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GTOLOGY AVD GROU'D-VATZR RUSOURCES OF PARTS OF
CASS COQUNTY, WORTH DAKOTA, AVD CLAY COUNTY,
MIITTESOTA ,

BY -
P. E, Dennis, P. D. Akin, and G. ¥, Worts, Jr.

ABSTRACT

The investigation covered by this report extended éver an area
of 360 souare miles lying within the valley of the Red River of the
Yorth end including the municipalities of Dilworth and Moorhead,
Clay Ccunty, Minnesota; and Fargo, Southwest Fargo, West Fargo,
Mapleton, and Casselton, Cass County, North Dakota. It was begun
at the request of, and with financial cooperation from, the Cities
of Fargo and Moorhead, the Countles of Cass and Clay. and the States
of North Dakota and Minnesota.

Study of the geology of the area is greatly hampered by the
almost complete absence of outcrops of rocks other thai the deposits
of Lake Agassiz, which blanket the entire area. SExtenszive test
drilling by the Geological Surver and the Cities of Fzrgo and
Mocrhead has produced new evidence regarding the exient of the under-
lying rock units, which necessititates some revision of earlier
interpretations, The rock units encountered in the test wells in and
near the area described, in descending order are as followss (1)
Deposits of Lake Agassiz, vhich have been divided into two units——
silt and clay; (2) till and associated glaciofluvial deposits; (3)
older lake clay and érift deposits; (U4) the Dakota ~  sandstone;
and (5) "granite" (gneisses and other crystalline rocks), the base-

ment rocks beneath the area.




The silt unit ;f the Lake Agassiz deposits is the surface rock
throughout the area and rests disconformably upon the clay unit of
the L&ke Agassiz deposits, It is coﬁposed primarily of silt, buff
to yeilow to gray in color, but locally contains sand or clay. In
thickness it ranges from 15 to 25 feet, and it is present beneath the
entire surface of the area except where cut through by the major
streams. It contains water at shallow depths which 1s under water-
table conditions. Only locally can water of adequate quality and
quantity be obtained from wells in this material,

The clay unit of the Lake Agassiz deposits is predominantly a
dark-gray to blue-gray clay of lacustrine origin. It lies beneath
the silt unit and rests uncoﬁformahly upon the till and associated
glaciofluvial deposits. It ranges in thickness from 15 feet near
Casselton to 35‘feet near Fargo.' It does not yield water to wells,

Throughout the area the till and associated glaciofluvial
deposits occur beneath the clay unit of the Lake Agassiz deposits,
and, where drilled, range in thickness from 70 feet to 250 feet,
They rest unconformably upon the "granite" from the Red River west
to the Sheyenne River, Fast of the Red Hiver and west of the
Sheyenne they rest unconformably upon older lake clay and drift,

The strictly unsorted vortion of the till is essentially non-
water-bearing, but the glacifluvial deposits contained in it yield
small to copious amounts of water, All the municipal and industrial
ground-vater supnlies in the area, with the possible exception of the
city supply-at Casselton, have been developed in these deposits,

The general extent and thickness of six principal aquifers of
glaciofluvial origin have been incompletély determined, For con-
venlence thev are called the Dilworth, East Koofhead, West Moorhead,
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Fargo, Vest Fargo, and Maple Ridge aquifers, respectively,

The older lake clay and drift deposits have not been identified
as such in previous investigations. Their presonce has been established
principally in the area vwest of the Sheyenne River, vhere they were
penetrated by 1C test holes and ranged up to 250 feet in thickness.
They yield little or no water to wells;

The Dakota sandstone was not encountered by any of the test
holes drilled within the area, but in one test hole drilled a few
miles west of the area a sandstone believed to be a remnant of the
Dakota was encountered just above the granite. It is quite possiﬁle
that outliers of the formation may be found in other parts of the
valley. lhere present the Dakota sandstone yields moderate quantities
of rather highly mineralized water.

Gneisses and other crystalline rocks, gemerally referred to as
"granite," compose the basement rocks of the area and extend down-
ward for an unkrown depths In the old Moorhead well, 1,536 feet of
"granite" was penetrated without passing completely through it. The
upper 100 feet or more of the "granite" is greatly weathered, For
all practical pur-oses, the "granite" is non-water-bearing.

Within the area several low ridges dbreak the monotony of the
flat surface, The most prominent of these is the ridge near
Mapleton, running roughly parallel to ancd west of the Maple River and
referred to in this report as the Maple Ridge. It is a curviné
linear feature standing from 5§ to 20 feet above the plain and having
a length of about 14 miles within the area. Two other ridges of
lesser extent and prominence occur, at the western edge of Fargo and
near the e®stern limits of West Fargo. They are designated here,

respectively, the Fargo Ridge and the West Fargo Ridge.
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Test drilling indicates that there is a relation between these
ridges and the occurrence of ground water in shallow deposits.

The origin of fhe ridges is problematicalg The most probable
explanation of the ridges appears to be that they are the result of
differential compaction of the underlying and adjacent depositss
Also, it has been suggested that the ridges may be end moraines or at
least of morainic origin but this mode of origin appears to be
improbable.

The first ground-water developments in the area were wells for
supplying domestic and stock water for farms and individual needs in
small communities, The search for ground-water supvlies for municipal
and industrial uses began in 1872, when the City of Fargo drilled a
test well in Island Park. Sincé that time many test holes and a
mimber of wells have been drilled with varying degrees of success,
Since the turn of the century municipal ground-water supplies have
been developed by Moorhead, Dilworth, Southwest Fargo, Casselton, and
Fargo; industrial supulies have been developed by the Fairmont Creamery
Co., Moorhead Laundry, Great Lakes Pipeline Co,, the Unlon Stockyards
Coe, 2né the Yorthern Pacific Railroad. ZExcept for the municipal supply
at Casselton, these supplies have all been developed from the principal
glacicfluvial aquifers associated with the till.

It is estimated that since 1905 abont &.3 billion gallons of
water has been pumped from the Tast and West Moorhead aquifers, about
1.7 billion gallons from the West Fargo aquifer, and about 140 million
gallons from the Fargo aquifer. About 13 billion gallons has been
pumped from all wells in the area since 1905 for all purposes. In
1947, the total pumpage in the area was of the order of 880 million

gallons, or an average of about- 2%

4

million gallons a day for the years
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Of this total, 570 million gallons, 142 million gallons, and 223
million gallons WEre'pumpéd from the Mooihead, Fargo, and West Fargo
aquifers, respectively, for municipal and industrial purposes.

Since the beginning of the development of municipal and
industrial supnlies withdrawals have been made in ever-increasing
yearly amounts. At the current rate it would require only about 15
yoars to pump an amount of water equivalent to that used during the
past U2 years, There is reason to believe that the demands for grAund
water in the area generally will continue to increase a; the population
grovws and industrial activities expand. '

| Ffom early records it appears quite probable that at one time
flowing wells could Ye obtained at almost any place in the ares.
' Pumniﬁg of farm and domestic wells had lowered the artesian head
considerably bf 1885, so that many of the wells did not flow although
the vater levels were, for the most part, at or very near the land
surfaces The records also indicate that there was no great lowering
of water levels in thc area during: the period 1885-1910, when ground-
water developments still consisted chiefly of widely spaced wells
vielding small supplies for domestic and farm purposes,

The development and use of ground water for municipal and
1ndustriai purposes has been accompanied bv a lowering of water levels
and artesian pressures over the entire ares and in adjacent areas,

As would bYe expected, the greatest amount of lowering has occurred in
the areas of greatest use, From Moorhead to Dilworth water levels
ﬁre now 100 to 195 feet below land surface. In the vicinity of the
Fargo G?ty well they are about 4O feet below land surfrce and near
West Pargo more than 57 feet below land surface. Water-level measure-

ments in 1940 and 1941 indicate an area of about 80 square miles
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surrounding these points of large ground-water development in which
the water level is over 30 feet below land surface and an area of
about 140 square miles in which the water level is more then 20 feet
below land surf-ces

The results of the test drilling indicate that the highlyr
permeable glaciofluvial aquifers in which the larger ground-water
developments have been made may be quite limited areally and may be
more or less separated from one another by much less permeable material,
On the other hand, there is considerable hydrologic evidence to indicate
interconnection between the agquifers in such a manner that pumping
from one development will influence the water levels at the other
developments; and, therefore, that one development may receive and
utilize water derived from tho same sources that supvly water for the
other developmentse, For this and other reasons, it is believed that
practically all the lowering of the water: levels in the area since
1910 hss been caused by removal of water from ground-water storage
through punping of the municipal and industrial wells in the area.

Hesults of pumping tests indicate that the coefficient of trans—
missibility of the more permeable sections of the Fargo and West Fargo
aquifers is of the order of 70,000 gpd/fte In a regional sense,
however, the coefficient of transmissibility of the tiil and associated
glaciofluvial deposits, considered as a unit, 1s probably of the order
of 1,000 gpd/ft, The coefficient of storage of the till and
associated glaciofluvial deposits is on the order of 0,0005 so long
as the water is confined by the clay units of the lLake Agassiz deposits
and therefore uwlder artesian conditions. Once the water levels are

drawn below these clays, water will be derived from drainage of the
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glaciofluvial deposits and the coefficient of storage locally may be
a2s high as 0.25. Reglonally, however, the coefficient of storage of
the t1ll and associated glaciofluivial materials under water-table
conditions would be considerably less and is estimated to be on the
order of 0.07,.

There appear to have been only two possible sources of recharge
to the aquifers in the till and associated glaciofluvial deposits
prior to the construction of wells in the area: (1) water derived from
precipitation on the upland areas along both the east and west margins
of the valley; and (2) water from the Dakota®  sandstone which could
move laterally snd upward into the till along the western part of the
valley. The water from these sources moved laterally through the till
toward the central part of the valley, WNatural discharge occurrcd by
upward percolation of water through the clay unit of the Lake Agassiz
devosits and into the overlying silt of the Lake Agassiz deposits
probably over the greater part of the valley. Considerable natural
discharge must have occurred also by upward percolation into the
shallov-lying gravel aquifer east of Dilworth, which was deposited
in a channel cut entirely through the lake deposits and rests directly
upon the till,

Accompanying the development and use of ground water, water levels
declined in the valley area. Hrdraulic gradients from the areas of
recharge toward the valley werc increascd, and as a consequence the
amount of water reaching the vallcy arecas from the original sources
of recharge was increascd. In the areas where the artesian head of
the aquifers in the till was drawn bcelow the shallow water level in
the silt unit of the Lake Agassiz deposits natural discharge through

upward pcrcolation stopped, the water beings diverted to the wells,
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As the water levels were lowered further, opportunity developed for
downward percolation of water frcm the silt into the aquifers in the
till, reversing the original arrangement of recharge and discharge
between these two units, and an excecllent opportunity was afforded
for recharge from such sources as the shallow gravel aquifer east of
Dilworth,

It is cetimated that recharge to the principal glaciofluvial
aquifers at the present time is on tho order of 1 million gallons a
day. This is only 40 percent of the 2% million gallons a day now being
withdrawn through wclls; indicating that about 1} million gallons a
day is being removed from underground storage through lowering of the
water levels., However, recharge ratss will be incrcased as the water
levels are further lowered, so that ultimately the total recharge to
the area may be considerably greater than it is at the present time,
Further lowering of water levcls to increase the rate of recharge can
be accomplished only by spreading new developments over a wider arca
and by decreasing pumping rates in those locations where pumping waber
levels are alrcadr about as low as can be attained.

It is cstimated that about 900 billion gallons of water is
contained in storage in the till and associated glaciofluviel deposits
in thc 360-square-mile area covercd by this rcmort, and only a fraction
of the water could be recovered economically. The maximum production
of the water from storage could bec accomplished only by means of a
large number of wells spread over the entire area, in which case many
of the wells would have yields of only a few gallons a minute. Never-
theless, it should be possible to recover a large amount of the stored

water, though only a small part of the total through wells having




sufficient yields for irrigation, munieipal, and industrial purposes.
Such wells could bo developed only in the more permeable aquifers,
and it would be nccessary %o adjust pumping rates and limit the
nunber of wells that could be constructcd in anyr locallty so as to
provent short-term local overdevolobpment.

The West Fargo and Maplco Ridge aquifers will permit the largest
amount of additional ground-water development without excessive lowcring

of watcr levels.

INTRODUCTION

LOCATION AYD GEI'ERAL FEATURES OF THE AREA

This rcport covors am arca of 360 squarc miles within the valley
of thc Rcd River of tho North, at altitudes ranging from 860 to 980 .
feet. I% extends from thc village of Dilworth in Clay County, Minnesota,
westward beyond the city of Cassclton in Cass County, lorth Dekota,
an ovcr-all distance of 30 milesas The arca is 12 miles wide from north
to south and includes thc »nrincipal citles of Fargo, Yorth Dakota, and
Moorhcad, Minnesota, which are on onposite banks of thc Recd River,
Fargo, which is thc largest city in North Dakota, has a population
cstimatcd in 1947 to be 38,000, Moorhcad, Minnesota, has a population
estimatod in 1947 to be 13,000, These two cities form an industrial
and agricultural hub in a famous agricultural arecas They arc the sitec
of scvcral large crcamerics, a bect-sugar factory, stockyards, several
farm imploment haiscs, and other busincss cstablishments,

The course of the Red River, which forms the boundary betweon
orth Dakota and Minnesota, is so sinuous that parts of Minnesota
lic west of adjacent parts of North Dakota, Drainage tributary to the

Red River is furnished by the Sheyenne and Msple Rivers from the west,
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and by the Buffalo River from the caste The Maple joins the Sheyenne
within the area, but both thc Sheyennc and Buffalo join the Red River
north of the arcas These three strecams arc perennial cxcept during
infrequent periods of drought, and afford a source of water supply
for both municipal and industrial use —— the principal withdrawal in
the arca being from the Red River for the city of Fargos. Opring floods,
vhich arec thc rcsult of melting snow and ice, and summer rainstorms
often causc inundation of lands and dwellings along all thrce rivers,
Topographically the arca is a flat, nearly featurcless plain
into vhich the northward-flowing rivers have entronched thelr meandering
courscs to depths of 15 to 30 fecets The plain has a northward slope of
only about 1% fcet per miles The Red River lics along the axis of the
valley, and the g ntlc slopcs toward the river range from about 2 feet
per mile noar the river to about U feet per mile ncar Casselton, This
relatively flat plain is not the product of river erosion, tut of lake

deposition, The proscnt surface was the bed of glacial Lake Agassiz,lf
which cxtended over the cntire Red River Valley in late Pleistocene
times Judging from the clovation of old shore lines, the lake at its
maximum cxtent covercd the present site of Fargo by more than 200 fect
of glacial melt watcrs After the lake had withdrawn from the valley,
the drainage pattcrn on the lake bed was easontially the samc s that
of today. Prosumably, the river is continuing to entrencﬂ itself into
the lake deposits underlying the plain,

Within the area scoveral low ridges break the monoteny of the
flat surface, The most nromincnt of these is the ridge near Mapleten,
running roughly parallecl to and west of the Maple River and reforred
ET_ﬁﬁ%EE:;gggrcn, The glacial Lake Agassizi U. S. Geol. Survey Mone

’ .
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te in this rcport as the Maple Ridge. ;t is a curving linecar feature
standing from 5 to 20 feet above the plain and having a length of about
14 miles within the arcas. Two other ridges of lessor extent and
prominence occur, at the western edge of Fargo and ncar the eastern
limits of Wecst Fargo. They are designated here, respcetively, the
Fargo Ridge and Yest Fargo Ridge. Tost drilling indicates that there
is a relation betweoen these fidgcs and the occurrencc of ground wator
in shellow deposits.

