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GROUND-WATER SURVEY CF THE SHEYENNE AREA
EDDY COUNTY, NORTH DAKOTA

INTRODUCTION
Purpose and Scope

At the request of the village of Sheyenne, the North Dakota State water
Commlssion~ in October 1963, conducted a ground-water survey in the vicinity
of Sheyenneo The purpose of the survey was to locate an additional supply
of water for the vii lageo

The survey consisted of a selected well Inventory, collection of water
samples for chemical analyses, test drll ling and observation wel I installation,
one preliminary pumping test, compilation of existing data, and a geohydrologic
interpretation of the areao The study was under the direct supervision of
the authoro Test drilling was done by Lewis and Lanny Knutsono Chemical
analyses were performed at the State Laboratories, Blsmarcko

Special acknowledgements are due to Mro Vernon Hansen for his fine
cooperatlono His generosity in infonmatlon, tlme~ labor, and materials Is
greatly appreciatedo Norman Stai, wel I dri Iler, and Paul Wold of the Bureau
of Reclamation, Bismarck, were very helpful in furnishing logs and other datao

Location ~ general features

The Sheyenne area, as described in this report, consists of 16 square
miles In To 150 No, R:o66 '110 in northwestern Eddy Count Yo It is Included In
the Central LO\1l'landphysiographic province of North Dakota as shown In Figure 10
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Topograph It:aIIy the area var ies from the knobby range of hill sin the
southern and eastern parts of the area to the essentially flat-bottomed
floodplain of the Sheyenne River In the northern part of the area. Elevation
varies from 1670 feet above sea level in the southeast to about 1410 feet,
which is the uSllal sur-face water level in the Sheyenne River.

The entire area is within the drainage basin of the Sheyenne River$
however, an intE~grated dra inage system has not deve loped. The one interml ttent
stream in the ar'ea, wh ich heads In the swampy area southwest of Sheyenne,
drains into I:JarsdngLake. The main water supply to this man-made lake, however,
is from springs. Erosion in recent time has contributed little to the present
topography.

Dryland farming is the major occupation in the Sheyenne area. The Bureau
of Reclamation irrigated 118.3 acres on a development farnl immediately west
of Sheyenne froITI1956 to 1960. The Sheyenne Sand and Gravel Company, located
approximately I~'miles northwest of Sheyenne employs several men.

Sheyenne, population 423 in 1960, is the only town in the area. It is
located on Uo S. HiQh~~y 281 and is served by the Northern Pacific Rai Iway.
Climatological data are not avai lable for Sheyenne, however, the U. S. Weather
Bureau maintains weather stations at several towns in this part of the State.
Records from the 1962 annual su~~~ry of the Weather Bureau show the average
annual temperature and precipitation for the following~ Devi Is Lake -- 38.8° F'
and 16.98 Inches~ I-laddock- 39.5° F' and 16.54 inches~ F'essenden -- 40000 F' and
17.27 inches~ Carrington -- 39.20 F' and 17046 inches. In 1962 t1cHenry recorded
an average of 38.2° F' and 21.20 Inches with Sykeston and Warwick recording
19.55 and 26.85 inches of precipitation respectively.
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P~esent Wate~ Supply

The presel'lltwah~ suppl y (1964) fo~ the village of Sheyenne is obta ined
from a well prE~viously owned by the Northe~n Pacific Rai Iway Companyo The well
is 25 feet deE~p and app~oximately 24 feet in diamete~o The well was originally
dug to provide water for stean~powered locomotiveso

Prior to the in!iitallation of water and sewage facilities in 1959,
shallow privat~ wells p~ovided the water supply for ~esidents of Sheyenneo
Now the water supply is chlo~inated at the pumphouse in the southwest corner
of the vi Ilage and pumped to a 50,000 gal Ion ove~head storage ~eservoi~ f~om
whence It is dist~ibuted in mains to the residentso Sewage is disposed of
in a 46 acre wclste stab iIizat Ion pond located approx imate Iy one-quarte~ mile
east of the vii lageo

Normally the vi Ilage wel I p~ovides adequate water to meet demandso No
statistics are avai ISlble on wate~ consumed in the vi I lage, but N~o Vernon
Hansen (1963, personell communcation) estimated average winter and sp~ing
consumption of about 36,000 to 31,000 gal Ions per day and summer and fal I
consumption up to 42$,000 gallons pe~ dayo

In the late sunmer of 1963 the water level in the vii lage wel I declined
below the soul"(:eof ",ater supplying the well, thus c~eating a water shortage
and instigatin~1 this studyo In the meantime, however, to alleviate the wate~
shortage, the \fell WelS artificially recharged by pumping water from the
Sheyenne River to the site of the well and a/lowint it to percolate Into
the sandy soil .. The pump, formerly Installed by the Bureau of Reclamation
for irrigating a portion of the development farm immediately west of Sheyenne,
was located on the south bank of the Sheyenne River near the Sheyenne Sand
and Grave I COml)anyo From th is po int the water was lifted 80' to the northwest
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corner of the NE.\:NV/!of section 8 through a 1$550 foot long 1211 welded steel
pipeline. Front this point water flowed by gravity through a series of
irrigation ditches to an infiltration pond constructed near the vi Ilage well.
\"Jater was pumpc!d for a period of two weeks after which the natural water
level in the we!11 rO~je sufficiently to meet the water demand.

Previous Investigations

A general study of the geology and ground-water resources of Eddy County
was made by Simpson 1[1929$ p. 127-129) in which he discusses water-bearing
strata of the c:ounty" Abbott and Voed isch (1938, p. 56-57) inc Iude a chernica I
analyses of water from a well in Sheyenne in their report on municipal ground-
water supp 1ies.,

The Sheyenne area is located in the south central portion of the area
studied by Tetl~ick (1949). The topography, stratigraphy, and glacial features
of the area are discussed in his report along with his observations of sand
and gravel deposits and ground-water resources.

i'-luchva Iui:1bIe h:fdroIog ic data are inc Iuded in the annua I reports (1956-
1960) on I'lorthDakoti:tDevelopment Farms prepared by the Bureau of Reclamation.
The 1956 report contiains the first report on the Sheyenne Deve lopment Farm and
includes information on history, soi Is, irrigation features$ special studies,
ground-water levels, and agricultural statistics of the fanm.

The North Dakot;a State Department of Hea Ith (1964) inc Iudes a chernica I
analyses of the chlorinated municipal water supply of Sheyenne in their
compilation of North Dakota municipal waters.

An investigation of ground-water resources of Foster-Eddy Counties was
begun in 1962 and is presently In progress. The investigation is scheduled
for completion in 1966.
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Wel I-numbering System

The well-numbering system used in this report~ illustrated in F"igure 2~
is based on the location of the well in the F"ederal system of rectangular
surveys of publ ic landso The first number denotes the township north and the
second number denotes the range westf both referred to the F"ifth principal
meridian and base line; the third number denotes the section in which the well
is locatedo The letters a~ b~ c, and d designate respectively the northeast$
northwest$ southwest:l and southeast quarter sect ions$ quarter-quarter sect ions~
and quarter-qucsrter-quarter sect ions (la-acre tracts) 0 Consecut ive termi na I
nurneraIs are added i'f more than one we II is located in a la-acre tract 0 Thus
well 150-66-151:1aa would be located in the NE!NEisE* seco 15$ Twpo 150 NO$
Rgeo 66 'V/o

GEOLOGY

Geologic information was gained from previously existing geologic reports
and maps, soi Is maps$ aerial photographs$ topographic "~pS, test hole logs,
and observation of conditions as they exist in the Sheyenne areao

Pierre Shale

The Pierre Shale is the only bedrock fonl~tion which crops out Dr
underlies al I glacial or glaciofluvial deposits in the areao AI I test holes
encountered the shale at relatively shallow depthso

The Pierre Shale consists essentially of a uniformly fine-textured, dark
bluish gray or greenish gray, argillaceous marine shale which was deposited
dur ing Late Cretaceous t imeo \'Jhereexposed and weathered» such as the road
cuts immediatE:ly nor'th of Sheyenne, where Uo So Highway 281 descends into the
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Sheyenne River Valley (Figure 3)~ the shale appears as a medium-gray clay
characterized by polygonal mud-crack forms.

The Sheyenne River has cut a narrow valley into the Pierre Shale to
a depth of at least 130 feet. However~ as much as 80 feet of this cut has
been refll led by river deposits. Outside the val ley the surface of the shale
appears to be gently to moderately undulating plain~ now overlain by glacial
and glaciofluvial deposits.

The summary of the Calvert Exploration Co.-State #1 oil test drl lied in
the NE~~Ei section a~ Twp. 150 N., Rge. 65 W., approximately 6 miles east of
Sheyenne~ indicates formations below the Pierre Shale are included in the
fol lowing geologic systems -- Cretaceous~ Jurassic~ Mississippian~ Devonian,
Si lurian, Ordovician, and Precambrian. Precambrian granite was encountered
at a depth of 3:,860 I., Surface e Ievat ion at the site is 1,550' above sea Ieve 10

The Dakota Sandstone, an extensive water-bearing formation, was encountered
at a depth of 1,574 feet.

