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GEOLOGYANDGROUND-'WATERRESOURCESOF THEDRAKIARIA
McHENRYCOUNTY,NORTHDAKOTA

By
D. G. Adolphson

ABSTRACT

The Dra1c~earUL includes about 192 square miles of southeastern McHenry

County in nOI'th"cetlltral North Dakota.

The arell was &,laciated during Wisconsin time of the Pleistocene epoch.

Drift from the last: ice advance mantles the area except where the drift

underlies thi~n bede. of Recent alluvium and where the Cannonball memberof the

Fort Union fc.rmati()n is exposed.

The Recont alluvial deposits in the drainage system are less than 7 feet

thick and do not cc)ntain usable quantities of ground water.

DepOsitl' of the glacial drift are subdivided into the following units:

(1) deposits of gilicial Lake Souris, (2) outwash deposits, and (3) till and

associated sllnd and. gravel deposits. The average thickness of the glacial

drift is abOlilt90 :feet; 310 feet of drift was penetrated on one test hole.

Deposits of glacial Lake Souris are present in the northeastern corner

of the area. Logs of test holes drilled 5 miles north of the area show that

the lake sediments range in thickness from 6 to 76 feet and average 31 feet.

The drill cuttings consist of clay, silt, and very fine to mediumsand.

Shallow wells in the lacustrine sand and silt in the Drake area yield moderatE

water supplies that are adequate for farm use.

Glacial outwa.sh deposita are found in an outwash plain and in diversion

and ice-marainal channels. The channels cross the area in a southeasterly

direction. Deposi.ts of sand and gravel in the diversion and ice-marginal

channels ratiLgein thickness from a few feet at the edge to 4S feet near the

center. Det:108itsof sand and gravel in the outwash plain range in thickness

.• 1 -



from 25 to 59 fE~et. An aquifer in a diversion cbannelwest of Drake and an

aquifer in an outwash plain south of Drake are sufficiently permeable and

widespread to YJleld adequate water suppliss for municipal use.

Till covel~Smuch of the Drake area; isolated water-bearing sand and

gravel lenses h~lve been found "by drilling or digging wells in the till at

many placE!s. Mc)stwells tapping these aquifers yield sufficient water for

farm use. An aquifer that may be productive occurs 4 miles east of Drake in

a sand and gravE!! deposit at the base of the glacial drift. The deposit,

~vhich is 52 feet: thick, occurs at the edge of a preglacial valley that

extends sClutheaEltward across central North Dakota.

The bedroc:k in the Drake area is the Cannonball member of the Fort

Union forn~tion of Paleocene age. Although yields from the Cannonball

member arE! genel'ally small to moderate, sufficient water for the present

(1960) deuland of the city of Drake is obtained from wells in this unit.

The Fox H:I.lls(1) sandstone of Late Cretaceous age probably underlies

the Canno~~all u~mber in the report area. Some farm wells tap a sandstone

tha t may be the Fox Hills, but the formation is not known to yield large

supplies clf watE!r.

The PierrE! shale of Late Cretaceous age underlies the Cannonball

member and, the F'ox Hills (1) sandstone in the area. No wells in the area

obtain wat.er frclm the Pierre.

Of t.he older rocks that underlie the Pierre shale, only the Dakota

tandstone of Eat'ly Cretaceous age is important as a possible ground-water

source. The fotmation is a major aquifer in some parts of the State; however,

becuase of its depth and the high mineralization of its contained water, the

aquifer is not p.resently utilized in the report area.

- 2 -



Ground water from glacial-drift wells in the Drake area is generally of the

calcium bicat'bonatE! or sulfate type, is hard, and varies considerably in

degree of mirlerali~:ation. Water from the bedrock wells is slightly hard, is

relatively hj~ghin boron and is moderately to highly mineralized.

- 3 -
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FIGURE I--PHYSIOGRAPHIC PROVINCES OF NORTH DAKOTA AND LOCATION OF THE DRAKE AREA
(MODIFIED FROM SIMPSON, 1929)
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INTRODUCTION

~Ltion and General Features of the Area

The Dra':e are2Lcomprises about 192 square miles of southeastern McHenry

County in nOl~th-cerltra1 North Dakota. The area includes all of T. 151 N.,

Rs. 75 and 7~)W•• nnd T. 152 N., Rs. 75 and 76 W., and parts of T. 151 N., R.

77 W., and T.. 152 n., R. 77 W.

Drake. l:he 1al~gest municipality, is in the central part of the area and

had a pOpU181~iono~E752 in 1960. Also in the report area are the towns of

Kief. Balfoulr:, and Anamoose. The area is served by U. S. Highway52 and State

Highway14 and by 41 branch line of the Hinneapolis-St. Paul and Sault Stet

Marie Railrolld. T1l\emain line of the Great Northern Railroad crosses the

northern part of the area. Farming is the chief occupation and wheat is the

main crop.

The average annual precipitation recorded by the U. S. Weather Bureau at

Drake from 1929 through 1959 was 16.30 inches. The average annual temperature

wal 39.40 for the same period.

Eurpose and Scope of the Investigation

This re,port d.escribes the geology and ground-water resources of part of

HcHenryCOUtllty,N. Dalt. The investigation was made by the U. S. Geological

Survey in cCl1operat:ionwith the North Dakota State Water Conservation Commissior,

and the North DakcltaGeological Survey. It is one of a series being made to

study the gE~logy and ground~ater resources of areas that need additional

water. For example, one of North Dakota's most critical needs is for adequate

perennial wnter s\lpplies for many small towns and cities that are attempting

to install "ater-llupply systems or are '8xpanding their present facilities.

Because of l~his d4!1D1lnd,relatively small investigations are begun in the

vicinity of towns that request aid from the State Water Conservation

Commission,and tbe State Geologist. and reports thereof are released as soon

as possible.



This investigation was made under the general supervi8ion of A. N. Sayre,
p.•E. LaMoreaux, successive ohiefs of the Ground Water Branch, U. S.
Geological Survey, and under the direct supervi8ion of the late Joseph W.
Brookhart, district geologist, Grand Forks. The fieldwork was done intermitten-
tly from 1955 to 1958 and consisted of a study of the surface geology,inveatoxy
of the wells, te.t drilling, and collection of water samples. Chemical
analyses of water samples were made by the North Dakota State Laboratories
Department. The test drilling was done by a rotary drilling rig owned by the
North Dakota State Water Conservation Commission.

Subsurface Data Collection
Subsurface information in the Drake area was obtained in part from a study

of the cuttings from 26 test holes (samples taken of each 5-foot interval)
and in part from published information. The locations of test holes drilled
in the area are in figure 5, and the logs are listed on pages 45 to 56. The
depths of the test holes ranged from 50 to 370 feet and averaged 124 feet.

Geologic sections based upon the logs are shown on figure 6. Information
concerning the deeper formations in the area was obtained fromlDgs of oil-
test holes supplied by the North Dakota Geological Survey. The logs of other
wells and test holes outside the area also were available for study.

Previous Investigations and Acknowledgments
Warren Upham (1895)!/ described the surface features of the glacial

1/ See references at end of report.

Lake Souris basin in the vicinity of the Drake area, and a general study of
the geology and ground ...water resources of McHenry County was made by Simpson
(1929, p. 156-161). Chemical .nalyses of water samples from wells in Drake,
Anamoose., and Balfour are given by Abbott and Voedisch (1938, p. 64-65) •

.• 5 .•
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Jenkinson (1950) mappedthe geology of the Drake quadrangle in partial ful-

fillment of the requirements for a master's degree. Lemke(1960) 8tudied the

geology in northwestern and north-central North Dakota, and muchof the

geologic information used in this report has been taken from his work.

Well-NumberingSystem

The well-numbering system used in this report is illustrated in figure 2

and is baaed upon the location of the well within the grid established by the

U. S. Bureau of Lan.dManagement'8 survey of the area. The first numeral

denote8 the townsh1.pnorth of the base line that extends laterally across the

middle of Arkan8as; 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 hItters a, b, c, and d designate, respectively, the north-

east, northw'ili8t, 8o,uthwest, and southeast quarter sections, the quarter-quarter

sections, andl the <lluarter-quarter-quarter section8 (IO-acre tracts). Con-

secutive tenuinal tlumerals are added if more than 1 well is located within a

10-acre tract. Thu8, well 151-75-25baa is in the northeast quarter of the

northeast qUllrter elf the northwest quarter of section 25, T. 151 N., R. 75 W.

Similarly, wdl l5~~-75-22bcb2is the second well located in the northwest

quarter of the sout:hwest quarter of the northwest quarter of section 22, T.

152 N., R. 75 W.
Physiographic Features

The Drake arell is a part of the Western YoungDrift section of the

Central Lowlllndph)'siographic province of Fenneman(1938, p. 559) and is in

the western ndge of the Drift Prairie region, as designated by Simpson (1929,

p. 5,7-8).

The repclrt arna is a gently rolling ground-moraine plain characterized

by broad, shnllow c)utwashchannels, groups of well-rounded knobs and hills,

and shallow clepresi.ion. Numerousponds and lakes occur throughout the area,

- 6 -



particularly in tbe outwash channels of the glacial spillways. The best-
developed cbannels (Lemke, 19S8b, p. 272) are the Velva, Lake Helter,
Verendrye, A.ntelope Valley, Kruger Lake and Alymer, which trend southeast-
ward. Strai.ght an.d narrow parallel ridges trend loutheastward across the
western part of tb. area. These ridge. are probably an elongated type of
drumlin (op. cit., p. 270).

The Burface runoff of the area is carried by the Wintering River and
its intermittent tributaries, which drain nor,thward to the Souris River, but
no integrate:d post.glacial drainage system has been developed.

- 7 -
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GllIDLOOY AND OCctJRRENCE OF GROUND WATER

~~ciples of Occurrence of GroundWater

Practicl!llly all ground water is derived from precipitation. Water enters

the ground b:, dire~::t penetration of rain or melting snowor by percolation

from streams and l.!lkes that lie above the water table. Groundwater generally

movesdownva:r:dand then laterally from areas of recharge to areas of natural

discharge.

Ground,.ater :ls discharged by evaporation from lakes, ponds, and the land

surface wher4!the "ater table is near the land surface, by transpiration by

plants, by 84!epageinto streams. by pumpingfrom wells and from springs.

Anyrock fOrl11lltionor stratum that will yield water in sufficient

quantity to be impe)rtant as a source of supply is called an "aquifer" (Heinzel',

1923, p. 52). Watc!rmoving in an aquifer from recharge to discharge areas may

be considereel to be! in "transient storage."

The amount of water that a rock can hold is determined by its porosity.

Unconsolidat4~dmat4!rial. such as clay, sand, and gravel, generally is more

porous than c~onsol:ldatedrock, such as sandstone and limestolle; however, con-

solidated roc~kin Ilomeareas is highly porous.

The capucity ()f an aquifer to yield water by gravity drainage maybe much

less than is indicnted by its porosity because part of the water is held in

the pore spa(~esby molecular attraction to the rock particles; the smaller

the pores. the grenter the proportion of water that will be held. The amount

of water, exl~res8edas a percentage of a cubic foot, that will drain by gravity

from 1 cubic foot (~f an aquifer is called the "specific yield~ of the aquifer.

If the ".ater j.n an aquifer is not confined by overlying, relatively

impermeable Iltrata,. the water is under water-table conditions. Under these

conditions, "'ateI' c:anbe obtained from storage in the aquifer by gravity

drainage--tluiLt is, by lowering the water level, as in the vicinity of a pump-

ed well.



Water is present under artesian conditions if it is confined in the

aquifer by an overlying relatively impermeable stratum. Under such condi-

tions~ hydrostatic pressure will raise the water in a well, or other conduit

penetrating the aquifer, above the top of the aquifer. When water is yield-

ed from the well, the aquifer remains saturated, and water is yielded because

it expands as the a,quifer is compressed and the pressure is decreased. The

water-yielding capaLcity of an artesian aquifer is called the "coefficient of

storage" and gener~ll1y is very much smaller than the specific yield of the

same material undel~ water-table conditions. The coefficient of storage of an

aquifer is the vohlme 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 sur:Eace.
The watlar relleased from or taken into storage in a water-table aquifer

in response to a change in head is attributed partly ~o gravity drainage or

refilling of the zone through which the water moves and partly to compress-

ibility of the water and of the material in the saturated zone. The volume

of water attributable to compressibility is a negligible part of the total

volume of wa,ter re.leased from or taken into storage, however, and can be

disregarded. Thus., for a water-table aquifer, the coefficient of storage is

practically equal to the specific yield.
The reEdstan(~e to the movement of water through pore spaces that are

relatively large, as in coarse gravel, is not great, and such material is

said to be perme~)le. However, the resistance to the movement of water

through small poria spaces, as in clay or shale, may be great and such material

is said to be rel.atively impermeable or to have low permeability.

