnwass DS Sand x Wk, Adequate supply.
10~ 6-53 8 Sand g cenne Hardg;ss 215 ppm; temperature
m .
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TABLE 2.-- RECORDS CF WELLS

Location Owner or Depth of Diameter Type Date Depth to
no. name well(feet) (inches) of or year water{fest
well completed below land

surface)

131-50 -- Continued

33beca Sheyenne Land cee 2 Dv TPT" ——
Grazing Association

3kdda Test hole 817 110 5 Dr . % e

35bab E. Medenwaldt 32 2 Dv W—

35¢eb do Spring sed ses crue v Wi

35dca August Pankow 20 2 Dv s T

36cedb Test hole 816 60 5 Dr 11-18-53 iww
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AND TEST HOLES ~-- Continued

Date of Use Aquifer Chemical Elevation Remarks
measure=- of analysis of lend
ment water surface
ET— s - 5 h swaas Hardness 145 ppm.; temperature
h9OFo
11‘18"53 e e so0 X 1,063 See log-
o0 s 00O b D *e0 8V s o0 a8 9 o8 SOft-
EENAAHEE AN N —_— cesee Flows all year; T75-100 gpm (est);
till-delta sand contact.
9"25"53 D Sand X I E R RS . K
T cune . 1,076 See log.

- 370 -




TABLE 3.--LOGS OF TEST HOLES

130-49~17aaa
Test hole 821
Formation Material : ; Thickness = Depth
(feet) (feet)
Lake Agassiz deposits (deltaic):
Sand, very fine, llght»gray.............. 6 6
Clay, light-greyessasssvssssssossnnisnnns 9
Sand, very fine to fine, some clay.ee.... h6 55
Send, very fine, much Cla¥eeceessecsceses 43 98
Till and associated melt-water deposits:
Till,* lig}lt"'grayoo-oo.ooooooo-ooooonuooo 63 161
BENE &0 EYEFRl avvsnwnnn s RN 2 163
Till, light-gray to medium-gray.cceeeeee. 37 200
*Till refers to an unsorted mixture of clay, sand, and gravel.
In the Hankinson area it is predominantly clay and usually will not
yield water readily.
130-49-1Tcce
Test hole 813
Lake Agassiz deposits (deltaic):
Clay, silt, and sand, very fin€eeeececsss 7 T
Sand, very fine to fine, light-grey...e.. L3 50
Send, very fine, and considerable amounts
of ¢clay and sillbscccsevessacosnesasinne 22 T2
Till and associated melt-water deposits:
Ti1l, soft, llght-grafcsvecssnncrsunssaves 30 102
Sand...-.............-..-...-.........-.. 3 105
T11l, light=grayeecccesecscsocsconcnnnsns ey 132
Sa.nd. and gravel........................‘-. 14- 136
Till, light-gray to medium-grey..ceeceees 105 241
Sand, fine t0 COBISEeesercsscscsssessoscas 8 2hg
Till, hard’ med.ium-@ay-ootoc-oa-oonooo.o 25 27’-'-
Benton(?) shale:
Shele, clayey, very dark-grey to black... 109 383
Granite, decomposed:
Clay, white; grading downward into green,
probably kaolinitic.essssecscsosscccessd 17 400
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TABLE 3.--LOGS OF TEST HOLES -- Continued

13C-k5-17d4dd
Test hole 81k

Formation Material

Lake Agassiz deposits (deltaic):
Clay, sandy, OrangCeseccoccesscscsascsccs
Clay, light-grayoooaoooooooocoocoo0ooc.-c
Silt and sand, very fine.ceeccssvevoscnss
Ti11 and associated melt-water deposits:
Till, light-grayecescececocescsccsscsoces
Sand, coarse to very coarse, small amount
Of ClaYeeososscccossossscscssssscacncnss
Sand and gravel, boulders at bottom......
Benton(?) shale:
Shale, silty, very dark-grayececseccceces

130-49-204d4
Test hole 822

Lake Agassiz deposits (deltaic):
Clay, silty, limonitic concretions,
grayish-orange.ceescscescsscssscsccvans
Silt and sand, very fine, light-gray.....
Till and associated melt-water deposits:
Till, lisht”graYo-ooo.ooooo-ooooooooooo.o
Sand, gravel, and Clayecescesscssesccccce
Till, light-gray to medium-grayecsececeses