Recessional Moraines

The on IY g:lac ia I depos Its exposed In the Sheyenne area are recess Iona I
mora ines 0 Thue mored nu are character ized by knob and kett Ie topography and
are the result of a sitandstill of glacial ice which allowed material to be
deposited alon~1 the terminal edge of the ice. The material composing the
moraines Is a dark gray, heterogeneous mixture of clay, sl It, sand, pebbles~
cobb Ies~ and bCluIden;, co IIect ive Iy termed till. The c lay and s iIt has been
derived from the Pierre Shale and other Cretaceous clays and shales, most of
which has been incorporated into the till from local areas over which the ice
passed. The limestone and granitic cobbles and boulders were derived from
areas in Canadcl WherE! the ice sheet or ig inated.
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The recessional moraine In the southern and eastern part of the Sheyenne
area (FIgure 3;1 Is pC!lrtof an ext ens Ive mora Ina I camp Iex known as the
Helmdal (·lorainE!. ThE! isolated moraine~ trending southeast through section 7
and continuing into section 17~ Is also part of the Heimdal Moraine but
has been separC!lted from the main moraine by erosion by glacial meltwaters.
Evidence of erosion is indicated by the subdued topography on the Isolated
moraine as compared to the rugged topography of the main part of the Helmdal
Moraine~ which is also higher in elevation.

Outwash

Outwash was deposited in the Sheyenne area during the retreat of the
g Iac Iers from the arc2a. \'Jatersder Ived from the me It ing g lac iers estab Iished
a course through the glacial deposits~ eroding and reworking the materlalss and
eventually depositing the sorted sediments In meltwater channels~ or broad
outwash plains.

The outwash in the Sheyenne area Is essentially a channel deposit
consisting of si It~ reworked tll Is sand~ and fine gravel. The silt and reworked
till is concentrated in a band extend Ingsoutheast from the Iso Iated mora i ne
previously described~ to the main part of the Helmdal Moraine (Figure 3).
In other words those parts of sections 16~ 17~ 20, and 21 which would be
covered if the isolated moraine was continuous at the surface to the southeastc
Sma II 'i s lands' of und isturbed till are found in th Is area end are marked by
numerous boulders at the surface in spots where they occur. Sand and fine
gravel are found in the remainder of the area shown as outwash In Figure 3. The
sand and gravel is well-sorted and attains thicknesses of up to 40 feet.



"
Terraces

Following the deposition of outwash and the final retreat of the glaciers»
the Sheyenne River began to entrench into the surficial materials. Three
stages of river development are exposed in the Sheyenne area and are
ind icated by two separate terraces and a IIuv ium in the f Ioodp Ia in of the
Sheyenne Rivero

The two well-formed and distinct bench-like terraces are shown in Figure
30 Terrace Noo 2 was deposited first and approximates an elevation of 1480
feet above sea levelo Terrace No. I is found at an elevation of about 1460'.

The terraces were deposited during the early stages of development of the
Sheyenne River when the volume of water was much greater than the present
day Sheyenne River ever carries~ even during maximum flood stageo This large
amount of water was due to melting of glaciers, mainly to the northwest of
the Sheyenne area.

The terrace deposits overlie the Pierre Shale in the eastern half of the
Sheyenne area and glacial til I in the western half. They may attain a
thickness of 30 feet or more but average about 20 feeto The material of
the terraces varies widely in size, however, the vertical distribution of
any size is relatively uniform in anyone sectiono Terrace Noo 2 above the
Sheyenne Sand and Gravel Company is not being presently mined because it
Is predominately sand with very little gravel 0 Terrace No. I, on which the
sand and gravel company is located contains the variation of sizes required
by a company \t,i'hich 't,I'ashessand and grave I for market ing 0

Alluvium

The present day Sheyenne River is only a few feet wide except during
flood stageo The floodplain varies from one-fourth to over one-half ml Ie wide.
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The original valley, measured across the top at Sheyenne, Is two miles wide
and IIIustratc:~s the difference between the ancestra I Sheyenne River and the
pr~sent streal1lo

Recent al luviunl In the floodplain of the Sheyenne River consists of si It
and sandQ Thickness of the alluvium Is variable but generally less than
10 feeto Below the alluvium are found outwash deposits consisting essentially
of sand or g,-avelo This outwash was deposited in the channel of the
Sheyenne Ri ver- as the supp Iy of water from the northwest began to decrease and
the river no Iionger had the capabi Iity to transport the coarser materlalso
About 70 feet of outwash was encountered In a test ho Ie near the Sheyenne
Sand and Gravel Company in the valley of the Sheyenne Rivero The material
Is genera IIy ''IeII-sorted j however» occas iona I Iayers of s IIt and clay were
encountered 0

Figure 4 Is a r~p of the Sheyenne area which shows the location of test
holes and wel Is used in the Interpretation of ground-water conditions in
the areao It also shows the location of geologic cross-sections which are
illustrated 11"1 Figuires Sa, b» and Co These cross-sections show the
configuration of thle surface» subsurface conditions as they exist at each
test hole or 'N'ell»i!lndthe nature of the material encountered at each siteo
Tab Ie 3 In th'2 back of the report conta ins a record of the test ho Ies and
wellso Table 4 con:sists of logs of the test holes and wells and includes
a description of th'2 materials which were penetratedo

OCCURRENCE OF GROUND WATER
~r-bearing characteristics~!h! geologic units

Pierre Shale

Any form!ltion lor strata that y Ie Ids water to we" s is ca IIed an aqu Ifer 0

The Pierre Shale In the Sheyenne area could be considered a weak aquifero



T
150

N

--'*'22

3

10

o
28.35
24.34

o .!!:Q
17.46

21

4

....

5

...'

17

20

..•. -
- -"""--

c

6

18
~-

7

R 66 W

140
0-

34
oi39ii

.,,,,,-
" -

T
150

N

Base prepared from U.S.G.S. Oberon S. W. and Sheyenne 7 1/2' QuadranQle.

1/2
SCALEo . I MILE

N Q 28.35 UPPER NUMBER DENOTES DEPTH OF WELL

1
0i4.iii WATER WELL LOWER NUMBER DENOTES DEPTH TO WATER

G"SPRlNG
A A'L- --' ~SWAMP

• S-I VILLAGE TEST HOLE DRILLiED BY NOFIMAN STAI

• BR9 BUREAU OF RECLAMATION TEST HOL.E

.2 TEST KOLE

(~) INTERMITTENT LAKE

Location of croll-lletion IMwn in Fleure 5

FIGI,JRE4--MAP OF THE SHEYENNE AREA SHOWlftG LOCATION OF SELECTED WELLS,
TEST HOLES AND GEOLOGIC CROSS-SECTIONS.



A
NORTH

BRI3

A
SOUTH

1460

1480

1440

1420

1380

1400

1340

1320

1360

9

CLAY

2000 FT.
,

IIIlIIIJ

[I,,..•......:••J::~,,,

SAND a GltAVEL

SAND

1000

II

SCALE

PIERR E SHALE

EXPLANATION

o

PIERRE SHALE

TILL

""f/ - -.-I'OF CLAY

500

SILT

" ,,'.... '........'.........,

GRAVEL

l
I

I

FU;URE 5 o--GEOLOGIC CROSS SECTION A-A'
IN THE SHEYENNE AREA

(LOCATION OF SECTION A-A' SHOWN IN FIGURE 4)

>-
•••
...J
...J
C
>
II:
•••>
II:

•••z
z
•••>-
•••
%
III

1440

1340

1460

1480

1360

1320

..J
UJ

~1420
..J

cs:
UJ
(f)

UJ

~ 1400
m
cs:

p

UJ
o
;:)
I-

~ 1380
cs:

1300 1300



8'

1340

13.0

1460

1480

1500SOUTH

us 211

••---•__ a

lOOO fT.

.•.•-.•.•-

,,~,
Im:I~

I I
II---- SHEYENNE----tt
I I

12

CUT•EXPLANATION

•••••

NORTH

1340

8
1500

..J
••• l440

1440
> ••• ~ IllY •• tMLUY

1&1 PIERRE SHAl.E
..J

c
•••III

••• 1420
1420

>
0
III
C

•••0~~
1400

1400
~
..J
c

1310

FIGURE5b--GEOLOGIC CROSS SECTION H' IN THE SHEYENNE AREA
(LOCATION Of SECTION I-II' SHOWN IN fl8URE 4)



1460

1480

-2000 FT.
~

EAST

SCALE

o 1000

US 2BI

m:::I~

1000 500
~

lAIC) • IJft.VEl..