-9-



The "coeffjlcient of permeability" is expressed quantitatively, for field

use, as th4~numb4arof gallons of water per day that will pass through a

cross-sectjlonal area of 1 square foot under unit hydraulic gradient at the

local temp4~ratur4aof the ground water.

The "c~oeffic~ientof transmissibility" is convenient to use in ground-

water stud:les bec:ause it indicates a characteristic of the aquifer as a

whole rathcar thall of a small part. It is the average field permeability

of the aqu:lfer multiplied by its thickness,in feet.

The suitability of an aquifer as a source of wa~er supply is governed

by its penlleabil:lty, volume, and capacity to store and release water. Also

recharge t4) the llquifer over a long period must equal the quant; ty pumped

out and th,lt losit by natural discharge, or the water supply may gradually

diminish t4) the I!xtent that it is no longer economically feasible to pump

from it. Aquife:rs which are highly permeable but small in areal extent

and which ilre 8u:rroundedby relatively impermeablematerial can be pumped

dry in a c4:>mparative1yshort time. The rather high initial yield of a

well tappblg such an aquifer may give an erroneous impression that a large

volume of 1~ater is available frc:>mthe aquifer indefinitely. Thus, before

any substa111tial:ground.water development is .made, sufficient test drilling,

aquifer tests, ailldrelated studies should be undertaken to determine the

capabiliti1es and recharge conditions of tis aquifer being considered.

Geologic History

Parts of tbe northern Great Plains were covered during muchof Tertiary

and Cretaceous time by vast seas in which all or someof the sediments of t}

Cannonball memberof the Fort Union formation, Fox Hills sandstone, and

Pierre shale were deposited. Parts of these formations, however, mayhave

been deposited in terrestrial r:':.v.i.r ;';JD.\tS. All the formations are probably

present in the Drake area.

- 10 -
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The Drake aren was subjected to several advances of ice sheets during

the WisoconsjLnstane of the Pleistocene epoch (Lemke, 1958a, p. 86). The

Souris River lobe, which was the last ice sheet to cover the area, deposited

drift that cc.ncealo any evidence of priol:' glaciation. Southeastward move-

ment of ice b sugnested by northnat-trending linear drumlin like ridges

with lineer groovell between them. (See fig. 4) Also, a regioDal northwest

concavity of the MliLrtinmoraine, which is the terminus of the Souris River

lobe, indicates th'Lt this ice IIIOVedfrom the northwest. The moraine extends

around glaci'Ll LakElSouris to the northeast andmrth, as is shown in the

upper right c:orner of fig. 3.

After the init:ial retreat of the ice of the Souris River lobe, the melt

waters were ~lischal~gedthrough the present-day Souris and Des Lacs drainage

system above Velva into the Kruger Lake spillway. This spillway cut through

the Martin QlClraineand emptied into what is now the head of the Sheyenne

River draina@;esyst:em.

As the j,ce cOtlltinuedits recession, the western part of the Kruger Lake

ice-marginal channell system was abandoned in favor of a lower outlet to the

Velva diversj.on cMLnnel. The melt water was then carried through the Velva

and Alymer dj.versioln channels into glacial Lake Souris, which was developing

at that tlme. LakelSouris was a marginal glacial lake that formed when

melt water WI.S impo.undedon the northward-sloping Souris River basin. The

lake occupied. appro,ximately 3,000 square miles of north-central North Dakota

during a late substage of the Pleistocene epoch, possibly Mankato (Upham,

189S, p. 268). At its greatest extent, the lake was approx~tely 175 miles

long and 75 Idles wide. The absence of prominent beaches and lack of evidence

of wave or lake-ice action suggest that the lake was subject to only minor

fluctuations of sta~e. During a major part of its history, the lake probably

- 11 -
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consisted of sever;~l disconnected water bodies that contained numerous

islands (powdl 1959, p. 15). Although only the northeast: corner of the

Drake area is included in the lake plain (see fig. 4), the geologic history

of the entir.~ regic:m was influenced by the lake and its history.

With thl~ cont:Lnued retreat of the ice, the older diversion channels were

successively abandcmed for the Lake Hester, Antelope Valley, and Verendrye

diversion chlinnels (see fig. 3). The youngest channel into the southern

part of the glacial Lake Souris followed the present course of the Souris

River. The ()utflou of the lake during its early stages wa,s through the

Girard Lake l;pillway into the Heimdal and Sheyenne diversi.on systems. Glacial

Lake Souris l~xpandl~dnorthward into Saskatchewan and Manitoba, Canada, and

when the ice had rl~ceded north of the Turtle Mountains, the lake drained

eastward into glac:lal Lake Agassiz via the Pembina trench (Upham, 1895, p.

268) •

general Stratigraphic Relations

Following is n partial stratigraphic section of the Drake area:

Table l.--Qunternal:y, Tertiary, and Cretaceous stratigraphy 1n the

Drake area

Cenozoic era:
Quaternary system

Recent series
Alluvium

Pleistocene series
WiE~Qonsin stage

Deposits of glacial Lake Souris
Outwash deposits
'nll and associated sand and gravel deposits

PrE~-Wisconsin (?) stage
Tertiat'y system:

Paleclcene series
Carmonball member of Fort Union formation

Mesozoic era':
Cretace:ous system

Upper Cretaceous series
Fo~: Hills (?) sandstone

- 12 -
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Pierre Shale
Niobrara formation
Benton shale equivalents

Lower Cretaceous series
Dakota sandstone

Recent Alluvium

In thE! Recent epoch, streams have deposited thin beds of dark-colored

clay, silt, and '\i'eryfine sand in the valleys of the drainage system in the

Drake area. TheEle deposits are generally less than 7 feet thick, are

extremely lentic\Jllar, and do not contain aquifers.

Q!.acial Drift

The glacial drift comprises the surficial deposits in the Drake area

except where thin beds of alluvium have been deposited over the drift and

where bedrock is exposed. The drift has been divided into three types

according to lith.ology and origin: ·(1) deposits of glacial Lake Souris, (2)

outwash deposits, and (3) till and associated sand and gravel deposits.

Ice-contact: features in the area are kames, eskers, kame te~race~; and

linear drumlinlike ridges. The drift in the Drake area originated during

the Wisconsin stage of the Pleistocene epoch. Its average thickness is

about 90 feet; however, 310 feet of drift was penetrated in test hole 1088

(151-75-3bb'b) and 280 feet in test hole 1057 (15l-75-4ddd).

Deposits of glacial Lake Souris.--Deposits of glacial Lake Souris are

present in the no:rtheast corner of the area. Wind action since disappearance

of the lake has flJrmed eolian deposits as much as 15 feet thick for a

distance of 2 mi14!s south and west of the lake; because of the wind

erosion around thl~ lake, it is difficult to recognize the shoreline. Also #

sand dunes nre cOtlllDonthroughout the lake basin.

No test drillLing was done in the lake sedimemts in the area; however,

logs of test: holen about 5 miles north of the report area reveal that the

deposits of glaci.ll Lake Souris range from 6 to 76 feet in thickness and
- i3 -
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average..abou.t30 feet. These deposits consist of loosely consolidated clay,

silt, and very fin,e to mediumsand. In somes test holes, coarse sand and

fine gravel occur at the base of deposits.

Farmwells in the lake area generally obtain water from aquifers in

the d~posits of glacial Lake Souris. Most wells are less than 30 feet

deep and of large diameter. Yields are generally small but adequate for

farm use.

An aquifer test madeat a farm well that taps the lacustrine deposits

approx.imatel:,30 mUes north of the Drake area showedthat the coefficient

of transm1ssibilit:, was 1,910 gpd (gallons per day) per foot, and the

coefficient 'of sto'rage was 0.085 (Paulson and Powell, 1951, p. 16). The

well tested b rep~ortedto be 28 feet deep and to penetrate 24 feet of sand

underlying 4 feet l)f clay.

Outwashdepos:!:!!.--Outwashdeposits in the Drake area are associated

with three pltlysiogl~aphicunits: diversion channels, ice-marginal channels,

and a pitted outwal!lhplain. These deposits consist of alternating lsyers

of s11t, C la~" saneS,and gravel.

The vallleys oj: the diversion and ice-marginal channels are approx-,

!mately ~ mille to ~~miles wide and 15 to 30 feet deep. Test drilling

west of Drak.ain the vicinity of Lake Bentley revealed a sizable aquifer

in the outwallhdepclsits of the valley formed by the confluence of the

Velva, Lake Hester J. and Verendrye channels. The aquifer extends along the

diversion c~~nels and is probably hydraulically connected with potential

aquifers in (l.ther c::hannelsin the area. The deposits composingthe aquifer

range in th:1ckness from 36 to 40 feet, and in test holes 1070 (151-76-

8bbb) and 1011 (151-11-lddd) they consist of fine to coarse sand and

gravel.

- 14 -



The cNtwashplain south of Drake is higher topographically than the

adjacent jLce-maJ~ginalchannels and is characterized by shallow depressions

and troughs. AIl area containing five eskers is associated with the north-

ern part clf the plain. (See fig. 4). The eskers range from % mile to

2 miles irl length. from 50 to 75 feet in width,and from 20 to 40 feet in

height. '~est hClles 1075 (151-76-14ccc), 1077 (151-76-l4bcc), and 1078

(l51-76-2~lcbb) clrilled in the esker area indicate the presence of an

aquifer ccmtainj~g coarser sand and gravel deposits than those penetrated

by test helles itl the diversion channels west of Drake. These sand and

gravel de~'osits range in thickness from 29 to 59 feet. Test holes 1076

(151-76-2Eibbb)IlLnd1079 (151-76-34add) in the outwash plain south and eBst

of the es':er arEla showthat the sand and gravel deposits range in thick-

ness from 14 to 21 feet. However,the deposits in the outwash plain may

be hydrau1.icall~' connected with those of the eskers and may function

practically as ilLsingle aquifer. Most recharge in the area is probably

in the outwash clleposits southeast of the eskers, and ground water moves

to the noz't_est:.

A shclrt PUIIlpingtest was made in test hole 1078. The drawdownof

the water in thel well was 3 feet after 6 hours of pumpingat a rate of

35 to 40 s;pm. 111ecoefficients of transmissibility and storage of tbe

aquifer WE:renot. determined because of tbe sbort duration of the testing,

but tbe a~~ifer maybe considered to be a potential source of municipal

or indusU'ial 8u.pply.

!!!!..and al.sociated sand and gravel deposits. --Depo8ita of glacial

till and sssocia.ted sand and gravel mantle approximately three-fourth8 of

tbe area. Till in the Drake area is the material of the glacial drift

that was depo8ited directly by the ice of tbe Souris River bbe and 18 .

- 15



shownon fig. 4 as ground and end moraine. Also, till occurs in the linear

drumlinlike ridges and grooves.

The till is an unconsolidated, unstratified, heterogeneous mixture of

clay, sand, gravel, and boulders that has been subjected to little or no

sorting by wind or water subsequent to its deposition. It is a gray highly

calcareous material consisting of about 40 per cent silt, 30 per cent sand,

25 per cent ,clay, ,and5 per cent gravel and boulders. The gravel and

boulder cont,ant of the till consists of a greater percentage of carbonate

rocks than of granitic and gneissic rocks. Lignite chips and limonite blebs

are found in small amounts. OXidation extends to depths of 30 to 50 feet

and little l;e~hin:g extends below the B horizon of the soil (Lemke,1958a,

p. 86).

Because the t:Ul is composedof unsorted material and because the

spaces betwelenthe larger particles are filled with finer materials, till

does not ord:lnaril:~ yleld water read11y to wells.