The arca is scrved by throc major railroads and four arterial
highways. The railroads arec the Great Northorn, Northern Pacific, and
Chicago, Milwaukce, and Ste Paul; and the principal highways are U. Se
Highways 10, 52, 75, and 81, 1In addition, air travcl is furnished
by Northwest Airlincs to Hector Airport, Fargo.

The climate of the region is characterized by cold winters with
tcmpcraturog commonly 20 to 30 dcgrees bclow zero, and rcletively hot
_ summers with temperaturcs up to 100 dcgrecess The mean annuad tempera~
ture is 39.9 degrecs., Prccipitation averages about 22 inches a year,
of which sbout 65 perccnt occurs from May to Scptember, This rainfall,
in conjunction with the oxceptionally fertile soil of the Red River
Vallcy, supports the agriculturc of the arca. The products include

grain, potatoes, sugar boets, dairy prodﬁcts, and becef cattle,
PURPOST AD SCOPE OF ™5 INVESTICGATION

This investigation is the sccond of several comprchensive
investigations of thc gcology and ground-watcr rcsources of parts of
Cass County, North Dakota, and Clay County, Minncsota, that arec designed

ultimately to cover all of both counticse The prosent investigation
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was bogun at the roguest of, and Qith financial cooperation from,
the Citics of Fargo and Moorhead, the Counties of Cass and Clay, and
the States of North Dakota and Minncsotas The formal coopcrative agree.
ment wos mado between tho:U. S. Beological Survey and the North Dakota
Statc Water Conscrvation Commission and the Minnesota State Department
of Conscrvation. The necd for the investigations has arisen out of
the increascd demands upon ground water for industrial, municipel,
and other uscs throughout these and other counties within tho twe
Statese

3ecausc the demands upon ground wator are greatest in and ncar
the larger citics, the first investigation was confined largely to
thc Fargo arcae Tho presont study is foundcd upon and amplifies the
first and has boen oxtondcd to cover am arca of 360 squarc miles
including the following citics and towns: Fargo, West Fargo, Southwest
Fargo, Mapleton, Tasselton, Moorhcad, and Dilworth.

This roport presents the findings of the inveostigation, and scts
forth data regarding the gcology, the location and size of aquifers
(wet r-yiclding deposits), and thc results of test drilling. In
addition, it prcsents data regarding the dovelopmont and usc of ground
watcr snd information pertaining to many wells in the arcas It includes
interpretative date regarding water-level fluctuations and their
relation to ground-water storage and intcrconncction of aquifers, the
effoct of pumping on storage of water in other aquifers, and the quality
and quantity of available ground water,

The investigation, which was started July 1, 1945, under the
direction of 0. E. Moinzer, former geologist in charge of the Ground

Water Division, was comnletrd under the direcction of his successor,

- 12 -




A. N. Sayres The work was carricd on under the supcrvision of P, E.
Dennis, district geologist, and the field work was begun by A. M,
Morgan, vho resigned in 1947, Tho work was comploted in 1948 by

the authors,

PREVIOUS INVESTIGATIOIS

In 1940 and 1941 the U. S. Geological Survey, in cooperation
with the North Dakota G6ological Survey and the City of Fargo, made
an intensive investigation of the ground-water conditions in and
around Fargo. The results of the investigation have been rcleased.iJ
Subjects covered by the report include the occurrence of ground water
in the glacial drift, sourcec and movement of ground watcr, fluctuations
of water levels, quality of water, and general geologyr of the area.
Previous 1nvestigations. have been outlined in the report as followa:l/
"The Quatcrnary geology of the Red River Valley was first descridbed
in detoil by Uphamﬁf vho also made & study of the ground-water condis
tions of tho valley and adjacent areas, discussing the strata from
vhich the water is obtained and outlining recharge arcas for the
differcnt aquiferss Ho gives several analyses of water from the
diffcrent sources and concludes that water from wells in thp Grctace&us
strata and from wells in the older drift, vhich contains materials
derived from the underlving Creotaccous formetions, is unsuitable for
irrigation purposecs becaunse of its highly alkalinc and saline qualitye
2] Eycrs, A. C., Wenzel, L. K., Laird, V. M., and Dornis, P. B,

Ground water in the Fargo-Moorhead Area, Nortn Dakota and

Minnesotas U. S. Geol. Survey mimcograptcd rozort, Sept, 1946,
ﬁf Byers, A. (., ct al.,, on. cit., pp. 6-7.

Upham, Varren, The glacial Lake Agassiz: U. S. Geol. Survey
Mon. 25, 1896, :
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He nlso notes that shallow wells in the alluvial ~nd lacustrine
mnrterinls give nlkaline water. He reports that at the time of his
investigntion soversl flowing wells cxisted in Fargo and Moorhead,
and thet those which did not flow, but in which the water rose nearly
to the land surface, maintained their levcl under pumping.

"The first investigation of the general geology of the Fargo-
Hoarhend arcr was mnde by Hnll and Willard.ﬁf Thoy studied the water
resources in considerrble detnil, cataloging the wells of the region
and tadulating rnd nmnlyzing the avnilable logse The area in which
flowing wells could be obtnined in the Cretrceous strata at dephs
of 300 to 600 fect wns mapped, nnd several smaller basins in which
there were smnll flowing wells in the Quaternary materials were out-
lined.s At the time of the investigation the supply of ground water
seemed nearly inexhsustible,

"More recently Lo?eretﬂrestudied the Quaternary geology of the
rogion, amending and cxtending the work of Uphem in detail. He made,
however, no investigation of the ground-water resourees of the area,
Simpscn's report-y includcs o brief discussion of the geology and
grounc-Woter conditions in Cass County mnd Fargo, and Allison's
reportf/ includes information on geology and ground-water resources
in Clay County, Minnesota.

"In i939 Vosd.ischﬂj- asscmblod and summarized the grounde-water
dats available for the Fargo areas Well records were brought up to

E? Hall, Cs M., and Willard, D E., U. S. Geol, Survey Geol. Atlas,
Casselton-Fargo folio (no. 117), 1905,

6/ lLoverett, Frank, Quaternary geolgy of Minncsota and parts of adja-
cont Statest U, S, Geol. Survey Prof., Paper 161, pp. 119-141, 1 .
1932,

_U Simpson, H, E,, Goology and ground-water resources of North Dakota:
U. Se Geols Survey Yater-Supply Paper 598, pp. 97-108, 1929,

_5_/ Allison, I. S., The geology nnd wntor resources of northwestern
Minnesota: Minncsota Geol. Survey Bull, 22, 1932.

9/ YVoedisch, F. W., Geology and ground-water resources of the Fargo aren.
H:.xpxb?lished report in ;c’ﬁc files of the City Engineer's Office, Fargo,




date and logs were given in both graphic and tabular formse. The
pumping tests made on the exploratory wells drilled by Fargo in 1935
were descrited and the detailed data were given,"
)

In 1947, two mimeographed relense presented, the results of
an investigntion of a large shallow-lying gravel aquifer 2% miles
east of Dilworth, Minnesota. Its extent, probable yield, and trans-
nissibility were largely detormined; and further study of its northern

extent is now contcmplatedes
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logs and drilling operations. Residents of the area cooperated fully
by furnishing information about their wells &nd allowing test holes

to be drilled on t heir property.

GEQOLOGY AND OCCURREWNCE OF GROUND WATER

GEVERAL FEATURES

The regionél geology of the Red River Valley has been described
in previous reports which have treated the geology of this area in
various degrees of detail, (Sec Teferénces, pp.13-14%,) These works
have been consulted freely in the preparation of this report. The
study of the geology is greatly hampered b7 the nlmost complete absence
of oubcrops of rockscother thon the doposits of glacial Lake Agaaéiz,
which blanket the entire area. Thus, tho knowledge of the rocks
undgrlying these deposits was obtainéd solely from informatipn
obtained from wells nnd test holes,

Extensive test drilling in this arca by the Geological Survey
and the Cities of Fargo and Moorhgéd has produced new evidence regarding
the extent of the rock units underlying this portion of the Red River
Valley. This necessitates some revision of earlier interpretations,
vhich were based on less precise data. The'test drilling has made
possible more detailed conclusions regarding the extent, thicknmess,
and. 1rregu1arities of the underlying rock units and the contained
water bodless From these data the rock units and nssociated water
bodies, where present, have been identified. In‘descending order
they are as follows: (1) Deposits of Lake Agassiz, which have besn
divided into two units — the silt unit, which contains a shallow water
body, and thc clay unit; (2) T4ll ~nd associntod glaciofluvial deposits

(the latter, where presont, form the principal aquifors of varying
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cxtent bencath the arca, and all largo—-capacity wells derive their
supply from them); (3) older lake clay and drift deposits; (U4) the
Dakota (®, sandstonc, which in the western part of the arca yiclds
somo water of rather poor quality; and (5) "granitc" (gncissecs and
crystalline rocks, the basemont rocks beneath the arca)s These units

aro discusscd separatoly in the pages that follow,

ROCK "TI'ITS AND THRIR WATER-BEARIVG PROPERTIES

Lake Agassiz Deposits
“(Lato Plcistcoanc)

General

The modern Red River Valley has a gontle northward slope and
it is gonecrally believed that the proglacial Bed Rivor Vallcy also
slopcd northwardes As a conscquence of this northward slope of the
land surfacc, glacial mcltwater vas ponded in front of the ice at
‘times when thoe ice front was in the northern part of tho valley and
blocked the natural drainnge outlets. During the last glaciation the
northvard retreat of the front of the Dakota ice lobc permitted the
formation of a lake which at its maximum oxtent excceded the combined

2L/ Phis 1ake was named Lakc Agassiz

arcas of the present great lakes
by Upham;laf-Tyrrell and Johnston have prcsented cvidence indicating
that therc werc at least twe periods when the basin was occupied by

~ a lake, scparatcd by a period when the basin was partially or wholly

11/ Flint, R. T., Blacial gcology and the Pleistoccne epoch, p. 264,
New York, John Wiley & Sons, 1947,
12/ Upham, Varrcn, op. cite, Pe 5.
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drained.ljf The two units described in the »resent report as the clay and
gilt units of the Lake Agassiz deposits may correspond with the laminated
stony clays and the deposits of Leke Agassiz, respectively, as described
by Joh.nston.w |

¥ithin the area covered bv this report the Lake Agassiz deposits
range in thickness from 4O feet in the western part of the area to 110
feet near Farge., Their lithologic character was determined chiefly
from the samples obtained from the 31 test holes drilled by the Geologi-

cal Survey.

Silt unit

The silt unit of the Lake Agassiz deposits is the surface rock
throughout the area and rests disconformably upon the clay unit of the
Lake Agassiz depositss As the name implies, it is composed primarily
of silt, buff to yellow to gray in color, but locally it contains sand
or clay. In a few places the entire unit is composed of clay. The
yellow to buff color of the deposits is believed to be the froduct of
veathering wherein the iron compounds in the deposit have been oxidized.
Rarely, the deposits are light gray to gray in color., In general, the
unit is coarser—-grained near the base than near the surface. It ranges
in thickness from 15 to 25 feet, and is present beneath the entire
surface of the area except where cut through by the major rivers (fig. 2).

The silt unit is believed to be a lacustrine deposit laid down

under shallov-water conditions in a transgressing lakes The fairly

13 Tyreli, J. B., The genesis of Lake Agassiz: Joure Geology, vol, U,
pp. £11-815, 1896,
Johnston, W. A., The genesis of Lake Agassiz: Jour. Geology,
vol. 24, pp. 625-638, 1916.

1Y Op. cit., pp. 630-631.
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uniform lithology of the upper beds, their flat surface expression,
and their uniformly laminated bedding all tend to substantiate this
hypoﬁhesis.' The silt may correspond to the material which Upham
described as flood-plain deposits of the Red River and its tributaries,
and which he believed to be commonly greater in thickness and extent
than the underlying lake ailtmlﬁf

Locally, and in many places associated with the low ridges, are
deposits of sand and gravel, underlying or associated with the silt unit,
and occurring dovn to depths of 60 feet below the land surface, These
coarse deposits, and the common presence elsevhere of a thin sandy
bed at the base of the silt, suggest a transgressing lake and the possi-
bility of fluvial depositlon following depesition of the clay unit and
preceding the deposition of the silt units Such a hypothesis requires
the assumption that there was at least one withdrawal and readvance of
the ice sheet in the region of the lake's northern outlet, causing it
to drain ané refill, As yet very little is known about the probable
extent of the drainage system that may have developed during this
"interlake" period, RBecause these coarse deposits are of limited
extent and because their origin is not definitely known, they are
included in the siltlunit.

