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GROUND WATER IN TEE KL TDRED AREA ,
CASS AND RICHLAnD COUNTIES, NORTE DAKOT A

By

P . E. Dennis, P . D. Akin, and Suzanne L . Jone s

ABSTRAC T

The area covered by this resort includes the four township s

nearest the town of Kindred, which is in south-central Cass Count y

about 25 mi.le9 southwest of Fargo . It lies entirely within th e

area of Pleistocene Lake Agassiz and includes a part of the north -

east margin of the Sheyenne delta, which was built by the ancestra l

Sheyenne River during; the earlier p eriods of the lake history .

Information regarding the geologic formations in the area wa s

obtained chiefly from 23 test holes drilled by the U . S. Geological

Survey durin_ the investigation in 1947 and 1948. They reveale d

the formations in the area to be as follows : the surficial Lake

Agassiz deposits, which consist of a sinle unit of fine sand

comprising the delta and two units (a basal clay unit and an over -

lying silt unit) elsewhere ; till and associated glacioaqueoua d eposits ;

Cretaceous shale of older Pleistocene lake clay ; and pre-Cambrian

crystalline rocks, which are locally called "granite "

The clay unit and the delta unit of the Lake Agassiz deposits ar e

thought to be different facies of the same time interval, deposite d

during the earlier and deeper p hases of the lake. In the Kindred

area and elsewhere along the delta margin the clay and delta sand s

are interftngered. The silt unit was deposited during a late r

flooding of the lake, and it comp letely covers the clay unit .

- 1 -



Because the lake rose high enough only to lap the margin of th e

delta, the silt unit is not present landward. from the delta escarp-

ment. The total thickness of the Lake Agassiz deposits ranges from

about 100 to 200 feet ,

Two aquifers, the most important in the area, are contained i n

the Lake Agassiz deposits : (1) delta sand, rather generally distri-

buted throughout the delta area, end (2) sand beds at the base o f

the silt unit„ In all that part of the delta included within th e

area, farm wells yield water fro] the delta sand a.t deaths rangin g

from 10 to 70 feet. The waters from this aquifer are generall y

less mineralized than the waters roei other aquifers in the area .

The wells are generally ade q uate for farm use, and in some area s

moderate supplies for municipal, industria l , and other purpose s

could possibly be developed ,

Water is obtained iron wells in the sandy ;meal portions o f

the silt unit in. Kindred and in scattered areas throughout the lak e

plain. Wells are most common in front of the delta escarpment an d

along the Sheyenne i ivei . On the basis of information obtained fro m

the test holes, the town completed two supply wells in thi s

aquifer . Pumping tests made on these wells indicate a transmissi-

bility of about 4,500 gallons a day per foot for the materials o f

the aquifer in the vicinity D2 the wells, Specific capacities o f

the wells averaged about 1 .0 gallon per minute per foot after 1 da y

of pumping at the rate of about 0 gallons a minute . This amount i s

very low, considering the transmissibilities involved, an d

probably is caused by head loss through the fine screen„ It is no t

serious, however, in view of the fact that the wells will ordinaril y
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be pumped at rates of less than 50 gallons a minute . Estimates of

storage based on the available, rather incomplete, data regarding th e

areal extent of the aquifer suggest that the sands contain an ade-

quate anount of stored water to supply the town through several season s

of dry weather without benefit of normal recharge . Records of water -

level fluctuations in wells in the Kindred area do not yet cove r

a sufficient length of time to demonstrate the exact character an d

magnitude of the recharge, out from the records that have bee n

obtained and from analogy with similar aquifers in the Fargo area i t

is clear that recharge to the aquifer is chiefly from local pre-

cipitation, which reaches the sand bode by percolation through th e

relatively thin overlying slit bed .

Till and associated glacioaqueous dep osits underlie the Lak e

Agassiz deposits and range from 100 to 190 feet in thickness in thi s

area . The till itself will not effectively transmit water, but the

associated glacioaqueous d eposits constitute the second most importan t

source of ground water in the region . About 75 or 80 percent c" the

farm wells beyond the delta margin derive their water free them .

The glacioaqueous hods generally are small, and in the immediat e

vicinity of Kindred only one bed appears to be thick enough to meri t

consideration as a possible source of municipal supply. This be d

in USGS test 23 consisted of about 50 fe-t of clayey, boulder y

gravel between depths of 225 and 275 foot . Available information from

other test holes and wells suggests that the aquifer is not very

extensive, although Kindred well 1 probably is in it, and USGS tes t

24 penetrated 7 feet of gravel which probably should be correlate d

with it. Special interest might bo attached to the aquifer because of



the possibility of obtaining a stand-by well in it as insuranc e

against an extended period of dry ,r ears.

The till and associated glacioaqueous deposits are underlain a t

Kindred and presumably throughout the eastern -part of the area b y

"granite ; u but at the locations of USOS tests 1R and 2R and probabl y

throughout the western part of the area they are underlain by clay ,

siltstonc, and shale,,, On the oasis of p resent info r,: :ation it doe s

not seem possible to d etermine if a Hart or all of this material i s

to be correlated with the older Pleistocene lake clay found in th e

Fargo area, or if a part or all of it is of Cretaceous age, So fa r

as is known, it is not water bearing in the Kindred area .

The basement rock;, of the area consists of if ieoae and metamorphi c

rocks that locally are caller granite . The upper part of the ('granite "

is highly decomposed, and

	

is generally considered useless to dril l

deeper when this zone is reached .

In Ee:neral the waters from aquifers in the Lake Agessiz deposit s

are somewhat less mineralized than arc those from the glacioaqueou s

aquifers,



INTRODUCTION

Scope andlur_pose_of_^the inaestigatio n

Th=Ls is a progress report covering a Dart of the study of the geolog y

and ground-water resources of Cass and Richland Counties, being made b y

the U . S. Geological Survey in cooperation with the North Dakota Stat e

Water Conservation Commission and the State Geological Survey, as a par t

of a series of investigations of different counties in the State . The

purpose of these general studies is to determine the occurrence, movement ,

discharge, and recharge of the ground water, and the quantity and qualit y

of such water available for all purposes, including municipal, domestic ,

irrigation, and industrial . At present, the most critical need is fo r

adequate and perennial water supplies for many tw,:ns and small citie s

throughout the State wishing to construct municipal water-supply an d

sewage disposal syst ;rss. For this reason, the county-wide studios ar e

being started in the vicinity of those towns reuesting the help of th e

State Water Conservation Commission and the State Geologist in locatin g

suitable ground-water supplies . Progress reports, such as this one, are

being released before the completion of the general studios so that th e

data may be available as soon as possible for use in connection wit h

immediate problems. The area described in this report comprises chiefl y

the four townships nearest the Village of Kindred, because that area is o f

the most immediate interest to the Village in its search for an adequat e

water supply .

Acknowledgment s

The investigation was made in 1947 and 1948 under the general super -

vision of Ao N, Sayre, Geologist in Charge of the Ground Water Branch ,

Water Resources Division, of the Federal Geological Survey . The fiel d

work and test drilling wore done under the direct supervision of P . E .
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Dennis, District Geologist. Most of the well-inventory work was done

by Robert Aaker and H . K . Wold. In addition, wall records obtained by

the county assessors in 1939 as part of a State-wide well inventory unde r

the Works Projects Administration were available, and many of them ar o

included in this report. Test drilling was done by Ray Danielson, Georg e

McMaster, Keith Hanson, and Gilbert Rupp, Work was facilitated by th e

excellent cooperation of all residents and particularly by the interes t

and assistance of Mayor C . O . 'from and the members of tho Village Council .

Carl Owen assisted in making the pumping tests and in making water-leve l

measurements in the observation wells .

Previous investi gations

No intensive investigation of the geology and occurrence of groun d

water hose over been made in the Kindred area . Upham i a description 1/ of

the various features of Lake Agassiz that are present in the area include s

also brief mention of the wells of the area .

A genera]. discussion of the geology and occurrence of ground wate r

in the area, as well as topographic, geologic, and artesian-water maps ,

is included in Hall and Willard's report f on the Casselton and Fargo

quadrangle s .

Ger..ora l information concerning the geology and ground water of Cas s

and Richland Counties, is included in a report by Simpson ./ More

specific data arc riven onlsr for wells in the town of Davenport (see Fig .

3) . Simpson made a short snocial investigation of the water supply o f

'1/ Upham, Warren, The glacial Lake Agassiz : U . S. Geol . Survey

Mon . 25, 1896 .

1 Hall, C . M ., Willard, D. S., Description of the Casselton and Farg o

quadrangles : U . S . Gaol . Survey Geol . Atlas Casselton-Fargo folio no .

117, 1905 ,

:/ Simpson, H . E., Geology and ground-water resources of North Dakota :
U . S. Geol . Survey water-Sup p ly P~-~per 598, pp . 97-108, 208-214, 1929 .
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Kindred in 1933 and a rosort was srhmi ttad to the Mayor and Villag e

Council . The rep ort lists data from a numbor of wells in the area an d

elso a number of chemical anal :-see o° wall wc.tors.

Location end ~ener^.J . featui es of the are a

The area covered by this report includes the following fou r

township : T . 136Y., Rs, 50 and 51 i ., in Richland County, and

T. 137 N,, Rs . 50 and 51 W,, in Cass County, There arc three village s

in the area : Walcott, Kindred, ^ .nd Davenport. Kindred is in the

north-central part, about a mile north of the Richland County line ,

which is follo od by State Ki,_;hway 46. The village is 18 miles south

and about 10 miles west of Fargo . According to the United State s

Bureau of the Cc;asus, the population of Kindred in 1940 was 450.

Walcott is in the southeastern corner of the area., about 4 miles oast

end 6 miles south of Kindred . Its population in 1940 was 375. The

altitude of both Kindred and Walcott is about 950 foot above sea level .

Davenport is on the northwestern edge of the area, about 4 miles north

end 2 miles west of Kindred . The 1940 population was 147. The

altitude there is 922 foot above sea level ,

The Mayville lino of the Groat D,osthorn Railroad servos all thre e

villages, and Davenport is served also by the Fargo and Southwester n

Branch of the Northern Pacific Railroad ,

F-arm:Lng is the main occupation in the area, with corn and wheat

an the major crops. The villages servo as trading and shopping center s

for the surrounding farm areas .

The climate is one of extreiles . During thO summer 'temporatura s

may roach 100 0 F. and higher and durin the winter temperatures



FIGURE I .-MAP SHOWING LOCATION OF THE KINDRED AREA WITH RESPECT TO TH E

PHYSIOGRAPHIC FEATURES IN NORTH DAKOTA (AFTER SIMPSON)



of 30° or more below zero are not uncommon . According to the Weathe r

Bureau, the mean annual temperature at Fargo is 40° F ., and th e

mean annual precipitation is 22 inches . About 80 percent of th e

precipitation occurs as rain during the months of April throug h

Sep tember .

Physio_raphic feature s

The area is part of the Western Young Drift section of the Centra l

Lowland province 1 and is in the Red River Valley area of Simpson 5f

(see fig . 1) . The Red River Valley is a broad, flat glacial-lak e

plain modified chiefly by low beach ridges and deltas . The Kindred

area includes a part of the northeastern edge of one of the large r

deltas, known as the Sheyenne delta (see rig. 2) .

The Sheyenne delta is one of the largest formed in the lake an d

covers an area of about 830 square miles, . The surface is an almost

featureless plain sloping geetly eastward. Its northern and eastern

margins are marked by a steep sl ope or escarpment that rises as muc h

as 75 feet above the lower part of the Red River Valley plain . The

escarpment is very prominent in the Kindred area but decreases i n

heic ;ht to the south and is almost indiscrenible along the highwa y

between Wyndmere and Wahpeton. It has been variously interpreted as

an ice-contact face 6/ and as a wave-cut slope . /

Beach ridges, which are generally the most common feature s

marking successive shore lines of Lake Agassie, are not conspicuou s

Fenn a.~l an,

	

i_ . , Physiography of the eastern United States, p . 559 ,
McGraw-Hill Book Co ., Inc ., 1938.
2/ Op . cit., p . 4.

Leverett, Frank, quaternary geology of Minnesota aad parts o f

adjacent States : U. S . Geol. Survey Prof. Paper 161, pp . 126-127, 1932 .

1/ Upham, Warren, op . cit., D . 316 .
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in the Kindred area. It seems likely that the 50- to 75-foot escarp-

ment that marks the margin of the Sheyenne dolts . southwost of Kindred

owes a part of its prominence to wave cutting at the Campbell stag e

of tho lake, A series of beach ridges parallel to and lakoward fro m

the escarpment are beat developed south of the Sheyenne River an d

north of Walcott (see fig. 2) . Upham f correlates the lowest of

these ridges with the McCauloyvillo beach, and it is so designate d

on figures 2 and 3. Tho Tintah beach, which is next higher tha n

the Campbell, is a wave-cut feature crossing the delta, and th e

materials underlying it are identical with the delta material s

elsewhere. It has boon obscurod by wind erosion and deposition nea r

the Sheyenne River and has a relief of only a few foot elsewhere .

All drainage in the area is youthful . The master stream i s

the Sheyenne River, which crosses the area diagonally from the south -

west corner of T. 136 N ., R. 51 W., to the northeast corner o f

T. 137 N,,, R. 50 W. Its source is southwest of Devils Lake near the

great southeastern bond of the Souris River (see fig . 1) . From ther e

it flows 180 miles southeastward, entering the valley of tho Re d

River, where it turns northeastward and flows in a tortuous cours e

40 miles to enter the Red River .

According to Upham, 2/ the deposition of the Sheyenne delt a

took place largely during the period of formation of the Herma n

beaches, but it began as early as the Milnor stage and continued t o

the Campbell stage of the lake. As the lake waters receded, the

Op . cit., pl . 27, p . 316.
f pp . cit., p . 316.
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river began to flow across its newly formed delta, and the presen t

valley was initiated, The valley has an average depth ofabou t

100 feet and a maximum width of about three-fourths of a mile .

There is a distinct terrace at an altitude of 1,000 feet above sea

level . The present stream occupies a channel cut below this terrace

to a depth of about 4o feet and a width of rarely more than 300 foot .

Outside the delta area the Sheyenne River ranges from 50 to 75

feet in width and from 1 to 3 feet in depth l0 and has incised it s

channel an average of 20 to 30 feet below the general level of th e

lake plain. The course of the Sheyenne is tortuous and meandering ,

both through the delta and on the lake plain . A belt of meander

scars on both sides of the river averages about half a mile in widt h

and is a much ac a mile wide in some places„ Accretion scars showin g

the growth and development of the meanders are well developed i n

T. 136 Y., R. 51 W. (sec . 32) .

The high absorptive capacity of the silts and sands composin g

she surface materials of the delta, combined with the low gradient ,

retards the development of a well-integrated system of surface drainage .

A few tributaries, mainly intermittent, occupy gull .iea eroded into

the valley walls of the Sheyenne River. These occur mainly in th e

delta area and rarely exceed 2 miles in length. Consequently, the area

directly adjacent to the stream is well drained, but the greate r

part of the intorfluvial area has no surface drainage, Some gullie s

are present also along the stoop northeastward-facing escarpmen t

of the delta. Tho gullies carry water only during times of heav y

12/ Upham, Warren, on. cit ., p . 57.
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precipitation of melting snow. They begin suddenly along the to p

margin of the delta slope and end just as suddenly at the foot o f

the slope. Some of them have formed email alluvial fans . Typical

examples may be seen in T . 136 N., R . 51 VT., secs . 3, 4, and 5, and

in T. 137 N., R, 51 W., secs . 32 and 33.

Many small temporary springs are reported to occur in the valle y

of the Sheyenne River, particularly throughout the delta area ,

as well as at the base of the delta escarpment southwest of Kindred

and near Walcott, During the spring and early summer the Sheyenn e

River probably gains some water from these sources, but the spring s

may dry up in dry seasons, and the Sheyenne River has boon known t o

become completely dry in this area.ll/

Much of the surficial material of the area has been reworke d

by the wind, and prominent sand-dune areas are present along th e

Sheyenne River and east of the delta escarpment south of the river .

The two largest areas of sand dunes are ehown on figure 3.

Present water supply and future need s

Water supplies for stock and domestic purposes in the Kindre d

area are obtained largely from wells. Where the well water is highl y

mineralized or inadequate in quantity, rain water caught on the roof s

of buildings and stored in cisterns is used as a supplemental supply . ,

Records of available data concerning most of the wells in the are a

are given on pages 48-60. Locations of the wells and their depth s

are shown on figure 3 .

11

	

Hall, C. M., and Willard, D. E., U . S . Geol . Survey Geologi c

Atlas, Casselton-Fargo folio (no . 117), p . 1, 1905.
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,

Before the now municipal wells worn drillod in 1948 as a resul t

of the prosont investigation, the public water supply at Kindred wa s

obtained from three wells of intermediate depth (nos, 2, 3, and 4) ,

one deep well (no . 1), and one s'::allow well (no. 5). The wells o f

intermediate dopth wore drilled in 1935, but the water obtained wa s

inadequate in quantity and of vary poor quality. The deep well wa s

drilled in 1936, and it is reported to have been the principal sourc e

of supply for the town until the shallow well (no . 5) was drilled in

1944. Although the quality of the water from well 5 is considered

satisfactory, the maximun yield is reported to be only about 6 gallon s

a minute. A number of shallow wells, most of them 15 to 20 foot deep ,

had boon dug and drilled at various times by home owners, but th e

amount of water obtained was rarely adequate even for a single family .

However, the no . 5 city well, drilled in 1944 to a depth of 40 foot,

yielded as much as 15 to 20 gallons a minute.

Thus, tho town officials, in making plans in 1941-47 for a munici-

pal water-supply system, wore confronted with considerable evidenc e

indicating; a dearth of ground water at al] . dopths in and near Kindred .

Most of the wells in the shallow sand has very small yields, an d

water levels in them had dropvod very low in the drought years of th e

thirtios. The sand and gravel bodies at intermediate depth, which

supply most of the farm wells in the area, had yioldod only smal l

supplies of highly minoralizod water, The Dakota sandstone, which

supplies artesian water to many wells west and south of Kindred an d

which Simpson had recommended as the most likely source of supply, 1 2

12 Simpson, H . E., Ground-water resources of Kindred, Manuscrip t
report filed with the State Geologist, Grand Forks, N . Dak., 1933.

., 12 -



had proved to bo absent at Kindred . unsuccessful attempts to obtain

the artesian water from wells drilled for the Austad Estate, to a

dep th of 600 or 700 foot in Kindred and to a depth of 300 feet 4 milo s

oast of town, are reported by Simpson.l3 A number of doop "dry " hole s

aro reported to have boon drilled in that area sinco that time .

Tho estimated minimum wator requirement for a feasible municipa l

water-supply and sewage system in Kindred is said to be of tho orde r

of 30,000 to 40,000 gallons a day„ In order to provide a margin o f

safety, it would be highly dosirable to develop two or more woll s

capable of yielding 30 to 40 gallons of water per minute . Tho two

wells developed in 1948 (nos . 6 and 7) aop,ar to moot at least th e

minimum water requirements .