Stratif:led s&ll1dand gravel deposits associated with the till were

formed as alluvial deposits by local melt water of glacial streams. Many

of these strlltifleli deposits in the till contain ground water and therefore

constitute 81DBll,:l801ated aquifers. Most of the deposits are not exposed

and can be dl!tecteli only by drilling. Test drilling indicated that the

deposits ranl~e in 1thicknes8from 0 to S2 feet in the Drake area. Manyof

the deposits are cc)mpletelyenclosed within the till; consequently, the

yield of weUs penl!trating these sand and gravel deposits decreases a. they

becomedewatc!red~, pumping. Recharge i. slow through the glacial till to

the aquifers and tberefore the pumpageof the wells should not exceed

recharge.

- 16 -



Well :I.nventorydata (table 3) indicate that most of the farm wells

obtain watE~r frotIlthe stratified sand and gravel lenses in the till in

quantities adequa.te for farm use at the present time (1960); during drought

years, howEiver, several wells were dry or produced inadequate supplies,

according to verbal reports from local residents.

Some 1.ce-contact features--kames and kame terraces--scattered through-

out the area yield sufficient water for general farm use. For the most

part these featur'es are surrounded by ground moraine, but at a few places

they occur along ice-marginal or glacial diversion channels. None of the

deposits would fu.rnish water in sufficient quantity for municjpal use

because the bulk of the deposits are above the water table, and only a

relatively thin 2;one in the lower part of the deposits is saturated.

At the, base of the till, a potential aquifer consisting of coarse

gravel was penetrated in test holes 1057 (15l-75-4ddd) and 1088 (151-75-

3bbb). In test b~le 1057, a deposit of coarse gravel 36 feet thick under-

lies 244 feet of till; in test hole 1088, a coarse gravel deposit 52 feet

thick underlies 253 feet of till. This gravel section may be continuous

and associa,ted wi,th deposits of gravel in a preglacial channel in northern

Wells County. Da,ta from previous test drilling and well inventory indicate

that a buried chs.nnel trends southeastward and extends from the southeast-

ern part of McHenry County through Wells County to the eastern part of

Foster County. 'r'hechannel deposits in Wells r County are saturated and

yield relatively large quantities of ground water. However, additional test

drilling would be necessary to find out if the deposits in McHenry County

are connected with the channel in Wells County.

- 17 -



Bedrock

Cannonball a~mber of the Fort Union formation.--The Cannonball membet
of the Fort Union formation underlies central and south-central North
Dakota. It ranges in thickness from 250 to 300 feet and consists of gray
thin-bedded clay 8bal~ and light.brown fine-grained sand interbedded with
a few thin beds of-lignitic shale (Laird and Mitchell, 1942, p. 18).

The Ca~nonbal~_member in the Drake area lies directly below the drift.
It was iden'tified..fromdrUI cuttings and from exposures in the NE'\SEk Sec.
34, T. 151 N •• R •.76 W., the SW.\SE~Sec. 4, T. 151 N., R. 77 W., and in the
SW.\NW.\Sec~ 9, T. 152 N., R. 77 W. (See fig.4). Similar exposures are
found along the Sl)Ur.isRiver near the towns of Velva and Sawyer, approxi·-
mately 20 mUes Wl!8t of the Drake area (Brown and Lemke, 1948). These
exposu1."esand tholilein the Drake area consist of thin-bedded brown sand and
gray sandy lJhale. The outcrops serve as recharge areas for the Cannonball
member, and the gl~d water moves probably toward the northeast (Paulson
and Powell, 1957, p. 20). The Cannonball member yields s~all to moderate
supplies of mod~cttely mineralized water in central and south-central North
Dakota. It i8 ta~lpedby the three municipal wells in Drake and by several
farm wells in the Drake area.

Fox Hills (11 eandstone.--The Fox Hills (1) sandstone probably occurs
in the Drake area between the Cannonball member and the Pierre shale.
Eighty-five feet of the Cannonball member of the Fort Union formation and
(or) the Fox Hills_.(1) sandstone was penetrated in test hole 1057 (151-75-
4ddd). The drill cuttings from test hole 1057 consist of gray to bTown
smooth clay IDixed'with sand at certain depths. The Fox Hills(?) sandstone
is 180 to 320 feet thick in the Missouri Plateau, but in the Drift Prairie
it is pa1."tlye1."ode,dor absent (Robinove, Langford, and Brookhart, 1958,p. 24).
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It yield. ~ierately mineralized water in most of the south-central and south-

western partl' of the State. Somefarm wells in the Drake area are reported

to penetrate a san4istone that is probably the Fox Hills.

Pierre l,hale.'·-The Pierre shale is the oldest formation reached by test

drilling durllng thlls investigation. It was penetrated in test hole 1057 at

a deptt.&of 31)5feel~ below the land surface. The drill cuttings of the Pierre

shale from the tesl: hole consist of a well-indurated gray clay, shale. and

siltstone. '~e IoU of the Hunt Oil Co. Peter Lenertz No. 1 well (153-77-l7db),

approximateI), 5 miles northwest of the Drake area, shows the thickness of the

Pierre shale to be 990 feet and the top of the formation to b. 341 feet below

the land surface. Tbe formation underlies the entire Drake area and is the

bedrock dire<:tly ullder the drift in a large part of eastern North Dakota.

Nowelb in tbe Drake area are knownto obtain water from the Pierre

shale; howevElr,in the eastern part of the State the formation yields 811I411

amounts of IDelderatEllyminerali.ed water to wells.

Older rc~.- ••The Pierre .hale 11 underlain by older Cretaceous rocks

and by rocks of JU1~as.ic, Triassic, M18s18sippian, Devonian, Silurian, and

Ordovician al:es, ael shownby the log of the Peter Lenerta No. I well. which

is 7,211 feet: deep. An oil-test well drilled in McHenryCounty in 1959

showedCambrtan an~lPrecambrian rock. below the Ordovician (oral cOllllllUnica-

tion. 1959, 5:. B. ~mderson, North Dakota Geological Survey).

The onl" othel' Cretaceous formation in the area that may be an aquifer

is the DakotllLsandl!iltone. It underU.es the entire State., except at a faw

places in ealLtern 'forth Dakota. The total thickness of the formation range.

from ISO to ~,SO fe.lt (Robinove, Langford, and Brookhart, 1958, p. 16). In

the Peter LetlLertz1Irell, the formation 18 2,472 feet below the land surface

and consist. of l33~feet of medi~gray to medi~rk-Iray shale with some
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white medium-to very coarse grained sandstone and light-gray sandy silt-

stone (Caldwell, 1953, p. 3). The formation yields large quantities of

highly mineralized water from wells in the eastern and the south-central

parts of tbie State (Simpson, 1929, pl. 1). Manyof the wells flow. The

well nearest the Drake area penetrating the Dakota sandstone is one of the

city wells at Hal'vey, approximately 20 miles east of Drake. The well was

drilled to a depth of 2,235 feet, and the original flow was 2% gpm (gallons

per minute) (Simll,son, 1929, p. 264). The Harvey well does not flow at the

present tiu18 (195i9) owing to reduced pressure, and wells penetrating the

Dakota in the DrlLkearea probably would not flow.
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QUALITY OF THE GROUND WATER

Ground li1JaterIdissolves a part of the soluble mineral constituents of
the rock particles as it moves toward and through an aquifer. The amount
of mineral matter ,dissolved depends principally on the amount of soluble
materials in the a,quifer and on the length of time the water is in contact
with them. 'rheref,ore.water from a homogeneous aquifer, that has been stored
underground a long period of time or that has traveled a long distance from
the recharge area is more highly mineralized than water that has been stored
a short time or that is recovered relatively near the recharge area.

The che~ical composition of ground water is indicated by results of
the chemical analyses of ground water from 12 wells in the Drake area.
(See table 2). The wells range in depth from 16.3 to 507 feet and tap
aquifers in the glacial drift. t~e Cannonball member of the Fort Union
formation. and the Fox Hills(?) sandstone. Water from the nine wells that
tap glacial drift differs considerably in the degree of mineralization and
in the type of the principal constituents; in this respect it is similar to
water from glacial drift in other parts of North Dakota. The low calcium
and magnesiu~ and relatively high boron content of water from the Drake city
wells and the two farms wells (152-77-llccd) (152-77-2lcdd) indicate that
water from these wells is from the Cannonball member of the Fort Union
formation and the Fox Hills(?) sandstone (Robinove, Langford, and Brookhart.
1958. p. 31). Analyses of water from these formations in surrounding areas
show a high concentration of boron and a relatively low hardness.

Water samples from test holes 1070 and 1078 are similar in chemical
composition, thus indicating that the aquifers tapped by the two holes may
be hydraulically interconnected.
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The U.S. Public :~~alt:lService has established standards for drinking

water used on commoncarriers in interstate traffic; and these standards, as

revised in 1946, have been adopted by the American Water WorksAssociation

as criteria of quality for all public supplies. The standards are soon to

be revised again; but, according to Welsh and Thomas(1960), the revised

standards are not likely to differ from the 1946 standards for the mineral

constituents indicated below.

Iron (Fe) plus manganese (Mn)

Mas;nesiWI(Mg)

Sulfate (S04)

Chloride (CI)

Flu:oride (F)

Dbsolvedl solids

Recommendedmaximum
limit (~411

0.3
125

250

250

!./I.5

~/500

0:4-
14-
/z

2,0

.,-4-
JO/

!./Mandat:oryU.mit •
i~/'fYt:' .,2/1,OOO.:I'PIR al'e permitted if water of better quality is not available.

The chealical .Lnalyses of ground water in Elie Drake area (table fjl show

that at least: one elf the recOIIIIIl8ndedlimits is exceeded in water from each,

of the wells samplfild. HoWever,water containing more than the recoamended

limits of cel~tain c:hemical constituents has been used for domestic purposes

for manyyeal~s in Elomeareasy ~lu4(na North Dakota..\ without no1:iceable

ill effects.

Iron in drlnk~Lngwater is objectionable mostly because of its aesthetic

effects. In concentrations muchgreater than the recOllllll8t\ded11mit, the

tron itself e~anbe taated. Somemicroorganisms thrt.ve abundantly in water

containing much irem. In somewater supplies the microorganisms become so
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abundant that they almost completely plug water lines, and decomposition

products from the microorganisms give the water a bad taste and ordor. The

town of Drake has had difficulty in the past with its water supply because

of the ~tesence of such microorganisms.

Iron 10 solution ordinarily precipitates when the water is aerated. If

aeration takes place in the vicinity of the well screen, prec£pltated iron

salts mayplug 'well-casing perforations and reduce the well output. If it

takes pla,ce at the tap, the precipitate may cause the water to become

cloudy. Iron stains porcilain fixtures and laundry and adversely effects

the taste of co.ffee, tea, and somefood products prepared with the water.

Sul£,ate is objectionable to industries using steam boilers 1£ the water

il allo high in calcium and magnesiumbecuase it precipitates and forms a

scale on 'the inside of boilers. Also, high concentrations of sulfate (more

than abou,t 500 :ppm)in domestic or public water supplies has a laxative

effect on humanbeings and certain antmals.

Nearly all ground water contains at least small amounts of hardness-

causing mineral:s. Hardness of water is caused principally by calcium and

magnesiumand t4) a lesser extent by iron, aluminum, strontium, barium, zinc,

and free llcid. Hardness of water is undesirable, especially if the water is

used for l::leanblg, becf¥Jse it causes increased soap consumption as well as

soap scum. Watlarhaving a hardness of about 100 ppmas CaC03generally is

considered to blamoderately hard; water having a hardness of 200 ppmor more

is consid4~redtC)be very hard and should be softened to be satisfactory for

most uses,.

Watel~havin.g a high concentration of sodium relative to the total

cation cOl1centrlltion (high percent sodium) maybe unsuitable for irrigation

because 11: may c::ausesoils to becomerelatively impermeable. The relative

proportion of s()d:1umexpressed as a percentage maybe calculated from the
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following equatiolCl:
Percent Na;: Na x 100

Ga f Mg f Na f K
where the cl>ocentlt"ationsof all cations are in equivalents per million.

The cOl1tinuel!use of irrigation water in which the percent soaium is
in excess oj~ 50 mllY cause damage to the soU. However, the amount of
damage depends alISO on other factors, such as salinity of the water, porosity
of the soUII drainage, irrigation practices, and crop management. In
general, thElhighE=r the per cent sodium, the less suitable the water for
irrigation.