130-49-22a88
Test hole 815

Lake Agassiz deposits:
Clay, silty, grayish-orang@ececccecescoss
Till and associated melt-water deposits:
Till, light"gray.........................
Sand.ﬂ.....lllii.il.'O..‘.ll......l....‘..
Till, lightﬂgray............-............
Sand, gravel, and Clayseccecsscscscsosccs
Till, light“graYoooocoooocn...ooo..oto"o
Sand and ClaYeccesseosssscossoccrccnsscans
Till, hard, medium-grayecceccoescecccccsss
Benton(?) shale:
Cley, fine-grained; hard-drilling, very
dark-gray.-.......................-..-.
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Thickness -Depth
(feet) (feet)
n 4

L 8
L6 sk
T8 132
8 140
39 179
11 190
16 16
L9 65
61 126
23 1ko
51 200
16 16
66 82
3 85

L 89
13 102
Ly 106

3 109
119 228
52 280




TABLE 3.--10GS OF TEST HOLES -~ Continued

130-50=2ccal
Test hole 803

Formation Material

Lake Agassiz deposits (deltailc):
Sanfl, very fine and 8ilteessanencvsnsnonse
Sand, very fine to fine, light-gray...e..
Sand, very fine to fine, yellowish-gray..
Send, very fine to fine, light-gray.ecce..

130-50-3chbb
Test hole 818

Lake Agassiz deposite (deltaic):
Sand, fine, DrowWhes.ssesessacessccosssens
Clay, BrOYseossccscososssesossecssvsssssase
Sand, very flne; clayeyeeseesesssosvesess
Sand, very fine; small asmount of clay....
Till and associated melt-water deposits:
Till, light"g'a-y-oc-onooco.oo-ooonoo.o.oo

130-50-11bab
Test hole 806

Leke Agassiz deposits (deltaic):

Sand, very fine to fine; much carbonaceous

matteriallltoﬁﬁil.lotl.ll’........'l..l.

Sand, light-gray, very fine to fine...es.
Till and assoclated melt-water deposits:

Till, sendy; light-gray, becoming darker
gray with increasing deptheceecsescoccs
Benton(?) shale: ‘

Cley, very fine-grained, very dark-gray

'to black....-..ib.ll.l‘.’.’....l....!..

130-50-11dbb
Test hole 807

Leke Agassiz deposits (delteic):
Send, very fine to fine, yellowish-gray..
Sand, very fine to fine, light-grey.e.c..
Till and assoclated melt-water deposits:
Till, medilm-gray........................
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Thickness Depth
(feet) (feet)
18 18
17 33
5 it}
30 T0
6 6
5 ik
9 20
46 66
14 80
17 17
g1 108
257 365
35 ilele)
9 8
93 102
8 110




TABLE 3.--LOGS OF TEST HOLES -- Continued

130-50-11lddce
Test hole 808
Formation Material Thickness - Depth
feet feet)
Leke Agassiz deposits (deltaic):
Sand, very fine to fine.eesscscesccsccasns T T
Sand, very fine to fine, much carbonaceous
mﬁterial...................u.......... pod 9
Sand, very fine, silty, light-#ray.ceece.. 61 70
Sand, very fine; considerable amounts of
clay and silt; small snail shellSe.seses 27 o7
Till and asgociated melt-water deposits:
Till, 1ight-gray....-...........-........ 13 llO
130-50-13bdd
Test hole 819
5}
Lake Agassiz deposits (deltaic): ‘
Sand, very fine, brown. Abundant small
srlaﬂ?:shells.0.00.0...0......0...0...0. 6 6
Sand, very fine to fine, light-gray.secs.. 48 5l
Sand, very fine, clayey, light-greay.eceees 32 86
Cla-y', Sa.ndy, lish.t'graYQQOOoonoo.ou.o-ooo 8 9’-’-
Till and associated melt-water deposits:
Till’ light-gr&y.....-......---........-.. 6 lOO
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TABLE 3.--LOGS OF TEST HOLES -- Continued

130-50-13dcc
Test hole 812

Formation Material

Lake Agassiz deposits (deltaic): .
' Sand, very fine to fine, yellowish-gray..
Sand, very fine to fine, light-gray......
Saand, fine.0.0...'CO..t....".‘........l’
Sand, very fine, clayey.esssccsccsscocosns
Clay, silty, sandy, medium-graye.ecessecss
Clay, silt, and much partly carbonized
wood; one small conifer branch i
recognizablecsssscosesscuncacessanesace
Till and associated melt-water deposits:
Cley ool BEBl.swosrsnnenswswvpewssssyssss
Till (?) weathered; samples consist of
yellowish-gray clay, sand, and gravel,
and pleces of decayed WOOReeeeseocesses
Till, medium-grayo-o.occ-oaooocoo--cnaooo

Sand’ alnd gravel...ll...".‘..’..........:

Till, medium-gray........................