11/ 0p. cite , p . 5.
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GEOLOGY AND OCCURRENCE OF GROUND WATER

General

Stratigraphic unit s

Information concerning the geologic formations in the Kindred are a

was obtained principally from 23 test holes drilled by the U . S.

Geological , Surveyduring the course of the investigation and from log s

of a few city-owned and privately owned wells . Eighteen holes rangin g

in depth from 30 to 77 feet were drilled to obtain information concernin g

the shallow sand of the Lake Agassiz deposits . The other five holes wer e

drilled through the full section of sedimentary rocks to obtain infor-

mation in regard to the deeper water-bearing beds . Locations of th e

test holes drilled in the general area are shown in figure 3, and location s

of test holes and town wells in Kindred are shown in figure 4 . Logs of

all test holes and 19 other available logs are given on pages ;61-75.

Stratigraphic nomenclature used in this report conforms generally t o

that established by Dennis, Akin, and Worts 1Y for Cass and Clay Counties ,

North Dakota and Minnesota . Following is the stratigraphic section fo r

the Kindred area :

Lake Agassiz deposit s
Silt uni t

o

	

Clay unit and deposits of the Sheyenne delt a
.ia

o) U,

Till and associated glaeioaqueoua de posits.

Older Pleistocene lake clay and drift
or Benton (?) shale .

14/ Donnie, P . E., Akin, P . D., Worts, G. F., Jr ., Geology and ground-

water resources of parts of Cass and Clay Counties, N . Dak. and Minn . ,
U . S . Geol . Survey mimeogra phed report, pp . 16-17, 1949 .

- 14 -
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The surficial sediments in the Kindrod area aro the Lake Agassi z

deposits, which may be conveniently divided into a clay unit, a

silt unit, and a delta unit . Tho clay unit and the delta unit aro

thought to be different facies of the same time interval, deposite d

during the earlier and doopor phases of the lako when the shore lin o

was at the Herman and other high-level beaches. The delta sediments ,

which are coarser and thicker than either of the other units, occu r

in the area south and west of the delta escarpment (aoc fig . 3) .

The clay unit was formed lakoward from the delta, and in the Kindre d

area and elsewhere along the delta margin the clay and delta sand s

arc intorfingorod. Tho silt unit was deposited during a later floodin g

of tho :lc.ke, and it completely covers the clay unit. As the lake tha t

deposited this unit rose high enough only to lap the margin of th e

delta, the silt unit is not present landward from the delta escarpment .

The Lake Agassiz deposits arc generally slightly loss than 100 foo t

thick in the area lakoward from the delta but may bo from 150 t o

200 foot thick in the delta area.

The Lake Agassiz deposits are underlain by till and associate d

glacioaoueous deposits. The till consists largely of clay and sil t

mixed with varying proportions of shale pebbles . Intorboddod with

the till and lonticulaa and, usually, small bodies of poorly t o

moderately well assorted glacioaquoous sand and gravel . The formation

ranges in thicknoss from about 100 to 190 feet in the Kindred area .

At Kindred and presumably in most of the eastern part of th e

area tho till and associated glacioaqueous deposits aro underlain b y

"granite," but at the location of USGS test 1R and 2R and probably in

most of tho western part of the area the deposits aro underlain b y

- 15-
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clay, silttono, and shalo, Thooo matsrials, which had boon romovo d

by erosion from tho

	

storn part of tho aroa boforo tilt; deposition

of tho till, may ropromac : t an Older Ploistocono lako clay or romnants

o2 a shalo of Crotacoous aLo or both . About 2 foot of clay, oilt-

stono, and chal na prosont in U5 G.1 -Lst 1R, If of Crotacocus aL:o ,

tho matoial may roprooont tho Donton shalo .

Undorlyin : tho till and associatod 2:1acioaqucous doposits in tho

oastorn ?art of tho aroa and tho clay, siltstoiii, and shalo in tho

wostorn ?art of tho oroa io hiEhly docomposod crystallino roc k

locally roforrod to as Lranito .

Figuro 5 is a , _solo is noction in tho 1:indrod arLa showing tho

C-
ioral oharactor of tho rock matorials and trio rolatiooships of trio

a ti tifr ::hic units,

:,.ydroloLio conoopt s

An 'aquifor" io any rock formation or stratum that will yiol d

wator in suf:iciont nuantity to bo of importanco an a sourco o f

oupply, 12/ Tho amount of wator that can bo storod in an os-iuifor io

moasurod by tho porooity of tho rock matorial . Tho unconsolidato d

rocks such ao clay, sand, and `ravel arc Eonorally moro porous tha n

consolidatod rocks such as sondstono and limoctono, althouch i n

sonic aroar. tho consolidatod rocks aro h.ihly porous,

	

sp ocific

yiol dl' (offoctivo :)orosity, or wator-yioldins capacity) of a rock i s

somowhat .SOS ;., than it ;; total porooity--mmh boa in th o finor-L-.ra.in d

matorials--bocauoo om,) wator in hold in tho poro soacos by molocular

forooo , d will not flow out by Eravi'ty ,

12/ :. ioiT!or, 0 . ],, Tho occurronco of around wator in tho Unite d

btatca : Q .

	

Geol . Survoy o.tsr-Lupoly Papor 43 :1', P . :2 , 192f..'', .
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If t ho water in an aquifer is not confined by impervious strat a

above, the water is said to occur under water-tabl, conditions . In

this case water uay bo obtained . froie storage in the aquifer by

lowo ic` the water level, which result ., in gravity dra .nao o, and the

3'?ocifiC yield is oouo large fraction of the "p orosity ; in coar3 :e r

`rained materials it iaav app roach very clocely the total porosity .

If the water is confined in the aquifer by an ovcrlyinL impermoablo

stratum, however, so that the water rises above the top of the aquifer

under hydrostatic pressure, the water is said to occur under artesia n

conditions . In this case, water will be yielded as the water leve l

in a well is lowered, but the aquifer romaine saturated and the

wat.,r is ;;melded because of its own exraneion and the compression o f

tho aquifer duo to loworod p ressure, rather than by Gravity drain ago .

The __tor-yioldin : capaci . y is called the "coef::icicnt of storage "

and is

	

vary nuc '.h s:i ller than the sp icific yield of the

Gallo material c: :h ..;n drained by `ravity .

If the pore spaces -pro larc and i'ntcrcon .iected, as they commonly

are in sand and gravel,

	

water is traiisemittcd :lore or less fr. ely ,

and the rock is said to be pereeablo, but if the )ore spaces are

very small, as tile- are in clay, the ?' . .tor is transemittod very slowly

or cot at all, and the; rock is said to bo in?ernoable .

Thor .. are, then, two fundamiectal physical aropertios of an

aciuifer that lar`:nly control to, mov ::uect of water throuLh it, the

:;pccifiC yield or coefficient of storage and t_?.e _ orieeability .

T,:?.., specific yield may be defined

	

the ameount of water, oproa od a s

a fraction of a cubic foot, that will drain by Lra.vit: from a cubi c

foot o_' saturated iha.oriel. . Th: co ..fficient of story

	

is defined as

- 17 -



the amoult of water in cubic foot that will be roloasod from storag e

in each vortical column of the a :,uifer having a base 1 foot square

wa :"n tai, water level falls 1 f00t . For nonartosian aquiforo th e

coeflic ont of storage is, for all ')Tactical pu rp oses, identical with

the opoci 'ic yield .

	

T

	

. .

	

.

	

n11.; 'J .:Y':leablllty of a rock is c; :{prOSSJd as t .le 11CO .% Tf ~•1C:].Cnt of

per1 ;^.bility° or by th u coofficieet of transmissibilityI 11 which i sJ

	

J

	

V

the avurago norm ability multiplied by the thickness of the aquifer .

The coof icient of transmissibility is o )res_cd in gallons per da y

p:,r foot and is defined as the number of gallons of water that wil l

pass in 1 day through a vortical strip of the aquifer 1 foot wid e

and r a unit hydraulic gradient (1 foot per foot - 5,230 foot pe r

;:nil .;) . Li owise, inasmuch as tit flow of ground water normally i s

directly proportional to the hydraulic gradient, it may bo though t

of as th :, cumber of gallons of water th t will pass in 1 day throug h

a vortical strip of t_ u a.qui2or 1 mile wide undo r a hydraulic gradien t

of 1 :root p er vile .

:seentially all ground ''ater is derived from precipitation, Th e

water may enter the `round by direct ;?Onetration from rain or fro m

molting snow, and by percolation from streams that cross the are a

	

if the

	

t:r ie the streams is higher than the water level in th e

`romed-water body . In come areas a part of the ground water come s

from adjacont regions, ontoring the ground at higher elevations an d

moving slo, ly to lower oluvations .

2ssentially all ground wat,.r of economic importance is in

proceso of movc, .> It through the groLr.d from a g lace of intake o r

recharg ; to a place of dis_,o al or discharge . Velocities of a few

- 18



tons or a fow hundrods of fdot a :roar probably aro moot common in

aquifors undor natural condition :. . Ground-wator Cischargo may occu r

by din-act ovaporation from tho coil curfaoo and by transpiration by

plaots io aroas whoro tho wator tablo is vary noar t .'_., SVr'!Co, U r

by sospago to otroams or to othor ground-wator bodioc whoro ti. :

phyoical situation is ouitablo .

As sround wator movos through an aquifor it diosolvoc a part of

tho more soluble mineral constituonts of the rock particlos . The

amount of minoral

	

ttor disoolvod by tho .tor io oooodont roon tac

kind of solublo materials procont in t .1o aquifer, aid the Length of

time tho wator i3 in contact with thorn. Thoruforo, tae waters that

hovo boon underground longost add have travolod the `r. .test dictanco s

are co : :'. oily :'ore highly minoralizod than tooso relatively noar the

rochargo arots .

I. th, :indrod area, th_ delta unit and do oandY portiono o f

tho silt unit of the Lako _'.gassiz do , ooito, aod tho glacioaquoou s

doooito associttod sith the til, are tho only a-luit-ro of inportIncJ .

Thooo aquifors and tho occurronco of gr sd wator in thom oro diocuooo d

in tho following soctionc .

T

	

• d'''')O c itO-!--'

Goologic aciect s

Luring no woning staltos of tho Iiisconsin glaciation, a margina l

glacial lako known as Lake -mosiz was formcd in the northward-slopin g

and aivor Vail- . Sodimonts dorivod mainly from glacial till woro

dooooitod in this lake diroctly from tho molting ice front aid b y

stroann fod by glacial moltwator . The doposits

	

t :e de or part o f

tho lake conci t mainly of clay, whoroas coarser matorial was concontr1n d

- 19-



alone the shoroc; to form tho n'.-;,sunt beach rid`°os, bars, delta :, and

oth..r shore _oatur :;'. . Irrogularitiu3 of tho former land surface ucre

partly or C0._1pl ::t ,1 .u1;T O 'l: .">GLiroCi

	

this bl^,:

	

ent•

	

Tito ::indru.> .:t of s .%di_a

ar ;a lios noar tho northeastern . ;a<< .. of one of tho largest of the

du1 'ua^ formed in tho lake, and tho charac tar and :ter-bearin g

)ropurti.,_s of the lake do.osits can bust be understood in the light

of tn:. 1 :;.:o history, insofar as it has boon worked out .

The history of Lake `_gassiz .has boon studii;d - and described by

Upham, 15/Tyrol? .., II/ Johnston, 18 Lovorett, 12/ and Tikiioroff.

Those authors are not in co'1rloto a`r„m eat concerning the history

of the lake, and much additional work 1' ;il1 have to be dole before

the complete story is known. The following brief summary utilizo s

factual data and interpretations from all thooo authors, coordinated i n

tin) ligtt of data obtained during the present tudy ,

The ice appears to have malted first around the; thin edges of

the lake: that occupied the Rod tivor Valley . Thus the firot lake s

to form were small isolated bodies around the margins of the valley .

One o f tho o .. small lakes occL.,,ni .;c. t

	

outhw. s torn partof

	

.tho

	

.tr :;ia.; s

of tho area of tee ahcycnno delta (sco fig . 2 } and forded tau _ .ilno r

beachu : at an altitude of 20 to 25 met above tho hig ost ( ::iurman )

16

	

J`?hailtj ,.arron, Thu glacial Lake ..gassiz : U,

	

Col . urv .y .ion .

2 5, 1396 .
~

Ty•^.:11, J . B., The ~- : ;r_ .; si c of Lake Agassiz, Jour Geology ,

vol . 3, p) . 311-315 i 1896 .
1c

	

John ton, '. -:•,

	

Lako nga6oiz : Jour. GGoology ,

vol . 24, -pp . 62j-658 .
1E/ L; i rutt, Frank, ,uato n^ry g . ology of Minn osota and parts o f

ac;.3ac.est Status : U. 3 . Gaol . eurvey Prof . Parer 161, 1952 .

? _ 0

	

i' :.i.foro%'f, O . G . , The lii'o history of Lake : asaiz : Alternative

intorpr :tation : Am . Jour .

	

vol . 245, pp . 205-259, 1947 .
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boachos that oxtond complotoly around tho lako . Tho nort:ZO .. . ._ corn

shoro of this onion ancostor of Lo o Xgassiz was formod by tho

ico, and its exact oxtont is not known, although it probably oxtondo d

boyond l:yndmoro . According to Upham, 21/ tho formation of tho

Shoyonno dolta bogan at this staff o . Xs tho ico milt -d and tho lako

occupiod. a largor part of thi valloy, tho wator stood at tho hoigh t

of tho Horman boachos and found an outl . t to tho

	

drainago ,

Cutting down of tho outlot chahaol cauood tho lako wators to dro p

by s :ccossivo stagos to tho lovol of tho 0 apboll

	

lino . As tho

ico front rotroatod northward, no lako wators also rocodod northwar d

until tho lako

	

v ry hoarly or oomplotoly drainod, 3ubsoquontly ,

a roadvanoo of '6ho ici aoaih blockod tho northward-flowing dr aid ago ,

and a final lako wao formod in tho aod aivor Valloy, It ros .. only

to tho lovol of tho outlot (0ampboll boach) and than rocodod .

Dolow tho Campboll shoro lino two distinct units havo boo n

idontifiod as corresponding to tho two stagoo of lake flooding . 22

Tho lowir and thickor unit is thinly laminatod blue:-gray clay ; thi

upnor and thionor unit is a moro coarsoly lamihatod buff to yollo w

silt . Tho 0ampboll shoro liho cuts tho

	

storn (lakoward) margin o f

tho 5hoyonno delta (soo fig . 2), and tho waters of tho last lake

floodiog hovor covorod tho dolta .

Upham

	

dosoribod the formation of tho Shoyonno dolta a s

rosulting largoly fro' this oodinont carriod into the lake by th o

glacial hoyonoo Rivor, although ho rooognizod thO possibility of largo

21/ Op, eft ., p, 212 .
22/ Donnis, P. E	 kin, R . D., aid ,,orts, G . F., Jr ., op . cit . ,

p . 18 .
23_/ Op, cit .,

	

316.
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contribAions of sodimont diroctly from tho molting ico front ,

Lovorott,2A/ was concorhod about tho absonco of similhr doltas a t

tho mouths of largor rivoro, such as tho Rod Lako Rivor, and boliovo d

that tho groator part of the matorial wao contributed eir'ctly b y

the molting ico, Tho fink - q rainod char actor and o ;:colloht assortmont

of tho codimonts, togothor with tho almost total lack of pobblos ,

bouldoro, and unaosortod blocks ?nd balls of clayey material, whic h

ono would ohpoct to fine in ic3-laid doposito, to-.d tho prooon t

authors to favor Upham o theory of a deltaic origin for the Shoyonn o

dolto at loaot, 7hridooco for tho moraino deposited in water, whic h

Lovorott LV shows along tho margin of tho Shoy .:nnc : delta southwes t

of i;.indrod, was not found. during the prooont invostigation, On th e

contrary, instoad of a feu foot of sand covorihg "a highly calcareous ,

somewhat nobbly clay," as occribod by Lovor_:tt, 26 the toot hole s

drillod not hbovo the oscarpmo :lt oncountorod silt, find Nand, and

silty 1 .ko clay to a dopth of aproximotoly 150 foot ,

On tho map (fig, 7) throo typos of surficial materials ar :;

distinguishod, Tho fin . ..and and ilt of tho dolts. are in gL;noral

coarsor, lightor-colorod, and loss compactod than tho yollow lak o

silt, Eowovor, thoro is considorablo intorgradation and inorlonsin g

of tho two typos of codimont in tho aroa adjacont to the dolts. ,

porhaps chi ..fly hocauso tho dolta soado worn washod down and irrogu-

larly distributod ovor tho lako floor during tho intorval botwoon th o

two lako floodings and during tho Oampboll stago of tho last flooding ,

cit ., ) . 126-127,

	

,
')_./

	

Op, cit., fig, 17, p, 124,
2-Y

	

09 . cit ., p .127 .
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ro-- of prominont sand cunos aro map pod as I third typo of surficial

matorial . la gonoral tho matoriols of tao sand-dun g aroas aro coorco r

and bottor sortod than tho dolt?_ codimonts oloowhoro . IIost of th o

dolta ourfoco shows oomo ovidooco of roworking by wind, aod ooly th o

moot proainont sand-duno aroao woro map pod, Th ., dunos aro, at prooont ,

moro or los otabilizod by a growth of gracs and othor vootation ,

llost of thom aro low, but somo attain hoights of 20 to 40 foot ,

The dolto sodimonts aro dominantly lino sand and silt . 0onsidor-

ablo cloy is intorboddod with soao of tho silt ; on the other hand ,

soil:: modium sand occurs locally with tho fins) cond . Altogothor tho

unit is loso compctod, ovon at dopth, than aro tho clay and sil t

units, Tho total thicknoso of tho dolto oodimonts appoars to bo abou t

1)0 to 200 foot, although taoy nay bo considorably thinnor locally .

Tho contact botwoon th LaLo Agaooiz dopooito and the till and aoso-

ciatod glacioaquoouo dopooits in tho dolta oroa is such moro difficul t

to dotormino than is tho ohoo contact oloowhoro . Tho contact was

picSod at tho dopth at which pobbloo 7

	

gravel woro first found i n

the silt and clay . Thu cilL and clay with contained shalt, pobblo o

moy havo boon pobbly lo loo clay rathor than till in coins caoos, and th e

boundary botwoon th. foraotiono (so, fig . 5) is Only approxiinata .

Lal :oward frog the delta the Lahti tasoiz dopooits consist of an

uppor salt unit and a lowor clay unit . Thu silt unit consist s

lorgoly of silt and s :ad with only minor amounts of clay . It is

gon-rally yollou to buff in color and in mony placoo is sandy at th o

bass . In the Kindrod arsa it is gonorally 30 to )0 foot thicls

(coo fig, 6) . Tho clay unit consists largoly of clay and silt wit h

ooly minor amounto of sand, It is ions rally bluoish `:ray in color

2j ._



and thinly laminated . In th .: Kindred a_r .:a it appears to be about

50 feet thick (soo fit . .5) .