Irrigating wtth water having a high dissolved-solids content may cause
salts to acc:umulat:ein the root zone of the soil and may eventually cause
the soil to becomE~ unproductive. According to the U. S. Salinity Lab-
oratory Staff, 195-4, p. 70.

"Nearly all irrigation waters that have been used successfully for a
considerable tUne have conductivity values (specific conductance) of less
than 2,250 micromhos per centUneter (equivalent to a dissolved-solids content
of about 1,500 ppm.). Waters of higher conductivity are used occasionally,
but crop production, except in unusual situations, has not been satisfac-
tory."

Although the specific conductance of the samples is not given in table
2, it can be appr~~ted by dividing the dissolved-solids content by 0.65.
For most of :the s~nples the approximation probably would be accurate within
10 percent •. Apprl)ximations of the specific conductance of the samples
analyzed sh~1 that 5 were greater than 2,250 micromhos per centbDeter. In
addition, 7 lsamplelsshowed a percent. soClium greater than 50. Five of these
obtain water from bedrock formations. Because of the low permeability of
the surface deposi1:S in the area, which consist of ClflY and silt, consider.
able caution shoulel be used in applying water having a high percent so dlum
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or a high s'!llinit:~.

GeneraUy. w.ater from the glacial drift is of suitable quality for

irrigation. where'!lswater from bedrock is unsuitable because of its high

dissolved-sl:>lids lcontent and high percent. sodium. Also. boron, which is

an essential plan:t nutrient but which is toxic in concentrations of more

than 0.3 pp1Dto Sl:>meplants, is present in relatively high concentrations

in water fr4:>mthe bedrock.
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SUMMARY OF GROUND-WATER CONDITIONS
A majority of the wells in the Drake area obtian water from aquifers in

the glacial drift. Wells penetrating these aquifers supply small to
moderate amounts of water adequate for individual farm and domestic users.
Productive aquifers, adequate for furnishing municipal and industrial water
supplies occur in the outwash deposits and in buried preglacial channels at
the base of the glacial drift.

Some farm wells in the Drake area obtain water from aquifers in the
Cannonball ~ember of the Fort Union formation and the Fox Hills(?) sand-
stone. Wells in these aquifers yield small to moderate amounts of
moderately to highly mineralized water. The city wells of Drake tap the
Cannonball ~ember of the Fort Union formation and yield a supply sufficient
to support the present (1959) water demands of the city.

Deep aquifers in the Drake area are not considered good sources of
~round water at the present time because they occur at depths below econom~
ical pumping lift and because the water contained in them is too highly
mineralized for most uses. Newly developed methods of demineralization of
water, however, may make these aquifers an important source of supply in the
future.

Recharge to glacial-drift aquifers in the Drake area is derived pri-
marily from infiltration of local precipitation through the 80il and from
seepage of water from streams and lakes. Recharge to bedrock aquifers is
probably derived by percolation of water through the glacial-drift aquifers,
by direct penetration of rainfall or melting snow and ice, and by lateral
movement of 'water from adjacent areas.

In the region as a whole, ground water probably moves to the north-
east. Locally, however, the direction of movement of ground water in the
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glacial drift is controlled by the bedrock surface, by channels and

depressions, and by local differences in the permeability and porosity of

the aquifere.

Chemicalanalyses of ground water in the report area indicate that the

mineral content of -water from different aquifers is extremely variable •.
Water from th.e glac,ial-drift aquifers is hard but generally suitable for

domestic use and it'rigation purposes. WI" ter from the bedrock aquifers is

soft but is \l,nsuitslble for irrigation. U.S. Public Health Service recommend-

ed limits wet'e excE~ededby at least one mineral constituent of water report-

ed in each wElll tapping a bedrock aquifer. However,at present (1959) the

water is beirlg useelwithout noticeable ill effects.
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TABLE 2.--Ch~ical

Aquifer: Qil glacllaldrift
Tj:c/Kfh::Cannonball(?) member of Fcrt Union formation

or Fox Hil1s(?) sandstone
Tl:e: C~lnnonballmember of Fort Union formation

c-o OJ••• rz..... -
151-75
3ada
22add

H. F. S4:hneets
C:Lty.f Anamoose

Q
Q

16.4 7- 9-59 1.2 77 43 40
102 9-22-58 .16 99 32 48

151-76
2cbe2
2cbe3
3dda
8bbb
23ebb
151-77
34bda2

C:Ltyof Drake
Well :l

C:Ltyof Drake
Well :3

Clty of Drake
Well 1

TIl!sthole 1070
TlastHole 1078

V'l11ageof Kief

Tfe
Tfe
Tfe
Q
Q

Q

127 8- 1-55 .9
127 8- 1-55 1
180 8- 1-55 1.4
80 10-21-55 1.2
70 10-.4-55 .4

• •

• •

·.
54
46

93

5 578
7 625
5 55S

25 13
29 60

89 206
152-76
10aed2 G:reatN,orthernRR. Q 18 9-22-58 12 5S 36 265
152-77
lleed
21edd
28ebe

Carl Bud
Arnold Alme
City of Balfour

Tfe/Kfh 350
Tfe/Kfh 507

Q 16.3
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8- 2-58
9-22-58
9-22-58

.43

.38

.7
2 10 1060
S 11 1080
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Analyses of Groundl water

Analyses by State Laboratories, Bismarck
Results in parts per million except as

indicated

'0 ,....,
4J eI ~ <AI.u 4J aI :;.I = .u

~
III .u I» as '0 fD ••.•=

.usc::- as_ I» '0 <P I» <p-ecu...• o C""l = t"'I
.u _ ...• - '0

.u _ c:: fD > ::I ~ ::IfD .00 00 as ..:t ~ ...• ...• as t"'I 0- fDCV'\•.••fDl».u 0 ••.•fD- ~~ .ou 'W o· OU ~- ti ~CIQ <po O'O.u ••.•
~"tjas:.: ~- •••• CI':I ...• - or:.:. 0- c::u w ••.• <P.u QlO.u - u- as ::1- .c: ::1- ...• - CIQ '0 as fIJ••••'OlI)

2- ...• u CI.l u •••• :zoo ~ u ••.•0 = 130< co
CIQ r:.:. ~ QfIJ'WOo 0

7 384 16 218 ..... 0.2 ••• 0.3 374 764 19
11 339 • • 162 ••••• .3 0.5 .5 378 626 3

3 660 56 74 322 .4 .8 4.1 20 1,450 98

4 910 '59 120 421 .4 .7 4.0 29 1,670 97

2.8 705 71 274 73 .4 1.4 3.8 20 1,410 94
1.8 216 • • 34 ••••• • • • .4 .12 236 335 9
3.2 315 • • 34 ••••• ••• o •• .15 232 400 31

7.2 444 • • 527 13 .3 ••• .5 518 1,290 46

10 624 • • 229 6 .2 .2 1.1 288 1,050 53

7 459 78 32 1,070 .3 1.•8 3.5 46 2,540 97
8 444 40 26 1,270 .4 1.8 3.3 ·58 2,890 97

25 693 104 1,090 376 .3 .4 1.1 1,190 3,320 59
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TABLE 3.--Records of Wells

Depth to wllter: Measured water levels in feet
and tenths; reported water levels tn feet.

Typo of well: D1~t drilled; Du J dug.

Location
No.

Ownelt'or
nam4!

Depth
of well

(feet)
Diameter Type
or size
(inches)

Date
completed

151-75
2bbc Henr:~F. Schneets 186 4 Dr 1928
3ada do 16.4 48xLB Du 1928
3bbb Test hole 1088 315 5 Dr 10-24-55
4bcc H. R. Sherlock 28 48x48 Du 1926
4ddd Test hole 1057 320 5 Dr 9- 2-55
5bdd H. B. Priester 180 4 Dr ••••••••5ddd Test hole 1058 280 5 Dr 9- 6-55
7aaa Test hole 1059 220 5 Dr 9- 9-55
7bbbl Test hole 1060 210 5 Dr 9-12-55
7bbb2 Max ~rhurow 26 36x36 Du •••••••
8bbd Clar4ance Rademacker 188 4 Dr 1951
9aaa Burej!luof Reclamation

t4!sthole 12.2 3 Dr •••••••
10ccb Otto Frueh 190 4 Dr 1947
10ddd John peerboom 90 2 Dr 1908
Uada Fran.:is Mayer 180 4 Dr •••••••
llcdc EmU Schnase 32 24 Dr •••••••
12ccc Carl Cuote 240 4 Dr 1926
12dcd Joe '''eninger 180 4 Dr 1926
l3bcc Will:Lam Nitz 20 36x36 Du •••••••
l4aba Vict4)r Mayer 300 4 Dr •••••••
l6ddd Cl1f:fFrueh 160 6 Dr •••••••
l8aad Otto Hass 155 5 Dr ........
18baa Waltler Sherlock 185 4 Dr 1941
20ddd Otto Hass 22.1 48x48 Du •••••••
22add City of Anamoose 102 4 Dr 1950
23cbd Albelt'tZuther 118 4 Dr 1950
2Sbaa MarC1JS Rudnick 28 36x36 Du •••••••
25cdd Mart:ln Hublou 38.8 36x36 Du •••••••
26adb R. Rudnick 157 5 Dr 1940
26bba do 111 5 Dr 1952
27bab Paul Heller 30 36x36 Du •••••••
27cbc D. L:~kken 34.7 36x36 Du 1950
29dad Otto Rattermaker 170 5 Dr 1947
30bba Loui:9 Schilling 14·.2 48x48 Du •••••••
3lcdd Ed. Radenachener 20 36x36 Du 1948
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and Test Holles

Depth of well: Measured depths in feet and tenths
reported depths in feet.

Use of water: D, domestic; N, none; obe, observation
PS, public supply; RR, railroad; S, stock,
T, test hole.

Depth to Date of Use Aquifer Altitude
water below measure- of of land
land SUrfaCE!ment water surface

(feet) (feet)

Remarks

40 8-16-·55 D,S Sand 1,600 Reported hard.
10.2 8-16-·55 S Sand 1,560 See chemical analysis.

••••• ........ T • ••• 1,611 See log.
13 8-11-·55 D,S Sand 1,615 Reported hard.

••••• ........ T • ••• 1,614 See log.
••••• 8-11-·55 D,S • ••• 1,620 Reported soft.
••••• ••••••• T ·... 1,616 See log.
••••• ........ T ·... 1,597 Do.
••••• ••••••• T ·... 1,617 Do.
16 7-28",55 D,S ·... 1,617 Reported hard.

••••• 8-22-·55 D,S Sand 1,600 Reported soft.

6.4 8-12-55 abs. I' •• 1,614
••••• 8-12-55 D,S Sand 1,600 Reported hard.
••••• 8-16-55 D,S ·... 1,610 Do.
60 8-15-55 D,S •••• 1,620 Reported soft.
16 8-16-55 D,S Gravel 1,620 Reported hard.

••••• 8-16-55 D,S ·... 1,626 Reported soft.
90 8-16-55 D,S Sand 1,620 Do.

••••• 8-16-55 D,S Gravel 1,628
50 8-15-55 D,S ·... 1,626

••••• 8-12-55 D,S •••• 1,620 Reported soft.
50 8-22-55 S • ••• 1,600 Reported 80ft, adequate.

100 8-22-55 D,S Gravel 1,610 Reported soft.
10.2 8-22-55 D,S •••• 1,620 Reported hard.

••••• 8-17-55 PS ·... 1,615 Reported 80ft, chemical

8-1i-55
analysis.

••••• D,S ·... 1,615
15 8-17-55 D,S Gravel 1,631 Reported hard.
21.5 8-17-55 D,S Sand 1,620 Do.
50 8-17-55 D,S Gravel 1,619 Reported 80ft.
50 8-17-55 D,S Sand 1,607 Do
24 8-18-55 D,S Sand 1,600 Reported hard.
23.0 8-18-55 D.S Gravel 1,620 Do.

••••• 8-18-.55 D,S • ••• 1,620 Reported 80ft.
10.0 8- 9-.55 D,S ·... 1,621 Reported hard.

••••• 8- 9-.55 D,S ·... 1,620 Do.
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TABLE 3.--Records of Wells

Location
No.