1420

BRI

1440

1460

1480

•
P1E.ME SHALE

0'
EAST

BRSP

SILTCLAY

IIlllIID

EXPLANATION

L-.. P_I_E_R_R_E_SH-A--L-E-------------C::

SAND

----

TILL

~m::.;a

PIERRESHALE

~Ii:i:i:a

1420

w
~ 1460
III
c
.J
o
::>~
~ 1440
.J
<I

c
Q'

E
WEST

EAST

BRllS

WEST

BRI3
BRIO

.J
BR3

w
BRZ"

> 1480
1480

w
:'

.J
--

C
W
(/l

W

> 1460 "-
1460

-
0 "-
III
C

....
W

-?
0
::>

j-~
1440

1440

~
.J
c

1420
1420

0
WEST

.J
w BRI2
> 1480w "

.J

C ~
W

"
(/l

FIGURE 5c--GEOLOGIC OROSS SEOTIONS 0-0:0-0' AND E-E'IN THE SHEYENNE AREA
(LOC,ATION OF SECTIONS C-C',O-O'AND E-E'SHOWN IN FIGURE 4)



17

Because the formation is composed primarily of clay~ water is held in the
n~terial and released very slowly to a well penetrating it. Nearly al I wells
in the Pierre Shale recover water from fractured shale near the top of the
formation or from sandy layers within it. Yields from such wel Is are small
and generally nondependable. Waters found beneath the Pierre Shale are not
generally suitable for a municipal supply.

Recessional Moraines

The recessional moraines in the Sheyenne area also constitute a weak
aquifer. Ti II, the material of which the moraines are made up~ consists
essentially of clay and silt~ and does not readily release water. Most wet Is
dri lied in moraine deposits tap sand or gravel pockets included in the ti II.
Sand and gravel readi Iy release water to a wel I~ but the yield depends upon
the thickness and lateral extent of the sand or gravel. Some wells~ usually
12 to 18 inches in diameter~ supply enough water for stock or domestic uses,
whereas others are of the 'bucket in the morning, bucket in the evening' type.
It isnot uncorrrnonfor farms located in the morainal areas to have a cistern
in which rainwclter is stored for domestic use. In some instances water is
hauled from we!lls located outside the morainal areas.

Outwash

The outwa!~h area shown in Figure 3~ with the exception of portions of
sections 16, 17,20, and 21, can be considered a very good aquifer. Shallow
wells~ often Ili!sSthan 30 feet deep~ are practically assured of a good water
supply. SIT,all diameter driven sandpoint wel Is, in most cases~ wi II supply
demands for ordinary domestic or stock uses.
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Those parts of sections 16, 17, 201l and 21 in which the outwash consists
of s iIt and re'rlOrkedtill conta in a poor aqu ifer and, in fact, the materi a I
actua IIy b Iock:s the natura I subsurface dra inage to the northeast, thus crea t ing
the sloughs and lake in sections 1711 18, 19, and 200 The outwash in the
southwest corner of section 17, in sections 18 and 19, and in the northwest
corner of section 20 are underlain by sand and gravel and probably constitutes
a source of water capable of supplying the requirements of the vii lage of
Sheyenne. The area was not thoroughly investigated, however, because of the
distance from the vi Ilage. It is conceivable that water from this area
could be uti lized in recharging the city well field by constructing a trench
or drainage ditch from the lake to the near vicinity of the well, a distance

of approximately 2~ miles.

Terraces

The river terraces, along with the outwash sand and gravel, furnish the
only reliable source of ground water in the area. Because of the limited
thickness of the terrace deposits in places, wel Is generally penetrate the
entire thickness of terrace sand and gravel and bottom out on the upper
surface of the Pierre Shale or glacial ti II. Some of the older hand dug wel Is
were dug a few feet deeper into the shale or ti II in order to create a
reservoir for water storage during periods of low water levels.

Because the surface of the shale and ti II underlying the terrace and
outwash deposits is undulating, a buried "s\tlelland swale" topography exists.
The swales naturally contain greater thicknesses of saturated sand and gravel.
Such being thE! case, a well dug in a swale would have a greater saturated
area to draw from than a well located on a swell.
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In connection with this study, it was determined that the present
village well Is located on a swell with a shale surface elevation of 1470
feet. l'Jestof the we II and trend ing in a northwester Iy direct Ion is a
swale (Figure 6). In the extreme corner of section 0 the bedrock surface
is at 1450 feet, a difference of 20 feet in elevation from this point to
the well. At this pOint there was approximately 6 feet more of saturated
sand and gravel than at the wel I site.

On April 1-3, 1959, personnel of the U. S. Geological Survey conducted
an aquifer test on the prospective city supply wel I for the village of
Sheyenne. The well was pumped for a period of 24 hours at an average rate of
60 gpm (gallons per r.iinute)after which it was shut off" Calculations
Involving data collected during the test indicate the aquifer has a coefficient
of transmissibility (a measure of the ability of the aquifer to transmit
water) of about 7,000 gallons per day per foot. In other words for each
foot of drawdown in a well being pumped, the well wi II produce 7,000 gallons
of water per day. Six feet of drawdown will therefore produce 42,000 gallons
per day, the average amount of water required by the vi Ilage of Sheyenne
during normal summer months.

Alluvium

Alluvium in the floodplain of the Sheyenne River is generally too fine
or shallow to constitute a source of water supply for Sheyenne. However,
underlying the alluvium are outwash sand and gravel which contain a source
of watervirtually untapped in the Sheyenne area. Significant amounts of sand
and gravel were encountered in test holes 4 and 18 (Figure 4). A well at
either site would be capable of producing the amount of water needed by the
vi Ilage. Test drilling Indicates the outwash deposits are variable in nature
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and perhaps discontinuous. In the event a production well were to be
dri lied into this outwash, a pilot well should be drilled first and a pumping
test performed in or'der to determine hydrologic characteristics of the
aquifero

Recharge

Ground-water rechar~e in the Sheyenne area is dependent entirely on
precipitation. Rainfall or snow melt on the permeable outwash and terrace
deposits is absorbed easily and quicklyo The capacity to absorb moisture
is very low in the morainal areas and thus most precipitation runs off and
infiltrates into the outwash or terraces.

Ground water infiltrates downward through the earth unti I it reaches
the water table. The water table is a surface below which all sediments are
saturated. The water table in the outwash and terrace deposits is a result
of bui Id up of ground water which has been prevented from percolating deeper
into the earth by the essentially impermeable Pierre Shale or till. When
ground water reaches the water table, therefore, it owves laterally, due to
the force of gravity, to points of lower elevation and eventually to a
discharge area.

As can be seen in Figure 6, the direction of lateral ground water movement
near Sheyenne is in a northerly direction toward the Sheyenne River. The
lateral movement of ground water in this area is continuous and because of
the high permeability of the sand and gravel it is quite rapid. Therefore,
unless the outwash and terraces are recharged by precipitation there is a
steady decline of the water table and in the event of a prolonged drouth,
many wells may go dry.

Recharge to a \'i'ellin any specific area is dependent upon the material
the well is d~veloped in. Recharge to wells developed in the Pierre Shale
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or ti II is very slo'w and a safe yield can be determined only by use.
Recharge to wells developed in outwash or terrace deposits is very good
and a safe yield of 5 gallons per minute for each foot of saturated sand
and gravel can be obtained. This figure was derived from a pumping test
performed in connection with this study in the extreme northwest corner
of section 9 and from data collected by the Uo S. Geological Survey in 19590
No data is available for estimating the safe yield of a well developed in
the outwash underlying the river alluvium, however, it would probably be
greater than 5 gpm. A pumping test would be necessary to determine a safe
yield from this outwash.