Th .. La.: ;; Agao_i.z d )osits contain some of thj most important

aquifers of the area_ . i'r-tctica11y all the farm wells in the delta

portion of the area obtain their i•r ter from these dmposits at dopth s

r?."i'"in` from 10 to 70 foot (c .. fig. j) . .,any of the it llc .^.re driven

sand-point wells equipped with hand pumps or windmills . It appears

lik ly that moderate su_,plies of water for municipal, industrial ,

or other purposes could bo d ;velooed in this an-a . Not mica detaile d

work was. done on the d•_lta unit during till.. ?r .;sent inv_otigation ,

but considerable test drilling and other work ire ;; dono on it in th e

nearby :yndmero area .

. ;o :lls similar to thooo in the delta unit aro obtainod in th e

sandy parts of the silt unit in scattered areas throughout t ho lake

plain . . .ost of them are in front of the delta escarpment and alon g

te . .,iley.%nno elver but there are a few elsewhere . In most placo c

they ar :; about 15 to 20 feet in depth.

	

o far as known, no woll o

obtain water from the clay unit of the Lake aLasLiz deposits .

Tho probable distribution of the sandy parts of the silt uni t

in the vicinity of itiindred is shown in tilt sections of figurs S ,

which ero bas_-d on data from toot holes (so . Fig. 4) . If thes e

candy Judi .rc to serve

	

a source of municipal water supply fo r

the town, it is important to know as much as possible about thei r

extent and continuity co that an estimato of the storms capacity

a-71- is, n . 2 ., skin, P . D., and Jones

	

uzanno L ., Ground wate r
in the ;.ynduoro area, tiichiand. Co''enty, N . Dak . i U . e . Geol . p urvey
mimeographed ro 'ort, 1950 .



of tho aluifor may :so obtainod . A comparison of tho logo of tho tin t

holoo in tho vicinity of hinerod with thoso in tho FarEo roc.

indicatos that tho silt unit contains a much highor porcontaLo o f

sand in tho

	

aroa than in tho FarLo aroa . Howovor, tho

stratigraphic :noiLion of tho sand Lonorally noar tho bhoo of tho uni t

io similar to that in tho Fargo aroa

	

olsowhoro, Turthormoro ,

only in an occasional t,st holo, such as

	

6, aro tho sand bod s

absont . Th.: oiEht privato wolls in i':indrod aro all dovolopod in

shallow sand aquifers, Thus all tho availablo .:vid .onco indicates the

`moral prosonco of the sane beds in and noar tho town and thoir

probabic continuity and intorconoootion as indicated :in figur:: 6 ,

That the sand bods aro probably prooont and pc :chap thickor in the

aroa botwoon the town and tho delta io ouggostod by th .:_i r. probabl e

mods, of origin, Tho slay nnit of tho Lako Agassiz dopooito was bein g

formed in relatively doop wator

	

the Shoyonno delta t ac :owing. hi

t northcast*ard towardtho :indrod aria• Horovor, .;hen th laks water s

loll to tho Campboll stag .;, some of tho sandy dolta sediments tr .oro

probably orodod and rodiotributod lakoward by to lake water , an d

during tho interval botwoon lako floodings otroamo probably spread

additional quantitioc of dolta sand upon the adjac .:nt portions of th:;

laho plain . As the waters of tho oocond lako flooding again roacho d

the area, rar-olore sand do-posits may have formed n1r :indrod unti l

tho whtor bocamn so dh:p and tho chord mnvod farthor away so tha t

silt rathor than oand was dooooitod.

2C

	

Donnis, P. E ., Akin, P. D., and ,orts, G . F., Jr ., op . cit. ,
pp . r)4-177 .
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:at. r-luvol Fluctuations in aruif ::r of the L^k: zassiz de posits

ocorc.c of i•rat:r l .:v ;is in oboorvation wills in tho l:indr .d area

h:v„ not boon obtained fora sufficient lon`th of time to do lonstr^.to

tho enact charact.,r and . af_iitud of tho natural wa_ur-l .ov ;l fluc-

tuation£,

	

owovor, fluctuations hays boon obssrvod in a shallow

wolf on til . 5ho ;r ;n_ ; .: d .;lta near :yndmors for a number of

	

ars, and

it 5,, ., .1 liholy that the natural z:ator-lov,:l fluctuations: in wsll s

in the cults. nsar :indr .:d may b :; analogous to tho fluctuations in

that woli, although the m:. nitud.: of the fluctuations may not b o

couparabls . Fi'ur 7 is

	

h;rc'rograph of an observation wsll whic h

is located 1 mil ;: north and

	

rlilso it of yndmoro ,

Rschar s to tho dolt?. condo is a couplsx function of pr .;cipitation ,

tome r-.turn, and othsr climatic factor .,, In g .:nor ,.l, the grsa.tos t

amount of rochargo occurs in the spring after the spring thaw ,

During

	

ti.:1-o the

	

for from th .: molting snow collects in Un-

dra.inod or poorly drained a.r. o and gradually coops into the sands ,

to' t'or with t_;o wat ..;r from molting frost, Aloo, evaporation fro m

;:ho coil and. from opsn water aurfac .: : at this time t ,_1 :a-: _lac .: at a

Coia1ara GiV ::ly slot: rate bocaus :; o the low tompor-.tur.::c . Rainfal l

during this .,oooon aug_.i ntti tho water from the moltin g snow and thus

i^crs:asoc the amount of water availa.bli for rochargc .

As a rooult of r :;charg .: during: this period, wator lovsls ordi-

narily roach Choir hi`host ot ..`oi during tho late sp ring or sarly

ul.Loioor and may bo vary n - r tho land our acs throughout most of th e

aroa, '..ith tho advont of t': i'.rsi r, drier woathor in the o rly summer ,

natural C ._. •charge of watr from t1. : Sands is accol-r'.t,:d by incroas . d

ovaporatlon from the soil and open wati..r aroao, a: won as by un& r-

'ground drama

	

to the atr ..a<ss in tho ar.:a .

- 26 -



FIGURE 8 -HYDROGRAPHS SHOWING WATER-LEVEL FLUCTUATIONS IN TWO SHALLOW WELLS NEAR FARGO .

1 940 1941 I
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Recharge occurs also as a result of rainfall during the summe r

and fall, but much of this precipitation is held in the soil zone fo r

a time and evaporates from the soil surfaco or is transpired by

plants without reaching the water table . For this reason,, onl y

heavy or sustaind precipitation during the summer and fall season s

effectively adds to the ground-water storage .

Little or no recharge occurs during the winter seaso n

while the ground is frozen and there is little or no melting of anew ,

During the spring and summer when the water level is very nea r

the land surface the sands may bo considered as ovorfull, and muc h

water is lost by evaporation, This rejected recharge would bo

available as actual recharge if tho water levels wore lowered b y

pumping or from other causes. Tho rises in water level probably are

much greater than they would bo if the water table wore a greate r

distance below the land surfaco, because the capillary fringe ma y

extend some distance above the water table and probably is effectiv e

in keeping the sends partly saturated almost to the land surface mos t

of the time.

Similar data on water-level fluctuations in two wells in th e

silt unit ofthe Lake Agassiz deposits near Fargo are available fo r

a period of approximately 20 months during 1940-42 . Thoso data

are shown in figure $.

The hydrogrephs of those wolls illustrate clearly the respons e

of the water levels in the shallow aquifers to recharge . Recharge

to shallow aquifers in the area during the spring thaw is common .

As the ground thaws, the water from meltod snow that collected i n

- 27 .,



poorly drained areas has ample opportunity to soak into the groun d

and seep down to the water table . Fluctuations due to recharge o f

this type are illustrated by the water-level rise that began abou t

the middle of March 1941 in well 139-49-2aa3 and during the fira t

part of April in well 1 140-49-35ca. The rises continued until th e

last part of April in the latter well and until the first part o f

May in the former well . During the first part of Juno the water

levels in both wells began to rise as a result of recharge from

rains during that period . This rise continued until about the last

of June in welll39- 49-2aa3 but only until about the middle of June

in well 140-49.-35ca.

After the full effects of the recharge were culminated, th e

water level in well 140-49-35ca declined rather steadily until i t

reached a level lower than that preceding the rise in April . Tho

water level in well 139-49-2aa3 began to decline after reaching a

peak in Juno, but the decline took place at a much slower rate ,

and the waterlovel at the end of 1941 was still several feet highe r

than before the epring rise born. Also, the total fluctuation in

1941 at well 140--49-35ca was considerably loss than at well 139-49-

2aa3. The difference in the magnitude of the fluctuations was du o

principally to the difference in depth to water in the two wells an d

is explained as follows : The water level in well 140-49-35ca_ range d

from 3.8 to 8 foot below the land surface, so that in this area much

of the ground water was disposed of by capillary movement upwar d

from the water table and subsequent transpiration by plants an d

evaporation from the soil surface . On the other hand, the water leve l

in well 139-49-2aa3 was never loss then 11 feat below the surface ,

-28-
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and therefore was deep enough to escape, for the most part, surfac e

discharge by transpiration and evaporation ,

Figure 9 shows availablo data on water-level fluctuations i n

three wells in the Kindred area, The records are short and th e

levels were somewhat affected by pumping . However, a general water-

level rise during the latter part of March is shown, indicatin g

recharge to the silt unit of the Lake Agassiz deposits in the are a

during the spring thaw, Tl c rise in this instance ^niounted to only

&lout 1 foot, which is much smaller than the rises in the shallo w

wells near Wyndmoro and Fargo for comparable seasons in other years .

It is possible that the particular season for which records ar e

available was an unusual one and the water-level fluctuations not o f

the magnitude ordinarily oxporioncod . However, the discussion given

for the water-level fluctuations in the Wyndmore and Fargo area s

doubtless applies in general to the shallow aquifer in the Kindre d

area.

Pumping tests on shallow walls at Kindre d

Between July 15 and 28, 1948, pumping tests wore run on Kindre d

City well 6, and well 5, 86 foot south, was used as an observatio n

well . Several pumping periods were involved in this tort. The first

period, of only a few hours i duration, was principally to dotormin o

at what rato the well could be pumped . The second period lasted

for about 24 hours, and water-lovol moa.surements wore made durin g

this pumping period and for approximately 24 hours following it .

At the end of the 24-hour recovery period, it was felt that th e

data obtained worn not sufficient for intorprotive purposes and another

pumping period was begun. The pump was run for approximately 48

hours, and water-level measurements wore continued over an extende d

recovery period .
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Figure 10 shows the water levels in the pumped well and in th e

observation well, and the pumping ratos during the period involved .

Computations of transmissibility were made from data on th o

recovery of the water level in the pumped well after the last pumping

period and data on the water lovols in the observation well during

tho last pumping period. In making the computations, correction s

worn made only for the effects of the previous pumping periods .

No corrections were attempted for partial screening of the aquifer a t

the pumpod well, for the effects of natural water-level fluctuations ,

or for other factors that might introduce small errors, because i t

was felt that insufficient data wore available to justify tho pro-

coduros necossarys and also because tho preliminary results obtaine d

did not indicate that the rofinomente could increase the accurac y

of the computations.

Figure 11 is a semilog plot of the residual drawdown in Kindro d

City wall 6 after the last pumping period agains t

tl	 t2 •	 t3 , where t = time since pumpingti'.

started, t' = time since pumping stopped, and tho subscripts refer

to the respoctivo pumping periods used in tho calculations . For

certain ideal conditions, this plot would approach a straight lin e

passing through the origin as values of t3 l become sufficientl y

large.
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Th. tra:: : : ;.aiscibility could than bo computod by tho „quatio n

T = 26 1 Q
U JB I

whoro T = co : :_';"ici: i1t of transmissibility* gpd./ft .

Q pumping r''t., gallons ? .r minute

(.\s l = ch' n :: in r.Jsidual drawdown ov .:r 1 log cycl, .

Tho plot in fi`uro 11 d :s not form ono straight ling, as woul d

happon und,;r tho ic,h? .l conditions upon which tho formula is b-acod ,

Ind 1, is possibl, to draw two straight 11'.7J ' as 11dicat,d . It is

b, li v.,d that t':. ns.tur ., of tho plot is tho r.,sult of :low drainin g

of tho watr-b .arin` ,a .t_rial :: during rocov .r;T . Th., :siat .;ria_l co:a os -

ing tho ^„luif.,r is fin .; to v .;r; fin : sand and silt, and vsr r slow

dr-inago and r filling of th .; isatorials would b ;: xnoctod . 3 xa aplo s

of tho typ„ of rocovory curvo to b,, :>o, ct, d and r thoco conditions

hav, b,. .,ri doccribod by Jacob . 29/

On tho assumption that tho roicon for th.: failur .: of t ;.1„ data

to plot as a straight li'n ;: is

	

cta.t,,d abovo, th,: cooffici .,nt of

transra s .sibili.ty should b .: comput.;d from lino 1 of th„ graph, or

T = 264 x16,1 _ 4,604, or T

	

4,600 gpd/ft appro<,imatoly . Line 2
2 .07

i 1

	

6 data,

	

1 J

	

that if

	

1
s o;,_cod upon c;car.~'I d^nc. i e is li':,ly -th_„ a. aadditional data

;Toro at hand t1i noi.ntc would fors

	

curvod li .1o into tho origin

inctoa.d of 'c:1o ``straight line as drawn, It is . shown here only as a: possibl e

:intorpre tation of t ; available data .

2

	

Jacob, 0, 3,, Lcov.,ry mothod of d .;t :;r:_lining pei;1G^.bilit r ,
.,,_r?iric .al adjost::>„nt for, U . S . fool . Survey raiuaoogrs.phod r . port ,
1945.
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Figure 12 is a .emilo g plot of drawdown in the observatio n

well ( :inrred City well „ Curing the la. :.t pumping period agains t

t1

-, - 1 x t3 , where the symbols and subscripts have the cam e
tl x 2

uea>.in` as in the previous example . This plot may also be inter-

preted to consist of at least two straight lines, The possibilit y

that this plot could repre :ent the influence of an impermeabl e

boundary' was conei('ered but was discounted in view of the results

obtained from the recovery curve (sec fig, Ii) and'Q t:?c', observe d

geologic coeditio:!e, The coefficients of transmissibility an d

^tora2e as cor muted by the usual methods

	

from lino 1 are

T = 30,742 `13d/it and a = 0,0147, respectively,

This computed value of T seems much too high for the material

com?osia,_ the aquifer and the results obtained from the recovery

curve . also, the value of S a p_eearc to be much too low for water-

table conditions and much too high for artesian conditions, Similar

i
com etattons from line 2 give T = 1.2,213 _,pd/ft and. S = 0,107 .

Although more nearly the expected values, the coefficient o f

transmissibility is still not compatible with that computed from

the recovery curve .

It

	

believed that the ?lot of 2± urn 12 shows the re cult of

slow dra__n- g_a of the materials during the .?um2in` period, especially

in the srea between the observation well aid the ?limped e11, Thi s

would cause the water level in the well to fall more rapidly durin g

/ Ferris, John G., Ground-water hydraulic ; as a geophysica l
aid : iichiga.-a State. Dept . Cone, Tech . Rer,t, . 1, 154x ,
j/ Jacob,

	

0 . , Drawdown test to determine effective radius o f
artesian well : Am, Soc., . Civil s'n . Trans ., PP . 1047-1064, 1947 .
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the very early part of the pumping period thaif instantaneous an d

complete drainage occurred, Also, after the first rapid lowerin g

had occurred, the continued addition of water through delayed drainag e

would tend to cause the subsequent rate of lowering to be less than

would occur with instantaneous, complete drainage, This would caus e

the computed values of T to be too high and the values of

	

to be

too Ion, as tney are believed to be in this case, Values of T as

computed from figure 12 are therefore diecredited in favor of tha t

cemputed from the recovery curve, and the computed values of are

also discredited as being too low, at least for ultimate values o f

this coefficient ,

Another possible explanation for the behavior of the wate r

levels and a condition that might yield coblparable results wa s

coniiCored, as follows :

The upper part of the silt unit in the vicinity of the wells

is compocod of clayey :silt tilt is less permeable than the under -

lying fine sand and therefore would produce a partly effectiv e

confining bed, At the time of the pumping test the water level was

eomewhat above the bottom of the silty material, -:hen pumping

began, the water level near tho w e ll would be drawn below the silt ,

and weter would be yielded to the wolllargoly by rapid draisage o f

the sands in tee im. ediate vicinity of the well . At soma distanc e

from the pumping well, and at the observation well, the water leve l

would still be in the sine, which nould.

	

yielding water more

olowly. As pumping coltinuod, the cone of depression would deepe n

and expsnd so that the contact between the cone of deproeeion and th e

colfinieg silt would be continually moving outward from the well ,

- .33 -



An arto ::ian, or at least a sorciart(cian, condition would. exist at the

., :inning of the pumping, and there would be a chanEo from artesia n

to '. . :;.tor-table conditions as pumping continued, thus producing a n

Cvcr-5 cro `:in effectivo coefficient of .̂torago .

If tie process were exactly ravorsed during the recovery period ,

ilowevor, the effective average coefficie_?t of storage would be ove r

d.i.iinisnio until t ':1C water level in the humped well reached th e

bottom of the confining bed, after which it i .ould roreiin constan t

its initial value, p rovided, of course, that other cowplicatin g

factors were not "p resent . This condition, however, would produce a

curve t'at would approach the origin with a curvature opposit o

that Clown in figure 11 . It seams most likely, therefore, that the

__ ilurc of t'?e corves in figur 12 to civc rc, :a. to compatible with the

other data aid the failure of the )lot in .figure 11 to :laid a

etr :_ fight line paosieg through the 'origin arc Cuo ',ri .Zci_)?.ll'r to slow

dr'in?• o_ %he u_l,cored materials during uening ac to corros-

po dLn.y slow refilling of the materials during the recovery ;p eriod ,

a.1tii'a

	

sc' .eo effects of partial Conyilc :1 ;,,. may Also be included .

Thn final pumping test on well $ was mode ovor an extende d

period of time . Lie pump was st,.rted on October 13 with a pumpin g

1"_.t., of 27) `pm, On October 20 this. pumping rote was reduced to abou t

and pumping at this rate was continued without interruption

until _ :ove"_ebcr 19 . Daily wato '-lovol uoe .E. cro:acn is were ;_lade in the

puilpcd well and in the observation well during this foriod, and the

results :_7c shown in "x i guec 9 ,

During the interval from December 0 to 11, 1940, a pumping tes t

was moda on the newly constructed city well 7 . The well was pumpe d
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approximately 24 houre at an average rate of 26 .1 :pm ., and water-

level measureMents were made during the pumping and the ensuin g

recovery period . iCo observation wells in the vicinity of the pumpe d

wells were available for measurement during this test . Tho recovery

curve plotted on semiloc paper ie shown in figure 15 . The coefficient

of transmissibility computed from this plot is 4,250 gpd/ft, whic h

is in reasonably good agreement with the value of 4,600 gpd/f t

obtained from the computation from figure 11 for the test on cit y

well 6 .

Specific capacities of ::indred well s

The " -pecific capacity" of a well is its yield per unit o f

drawdown of the water level in the well, generally ezpreeeed a s

gallons a milute per foot of drawdown . Thus, the specific capacity

of a well that niolds 100 g'.1lons

	

minute when the water level in

the well is lowered 20 foot is 1Q0

	

=

	

:pm/ft . Decause the
20 ft

drawdown in a well increases as pumping continues, the specifi c

capacity is only an appro :cimate guantity, and it is convenien t

for comparative purposes to use the drawdown after a 1-day pumpin g

period in computing the specific capacity .