OWne:r or
n&l:ne

Depth
of well

(feet)

Dismeter Type
or size
(inches)

Date
completed

151-75 (Cont.)
31ddd H. L. Er1ewine 22 36x36 Du 1918
32baa E. Brown 22 36x36 Du 1931
32dcc Om.est Wagner 20 36x36 Du •••••••

3.3daa SaD:LHerman 40 48x48 Du •••••••
34aad FrsLnk Rudnick 35 36x36 Du •••••••
34dda ChI'is Helm 45 36x36 Du •••••••
35aaa1 J. Rudnick 50 36x36 Du •••••••
35aaa2 do 201 5 Dr 1941
35cdc Pa\:llSt o1.pman 63.4 5 Dr •••••••

151-76
lccd Frnnk Paulus 32.0 36x36 Du •••••••
Idac o. A. Retling 22 36x36 Du •••••••

Idcb Math Paulus 35 36x36 Du •••••••
2aaa A. Sherlock 96 4 Dr 1900
2cbc1 Tel!Jthole 1082 70 5 Dr 10-10-55
2cbc2 City well 12 127 24 Dr •••••••
2cbc3 Ci'ty well 13 127 24 Dr ••••••••
2<:cc1 Test hole 1061 130 5 Dr 9-13-55
2<:cc2 800 Line Railroad 48.3 144xl44 Du ....- ...
3aaa Test hole 1063 100 5 Dr 9-15-55
3ccc Hubert Schmidt 100 2 Dr 1910
3dda City Well #1 180 24 Dr •••••••
4ccc Test hole 1069 90 5 Dr 9-19-55
4ddb Andrew Zez1er Jr. 258 4 Dr 1950
4ddd Test hole 1068 70 5 Dr 9-19-55
5aad An.drew Kruger 60 4 Dr 1934
8abb Te;st hole 1081 70 5 Dr 10- 8-55
8bbb Te:st hole 1070 80 5 Dr 9-20-55
9bbb OIville Kamper 145 4 Dr 1910
10abd DSLle McCarthy 80 4 Dr •...•....
10bda JCle Frieson 96 4 Dr •••••••
10ddd TElSt hole 1074 120 5 Dr 9-28-55
Uada JElke Adams 32 36x36 Du •••••••
llbbb TE!St hole 1062 110 5 Dr 9-15-55
12dcd Joe Kuntz 133 5 Dr 1955
13bbc J~lke Adams 31.6 36x36 Du •••••••
14aba ~lrt in Isaak 20.3 36x36 Du 1953
14bcc T4~St hole 1077 70 5 Dr 10- 4-5;
14ccc T4~st hole 1075 90 5 Dr 9-28-5;
17ada Ulren Fenner 90 4 Dr •••••••
l7ccc Dl!serted 25.6 48x48 Du •••••••
20dda C. W. Kemper 116 2 Dr 1942
21cbc WUliam Stock 8.3 72x72 Du 1900
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and Test Holes -- CCtntinued

Depth to
water below
land surface

(feet)

Date elf
meaSUI'e-
ment

Use
of

water
Aquifer Altitude

of land
surface

(feet)

Remarks

7 8- 9-5i5 D,S Sand 1,620 Do.
15 8- 9-5.5 D,S Sand 1,620 Do.
10 8- 9-5i5 D.S Sand 1,620 Do.
24 8- 18·,55 D,S Gravel 1,630 Do.
15 8- 17·,55 D,S ·... 1,640 Do.

••••• 8-17-S5 D,S Sand 1,640 Do •
40 8-17-55 D,S Gravel 1,630 Do.
75 8-17-5i5 D,S Gravel 1,630 Do.
20.0 8-17-55 D,S Sand 1,640 Do.

17.0 8-25-5i5 D,S Sand 1,640 Do.
9 8-12-55 D,S Gravel 1,615 Do.

••••• 8-12-55 D,S Gravel 1,640 Do •
25 8- 8-5.5 D,S Gravel 1,640 Do.

••••• ......'. T ·..., 1,660 See log.
.- .... 8- 1-55 PS Clay 1,680 See chemical ana1ys18.
••••• 8- 1-55 PS Clay 1,680 Do •
••••• ........ T •• •• 1,640 See log.
24.1 7-28-5i5 PS,RR Gravel 1,650 See chemical analysis.

••••• ••••• 4t. 'r • ••• 1,647 See log.
20 8-12-55 D,S Sand 1,620 Reported hard.

••••• 8- 1-55 PS ·... 1,680 See chemical analysis.
••••• ........ :"r ·.... 1,596 See log.
••••• 8- 9-5.5 D,S • ••• 1,620 Reported soft.
••••• •••••• 1 • T ·... 1,604 See log.
20 8- 5-S5 D,S Sand 1,600 Reported hard.

••••• •.•.•. 1. T • ••• 1,585 See log.
••••• ......, .. T • ••• 1,558 See log; chemical analysis.
••••• 8- 9-5.5 D,S • ••• 1,600 Reported soft.
30 8-22-55 D,S ·... 1,620 Reported hard.

••••• 8-22-5i5 D,S ·... 1,600 Reported soft.
••••• ..... ,'. T • ••• 1,620 See log.
20 8-22-5i5 D,S Sand 1,616 Reported hard.

••••• ......,. T • ••• 1,640 See log.
60 8-19-5.5 D,S ·... 1,620 Reported soft.
12.6 8-19-5i5 S • ••• 1,620
15.3 8-19-5i5 D,S Sand 1,620 Reported hard.

••••• ......'. T ·... 1,600 See log.
••••• ......'. T ·... 1,620 See log; chemical analysis.
20 8- 9-5i5 D,S ·... 1,580
18.0 8- 9-5i5 S ·... 1,616

••••• 8- 9-S5 S ·... 1,580 Reported soft.
4.5 8- 4-5i5 S Sand 1,580 Reported hard.
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TABLE 3.--Records of Wells

Location
No.

OWlU~i
or nume

Depth
of well

(feet)
Diameter
or size
(inches)

Type Date
Completed

151-76 (Con1:.:l2.144d John Kem~r . 296 4 Dr • •••22abb John M. ntz 60 4 Dr • •••
22ccd·t C. W" Kemper 132 4 Dr 1927
23cbb Test hole 1078 70 5 Dr 10- 4-55
24dcc !.pUill SheUey 355 4 Dr 1920
2Saac John F. Eichhorn 20 36x36 Du ••••
25dda Ben C~nge 16.4 36x36 Du ••••
26bbb Test hole 1076 70 5 Dr 9~30-55
27acb John Kemper 30 36x36 Du ••••
27ccc Will :LamEkrman 3.1 36x36 Du ••••
28cdcl C. S()derberg 200 4 Dr 1945
28cdc2 Do 30 36x36 Du 1952
29acc Will:Lam Stack 157 6 Dr 1945
30accl Ed Rc)der 22.2 36x36 Du 1920
30acc2 Do 20 36x36 Du ••••
32bba Will:Lam Ehrman 30 36x36 Du 1920
32dbc1 A1bel1:'tErkman 27.5 36x36 Du ••••
32dbc2 Do 16.8 36x~6 Du • •••33cbc Fred B1umhagen 292 4 Dr 195233ddd Do 18.3 48x48 Du ••••34add Test hole 1079 50 5 Dr 10- 6-5534ccc Ben Ulumhagen 332 2 Dr 1926
151-77
lbcc Fred Steffen 260 4 Dr 1900lddd Test hole 1071 60 5 Dr 9-20-552add Amy Ilant1er 180 4 Dr ••••2ccc Test hole 1073 70 5 Dr 9~27-552ddd Test hole 1072 60 5 Dr 9-22-559aba Wm. ~[artwick01 129 2 Dr 192610cbc EmiUe Pankratz 32 48x48 Du 1911Uaba J. M. Weninger 12.0 36x36 Du ••••12bbb V. Sb.ink 43 4 Dr ••••14ddc Joe llolland 22.7 2 Dr ••••l6edd Alex Michalenko 100 4 Dr ••••22cbbl Ed ZahoPYJ:to 110 4 Dr ••••22cbb2 Do 100 2 Dr ••••23ccc Joe Holland 23.6 36x36 Du ••••24acb L. M. Ross 76 4 Dr ••••24dab1 H. M. Peterson 200 4 Dr ••••24dab2 Do 80 2 Dr ••••26ddd Roy Frankhaugen 22.0 36x36 Du ••••27bcc Deserted 12.7 48x48 Du ••••28cbc Ed Gr,aham 16 2 Dr ••••33acd Deserted 6.1 48x48 Du ••••33bbb1 Jack :Peawoar 220 2 Dr 1950- 318 -



and Test Holes -•.Continued

Depth to Date of
water be1o" measure-
land surfa<:e men1:

(feet)

Use
of

water
Aquifer Altitude

of land
surface

(feet)

Remarks

Flow 8- 9··55 N ·... 1,580 Reported 80ft.
••••• 8-22··55 D,S Sand 1,620 Do •
••••• 8- 9··55 D,S • ••• 1,610 Do •
••••• •••• ~t •• T •• • • 1,600 See log; chemical analysis.
••••• 8- 9··55 D,S ·... 1,620 Reported soft.
••••• 8- 9··55 N Sand 1,610 Reported hard.

3.0 8- 9··55 S • ••• 1,620 Do.
••••• •••• 1••• T ·... 1,623 See log.
••••• 8- 9··55 N • ••• 1,620

1.2 8- 4··55 S ·.... 1,600
••••• 8- 4··55 D • ••• 1,620 Reported soft.
••••• 8'\"4··55 S Sand 1,620 Reported hard.
30 8- 4··55 D,S Sand 1,620 Reported soft.
10.1 8- 4··55 S Gravel 1,630 Reported hard.
18 8- 4··55 D Clay 1,630 Do.

••••• 8- 4··55 D,S • ••• 1,630 Do •
9.6 8-23··55 S Sand 1,700 Reported hard.
9.2 8-23··55 D Sand 1,700 Do.

••••• 8.. 4··55 D,S Clay 1,635 Reported soft.
9.0 8- 4··55 N .... 1,635

••••• •••• 1••• T • ••• 1,610 See log.
••••• 8- 4··55 D,S • ••• 1,635 Reported soft.

80 8- 4··55 D,S ·... 1,600 Do.
••••• ..., ..... T ·... 1,556 See log.
••••• 8.. 4··55 D,S •••• 1,600 Reported soft.
••••• •••• n •• T ••• • 1,620 See log.
••••• •••• It •• T •••• 1,592 Do •
••••• 8- 2··55 D,S Sand 1,580 Reported soft •
16 8- 2··55 D,S Clay 1,600 Reported hard.
7.0 8- 4-·55 D,S ••• • 1,580 Do •

••••• 8- 4··55 S Clay 1,600 Do •
14.6 8- 3··55 D,S " .. 1,620

••••• 8- 2··55 D,S • ••• 1,630 Reported soft •
••••• 8.. 3··55 S Gravel 1,640 Do •
••••• 8- 3··55 D •••• 1,640 Reported hard.
15.3 8- 3··55 N •••• 1,650
20 8•.23··55 D,S Gravel 1,640 Reported soft.
40 8-23··55 D,S Shale 1,640 Do.
30 8-23··55 D,S Sand 1,640 Reported hard.
15.0 8- 3··55 D,S • ••• 1,640 Do.
8.6 8- 3··55 N ·... 1,640

••••• 8- 3··55 D Sand 1,660 Reported hard.
2.1 8- 3··55 S •••• 1,640

30 8- 3··55 D,S Clay 1,660 Reported soft.
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IrABLE 3--RECORDS OF WELLS

Location Owner or Depth Diameter Type Date
No. name of well or size completed

(feet) (inches)

151-77 (Cont.)
~3b~b2 1)10 24 36x36 Du4bbc SaUllKokoroy 320 2 Dr i§~~
34bdal Jak.eKizima 25 36x36 Du ••••34bda2 Village of Kief 33.0 48x48 Du ••••36ddd Fred Eichhorn 27.2 36x36 Du 1913
152-75
lcbd Joe Hager 20 36x36 Du ••••3cccl F. Zimmerman 20 36x36 Du ••••3ccc2 D'o 12 36x36 Du ••••3ddd R. Berndt IS 36x36 Du ••••4cca Henry Schnase 45 18x18 Du ••••5ddd Martin and George

Bruner 125 4 Dr 1950
6add Anton Bruner 20 48x48 Du ••••9cac o. P£irfer 64 2 Dr 1900
9ddd E' Ruhal 35 4 Dr 1920
10ccc Martin Samual 22.9 36x36 Du ••••10ddb Do 60 5 Dr 1912
llbaa Ed Hoaglund 76 5 Dr 1946
Udaa Henry W. Lange 210 2 Dr ••••14cac Robert Berndt 146 2 Dr 1920
15ada H. Schneider 60 4 Dr 1945
15cba Emmanual Samual 208 2 Dr ••••l5ddcl Wm. Lange 80 4 Dr ••••l5ddc2 Do 60 4 Dr ••••16dda Frank Enert 250 2 Dr 1943
l7ccd Cliff Schnase 33 36x36 Du ••••17cca2 Do 16 36x36 Du 1955
17ddd Melvin Schimmel 168 2 Dr ••••l8ada John Enert 72 4 Dr 1914
19••a Haury Pietsch 20 4 Dr ••••
19ccdl Elmer Vollmer 20 36x36 Du ••••
19ccd2 Do IS 36x36 Du 1936
20.dcl Walter Stolt 30 5 Dr ••••
20.dc2 Do 14 36x36 Du ••••
20ddb August Stolt 15••3 36x36 Du ••••
2ldad Harry Peller 24 4 Dr ••••
22bcbl Paul Kohlman 40 5 Dr ••••
22bcb2 Do 53 4 Dr ••••
23abd Otto Wick 55 4 Dr ...~
24dba Frank Rudnick 225 2 Dr ••• iI!i

25bbb A.G. Roe 30 4 Dr ••••
26bcb Willard Peerboon 90 2 Dr ••••
26dac E.M. Roufs 42 4 Dr 1920
27ddd Amy Berndt 140 2 Dr 1915
29abc Wm. Pattias 160 2 Dr 1935
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AND TEST HO]~ES -- Continued

Depth to Date of
water below measure-
land sUrfaCl!ment

(feet)

Use
of

water
Aquifer Altitude

of land
surface
(feet)

Remark.