A shallow pround water body is contained in the silt unit of the
Lake Agassiz deposits, Its base rests upon the clay unit, which separ-~
ates it f;On the principal aquifers in the till and associated glacio-
fluvial deposits, and its upper surface lies from 10 to 18 feet below
the land surface, In extent it covers the entire area exbept where cut

through by the major streams. However, in some areas the deposits are

1!;] Up. Citro’ Pe 202,
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too fine-grained to yield appreciable quantities of water to wells,
The water body occurs under watertable conditions and 1s commonly not
more than 15 feet thick, btut beneath the ridges and other localities
vhere it extends dowaward iﬁto_coarser materials it may be in excess
of B0 feet. Recharge to this body takes place by infiltration of
rain and melting snow and by seepage from éhe imperfectly developed
drainage courses which cross the‘dividea between the main streams,

A large number of wells have been dug or bored to the shallow
water body, but generally small rields and poor aquality of the water
in much of the area has resulted in the abandoﬁment of most of the
wells. Some domestic and stock wells, especially at farms located
along the ridges, obtain an adequate supply of potable water from this
source, No municinalities or industries utilize the shallow water,
Consequently, except for the problem of drainage from the soils vhere
the water table is too high, the shallow water body is of little

economic importance.

Clay unit

The clay unit of the Lake Agassiz depotits is predominantly a
dark-gray to blue-gray clay of lacustrine origin. Occasional ice-
rafted boulders, cobbles, pebbles, and sand are encountered in the clay.
It lies beneath the silt unit of the lLake Agassiz deposits and rests
unconformably upon the tillland assooiated glaclofluvial deposits. In
thicknéss it ranges from 15 feet near Casselton to 85 feet near Fargo.
It is thinnest near the margins of the old lake bed and thickest near
the center. The time necessary for the accumulation of this'deposit
must have been considerable, and indicates that this stage of glacial

Lake Agassiz must have persisted for many years, TFurthermore, the
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relatively fine-grained character of the deposit indicates that the
materials were carried in suspension by the lake waters for relatively
long distances before being deposited, and that deposition took place
in relatively deep lake waters,

The clay unit does not yield water to wells. Such water as it
contains between the microscopic particles cannot be withdravm by such
mechanical means as pumpinge It forms an extensive blanket resting
upon and confining the water in the till and glaciofluvial deposits.
That the "watertightness" of the clay unit was early recognized by
well drillers is attested to by an excerpt from the report by Eall:l5/
"From whate ver horizon the water is derived the same general conditions
prevail-——a compact and impermeable layer or bed of clay overlies the
water-bearing stratum, and no sign of water appears until the bottom
of the clay is reacheds The water rushes up the tube (well) often with
considerable forcesesss" The confining effects of the clay still
produce artesian conditions in the underlying glaciofluvial deposits,
although the head has been reduced and the wells no longer flow,

Till and associated glaciofluvial deposits
(Pleistocene)

The till and associated glaciofluvial deposits have been termed
by Simpsoﬂgﬁ vhe till and associated sand and gravel, However, it seems
more desirable to use the term glaciofluvial for the "associated sand
and gravel" of Simpson in order to denote the mode of origin and to
explain the presence of fine-grained materials in the deposits. The age

of the till and associated glac'iofluvial deposits is Pleistocene, and

Hell, C, M., and Willard, D, E,, op. cit., p. 4,
16/ Simpson, H., E., op. cit., p. 28.




perhaps a part or all of them are products of the last glaciation of
the region, Leverettéljstates that the most recent glacial materials
are the product of the Keewatin ice sheet, of late Wisconsin age, which
moved southward from the northern limits of the Province of Manitoba
up the Fed River Valley and adjacent areas into South Dakota and lowa.

The till and assoclated glaciofluvial deposits occur bheneath the
clay unit of the Lake Agassiz devosits throughout the Red River Vﬁllgy.
Beyond tﬁe upper shore lines of the lake, and hence beyond the limits
of the area treated in this report, the till and asscciated glaciofluvial
deposits constitute the surface rock. lhere exposed at the surface
these deposits form a rough, hilly topography, but beneath the clay
unit their upper surface is apparently very smooth (fig. 2), Within
the area the minimum thickmess encountered in drilling was 70 feet at
well 1h0~h9~3hcdd;;§/the maximum was 250 feet at well 17%9..49-3ccc,
However, between these‘extremes they commonly rangelin thickness from
100 to 150 feet. The deposits rest unconformably upcn the "granite!
from the Red River west to the Sheyenne River, Xast and west of this
area ther rest unconformably upon the older lake clay and drift deposits,
It is not known whether the till and associated glaciofluvial deposits
were formed during a single advance and retreat of the ice or even during
a single glaclial stage, hence, in the absence of evidence to the contrary,
they are treated here as a single rock unit.

The manner in which the till and the associated glaciofluvial
deposits were laid dovn synchronously may be deduced from their location
in a broad valley vwhich sloned northward in the direction from which
the ice advanced, Under such conditions it appears likely that a lake

1ﬁ£}'€tt, Frank, op. cit., pe. 8.

18/ TFor a description of the well-numbering system used in this report
see page 108 .
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of greater or lesser extent would form in front of the advancing ice

as soon as the natural drainage outlets to the north vere blockeds As
the ice front pushed its way up the valley the melting frontal ice must
have dropped its sediment into the lake waters; and similarly, as the
ice disappeared from the valley, the material carried by it must have
accumulated in the lake waters, Much of the debris carried in the ice
would then be deposited as unsorted material or till in the lake waters
at the ice margin, Such clayey till deposited under water would have
a smaller angle of repose than similar material deposited upoﬁ land.
Wave and current action in the lake waters along the ice margin would
also tend to distribute and smoeth out the deposits, thereby accounting
for their relatively flat upper surface.

It is believed that the glaciofluvial deposits were lald down
largely during periods of ice retreat. Runoff probably occurred from
some distance back of the edge of the ice sheet, and within the melting
ice sheet itself, and emeréed from crevasses along the south face of
the sheet, both above and below the surface of the lake. These glaclal
streams would deposit well-sorted and coarse materials near the ice
front and carry the finer material southward into the lake to be
deposited lafter as lake clay. Aslthe ice front advanced or melted dack
the fluvial deposits would continue to be laid down by the streams
issuing from the ice sheet, and a trail of coarse material would be left
behind for varying distances, depending upon the length and persistence
of the glacial streams, Other glaciofluvial deposits would likely be
formed br the sorting action of the waves and currents in the lake,
especially vhere its waters were shaliaw.

Glaciofluvial deposits formed under the conditions postulated above
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would vary considerably in extent, thickness, and degree of sorting and
would be interbedded with till and lake clay, every gradation occurring
between strictly unsorted till and well-sorted sand and gravels. This
is true of the denosits under consideration. In some instances the
glaciofluvial deposits extend vertically nearly the full thickness of
the unit as, for exﬁmple, beneath the vicinity of West Fargo (fig. 2).
On the other hand, and for the most part, they occur as elongate lenses
of varying size and extent encased in the till, Their lateral margins
are extremely irregular, and marginal thinning usually occurs by the
disappearance of thée lower portioﬁs of the depositse In general, as the
deposits become thinner along their margins, the amount of clay and silt
contained in them increases.

A study of test-hhle samples indicates that the till comprises about
73 percent of the formation and the glaciofluvial deposits abtout 27
percents The till is composed of boulders, cobbles, pebbles, and sand
intermixed heterogeneously in a matrix of hard gray clay, The larger
particles consist principally of shale, with lesser quantities of lime-
stone and crystalline rocks, The shale vas derived from the bédrock,
locally or from adjacent areas but most of the crystalline rocks and
all the limestone were transported many miles by the ice from regions
in Canada., In drilling, the t11l is recognized by a marked change in
the 1lithology of the samples and by an abrupt increase in the difficulty
of drilling,

The till yields 1little or nc water to wells and the more clayey
portions of 1t are essentially non-water-~bearing., However, as the
percentage of partly sorted materials contained within it increases,

the water—transmitting ability also increases., Thus, there is probably
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no extensive section of the till which will not transmit some water,

On the other hand, the glaciofiuvial deposits contained within
the till are composed predominantly of gravel and sand inﬁermixed with
varyving amounts of silt and clay, The composition of the coarse
constituents is essentially the same as those in the till, with the
important exception that the percentage of shale pebbles is much smaller
in £he better-sorted deposits. Wells tapping these deposits obtain
~gmall to copious amounts of water, depending upon the_degreé of assort-—
nment and thickness of the materials penetrated.

The extent of the aquifers within the till and their degree of
interconnection within the area have been clarified somewhat by test
drilling (p. 32) and by a study of water-level fluctuations (pp. 60-81 ).
Because of the complex mode of their deposition, and because of their
marginal irregularities, many more test holes would have to be drilled
in order to cutline completely any given aquifer. The fact\that these
aquifers occur at various horizons throughout the till makes their
correlation from well to well extremely difficult, Simpsonlﬁfstates
that these gravelly and sandy deposits are found at the base of the till,
This cond tion may exist in most of the areas he canvassed, but it is
not true in the area covered by this report. Hallﬁiyﬁs more correct in
making the general statemcnt that water in tubular (drilled) wells is
derived from gravel and sand strata in the till. He does not 1limit
these strata to any specific horizon, which is in agreement with the
findings of this investigation.

From the data obtained by drilling, the general extent and thickness

19 Simpson, H, B., op. cit., p. 99.
20 Hall, C. M., and Willard, D, ., op. cite, P. 5e
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of six principal aquifers have been incompletely determined, as shown

in figure 1 and the cross sections in figure 2. These aquifers underlie
parts of Dilworth, Moorhead, Fargo, West Fargo, and the area between
Mapleton and Casseltons . The individual aquifers range in thick-
ness from less than 1 foot to maximums of 112 feet in the east Moorhecad
aquifer, 35 feet in the Fargo aquifer, 135 feet in the West Fargo
aquifer, and 180 feet in the Manle Ridge aquifer. The most productive
parts of these aquifers are at least 25 feet thick,

The glaciofluvial deposits are without question the best water-
yielding deposits in the area, The gravel and sand portions yield water
mast readily, and lesser amounts are obtained from sandy and clayey
portionses All industrigl and municipal supply wells tap these deposits,
and obtain yields up te 1,100 gallons a minute,

Older leke clay and drift deposits
(Pleistocens)

The older lake clay and drift deposits have not been identified
as such in previous investigations. It appears that both Simpsongl/
and Hall,ggjon the basis of the scanty information then available,
tdentificd the deposits that underlie the t111 and glaciofluvial deposits
as rocks of Cretaceous age. However, a careful study of test~hole
samples reveals that these rocks consist of till, occasional thin
glaciofluvial beds, and probably old lake clays, Of these the till is
the most easily identified, but the coarse pebbles of limestone and
erystalline rocks embedﬂed in a matrix of hard blue-gray to gray clay.

The beds of till are generally thin and are intercalated with thicker

21/ Simpson, H, B., op. cit., fig. 4 (after Upham).
25/ Eell, C. M,, and Willard, D. %., op. cit., p. 2 and fig. 1.




beds of lake claye Within the area these deposits rest unconformably
upon the granite except in the extreme western part vhere they may rest
upon rocks of Cretaceous age.

From the present distribution of the older lake clay and drift
(section A-A'-A") it appears that thev had been considerably eroded,
and in some parts of the area were completcly removed before the till
and associated glaciofluvial deposits were laid down, Some beds of the
lake clay are black in color and relatively soft and plastic; other
beds are gray in color, relatively hard, and more or less fissile,
From these and other characteristics of the deposits they are believed
to be the product of an older or more likely of several oldsr.glaclal
stages.s It is preosumed that their accumulation took place in much the
gsame manner as that of the younger drift that overlies them and that
the Red River Valley was the site of at least one and perhaps several
lakes older than Lake Agassiz. LeVerett23/has indicated that an ice
sheet of the Kansan glacial stage passecd over much of North Dakota and
Minnesota, but no evidence was obtained during the present study to
indicate whether a part or all of the older lake clay and drift may be
a product-of that glacial stage.

The presence of the older lake clay and drift denmosits has been
established principally in thc area west of the Sheyenne River, where
they were penctrated br 10 test holes. Between the Sheyenne and Red
Rivers the surface of the "granite" rises, and thesc deposits are not
present. East of the Red River, in the vicinity of Moorhead, logs of
a few wells indicate that the older lake clav and drift may be presgnt

in a depression in the "granite"., However, no samples from test holes

23/ Leverett, Frank, op. cit., pp. 20-22,
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or vells are available from this part of the area to establish definitely
its presence there,

The top of the older lake clay and drift deposits lies between
150 and 200 feet below the surface in the western part of the area and
is belicved to bc about 250 feet below the surface near Moorheads, In
thickness it ranges from a feather edge to about 250 feet in the western
part of the area, and it may have a maximum thickness in the eastern
part of about 120 feet. In general these deposits contain considerably
less coarse material and drill mere easily than the overlying till.

In the absence of drill cores, the distinction betweon the older
lake clay and drift deposits and the younger till and associated glacie-
fluvial deposits is sometimes difficult to make. They are both cal-
carcous and consist of essentially similar materials in varying propor-
tionss The principal distinguishing characteristics follows Very few
beds of clay occur in the rounger till, and these are generally thin,
vhereas the older drift consists largely of clay. A thin black
carbonaceous bed is commonly found at or near the top of the older lake
clay and drift, and similar beds may occur within the deposits, Some
of this carbonaccous material resembles peat and may represent inter-
glacial swamp deposits. The older lake clay is commonly somcwhat
variable in color, especially near its base, where it may be brown,
black, or white. Upon the basis of these distinctions the contact
was traced from well to well (fig. 2)a

The older lake clay and drift deposits yield little or no water
to wells.e In the test holes very few lenses of sand were encountered
in the unit end these vwerc thin. In the cxtreme western part of the
area the dcposits may rest upon the Dakota ~  sandstonc and may receive

vater from that formations. Flowing wells from the more permcadle parts
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of the older lake clay end drift may result from the head imparted
from the Dakota , sandstonce It is not known whether the flowing
wells at Casselton obtain their water in this manner or whether ‘they

obtain it dircctly from the Dakota .~ . sandstone.