The 1-day specific capacity for well 6 is computed to b e

al)pro:dmately 1 .2. gpm/ft pumping 55 .5 gpm ., and that for wel l

is computed to be apprcmimetely 0 .34 gpm/ft pumping 26 .1 om at the

time the pumping tests: were made .

The specific capacities of the wells are very low, considerin g

tho traeemissibilitiee involved . This probably is due to the hea d

losi thr

	

- the fine screec, which were necessary in the constructio n

of the well, and other hydraulic head losses ; therefore it would be



expected that the epecific ca:)acities could bc e .lewhat 'hi her for

lower pumping rates .

Storage

The tect drilling wac not extencive enough to outline exactly

the areal extent of the shllow-eand aquifer of the silt unit nea r

Kindred . Kowever, from the apparent mode of origin of the sande an d

from the data obtained from the teet holes, it Eeems li'Kely that they

are quite widespread in the area fro' Kindred south to the delt a

escarpment . The eaede are not everywhere precent, but it is estimate d

that they are preeent in perhape throe-quarters of this area. The

eaeds ehould also be preeont north of kindred, but they would b e

finer and silt:1er and lee general in occurrence at greater distance s

from thc delta margin .

The following calculation may be helpful in estim-ting the amoun t

of eeter stored in thc sands . Aseuming an effective long-term epecifi c

yield of 0 .20 for the eands, it is computed that the amount o f

recoverable water etored in each foot of thiohneee of the etnde ove r

a 40-acre tract would amount to 45,56o x 40 x 7,5 x 0 .20 = 2,613,600

gallons . If the water requiremente of Kindred are about 40,00 0

gallone a day, the total annual use would amount to 4o,ooo a 76 5

14,6oo,ooo gallone, which is equivalent to the amont of water ob-

tained by unwetering about 5,6 feet

	

sande over a 40-acre tract .

Ina: such as the areal extent of the sands greatly exceeds 40 acres, the

water etored in them would be correspondingly larger . It is believed ,

therefore, that the sands contain adequate stored water to suppl y

the city . through several seasons of dry weather without benefit of

normal recharge .
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Till	 and ae rociated slacioaqueoue dep osit s

Till and associated flacioaqueou.s deposits underlie the Lake

AEae i ; depoeite throughcut the area . In the three test holes. th . t

pox-Ara-to these do p osit: in and near Kindred they were about 16 0

to 190 feet thick . I,n the two test holes drilled near the uarfin

of the delta they were only about 100 feet thick . There appears to

be considerable variation in the elevation of the bottou of th e

de ,osite, probably roeulting from an uneven land surface u pon whic h

the till was deposited .

The till conci ..ts larEely olf light- to dark- ,ray calcareous clay

Zi :;cd with v ryi_E p roportions of sand, nobbles, and boulders . The

coarser materials consist of shale, li ; .,o : tone and dolomite, an d

crystalline .rocks . hind and gravel inticlatel : r ac :ocis.ted with the

till reproeent deposits of glacial reoltwaterc (z_lacioanwcouo ) ,

generally of glacial etreams (glaci.ofluvial), but perhaps also of

glacial ponds and lakes (glaciolacustri_no) . These glacioaqueous

deposits vary widely in degree of assort:..icnt, some of there containing

20 or

	

percent or more of silt and clay and others being, relatively

fr . e of fine Materials . They are found at the top and at the bas e

of the till and at various horizons within it . The bodies are in

general small, lenticular, and discontinuous, and it is very difficul t

to determine the presence or absence of any particular acuifor at a

given soot in advance of drilling . .Nevertheless, ono or more aquifers

are gene rally encountered throughout the area, and many of the far m

wells arc developed in these deposits .

The glacioa yeoouc a quifer.: may be q uite perusable, cepecially

where composed es, entially of coarse sand and `ravel, and well s
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tappin : these aquifers :lay have very hiEh yields . Howver, the

IlatPriale coilpoeinE the aquifers :lay be entirely cecae d in imper-

iwable :1atorials so that os :ontially no recharEo can reach. the aquifer ,

or at beet it can cater very elowly, as a consequence, if the area l

e ::tent of the aquifer is sreall and the puyepinE rate hi0h, water level s

will fall rapidly, and the well nay fail within a short tills, Tile

larEor the aquifer, of course, the lonLer it will take to unwator i t

at a Liven

	

rate, and the bettor the chanco that it will be

acceecible to recharEo a't a eubstaetial rate .

It has been deeloastrated throuLh water-level records, that th e

aquifers asaiocieted with the till in the FarEo area

	

arc inter -

cos ccied so tht the till and associated Llacieaqueoue elaterials a s

a unit have a traneeeisoibility of 'about 1,000 Epd/ft . if the Elacio-

aqueoue uatcrials in the

	

area are iniierconaccted ae the y

aeparcntly are in trio FarEo aeea, 11. would be c7epected that eupplia s

free' wells on the order of 50,000 to 70,000 Eallons a day Would b o

eupeortod for laaey 7o0_re, provided that wells were, spaced sufficiently

far apart to avoid local ovordovelosmentw On the other hand, availabl e

evidence Tro:a the test holes and fron voile in the area suEEe ts

that iatcrconlcction of the Llacioaqueous alatorials is not so well

developed in thio area

	

In the FarEo area, and that the aquifer s

are :_inch eelallcr . For these reasons the aquifers laiEht be unwatore d

quite rapidly, and wells producinE heavily froo

	

Eht fail within

a Cap .natively ehort tiarc .

2t_-.':/

	

.,' ., ald -OrGS, L-1 . 0, , Jr„ solo ;y ae d
,round-rater reeourcee of part: of Or-es and Clary Countioe,

	

7a : a ,
and :Lae, U . e . Geol . :_urvey

	

n)1iort , Pe . 70-84, 1749 .
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It ceoms unl i ho l y

	

wells of c-pacitios of several hundre d

`allone a 1inuto could be obtained no any of tao rlacioaquoou s

at ifor l encoultoroc. curing the toot drillin? .

Glacioaouoou: cods

	

sacd or gravol susnociccltly well as orto d

to yiclc adequate wator su 'olive for farm walls wei ' C encoun'tcred in

2Ot ._. of the five to it lobs that ,enetratod the till and ascociato d

`- l eioacuoous do-posits in the :.indrod area (s'eo fig . 5) . However ,

only one bed a_}-ears to be thick enough to .brit coneic'or, .t :i.oe as s_

2ossiblc source of . un :icical simply . It way about 50 foot thick

and was pooctr tod in USG.; test 25 at the base of the fol.oations ,

bewoon ._^ and 273 foot below the land surface . Coosidorablo clay

was nixed with the oaoc iod gravel, and several large boulders wor e

encountered in he lower half of the bud . iVCVC rthcless, the, pebbles

were ::lode atel T well round :A and made we largely of '.lord rock fr g -

:lent" r-thor than ohalo, indicatin g - that tho ._. ._ t ial was transporte d

considerable .stances

	

to r .

	

is _loans th-t the Ceance„ arc

good that tic do'oosit is ra her extensive and than on the hob i t

is well sorted .

In IJ3G:3 c
l. oot 24 t

	

of: .,, 5 foot of gravel containing considerable

clay, from 220 to :'%j foot below th :; ourfaco, nay roer_ ::ont the same

bed . It se ;10s likely that l:indrod well 1, which io reported to be

2 55 foot deep, obtains its water frooi this aquifer . USGS test 25 ,

a quarter of a 'nile west of .indrod, did not encounter a g'lacio-

aqueous bed below a depth of 180 feet, and it aenc,.ro that the aquifo r

is not -orosant there . The only information available concerning th e

quantity of water that ;_:lght be a'v'ailable froLl the aq uifer is froie

well 1,

	

l'ioi_. is said to ; riuld a ._laxioisoe of only 6 gallons a ninuto .
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However, the aquifer appears to bo much thinner at the location o f

the village well than it is at the location of USGS tost 23, and a

much higher yield might be obtained at the latter location . Special

interest might be attached to tho aquifer because of the possibilit y

of obtaining a stand-by well in it. Bocauso the two village suppl y

wells (nose 6 and 7) ore in the shallow aquifer in which wator level s

fluctuate rather quickly in responso to chengos in local precipitation ,

a stand-by wall in the deeper aquifer would be especially valuabl e

in the event of an extended period of dry years .

Orotacoous shalo or older Pleistocene lakeclay
_no	 noon	

The till and associated glacioaquoous deposits arc underlain a t

Kindred and presumably throughout the eastern part of the area b y

"granite," but at the locations of USGS testa 1R and 2R (see fig . 3 )

and probably throughout the western part of the area they are under -

lain by clay, siltstono, and nhn .lo. The material was completel y

penetrated only in USGS test 1R, whoro it is about 92 foot thick .

Tho clay seems to be intorboddod with the siltstono and shale, bu t

occurs chiefly in the upper part of tho unit. It is light to dark

gray in color, plastic, nonealcareous, and thinly laminated . Tho

siltstono and hard fissilo clay or shale are interboddod in thin

layers. The coarser particles consist largely of angular quartz

groins, with minor amounts of mica, gypsum, dolomite, and pyrito .

One section of a core about 3 inches thick was argillaceous dolomite.

Sodding pianos show secondary cyrstals of dolomite, pyrito, an d

gypsum, Secondary dolomite and ankorito are rather abundant, bu t

there is littlo or no calcite, and niothor coro nor drill cutting s

effervesce with dilute hydrochloric acid Tho siltstono and shale



rosomblo tit natorial oncountorod at :y-ndmoro that was quostionabl y

corrolatod with tho Benton formation of Orotacooua aEo . lJ/ Howovor ,

no fish ocal

	

wora found in the matorial roar Kindrod, and .,1 an t

fraEmonts wore tho ooly fossils found . Tho plastic clay, althouEh

apparootly intorboddod with tho siltstono and shalo noar Kindrod ,

it unliko any of tho Jonton () formation at Wyndmoro . On tho basi s

of prosont information it doos not soom possiblo to daturmin o

whothsr a ?art or all of this formation

	

to bo corrolatod with

the, oldor Ploistocono Iako clay found in tho Far Eo

	

.21/ o r

with tho Orotacoous ,'.gal o .

3o far is known, tho formation is not wator bearing in th e

aihdrod a :Ja e

Dakota sand : tong

Thu Dakota sanestono, of Uppor Orotacaous aEo, is ono of th e

most widosproad aquifors in tho world . It is prutunt in parts o f

noarly a dozon 3tatos . 3o far at is known, it undurlios tho untiro

ttato of North Dakota, oxcopt in tho Rod ?ivor Valloy aroa whoro i t

has boon at loast partly romovod by orosion or modifiod by g lacia l

activity . It in a find-Erainod, Erayish-white to buff sandotooo ,

which may bo intorstratifiod with clay or shalo . It is famous fo r

tho hiEh prooouros undor which 1.J :tor occurred in it in tho earl y

yoars of its dovolopmont and for too rolativoly

	

flows obtainod .

It iE not a hiEhly pormoablo formation, howovor, and only smal l

flows art obtainod whoro the artosian proosuro is low .

DoTi7s, P . E ., Akin, 2 . D ., Jones, S . L s , Ground wator io tho
.y .ndmoro aroa, Richland Jounty,

	

Pak ., .aantscript ropt . to bo minoo-
Era?hod as Korth Dakota Ground-Wator 3tudioo Ko . 17 .

Doonis, P .

	

Akin,P . :a, and Worts, G . F ., Jr ., 0P . cit ., P .26-29.
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As an aquifer in north Dakota the Dakota sandstone is of mos t

importance in the south-central part of the atate, :]lsetirh .:ro in

the St :te it is so deeply buried and the water is so highly mineralizo d

that drilling to it is generally impractical ,

The Dakota sandstone is cortainly absent at Kindred and in the

eastern part of tee ar . s. described in this. rep ort. i:hothsr it i s

pr: coat in the

	

stern part is not known . At the prosont tim e

there arc no known flowing wells in the area, although Hall an d

:illard / and Simpson 'L./ reported some flowing wells, chiefly

in the western cart of the area . These '•dulls have now ceased t o

flow and probably no others aro obtainable anywhere within the area .

" Granito"

The basement rock of the area consists of u"adifferoetiated cry -

s tall ino igneous and uotaeorphic rocks locally termed "granite ."

Little is known of their composition except what can be learne d

through tho examination of well cuttings, as the rocks do not crop

out in or near t c ^reaa .

A zone of decomposition exists at the surface of the °granite , "

and drilling in this zone in the toot holes was otoppod before fres h

rock was reached . Trilling usually progres ed a maximum of 20 foo t

in this zone . Tho decomposed material derived from the "granite " i s

reddish brown, greonish gray, or whito . It consists of a greasy -

fooling clay .and file to coarse angular ' uartz crystals . The presenc e

/ :iall,CC . : ., ', :illard, D. 3 ., Description of the Casselton and
Faro luadr-angl : U . S . Geol . :.urv .y* Geol . atlas Oasoolton-Farg o
folio no . 117, p . 7, 190.3 .

Simpson, H . :L ., Geology and ground-w "_ .ter resources of Dlorth
Dakota : U, S . G::ol . survey :.ate-Supply Paper 393, p . 8, 1929 .



of fra uonts of sh.alc, 3ranitu, and basic ignaous roc:: is some of

tho wall cutting._ from tae " granite" contact `gouts that tho uppo r

part of this zone; was reworked by the glacier and solo,: Tacial materia l

was incorporutud within tilt d .compocud ozone .

Only four of the toot holds in the Kindrod area unturud the

granito, " nos . 25, 24, 25, and M .

Zonos of fracturo within or at thy: surface of tho "granito"havo

Jiuld . d small : u? ;lies of water in uoziu aruaQ . Howuvur, no wu11 s

in this area durivo their water from tho "granite, " and it is gonorally

consid :;rod a eloo o to drill d op :;r whea tho zone of docompocod

"granite ' is reached .

qU L'IT OF GROUIZ i ;- T1R Iii

	

=L.= iR a

Ohu :.aical analysos of wators from 20 walls in the Kindred area

aro giv n in tho following ta.blu . Of thou„ tho Alsa o, 3c1hro, iiorgan ,

and .'.l ugur wells arc in the vicinity of : alcott, tho Kelvin Simmons

wall is (3 miles wuct of Kindrod, and the other wells are in or

within a ailu of Kindrod .

Thu waters are of moduratu to high concoctration and dif o r

considerably in chomical composition . The dissolved solids rang .:

from XO2 to 5,260 parts ?or million ; the total hardouss as Oa00 3

ranges from 62 to 8 2 parts nor million . Somo of the wat ors wore o f

tau ca_c :hrs cu faro typo ; in othsrs the mineral hatter was lar`cly

sodium chloride or bicarbonate .

In i_uoural, tau waters from a;!uiforo is tho

	

ALaosiz do? zit s

ag o loos ain,,ral_zud than wators from the 3lacio aiuoous aquifers .

Thu dissolved solids in wacors from taucu shallow ws is (20 to 5 4

foot door() rat:`from jO2 to 1,070 parts p:,r million, tad total



hardnosc from 82 to 470, sulfate from 78 to 365, chlorido (if prosent )

from a traco to 32, bicarbon-.to from )10 to 515, calcium and m-:g-

nosium from 111 to 116, and _odium and potash= from 147 to 159

part;; per million . Iron is rather high in cone of those watorc .

" ators from wells in tho ?lacioaquoous deposits in the til l

arc gcnorally more highly miner-.lizod . However, tho dis .olv;;d solids

in :_.lost of the wa'6erc t:oro 1cs- than 2,000 parts por million, Thes o

well waters ould. bo acceptable for :soct domestic uses oven though they

arc `cnc,rally very hard,
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CHE'"ICAL AWALYSES OF CCR07 D WATERS
(PARTS PER MILLION . ABBREVIATIONS : T ,
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ALL-dli:i3s cLL .L: 1) i_

The well-humberih ;-r: systom used in this report is ba od upon

tie location of the well with respset to the land-survey division s

used in Korth ral:ota . The first number is that of tho townohi p

north of the base line ruhhihL alonj the Isass-Kcbrasl :a state

line . The oecond number ic that of the section within the desiL -

hatod township . Tho letters a, b, c, and d deli Enate, respectively ,

the northeast, northu :ct, southwest, and soul oast quarter scctione ,

quarter-quarter sectiono, and

	

arter-quarter-que.rtcr sections . I f

moro than one well occurs within a. 1u-Acre tract (quarter-quarter-

quarter section), cotsecutive numbers ore Eiven to then as they are

scheduled . This number follows tho lottero . Thus, well 17-50-29dad 4

is in Township 157 Korth, Ran :c 5O T :cst, section 22, It is in th e

oouthoast quarter of the northeaot quartar of tho southeast quarte r

of that section and was the fourth well scheduled : in that 10-acr e

tract . 3iluilarly well 156-51-7d6d (sec USGS tcst 2R, fiz . 5) i s

in the southoast quarter of the southeast quarter of the southeas t

quarter of ooo . 7, T . 156 K ., R . 51

	

.'uabors for wolls not accu-

rately located within the section. in tic field may contain only on e

or two letors after the coctlon ausibor, indicatint that the location o

of such walls are accurate only to the quarter section or the quarter--

quarter section, respectively ,

The followinL diaEram, showin g the aothod of oumberinE the

tracts within the section, may be hell .'u1 to the reader in doter-

minihL location : of wolls ohown in 1133 illustrations .



abb 1 aba

--(b) - -

bob

	

bca f bdb I bda

- -(c ) -

-47

	

aab 1 aaa

ccc

	

ccd

I- --(d)-- -
1

1 bdc t bd d

cab t caa

--(f)- -

I cac 1 cad

1

cdb t cda
r _ -(d)- -

cdc

	

cdd

ddb

	

dd a
-(d)- - -

I
ddc

	

ddd



R_r0 ORDS OF : : sLLS

Depth to water : : .casure:aents given to hundroths o r
tenths are measured water levels . Those Eivun i n
unit: only are reported .

Location Owner Dorth of Diameter Type Data
nu1b e r o r

name
wal l
(foot)

(inches) complete d

156-50-laba Andrew Johnson 97 5 Drilled 1944
136- j0-idda Ohrint Olerud 90 5 Jetted 1917

136-50-2aba Sophus Grinaker 112 2 . .do . . 191 0
136_50-2hbb Karl Toppen 100 .,E 3 Lrivon Ol d
16-50-2cbc Kips tad Bros . 2 Drilled Ol d

136-50-3ddc A . Scvorsori 70 4- 13 Bored 192 9

176-50-5aec Chris Brickson 100 . .do . . 1926

156-50-5cbc 'Airs .

	

Borrbel . . . . 5 Drilled Ol d
156-50-5cca Theodore 3rickson 200 3 . . .do . . . 1942

156-50- ddc ;lvi_z 3rickson 200 5 Jotted 1938

136-50-7cac John Blorslie 40 12 Bored Old

136-50-7ccc Graff Bros . 74 13 . .do . . 1946

136-50-8ebb Tod Lee 115 5 Jetted 1935

136-50-9acd 01 .