48
10
18.2
12.2

•••••
10
6
8

15
30
14
10
20

6.2
20

7
••••
40
40
40
:40
40
50

••••
8

25
••••
••••
•• ••
••••
••••
••••4.0
••••
••••
40
43

••••
••••80
••••
80

• •• •

8- 3··55
8- 3··55
8- 3··55
8- 3··55
8-23··55

8-15··55
8••10··55
8-10··55
8-15··55
8-10··55
8••10··55
8-10··55
8-10··55
8-10··55
8-10,,·55
8-15··55
8••15··55
8-15-·55
8-15-·55
8-15",55
8-24-55
8-15-'55
8-15-55
8-10-55
8-10-55
8-10-55
8-11 ••55
8-10-55
8-10-55
8.•10••55
8-10-55
8-11-55
8.•H .•55
8-11-55
8-24-55
8-24-55
8-24-55
8-15-,55
8-15-:55
8-15-:55
8-15-:55
8-24-:55
8-24-:55
8-10-~)5

.SD,S
D,S

D
D,S

D,S
D
S

D,S
D,S
D,S
D,S
D,S

D
D,S
D,S
D,S
D,S
D,S
D,S
D,S
D,S

S
D,S

D
S

D,S
D,S

N
D
S
D
S

D,S
D,S

D
S

D,S
S

D,S
D,S
D,S
D,S
D,S

CIa)!Sana
Sand
Sand·...
••••Gravel
Sand
Sand
Sand
Sand
Gravel
Sand
Gravel
• •••Salld
Sand

••••Sand
• •••
••••
• •••
• •••Sand
Sand·....
Sand...•.
••••Gravel
.. •. .. ..' ...
Sand
Gravel
Sand
Sand
Gravel
••••Sand....
Gravel
Clay.....

1,6601,660
1,660
1,660
1,660

•••••
•••••
•••••
•••••
•••••

•••••
•••••1,600
1,570
1,570
1,580
•••••1,600
1,600
1,580
1,580
1,600
1,600
1,600
1,600
1,600
1,580
l,580
1,580
1,600
1,600
1,600
1,600
1,600
1,590
1,590
1,590
1,600
1,600
1,600
1,620
1,600
1,600
1,600

Reported hard.Reported soft.
Reported hard.
See chemical analysis.
Reported haid.

Do.
Do.
Do•
Do.
Do.

Reported 80ft.
Reported hard.

Do.

Reported soft.
Do•
Do •

Reported 80ft.
Reported hard.

Do.
Reported 80ft.

Do •
Do.

Reported hard.
Do.
Do•
Do •
Do •
Do •

Reported soft.

Reported bard
Reported 80ft.

Do.
Do •

Reported bard.
Do.

Reported soft.
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TABLE 3.--aeeor4. of Wells

Location Owuer Depth Diameter Type Date
No. or l\am.~ of well or size completed

(feet) (inches)

152-75 (Cont.)
29cdd ~l'.S. Rieder 60 4 Dr 1910
30baa Carl Yl!lhange 24 36x36 Du ••••
30bab l~rvin Vollmer 65 4 Dr 1925
32adc 'IhlbertSpletto 65 4 Dr 1929
34ada Herman Semecheud 60 4 Dr ••••
35ccc :s. Martin 165 2 Dr ••••

152-76
labd Frank Bruner 37 36x36 Du • •••
2dcb O. B. Olson 106 5 Dr 1915
4cac Edward Grad 180 2 Dr • •••
5baa H. C. Knuth 100f 2 Dr ••••
5cac Joe Koble 32 18 Dr ...'.
6adc Phil Schatz 33.6 36x36 Du • •••
6bba Clarence Brownley 25.3 48x48 Du ••••
7ada Jack )l:acNamara 250 2 Dr 1926
9bacl Jack Runtz 30 48x48 Du 1936
9bac2 , Do 75 3 Dr ••••
10acdl Guthri,e Farmers

E1e'i'ator 15.9 48x48 Du • •••
10acd2 Great Northern

Railroad 11 36x36 Du 1942
llccc Test hole 1067 150 5 Dr 9-17-55
12cbc Anton Bruner 20.7 48x48 Du ••••
12dab John Elruner, Jr. 240 2 Dr 1949
13bcb Chris Olson 32 36x36 Du e,' ••

14ada1 E. M. Olson 40 36x36 Du 1915
14ada2 Do 36 8 Dr 1950
14bbb Frank Kaufman 105 5 Dr 1925
14ccc Test hole 1066 180 5 Dr 9-11-55
17bab Otto ltatthies 65 2 Dr ••••
22ddb Joe Luduich 105 4 Dr 1945
23dcc WUbe1ct Vollmer 300 2 Dr 1944
24bad A. Stc)lt 105 4 Dr 1905
24ddd Do 8.4 48x48 Du ••••
25aaa Do 17 36x36 Du ••••
26bbb Test hole 1065 50 5 Dr 9-16-55
27bcd Gust l3trege 130 2 Dr 1941
27cdd Augus:t Fennan 172 2 Dr 1914
27ddd Chris Merchbach 168 2 Dr 1915
28bba Andre1i7Ziegler 120 2 Dr ••••
29adb Andre'li7Kruger 47 2 Dr 1954
30ccci Char1'es Knuth 60 36x36 Du ••••
30ccc2 Do 40 36x36 Du ••••
31aaa A. K. Koble 32 36x36 Du ••••
3lcabl Delmer Martnick 75 2 Dr ••••
31cab2 Do 30 36x36 Du 1900
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and Test Holes _a' Continued

Depth to Dat:e of Use Aquifer Altitude Remarks
water belo.•' me~Lsure- of of land
land surfac:e metlt water surface

(feet) (feet)

••••• 8-11-55 D,S S4Dd 1,620 Reported hard.
12 8-11-55 D,S Sa~d 1,600 Do.
15 8-1L0-55 D,S Clay 1,600 Do.
27 8-11-55 D,S Sand 1,620 Do.
..' ... 8-15-55 D Sand 1,580
30 8-lS-55 D,S • ••• 1,600 Reported hard.

27 8- 8-55 S Gravel ••••• Reported hard.
••••• 8- 8-55 D,S • ••• ••••• Do •
••••• 8- 5-55 D,S • ••• ••••• Reported soft.
••••• 8- 5-55 D,S • ••• ••••• Do •
••••• 8- 5-55 D,S •• • • ••••• Reported hard.

19.5 8-26-55 D,S Sand ••••• Reported soft.
10.5 8- 8-55 D,S Sand •••••

100 8- 5-55 D,S ·... ••••• Reported 80ft.
15 8- 5-55 D,S • ••• ••••• Reported hard.

••••• 8- 5-55 D,S • ••• ••••• Reported soft.

7.3 8- 8-55 N •••• ••••• Reported hard.

12 8- 8-55 D Gravel ••••• See chemical analysis.
••••• ••••••• T • ••• 1,587 See log.

12.6 8··25-55 D,S Sand 1,580 Reported hard.
••••• 8··10-55 D,S • ••• 1,580 Reported soft.
••••• 8·· 8-55 D,S • ••• 1,580 Reported hard.
••••• 8·· 8-55 D,S • ••• 1,580 Do •
••••• 8-· 8-55 S • ••• 1,580 Do •
•••• • 8-· 8-55 D,S Sand 1,580 Do •
••••• ........ T • ••• 1,557 See log.
40 8·· 5-55 D,S Sand 1,580 Reported hard.

....... 8··8-55 D,S .... 1,580 Reported soft.
52 8··8-55 D,S • ••• 1,600 Do.

••••• 8··8-55 D,S ••• • 1,580
4.0 8··8-55 N •••• 1,600
8 8··8-55 S •••• 1,600 Reported hard....... .1.••••• T • ••• 1,588 See log.

••••• 8·· 8-55 D,S Lignite 1,580 Reported soft.
••••• 8·- 8-55 D,S ·... 1,600 Do •
60 8·-25-55 D,S Sand 1,600 Do.

••••• 8·· 5-55 D,S ·... 1,600 Do •
7 8·· 5-55 D.S Gravel 1,610 Reported hard.

••••• 8·· 5-55 S • ••• 1,580 Reported soft.
••••• 8·· 5-55 D •• •• 1,580 Reported hard.
••••• 8··26-55 D,S •••• 1,590 Reported 80ft.
••••• 8·- 5-55 S • ••• 1,575 Do •
20 8'" 5-55 D • ••• 1,580 Keported hard.
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TABLE 3.--Records of Wells

Location Owner Depth Diameter Type Date
No. or name of well or size completed

(feet) (inches)

152-76 (Cont.)
34addl Geo. Sendbeech 160 4 Dr 1945
34add2 Do 160 4 Dr 1949
35bbb Test hole 1064 190 5 Dr 9-16-55
35ddb MartiIlLNissen 18.0 48x48 Du 1899

152-17
2ccb H. E. Brunhart 130 2 Dr 1915
3abb Albert: Wiwta 20 48x48 Du 1900
3add Do 17 48x48 Du 1954
3dcd Mercy Hospital Farm 200 2 Dr ••••
4bbb Lloyd Redsted 68 4 Dr ••••

4ddd Ernst Struee 23.2 48x48 Du ••••
. 9ddd Anton Wen inter 40 4 Dr ••••

10bcc Ervin Struee 24 48x48 Du .,...
lOdca Evert Effestad 30 3 Dr ••••
llccd Carl lauri 350 2 Dr 1901
12ccc1 Tius llJsse1men 35 48x48 Du 1908
12ccc2 Do 90 4 Dr ••••
l2dcdl Ervin Knuth 24 48x48 Du 1946
12dcd2 Do 10 48x48 Du 1936
15ccb Mrs. l!(. Smith 37 36x36 Du 1915 '
16bbb ~S4 Petra Sk6rl 72 3 Dr 1917
16ccc Leo Myxter 35 36x36 Du 1920
21cdd Arnold Alme 507 2 Dr 1910
23aad Arnie Hartwick 14 36x36 Du ••••

25add John L. Lener 165 2 Dr ....••
26ddd W. L. Bradley 168 2 Dr ••••

27ada Carl Thompson 110 4 Dr ••••

27bcc Francis Wininder 70 2 Dr 1926
28aad C. Stevens 18 36x36 Du ••••

28cad Balfolur Hardware Store 125 2 Dr 1948
.28cbc City of Balfour 16.3 48x48 Du ••••
33abb Orvil.l Aanrud 280 2 Dr ••••

34bcb AntOtl Grinsteiner 35 36x36 Du ••••

34ccb Guy ~lartichol 160 2 Dr ••••
35dcb L. W'" Belzer 90 3 Dr ••••
35dc.b Jerol.d Krueger 83 2 Dr 1914
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and Teat Fbiel -- Continued

Depth to Datle of Use Aquifer Altitude Remarkswater below mea:lure- of of landland surfacia menlt water surface(feet) (feet)

40 8- 1~-55 S Gravel 1,620 Reported 80ft.
40 8- l~-55 D Gravel 1,620 Do.