Discharge

Ground water is always in the process of movement from areas of recharge
to areas of discharge. Most notable of discharge areas in the Sheyenne
area are the spr Ings. No attempt has been made to est Imat e the alilountof
ground water last to springs, but the figure would be in mi Ilions of gallons
per yearo As shown In Figure 4, the springs are concentrated along the
Sheyenne Ri ver va IIey wa II and a long Viarsing Lake. The spr ings are the
result of the water table intersecting the surface of the land. There is
no possible way of preventing this great lass of ground water. The only
solution is to dig a well at the site of the spring and pump the water
before it is last to the spring. In areas where there are numerous springs,
such as in the southeast quarter of section 5, a series of sandpoint wel Is
would be effective in reducing ground water loss to springs and increasing
the water supply for Sheyenne.
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Other discharge areas in the Sheyenne area include evaporation from
open bod ies of water and so iI and water consl!med by vegetat ion 0 These
processes are a natural phenomenon and difficult to prevent as far as
enhancing a water supply is concernedo

~'ATER QUAL ITV

Ground water in the Sheyenne area is of meterolc orlglno Neteoric
water, water precipitated as rain or snow, contains only small amounts of
dissolved minerai mattero As soon as it reaches the earth, however, it
begins to react with the minerals of the soi I and rocks with which it comes
In contacto The amount and character of the mineral matter dissolved by
meteoric water:s depend upon the chemical composition and physical structure
of the rocks with which they have been in contact, the temperature pressure,
duration of contact l~nd the material already in solutiono The solvent
action of the \!later lisassisted by carbon dioxide in solution, derived from
the atmosphere and ol~ganic processes in the so II through wh Ich the water passeso

Qua IIty o~F sha Iilow ground water, in genera I, var Ies inverse Iy wi th
the quant ityZ \there llbundant Itis common Iy potab Ie, where sparse it Is
commonly highly mlner"allzedo Extent of mineralization, in general, varies
directly with depth; deeper bedrock waters being rllorehighly mineralized
than shallow ~lterso Deep artesian water Is usually highly minerallzedo
Sha IIow \'/ater il s, hO\'iever, more IIke Iy to be po IIuted from surface sources 0

The purity of water as regards the sanitary conditions must be determined
by inspection (If the Source and its surroundings and by bacteriological
examination of the wCltero The condition of a water as regardS pollution
may chan!:)eso quickl~, that the results of an examination at one time do not
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necessarily blear any relation to the purity of the water at another timeo

The minera I Clllnst i tlJents on the other hand, are fa ir Iy constant i n ~/ater

from a given source unless the source is a stream or river that carries

different quantities of dissolved material at different stages.

The quality of water for public supply and domestic use is conmonly

evaluated in Il"elatilJn to standards of the United States Public Health Service

for drinking 1l1ater. The standards, adopted in 1914 to protect the health

of the traveling public, were revised several times in subsequent years. The

latest revision by the Uo So PubliC Health Service (1963), approved by the

Secretary of HeaI th;/ Educat i on and t!e I fare~ are, in part, as fo II ows~

Table ,.-- Drinking water standards of the U" So Public Health Service

II"on (FIi!) -----------------------

Ni~gnesium (ivlg) -----------------

Sulfate (S04) -------------- _

Chloridli! (CI) ---------------------

Fluor id4i! (F) ------------------------

Nitrate (N03) -----------------------.

Di sso I vli!d so lids ----------------

.3 ppm (parts per
mi II ion)

125 ppm

250 ppm

250 ppm

t05 ppm

45 ppm

500 ppm

Table 2 lists :~4 analyses of water samples taken in the Sheyenne areao

All samples, lrlith the exception of the last one (15O-66-15cab), were taken

from out\'1ash or terrace depos its. The water qua Ii ty from these depos its is

very good, but the 11'1ateris quite hard. All salilples indicate the \'1ater is

suitable for domestic use and irrigationo No analyses of water from the

outwash underlying the river alluvium was taken, however, the water should al~

be of good qUi:llity ':md suitable for a municipal supply.
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TAELE 2 -- Record of Ch~nical

(ana~ytical results in parts

c
0c: 'l-

0 0 - L '+- .••.•.•... QI o U - -.•... .c QI 'l- QI N - .- - - IV'\ -10 ••.•• - 01 Ol- e QI 10 C1
~ - 0 ('/'\

u a. - 'l- :::J .•... - It. f.J % ~ u e
0 QlQI- r:r 10 0 en - '- - - - :I: U
-l 0::: -< au - - -

50-66-5cac Spring Terrace :fr~ 10-25-63 31 05 56 46 38 Co2 229 906
50-66-5cbd 16 Terrace =#=1 10-25-jJ 18 048 46 26 120 10 494 0
50-66-8aaa 22 Terrace :f/:2 19561 70 17 94 -- 250 24
50-66-8aad 20 Terrace :f/:2 1956 22 22 122 -- 49 24
50-66-8aba2 22 Outwash 1956 62 21 87 -- 201 15
50-66-8abc 32 Outwash 1956 340 -- 506 39
50-66-8abd 27 Outwash 1956 42 5 53 244 6
50-66-8aca 31 Outwash 1956 56 II 12 - 165 27
50-66-8acc; 23 Outwash 1956 66 13 7 - 183 15
50-66-8ac 32 Outwash 1956 12 12 179 -- 250 24
50-66- 8adc I 30 Outwash 1956 58 10 14 110 9

150-66-8baa2 33 Outwash 1956 50 12 14 110 9150-66-8bab 48 Outwash 1956 64 16 7 165 0150-66-8bac 37 Outwash 1956 56 9 14 165 3150-66-8bba 35 Outwash 1956 64 16 14 177 0
150-66-9 Y 18-20 Terrace *'2. 1938(1) 18 308 82 39 27 283150-66-9bbb2 21 Terrace #2 10-18-63 19 036 54 37 52 600 171 0
150-66-9bbd 25 Terrace 4f:2 1956 96 17 Ie 195 30
150-66-9bcb 30 Outwash 1956 46 6 71 207 18
150-66-9bcd 25 Outwash 1956 76 6 37 207 3
150-66-9cab 25 Terrace #2 10-25-63 16 064 56 17 135 15 444 0
150-66-9ca~ 25 Terrace :fr~ 0 108 24 50 342 38
150-66-9cbb 19 Outwash 1956 20 4 58 55 15
150-66-15cab 28.35 Ti II 10-21-63 17 042 240 141 57 10 605 0

11 All analysu ~I/ith1956 dates were
performed by Bureau of Reclamationo

Y Abbott and Voc!d isch, 1938 (p. 56-57) 0

Y North Dakota State Department of Health,
I 964 (p0 20-211)0
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Analyses

per mi II ion except as indicated)

E
U

01•••••••••
UIIl
c-

"0 e UIOO01
J ._~.t::.>

•••• uE-Ill
"0 .- J 0- - -0"0
0 u"O L.'<:j- rr'l 10 III.- Total hardness t,,) c= Q1CU0 a .....• 01-' Ul -

noncarbonate~ « 0.0·- J:(f) U lJ.. Z co 0·- 0 as CaC03 (f) (f)uE a.- - - - - .- "0 III

180 26 .2 0 0 522 328 125 20 .9 eOI 8.4
85 4 .4 I • I () 571 220 0 53 3.5 926 8.0

173 II 0 0 8.5
29 18 63.1 4.3 8.2
62 4 44.8 2.5 -- 803

163 28 96.1 23.9
806

14 0 4709 2.0 8.2
14 0 11.9 2 8.2
29 0 6.4- 2 8.4
86 74 83.0 9.0 8.4
86 7 1300 .4 802
38 7 14.6 .5 8.2
29 0 6.3 .5 8.2
10 0 14.6 .5 8.3
72 4 11.8 .5 8.2

109 21 .4 71 522 374
205 16 .3 20 0 501 284 145 28 1.3 801 802
53 II 11.4 .5 8.5
72 7 52.~i 2.5 C.3

101 7 27.1 100 7.9
115 20 .3 200 0 597 212 0 56 4.0 1000 7.6
158 18 Trace 2 847 368 1073 805
38 650B I.6 803

550 148 .6 60 .19 1530 1180 686 9 .7 2196 703



26

The ana Iyses of' water recovered from till shows tile water to be high IY
mineralized~ very hclrd~ and containing excessive nitrateso High nitrates
can cause patho Io~ ic:aI disorders in the human syster.land the Sta te Department
of Health should be notified when excessive nitrates are discoveredo No
analyses are avai lable of Pierre Shale waters in the Sheyenne area~ however~
these waters are conmonly highly mineralized and often salt Yo

RECOillENDAT IONS

The outwash and terrace deposits contain the only reliable source of
good quality water in the Sheyenne areao During the course of this survey
at least four possible ways of increasing the water supply for Sheyenne were
determinedo

Ground water stored in portions of sections 17~ 18~ 19~and 20 could
be uti lized in recharging the present village wello This could be done by
constructing a drainage ditch from the lake (Figo 3 and 4) to the infi Itration
pond adjacent to the vi Ilage wello By proper construction~ gravity flow
could be obtained and no pumps would be necessaryo

A second alternative would be to dig a new village well in the bedrock
swale in the extreme! northeast corner of section 80 Indications are this
is the nearest 10ca1tion to the vi IlaQe that a single well could produce the
Dallonage of water f"equired by the vi Ilageo Gallonage could be increased
by locating a well at or towards the site of test hole 19 (Figure 4)0

Pumping test data indicate a safe yield of 5 gpm for each saturated foot
of sand and ~ravel in the outwash and terrace depositso Therefore, a large
diameter well need OClt be installedo A 4- to 6-inch diameter well with a
4- or 5-foot screen would be just as effective as a large diameter wello
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Th ird Iy, the ar'ea north of test ho Ie 19 conta ins numerous spr ings wh ich
discharge thousands of gallons per montho In order to prevent this loss
of ground water and increase the ar.lountof water ava iI,abIe for a mun ic ipa I
supply, a series of sandpoint wells, traversin~ east to west above the
springs, could be installedo In effect, by pumping the sandpoint wells,
the water level woul!d be lowered and thus decreasing the supply of water to
the springs but supplying the water required for r.junicipal useo

In the event that future developments require larger amounts of water
than that presently needed or avai lable at Sheyenne, the outwash sand and
gravel underlying the alluvium in the Sheyenne River valley should be explored
further 0 It is POSl; ib Ie that a we II in these depos its cou Id produce from
100 to 400 gallons per minute if the deposits are hydrologically connectedo



TABLE 3 -- Records of Wells and Test Holes

Depth to water~ Neasured water levels in feet and
tenths or hundredths~ reported water levels In feet.,

Depth of well: Neasured depth In feet and
tenthsp reported depths in feet.,

Type of well: Drg dri I led; Du, dug; Dv, driven~ Bo,
bored; Au, augered; g.p.,rllo, Gallons per minuteo

C. A. - Chemical analysis P. A. - Partial chemical analysis

Use of water~ 0, domestic; U, unused; PS,
publiC supply; S, stock; T, test hole;
0, observation wel '0

@ - Approximate

L -Q/ .•....•... Q/ L
to Q/ .•... Q/
~"t:I"" C .•...