	

O s 3ard . . . . . . . . . .
156-50-1Obbb A . P . ::ortzzaard 140 . . . . Drille d

156->0-10cbb Palmer 2llingson 24 48 x 48 Du` 1934

136-50-l0cdo Barnard Bakke Doe' ? Drilled 1933

156-)O-11 add Joe Ron in` 100-* . . .co . . . .

156-30-1 cbb ;.f	 245
136-50-14aba Ole :':oeae 100 Te .,i,e

	

ta d Old

136- ,j0-1 .5aaa B . Andes son 114 5 „ d o „ 1833

-48a -



Id TdE .':,11;.'D:'I:D AdA

Uso of wator : U, wood, D, domostic ;
2, otock ; , municipal .

Dopth to wato r
(foot bolo?':

Eato o f
moasuromoot

Uso
o2 wator Romarks

lomd surface )

22 2-47 f2 dator roportod good, hard .
. . . . . . . DS A.quifor roportod . as saod from 85 to

.

	

4 9-47 DS
90 foot ; v:ator roportod good, hard ,

idator roportod good, hard,
15 945 S Do .

. . . . . . . . Uator roportod vary hard ; turns rod

. . . . . . . . S
on standing .

Aquifor roportod fine to modit2m sand

. . . . . . DS
at 70 foot ; woll pumpod dry oaoily .

rator roportod vory hard, -unfit fo r

. . . . . . . .
laundry uso ; uoll pumpod dry oa7,ily .

:adtor roportod god,

	

hard .
. . . . . . . . LE ator roportod pod, not too hard ;

10 7-11-46 DS

adoquato for watorin2 75 'load
livo :to,:,.I : .

Tator roportod modium hard,

	

rood ;

26 9-11-47 P
adequato .

aoportod i-hadoquato during droug'h t

10S7 9-11-47 D
yo, ars .

3aod ropor'6od from 0 to 20 foot .

50 9-47 DS
2ator roportod

	

ood,

	

hard . Soo log.
Aquifor roportod as „a_ c and Bravo

.0000000 DS

from 110 to

	

11) foot .

	

'. . .,tor
ruportoc: good, hard :

	

ac' ; quatc fo r
watorin

	

200 hoad livootocl .: ,

50 a.tr roportod coon ; ado qua to for

9 .15 9-12-47 S
60 hoad livostocl: .

Aquifor roportod ao ohalo gravol from

. . . . . . . . DE
20 to 24 foot .

Uator rOpOrLd good, ooft ; adequate

. . . . . . . . DS
for 50 hoad livootoc .

;:ator roportod hard, turns brown on

8 . . . . . . . .

standing ; adoquato for 75 hoad
livodtocl : ,

;:ator roportod hard ,
10 9-12-47 TS a.tor roportod pod, hard ; adoquato

for 90 hoar livootock .
9-12-47

	

20

	

a tor roportod good, hard ; adoquato
for 52 :Acad. livootocl: ,

(Soo 2oothotod at odd of tablo)

- 48b -



R]CORnS OF ':ELLS T K

Location Owner Loptli of Diameter Type Date
numl;or or

name
wel l

(feet)
(inches completed

1)6-50-1)dbb Hjelmer Toppon 3 Jotted 1935

120-30-1.)deal P .

	

O .

	

Jc' :ro 116 3 . . .do . . . 1890

136-30-15dca2 	 do	 122 5 . . .do . . . 1920

156-50-13bbb Albert Oloon 20 )6 x 56 Dug
156-50-13ddc :1arcus Lee 232 3 Drilled 1940

1)6-)0-22aaa Frod 71aa 150 2 Jetted Old

176-50-22bbd1 Thoodore Goldberg 26 .3 4o Dug 1930
136-:30-22bbd2 	 do	 . . . . . 1911
126-50-22dabl 1 :ugo Anderson 212 3 Jotted 1944

136-30-22dab2 	 do	 265 5 to 2 . .do ., 1922

156-)0-2)acc Clayton 31ilic 2 Drilled Ol d
1 , ,6_50-24abb Arnold Lahrcn ;, .) 56 x 56 Dug
156-50-24abd 	 do	 37 2 Jotted 1944

156-50-24dcb . . . . . . . . . . . . 2 Drillo d
156-50-29ccb 3.

	

Croleborg 247 2 Jotted 1942

156-30-28dcb1 Ted Amundson 8.7 48 x 48 Dug 1941
126-50-28dcb2 , . .,,do	 14.7 48 x 48 . .do, * 1930

136-50-29dcc Delman Alsakor . . . . . . . . . Driven . . . .

1)6-)0-50ab,'. Pete 1:aind 15 .9 48 Dug 193 5

156-50-50dab Andr)w Strand 10 . .

	

. . .do ., 1937

136-50-51cdc A . :, 67 1 Driven 1916

1)6-)0-51dcc &lc 3akl:o 30 . . .do . . . 1917?



TIE KINI)R D AQUA - - Co:7tinued

Depth to water

	

Date of
(foot b. :'IOPS

	

ii1OaSLtri:mC%nt
Us o

of Prater
Remark s

land surface

50 1947 DS Aouifcr re ported as `ravel from 150 to
13=; foot, Later reported good, hard ;
adequate for 150 head livestock .

12 1946 DS . .ator reported !ood, hard ; adequate
for 140 load 7.ivostook durin g
drought years .

12 1953 D Screen in bottom,

	

Water reporte d
good.

	

Soo log .

5 9-19-47 D ester reported good, soft ,
. . . . . . . . . . . . DS dater recortod good, soft, no iron ;

ad quote for 70 head lirostock .

• • . . . . . . . . DS Aquifer ro oorod as `and from 128 to
150 foot .

	

: : .^tor reported good .
25,4 9-11-47 S Water reported good, hard ; inadequate ,
10 9-11-47 U
15 1947 S Aquifer ro,orted as :and from 209 t o

212 foot.
24,30 9-11-47 DS Acivilor re' porte'd ac sand,

	

Wate r
re)ortod good, hard .

5 .77 9-12-47 S Water reported good .
4,68 9-11-47 U
5 9-12-47 DS Ac?ui'or reported as gravel from 85 to

87 feet.

	

Water rep ort.,d good .
Flow 9-11-47

	

• . . .
5.36 9-11-47

	

, . , . Aquifer reported as sand from 240 t o
247 foot.

	

Water reported to have
alkaline taste ; adequate for 7 0
head livestock .

5 .86 9-10-47 DS Water reoortod good, soft .
11,45 9-10-47 S Sand from surface to bottom of well ,

Hit cla , at bottom .

	

Water rep orte d
hard,

. . . . . . . . DS tor reported good, hard,

	

Soo
water analysis .

8 .59 9-10-47 DS Well in sand,

	

Later reported good .
Always adequate supely .

3 .27 9-10-47 S sand .

	

Water reported `ood ,
hard ,

6 ;-10 +7 DS Wet .. r reported good, hard ;

	

scale r
saedpoint,

	

Adequate for about 2,00 0
gpd., during thrsshing season .

. . . . DS Do .

(see footnotes at and of table )



R:-'00aDS OF .-ELLS

Location Oxoor Cbpth of Diamotor Typo Dato

uumoor o r
namo

wall (inches) oom?lutud

156-50-5Iddd Si'7rod \.izgcr 120 4o x 4o Du: 1905

1 :)6-50-52uaa D . P .

	

Thu.) 52 2 Driven 1947

156-50-52bba Ulo Jordluziz 68 2 1947

I ;6-50-52cda Carl

	

.:rin:csoc 60 2 Drillod 1948

l

	

-

	

ddb Puturoon ,,,, 12' ,,,,,,, ,,, ,
12,7 40 x 4o Du3 Old

l

	

- ,,,,, l` Driven 1947
30 1 1- 1947

I

	

-50-

	

cal 3ock.otad . . . . . . . . . . . . . ^^^ "
I7)6-5O-4uua2 ,,,do,,, ~ " .) .i . . . . . . .
l56-

-O-` '~au n.

	

._ Albort Bakko .5 Jottod 1946

l

	

-)O-5-
aol J . O . Nelson 175 3 Drillod Old

156-50-55cac2 O . F. Turmo 14O 3 Jotto d

l

	

-5O-
-

5cau -
Town of n:alcott 06 Drillod Vory ol d

156-50-5)obd Julius Turnor lT,,4 4o LuE " . . ,
I56-50-55dab Ocotricub 2o 48 x 46 . .do . .

156-)0-55dba School 150 3 Jottod Old
156-50-55dbb Town of ;ralcott 100 DriIlod Old

1oo ^^^^ . . .do . . . 1955

IO~ 2 Jcttod 1944

~ .~l ' -5l-aaab Norris jogao 105 3 1945
156-5I-2uoo Julius 02forcon x 4s DuL Ol d
156-)I-2doo ?Jtor Ov :rboo 105 ~ J:tto& I240

130 5 ,,do,, Old



T

	

: ;I .0-JD= Aa::A - - Continuo d

Dopth to wator Dato of

	

T s:, C

(foot bolow moasuronont of w :.to r
land surface)

	

DS

	

Wall in sand, Slay at bottom, Wato r

roportod good ,

	

DS

	

Sand fro g 0 to 12 foot, Soo log t o
19 foot ,

Aquifor roportod ao sand .

	

:o.to r
roportod good, hard ,

Aquifor roportod ao sand from. 70 to
60 foot, : :tor roportod good,
hard, Soo log .

	

DS

	

Wator roportod good ; inadoquato fo r
all farn uocs .

	

S

	

'ator ro?ortod good ,

	

D

	

Wator roportod good, (Sufficiont )
Adoquato supoly for domostic us .

	 S
O .))

	

9-10-47

	

000 0

	 D

	

Roportod inadoquato ; unfit for laundry
uso ,

1000

	

0 0 • 0 •

	

D

	

;:ator roportod good, soft .

	

DS

	

Wator roportod good, hard ; turns
brown. on standing. Adoquato for
10 hoad lives roc'._ ,

Ronarks

	

4.5

	

9-10-47

	

11, 05

	

9-10-47

6.19-10-47

	

1C,1 3

	

9-lo_ 117
8 . o0

	

9-10-47

	

4 .2

	

9-11-47

	

S

	

7 .75

	

9_11-47

	

3
15

	

9-11_47

	

S

10
6

0 0 •

11 . 4
21 ow
0 0 •

Aquifor roportod as sand frao 0 to
20 foot, '.:a or roportod alk_alilo ;
unfit for laundry uoo ; adoquato for
18 head linos oc_ : ,

9-11-47

	

D

	

Water roportod hard .
9-8-47

	

Wator roportod good, hard . Usod to
flow .

	 DS

	

Roportod inadoquato ; turns brown on
standing ,

911-47

	

D

	

Aquifor roportod as sand from 100 t o
10) foot, .:tor roortod good ,
hard.

:c47

	

D3

	

Wator ro2ortod good ; suoply adoquato
2-17-47

	

DS

	

Wator roportod good, hard ,
9-17-47

	

DS

	

Ua,tor roportod good, soft ,
9-13-47 Wator roportod good, so t ; sunply

inadoquato .

(Soo footnotoE at and of tablo) 50b



RECORD'S O2'LLS I

Location Owner

	

D 2th of Diaa

	

r 22o

	

to

leia r or

	

wall
n

	

o

	

(z ut)
(inc

	

3 cotplotd

1}6 -} 1-5dcb 23.1)1 Si :J 48 x 48 Dug Ol d

l

	

_51= adb or

	

Loo 19 43 x 43 , .do . . 194 4

l)6-)l= ico Carl Lb ck 55 2 Jotted 1947

1

	

-)1 -iba UZG5 toot 1R 365 5 Drilled 1947

1 26 -)1

	

_ Alb :rt Hasson 6O 2 Jotted 1946

1

	

-)1- bbb 0 . DuE 1).9 56 Bu,; Ol d

1 ; -51am dad John SwogLan 2 Jot

	

d

1,6 .51 ddd U3G3 ; st 2R 370 5 Drilled 1947

1\/-)1-

	

a Clifford Vongsnoss 70 2 Driven Ol d

156-)1-8ccc Mabel F ols

	

d 57 2 Jot' d 194)

156-51-8daa Julia n!

	

ie

	

d 70 2 . .do . . 1946

1)6-)1- ada Molvin Grant 66 2 1946

1

	

_21-l0aad Bernhard Lao 250 ) Jet

	

d 1998

136-51-llabb Joilu ivor:o 18 56 Lug 1937
136-51-11bbd Oscar Ott rson 22 4a x 48 , .do, . 1922

1

	

-)1-12adc Ti1uo !n on Est t 210 .

	

) Jots d 1930

156-51-l5bba Oliver Grant 26 Dug Ol d

1

	

-)1-lamas Svon Graff 26 36 _ 5 • .d . . Old

136-)1-l

	

ca SE ackr 20 j x 5 . .00 . ,
156-)1-l)ada Es tor

	

eat 36 x 36 ,,do ., Ol d

1

	

-)1-17abb ouaa Zak n )0 2 Driven Ol d

1 56 _)1-17ccd G orb i tt&m 52 2 Jotted 1945

1

	

-)1-l3baa Graff Bros, §0 Driven Old

120 -)1-18occ Clare ce A

	

rson 10 . . . . . .do ., Ol d

136-51-18dbb Iria2

	

ite lp Jot' d

1

	

-}l-1,aaa Avery

	

noleos 56 Dug 1945

1)6-)1-l9ccl i2 L . tor[
. 5

Drilled 1946

1j-.)1-19cc2 	 do	 5o . . .do . . . 1947

1j-51-l9do c

1

	

_)1

	

obca
Gordon Olio
Mrs . A1cr

	

: darson
4 , )

15.6
56 x 36
36 x 36

Dug
. .do ., Ol d

156 -51- Odaa H . R . :6r

	

n 2 Driven

1

	

-51-22aa J . L. Sand quirt 28 24 Bor d Old

- 51a -



TI E KINLRTD A_?2A -- - Continue d

Depth to water Date of

	

Use

	

Rorrarks
(foot bolow measureraort of wate r

land rurfaco)

	

S

	

'+ator roportod of vcrr poor quality ;
aquifer r.eorted .sand. ,

	

D3

	

Aqu :i .fer r . forted to bo delta sand ,

	

DS

	

;aLr roportod to be good, soft .
, ,	 U

	

:.oio r.;fille ,

	

So ., log ,
	 LS

	

:.ouifoa roportod to b., sand, ..
14,2

	

9-1 -47

	

S

	

Water roportod +: : ooc:, Loft ,

	 DS

	

;a tor roportod to bo of good quality ,

••	 U

	

Soo lo g,

	

• • • • e . •

	

DS

	

.^_tor roportod good, medium soft ,

	

9-18-47

	

• . . .

	

Aquifer roportod to be sand fro m
40 to :51 foot.

8

	

9-46

	

DS

	

Aquifer reported to be sand . .,^.te r
reported good, soft ,

6

	

3-46

	

DS

	

Aquifer re p orted as sand . Wate r
roposted good, Loft .

. . . .

	

. . . .

	

E3

	

Water reporccd good, hard .
10

	

9-47

	

L :

	

Water reported good, hard .
6

	

_47

	

ES

	

Water reported good ; adequate supply .
20

	

1942

	

LS

	

Aquifer reported to be medium fin e
o and from 175 to 210 feet ,

12.

	

9-47

	

DS

	

later reported good., hard .
16

	

47

	

DS

	

Do .
14

	

-47

	

DS

	

. :ater reportod poor, hard .
12,4

	

9-19-47

	

D

	

Aquifer reported as sand, later is
god-, soft .

T

	

p

	

r

• • • •

	

• • . . , •

	

D

	

Aquifer 1'070 ' ti.d u :'.', Q1.i1C' Sa?1C1.,

	

late r
1d good, ddrd .

Dry

	

9-13-47

	

U

	

Dry won ; for ; .;erl r good, oft w.ster .U

reporte d .

	

DS

	

Water re ported rood, ,soft .
• • •

	

• • • • . • •

	

ES

	

Water ro )or trd "cod, fairly soft ,
. . . .

	

. . , . .

	

D

	

Adequate supply ,
14

	

1946

	

D

	

., dtcr reported g ood . See wate r
analysis .

10

	

1947

	

3

	

Water reported . good ,
2,05

	

9-18-47

	

LS

	

Do ,
13 .71

	

9-10-47

	

S

	

later reported

	

;ueely adequate .
••••

	

••• . . .•

	

DS

	

Water reported :"lard, good ; supply
adequate ,

20

	

9-19--47

	

U

	

Aquifer re p orted. .e dirty sand .

(See footnotes at end of table)

- 51h -

6,39

	

9-47

10 .95'

	

5'-18-47
t

	

5-47

12,2'



RECORDS OF UELLS IN

Location Owner Depth of

	

Diameter

	

Type Latenual)er or
ncrae

wall

	

(inches )
(feet)

complete d

156-)1-2abd Oscar Braaten 246

	

. . . . Jetted 1940

156-51ac Otters= 36 Dug Old15)-51.-' ;1d _, Ivey Braaten 279 Jette d
J

1941156-51-24cbc H,

	

Bog. 25

	

56 ;-c 56 Lu c Ol d136-31-26adc I, 2 . Graff 250

	

2 Jetted 1941

130-51-:26bob Knute Eck re 20

	

2 Driven Ol d

156-51-26cbb Andrew Otterson 250

	

2 to LI- Jetted 6-1945
156-51-6dbd Johnson 247

	

2 . .do ., 1945

136i-27aaa John Braaten 2

	

2 Driven 1922

156-51-286dc Dan Alsaze r
156-)1-29bba Alsaor 50

	

1 -
. .dc . .

. .

156-51-2 :>'bdb Irvjn Swenson 60 . .do .,- Ol d156-51-29cdc E . J . Halbjornis 25

	

2 .,do . . Ol d

156-51-06dc Clarence hovelson 7 .6

	

5'6 Dur16-:)1- :;1aaa J, Ulsakor 22

	

2 Driven
. . .

1946156-51-labc Gordon Haen 50

	

. . . .16-51-52bca Albert
Dui

.
Ol d14

	

56 x 361:6...5l-52ccc Honry G . Graff 25 Driven 194517.6-51-54dd Slemor jordheim 35 . .du e . Old1W-50-lbab Albert Perhus 6o Drilled Ol d

157-C-Ibcb irs . Oliva rerhus 120 . .do . . 1955137-50-2adb Knute

	

tenberg 55

	

.

	

. Bored Ol d1 : :7-5u-2 b 2i' Alfred Johnson . .6o,, 1952120

	

24 to 5
157-0-2bdC

Drilled 1941
're d1irs . Al

	

Johnson].%7 5

127-)O-Lcdcl :IagnuE Simonson 60

	

. . Bored 1941

157-;70-2dco :ir.rland Thoen 60 18 . .do . . Ol d1 :;'7-50-2ddd _ielford :iickloson 138 3 Jetted 192 1157-50-5bdb Bundtzen Bored Ol d85

	

1 8
157-50-5ccb Harold

	

ied1and 80

	

12 . .co . .



TTL kl:AL;:SD A2d',A - - Contiauo d

Depth to water rate of

	

Use

	

Remark s
(feet below measurement of wate r

land surface)

.9 . . . . . . . . . Aquifer roportod as coarse grave ;
water reportod good .