••••• ...'.... T •••• 1,613 See log.
10.2 8- 1'-55 D,S •••• 1,620 Reported soit.

••••• 8- .~-55 D,S • ••• ••••• Reported soft.
••••• 8- :~-55 D,S Sand ••••• Reported hard.

4 8- :!-55 D Sand ••••• Do.
••••• 8- 4.-55 D,S • ••• ••••• Reported soft.
20 8- :t-55 D,S Sand ••••• Reported hard.
15.1 8- :~-55 N •••• •••••4 8- :t.55 D,S Sand 1,575 Do.
4 8- :~-55 D,S Sand ••••• Reported loft.12 8- :~-55 S Sand 1,580 Reported hard.

••••• 8- :~-55 D,S .Ii •••• 1,600 See chemical analYlis.••••• 8- :t-55 D •• •• 1,575 Reported hard.••••• 8- ~~-55 S • ••• 1,515 Reported loft.••••• 8- ~~-55 D Sand 1,560 Do •
5 8- ~~-55 S Sand 1,560 Do.

25 8- 4~-55 D,S Clay 1,575••••• e- 2~-55 D,S Sand 1,620 Reported soft.15 8- 2~-55 D,S Sand 1,600 Reported hard.150 8-2:J1-55 D,S Sand 1,620 See chemical analy.l110 8-2E"'55 D,S Sand 1,580
••••• 8- 2:-55 D,S ••• • 1,580 Reported soft.'.',1. 8-30t-55 D.S Sand 1,580 Do.
••••• 8- 2:-55 D,S ••• • 1,580 Do •
35 8- 2,-55 D,S Sand 1,600 Do.

••••• 8-301-55 D,S Sand 1,600 Reported hard.••••• 8- ~,-55 D Sand 1,600 Reported loft.8.1 8- ~,-55 D •••• 1,600 See chemical ana1ysil.••••• 8- 4,-55 D,S •••• 1,600 Reported loft •17 8-30-55 D,S •••• 1,600 Reported hard.••••• 8- 2-55 D,S •••• 1,600 Reported soft.••••• 8- 4-55 D,S •••• 1,600 Do •
63 8- 4-55 D,S Sand 1,620 Do.
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TABLE 4.--Logs of Test Holes
151-75-3bbb

Test hole 1088
pormation !!!!terial.
Till and associated. sand and gravel deposits:

Clay. sandy. yellow ••••••••••••••••••••••••••
Clay, yellow, and fine to medium gravel ••••••
Clay. gray. and fine to medium gravel ••••••••
Clay. SGootb. gray •••••••••••••••••••••••••••
Clay, sandy. gray ••••••••••••••••••••••••••••
Clay, gray. and fine to medium gravel ••••••••
Gravel. cemented. clayey j very hard drilling.
Clay, gr'ay, and fine gravel ••••••••••••••••••

Cannonball member of the Fort Union formation:
Clay, SGooth, silty, gray ••••••••••••••••••••

Thickness Depth
(feet) (feet)

3 3
13 16

116 132
10 142

7 149
104 253

52 305
5 310
5 315

15l-75-4ddd
Test hole 1057

Till and associated. sand and gravel deposits:
Clay, yellow, and fine gravel ••••••••••••••••
Clay, gray, and fine to medium gravel ••••••••
Sand, fi,ne to medium, silty ••••••••••••••••••
Clay, gr'ay, and fine to medium gravel ••••••••
Gravel, fine to medium •••••••••••••••••••••••
Gravel. fine. and coarse sand ••••••••••••••••

Cannonball (1) membe:r of the Fort Union formation and Fox
Hills(?) sandstone:

Clay. sDooth, sandy. gray ••••••••••••••••••••
Pierre shale:

Sbale, g;ray •••••••••••••••••••••••••••••••••• ,

l5l-7S-5ddd
Test hole 1058

Till and associated sand and gravel deposits:
Clay, sandy, yellow ••••••••••••••••••••••••••
Clay, yellow, and fine gravel ••••••••••••••••
Clay, gray, and fine gravel ••••••••••••••••••
Sand, fine •••••••••••••••••••••••••••••••••••
Clay, gray, and fine gravel ••••••••••••••••••
Sand, medium to coarse •••••••••••••••••••••••
Clay. gray, and fine to medium gravel ••••••••
Gravel, fine, .andy ••••••••••••••••••••••••••
Clay, gray, and fine to medium gravel ••••••••

Cannonball member o,f the Fort Union formation:
Clay, sandy. silty. gray to brown ••••••••••••
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16
186

10
32
16
20

85

5

5
13
3

10
4

21
17
17
30

160

16
202
212
244
260
280

365

370

5
18
21
31
35
56
73
90

120

280



9 9
24 33
9 42

60 102
8 110

17 127
14 141

3 144
3 147

40 187
25 212
8 220

TABLE4.--Logs of Test Holes -- Continued

15l-75-7aaa.
Test hole 1059

Formation !!!!~erial

Till and asso4:iated sand and gravel deposits:
ClllY. yellow. coarse sand, and fine gravel..
Ch,y, grllY, and fine to mediumgravel •••••••
ClllY. sandy, gray •••••••••••••••••••••••••••
ClllY. grlay. and fine to mediumgravel •••••••
Sand, fil1e to medium, silty •••••••••••••••••
ClllY, sal1dy, green ••••••••••••••••••••••••••
ClllY. grllY. and fine to mediumgravel •••••••

Cannonball m81aberolEthe Fort Union formation:
Shllle, l:Lgnitic ••••••••••••••••••••••••••••••••
ClllY. SIDC)oth,brown••••••••••••••••••••••••••
ClllY. sal1dyt silty. green ••••••••••••••••••••
ClllY, lilplitic, silty •••••••••••••••••••••••
ClllY, SlIIl)oth, gray ••••••••••••••••••••••••••

Thickness
(feet)

Depth
(feet)

l5l-75-7bbbl
Test hole 1060

Till and assol::iated sand and gravel deposits:
ClllY, sal:1dy, yellow •••••••••••••••••••••••••
ClllY, grllY, and fine to mediumgravel •••••••
Grllvel, lEine to medium•••••••••••••••••••••••
ClllY, grllY, and fine to mediumgravel •••••••
Sal1d, cOllrse, and fine gravel •••••••••••••••
Grllvel, JEine to medium••••••••••••••••••••••
ClIIY, grllY, and fine to mediumgravel; lost

circulation 70 to 83 feet ••••••••••••••••
Cannonball m81aberoJEthe Fort Union formation:

ClllY, salldy, gray ••..••••••••••••••••••••••••••
L1~lnite•••••••••••••••••••••••••••••••••••••
ClllY, SIIl4)oth,brown••••••• "." •••••• "•••••• ".
ClllY, SIDC)oth,gray •••••••••••••••••••••••••••••••
ClllY, 81Dl)oth,brown••••••••••••••••••••••••••
ClllY, sandy, silty, gray ••••••••••• "••••••••••

11 11
7 18
1 19

13 32
3 35
4 39

47 86

48 134
1 135

13 148
19 167
30 197
13 210

15l-76-2cbcl
Test hole 1082

Till and a8sol::iated sand and gravel deposits:
ClllY, sal1dy, yellow ••••••••• "" ••••• "•••••••••
C1llY. yellow. and fine gravel •••••• "••••••••••
ClllY, sal1dy, brown••••••••••••••••••••••••••.••
ClllY, 8al:1dy,gray-green ••.••••••••••••••••.•••

Cannonball me1Dbero:f the Fort Union formation:
ClllY, 811ty, gray ••••••••••••••••••••••••••••
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3
25
26

5

11

3
28
54
S9

79



5 5
8 13
6 19
1 20

14 34
14 48

3 51
16 67
10 77
22 99
21 120
10 130

~\BLE 4.--Logs of Test Holes -~ Continued
15l-76-2cccl
Test hole 1061

Formation ~erial
Till and associated sand and gravel deposits:

Sand, fine •••••••••••••••••••••••••• •••••••••
Clay, yellow, and fine gravel ••••••••••••••••
Sand, medium to coara., and fine gravel ••••••
Clay, gray, and fine to medium gravel ••••••••
Sand, medium to coarse, and fine gravel ••••••
Clay, gray, and fine to medium gravel ••••••••
clay. smooth, gray •••••••••••••••••••••••••••
Clay, gtay, and fine to medium grave1 ••••••••
San,d, m.d:ium to coat'se, and fine gravel ••••••
CU.y, era;y. 8;nd fine to medium gravel; hard

cl.rillitllg98 to 100 feet ••••••••••••.••••.•••It •

Cannonball meu~er of' the Fort Union formation:
C18~, 8~~th. dark.gray ••••••••••••••••••••••
C1~LY, s8tlldy,8ilt'1. gray ••••••••••••••••••••• •

l5l-76-3aaa
Test hole 1063

Till and assoc:iated sand and gravel deposits:
C11~, yellow, and fine gravel ••••••••••••••••
ClllY, sandy, yellow ••••••••••••••••••••••••••
Cluy, yelLlow, and fine to medium gravel ••••••
Sand, fine to medium ••••••••••••••••••••• ••••
Cluy, gray, and fine to medium gravel ••••••••

Cannonball meuber 01: the Fort Union formation:
ClllY, SIDC)oth,dark-gray ••••••••••••••••••••••

15l-76-4ccc
Test hole 1069

Till and assol::iatedsand and gravel deposits:
Cl.ay, sal1dy, yellow ••••••••••••••••••••••••••
Salrld,fine to medium •••••••••••••••••••••••••
Cliay, salCldy,gray ••••.•••••••••••••••••••••• ••
Cllay, griay, and fine to medium gravel ••••••••
Sa:Cld,meldium to coarse, and fine gravel ••••••
Cl,ay, sa-ndy, gray ••••••••••••••••••••••••• •••
Clay, gray, and fine to medium gravel ••••••••

Cannonball mellDberof the Fort Union formation:
Clay, smooth, gray ••••••••••••••••••••••• ••••
Clay, sandy, dark-gray •••••••••••••••••••••••
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Thickness
(feet)

4
3

24
13
32

24

19
2

12
13
3
7

15

17
2

Depth
(feet)

4
7

31
44
76

100

19
21
33
46
49
56
71
88
90



TABl,E 4.--Logs of Test Holes -- Continued

l5l-76-4ddd
Test hole 1068

PorC18tton ~.ter1al~

T111 and assclciatedl sand and gravel deposits:
Clay, sSLndy,yellow •••••••••••••••••••••••••••
Clay, YElllow, and fine to medium gravel •••••••
Clay, gl:ay, and fine to mediumgravel •••••••••
S.sLnd, f j~ne to med1um••••••••••••••••••••••••••
Clay, gl~ay, and fine to mediumgravel •••••••••

Cannonball mE!1Ilberc»f the Fort Union formation:
Clay, s,slndy, dark-gray ••••••••••••••••••••••••
Clay, Slillooth, 1ight-gray ••••••••••••••••••••••
Cl.ay, SllllOoth,dark-gray •••••••••••••••••••••••

l5l-76-8abb
Test hole 1081

Till and associated sand and gravel deposits:
ClLay, sundy, dark-gray ••••••••••••••••••••••••
ClLay, s~lndy, yellow •••••••••••••••••••••••••••
S~lnd, clayey, yellow ••••••••••••••••••••••••••
S~lnd, f:lne to coarse ••••••••••••••••••••••••••
Clay, glC'ay,and fine to mediumgravel •••••••••

Cannonball lIl4!mbere)f the Fort Union formation:
Clay, sinooth, gray ••••••••••••••••••••••••••••

151-76-8bbb
Test hole 1070

Outwash depolsits:
S4lnd , f :Lne ••••••••••••••••••••••••••••••••••••
Slind, f:Lne to mediUl!1••••••••••••••••••••••••••
Slind, ml!!diumto coarse, and fine gravel; . large