Sand and g‘avel..‘.l.'.l'....l..l....l...

Till, medium-gray'...-...a....-,.....-.....
Benton(?) shale: v

Clay, very fine-grained, very dark-gray..

130-50-1hada
Test hole 809

Lake Agassiz deposits (deltaic):
Clay, sandy, yellowish=grayececccecccoscsse
Sand, very fine to fine, light-gray...e..
Sand, very fine, and silltesescercoccccces
Clay and silt, iight-grayecscccsossccssss
Till and assoclated melt-water deposits:
Till, medim"gra-yoococoocoocnoocoo-oaooco
Band and ErEvElesces snennnevnai s sy
Till, medi'un)."gray-o-oo'c‘cﬁooo.ooco.ooocoo
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Thickness Depth
(feet) (feet)

6 6
13 19
8 27
69 96
6 102
18 120
20 140
15 155
28 183
L 187

6 193

3 196
52 248
2 250
8 8
b2 50

- 22 T2
33 105
33 138
2 140
50 190




TABLE 3.--~LOGS OF TEST HOLES -- Continued

130-50-1kdad
Test hole 810

Formation Material : Thickness Depth
(feet) ;(feet)

Lake Agassiz deposits: (deltaic)¥ .
10

Cla:f and Silt, yell@wish-gray.....‘...... 10
Sand, very fine, clayeYeeessssesssscccees 11 21
Sand, very fine to coarse, clayeyecesssse 9 30
Sand, very fine, clayeyecoesccscceccsnses 20 50
Sand, very fine, clayey; probably clesner
tHED D0V eeessnrasiésbsdiibdsssninsios 35 85
Till and associated melt-water deposits:
Til.l., ligh't-gray-......a.....--.;......-. 15 lOO
#The delta sands from this site are finer and dirtier than from
test hole sites farther north.
130-50-1kddd
Test hole 811
Lake Agassiz deposits (deltaic):
Cla:y, y‘EIlOWiSh-gray-........-.--........"5- ’4‘ L"
Cla:f’ ligh’b-gr&y‘..-........-............. 3 7
Sand, very fine to finCceeeccaccossvcsnes 33 ’4»0
Sand., mostly finecensesscesoccscacssncees 5 hs
Sa.nd, very fine to fineoooo.cooo-oooo.ocoo 36 81
Clay, (?); samples contain mostly sand
b11t drill hard.OOOOOOQO00‘0..0‘.....00. 16 97
Sand, fine to very coarse, clayeyeeceoeess 23 120
Sa.nd., very coarse, and gravel............ 15 135
Gravel, fine t0 mediUMeseecssccsvovscccns 31 166
Till and assoclated melt-water deposits:
Til«l’ li@t—gray..l......‘...‘..."“.‘.‘ ll" l&
130-50-2hace
Test hole 820
Leke Agassiz deposite (deltaic):
Cl&y, Sandy, ligllt-bro'wnooooo.oo-‘ooocooo ’-" ’4-
Sand, very fine to fine, light-brown.e... 16 20
Sand, very fine to fine, light-grayeecs.. 10 30
Sand, mostly fine (coarser then above)... 15 Ls
Sand, very fine to coarse, and gravel,
very fine; composed of shale.sescsscace T 52
Till and associlated melt-water deposits:
Til.l, li@t"gmy.-cooo.o.ooo..ao.o.-ovooo 8 &
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TABLE 3.--LOGS OF TEST HOLES -- Continued

131-50-34ddd
Test hole 817

Formation Material

Lake Agassiz deposits (deltaic):
Clay, Sa.nd.y', light—gr&y..................
Sand, very fine to fine, light-gray......
Clay, soft, light-grayeecescecccocosccsces

131-50-36¢eb
Test hole 816

Lake Agassiz deposits (deltaic):
Clay and sand; very fine, carbonaceous,
davrk’brown.‘.l‘.O'C.C..O.l‘.l.....'...l
Sand, very fine to fin€ssescsescscocvccnse
Till and associated melt-water deposits:
Till, soft~drilling, light-gray.ccececscecs
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Thickness  Depth
(feet) (feet)

13 13

9 92

18 110

T T

35 L2

18 €0
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