28 . ,) 9-19-47 ;;ater reported good, mcdium hard .

. . . . . . . DS Uater reported

	

ood,

	

soft ,

13 9-19-47 DS Aquifer reportod ac quicksand .
20 11-41 DS Aquifer reportod as gravel from 255

to 250 foot ,

. . . . . . . DB ::ator rcported good, hard ;

	

supply
adoquate .

4o 6-4') DS Water roportod slightly salty ,
hard ; oupply adequato .

15 11-45 Aquifor roportod as coarse white
cand from 249 to 2 2 7 feet ,

10 9-1

	

47- DS Aq,uifcr roportod ao

	

a-1d,

	

a.te r
roportod pood, hard .

. . . . . . . U Poll cavod in .

. . . . . . . E6 Water roportod good ; soo
analyois .

. . . . . . .
O•, .ees

ES
DS

Supply ado L:3. G(;; .

a tor ropor'6od

	

'ood,

	

ft ;

	

supply
adequato .

4 9-10-47 DS

. . . . . . DS 1:ator roportod. good, hard ,

. . . . . . . '.:ator roportod good ; sup ply adequato .
12,54 9-18-47 U :rater roportod good, hard ,
2 0_47,. Do .

. . . . . . . S ator roporto)v fair ; supply adequate .
20 1945 ater roportod good, soft ; supply

inadoquato .

. . . . . . DS Wa.tor roportod hard .
12 147 DS T,:ator roportd. good,

	

hard .

50 1952 Roportod ip aCoquato .
50 1946 DS Aquifor roportod as said .

	

'. :ato r
r :oorod

	

, ., z. •d,

	

good .
20 1941 DS Aquifor roportod as modium gravel with

fino $aod fron 5to 6o fJot .
roportod good .

	

Soc log .

55 1747 Reportod inadoquato .:
15 9-11-47 DS Wator roportod good, hard ,
29 .10 S'-16-47 U

11

	

II . . . . . . .
S .rater roportod hard ; turns brown on

standing,,

footnotes_ ._t eod of table

52b
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RECORDS OF ;.LT,LLS IN

Location

	

Owner Depth of Diameter Type Late

nuribor

	

o r
Name

wel l
(feet)

(inches complete d

157-)0-5d a/

	

1.1 . A, Severson 80 18 Bored 1954

157-50-5ddd 1`	 470 . . . .
157-)0-4baa

	

Ben Lehren . . . . . 18 Bored Ol d

17-50-4edd

	

John Eiben . . . . . 12 . .co . . Ol d

157-70-4dl 2/

	

3, I-1, Grangaard 64 14 " do . . 1994

157-50-62 a/

	

Carl Lohren 177 5 Drilled 1904

157-90-4dda

	

Clarence Grcngaard . . . . . 12 Bored Old

1)7-5C-)a)h

	

Jasper Flaa 70 48 x 48 Dug Ol d

157-5C-dac

	

Carl Lehren 175 3 Drilled 1952

157-)0-6bba

	

August Iiaau€ en 190 24 Bored Ol d
157-50-obcc

	

31 1 Pledl 70 20 Dug 1217

157-30-(. ced

	

John Lrosell 2I8 Drilled 1956

1/	 550 . . . . . . . . . . . .

157-50-6dec

	

Clarence Jormstad 180 5 Drilled 1958
157-50-7ade.

	

jorman Gust 140 4 Jetted 1917

157-50-7cdd

	

John Ottis 140 4 . .do . . 1 ;17

157-50-8caa

	

Strehlow 3 state 140 4 „,do,, 1917

157-50-8ddd

	

Richard 3raalten 205 . .do . . 191 0

157-50-2abb

	

Koon . . . . . 18 Bore d

17-50-9dcc1

	

Alvin 3orbel 80 16 , .do . .

157-50-9dcc2

	

In goal Sorbel 240 5 Jotted 1914

157-50-10d a/

	

Carl Simolson G4 16 to 6 Bored 1952



T KII=D ARJ:,A - - Continue d

Depth to water Date of

	

Use

	

Remark s
(foot below moaouromoot of wate r

land surface )

0

	

0

	

n I . . . . . . . . S Reported ioadcquate ,

•

	

• 0 . . . . . . . . . Po water ,
. . . . . . . .

•

	

11 . . . . . . . . I;S : :atcr roportod :ood, hard ; adequate
for 25 head livestock .

27 1539 Ds
2.4 19c4 DS

33 . 40 9-16-47 ES Water roportod hard ; unfit fo r
laundry use ; supply inadoquate .

9-16-47 S Turns brown on otandinc ; unfit fo r
domestic use ,

24 1952 DS Aquifer roportod as sand from 170 t o

,

175 feet,

	

;ator reported Lood, hard ;
adequate for 125 head livestock .

6 1942 D3 Later reported

	

_ood,

	

soft ,
10 1947 DS rater roportod good, hard ; adequate

35 1945 DS
for 75 head livestock .

Aruifor roportod as Eravol from 200
to 213 foot .

	

kator reported

	

;ood ,
modium hard ,

. . . . . . . . . . . . . White :soapstone mixed with sand a t
500 to 310 foot .

	

Hardpan above
soapstone .

27 1958 DS o.tor roportod

	

ood, medium hard ,
20 1917 DS Aquifor roportod a :o floe tray san d

from 136 to 14o foot .

	

,rate r
roportod

	

ood, medium hard ,
20 1917 S kater roportod Lood, hard ; adequate

supply .
18 1917 DS Aquifer roportod oo 2i-no tray san d

fml 16

	

14o foot .

	

Late r
reported [ood,

	

soft .
6 194 DS roportod

	

ood,

	

ooft .
14,97 4-16-47 DS ' . . .tor roportcd voryhard ; unfit fo r

human consu r
25 1944 S Aquifer roportod as oomrso sand fro m

79 to 30 foot,

	

aotor roportod hard ;-
unfit for human consumption ,

10 1914 D :.quifor roportod

	

fine sand from
254 to 240 foot,

	

e. .tor roporto d
ood,

	

soft .

	

Soo log .
29 1 .99 s Aquifor roportod a:3 sand .

(Soo footnotes at end of table)

-

	

-



IECORDS OF '. .'ELLS IN

Location

	

Owne r
number

	

o r
name

Depth o f
wel l
(foot)

Typo

	

Date
completo d

157-50-10d 2/ Carl Simonson 92 16 to 6 Bored 1951

157-5C-llaba 01-,f Porhus 103 3 Drilled 1928

17-50-lldhb W . 0 . Perhus 10^ 3 . . .do . . .

	

1928
157-5(i-15S1- 2/ Henri Trans rud 128 18 to 3 Drilled 1953

and Bored
157-50-13ccc

	

La 1ford 3polhaugh . . . . 2 Drilled

	

Ol d

137-50-1 241 21 :iota TrInEs rud 78 16 Bored 1937
157-50-14a2 2/ 1	 do	 IOC 3 Drilled 1954
1)7-50-14ab

	

M. G . Kruse 89 3 . .do . . 193 1
157-50-14adbl

	

Andrew 1;ndorson 130+ 3 Old
157-50-1 11adb2	 do	 150 . ..do, . Ol d
157-50-1 2!bdc

	

H,

	

Bjurho 134 . . . . . . .do . . 1932

I57-50-14ccd

	

Chriot Bricir.son 120 3 Jetted 1922
157-50-14ddc

	

Chris Amber: 50 . . . . . Dui . . . . .
157-50-15cdd

	

Henry Folbtad 120 5 Jettod 1936

157-50-16acId

	

Olo Braaten 90 4 , .do ., 1914

157-50-16dcd

	

Dahlon Bros, 110 3 . .do . . 192 9

l7-f.50-17cdd

	

John Dahloh . . . . . 6 . .do ., 1900
157-50-17dcc

	

Wm . Desmond 90 3 ,,do,, 1941

157-)0-18aad

	

Strehlow Estate 110 5 . .do . . 1932

17-50-18ddd

	

Honry Sovorson 14o . . . .

157-50-19aaa

	

Andorson 26o 3 to 2 ; .do . .
157-50-19ddd

	

Christ Frosal :or 246 3 . .do . . 1936

_54a _



T1 X1=D A:EA - Continuo d

Depth to water Date of

	

Use

	

Romarks
(foot below moasuro wont of wate r

land surfac e

20 1939 D

16 1945 DS

20 1945 DS
50 195 S

T; . :32 9-11-47 D3

13 1559 S
12 1554 1)
4.5c 9-16-47

. . . . . . . . . . . . S

. . . . . . . . . . . . D
15 9-16-47 DS

20 1931 S
. . . . . . . . . . . . S
12 7-11-46 DS

20 7-11-46 DS

16 7-12-46 DS

. . . . . DS
20 1941 DS

20 7-12-46 D S

18 7-12-46 D S

20 7-12-46 LS
12 1936 DS

(Soo footnotes at end of table

Aquifor roportod as sand . Supply
reported inadequate ,

Aquifor reported as said . .rate r
reported good, hard .

Do .
Aq uifer roportod as sand and gravol .

Aquifer reported as coarse sand fro m
87 to 90 foot, _tor rofort : d hood ,
hard .

Aquifer reported as fins san, Ate r
ropOrtod food, had .

'.rater roportod ood, hard ,
Aouifsr roportod as fine gravel fro m

39 to 90 feet . Wotor ro)ortod a s
L:ood, hard ,

Aquifer roportod as blaod : and :ray ,
medium coarse sand froo I06 to 11 0
fOot . Wator rooorted ,flood, hard .

Aquifer roportod Is fine oand from
158 to 140 fact, hater reporte d
good, hard . Soo log4.

Water reported good, hard ,
Aquifer reported as sand and :ravol .

Water reported slightly Salty ;
adequate .

Wator reported good ; usts pail on.
stondio ; ado(ioato for 40 hea d
livootook

Aquifer reported as, gravol ,
Aquifer roportod as sand ,
Wator roportod good, 'm'rd ,
Reported unfit for drinizing,
Wator roportod rood, very hard ,
Aquifor roportod as blue sand fma

to 154 foot, Sand also reoorto d
from 80 to 84 fot, .̀rater rep orte d
zood, hard .

Water roportod flood, hard .
Wator roportod hard .
Aquifer re ported as lino gravel from

115 to 120 foot, .:atcr reporte d
ood, hard .



R200RLS OF ELLS IN

Location Ownor Depth of Typo Data
number or

nano
well
(foot)

complete d

137-50-20ada Ed . Overboo 98 4 Jotted 1936

157-50-20baa Mario Jenson 250 2 ldo ., 1946

137-50-20c / Tod 11 .

	

Lee 277 3 to 2 Drilled 1935
157-50 20cdc Henry Boroson Jotted . . . .
157-50 20d1 2/ . 3rickson 126 3 Drilled 1938
157-50-2.0d2 V K.

	

, Thompson 90 18 to 12 Bored 1955

157-50.-20ddd

	

3dwin Overboc 25 1946
1)7-50-21c /

	

Peter Ly1>ken 14 42 Dut; 1930
157-50-21d 2

	

0

	

H. riuceby at al . 120 18 to 6 'Bored 1951
157-50-.21dab

	

Gilbert Overboc 35 16 „do„ 1946

137-50-22adb

	

1, 0, Sternbor` 120 5 Jotted 192 0

137-50-22baa

	

3d, K jos 280 3 to 2 , .do ., 1940

137-50-22bba

	

I-Iilton :Iyhre 180 3 Drilled Ol d

157-50-22.dad

	

Kermit :Iertsgaard s 3 „do„ 1939
137-50-23ddd

	

John Swenson 23,23 16 Bored 1930

137-50-24dcc

	

Wm, Nelson 85 3 Drilled 1938

157-50-25bca 1.j	 43o . . . . . ~ . .

157-50-26aaa

	

Grant Smoby 30 Dug Old

177-50-26ada

	

Peter 3dwardson 40 30 Dug and
bored

Old

137-50-26dad

	

P. Brakko 35 36 Dug Very ol d

137-50-27ccb

	

, 0, Sand 146 3 Jotted Ol d

137 -50-28cbc

	

USGS test 5 LR 62 4 Drilled 1948
137-50-28ccc

	

USGS test 6 LR 47 4 .,do ., 1948

- 55a . --



THE KINDRED AREA - - Continued

Depth to water Date of

	

Use

	

Remark s
(foot below mcasuros'ont of wate r

land surface )

1956 U Aquifor reported as coarse sand . Wel l
Was drilled to f40 foot, finished a t
98 feet ,

19

	

7-1-46

	

DS Aquifer roportod as Dino gravel from
247 to 250 foot, Water reporte d
good, medium hard, Soo log .

20

	

1959

	

DS Aquifer roportod as shale ,

	 DS

	

eater rcoorted good, hard ,
20

	

1959

	

DS

	

Supply roportod inadoquato ,

	 DS Aquifer roportod as sand, Suppl y
reported inadoquato ,

DS Aquifer roportod as sand ,
S

	

Supply reported inadequate ,

	 S

	

Aquifer reported as gravel, date r
reported as good, hard ,

	 D Aquifer reported as fine sand ,
',later roportod as good, hard ,

	

6

	

9-17-47

	

DS hater reported good, modium hard ;
inadequate supply .

	 DS

	

Water reported as good, hard .

16,65

	

9-15-47

	

U Aquifer reported as quicksand from 2 0
to 24 foot, Water reported as good ,

hard ,

	

16

	

9-47

	

S

	

Aquifer roportod as nand and G ravel.
from ; .2 to 8) foot, Wator reported a s
good, hard ,

	

7	 Hardpan at 75 foot ; some stones, wate r
bolo' hardpan ; 7 foot `icon stuf f
(shale) at 400 foot ; otoppod in
hard rook at 45o foot ,

	 D3 Wator roportod hard ; adoquato fo r
house and chickens ,

	

. . . .

	

.	 D Water roportod to turn brown on
standing ; supply rep orted indequate ,

20

	

1940

	

DS Wator roportod hard ; turns brown on
standing .

50

	

9-47

	

DS Water roportod medium hard . ; supply
ina do qua. LL: .

	

t . .0	 U

	

Hole refilled, Soo log .

	 U

	

Do .

(Soo footnotes at cud of table )

20

3 .5

	

1959
80

	

1959
15

	

7-12-46



Loc-'tion

	

Owne r
nuif r

	

or
name

156-50-29 2/ Toll, : :f 3raaton
137-30-29aca

	

:Iodrod 1 :o . 5

157-50-29cac

	

Kindred c) . 4

157-50-29cda.; Kindled _ .o . 2

157-50-29cda2 USGS toot 23
157-50-29d Gust Bratorla'
157-50-22dab USGS toot 24
157-50-29dadl USGS toot 4
157-50-29dad2 U.3 GS toot 26
157-50-29dad5 USGS toot 3 1
157-20-29dad4 1:indrod

	

▪ 6
157-50-29dad5

	

toot 5
157-50-29dbbl Solvic :U'o . 1
157-50-29dbb2

	

Do . 2
157-5029dbcl 2j ,dfrod 21sta d
157-50-29dbc2

	

Olorud
157-50-29dbc5 2/ H . H . Bjoride
157-50-29dbdl :2indrod

	

▪ 1

157-50-29dbd2 7,vinE:oon 2otato
157-50-29dca1 2/T,

	

HaLon
17-50-29dca2 2/013 Tap .7on
157-50-29dca5 T.; 3G- toot 1
157-50-29dcd 2/Frod

	

ausool l
157-50-2,'7dda1 . U3CO toot 27
157-50-29dda2 USGS tost 2 0
157-50-29dda5 USGS toot 2 9
157-50-29dda4 U3GO toot 50
157-)0-22dda5 . Kindrod Zo . 5

157-5029ddb USGS toot 52
157-50-22ddcl U305 toot 2
157-50-29ddc2 USGS toot 7
157-50-29ddc5 Kindred Ea, 7
157-50-50aac Oocar 2rickson

R200aM OF U2.;LLS rf

Depth of Typo Late
wol l
(foot)

coDplotod

16 60 Du` 1954
7C 16 Bored 1955

70 16 1255

95 16 . .Co . . 1555

286 Drilled 1947
2.8 12 Bored 1959

290 5 Drilled 1947
72 4 1948
6o 4 . .do. . 1947
6o 4 1947
45 6 . .do . . 4-48

. .co . . 1948

. . . . . . so . .
175 . . . . . .
18 12 Bored 1956
18 12 1951
20 12 . .do . . 1954

275 4 Jetted 1956

22
5 to 2

12
. .co .

. Bored 1934
16 12 . ..do . . 1915

DrIllod' 1948
15 12 Bored 1914
60 Drilled 1947
50 1947
60 1947
50 . .do. . 1247
40 16 Bored 1944

30 4 Drilled 1947
67 4 1948
47 4 . .do . . 1948
47 8 . .do ., 1948
127 7 Jottod 1952



TH2 INDRD :_RJA - - Continue d

Depth to water Date of

	

Use

	

Remarks
(feet below measurement of wate r

land surf ace )

	

7 .5

	

1939

	

DS

	

11 .35

	

10-25-47

	

H Aquifer r°-ported as gravel, Wate r
reported hard ; well condemned, Se e
water analysis ,

	

8 .37

	

10-25-47

	

I ;rater rep orted hard ; well condemned .
See water analysis .

	

20

	

7-12-46

	

M Aquifer reported as sand, Wate r
reported hard, See water analysis .

	 U Hole rofilied, See log .

	

10

	

1959

	

S Aquifer reported as sand ,
	 U

	

Mole refilled . See log,

	

. . . .

	

.	 U

	

Do ,
	 U

	

Do .

	

8 .5

	

4-19-48

	

H See water analysis ,

	

. . . .

	

.	 U

	

HoIe refilled, See log .

	

. . . .

	

.	 Soo log .

	

, . . .

	

.	 Do .

	

9

	

1959

	

D Aquifer reported an sand .

	

16

	

1939

	

D

	

Do ,

	

12

	

1959

	

S

	

Do ,

	

9,78

	

1025-47

	

M Aquifer reported as fine sand from
229 to 25 feat . Water reported
good, hard, See analysis ,

	

. . . .

	

,,,,, .,,

	

DS

	

; .a ter reported good, medium hard ,

	

15

	

1959

	

S Aquifor reported as sand .

	

10

	

1939

	

S

	

Do ,

	

., . .

	

U

	

role refilled, See log .

	

15 .5

	

1939

	

D Aq uifer reported as sand ,

	

• . . .

	

.	 U

	

Hole refilled, See log .
	 U

	

Do ,

	

. . . .

	

.	 U

	

Do .
	 U

	

Do ,

	

10

	

1944

	

M Water reported hard, See wate r
analysis . Sae log,

	

. . . .

	

.	 U

	

Hole refilled . See lo` .

	

. . . .

	

.	 U

	

Do .

	

. . . .