Iigni:te fragments •••••••••••••••••••••••••••
Siand, ClJarse, and fine gravel •••••••••••••••••

Till and assl)ciatell! sand and gravel deposits:
Clay, g'ray, and fine to medium gravel •••••••••

Cannonball member lof the Fort Union formation:
Clay, Sll1lOOth,gray ••••••••••••••••••••••••••• •
Clay, S13lO0th,light-grown •••••••••••••••••••••

Thickness
(feet)

6
8

10
2

14

22
3
5

4
10

7
3

29
17

3
2

17
18

16

19
5

Depth
(feet)

6
14
24
26
40

62
65
70

4
14
21
24
53

70

3
5

22
40

56

7J
80

l5l-76-l0ddd
Test hole 1074

Till and asstlciate,d sand and gravel deposits:
Clay, silty, yellow, and coarse sand ••••••••••
Clay, yellow, and fine gravel •••••••••••••••••
Clay, silty, gray, and fine gravel ••••••••••••
Clay, sandy, gray •••••••••••••••••••••••••••••
Sand, fine to coarse, and fine gravel •••••••••
Sand, fine silty, gray •••••• ~•••••••••••••••••
Clay, gray, and fine gravel •••••••••••••••••••
Clay, sandy, gray,~,,. •••••••••••••••••.•••• ••••

Cannonball member of the Fort Union formation:
Clay, sandy, light-gray •••••••••••••••••••••••

... 38 ..•

22 22
4 26
9 35

28 63
11 74
16 90
10 100
4 104

16 1200



TABLE4.--LOGS OF TESTHOLES-- Continued
151-76-11bbb
Test hole 1062

Formation ~terial

Till and associated sand and gravel deposits:
Clay, sm,ooth, gray •••••••••••••••••••••••••••
Clay, yellow, and fine gravel ••••••••••••••••
Sand, mediumto coarse.- ••••••••••••••••••••••
Clay, yellow, and fine gravel ••••••••••••••••
Clay, gray, and fine to mediumgravel ••••••••
Sa,nd, me.diumto coarse, and fine gravel ••••••
Clay, gt'ay, and fine to mediumgravel ••••••••

Cannonball membero,f the Fort Union formation:
Clay, sa~oth, gray •••••••••••••••••••••••••••
Clay, sl.ndy, silty, gray ••••••••• -••••••••••••
Clay, sa~oth, gray •••••••••••••••••••••••••••

l51-76-l4bcc
Test hole 1077

Thickness
(feet)

3
5
2
3

11
6

34

12
9

25

Depth
(feet)

3
8

10
13
24
30
64

76
85

110

Outwash depol5iits:
Clay, s:l.lty, gray-brown •••••••••••••••••••••••
Clay, SD100th,light-gray •••••••••••••••••••••
Clay, YElllow, and fine gravel ••••••••••••••••
Clay, gl~ay to yellow, and fine gravel; fine

to CO~Lrsesand •••••••••••••••••••••••••••••
Sl:Lnd,mE~diumto coarse, and fine gravel •••••••
Sl:md, ftne to coarse; fairly clean •••••••••••

Till and assclciated sand and gravel deposits:
Clay, d~lrk-gray, and fine gravel •••••••••••••

Cannonball mEnnberof the Fort Union formation:
Clay, sllllooth. light-gray •••••••••••••••••••••

l5l-76-l4ccc
Test hole 1075

Outwash depodts:
Sand, fjlne to coarse, brown••••••••••••••••••
Sund, fine to coarse, brown to yellow, and

fine gravel ••••••••••••••••••••••••••••••••
Sand, Vl!ry fine to fine, gray, and lignite£ragm~ants••••••••••••••••••••••••••••••••••
Sand, f:lne to coarse •••••••••••••••••••••••••
Sliltid, f:lne to coarse, and fine gravel; shale

pebblt!s •••••••••••••••••••••••••••••• • • • • • •
Till and assl)ciated sand and gravel deposits:

Clay, dl!lrk-gray, and fine gravel •••••••••••••
Cannonball~~eraE the Fort Union for~tion

Clay, s:llty, light-gray •••••••••••••••••••.•••
l51-76-23cbb
Test hole 1078

Outwash depo;sits:
Clay J s,andy, dark-brown ••••••••••••••••••••••
Clay, y,ellow, and fine gravel ••••••••••••••••
Clay, s.andy, yellowish-brown •••••••••••.••••••
S.and, fine, silty ••••••••••••••••••••••••••••
Clay, gray, and fine sand ••••••••••••••••••••
Sand, fine to coarse, and fine gravel ••••••.••
Sand, c·oarse, and fine gravel ••••••••••••••••
Gravel, fine and coarse sand •••••••••••••••••

Cannonball member of the Fort Union formation:
Clay, sandy, silty, light gray •••••••••••••••
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5
2
3

3
2

36
14

5

6

9

37
3

4

16
15

3
11
8
7
3

11
7
4

16

5
7

10

13
15
51
65

70

6

15
52
55
59

75
90

3
14
22
29
32
43
50
54

70



TABLE 4.--Logs of Test Holes -- Continued
151-76-26bbb
Test hole 1076

Formation ~ateria!
Outwash deposits:

Sand, fine, brown, clayey, yellow •••••••••••
Clay, smooth, yellow ••••••••••••••••••••••••
Gravel, fine, clayey, yellow ••••••••••••••••
Clay, yellow and fine gravel ••••••••••••••••
Hard rock; difficult drilling •••••••••••••••
Clay, yellow to brown, and fine to medium

sand ••••••••••••••••••••••••••••••••••••••
Hard rock; difficult drilling •••••••••••••••
Clay, silty, yellow to brown, and fine to

coarse sand •••••••••••••••••••••••••••••••
Sand, fine to medium, gray ••••••••••••••••••

Till and associated sand and gravel deposits:
Clay, smooth, dark-gray •••••••••••••••••••••

Cannonball member of the Fort Union formation:
Clay, sandy, gray •••••••••••••••••••••••••••

151-76-34add
Test hole 1079

OUtwash deposits:
Sand, clayey, dark-gray •••••••••••••••••••••
Sand, medium to coarse ••••••••••••••••••••••
Gravel, fine to medium ••••••••••••••••••••••

Cannonball member of the Fort Union formation:
Clay, smooth, light-gray ••••••••••••••••••••
Clay, sandy, silty, light-gray ••••••••••••••
Clay, sandy, silty, dark-gray •••••••••••••••

l5l-77-lddd
Test hole 1071

Alluvium:
Clay, smooth, light-gray ••••••••••••••••••••

Outwash deposits:
Sand, fine to medium ••••••••••••••••••••••••
Sand, medium to coarse, and large lignite

fragm,ents•••••••••••••••••••••••••••••••••
Sand, medium to coarse ••••••••••••••••••••••

Till and associated sand and gravel deposits:. '..
Clay, gray,and fine to medium gravel ••••••••

Cannonball member of the Fort Union formation:
Clay, smooth, gray ••••••••••••••••••••••••••

l5l-77-2ccc
Test hole 1073

Till and associated sand and grayel deposits:
Clay, sandy, yellow •••••••••••••••••••••••••
Clay, yellow, and fine to medium gravel •••••

Cannonball m,ember of the Fort Union formation:
Clay, sandy, gray •••••••••••••••••••••••••••
Clay, smooth, gray ••••••••••••••••••••••••••

40 ••

Thickness
(feet)

4
2

15
4
2

4
2

3
14

10

10

3
9

16
3
4

14

7

8

10
11

7

17

6
35
19
10

Depth
(feet)

4
6

21
25
27
31
33

36
50

60

70

3
12
28

31
35
49

7

15
25
36
43

60

6
41

60
70



TABL,E 4.--1ogs of Test Holes -- Centinued

Thickness
(feet)

l51-77-2ddd
Test hole 1072

Formation !!!terial.
Till and associated sand and gravel deposits:

Clay, yellow, and fine to medium gravel •••••••
Clay, dark-brown and fine to medium gravel ••••

Cannonball member of the Fort Union formation; .._..••.•••
Clay, sandy, dark-brown •••••••••••••••••••••••
Sand, fine to medium, dark-brown ••••••••••••••
Clay, sandy, dark-brown •••••••••••••••••••••••
Clay, smooth, light-gray ••••••••••••••••••••••

10
7

20
4
6

13

Depth
(feet)

10
17
37
41
47
60

l52-76-llccc
Test hole 1067

Till and associated sand and gravel deposits:
Clay, sandy, brown •••••••••••••••••••••••••••• 3
Clay, sandy, yellow ••••••••••••••••••••••••••• 2
Clay, yellow, and fine to medium gravel ••••••• 10
Clay, gray, and fine to medium gravel ••••••••• 3
Sand, medium to coarse, and fine gravel ••••••• 2
Clay, gray, and fine to medium gravel ••••••••• 3
Gravel, fine, and coarse sand ••••••••••••••••• 9
Clay, gray, and fine to medium gravel ••••••••• 23
Gravel, fine •••••••••••••••••••••••••••••••••• 2
Clay, gray, and fine to medium gravel •••••••••• 14
Sand, fine to medium •••••••••••••••••••••••••• 21
Clay, gray, and fine to medium gravel ••••••••• 9

Cannonball me~er of the Fort Union formation:
Clay, sandy, silty, gray •••••••••••••••••••••• 15
Sand, medium, hard, silty, gray ••••••••••••••• 26
Clay, smooth, gray •••••••••••••••••••••••••••• 8

l52-76-l4ccc
Test hole 1066

Alluvium:

3
5

15
18
20
23
32
55
57
71
92

101

116
142
150

Clay, sa1ndy, gray •••••••••••••••••••••••••••••
Outwash deposits:

Sa'nd, fi-ne to medium ••••••••••••••••••••••••••
Clay, yellow, and fine to medium gravel •••••••
Sa'nd, fine to coarse, and fine gravel •••••••••

Till and associated sand and gravel deposits:
Clay, gr,ay, and fine gravel •••••••••••••••••••

Cannonball meullber0.£ the Fort Union formation:
Sa:nd, fi:ne to medium, silty, gray-green •••••••
Sh,ale, lignitlc •••••••••••••••••••••••••••••••
Cliay, smooth, brown •••••••••••••••••••••••••••
Cliay, smlooth, light gray ••••••••••••••••••••••
Sh.ale, lignitic •••••••••••••••••••••••••••••••
Cli!y, smootp, brown •••••••••••••••••••••••••••
Cl,ay, smlooth, light-gray ••••••••••••••••••••••

4 4
4 8
9 17
9 26

23 49
13 62
2 64
9 73
2 75
2 77
2 79
1 80
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~LB 4.--1og8 of Test Holes -- Continued

lS2-76-26bbb
Test hole 1065

Formation ~ateria!

Till and associated sand and gravel deposits:
Sand, fine, silty ••••••••••••••••••••••••••••
Clay, smooth, light-gray •••••••••••••••••••••
Clay, yellow, and fine to mediumgravel ••••••
Sand, D~diumto coarse, and fine gravel ••••••
Clay , yellow, and fine to medium8ravel ••••••
Clay, g;ray, and fine to mediumgravel ••••••••
Clay, sandy, dark-brown ••••••.••••••••••••••••

Cannonball D~mberof the Fort Union formation:
Clay, s,DlOoth,light-gray •••••••••••••••••••••
Clay, s,andy, silty, gray •••••••••••••••••••••
C:lay, s,mooth, brown••••••••••••••••••••••••••
Clay, s,mooth, gray •••••••••••••••••••••••••••

Thickness Depth
(feet) (feet)

3 3
2 5
2 7
1 8
4 12
9 21
7 28
3 31
3 34
6 40

10 50

lS2-76-3Sbbb
Test hole 1064

Till and associate~d sand and gravel deposits ~
Clay, s;andy, yellow ••••••••••••••••••••••••••
S:and, fine to coarse, and fine gravel ••••••••
Clay, )l'ellow, and fine to mediumgravel, ••••••
Clay, g;ray, and £ ine to medium'.gravel •••••••
Clay sUlOoth,gray ••••••••••••••••••••••••••••
C:1ay, g;ray, and fine to mediumgravel ••••••••

Cannonball Dlemberof the Fort Union formation:
Clay, SIDlOoth,sandy, gray ••••••••••••••.••••••

•. 42 -

3
1
8

65
3

94

16

3
4

12
77
80

174
190
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