"t:I c- Q/
~ C

C L- Q/ o to E 0
0 Q/ U) .•... .•..•- Q/ •••.•Q/ L U)

.•..•Q/ Q/ U o L ••... Q/ .•... ~.•... L .s:::..•..• Q/.s:::. .s:::.~10 ::J 0 .•.. to L
10 Q/ .•..•Q/ E u Q/ Q/a. .•..•0 ••.• Q/ U) > 10
U 0 C a.Q/ 10 c a. .•..•c; a.- L •••.• 10 Q/ ::J Q/ eo 0 ~

Q/ •••.• >- 10 0 Q/ Q/ ::J 10 Q/ U) C" Q/...J2 0- 0- l- ou o.QU) CE ::J <! W a:: I\)OJ

150-66-3bcc Unknown 1900 36 Du 17046 10-21-63 U ••• 1472
~50-66-4bbb Test Hole 5 42 4 3/4 Dr 10-17-63 13088 10-21-63 T Shale 1439 See log
150-66-4cbb Test Hole 3 42 4 3/4 Dr 10-17-63 @3073 10-21-63 T Sand 1420 See log150-66-4ccd Test Hole 2 21 4 3/4 Dr 10-17-63 @1'033 10-21-63 T Sand 1472 See log
~50-66-4ada Test Hole 4 84 4 3/4 Dr 10-17-63 @5••17 10-21-63 T Sand 1430 See log150-66-5cab Test Hole 10 105 4 3/4 Dr 10-25-63 4.75 10-25-63 T Sand 1420 See log
150=66=5cac ;>heyenne Sand & Sand &

Gravel Company 19 1/2 Du 1957 14 0 Gravel 1440
150-66-5cbd Sheyenne Sand & Sand &

Gravel Company 16 1/2 Dv 1963 14 0 Gravel 1440 C.,A.,
150-66-5cda Test Hole 6 52 1/4 Dr 10-17-63 Dry 10-21-63 0 1482 See log-plastic

3/4
pipe installed

150-66-5ddb Test Hole 19 21 4 Dr 10-25-63 5.18 10-25-63 T Sand & 1455 See log
Gravel

150-66-6cda Carl Benson 140± 6" Dr S Shale 1485 Hard, sa 1ty150-66-6cdd Carl Benson 34 36 Du 1-24-56 13095 10-22-63 D$S Sand & 1495
Gravel

150-66-8aaa Bureau of Reclamation-22 4 Dr 1955 12.4 3-13-64 0 Sand & 1467.,4-See 10g,PoAo
~ welL Ft"n"~ ,



TABLE 3 -- Records of WeII s and Test Holes - Cont i nued
QI

~ U .•...
010 C

"C - .•.. <II C

C l..- QI o QI L ....e 0

0
QI III .•... .•..•.0 j- L (I)

•••• QI QI (I) .••.• o L .•.. QI .•... oX

L .c .••.• QI.c .&:.L QI j o L .•.. «J L

.•...
10 0 QI .••.• QI e u QI Qlo. .••.• QI"CQI QI (I) QI > ~
U 0

~
Q.QI 10 C 0. .•..•E 0. •••• c •••• ••••• IQ 01 ••••• j 01

.5z QI •••• >- 10 0 QI«J«J- 10 QI III '" 0- QI

0- 0- l- ou o~- oS =>~ <t: W 0:

150-66-0aad Bureau of Reclamation Sand &. 3' drawdown

North Pasture wei i """" A n_ .., II::: I:::n I') ') 7_1C:;_C:;0 n ~ Grave! 147300 after I hr.£v .•. Uf '-IJ- ••r;t "04 , -- I -' J" -~-
pumpi ng 25 gpmo
See log- P.A.

I 50-66-8aba I Bureau of Reclamation
:f/:IO weII 25 2 Au 11-4-55 Dry 2-11-58 0 ...• 1407.7 See log;

destroyed

150-66-8aba2 Bureau of Reclamation Sand Be

41=11weII 22 2 Or 1-26-56 17.3 1-26-56 0 Gravel 1470.7 See 10g,P.A.

150-66-Sabc Bureau of Reclamation I\)

f4 well 32 2 Or 2-1-56 17.2 2-2-56 0 Sand 1485.1 See 1og,P .A. ..a

150-66-8abd Bureau of RecI amat i on Sand &.

4frl2 well 27 2 Or 1-26-56 1304 2-1-56 0 Gravel 1479.2 See 10g,P.A.
150-66-8aca Bureau of Reclamation Sand &

4rts well 31 2 Or 2-0-56 16.6 2-10-56 0 Gravel 1403.2 See log, P.A.

150-66-8acb Test Hole 9 42 1/4 Or 10-18-63 @19.57 10-21-63 0 Sand Be 1480 See log,plastic
Gravel pipe instal led

but removed

150-66-0accl Test Hole 10 42 4 3/4 Or 10-10-63 9054 10-21-63 T Sand &. 1477 See log
Gravel

150-66-8acc2 Bureau of Reclamation Sand Be
#3 weII 23 2 Dr 2-9-56 808 2-10-56 0 Gravel 147807 See log, P.A.

ISO-66-8acd Bureau of Reclamation

150-66-Bada
#6 wel I 32 2 Dr 5-8-56 704 2-10-56 0 Sand 147507 See log, P. Ao
Test Hole 0 31 1/4 Dr 10-18-63 Dry to 10-21-63 0 Sand Be 1480 See log, plastic

17.57 Grave I pipe installed

150-66 .•0 adc 1 Bureau of Reclamation
but removed

#2 wel I 30 2 Dr
Sand Be

2-9-56 7.9 2-10-56 0 Gravel 1-477.9 See log, P.A.



TABLE 3 -- Records of I:Je 1I and Test Holes - Continued
Q/ '-

:;:u +'
Q/

o 10 C +'
"tJ - 'I- Q/ 10 C

,-- Q/ OQ/'- E ::: 0
c Q/ II) +' +'.0::1- 'l-Q/ '- II)

0 +,Q/ Q/ II)+' o '- 'l- Q/ +' ~
.c. +' Q/.s::. .s::.'- Q/ ::I 0 'l- 10 '-.•.. '- > 10

Q/ +' Q/ E u Q/ Q/ Co +,Q/"tJQ/ Q/ II)
I\J

C CoQ/ 10 c: Co +'1: Co+' c ••.. +'10 Q/ ::I Q/ e
u • 10 Q/ II) cr Q/

00 3 Q/ ••.• >. lQ 0 Q/lQlQ- a::
~z 0 0- 0- .... ou 03- o E ::> « w

150-66-aadc2 Test Hole II 31 4 3/4 Dr 10-18-64 Caved at 10-21-63 T 1476 See log
7 ~""• LJ'

150-66-8baal Bureau of Reclamation Sand & See log,
*13 wel I 42 2 Dr 1-25-56 7.9 1-26-56 0 Grave I 1491.5 destroyed

150-66-8baa2 Bureau of Reclamation Sand &

:tf:14 wel I 33 2 Dr 1-31-56 25.2 2-1-56 0 Gravel 1492.4 See Iog,P eAe
150-66-8bab Bureau of ReclamatIon Sand &

:#=16we II 4fJ 2 Dr 2-7-56 24.2 5-8-56 0 Gravel 1490.9 See Iog,P eAo
150-66-8bac Bureau of Reclamation Sand &

#17 well 37 2 Or 2-7-56 17.I 5-8-56 0 Gravel 1484.7 See log,PeA" LV
0

150-66-8bba Bureau of Reclamation Sand &

41=15we II 35 2 Dr 2-2-56 25.5 2-3-56 0 Gravel 1494.1 See log, PeA"
150...•66-8bbd Test Hole 16 63 1/4 Or 10-22-63 21057 10-25-63 0 Sand & 1487 See log,plastic

Gravel pipe removed
150-66-9aab Stai test #3 30 4 1/2 Dr 9-21-63 4092 10-21-63 T Sand & 1461 See log

Gravel
150-66-9aba Test Hole 21 4 3/4 Dr 10-16-63 @12.04 10-21-63 T Sand & 1470 See log

Gravel
150-66-9acc Test Hole 13 21 4 3/4 Or 10-22-63 6036 10-25-63 T Sand & 1475 See log

Gravel
150-66-9baa Stai test #2 45 4 1/2 Dr 9-20-63 Caved at T 1476 See log

16034
150-66-9bbbl Test Hole 17 42 4 Or 10-23-63 10090 10-25-63 O,T Sand & 1466 See log,502'

Gravel drawdown
pumping 30 gpm
for 12 hrso

150-66-9bbb2 Test Hole 7 21 I 1/4 Or 10-18-63 14050 10-21-63 0 Sand & 1470 See log,CoAo
Gravel

150-66-9bbd Bureau of Reclamation Sand &
~ well 25 Or 1-19-56 1603 1-20-56 0 Gravel 1475.4 See lon, P 1 <



TABLE 3 -- Records of Wells and Test Holes - Continued
QI ~

:::u .•.. QI
o 10 C .•..