Dakots © sgydstoneﬁgf

(Cretaccous)

As a wator-yiolding rock, the Dakota sandstone of Crefacsous
agc,gﬁfis well known for its wide areal distribution and original high
hecad throughout North and South Dakota. However, both productivity and
head have fallen off sharply since tho first wells were drillcd,26/and
h;cause of its groater depth and tho high mineralization of its water
the Dakote sandstone is now secondary to the érift in its importance
as a water-becaring formation in most parts of North Dakotae

There have bcen several intcrpretations as to the extent of the
Dakota sandstonc beneath thé arca. Hall2l/bolioved that the Crotaceous
rocks extend across thc entirc width of the Red River Valley, although
the castern limit of the Cretaceous artesian basin as shown on one of
his maPSJﬂyis located about 2«or 3 miles cast of Casselton. Clays
described by the driller as "light green," "dccided green, ! "white and
chalky," and "putty-likec" at depths of 208 to 250 fcet, and at 370 feet

in the Moorhead well (139-U8-8baa) werc assigned by Hall to the rocks

2L/ The term Dakota sandstone as uscd in this rcport includes the
Lakota sandstone of Lower Crectacecous are if that formation is
present in this area.

25/ Wilmarth, M. Grace, Loxicon of geologic names of the United States:
V. S. Geol., Survey Bull. 896, pt. 1, p. 566, 1938.

26/ Wenzel, L. K., and Sand, H. H., Vater supply of the Dakota sandstone
in the Fllendale—Jamestowmn area, N. Dak,: U. S. Geol. Survey Water
Supply Paper S89-A, pp. 31-48, 1942,

27/ H®ell, C. M., and VWillard, D. B., op. cit., p. 2 and fig. 1.

28/ Op. cit., fig. 2.
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of Cretaccous ages Allisongﬂjconcluded that the clays are decomposed
granitc, and samples obtained from test holes drilled during the present
investigation substantiate that conclusion, From information obtained
in the linc of test holes drilled along U. S. Highway 10 it seems
certain that the Dakota sandstone does not extend eastward wry far
beyond the western edge of the areca covered by the present investigation.
As indipated by Allison.igfit is quite possible that outliers of the
Dakota sandstone and other Cretaccous formations may be found in other
parts of thc valley, although none were cncountered in the test holes
or were recognized in the logs of other wells.

The Dakota sandstone rests unconformably upon the "granite"
and has a westward dip of about 10 feet per mile.34/1n the western part
of the area it yields rather limited quantities of highly mineralized

vater which is used on a number of farms and by the City of Casselton.

"Granite

(Pre~Cambrien)

Gneisses and ether crystalline rocks generally referred tc as

-

"eranitc" form the bascment rocks beneath the arca and extend downward
to unknown depths In the old Moorhead well (139-U48-8baa) 1,536 feet

of "granite" was penetrated without passing through it. It is by far
the oldest rock in the area, being assigned by Winchell and others}g/t.o
the pro-Cambrians It underlies the area cverywherc and rises from a
depth of about K00 feet below the land surface at the west cdge of the
arca to about 200 feect at West Fargo, then declines to a depth of about

340 feet and rises again to about 150 feet below the land surface at

257 Allison, I, 5., op. cit., footnotc on p. 61l.
Op. cite, D. éO.
Ballard, Yorval, Recgional geology of Dakota basin: (m. Assoc, Petrol-
cum Geologist Bull., vol., 26, p. 1568, 1922,
39/ Vinchell, N. H,, Upham, Werrcm, Todd, A. E., Grant, U. S., and others,
: Final roport of the Minnesota Geological and Natural History Survey,
1888, - 30 -




Fargo. ZHast of the Red River another depression in the "granite"
carries it to about 250 feet below the surface.

The upper part Bf the "granite® consists of clay and quartz grains
thought to be the products of decomposition during long periods of
weathering, Allisonljjdoscribes the decompositional clays as followsd
"On top they are red or yellow, but through most of thelr upper and cen-
tral portions they are nearly white., Their lower rortions grade downward
into tougher, incompletely weathered material that is green or gray, and
finally into fresh, hard crystallinc rock". In the test holes drilled
during the present invostigation thc color of the decompositional clay
was generally white or greenish gray, suggesting that a part of the
decomposition products may have becn removed by erosion prior to the
deposition of the drift.

Both the decomposed and the unaltered "granite" yiecld no appreciable
quantitics of water, and for all practical purposes they are considered
to be non-water~bearing, However, thlig/atates that, according to a
resident of Moorhead who kept a record of the drilling of the old Moor-
head well, water was encountered in the "granite" at depths of 800,

950, 1,200, and 1,700 feets Presumably these water-producing horizons,
if they actually exist, consist of fractures in the "granite", and their
yield would be small, Obviously,‘if their yield had been appreciable,
the city would have developed the well for municipal use. Thus, in
searching for water, it is believed that once the decomposed "granite"

has been entered a further scarch for water at greater depth is frultless,

ﬂ_ Ope cite, Do He
3y EHall, C. M., and Willard, D. E., op. cit., fig. 6.
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TEST PRILLING

Scope and purpose

At the outset of the investigation it was evidént that the available
logs of wells were inadequate to fulfill the scope and requirements of
the investigation. Therefore, in 1946 the North Dakota State well-
drilling rig was used to drill 10 testholes along U. S. Highway 10 from
Fargo to a point beyond Cassclton. In 1947, 21 additional holes were
drilled in the vicinity of the more promising aquifers previously
encountercd., The 1oca$ion; of these holes, excopt No. 10 which was west
of thc area, are shown on figurc 1. Each of 31 test holes penctrated
the full thickness of the glacial drift and entcred the decomposed
"granite"., The depth of thesc holes, which decpended on the distance
down to the "granite," ranged from 154 to 608 feet.

The purposc of the test drilling was to ascertain insofar as
possible the geologic and hydrologic conditions beneath the arca, and
specifically to determinc: (1) the rock units prosent, their extent,
characteristics, and water-bearing properties; (2) tho thickncss,
charactcor, and ecxtent of thec glaciofluvial deposits, which are thc prin-
cipal productive aguifers in the area; and (3) the degrce of inter-
connection among thesc aquifers. Of thesc three objectives, the test
drilling accomplisﬁed most successfully the first, and the results have
becen covtn$d.in the proceding scction. The sccond and third objectives
werc largoly accomplished in arcas vherc concentrated drilling was uﬁdcrh
taken; but the 31 holes drillcd could not possidly outline the full extent -
and degree of intcerconncction of aquifers in the 360 square miles
covercd by this report. Nevertheless, from thesc test holes and from
othor logs, many valuable data were obtained and tentative conclusions

have been drawn therecfrom.
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BResults of test drillins

Identification of rock units

The identification of the rock units is of prime importance in the
study of thc geology and ground-water resourccs of any areas This end
1s usually accomplished by a study of cxisting well logs and of rocks
that crop out in the area under consideration. Such a study leads to
conclusions as to what rock units are present, their extont, and whether
or not they will yield watoer to wells, In the absence of outcrops and
of detailed logs, test drilling is used to supplcment the cxisting sub-
surface data.

During the course of fhc test drilling, samvles wore collected at
H~foot intervals and at cvery recognizable change in formation. To insure
samples from each interval which were unmixed with cuttings from other
parts of thc hole, the mud was circulated in the hole for a period of
time after the drilling of cach H5-foot section. This circulation was
continucd until the holc was frce of drill cuttings, after which another
5-foot scction was drilled and a sample was teken. The poriods of cir-
culation without drilling were commonly much longer than the drilling
periods. Records wero also kcopt of the time nocossary‘to drill unit
distanccs, relative case or difficulty, of drilling, the amount of
bentonite added to the drilling fluid, and the amount of drilling fluid
lost into each pemmeable formation. In addition, a driller'!s log was
kept for each well, The cuttings subsequently were studied and analyzed,
and detailed logs are given on pages 133-.177« These logs show strati-
graphic correlations, or depths at which the various rack units were
' encountered, Using these correltations as guides, similar but tentative
correlations are made for all other available logs of wells in the area,

with verying degrees of certainty which was highest vhere test holes
e s



were closely spaced and lowest where tgsts were widely spaced or absent.
In order to show the subsurface conditions, the logs are presented
graphically in cross sections on figure 2.JﬁjThe lines along which the
gsections are drawn are indicated on figure 1. Obviously, the disposition
of the various rock units between wells is largely conjectural, particu-
larly the lenticular glaciofluvial deposits. However, tﬁe cross sections
indicate correctly the rock units present at each test hole,. their
thickness at that point, and their general extent and relation to one

another.
Extent of the principal aquifers

The principal aquifers are the larger bodies of glaciofluvial
depositse Virtually all industrial and municipal users of ground water
in the area derive their supply from this source. In all, six aquifers
have been differentiated, and for convenience of discussion they will be
referred to in order from east to west as follows{ (1) the Dilworth;

(2) the east Moorhead, (3) the west Moorhead, (U4) the Fargo, (5) the
West Fargo; and (6) the Maﬁla ridge aquifers, respectively. For the most
part the position of the east and west margins of these aquifers are
known only across the central part of the area, where thé data are beste
The northern and southern limits are not known, but it is presumed that
the aquifers are considerably elongated in those directions, and some

of them possibly may be tributary to one another within the area or
beyond., The areal extent of the thicker and more permeable parts of
each aquifer is shown on figure 1. In the cross sections (fig. 2), the

relation betveen the aquifers and the till is shown diagrammatically,

3? See 1. ge 108 for explanation of well numbering system.
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and their continuation as showm between wells a considerable distance
apart may be open to question.

One of the objectives of the test drilling was to determine the
degree of interconnection dbetween the Fargo and the West Fargo aquifers,
which are several miles apart, Cross section A'-A" and F-F!..F" show that
the two acuifers appro;ch each other fairly closély. Along U. S. Highvay
10 they approach each cother at the same level or horizon; whereas farther
north they approach each other at different horizons, In areas not
drilled they may actnally be joined. The two short sections, C-C! and
D-D', show the eastern limit of the Fargo acuifer in the northwest part
of Fargo. |

The degree of interconnection between the two aquifers underlying
Moorhead is not known from geologic data. One well drilled betiween the
twvo aquifers reporvasdly penetrated the Lake Agassiz deposits and the
underlying till without encountering any water-bearing material,

Cross section A'-A"™ shows that the two aquifars approach each other -~
closely and at the same horizon but through extremely thin beds which

may not actually connecte It is possible that they may be connected

some distance to the north or south of this section. That there must

be some connection is indicated by the low water level, about 80 feet
below the surface, encountered in the east Moorhead aquifer when the first
municipal well was drilled there, whereas early water levels in the same
area were only a few feet below the surfaces, The low level was presumably
the result of nearly 20 years of pumping from the West Moorhead aquifer.

The degree of interconnection between the West Moorhead aquifer and
the Fargo aquifer appears to be rather poor, COross section A'-A" shows

that the Fargo aquifer thins rapidly towards the east and is offset
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upward in the section, vhereas the Weét Moorhead aquifer thins westward
at a somewhat lover horizon. However, hydrologic data indicate that

. some interconnection exists, possibly south of the area for which test
hole and well data are available,

Thus, the four most highly developed aquifers, the two beneath
Moorhead and one each beneath Fargo and West Fargo, all seem to have
various degrees of interconnections, It is not known vwhether they are
in turn connected with the other two aquifers, near Mapleton and beneath

Dilworth, but interconnection is not precluded by the available data.
Relation of ridges to underlyving deposits

The origin of the three linear ridges mentioned on pages 10-1ll is
problemétical. Halllﬁjnnted the persistence of the Maple Ridge and
states that its origin is obscure, that it probably is not related to
the beach ridges, and that it may be related in some way to dappsition
from the Maple River, Leverettil!shows the feature as a "sandy ridge"
on a map, tut makes no mention of it in his report. The West Fargo
Ridge and the Fargo Ridge appear not to have been described elsevheres
A1l three are showm on figure 1.

The test drilling in 1946 on and adjacent to these ridges suggested
that they might indicate the presence of lenses of glaciofluvial
deposits in the til1l, for test holes 139-U9-leccc and 139-51-lcdd, drilled
respectively on the West Fargo and Maple Ridges, showed considerable
thicknesses of glaciofluvial deposits. Similarly, test holes drilled;

by the City of Fargo on the Fargo Ridge encountered glaciofluvial

HB.}.].' C. M.' and. Willard, D. E., O Citn' PP. 2‘-30
Leverett, Frank, op. cit., fig. 19.
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deposits. However, the question arose as to why, if the ridges were
indicators of deep aquifers, there are no ridges above the aquifers at
Moorhead and Dilvorth.

The test drilling in 1947 north along the West Fargo Ridge showed
conclusively that, in its northern extent, the ridge does not overlie
the 'lest Fargo aquifer, Also, test holes drilled on the Maple Ridge
near llanleton showed that the ridge does not e;erywhere overlie the
deep aquifer in that area. However, one common characteristic was -
observed in all the test holes drilled on the ridges. Beneath the usual
15 to 25 feet of the surficlal silt uqit of the Lake Agassiz deposits,
sand and gravel up to 25 feet thiéﬁ was always encountereds It is not
knovmn whether these coarse materials represent near—shore deposits formed
in an encroaching lake, in whose deeper waters the silt was subsequently
deposited, or if they mey be fluvial deposits formed during the inter-
lake periocds The fact that the sand and gravel usually extends down-
ward in%o the underlying clay unit of the Lake Agassiz deposits would
be more easily explained on the basis of a fluvial origine In either
case, the ridges appear to be in some way related to these devosits,
and to have no direct relation to the deeper glaicofluvial deposits.