	

.	 _

	

U

	

Do ,

	

9 .52

	

12-5-48

	

A
14 7-11-46 DS Aquifer reported as fine sand from

1126 to 127 feet, Water reporte d
good, hard, See for-,

(See footnotes at end of table)



RECORDS OF 'CELLS IA

Location Owner De nth of *Pe Date
num')er or

name
wel l
(feet)

complete d

157-50-50bcb 0, O . Olson 162 5 Jetted 192 8

157-50-50cad Herman Olson 130 5 1958

157-50-30dad S . GranLaard 1D5 5 . .do, . 1937

157-50-50dbc USES test 2) 2)5 5 Drilled 1947
157-50-31aaa Rudolph Homry 185 3 to 2 Jetted. 1932

157-50-51daal vii son Estate 14o 6 to 2"s 1952
157-50-51daa2 	 do	 75 16 Bored . . . .

157-50-52aab Norl'is '',wenson 270 Jetted 1958
157-50-52ada Edwin Overboe 98 4 1956

157-50-32baa Iver L kken 105 16 to 8 Bored 1942

157-50-52cda Elder Erickson I05 5 Jetted 1954

157-50-55aod Andrew Ulsaker 142 3 -do, . 1955
152-50-55bba U307S test 8 12 62 Drilled 1948
157-50-55ccd James 3arfuss 2 8

157-50-35d6a L. A. Perhus 100 15 Bored .

157-50-54dcc . . . . . . . . . . . . . Drilled
157-50-55baa Oscar Ulsaker 26,50 1$ Bored Old
157-50-55bcc C . 5teobor 85 6 co 5 Jette d

157-50-55cca Joe Fjolstad 100 5 gilled 1245
157-50-56abb 3ernt J .

	

Tra .:a 128 7 to - 1908

-57a -



THS =D ;:U R3A - - Continued

De pth to wate r
(feet below

land surface)

Date o f
mean: urcment

Use

	

Remarks
of wate r

7 7-11-46 DS Aquifer reported fine sand from 16 0
to 162 feet,

	

Water'reported good ,
medium croft .

	

See log .
14 7.-11-46 DS Aquifer reported as sand and gravel ,

Water rep orted good, medium soft .
Sec w • .ter analysis .

10 1957 S Aquifer reported as coarse sand fro m
102. to 105 feet,

	

Water reporte d
good, medium soft .

	

See log,

	

Bee
water analysis .

. . . . U hole refilled,

	

See log ,
'40 1952. S :Aquifer reported as fine dirty sand

from 104 to 185 feet .

	

Water reporte d
good, hard,

	

Well drilled to 257 feet ;
finished at 185 feet .

	

See log .
0.75 1952 U

20 7-11-46 S Water reported hard ; unfit for human
consumption ,

20 1953 DS Water reported good, hard .
20 1956 D A q uifer re ported as fine sand from 9 5

to 93 feet .

	

Water rep orted good ,
hard, See log .

10 7-11-46 DS A quifer reported as fine said fro m
100 to 105 feat,

	

Water re ported
good, hard ,

20 7-11-46 DS Aquifer re p orted ae coarse sand from
105 tol05 fact,

	

Water reporte d
good, medium hard,

	

See log .
50 7-.12-46 DS Water reported hard ,

. . . . U Hole refilled .

	

Sea log .
. . . . . . . . . . . D Water roparted good, hard ; adequate

supply ,
15 .1 9-15-47 D Aquifer reported as sand from 90 t o

100 feet,

	

Water reported good ,
hard,

	

See log ,
. . . . . . . S

19,26 9-15-47 D Water reported hard ; supply inadequate .
55 1944 Da Water reported good, hard ; sup p ly

inadequate ,
15 1945 D3; Well . . pumps dry easily .

1947 DS A quifor reported a ., sand from 124 to
128 feet, Water re p orted good ,
soft ; adequate for 50 head livestock .

(See footnotes at end of table)

-57b: -



Ruv0 :1 -:3 OF ".- LLS I i

Location Owner

	

Depth of Typo rate
nujibor or

	

wal l
nave

	

(feet)
cou?lcte d

157-50-3
6cba Einar Erasted 118 5 Drilled 1924

157-51-1 S . beverson 108 . . Jetted . . . .

157-51-1 A. P. Hauer 103 2

157-51-1 P. F. Fredrickson 166 2 „ do ., . . . .

157-51-1 138 2 ,,do, . . . .

157-51-1 i

	

i:nobel 109 2 „do, . . . .

137-51-2aab Olarmea Stoinburh 150 Drilled Ol d

137-51-4ddd R. J .

	

chroedo r 190 36 to 5 .,do . . Very old

157-51-Jbab i•ii l to .i Hans 90 56 Dug . . . .

157-51-6dd.a Floyd Plath 70 5 Lug 1917
157-51-7bbb tau:LCt Plath 65 36 . .do . . 1917

157-51-3ddd Fred Koller::laa 70 36 . .do . . Ol d

157-51-lOaac ;;m,

	

Rohde. 90 5 Je cted 1945

157-51-1Cbcb Olson Bros . 207 5 Drilled 1917

157-51-10ccc Oliver Vangsnoss . . . 18 Bored Ol d

157-51-lOddd . . . . . . . . . . . . . . . . 206
1)7-51-1laad B . J . Sather 260 3 Jotted 1922

137-51-l.lccc I'dwin Siuozson 183 3 . .

157-)1-12bdd. i,iic'kloson a16 . . . . ..do . . . . . .
1 7-)1-12ddd iirs, Josie Jensvor 200 ,,do ., Ol d
17-51-laba Invald 3roff 180 3
1)7-51-14acb Norman Liudahi 400 4 Drilled . . . .
137-51-14bab iielvin Winger 250 3 Jetted 1909

137-5114bbb Harman Appel 36 to 2 Dug 1917

157-51-14dac Intolf Sandbeck . . . 2 Jotted 1940



=DR D O.a.T,A - - Oontintw d

Depth to water Date of

	

Uoo

	

Ilomarko
(feet bolow moanursmont of wate r

land curface )

8 1924 D Later reported good, hard ; supply
inade q uate .

20 9-16-47 D Wator roportod good, hard ; adequate
oupply ,

9-16-47 D Aqulfor roaorted ae

	

ravol,

	

.rate r
roportod good,

	

hard .
16 9-16-47 D AqoifOr roportod as sand ,
24 9-16-47 D quifor roportod ao gravel, :rate r

roportod good, adoluato .
18 9-16-47 D aquifer rsportsd ae gravel, Wato r

reported good, adequate ,
8 9-16-47 DS Wator roportod good .
2 .66 (,-_7 DS Later reported hard ; turns brown on

standing,

	

Usod to flow .
12 1947 DS Wator roportod good ,

for 150 head live Lock .
hard ; adequate

10 9-16-47 DS hater reported good, hard .
'50 1947 .oo Wester roportod good, hard ;

	

supply
inadequate ,

4 9-17-47 S Wator roportod poor ; very hard .
. . . . . . . . Wator reported good,

	

eoft ,
3 9-47 DS Wator roportd :oocl,

	

hard ;

	

adequate
for 50 head iivestock,

	

Used to
flow ,

7,69 9-17-47 U
Flow :;hon drilled eater roportod salty.
25 9-47 DS rater roportod good, medium hard .

Soo water analysis .
o 9-47 DS Water roporod good,hard ; turns ro d

on otanding .

	

Used to flow ,
12 . . . . . . . U

9-47 DS Wator roportod good,

	

hard . .
0 711-46 DS Do .

15 9-47 DS Water roportod good,

	

:oft.

, 9-47 DS Aquifer reported as

	

and,

	

Wate r
roportod good, modiu:a hard ; adequate
for 50 head livootoclc

	

Used to flow ,
16 1945 DS Aquifer roportod

	

said from 85 to
90 foot .

	

hater reported as foo d
hard ; turns brown on standing ;
unfit for laundry us J .

. . . . . . . . DS Water roportod

	

hard .

(Soo iootnotos at end of tabl e



:ECOaLS OF ..^3L .L3 I~

Location Ownor

	

D:ptb of Typo Dato
oozoor or

	

wel l
noolo

comploto d

l''7-5l-I)ddd

	

1/,,,,,,,,,,,,,, 46 -
"°°"" w . . . .

5 DriIIod 190
l57-3l-l6a~ / J . and O . T, Ronico 242 2 . .do . . 1956
157-A-16bba Ervin Johnson 500 2 Jottod Ol d
157-51-l6ddd John E . :iyhro 130

-
° ,8n,, 192 0

l57-51-I7uaa Frod KcIlurmao 190 Drillod Ol d
I57-51-l8add ,,,,,6o,,,,, lO Borud 19 5
l57-51-l8cbb Roiubold Gxooll 55 4o x 4o Do E
157-)I-l9hcc Edwin NyLaard 500 2 Jott:d Ol d
l57-51_20uld 1/°,	 270 "^^^ . .^ ., .
1 :7,7-51-20baa ',3orriu Labrun 100 10 Bmrod 195 0
I57-

-1-20d 2/ Ed a.rd E . 3, 11yLuurd 155. :7
, .do,, 19:39

I57-51-2Oddd Ed Nracrd 3 Jottod Old
157-

-
1-2lbuo Conrad

	

yEazrd 130 2 Old

1W_ :51-2ldccl Irvin Johnson 80 2 ** do, 1947

U7-51_2lduu2 ,,,,,do,,,,, 90 IC 3orod 1951

157- :51-'-:2clib Floyd EyLaard 500 5 Jottod Ol d

l:57-)1_22ded 1;attnm l6O o Ol d
157-51-2 Luidahl 5 Drillod Ol d
1;7-5l_24bub Potaz Fr:driokooo 80 6 Jott:d 1900
157-5I-24ddd

	

l/,,,,,,,,,,,,,,,,, I6o . . . . °^^^^ ^

1 ;7-)1-24dCd P.:tcr Borosuo 180 Jottod Ol d
157-)1-25ooo Ooutud Trom 180 2. "^^ ^

180 2 1905

l57-51-26abd Olo Jordct 165 5 to 2. , ° do,, 1950

l57-5l-26adb John 1;ottiza 100 2 Jottad ^^" "
157-51-26dda Toa - ulcuo c 5 . .do ., l 9~~
157-51-27c :?,/ :irthur Sand 128 5 ~rilI~d 195)
I57-5I-27obu 14O 3 Jottod 1958

~ . .do . . Old



ki-LF3L :0„3A

	

- 0ootinuod

De p th to Water Da to of

	

Use

	

aemark s
(foot b .1ow moasuroment of wato r

land. ourfaco)

. . . . . . . . No flow,

	

Hardpan at 82 foot .
16 9-17-47 DS atcr roportod good, modium hard .

Flow .,hon drillod DS Soo water analysis ,
. .do . . 9-17-47 DS :atsr roportod soft,

	

salty ,

. .do,, 9-17-47 DS Aquifor reported as gray sand ; wato r
ropiodoocl salty, hard .

1 .5 9-17-47 DS toll roportod to havo flowod formorly ,
50 2-17-47 S Water rportdpoor, hard ; supply inadoquato ,
15 9-17-47 LS La-tor roportod good ;

	

supply adoquato .
Flow hon drillod 1)3 ator roportod good, hard .
„,do . . . . . . .

	

. . . . . Light flow ,
14 9-17-47 - ,

DS Uator roportod fairly &oft,

	

good .
10 . . . . . . . ES

5 . 4 9-17-47 DS ':ator reportod good, modium hard ,
Flow ;hon drillod DS :ator roportod good, hard ;

	

supply
adoquato

2 ')-17-47 D Aquifo r
gravol

r,ooortod as coarso sand and
frold 70 to 30 foot .

5 9-17-47 Aquifor roportod as sancl from 87
to 90 foot .

ator roportod salty, fairly soft ;
adoquato

	

U

	

:ator roportod good, soft .

	

:DS

	

oll roportod to havo flowod formorly ,

	

L3

	

; :ator roportod as good, hard .
Hardpan at 84 foot ,

	

L3

	

oll roportod to hays flowod formorly .

	

D5

	

:ator roportod as good, hard ,
roportod good . So o

analysis ,

	

D3

	

Aquifor roportod as aodium coarso san d
froD, 162 to 165 foot,

	

:9.to r
roportod asgood, soft,

	

oll
drillod to 400 foot ; finioho d
at 165 foot . 3oo log ,

	

DS

	

a-Lr roportod good, hard ,

	

DS

	

Do .

	

DS

	

:o..tor roportod good, hard ;
adocluato oupp17 .

	

PS

	

,stor roportod good, modium hard ;
adoquate supply ,

(Soo footnoto& at and of tablo)

b -

Flow

	

drillo d

8
. . . . . . .
9-17-47

OO .o	

13

	

9-47
6 195 3

14

	

7-11-14-6

6

	

195 0

72' 7-11---:i-7

. . . . . . .

1958
1959

1

	

9-47



:CORDS OF WELLS I N

Location Ownor Dopth of Typo Dato
nu.lbr o r

nano
wol l
(foot)

comploto d

157-:51-28abb Claronco Johnson 9C 36 Boro d

1 7-)1-28bbal

	

A, Vigon 120 6 Jottod Old
157-A-bba2 	 do	 120 18 Boro d
137-)1-28bbb . . . . . . . . . . . . . 120 . . . . .

197-51-23cdc 1/John Anduik 80 2 Jottod Ol d
157-51-23dec Andorson 96 2 , .do ., . 1914
157-51-29dcb Dolman Aleagor Drivon Ol d

157-51-29dcc John Taylor 147 7- Jotted 1926
137-1-30aaa Frod

	

Lidoaroich 300 2 . .do . . Ol d
1'7-1-50cob d Hans 12 36 36 LIaL Ol d

157-31-50dcc aay,nond 'Thor peon 20 1 Drivon

137-51-ledb Loster Olson 60 3 Jo Uod 1947
157-51-32aca 2,dwin Lundor 21+ ~6 DuL
157-51-2daa Eric 3wi :gum X).

2
Jottod 1946

157-51-7dcd U,3C :,

	

test 11.

	

LR 42 4 1948
157-)1-5dd.6 i~lvin 3tonsoth 14,9 36 x 96 Du7
157-)1-51;aaa Alvin Simons 2)0 3 Jottod Ol d
157-51-54aab l,'	 300 . . . . . .
1 :57-f51-34bbd . . . . . . . . . . . . 148 	 0
157-51-54bbe

	

AlVin Twoot 1') 3 Drillod )Ol d
1 :27-)1-54c .g./

	

Brick Leo .0 . 199
1 :97-1- 21cool

	

. . . .do . . . . 43 3 Jottod 1938
157-1-ccc2.

	

toot 10 LR 92 4 Drillod 1948
197-51-54dedl

	

J3GB tost 9 La 62 4 „,eo,„ 1948
157-51-54ddd2

	

::ormit 3, Johnson 126 '

	

2 Jottod 1946

157-51-35cdd

	

Thoraal Andruch 200 2 , .do . . Old

60a



KIZD:ED L'- - Continued

Depth to w^ for

	

Date of'

	

Uso

	

llama r'. . s
(foot below

	

raeasur,o.i -:t ofwate r
land ourfaco)

9-17-47

Flow

	

l.jhen drille d
10 .7

	

9-17-47
Flow

	

then drille d

2

	

1926

	

Li
Flow

	

9-17-47

	

DS
6

	

9_47

	

S

1232
4

Flow

• 6 9-17 -47
16

	

19 9
75

	

9-47

• . . . .60	 DS

O $

•

dO OO

	

• . . . . aO	 LS
LS

25

	

9-47

	

DS

	

3 .5

	

9_17_47

	

D3

	

1)

	

9-47

	

ES'

7

	

9-47

. . . . . . . . . . . .

l :ator reported good, medium hard ,

	

U

	

Holo refilled, See log ,

	

9-17-47

	

S

	

Supply reported il .,.d .;qu.ate .

	

9-47

	

DS

	

ator reported good, hard .
hon drille d

. . . . . .

	

DS

	

ootor reported. good, hard ; adequate
supply .

	

DS

	

'rater reported slihtly salty, soft .

	

S

	

;:ator reported poor, hard .
Small flow . Hardpan at 30 foot .

Very hard juot abovo wator .
water reported rood, hard .
ator roportod of good quality .

later reported :ood, hard ; adoquto
sup)ly .

1;ator reported Good, medium hard ,
reported fairly salty, hard .

Aquifer roportod to be sand, eate r
roportod poor ,

quifor roportod to bo fin .: sand .
ROC substance procipitatos fro m
wator .

rater r, ported fair, hard .

Small supply

	

U

	

Aquifer reported

	

oandotono .

	

DS

	

a.-tor roportod fairly :oft and salty ,
U Hole refilled, Seo lot .

	

. . . . . . .

	

U

	

Do ,
10

	

9--46

	

U

	

Sand reported in water ; oupply
inadequate .

20

	

9-47

	

DS

	

.ator reported soft, salty .

1/

	

Hall, C . ii ., illard,

	

..Locription of tho Casselton-Fargo
quadrangle : U .6 . Gool e SUrvoy GooloLic :Alas, CaosoltonFarEo foli o
(no . 117), p . 7, 1905 .
2/

	

From well inventioj mado by county aososcoro in 1970 a7: part
of 3tato-wido well inventory under : :orbs Projects Administration .



LOGS OF DELLS AND TEST HOLES IN THE :INL;2D AEA

136-50-7ccc
Graff Brother s

For alien

	

teri.l

	

Thickness

	

Depth

Lake ALa E iz dopocits ;
Said	 20
Clay	 54

156 -30-i dca2
P. 0 .

Lake :Aaa =•iz deposit," :
sand	 3

	

3
C l w;-	 49

	

52
tI Qu i ck a.n	 ee	 53

Till and associated giacioaqueous deposits (?) :
Clay and rocks	 67

	

120
Sand	 2

	

122

136-50_32aa a
D. P . Thu .)

Lake n ;assiz de p osits :
s and	 7

	

7
n uicksand :	 2

	

12

b1uo	 7

	

1_ 9
No ioL	 _ ~3

	

32

1-6-3O 32do a
Carl Erickson

.?.ke :ease is., doporsits :
Sane'	 10

	

10
Clay	 40

	

50
S :ze	 10

	

6 0

2 0

74



LOGS OF WELLS AND TEST HOLES - - Continue d

136-51-5aba
USGS test 1R

Formation

	

Material

	

Thickness

	

Depth

Lake Agassiz deposits :
Topsoil, black	 1

	

1

Clay, cream, silty 	 19

	

20

Sand, very light-gr-'y, fine 	 10

	

30
Silt, very light-gray, clayey ,

little very fine sand	 70

	

100

Clay, light-gray, silty, com p act
at base,	 68

	

168

Till and associated glacioaqueous deposits :
Clay, medium light-gray, sandy ,

gravelly, mostly clay and shale	 43

	

211
Sand, coarse to medium, and gravel ,

fine to medium, shale pebbles ,
and a little coal	 3

	

214

Clay; very light-gray, sandy ,
gravelly	 21

	

235
Clay, dark-gray, sandy, gravelly 	 30

	

265

Cretaceous shale or Pleistocene lake clay (?) :
Clay, very dark-gray, little san d

and gravel	 77

	

342

Clay, dark-gray, shaly .0	 4

	

346
Clay, streaked gray, gypsiferous 	 5

	

351
Clay, dark-gray, sandy, gravelly 	 6

	

357
"Granite" :

"Granite,'' white, decomposed 	 8

	

365

136-51--7ddd
USGS test 2R

Lake Agassiz deposits :
Topsoil, black or brown 	 a	 2

	

2
Silt, yellow to buff, clayey ,

sandy	 10

	

12
Clay, light-gray, silty, sandy 	 186

	

198

Till and associated glacioaqueous deposits :
Clay, medium gray, sandy, gravelly .