'C - .•.. QI 10 C
C ~- QI OQl~- S ~ 0

0 QI I/) .•.. .•••.Q:;J+-' •••• QI ~ I/)- .••• QI QI I/)QI o ~ .... QI .•.. ~
+' ~ .r. .••• QI.r. .r.~ QI ::J 0 .•.. 10 ~
I'IlI • QI +,QI e u QI Qlo. +'QI'C •••• QI I/) > ~U 0 C Q.QI 10 C 0. .•.•e o.+, c- +-'10 QI ::J QI

oZ ~ Ci •••• >- !!!~ QI 10 10 10 QI I/) t:r QI

...i 0 o "-'" Q~ . c:=- oS :':! « w 0::r- .... -
15O-66-9bcb Bureau of Reclamation Sand &

4rur we II 30 2 Dr 2-10-56 19.7 2-10-56 ..• Gravel 1483.7 See Inn P _6 _u 'IloI~J • ~f 11 'W

150-66-9bcd Bureau of Reclamation Sand &
'~flwell 25 2 Dr 2-10-56 14.0 4-24-56 0 Grave I 1479.3 See 10gll P •.A •.

150-66-9bdb Stai test 4/=1 75 4 1/2 Dr 9-20-63 11.73 10-21-63 T Sand & 1477 See log
Gravel

150-66-9caa Test Ho Ie 12 21 4 3/4 Dr 10-22-63 Caved at T 1478 See log
8'

150-66-geab Vi Ila£e well 25 - Du PS Sand & 1480 C •.A •.
Gravel w

15O-66-9cbb Bureau of Reclamation Sand &

South Pasture well 19 4 Dr 7-20-59 12.8 7-20-59 O~S Gravel 1479.7 See log,P.A"
150-66-geda Stai test 4t4 30 4 1/2 Dr 9-21-63 9020 10-21-63 T Ti II 1480 See log
15O-66-9cdd Test Hole 15 31 4 3/4 Dr 10-22-63 T 1485 See log
150-66-9dab C Iifford Lindstrorll 20 2 Dv 904 10-22-63 D~S Sand 1480
150-66-9dba Test Hole 14 21 4 3/4 Dr 10-22-63 8.79 10-25-63 T Shal e(?)1478 See log
150-66-15cab t1e Iv i n Cook 28035 36 Bo 24.34 10-21-63 D,S 1600 C"A"

150-66-17adcl Art li IIev i 9 114 6 Dr 20 S Shale 1496 Softllsalty
150-66-17adc2 Art li" ev i 9 35 30 Du 32 D,S Sand 1496 Hard

150-66-17ade3 Art li" evi9 35.5 Du 1502 10-22-63 DllS Sand 1496 Hard

150-66-IDbab, Albert Benson 1005 44 Du 7 D,S Sand 1510 Soft
150-66-18bab2 Albert Benson 10 36 Du 10 S Sha Ie (?)1500 Hard

150-66-20dddl IoV/. Daugherty 26 36 Du 23029 10-22-63 DllS Sand 1545 Hard

150-66-20ddd2 I0 1:10Caugherty 54 36 44 S Ti II 1545 Hardllalkal ine
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TABLE 4 -- Logs of Test Holes

Formation fviaterial

Test Hole 5
ISQ-06-4bbb

Thickness
(feet )

Depth
(feet)

From To

Pierre Shale

Alluvium

Pierre Shale

Shale fraQments, weathered, olive
black •• oooo.oo •• ooo •••• oo •• ooooo.o 3

Clay, silty, yellowish gray, soft,
slightly plastic, cohesive, non-
calcareous; decomposed shale •••••• 7

Shale, olive black, fissile,
brittle, noncalcareous; tight
dri II ingooaooooooooooooooooooooooo 32

Test Hole 3
150-66-4cbb

Clay, silty, soft, poorly consol i-
dated; many weathered shale
fragments.ooo.aOOQOOoe.Doooooooooo 3

Clay, Iight olive gray, soft,
plastic, cohesive ••••••••••• o••••• 3

Sand, medium to coarse with
pebbles, rounded, poorly
sorted.o.oooo.ooo ••• oo ••• oooo ••••• 2

Clay, olive gray, soft, plastic,
cohesive, slight calcareouso •••• o. 4

Shale fragments, olive black,
loose 0 0 0 0 0 000 000000000000 .• 0 0 0 0 0 0 0 0 3

Sand, very fine to fine, silty,
01 ive gray, generally subrounded,
moderately well-sorted, slightly
calcareous •• o••••••••••••••••••••• 5

Sand, as above, fine to medium ••••• o 8
Shale, olive black, fissile,

brittle, fractured, noncalcareous. 14
Electric log

o

3

10

o

3

6

8

12

15
20

28

3

10

42

3

6

8

12

15

20
28

42
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TABLE 4 -- Logs of Test Holes - Continued

Formation Naterial

Test Hole 2
ISQ-66-4ccd

Thickness
(feetj~

Depth
(feet)

From To

oTerrace =#2

Pierre Shale

Terrace #1

Alluvium

Pierre Shale

Topsoi I, sandy loam, blackoooeoooe ••o••
Sand, medium to very coarse with

fine to medium gravel, rusty
red, subrounded to rounded,
moderately wel I-sortedooo.ooo.ooooooo 9

Sand and gravel, as above, becoming
coarser with depthoooooo.oooooooo.oo. 6

Shale, olive black, sl ightly hard
to brittle, fractured, noncalcareouso 3

Test Hole 4
ISQ-66-Sada

Gravel, fine to coarse, sandy with
some clay, rounded, rusty, oxidizedo. 3

Sand, medium, rounded, wel I-sorted,
oxidizedoooooo.oooooooooooooooooooooo 7

Sand, medium, dark greenish gray,
rounded, well-sorted, slightly
caicareousooooo ••oooooooooo.oo •• o.oo. 33

Sand, as above, dri lis fairly tight,
possibly clayey in partoooo •• oo •••••• -23

Shale, olive black, fissile, brittle,
fractured, noncaicareouso.ooooo.ooooo 18

Electric log

10

18

o

3

10

43

66

10

18

21

3

10

43

66

84
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TABLE 4 -- Logs dTest Holes - Continued

Formation

Alluvium

Naterial

Test Hole Ie
ISQ-66-5cab

Topsoil, gravel Iy 10M~, dark
brownooooooooooooooooooooooooo

Thickness
(feet )-

Depth
(feet)

From To

o
Sand, medium,wel I-sorted, rounded,

dark brownoooooooooooooooooooo 3 4
Clay, silty, light olive gray,

soft, cohesive, plastic,
calcareous; contains inter-
bedded sandy layersooooooooooo 7

Gravel, fine and medium, generally
subrounded, moderately sorted,
some sandooooooooooooooooooooo II

Sand, medium, gray, subrounded to
rounded, very well-sorted,
clayey layers from 40 to 50'00 39

Clay, si Ity (7), poor sample
returnoooooooooooooooooooooooo 3

4

II

22
61

II

22

61

64
Sand, light gray, rounded, well-

sorted, quartzose, very niceoo II

Shale, olive gray to greenish gray,
moderately soft to sl ightly hard,
shaley partings, noncalcareous 13

Pi erre Sha Ie:

Outwash

Pi erre Sha IE!