Differential compaction of the underlying and adjacent deposits
may account for the formation of the ridges. Thus, if after the depo~
sition of the silt unit of the lLake Agassiz deposits the surf;ce of the
plain wvas essentislly featureless, the silt and gnderlying clay units of
the Lake Agassiz deposits subsequently may have compacted or settled
downward about 5 to 20 feet more than the coarse materials underlying
the ridgess In other yords, the silt and clay may have been considerably

compacted, whereas there may have been little or no compaction of the
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coarser materials underlying the ridges. For example, the Fargo Ridge
along crﬁss section A'-A" has a relief of about 6 feet, and approximately
35 feet of the clay unit of the lake Agassiz deposits lies beneath the
coarse sedimentse Under the surrounding plain the lake clay is about

70 feet thick, It follows that for every foot of compaction of the 35
feet of clay beneath the ridge there.must have been compaction of 2 feet
in the acjacent area, where the clay is twice as thicks In order to
attain the present-G-foot differential, an over-all compaction in the
full thickness of the clay amounting to 12 feet would have been necessary.
Twenhafelig/states that compaction of clays due to explusion of water
and consequent closer spacing of particles commonly exceeds 40 to 50
percent of the volume, Thus, a_compaction of only about 15 percont in
this case éppears to be quite reasonable,

The possibility that the ridges may be moraines or of mofainic
origin has been suggested, However, the general absence of ground-
moraine deposits above the clay unit of the Lake Agassiz deposits, as
well as the nature of the material comprising the ridges, appears to
exclude the possibil;ty thatlthe ridg;s are morainic. The absence of
ground-morains depositslbetween theisilt and clay unit also appear to
exclude a glaciofluvial origin for the coarse materisl beneath the
ridgess That the ridges may be a reflection of moraines in the till and
associated glaciofluvial deposits underlying the lake deposits appears
to be odviated by the absence of any unusual ridge or uneveness in the
upper surface of this unit as determined from the logs of the test holess
However, the suggestiocn that the ridges may be moraines or of morainic
origin should not be overlooked during futere investigation in the area.

i? Twenhofel, W. H,, Treatise on sedimentation, 24 ede, Williams and
Wilkins CGo., Baltimore, Maryland, pp. T4L-7U45, 1932,
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HYDROLOGY
~ GEFERAL DISCUSSION OF THE PROBLEM
An M"aquifer" is any rock formation that will yield water in

sufficient quarntity to be of importance as a source of supply;ﬁﬂrln the
area covered by this report, there are three distinct geologic horizons

where aquifers are encountereds Small ground-water supplies are
obtained from shallow aquifers in the silt unit of the lLake Agassiz
deposits includiné sand and gravel deposits at the base of the silt.
The most important aquifers occur in the underlying glaciofluvial
deposits of sand and gravel, In the westernmost part of the area
some wells probably obtain water from the Dakota . sandstone,

Some of the more important aquifers in the glaciofluvial deposits
have been developed for municipal and industrial supplies and have
vielded considerable quantities of water. The largest ground-water
developments in the area have been made by the bity of Moorhead and the
Fairmont Creamery Ce. in Moorhead, by the City of Fargo in the western
part of Fargo, and by the Union Stockyard Co. near West Fargo., Smaller
developments for municipal and industrial supplies have been made by
Dilworth, Socuthwest Fargo, the Great Lakes Pipe Line Co., and the
Moorhead Laundry. Results of test drilling indicate that the highly
permeable glaciofluvial deposits in vhich these develomments were made
may be quite limited areally and may be more or less separated‘from
one another. On the other hand, there is considerable hydrologic
evidence to indicate interconnection among the acuifers in such a
manner that pumping frocm one development will influence the water levels

L]
at the other developments; and therefore that one develonment may

39/ Meinzer, O. E., The occurrence of ground water in the United States:
U. Se Geol., Survey Water-Supply Paper 489, p. 52, 1923,
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receive and utilize water derived from the same sources which supoly
water for the other developments,

The quantitative determination of the safe parennial vield of an
aquifer, or of its probable useful life for a yield greater than the
safe perennial yield, requires a determination of the amount and nature
of the recharge to the aquifer, the amount and nature of the discharge
from the aquiferﬁu-by both natural and artifical processes, the amount
nf water contained in the aquifer by virtue of its storage capacity,
and the relative ease with which water may move within the aquifer.

Direct measurement of natural recharge and natural discharge
is often impractical if not impossible to obtain, and quite often the
relative importance of the various processes by which natural recharge
and natural discharge may occur is not apparent. These quantities,
therefore, must often be estimated or inferred insofar as is practical
from data on water levels, pumpage from wells, hydraulic gradients
within the aquifer, and the coefficients of transmissibility and storage
of the aguifers. These factors generally can be cbtained by direct
measurement, except for the coefficients of transmissibility and storage,
which generally are obtained through mathamaticdl analysis of data
from pumping tests. The coefficient of transmissibility is a measure
of the relative ease‘with which water can be transmitted within the
aquifer, and the coefficient of storage is a measure of the amount of
water contained in the aquifer which will be yielded to wells as the
water level is lowered. These coefficients are defined technically in
a later section,

In the following sections data on pumpage and water levels are

presented, and interpretations and applications of the data are given
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toward the solutioﬁ of problems concerning the safe yield and proper
development of the aquifers. Many of the calculations regarding
recharge and storage are based upon insufficient data and are not
rigorous mathematical estimates. It is believed, however, that the -
results are of the correct order of magnitude and that they are more

likely to be conservative than excessive.

DIVELOPMENT AND PRODUCTION OF GROUND WATER
General

The search for ground-water supplies for municipal and indus-
trial use in the area began in 1872 vhen the City of Fargo drilled a
test well in Island Park, Since thaé time many test holes and a
number of wells have been drilled by different agencies with varying
degrees of successs Municipal ground-water supplies have been develeoped
by Moorhead, Dilworth, Southwest Fargo, Casselton, and by Fargo;
industrial supplies have been developed by the Fairmont Creamery Co.,
Moorhead Laundry, Great lLakes Pine Line Co., the Unlon Stockyard Co.,
and the Northern Pacific Réilroad. 0f these, the Northern Pacific
Railroad and the Great Lakes Pipe Line Co. developed supplies since
1946, and no pumpage data are yet available. The City of Fargo developed
only one well, and it is used during the summer months to supplement
the principal supply, which is diverted from the Red River,

In the following sections, information on the development and
pumpage cf ground-water by each agency is given and, finally, an estimate
of total pumpage by all consumers is made. Since the early 1900's the
use of ground water has steadily increased and has led to local over-
davelopﬁsent of some of the existing supplies. In 1947 the total draft

in the area was about 880 million gallons, or a dally average of almost
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2- million gallons.

Municipal supplies

.City of Moorhead

It is reported by Mr. R. G. Price®/that from about 1878 to 1910
the city supply was furnished solely from the Red River by a large steam-—
driven centrifugal pump which was owned and operated by a flour mill.
Distribution was accomplished through a limited system of mains and was
augmented by tank wagons in outlying parts of town. The annual report
of the Moorhead City Water and Light Department for 1908.Hljone of the
earliest available, states as follows: "Source cf supply, gravity flow
from the Red River of the North, through 360 feet of lh—inch pipe,
having a drop of 4 feet to a well in the bottom of main pump pit 26
feet deep.”

In 1888, the City began a search for an adequate supply of ground
water by drilling a well (139-48-8baa) 1,901 feet deep near the corner

of Tth Street and Center Avenue,t2/ However, the yleld was insufficient

for a municipal supply and the well was abandoned, A few years later
a grain elevator company drilled a successful cupnly well near lst
Avenve orth and 12th Street, and for some time thereafter local resi-
dents hauled water from this source. On the strength of this well the
City, in 1906, drilled a test hole at the present so-called 12th Street
well field and encountered the west Hoorhead aquifer, 1In 1910 a 10-

inch supply weill (139-L8-5dddl) was drilled at this site and put into

40/ TFormer City Clerk and present City advisor of the City of
Moorhead, oral communication, Dec. 1947,

h}j Water and Light Dept., City of Moorhead, Minn,, Bookkeeper and
Collectors Annual Report, 1 sheet, Dec. 31, 1908,

l‘-_;?_/ H&ll, Ce Mq, and Willa.rd, D. Eo, 0P« Cit-. Pe 5.
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service, It is city well 1, and only recently was its use discontinued.
Two more 10-inch wells were drilled in 1913 and 1916, respectively.iiif

In 1912 a 6-inch well (139-U8-7daa) was drilled at the city power
plant near the ri;er in an attempt to obtain water for the boilers and
condensers. However, as the log indicates (p. 140}, only 4 feet of
water-bearing material was encountered and the yield was inadequate.

‘The 1921 and 1922 annual city reportsggépparently indicate that
the second and third 10-inch wells failed, because in each of these
Years a new 1l2-inch well was drilled. These are present city wells 2
and 3, and are 219 and 223 feet deep, respectively (wells 139-48-5ddd2
and 3). According to the anmual reports the yield of the three wells
was sufficiently large so that they vere operated on the average only
about 8 hours a day. However, because of declining water levels and
consequent declining ylelds from the wells, the City began a search
for additional ground-water suppliés about 1924, Test holes were drilled
near the nerthern, eastern and southern city limits in an attempt to
intercept the same aquifer or to discover new ones, but were largely
unéuccessful.

Finally, in 1927 a test Eole vas drilled about a mile east of the
12th Street field, and located the 224 Street well field in the east Moor-
head aquifer, A 20-inch supply well (city #ell 4, 139-48.-LUdecl) was
drilled to a depth of 242 feet on the site of the test hole and had an
original capacity of about 720,000 gpd. Several years later the City
drilled another large-diameter well (139-U8-Udccl) 150 feet east of

this well, but it encountered no water-bearing material and was abandoned.

T Woter and Light Dept., Oity of Moorhead, Minn.,
Bookkeeper and Collectors Anruel Report, 1913 and 1916,

LY Water and Light Dept., City of Moorhead, Minn,,
Bookkeeper and Collectors Annual Heport, 1921 and 1922,
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Again the City resorted to test drilling, and in 1930 was successful
in locating additional test wells in the aquifer tapped by well 4, 1In
the same'year'a 20-inch supply well was drilled 78 feet west of well 4
to a depth of 265 feet; and in 1932 another 20-inch supply well was
drilled to a depth of 28l feet about EOQ feet southwest of well Y,
These are, respectively, city wells 5 and 6 (139-48-ldcc2 and 3); each
originally had a capacity somevhat in excess of 1,000,0b0 gpd.

In succeeding years the deﬁand for water increased progressively,
vhereas the water levels declined and the yield of the wells decreased.
For example, by 1947 the average demand was about 1.2 million gallons
a day. The depth to water was about 190 feet in the 12th Street field
and about 185 feet in the 22d Street field. The pumping water level in
city well 1 vas at or vé&y near the bottom, and its use was discontinued.
The yield of well 4 had decreased so much that it, too, was left idle,
During the summer of 1947 it was necessary to ra%ion water throughout
the city, Thus, the city again had need for additional ground-water
supnlies, In 1946 the Geological Survey investigated the geology and
groudeWater resources of an area east of P}lwnrth. In connection with .
this study test holes vere drilled and a gravel aquifer about 5% miles
east of Meorhead was mapped.&ﬁf Pumping tests were then made on two test
wells drilled by the City, On the basis of the information thus obtained,
the City has drilled three supply‘wells in the aquifer, and plans to
pipe the water into towm.

Records of yearly water consumption by the City of Moorhead have
been maintaine@ since 1903, and are shown belows River water was used

in conjunction with well water from 1910 to 1918, but only in cases of

45/ Dennis, P. E., and Morgan, A. M., op. cit., pp. 1-3. )
Dennis, P. E., and Akin, P. D., op. cit., pp. 1-2 and fig. 1.
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emergency from 1916 to 1918. In 1918 the use of river water was dis-
continued in favor of well water, which required less treatment,

Yearly pumpage by the City of Moorhead, 190347
"Ti&cept as indicated, water supplied from wells

Year Punmpage Year Pumpage Year Pumpage
(gallons) (gallons) (gallons)
190 a96,777,000 1918 c68, 326,780 193 171, 853,000
190 a%0,166,000 1919 87,148,420 193 169,047,000
1905 a73,005,000 1920 91, 806, 355 1935 162,389,000
1906 ab100,000,000 1921 110,480,270 1936 212, 820, 000
1907 al2l, 000,000 1922 106,792,116 1937 204, 425, 000
1908 all2, 453,700 1923 94,488,991 1938 214,994,000
1909 al22, b5, 000 1924 100, 895,470 1939 249, 897,000
1910 c160,809,700 1925 108,030,161 1340 257,112,000
1911 c139,066.000 1926 112,234,524 1941 271, 846, 000
1912 cl51,329,600 1927 117,259,000 1942 28L,582,575
1913 cl56,002,300 1928 123'856'020 1943 296,679,450
191k cdo%4,547,150 1929 130,634,000 194k 285, 749, 745
1915 ¢81,307,350 1930 143,853,000 1945 336,169,326
1916 c79,282,250 1931 14k, 875,000 1946 ~ els0, 000,000
1917 c73,604,937 1932 177,898,000 194 e470, 000, 000
45 YEARS! TOTAL 7,500, 000,000
Total pumpage from wells, 191C-47 f 6,000,000,000

a. From Red River.

b. Internolated.

Ce River and well water used together.

de Decrease in pumpage due to power plant taking water
from river: city supply from wells during this period.

€, Estinated.

f. In part estimated.

There was an over-all increcase in yearly pumpage throughdut the
period of record except for the drop in 1914, when the power plant dis-
continued the use of city water. The pumpage from wells, which may
have been about 20 million gallons in 1910, has increased nearly 25—
fold, The total pumpage for the period 1910-47 by the City of Moorhead

is estimated to have been about 6 billion gallons, or enough water to

E? Data obtained from the City Water and Light Dept. reports, 1903-28,
and 1944-U45; for 1929-U43 from figures compiled by A. M. Morgan.
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cover an area of 1 square mile to a depth of nearly 29 faeé.