	

99

	

297
Cretaceous shale or older Pleistocene lak e

clay (?) :
Clay, medium-gray, gypsum crystals ,

sandy, gravelly 	 73

	

370

- 62 -



LOGS OF =LC Ail TEST T_
.*

	

-0

	

- t ontinia -

1)7-50-2cd d
•;agrlur; ai ., :onson

Forua tion

	

iiatorial

La'

	

1Eaa. iz de'2osit :
u^.11d, i 'iA,J	

Clay . . . .

	

.	
Till and a :uocir.tod `lacioa ;yuoous do-posits (0) :

Gravel, mediu-_i, rtit% .nom : ; fin d

	

wand	

15? -50-9dcc2
In-val orbol l

L'' :1

	

. tv!, and drift,

	

yr+: .; _i~2.~~E1z dii)O ` ":>1

	

Qrli'i,, Undii LUrentlated i
Clay, t:ith ,o1 ,lard?an	 244
Jane, T11c	 6

157-0-18ddd
H :;nry S::veroon

Lal: aLatisi :, dor osits :
Clay, blue	 120

Till and associated Llacioaquoous dopocits :
i : :?.rdpan	 13

	

158
sand, :Tine	 2.

	

14o

177-50-20baa
.dario J „n ;;cn

Lar c 2assiz doposit :
Clay, blue	 2-

	

20
Clay yellow	 15

	

7
Clay, blue	 50

	

85
Till and a.scocic.tod `lacioaqu:ous d::posits :

	

35

	

12. 0
clay , :.'ray	 115

	

2 75
and, fine	 9

	

24 1
Hardpan	 7

	

247
Gravel, fina	 5

	

250

Thichnoo ;

	

Depth

20

	

2 0

75

	

5)

6 0

251 E
240

120



LO .3o 01 . :21LL,':) .IiCL =;T HOL:I - - Continue d

157-50-2Cdbc
USG3 toot 5

Formation

	

Uatorial

	

Thicknoss

	

Dooth

Lake gassiz doposits :
Topsoil, clay, black, saney 	 2

	

2
sit and clay, light grayish-

brown, sandy, sholl fragmonto ;
coal flakos from 27 to 52 foot	 ,

	

50

	

52
and, light-gray, silty, snai l
sholls at 57 foot	 10

	

42.
Clay and silt, light-gray, sandy ,

op-n gravol, snail sholls 	 5

	

47
Clay and silt, light-gray, Eandy,

sholl fragmonts	 10

	

57
Clay, light-gray, silty	 5

	

62

1 . 7-50_23cc c
USGS toot 6 La

Lako Agasoiz dopositf:, :
Topsoil, clay, gray to black ,

siny	 2
Clay, liLht-brown, Eilty,

	

sandy ,
fow -1holl fragaaonts	 1 5 17

Clay and sin, yollowish-brown ,
slightly sandy, vary 2ov shol l
n

	

._ te a .
. . . . . . . . . . . . . . . . . . . . . . . 10 27

Clay and silt, light-gray,

	

sandy . . 20 47

157-50_29cda2
USGS toot 25

2 2
Laird :~2ac :iz deposits :

Topsoil, black	
Clay, buy=', silty, oceassional gypsum

crysta1c ; iron concrotions at 4:5
2JJt	 46 50

Clay, light-gray, silty	 55 85
Till and ascociatod. glacioaquoous doposito ;

9 92Clay, gray,

	

candy, gravolly	
Grvol,

	

gray, clayoy	 2 94
Clay,

	

gra, sandy, gravolly	 129 225
Gravol, gray,

	

sandy, clayoy	 50 275
"Granito"

"Granito, n whito, docompoood 	 15 286

- 64 -



LOGS OF . ::,LTJS z ;''D TTT EOTi,S - - Continuo d

177-70-2 9dab
U3GS tort 24

2oriaation-

	

iatori l

	

Thicknoco

	

Depth

Lak., _t gao iz do;>o oits
Topsoil, black	 2

	

2
Sand, light-brown, Iaodium to coarso ,

cl'Ay-r

	

ravillY	 5

	

7
Clay, buff, silty, sa:ici;r, shel l

fragia_;nts . . . 	 25

	

32
Clay, light-gray, silty, sandy 	 74

	

86
Till and associatod glacioaquoous dopocits :

Clay, ;gra-, silty, sandy, gravolly

	

60

	

146
Gravol, Cray, vino to :_iodiu•1 ,

cl^ 7y	 148
Clay, gray, s'idy, gr..volly	 72

	

220
Gravo 1, gray, c layoy

	

5

	

227

Clay, gray, randy, gravolly 	 52

	

277

°Granit:,° vory light gray, docom-
1oo ::d	 1 .5

	

290

177-70-29dad2
U3GS toot )

Lako :ga : ;iz dapo sits :
Top soil, clay and silt, gray	 2

	

2
Clay, buff to light olivo-gray ,
:ilty	 25

	

27
Sand, light-gray, vory lino, vory

silt;

	

5
Clay, gray, Uilty, sandy	 10
Clay, light olivo-gray, slightl y
silt	 10

Granito"

32
42



LOGS OF =LS = T2 3T HUSS - - Continuo d

157-5Q-2 9dad
U3GS 'cost 4

	 ratio!

	

tiereal

	

Thickness

	

Do pt

Lao Agassiz doposits :
Topsoil, clay grayish-black, sandy

	

2

	

2
Clay and silt, light-brown, sandy ,

a little ,Travol at 12 feat,	 l

	

17
band, high 4rown, silty	 5

	

22
Silt, light grayish-brown, vary

caney	 10

	

52
Sad, lidt-2 Z, vory fino, silty ,
man:7 coarso sand-sip roundo d
s :1alo pJbblos from 57 to 42 foot

	

10

	

42
Silt and clay, li ,7ht-gr'3y, sandy ,

rhalo as abovo, coal 2raonts ;
polocy .?od yells at 52 foot	 20

	

62
Clay, light-gra7, silty, sandy	 10

	

72

1)7-)0-29dad4
US G3 'cost 26

Lako 4assiz do posits :
Topsoil, black-	 2

	

2
Clay, buff, sandy, silty	 18

	

2 0
Sand, light-brown to gray, vory

fine to coars, vory siltyl los s
silt and coarcor sand from 40
t o 45 1.7ot	 55

	

55
Clay, gray, silty, candy	 5

	

60

157-50-29dad5
U3 GS tost 5 1

Lako 3 Eacsiz doposits :
Topsoil, blacl :	 2

	

2
Clay, buff, silty, sandy ,

caloaroous	 15

	

17
Sand, light-brown, fino, silty	 IS

	

.36

:land, gray, Zino, intorboddod with
clay

	

4

	

4o. . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sand, gray, fino to modium	 7

	

47
Clay, gray, silty	 15

	

6o



LOGS OF

	

2.:.-JAD TII;T 7OL2S - - Continuo d

157-50-29d'ob 1
Solvick No, 1

Formtion

	

Tilicknoo

	

I)opt,h

Lalf.o

	

dopot3it :: :
Clay, lic=it olive-Eray	
Clay, tanaioli-gray ; s :)rdo Lolonito .
Clay, tan, sand.7	
Clay, li2ht-gray

	

	
Clay, IiEllt-Eray ; ;:.nail amounts o f

fgavl and asnd . .

		

5

	

80. . . . . . . . . . . . . . .
Till and aciociatod ;-:1acioaquoouo dpocits : ;

Clay, Lray, candy, Lravolly	 13

	

98
No camplo

	

2

	

100
Sand, bluioh-gray, compoood mainl y

of

	

dolauito, and/ or
IiIaJstono	 2

	

102

1 5
22
)0

7 5

1

7
3



LOG:r

	

nor 1'OF . ._ LL3

	

11',S HOL_ 0 - - Continue d

1 7-50-2^d'ob2
Solvici, lo . 2

For:latioc

	

Matorial

	

Thickness

	

DcPth

La1 • t,`asLiz dopositc :
Clay, li`at-`_ray, oolonito flakoc ,

sou., liuonit:: nodulos hoar our-
lac .:, 2-w sholl fragluonth 	

Sand, grayish-whit, , grav .;lly	
Clay, liL t-olivo-Cray, solonitc

flakoc, hell fr-ruonto	
To oaiplo	
Clay, light olivo-gray, stai n

amount coarse sand and incf
gravol	

Till and associat,d 'lacioaquoouo d,J 7)ositc :
Clay, light-gray, silty, sandy ,

:rav.,lly, coal flakoo	
Sand, wait-, find to v .;ry coarso ,

costly ;_a ditu~, grav„lly	
Clay, `ray, silty, sandy ,

mravolly, coal c'n.ips	
and, mostly fin .; with some coars o
silty, grav,;lly	

Clay, gray, silty, sand.yr , gravelly ,
coal c.aip	

Clay, gray, Lilly, s :._-,dy, coa l
chi7L	

Sand, tra;, :airily 1' l aad iliac -
ctono, clay:,•, Lravolly, man ,
wood and coal fragIdontc	

Sand, lint-ra:r, fino to very
soar; .;, foti: pcbblo ..

Sand, tan, veer fin ., to v. - Ty coarso ,
iao : tiy fin:; to ;1odiuia	
and, tan to `ray, lino, i,luch ;:hale ,
coarso F',ahc to "in., sand	

Clay, gray, silty,

	

avidly, o" =add-

45 45
5 50

20 7 0
5 7 5

5 80

20 100

5 105

15 12 0

5 12 5

5 13 0

25 1 5'

5 160

5

J 16 8

2 17 0

5 175

68



LOt" OF

	

,L : ; A :D r1 - - - , , - - L 'S - - Continue d

157-50-•2 dc a
UuC t ::st 1

Formation

	

'iatri 1

	

Taic'.rn.:ss	 	 Depth

Lak,; .?`a. siz deposits :
Topsoil, clay, black, sandy 	 2

	

2
Silt, grayish-buff to buff, cla roy ,

sandy	 20

	

22
Cl;y, li L at o17vo- :ray, silty,

52
Clay and silt, liLnt olive-`ra „ r . . .

	

55

	

67

157-5029dd11
City of N.indrod No . 5

Lal'tio .1`aaU1Z deposits :
Clay	 1+

	

14
nand, r .;d

	

	 '+

	

18
and, `ray, coars_.r from 23 to

. . .

	

l

	

55
ro 10`	 5

	

4o

157 -50-2.9dda2
UaG3 -Lost 2 7

Lal : . ; :.gasiz doposits :
Topsoil, black	 2

	

2
Clay, buff, silty, sandy, very

calc-r.;ous	 10

	

2 0
Sand, buff to `ray, v,; r ;;• fin ,

vor;;r sift:	 50

	

50
Clay, :ray silts sandy

	

10

	

60

157-50-2dda5
USG_. t.:3t 28

Lal:o `assiz deposit_ ,
Topsoil, black	
Clay, ;r_ilotr, silty, sandy ,

s:rav .;lly	
yellow, very fin .; to fine ,

silty	
Clay, 3ray, silty, sandy	

	

2

	

2

	

17

	

19

	

6

	

25

	

25

	

50



LOGS OF 1i3LLS :x.0 T2 6T HOLES - - Continue d

197-c .-29dda4
UEGS test 29

Lak .

	

dcpo ;sits :
Top . oii, black	
Clay, buff, silty, sandy
Nand, 2i: , c1aycy	
Sand, gray, .lino
Clay , gray, sandy, silty

1 7-J0 .-29dda)
USCa t .s t

Laic() Agac: ;siz dcpositc t

To psoil, black	
Silt, grayish-brown to buff ,

c1a:roy, candy	
Sand, light-brown, finu to ,a odium ,

some small roundod sh21c i>obbloc ,
oo i coal	

Sand, light-brown, fin;, to very

fine , silty
Clay, light-gray, cii ty 	

i 7-50--29ddb
USG tact 2

Lake r,gacsiz deoocitc :
Topsoil, black
Clc.y,

	

buf..',

	

candy,

	

silty	 17

	

19
Sand, fine,

	

silty	

Clay,

	

2

	

2

6

	

2 5
Clay,

	

gr

	

>,

	

candy	 . . . .

	

. . . .

	

. 10

	

35
1)

	

90

2 2

12 14
6 2 0

12 >2
28 6o

2 2

17 19

11 30

9 35
15 50



LO( OF ':ELLS

	

2T ` L 3 - - Continue d

157 - - /Ede n
O3 test 2

Formation

	

i t i

	

Thickness

	

D 9

' & ssis deposits :
To soil, Jilt and cla,, black ,
ca

	

2

	

2
Silt and clay, buff, sand,, c hel l
fr: eats at 7 et	 10

	

12
Sand, buff, very £ice , silts,	 CC

	

52
Sand, light-gray, fine to medium ,

Jilty	 )

	

57
Sane, whitish- :ry, very s1iyhti

silty	 j

	

42
Sand, Ii2ht-sr , silty	 47
Silt and cla , li ght-gray, candy	 20

	

6

1 -)C /ddc2
Q3 test 7

La

	

3 : :is deposits :
Topsoil, clay and silt, grayish-

black, sandy

	

2	 2
0l

	

and silt, :r i :2-br9n, sandy ,
shell fragments	 10

	

12
Saud, yellowish-brown, very fine ,

silty, shell 2r= tints

	

'

	

10

	

22
Silt and clay, gram , sandy, shel l

f

	

eats from 22 to

	

Et4 ., .

	

25

	

47

1; -. 0=0 ac
Oscar 3rickoon

Lake . : :is deposits :
Cl

	

90

	

90
Till and associated §lacioaouoou : depo :it: ,

„liardo

	

l0

	

100
Clay, blue	 26

	

126
S d, fine	 I

	

127



LCG OF „-1LL3 .1\D T: :;T Ol]3 - - Continue d

157-5C)-= 0bc b
Ole Olson

Formation-

	

ka.torial

	

Thickness

	

Depth

Lake Agassiz de2ocitc :
Clay	 90

	

90
'fill and associated gls cioaqueous denosi be :

:lardnan	 65

	

1 55
Cla;;	 16 0

Sand, fine	 2

	

162

137-50-5Odad
A . and S Grangaar d

Lake Agassiz deposits :
Cl :_;, blu	 102

Till and associated glacioaqueous de p osits :
Sand, coarse,,	 5

127-50-50db c
USGO test 2 5

Lake Agassiz deposits :
Topsoil, black	 2

	

2
Clay, buff, silty, sandy ,

gy -	,~siferout . .

	

.	 51

	

5 5
Clay, light ray, silty, sandy	 ,

	

51

	

84
Till and associated `lacioaqu3ous deposits : V

Clay, gray, sandy, gravelly 	 37

	

17 1
Gravel, gray, clayey, sandy ,

r o o tly

	

•	 ♦ • . o •	
2

	

1 75
Clay, gray, sandy, gravelly, wel l

indurated	 75

	

248
"Granite" :

" Granite," very light gray ,
decomposed	 7

	

2 55

102

105



LOC3 OF '. : :ELLS %.hD TJ:ST _:CL,S - - Continue d

1l7-50- laa>a

Formation.

	

Material

	

Rudolph

	

oraryr Thickness Depth

Lake _ gassiz deposits :

c lay, blue	 14() 140
Till and associated zlacioaqueouc de posits :

20 160Hardpan	
Hardpan and cia;;r, blue	 24 134
sand	 1 185
Clay	 72 277

1 57-50-52ada
Edwin Overboe

Lake rigassiz deposits :
01%y

	

70

	

70
Til l

i

	

1
1 :. and associated

	

deposit :: :
ardnan	 25

	

95
Nand, fine

	

	 5

	

98

157-50-52cda
Elder Erickson

Lake ,,ga :siz deposits :
Clay, blue	 102

	

102 .

No log	 1

	

105
Till and associated glacioaqueous deposita :

107Sand, coarse	 ~2



c

EOCS OF => &1D ' 32 -101133 - - Continue d

1 -50-J/tta
U3 test G

fora on

	

/ berial

	

Dente

Lake IJas ;iz deposits :
Topsoil, clay. and silt, blam k ,
sandy, shell i a oats	 2

	

2
Sand, 7.ay, very fine to fine, silty,

chell fr e t:	 10

	

1
Silt, li t=r2n, clayey, shel l

_ oats from 12

	

17 feet and
2 2_~ 30 27 feet	 l)

	

27
Sand, li3ht-2 y, silty, shel l

fr eft :	 §

Silt, lit t brownish-7r, clayey ,
very Gandy, shell frl eats ,
:nail shells at 3

	

,	
Sand, li :Et-: y, fine, ail=,

	

)

	

>

shell frate e\t:	 10

	

47
Jilt, li/5t,/£ , candy, few shel l

a cats, flat J=ail shell at
47 et	 15

	

6

1)7-)0-5 d :
L. A . Pe ru s

k a sciz deyo :its :
E e	 1 0
C l

	

(3 0
Till and s.s ociated S1acioas ous do osits :

sand	 1 0

1

	

26abd
Ole Jorde t

Lake ..ssiz deposit: :
Ol , blue	 J)

Till and associated placio .ou o&a do :sits :
hard

	

2)
C1 -y, Glue	 )D
Hardona	
3 d, nedisa

	

coarse,	 )

1 0
90

100

G)

120
l§0

165



4

LOG OF 2L.LS A E T23T IOL : a - - Continued

157-51-3 dc d
USGS ter>t 1 1

Fa ~- :i at ion;.dateria 1

	

i' 1ic'_:near

	

Depth

L._,', :e Agaosiz deporitL t
`_lilt, yellowish-brown, cl^yey ,

candy	 7

	

7

Silt, ye11owich-brown, clajoy	 5

	

12
Sand, yellowish-Grown, very fine ,

very uilty	 10

	

22
Silt, trlni : ':1-brown to 1i`ht- r"y ,

'•

	

5

	

37
Clay, light olive-,ray, _illy 	 5

	

42

137-51- 4cc c
USGS test 10

La!_ .e Agacciz de_1ocitc :
Sand, yellowish-brown, very fine

to fine, silty	 12

	

12
Silt, li ; .1t-`ray, candy, lar e

g ravel, one large pebble, c nai l
chel1o ;roue 22 to 27 feet 	 15

	

27
Silt, ii, ht-E:ra ; r , shell : . .

	

15

	

42
Clay, li`ht olive--gray, cilty 	 10

	

52.

157-51-4dd d
U`2C3 teat

Lal :: •1`a „iz dopocitc. :
`2o,)coil, clay and silt, blac2,

2
.uhc', t^ .1ni ;,•h-brown, very fine ,

il'.t-, dell 2r^Lotc	 10

	

12
Clay -.:d cil't ,

candy, very fe,, cdoll fra :aeot» ,
none fro :.o 22 to 27 'cet	 20

	

32
jilt, crcaulich-broc ;n, clayey	 5

	

37
Silt, liLht olive- ra,, clayey 	 , . .

	

25

	

62

-75 -

g23 .57

	

Intericr -- Duplicating Section, Washington, D, C .
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