Shale, olive black, indurated,
fissile, noncaicareousoooooooo

Shale, as above, very tight
drillingoooooooooooooooooooooo

Electric log

Test Hole 6
150-66-5cda

Topsoil, gravelly loam, dark
brownooooooooooooooooooooooooo

Clay, silty and sandy, yellowish
brownoooooooooooo.ooo.oooooooo

Sand, medium to coarse, with fine
to medium gravel, generally
subrounded, moderately sorted,
oxidizedoooooooooooooooooooooo

Sand, medium to coarse, some
gravel, fairly cleanoooooooooo

Clay, sandy, high iron content,
very heavy stainoooooooooooooo

9

21

2

25

10

64

75

84

o

3

28

38

39

75

105

3

28

38

39

52
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TABLE 4 -- Logs of Test Holes - Continued
Format ion Nateri al Thickness

(feet )
Depth
(feet)

From To

Bureau of Rec Iamat ion North Pasture tleII
(BR NP)

15O-66-8aad

Terrace :ft.tz

Pierre Shale

Terrace :Jf2

Pierre Shale

Terrace 4/:2

Pierre Shale

Outwash

Test Hole 19
150-66-5ddb

Topsoil~ silty sandy loam~
blackoooooooooooooooooooooooo

Sand, medium to very coarse and
fine gravel~ rounded, well-
sortedooooooooooooooooooooooo

Shale~ dark greenish gray,
sl ightly hard, plastic, non-
calcareous~ tight drillingooo

Test Hole #9 well
(BR 9)

15O-66-Caaa

Topsoiloooooooooooooooooooooooo
Sand with coarse graveloooooooo
Shaleoooooooooooooooooooooooooo

Sand, fine, brown, dryooooooooo
Sand, medium, some gravel, dryo
Sand and gravel, clean,

saturatedooooooooooo.o.o.oo ••
Sand and gravel, up to I~"

diameter, cleanooo.oo.o.ooo ••
Shaleooooooooooooooooooooooo •• o

Bureau of Reclamation #10 wel I
(BR 10)

150-66-8abal

Topsoi I, sandy, blackoo.o.oo.oo
Sand, fine, tanoo.ooooo.oo.oooo
Sand, fine and medium, brown.oo
Sand, coarse, and gravel, fine

to medium, brown ••• o•••• oo •••
Sand and gravel, coarse, browno

3

9

9

2
19

3

5
5

5

.4

I
2
II

8
3

o

3

12

o
2

21

o
5

10

15

19

o
I
3

14
22

3

12

21

2
21

24

5
10

15

19

20

I
3

14

22
25
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TABLE 4 -- LDgs Df Test HDles - Continued
Formation tlateria I Thickness Q.epth

(feet )- (feet)
From To

Bureau of Rec lamati Dn #11 well
(BR II)

150-66-8aba2
Outwash

Topsoiloooooooooooooooooooooooo I 0 I
Sand, coarse, gray, and gravel. 17 I 18

Ti II
Ti "llsandy, Qray •• oooooo.oooooo 4 18 22

Bureau of Rec Iamat ion :/t4 we II
(BR 4)

150-66-8abc
Outwash

Topsoiloooooooooooooooooooooooo I 0 I
Sand, grayoooooo.oooooooooooooo 26 I 27

Ti II
Ti I'll grayooooooooooooooooooooo 5 27 32

Bureau of Reclamation #12 well
(BR 12)

15Q-66-8abd
Outwash

Topsoi 1000000000000000000000000 I 0 ISand and gravel, coarse, grayoo 22 I 23Till
Ti II, sandy, graY.e.oooooeooooo 4 23 27

Bureau Df Rec 1amat ion 4f:5 we II
(BR 5)

15O-66-8acaOutwash
Topsoi 1000000000000000000000000 2 0 2Sand and gravel, medium, brown. 2405 2 26.5Ti II
Ti II, grayooooo.ooooooooooooooo 405 2605 31
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TABLE 4 -- Logs of Test Holes - Continued
Formation Haterial

Test Hole 9
150-66-8acb

Thickness
(feet)

Depth
(feet)

From To

o
Outwash

Ti II

Pierre Shale

Outwash

Till

Pierre Shale

Topsoi I~ fine sandy loam, blackoooo
Sand, fine to coarse~ well-sorted,

rounded, oxidizedoooooooooooooooo
Sand, medium to very coarse with

fine gravel, very well-sorted,
rounded, cleanooooooooo.o ••••••••

Clay, sandy (very fine and fine)
with coarse sand grains, granules,
pebbles, and numerous large rocks,
olive gray, moderately soft,
moderately compacted, cohesive,
slightly plastic, calcareous~
rough dri IIing •••••••••••••••• ooo

Shale, dark greenish gray to olive
black~ moderately soft to
sl ightly hard, mostly massive,
some shaley partings, noncal-
careousoooooooooooooooooooooooooo

Test Hole 10
150-66-8accl

Topsoil, very fine sandy loam,
blackoooooooooooooooooooooooooooo

Clay, si Ity to sandy, yellowiSh
gray» softooooooooooooooooooooooo

Sand, fine to very coarse with
fine gravel, moderately well-
sorted, rounded, oxidizedoo.ooooo

Silt, olive gray, soft, cohesive,
slightly plastic, calcareous ••• o

Gravel, fine and medium,with inter-
bedded clay ••••• o••• oo••ooo ••o•••

Clay, dark greenish gray, moderately
soft~ contains ~~ny detrital
shale fragments, noncalcareous;
weathered shale.o •• ooo •••• o••o•••

Shale, dark greenish gray, slightly
hard, very tight~ moderately
plasticoooooooooooooooooooooooooo

Electric log

9

12

14

6

2

8

4

9

4

14

10

22

36

o

3

II

15

24

28

10

22

36

42

3

II

15

24

28

42
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liABLE 4 -- Logs of Test Holes - Continued
Format ion Hateri a I Thickness Depth------ (feet) (feet)

From To

Bureau of Reclamation #3 well
(ER 3)

150-66-8acc2
Outwash

Topsoil, s~ndyoo.oo.oo •• oo ••• o •• o •• 1.5 0 1.5
Sand and grave I, medium, brown ••••• 15.3 I.5 16.8

Ti II
lriII, gray, with sand seams •••••••• 6.2 16.8 23

Bureau of Reclamation #6 wel I
CBR 6)

150-66-8acd
Outwash

Ti II

Topsoi I and sand •••••••••••••••••••
Sand, fine, silty, brown and gray ••

2
25.5

o
2

2
27.5

Outwash

Ti II, gray •••••••••••••••••••••••••

Test Hole 8
150-66-Gada

Topsoi I, very fine sandy loam,
black 0 •• 00 60.00 0 • 0 •• 00 00 ••• 0 • 0 0 00

4.5 27.5 32

o
Sand, mediu~ to very coarse with

grave I, rooderately sorted, rounded,
oxidized •• oGGoOOoooo ••••••• oo ••• o 20

Pierre Shale
Clay, dark greenish gray, moderately

soft, many detrital shale
fragments •••••••••••••••••••••••• 10 21

21

31
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TABLE 4 -- Logs of Test Holes - Continued

Format ion Naterial Thickness Depth
(feet) (feet)

From To

Bureau of Reclamation #2 wel I
(BR 2)

ISO-66-8adc I

Outwash
Topso ii, sandy •••••••••••••••••••• 2 0 2
Sand, medium, brown, and gravel ••• 24 2 26

Ti II
Ti II, gray •• o ••••••••••••••••••••• 4 26 30

Test Hole II
ISO-66-8adc2

Outwash

Till

Pierre Shale

Outwash

Ti II

Topsoi I, si Ity loam, black •• o.o •••
Sand, fine to very coarse, sorted,

rounded, oxidized ••••••••• o •••••

Clay, silty to sandy with pebbles,
olive gray, moderately soft,
cohesive, tightly compacted,
gravelly and rocky •••••• o •••••••

Shale, dark greenish gray, sl ightly
hard, very tight, noncalcareous.