. fhe daily pumpage has always had a wide seasonal fluctuation. In
recent years the daily pumpage in winter has been less than 1 million
gallons, whereas the daily pumpage in summer has been as high as 3 mil-
lion gallons, which necessitates the continuous operation of the city

wells at full capacity.

City of Fargo

The City of Fargo derives its water supply almost entirely from
the Red River, tut uses ground water from ome well to meet peak summer
demands., It is probable that Fargo would have developed a ground-water
supply in preference to its surface-water supply if adequate ground
water had been available, inasmuch as development and operation costs
would have been less. The history of the water-supply problems has been
presented by Byers and Wenzelﬁly and pertinent sections of their report
are quoted as follows:

"In the earlicst days of Fargo the settlers obtained water chieflw
from shallow wells dug in the lake silt, As the population increased a
more satisfactory supply was needed and deeper wells were drilled,*¥**
The Lee Roberts well, near the corner of Eighth Avenue South and Seven-
teenth St,, was 475 feet deep, The water flowed from the drilled part
of the well into an underground reservoir from which it was pumped to
an elevated tank., A well, probably also ovned and operated by Lee Roberts
and known as the 01d City Well (139-49-12cac), was drilled about 1,000
feet west and 300 feet north, This well was 216 fcet deep and obtained
its water from sand and gravel from 147 feet to the bottom of the hole,
The Carl Miller well (139-U9-1Pachb), on Third Avenue South near Six-
teenth Street, found water in a sand at about 200 feet. A fourth well
in this general arca was the Oder well, at 203 Sixteenth Street South,
175 feet deep. These wells have long since been abandoned,¥***

"Water from the wells was hauled through the City in tank wagons
and was sold from door to door for drinkings Every home had eave troughs,
water barrels, cisterns, or a shallow well to supply water for other
domestic purposes,

MakkpAhout 1890 a pumping station and a system to distribution mains
were installed for fire protection, sprinkling, and sanitary uses. The
water was taken directly from the Red River, and as it was not treated

47/ 3Byers, A. C., et al., op. cit., pp. 2-5.
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in any way it contained large amounts of fine silt. This necessitated
frequent cleaning and flushing of the distribution mainsg,***

"By 1910 the city's population had risen to 14,331, and the increased
requirements led to the construction in 1912 of a rapid-sand filtration
plant on the bank of the river*x¥*¥, Thig plant¥***%x¥kygs operated by
stecam and used the lime-soda method of water softenings A dam was
constructed across the river above all sower outlets to provide a
reservoir,

"The flow of the Red River past Fargo, because of increasing use
upstream and bocause of deficient precipitation over the drainage basin,
has deminished in recent yoars, and at times there has been no flow past
Fargo. Onc such period lasted for 179 days. In such circumstances the
city has been forced to ration severely the use of water in order to
exist on the supply stored in the reservoir,

"The quality of the water is not always satisfactory and, in spite
of all treatmen%, the color, odor, and taste sometimes become odbjection-
able, particilarly during pericds when there is no tlow in the river.
This fact and the increasing demand in the face of a diminishing supply
have led the city to consider the possibility of using ground water as
a supplementary source, In 1935 nine test holes were drilled, of
which four werec dry, three encountered only fine sand, and two penetrated
permecable sand and gravel. A l6-inch gravcl-packed well (139-49-1lcbdz)
was developed at the best site as determined from the test holes.

This well is operated part-time in the summer during times of peak water
consumption, but its capacity is insufficient to offer any satisfactory
long-period alleviation of Ehrgo s water‘?rohlems.

Since 1935 no additional wells have been drilled. The city used
about 1.2 billion gallons of water in 1946, or an average of about 3.3
million gallons per day. In order to meet the average daily city
demand from wells alone, a well field would have had to produce an
average of about 2,300 gallons per minute contimuously, and the sum?er
deﬁand would have been much greaters o such ground-water supply appears
to be available in thc immediaste vicinity of Fargo. Consequently, the
City is now participating in the Bald Hill reservoir project on the
Sheyvenne River, in crder to stabilize the flow in the Red River during
drought periods and to assure an adequate supply.

The pumpage from.well 139-49_-1cbd2 since its completion in 1938
is given below, Years for which no pumpage is given were usually wet
years in which runoff in the Red River was adequate and thec well was

not operated.
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Yearly pumnage of ground weter by the City of Fargo, 1938-U7 4d

Year Punpage Year Pumpage Year Pumpage
(gallons) (gé;%ons) ~ (gallons)
; 1940 13,934,000 1944 0
1941 51,783,000 1545 0
1938 23,544,000 1942 8,842,000  19U46 9,284, 000
1939 18,166,000 1943 2,078,000 1947 13, 852, 000
Total 141,483,000

The maximum pumpaée of nearly 52 million gallons took place in
1941, but it was only a very small percentage of the total consumed.
Because the City uses river wator for the most part, variations in
ground-water use do not indicate the usual increasecd demand which
accompanics the growth of a community; rather, the variations indicate
the additional amount of water neoded to mcet the peak summer demands.
For thec 10-yecar period 1938-147, the total ground-water use of slightly
more than 140 million gallons is less than one-third the amount used by

Moorhead in a year.

City of Southwest Fargo
The city of Southwest Fargo, which is 4 miles west of Fargo and

on the south side of U, S. Highway 10, is largecly supplied with well
water by a private company operated by Mr. C. J. Ferch., In 1937 two
wells were drilled, and by 1938 a distribution system was installed
which served 74 establishments. By 1948 the service had been extended
to include 111 establishmonts, The wells derive water from the West
Farge acuifer, which is tapped also by the Union Stockyard Co. wells to
thc north, ‘

- BEstimates of yearly pumpage from the watcr-commany wells have
been made indirectly, there being no master meters on the well-discharge
pipes. A comparison of K'H records with incomplete consumer meter rccords

4 Data obtained from W, P. Tardell, Fargo City Engineer.




indicates that 1 KVH is consumed in pumping about 650 gallons of water.
Monthly records of KWH arc availabdle for the period 1942-47, and cstimates
have been made for those years, based on the above electrial-cnergy
factors TFor years prior to 1942, the yoarly estimates are based on the
number of establishments using water as compared to the average consump—
tion by cach consumer as determined for the years 1942-47, Estimates

for these carlier years are based on a constant domand per customer ——-

a proccdure wvhich in all probability is not very accurate.

" Estimated yearly pumpage, in millions of gallons, for
Southwest Fargo, 1937-47

Year Pumpage Year Pumpage Year Pumpage
1937 . 045 1941 1.4 1945 1.6
1938 T 1942 1.5 1946 2.1
1939 1.2 1943 1.2 1947 2.6
1940 1.3 1944 1.2

Total 150 T

In general, there has been an over-all increase in pumpage from
1937 through 1947, in which year the pumpagc was at a maximﬁm of 2.6
million gallons. ITot shown by the tablc is the fact that summer pump-
age is considerably greatef than winter pumpégo. Months of largest ‘
consumption arc usually July and August, and months of least pumpage
are usually February and March, In 1947 the lowest monthly consumption
was about 143,000 gallons, in March, and the highcst was about 350,000

gallons, in August.

City of Casselton
The City of Cassclton, which in 1947 had an estimated population

of 1,500, obtains its supply directly or indirectly from the Dakota
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sandstone. It is reported by Mr, ¥W. F, wéhowskeﬁﬂfthat the municipal
water system and one well were placed in operation in 1923. This well
flowed when first drilled, but with use the head dropped until by 1936
the level was 32 foet below the land surface and by 1948 it was 92 feet.-
The well field is on the east side of the city, and pressure is furnished
by a tall cylindrical water towe;.

In 1936 a sccond woll was drilled about 100 feet southwest of the
first, and it is still in use, Soon after the second well was placed
in scrvice the first well failed, and was recently capped. In kngust
1947 a third well was drilled about 150 foet west of the second well in
order to assure a supply in case of well failure or other emergency.
A11 “threc wells rcportedly tap the Dalota sandstone and arc about 317
feet deep.

Pumpage data for the city wells are scant.f In March 1947 a fife
destroyed the pump house in which werc kept nearly all the records of
the wells, However, the most recent meter-record book was not in the
pump housc at the time, and pumpage records for the period 19u3-L7 are
available, According to the rccords the pumpage was as follows, in
millions of gallons: 1943 ~ 7,3; 1OW4 — 7.2; 1945 - 7.3; 1946 - 8.6;
and 1947 - 6.5. The total for the S-year period was about 37 million
gallons, The docrease in pumpage in 1947 was due principally to pump
failure and to broken watcr mains., However, the per-capita consumption
appears to be quite low cven during years of normal use, being only
about 14 gpd per person as computed from the abovc figuros.

According @o the water superintondent the average winter demand

is about 45,000 gpd, and the average summer demand is about 60,000 gpd.

49/ Water superintendent, oral communication, Feb. 19u8,
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These data arc based on readings from master meters on the wells for
vhich no records are maintained. According to these figures the per-
capita usc ranges from 30 to 40 gpd, which is more ncarly in line with
usuel consumption rates, This rate of usc would indicate a yearly
pumpage of about 19 million gallons, which is nearly'j times the amount

computed from the consumor mcter hooks,

Village of Dilworth

The village of Dilworth is at the cast-central edge of the a:éa.

In 1947 the estimated population was 1,200. Mr. V. B. Ra&ﬁglkindly
furnished historical and pumpage data for thc community. In 1907 a
10-inch well was drilled to a depth of 154 feet, and tapped glacio-
fluvial deposits in the till, Residcnts either hailcd water from the
well or were scrved from it by tank wagons until 1926, In that year the
water tower and a system of mains werc installed and arc still in use.
In 1931 a second well, also l0-inches in diamecter, was drilled 19 fect
south of the first and te the samec denth. These two wells are near the
northeast corncr of the water tower and are housed in a building which
also scrves as a firehousece Vhen the first well was drilled in 1907

tho water levol was about 6 foot bolow the land surface; it is now about
120 feet.,

Pumpage data are available for years since 1926 in the form of
individual quarterly meter readings. In 1946, the latest year for which .
complcte data arc available, the pumpage, according to the meter recadings,
vas 8,1 million gallcns, The per-capita’ consumption aw“ihidicdted by the
meter readings.was only 1l8gpd. A4s.at Casseltbn, this figureseemsinduly

towWe
The water-plant superintendent reports that the total daily pumpage
ranges from 30}06b gailéns”du}lné the vinter tﬁ over'hb,OOO gallons

50/ Vater-plant superintendent, g{al communication, Feb, 1948,




during the summer, Thesc data arc estimated and based on the knovm
yields of the pumps, which arc about 50 gpm for well 1 and about 100 gpm
for well 2, and the average hours of operation each day. Unfortunately,
there are no master meters on the pump &ischafge lines, From these
cstimates of total daily pumpage, the average daily per-capita consump-
tion is computecd to be about 30 gpd, which is more nearly the normal
consumption in communities the size of Dilworth. . This rate would givG
& yearly pumpage of about 1} million gallons, cor about 1% times the
amount computecd from the meter-book records. Thus, it would appear that
the estimates of pumpage made by the watcr-plant superintendents of Soth

Cagsselton and Dilworth are morc necarly of the correct order of magnitude

than the totals derived from the consumer meter records,

Indusirial supplics -

Fairmont Creamery Company

The Fairmont Creamery Co. has ite largest plant in Moorhead at thq
corner of lst Avenue North ond 8th Street North. Mr. J. H. Doemsﬁl!of
this company kindly furnished the data rcgarding .the wclls which, until
recont vears, largely supplied their needss. The plant location was
contingont upon the development of an adequate water supply from wells
and when, in Avgust 1923, the first well (139-48-5cddl) pro&uced a little
more than 200 gpm, construction of the plant went.forward, and in tﬁe
spring of 1924 it was in operation.

As the creamery cxpanded nmore water was ncededs In 1928 well 2
{139-48-5¢dd2) was drilled and had a yield of about 200 gpm. Together,
wells 1 and 2 supilied the needs of the blant through 1931.

In 1932 and 1933 the company had scven test holes drilled in an

57 "Plant superintendent, oral commumicatiom, Dec. 1947,
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attempt to locate an additional supply, but none appearcd to indicate
sufficient water-bearing material even though they all were drilled
with;n 200 feet of wells 1 and 2, Nevertheless, in the absence of another
source of ground water, the company procceded to have a ;upply well
drilled on the sitc of the most favorable test hole. This became well 3
(139-48-5cdd3), which had a yield of about 200 gpm when completed.

Turing the war years more water was nceded than the wells alone
could furaish, and-éity water has been used in appreciable quantity to
supnlement the supply from wells since 19&2. As the yiclds of the wells
continue to decrecase, it is reasonable to assume that the creamery will
rely more and more heavily on the muniecipal supply.

Estimatos of pumpage for the period 1924-U7 arc based on the reported
yields of the wells and hours of speration. For the period 1924-L1, it
is estimated that the yearly pumpage averaged about 85 million gallons,
During the period of high production, 1942-U47, the yecarly pumpage ine
creased to about 100 million gallons. Thus, for thec entire period of
operation it is estimated that the Fairmont Creamery Co. wolls have

pumped. a total of about 2 billion gallons.

Moorhead Laundry

Tho Moorhead Laundry started using ground water when it was
established about 1906, and was.dcpendent solely on this source of supply
until reccnt years. The laundry is ncar the corner of 5th Street North
znd the Great orthern Railroad, and has two supplyr wells. The data
fégarding the wells and pumpage were obtained from Mr. Tritchler, former
owner and present manager,

In about 1906, a 3-inch well was drilled to a depth of 153 feet,

and the laundry building was then constructed over the well. The soecond




well, which is about 50 feet east of the building, was drilled after-
wards, It is Y4 inches in diameter and about 150 feet deep. The wells
originally supplied the needs of the laundry but, because of decreased
yields accompanied by lowering water levels, they have been pumped only
on Monday and Tuesday of each week since 1943, During the remaining days
city water is useds

Estimates of.yearly pumpage by the Moorhead Laundry for the period
1906-47, based on the reported daily pumpage, are as follows: for the
years 190637, from somewhat less than 3 million gallons a year in 1906
to nearly 4 million gallons in 1937; for the years 1938-42, from some--
what less than U million gallons a year to slightly more than 4 million
gallons a year in 1942; and for the years 1942-U47, during which time the
punps were operated only on Mondays and Tuesdays, about 2 million gallons
a years Total pumpage for the Y2-year period was roughly 125 millicn

gallons.