Bureau of Reclamation #13 well
(BR 13)

ISO-66-8baal
Topsoi 1.0 •• 00000.00 ••• 0 •••• 0 •• 00 ••

Sand, coarse, brown •••••••••••••••
Gravel, coarse ••••••••••••••••••••

4

7

9

"

I
37

1

3

o

4

II

20

o
I

38

39

4

"

20

31

1
38
39

42
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TABLE 4 -- Logs of Test Holes - Continued
Formation t-iateria I Thickness

(feetr
Depth
Tfee'f)

From To

Outwash

Bureau of Reclan~tlon #14 well
CBR 14)

15O-66-8baa2
Topsoiloooooooeoooooooooooooooooooo
Sand, gray, with graveloooooooooooo
Sand, silty, grayoooooooooooooooooo

I
27

5

o
I

2C
I

28
33

Bureau of Reclamation #16 well
(BR 16)

15O-66-8bab
Outwash

Topsoiloooooooooooooooooooooooooooo 2 0 2Sand and coarse gravelooooooooooooo 3D 2 40
Till

Ti II, gray, with sand seamsoooooooo 5 40 45
Pi erre Shale

Shaleoooooooooooooooooooooooooooooo 3 45 48

Outwash

Till

Outwash

Ti II

Bureau of Reclamation #17 well
(SR 17)

ISO-66-8bac
Topsoi 1.000000000000000000000000000

Sand, medium, brown, and small
gravel.oeoooeoooooooooooooooooooo

Till, gray with sand seamsooooooooo

Bureau of Reclamation #15 well
(BR 15)

150-66-8bba
Topsoiloooooooooooooooooooooooooooo
Sand and gravel, grayoooooooooooooo
Till, grayooooooooooooooooooooooooo

29
7

2
28
5

o

30

o
2

30

r

30

37

2
30

35
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'-A8LE 4 -- Logs of Test Holes - Continued
Format ion ilateriaI Thickness

(feet)
Depth
(feet)

o

From To

Outwash
Test Hole 16
ISO-66-Cbbd

Topsoi I, sandy loam, black ••••••••
Sand, fine to coarse, sorted, rounded,

oxidized; some gravel ••••••••••• 15
Sand, fine to coa~se with fine

gravel~ moderately sorted ••••••• II
Silt, olive gray, soft, tight,

calcareous •••• o••••••••••••••••• 6
16

27

16

27

33
Ti II

Pierre Shale

Terrace =#2

Pierre Shale (7)

Terrace =1/2

Pierre Shale

Si It, clayey and sandy with pebbles
and cobbles, olive gray, moderately
compacted, calcareeus •••• ooo ••••

Shale, dark greenish gray,
moderately hard, very tight,
noncalcareous ••o••• o••••••••••••

Electric log

Stai test #3 (S-3)
ISo-66-9aab

Topso ii, sand loam ••••••••••••••••
Sand and gravel, medium to coarseo
Clay, plastic ••• o.o•• oo••••• ooo •••

Test Hole I
ISO-66-9aba

Topsoil, sandy loam, blacko ••o••••
Sand, n~dium to very coarse with

fine gravel, rusty red, moderately
well-sorted, subrounded to well-
rounded, oxidizedo •••• o.oooooo ••

Shale, 01 ive black, moderately
soft to brittle, noncalcareous ••

9

21

I
9

20

16

4

33

42

o
I

10

o

17

42

63

I
10

30

17

21



Thickness
(feet)

Formation

42

1~8LE 4 -- Logs of Test Holes - Continued
f-laterial Depth

(feet)
From To

o
Terrace #2

Pierre Shale

Terrace :f/:2

Pierre Shale (1)

Test Hole 13
150-66-9acc

Topsoi I,sandy loam, black.uoouoo
Sand, Qedium to very coarse with

fine gravel, well-sorted, rounded,
oxidized.o ••• ooooo •••••• oo ••••••

Shale, dark greenish gray, slightly
hard, tight, noncalcareousoo ••oo

Stai Test ~~ (S-2)
150-66-9baa

Tapsoi 1.0000000000 ••••• 0000000 •• 00

Sand and ~ravelooo.o.oo.oo ••ooo.oo
Clay, ~rayoooo.oooooo •• oooo •• ooooo

6

14

I
21

23

7

o
I

22

7

21

I
22

45

Test Hole 17
I50-66-9bbb I

Terrace ~'2
Topsoi I, silty loam, black.oooo ••o 2 0 2
Sand, medium and coarse with fine

gravel, sorted, rounded.oooooooo 15~ 2 17~Pierre Shale
Sha Ie, olive black, tight ••• o••ooo 24~ 17~ 42

Test Hole 7
ISO-66-9bbb2

Terrace #2
Topso ii, si Ity loam, black ••oo.o •• 2 0 }2
Sand, medium to very coarse with

fine to medium gravel, wel I-sorted,
rounded.oo.oooo ••• oo •••••••••••• 16 2 la

Pierre Shale
Shale, olive gray to dark greenish

gray, moderately soft, moderately
plastic, noncaicareousooo ••• oo•o 3 16 21
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-rASLE 4 -- LOQs of Test Holes - Continued
Format ion

Terrace :fi2

ilateria I

Bureau of l~ecIamat ion ~/f;~/e II
(BR 8)

150-66-9bbd

Thickness.. (feet)
Depth
(feet)

Froril To

Pierre Shale

Outwash

Pierre Shale

Topsoi 10000000000000000 •• 00000000

Sand~ coarse~ gray, and gravel •• o
Shale~ graY.O.OD.OOOOOo ••• o ••••••

Bureau of Recla~ation #1 well
(BR I)

150-66-9bcd

Topsoi I, sandy •••••••••• o••••••
Sand, ~edium, brown, and

gravele •• oDDDooooo •• o ••••••••

2
18

5

2

17.9

o
2

20

o
2

2
20

25

2

1909

Outwash

Shale •• o.oo •••• o •••••••••••• o•o

Bureau of Recla~~tion #7 wel I
(BR 7)

150-66-9bcb

19.9 25

Pierre Shale

Terrace 4/:2

Pierre Shale

Topsoil, sandy •• ooo.oo.ooo.oo.o
Sand, medium, brown, and

gravel.oDD.ooooo.D.o •• o •• oooo

Shale.o ••• ooooo ••••••••• o ••••••

Stai test 4/:1 (S-I)
150-66-9bdb

"ropso i I 00000.000000.0.000000000

Sand and very fine to fine gravel
with sando.oDD.oooo ••••••••••

Gravel with sand •••• o••••••••••
Clay, graYoooo ••• OOOD •••• OO ••••

Rock ledge •••••• o.ooo •• oo ••••••
Clay, gray, plastic.o.ooooo•o ••
Clay with streaks of slate •••• o
Clay, plastic ••••••••••••••••••
Slate with clay streaks ••••••••
Shale.oo.DoooooDD ••• oo •••••••••
Clay, graY.D.ODDDO.OOOO ••••••••
Shale.o.D.ooooooD •••• o •••• o ••••

2

24

4

9
5

5
I
8
4

23
4
4
2
9

o

2

26

o

I
10

15
20
21
29
33
56
60
64
66

2

26
30

10
15

20
21
29
33
56
60
64
66
75
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TABLE 4 -- Logs of Test Holes - Continued

Formation ivIaterial Thickness
-{feet} (e~thfeet)

From To

Shale, dark greenish gray, moderately
soft to hard, tight, slightly
plastic, noncalcareous; contains
shaley and pyritic streaksoooooo

o
Terrace :ff2

Pierre Shale

Test Hole 12
150-66-9caa

Topsoil, sandy loam, blackoooooooo
Sand, fine to very coarse with

fine gravel, sorted, rounded,
oXidized ••• o •• oooooooooooooooooo 10

10 II

II

21

Outwash

Pierre Shale

Till

Pierre Shale

Outwash

Bureau of Reclamation South Pasture wel I
(BR SP)

150-66-9cbb

Sand and a little gravel, clean,
dryoo.oooeeooooooooooooooooooooo

Sand and gravel, clean, wetooooooo
Shale.oOQooo.ooe.eoooooooooooooooo

Stai test #4 {S-4}
150-66-9cda

Topsoilooooooooooooooooooooooooooo
Clay, sandy, yellow, with cobble

stonesoooooooo.ooooooooooooooooo
Clay, brown, with cobble stonesooo
Clay, gray (till ).00.0 ••0.0 •••• 00.
Clay, gray, plastic ••• oo•••• o.oo ••

Test Hole 15
150-66-9cdd

TopSOil, gravelly clay loam,browo.
Silt, with very fine sand, yellowish

gray to dusky yellow, soft, poorly
consolidated •••••••••• D••• o•••• o

Silt, moderate olive brown, soft,
fairly cohesive, slightly plastic,
calcareous, oxidized. Appears to
be uniform with interbedded sandy
and gravelly stringers.D •••• D.Do

15
2

2

10
2
6

"

3

5

o
15

17

o

I

"13

19

o

4

15
17

19

II
13
19

30

4

9
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l~BLE 4 -- LOQs of Test Holes - Continued

Formation Haterial Thickness
(feet)

Depth
(feet)

From To

Pierre Shale

Test Hole 15
15C>-66-9cdd

(cont inued)
SI It, as above, olive gray,

unoxidizedoooooooooooooooooooo
Clay, olive black to dark

greenish gray, t~derately soft,
noncalcareous; contains shale
fragments, "weathered shale"oo

Shale, dark greenish gray,
moderately hard, noncalcareous,
tightooooooooooooooooooooooooo

7

6

9

9

16

22

16

22

31

Test Hole 14
ISo-66-9dba

Terrace =It'2
Topsoi I, sandy loam, b I acl<00 0000 2 0 2
Sand, clayey, yellowish grayoooo 2 2 4
Gravel, fine to hIedI um wi th

medium to very coarse sand,
rounded, sorted~ oxidizedooooo 4 4 8

Pierre Shale
Shale. dark greenish gray, sl i ght I Y

hard, shaley partings~noncal-
careousooooooooooooooooooooooo 13 8 21
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