Union Stockyards Company

The Union Stockyards are near the community of West Fargo, and
wvater for stock and other purposes is supplied from wells, Accerding to
Mr. Roy Olson,ig/the company drilled several wells in 1935 and the present
water system was lnstalled and placed in operation in 1936. In 211,
three wells were drilled (139-49-6ab2, bac, and bad)., Of these wellg
fab2 is used principally, well fac is a stendby, and well 6ad has no
pump. All of the wells were drilled to depths of 230 to 240 feet and
tapoed the West Fargo aquifer. In 1945 the company drilled two test‘

holes (139-U49-6baa and 6bcc) near the north and western edges of the

52/ Manager, oral communication, Jan, 1948,
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property,‘respectively. to determine the extent of the West Fargo
aquifer and the adequacy of the supnly for additional development. Both
test holes shoved considerable thicknesses of glaciopfluvial deposits,
but as yet no additional supply wells have been drilled in the area.
Estimates of yearly pumpage for the Union Stockyards Co. well
have been made for the peridd 1936-47 and are based on the number of
gallons of water pumped per KWH of electriclty consumed., An efficiency
test run on the pumping plant indicated that 1 KWH would deliver about
1,500 gallons of water. From records of electricity consumed in

punping, the yearly estimates of pumpage were derived and are shown in

the following table:

Estimated yearly pumpage, in millions of gallons, for
the Union Stockyards Co., 1936-U47. :

Year Pumpage Year Pumpage Year Pumpage
1936 2640 1940 97.1 19 188,2
1937 Uly,5 1941 115.8 1945 2ug,8
1938 62.9 1942 161.6 1946 2271
1939 90,0 1943 193.6 1047 22043

Total 1,676.2

The yearly mumpage increased steadily from 1936 through 1945,
when it reached a maximum of nearly 250 million gallons. Since 1945
the-pumpage has decreased somewhat.s Variations in yearly pumpage are
due principally to variations in the number of cattle in transient
stprage at the stockyards, which in turn determines the amount of water
needed, Monthly records show that pumpage 1s greatest in the autumn and
early winter, as it is in these months that most cattle are brought to
market.

Domestic and stock supplies

Wells supplying domestic and stock water for farms and individual

needs in small communities were, of course, the first ground-water
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developments in the area. Most of the communities in the area have
largely replaced the need for individual wells by constructing water-
supply systems or community wells. Water:for domestic and stock use on
the farms, however, is still obtained from individual wells,

Individually, the farm wells produce only an insignificant amount
of ground water, but in the aggregate the production from these wells
is significante In the early days of the development of the Red River
Valley, when flowing wells could be obtained generally, many of the
vells were alloved to flow continuously and much water was wasted. How-
ever, in most of the area covered by this renort flowing wells no longer
can be obtained and waste from this cause is negligible. On the other
hand, the number of farm wells has increased considerably, so that the
production of water from the farm wells in the area as a whole probably
has not changed greatly. -

It is estimated from the latest Highway Planning Survey maps that
there are about 600 occupied farm units in the area. If it is assumed
that each unit will use on the average about 200 gallons of water a day
for all purposes, the total daily production from all farm wells in the
area would be 120,000 gallons., This production would amount te roughly
W4 million gallons a year and would total nearly 2 billion gallons over
the U2-year period 1906-47, inclusive, or approximately one-fifth as
high as the estimated numicipal and industrial gr@ugd-water production
from the area during the same period,

Most of the water for farm purposes is derived from aquifers in the
glaciofluvial deposits. Some water is obtained from shallow aquifers
in the silt unit of the Lake Agassiz deposits and, in the extreme
western part of the area, some supplies may come directly or indirectly _

from the Dakota sandstone, &




Estimates of total production

During the past 35 years large demands for ground water for
municipal and industrial purposes have been made upon the aquifers
underlying Moorhead, Fargo, and West Fargo. Inasmuch as pumpage estimates
for the municipal and industrial developments in these aquifers are
fairly good and complete, yearly estimates and accumulated yearly totals
for this pumpage are given below for reference and for use in following
sectionss Production from the Lee Roberts and 0ld Fargo City wells has
been 'neglected in compiling these estimates, inasmuch as the wells have
not been used for many years and no pumpage data for them are available.
The water hauled from these wells was reportedly used only. for drinking

purposes and the total production probably was not large.
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Estimated total yearly and accumulated pumpage in millions
of gallons for municipal and industrial use, from Moorhead,
Fargo, and West Fargo aquifers, 1906-U47.

Year Moorhead 1/ Fargo 2/ West Fargo 3/ Total
Yearly  Accumu— Yearly Accumu- Yearly  Accumu~ Yearly Accumu-
lated lated lated lated
1906 3 3 3 3
1907 3 6 5 6
1908 3 9 3 9
1909 3 12 3 12
1910 23 35 ' 23 35
1911 28 63 . 28 63
1912 28 91 28 - 91
1913 33 124 33 124
1914 43 167 _ 43 167
1915 63 230 63 230
1916 82 312 : - 82 312
1917 78 90 78 90
1918 71 1 71 61
1919 90 551 90 551
1920 95 6u46 : 95 6ub
1921 114 760 114 760
1922 110 870 : 110 870
1923 98 968 98 968
1924 154 1,122 154 1,122
1925 196 1,318 196 1,318
1926 200 1,518 200 1,518
1927 205 1,723 205 1,723
1928 211 1,934 211 1,934
1929 219 2,153 ; 219 2,153
1930 232 2,385 . 232 2,385
1931 233 2,618 233 2,618
1932 266 2,884 266 2,884
193 260 3,14k ' 260 3,144
193 257 3,401 257 3,401
1935 250 3,651 - | 250 3,651
1936 301 3,952 26 26 327 © 3,978
1937 292 4, 2Lk 46 72 338 4,316
1938 304 4,548 2l ol 64 136 392 4,708
1939 339 4,887 18 up 91 227 48 5,156
1940 346 5,233 14 56 98 325 u58 5,614

1941 361 5,594 52 108 117 k42 530 6,144
1942 389 5,983 9 117 163 605 561 6,705
1943 399 6,382 2 119 195 800 596 74301
1944 388 6,770 0 119 189 989 517 7,878

1945 438 7,208 0 119 250 1,239 688 8,566
1946 550 7,758 9 128 230 1,469 789 9+ 355
1947 570 8,328 14 142 223 1,692 807 10,162
Total 8,328 142 1,692 10,162

_1/ Includes pumpage by City of Moorhead, Fairmont Creamery Co,, and
Moorhead Laundry.

2/ Pumpage by City of Fargo.

3/ Includes pumpage by City of Southwest Fargo and Union Stockyards Co.
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More than 10 billion gallons of water has been pumped from the
glaciofluvial depos;ts underlying Moorhead, Fargo, and West Fargo for
municipal and industrial purposes alone since 1905, About 82 percent of
the total has been produced from the aquifers underlying Moorhead and
about 17 percent has been produced from the West Fargo aquifer, Only
a little over 1 percent_of the total has been taken from the Fargo
aquifer.

A rough estimate of the pumpage by tha'village of Dilworth since
1910 can be obtained dy using the growth in pomulation in conjunction with
the estimated daily per-capita consumption of 30 gpd. The population
according to the U, S. Census Bureau vas 882 in 1920, 9€3 in 1930, and
1,068 in 1940, For 1910 and 1947 it is estimated to have been 70O and
1,200, respectively. From these data the total pummnage by Dilworth
during the period 1907-U47 would be roughly 400 million gallons. On a
similar basis, pumpage by Casselton prohﬁbly has amounted to somevhat more
than 300 million gallons during the period 1923-L7,

The rural domestic and stock use during the period 1906—&7 has
been estimated at about 2 billion gallons. Thus, for the entire area
the total estimated ground-vater pumpage for the period 1906-47 is the
sum of the estimated municipal, industrial, and rural pumpage and amounts
to roughly 13 billion gallons. Aside from a small amount of water pro-
.duced from the Dakota sanistone in the extreme western part of the area
and an insignificant amount produced from thé 8ilt of the Lake Agassiz
deposits, this water has been produced from the glaciofluvial deposits,
principally in the Moorhead and Vest Fargo areas.

Since the develonment of municipal and industrial supplies,

ground-water withdravals have been made in ever-increasing yearly amounts,
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and in 1947 the total pumpage was of the order of 880 million gallons,
or an average of nearly 2% million gallons a day.

At the current rate of withdrawal, it would require only about 15
years to pump the amount of water that has been used during the past U2
" years, There is reason to believe that the yearly demands en ground
water in the area generally will continue to increase as the population
grows and industrial activities expand. For example, the Great lakes
Pipe Line Co. began withdrawals from a new well in 1947, and the Northern
Pacific Railroad recently completed a well near the western city limits
of Fargo which will be placed in operation sometime in 1948, On the
other hand, the City of Moorhaad‘is developing a nev ground-water supply
in a shallow gravel aquifer located east of the area covered by this
report, and Fargo 1s participating in the Bald Hill reservoir project to
assure an adequate surface-water sunply. This will probably cause a
reduction in the rate of ground-water production forlmunicipal purposes
from the Fargo-Moorhead area, but new industrial developments probably
will be made at favorable locations and thus wili offset the reduction

in municinal production from this érea.

WATER-LEVEL CMANGES A'™D FLUCTUATIONS
General

Water-level changes in an aquifer are the results of (1) changes
in the natural forces acting unon the aquifer and its contained water,
and (2) changes in the amount of water stored in the aquifer.

Ixamples of variable forces vhich cause water-level fluctuations
in wells iﬁ'this arca are barometric pressure, water loads in the Red River,
train loads, and water loads from precipitation. Water-level fluctuations

resulting from these forces do not indicate changes in the amount of
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water in storage in the aquifer; rather, they indicate pressure changes
due to variable external loading.

Changes in storage in the aquifer result from variations in the
rate of, recharge to the aquifer or from changes in the rate of discharge
from the aquifer by either natural or artificial means. Drawdowns in
the aguifer causéd by pumping wells indicate changes in the amount of water
contained in the aquifer in the areas where the drawdowns occur. Because
certain water-level changes indicate changes in the amount of water in
- storage, water~level fluctuations over a mmber of seasons may indicate
whether thé-aquifer is overdeveloped or underdeveloped, as the case may
bes Finally, indiqations as to the amount of recharge reaching the
aquifer and the source of the recharge may be cbbtalned by a study of the
water-level fluctuations in conjunction with data on pumpage, precipita-
tion, stream flow, and other pertinent factors.

Water-level changes and fluctﬁations in aquifers in this area are -~
described in the following sections and discussions are given of their
probable cauées and relation to the hydrologic problems. Bedause
considerable data are available for the Moorhead, Fargo, anﬂIWést Fargo
aquifers in the glaciofluvial deposits, they are discussed in detail.
Data for wells tapping aquifers in the glacipfluvial deposits at some
distance from the areas of heavy pumping and for wells tapping the
shallow water body in the silt unit of the Lake Agassiz deposits are

less complete and are treated briefly.

Water-level changes in the principal aquifers
Figure 3 shows graphically the following data for the years 1940-U46,
inclusives (1) The daily precipitation at the Hector airport at Fargo;
(2) the stage of the Red River of the North at Fargoe; (3) the estimated

pumnage from the Moorhead City wells; (4) pumpage from the Fargo
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municipal well; (5) hydrographs of wells 139-48.6ccd, Tacb, 18aba, and
139-49-1ced? in Fargo; and (6) the hydrograph of well 139-U49-6ad at the
Union Stockyards near West Fargo.

The daily nrecipitation at the Fargoe airport was obtained from
records of the U, S. Weather Bureau. The stage of the Red River is plotted
from daily gage height recadings furnished by the Surface Water Branch
of the U. S. Gﬁologicai Survey. Daily pumpage from the Moorhead City
wells was obtained from meter readings for part of the period and by
estimating the daily pumpage from recérds of mimping time for the period
vhen meter readings were not available. Records of daily production
from the Fargo municipal well were obtained from the Fargo Waterworke
Department. The water levels plotted are lowest daily levels obtained
from water-stage recorder charts and published in U. S. Geological Survey
Water-Supply Papers 908, 938, 96, 988, and 1,108 for the years 1940-Ul,
inclusive, Records for 1945 and 1946 have not yet been published. Detailed
water-level records are also available for wells 139-U49-1cbdl and lcbd?2
in Fargo but are not presented in this revnort.

Paily water-level fluctuations in the obserwation wells are caused
by barometric-~pressure changes, passing trains, changes in water loads
in the Red River, compression of the earth materials from water loading
in the area during periods of heavy rainfall, and by punping and possibly
by recharge to the aquifers, Only the pumping effects and possible
recharge effetts are significant with respect to changes in ground-water
storage in the area. The fluctuations not related to changes in storage
are discussed briefly below so that thev may be discounted in the later

discussion of the more signiflcant changes.

Jluctuations not related to changes in storage

Water levels in all¢of the observation wells respond to changes in
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barometric pressure, except possibly in well 139-48-6cdd where such
fluctuations are very small or absent, On the small scale of figure 3,
the barometric fluctations appear aslsmall daily variations, as only,
the lowest dnily water levels are shown,

The water level in well 139-H9-1ccd2 reacts sharply to the passing
of trains along the Northern Pacific railroad immediately south of the
well. These fluctuations have been removed from the hydrograph to aveid
confusion. The effect is local and observation wells located some distance
from the railroads do not show similar fluctuations,

The water levels in wells 139-U8-.Tacb and l8aba are affected by
compression of the till and glaciofluvial deposits due to the additional
welght of waters in the Red River channel when the river is in flood '
stage. These effects are of considerable magnitude and are readily
correlated with the stage of the river (fig. 3). The most notaﬁle
fluctuations occurred in the springs of 1943 and 1945. Similar effects
of lesser degree are readily discernible throughout the entire period
of record, Fluctuations of this type have not been observed in the other
observatioa wells, which are farther from the river.

Occasional distinct rises in water levei occur as g result of heavy
or sustained ;ains in the area. The most notable example of a rise of
this type occurred as a result of the heavy rainfall of August 8, 1943,
when about 4.7 inches of rain fell in the Fargo area in one afternoon.
The water levels in wells 139-U8-6ccd, 6cdd, Tach, 18aba, and 139-U9-lccd2
rose sharply 0.20 %o 0,40 foot at the various wells, and this rise was
sustained for a period of several weekss, The possibility that this rise
regulted from recharge to the a.qu_ifer is discounted by the immediate rise
of water-levels following the rain and by the absence of a period of

continually rising levels subsequent to the rain. From a geelogic stand-
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point, too, it appears unlikely that recharge could be so readily trans-
mitted to the aquifer as a result of rainfall iﬁ the immediéte vicinity
of Fargo, inasmuch as the aquifer is 6ver1a1n by approximately 80 feet
of comparatively impermeable lake clay. .

There is no possibility that the rises in wells 139-U8-6ced, 6bedd,
and 139-U49..1ccd? were caused by compression of the aquifer due to a rising
stage of the Red River, because there was only a comparatively small rise
in the stage of the river as a result of the rain and the wells are too
far from the river to show appreciable fluctuations with changes in river
stage. On the other hand, a part of the rises at wells 139-4&-Tacb and
18aba can be attributed to the rise in the river stage.

The most plausible explanation of the rise appears to be that it
was due to compression of the aquifer and adjacent materials from the weight
of the rain water itself. The depth of rain water was insignificant as
compared to the changes in stage of the river during major floods, but
its weight would pe distributed over a large area, whereas the weight of
- the flood waters is concentrated in a relaxivély narrew channel. Also,
there appears to have been only a small amount of surface runoff from the
rain, because the stage of the river increased only a compgratively small
amount. A considerable part of the water that fell collected in shallow
depressions or was absorbed by the soil of the area. Much of the water
doudbtless percolated downward to the shallow water table in the silts of
the Lake Agassiz deposits vhere it largely escaped removal through
evaporatién and transpiration and remained for a long period following
the rain. This would account for the long period that'the rise in the
vater levels was sustained.

Ancther example of fluctuations of this type occurred as a result
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of rains during the last part of April 1942, Other examples probably
are present but are not evident because they are masked by fluctuations

due to other causes.

Water levels prior to municipal and industrial
development of ground water

From the early records of wells given by Uphamﬁﬁfand by Hall and
Willard.QHJﬁt appears quite »nrobable that at one time flowing wells
could be obitained at almost any point in the area, ngelopment of farm
and domestic wells probably had lowered the artesian head considerably
by 1885, when Upham visited the area, so that many wells did not flow at
that time, though the watqr levels were, for the most part, at or very
near the land surface, He 1ists_several flowing wells in Moorhead and
several wells in Fargo in which the water level was & to 10 feet below
land surface. In 1900, when Hall visited the area, flowing wells could
be obtained generally near Casselton and in small areas south of Harwood,
Yorth Dakota, and Kragnes, Minnesota. Vater levels ranging dowm to 1h4
feet below land surface in Moorhead and from near land surface to 1% feet
below land surface in Fargo were reported. Near West Fargo, water levels
vere reported as about 6 feet below land surface., ZXast of the area,
flowing vells were common in a large region east of the South Branch of
the Buffalo River.

It is reported that when the first Moorhead supply well was drilled
in 1910, the static water level was approximately S feet below land surface,
Similarly, thg vater level in the first Dilworth well, which was drilled
in 1907, also is reported to have been about 6 feet below land surface.
These figures, together with the data reported by Upham and by Hall and

53 Upham, Warren, op. cit., pp. 555 and 567.
54/ Hall, C. M., and Willard, D. E., op. cit., pp. 4=7.
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Willard, indicate that there had been no great lowering of the waér
levels in the area during the period 1885-1910. During this interval
ground-water developments consisted chiefly of widely spaced wells
Yielding small supplies for domestic and farm purposes. No developments
for muncipal or industrial purposes had as yet been made, aside, possibly,
from the Leec Roberts or 0ld Fargo City wells.
The supply well at the Union Stockyar&s was drilled in 1975 and
was put into use in 1936, The water level at the time of construction
is not knowmn., As reported by Hall and Willard,ﬁﬁjhowever, the water level
in the area was about 6 feet below land surface in 19€0. It is probable
that the watqr level in the area was lower than this by 1936, owing to
withdrawals from the old Armour and Company well, which supplied a part of
the water to West Fargo and the packing plant in early years. It is also
probable that some lowering had occurred as a result of large withdrawals
from the Moorhead afea. ‘When the State-wide program of water-level
measurements was begun in 1937, well 139-U9-6ad, which is approximately
100 feet east of the supply well, was selected as an observation well and
a water..level recorder was subsequently installed on the well, When first
measured in December 1937, the water level in this well was 25.62 feet
below land surface.
Water~level changes accompanyiﬁg development of
municipal and industrial supplies
General
The development of ground water for municipal and industrial purposes
has been accompanied by a lowering of water levels and artesian pressures
over the entire area covered by this report and in adjacent areas. As

would be expected, the greatest amount of lowering has occurred in the areas

55/ Op. Cito, P -{o
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of heaviest Gevelopment. Considerable water-level data are available
to show the manner in vhich the lowering has gccurred in the Moorhead,
Fargo, and West Fargo areas and these are presented in the following sec-
tions. In 1940 and 1941, Byers and Wenzel canvassed wells in the eastern
half of the area and measured water levels in many of them. Water levels
in wells in the western half of the area were obtained during the present
investigation in 19L6,

The water-level data are not sufficiently complete during any
one brief period to allow construction of accurate water level maps; but
they do indicate in general the amount of lowering that has occurred in
the arca. In a conslderable arca in and between Moorhead and Dilworth, the
water levels are now from 100 to 195 feet below the land surfaces In 1947,
the water levels in the vicinity of the Fargo City well were more than
40 feet below land surface during the highest stage of the year, and at
the Union Stockyards Co. well, near West Fargo, the 1947 high water level
wvas more than 57 feef below land surface., Water-level measurements in
1940 and 1941 indicate an area of about 80 square miles surrounding these
points of large ground-water use in vhich the water level is more than
30 feet below land surface and an area of about 140 square miles in which
the water level is more than 20 feet below land surface, Water-level
measurements in 1946 in the western part of the area near Casselton
indicate that present water levels are generally below land surface and
that flowing wells can no longer be cbtained generally in this area. To
the east of the' area of this report, wells have ceased to flow in a strip
from 2 to 5 miles wide which sunported flowing wells in Hall's time.

It has been stated that there was no great lowering of water levels

in the area during the 25-year prior to 1910, when the first major groundé
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water development was undertaken in Moorheads It has been indicated also
that the production from stock and domestic wells probably has not increased
significantly since the early days. Therefore, it is prodable that
practically all the lowering of the water levels in the area since about
1910 has been caused by removal of water from ground-water storage %hrough

pumping of the municipal and industrial wells in the area.

Moorhead area

Reported water levels at the Moorhead well fields for the period
1910-47 are given in the following tables, These water levels were
obtained from the report dy Byers and Wenzclﬁﬁgnd from the Moorhead City
Water and Light Dept. The methods used iﬁ measuring these water levels are
not known, and in most cascs the exact date of measurements or the
particular well measurcd are not known.

Reported water levels at Moorhead 12th Strect

well ficld
(Feet below land surface)

1910 6 Apr. 30 19ho 170 July 31 19&1 187 Octs .31 19&2 180

1913 40 May 31 172 Aug. 31 186 Nove 30 181
1915 Lo June 31 " 172 Scpt.30 " 181 Dec. 31 " 179
1916 50-51 July 31 " 172 Oct. 31 " 181 Jan. 31 1943 189
1917-18 44 Aug, 31 " 181 Nov. 30 " 179 Feb. 28 " 189
1919 60 Sept.30 " 181 Dec. 31 M 179 Mar. 31 " 188
1920 85 Oct, 31 ® 163 Jan. 31 1942 180 Apr. 30 " 176
1921 60 Nov, 30 " 180 TFeb, 28 " 179 May 31 " 178
1923 g3 Dece 31 " 180 Mar., 31 " 179 June 30 " 178
1924 110 Jan, 31 1941 180 Apr, 30 " 179 July 31 " 178
"

1930 110-120 Feb. 28 " 180 May 31

o 179 Aug, 31 " 178
Jan, 1 19u0 172 Mar. 31 " 180 June 30

" 179 Sept.30 " 178
Jan, 31 172 Apr, 30 180 July 31 " 180 Oct. 31 " 178
Feb, 29 " 170 May 31 " 179 Aug. 31 " 180 Jan. 31 19ul 178
Mar, 31 " 169 June 30 " 181 Sept.30 " 181 Dec. 31 1947 195

56/ Byers, A. C., and others, op. cit., pp. 1415,
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Reported-watcr levels at Moorhecad 22nd Strecet
well ficld
(Feet below land surface)

Jan,
Jan.
Feb.
Mﬂr.
Apr,
May

June
July
Aug.
Sept
Oct,
Yov,

1927 80 Dsc..31 1940 151 Heve, 30 1041 140 Feb, 28 1943 134
1 n

1930 102 Jan. 31 1941 152 Dec. 31 140 Mar., 31 134

1932 115 Feb, 23 " 156 Jan, 31 1942 140 Apr. 30 " 134
1 1940 150 Mar, 31 " 139 Feb, 28 142 May 31 0" 13k
310 155 Apr. 10 138 Mar, 31 " 142 June 30 " 134
28 M 148 Apr., 15 136 Apr. 30 " 14 July 31 " 140
3L 0" 148 Apr. 20 " 135 May 31 " 144 Aug. 31 " 134
30 " 148 Apr. 30 " 139 June 30 " 150 Septs30 " 134
31" 148 May 1 135 July 31 " 152 Oct, 31 " 134
30 " 153 May 31 " 135 Aug. 31 " 152 Nov. 30 " 134
310" 155 June 30 " 135 Septe30 " 154 Dec. 31 " 134
3" 153 July 31 " 136  Oct. 31 M 134 Jan., 31 1944 134
.30 M 153 Aug. 31 " 138  Nov, 30 " 134 Feb, 29 " 134
31 153 Septe30 " 138 Doc. 31 M 134 Dec. 31 1946 181
30 154 Oct. 31 140 Jan., 31 1943 134 Dec. 1947 184

Fairmont Creamery Cec, wellsg.—~ When the first of the Fairmont

Creamery Co. wells was drilled in 1923, the water level is reported to
have been about 80 feet below the land surface. A second well Was drilled
by the commany in 1928, and the original water level in_this well is
reported o have been about 120 feet. A third well was drilled in 1933,
and the water level was 155 feet below land surface. In 1947 the "static
water levels in these wells were reported as 194 feet at well 1 and 196
feet at wells 2 and 3. These and other water-level measurements which
vere made occasionally in the wells are summarized below: -
Reported water levels in Fairment Creamery wells,

Moorhead, liinnescta
(Feet below land surface)

Year Well 1 Well 2 Well 3
1923 g0

1928 120 120

1933 155
1934 159

1335 162

1336 171

1937 161

1945 . 187

1947 194 . 196 196




The three Fairmont Creamery Co. wells are situated within one city
block in Moorhead and are within 100 to 150 feet of each other, and the
water level in any one well is probadbly aprroximately representative of

those in the others,

Moorhead Laundry wells.—— It is believed that the water levels

in the Moorhead Laundry wells were close to the land surface in 1906, but:
by 1930 they vere about 100 feet belov land surface. As the water levels
declined, the pump cylinders had to be lovered periodically until by

1943 they were placed within 2 feet of fhe bottom of the wells, 1In
recent years the water levels have been aﬁout 145 fect below land surface

'and the pumps have been bresking suction.

Interconneotion of aquifers.-—- Direct evidence of a hydrologi

interconnection of tho sauifers in the Moorhead area is to be found in the
fact that water levels vere lowered at the sites of the newer developments
before those deveclopments oecurred. Thus the water level in the west
Moorhead aquifer was about 6 feet below land surface in 1910, when the
first city supply well was drilled; and in 1923, when the first Fairmont
_Creamery Co. well was drilled in the same aquifer, the nonpumping water
levo% a3 about 60 feet below land surface. Similarly, wvhen the first we;]
was completed in the east Moorhead aguifer in 1927, the nonpumping water
level there was about 80 feet below land surface. The low water levels in
the Fairmont Greaﬁéry Co, wells and in the east Moorhecad aquifer can be
explained only as a result of ground-water withdrawal in the area. Inas-
much as the only large ground-water developments in the area prior to the
develonment of the Fairmont Creamery Co. welis was the city wells in the
west Moorhead aquifer, it is evident that the low water level in the cron-
mory well field before pumping began was due to removal of water from star

age by the pumning of the city wells. Likewise, the original low water
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levels in the east Moorhead aquifer before pumping began was due to with-
dravals from the west Moorhead aquifer by the City and Fairmont Creamery
Co. wells.

Relation betveen ground-water production
and lowerins of water levels.~- Figure !t is a plot of the

reported water levels in the Moorhead City wells, the Falrmont Creamery
Co. wells, and the Moorhead Laundry wells against the estimated accumulated
ground-vater production from these wells during the period from 1910 to
1947, The significance of ghis graph results from the fact that there
has never been a matcrial decréase in production since pumping began.
Vith a constant rate of yproduction, or with production rates iﬂcreasing
only a small amount from onc ye;r to another, the lowering of water levels
should dbecomec about proportiomal to the ground-water production if the
water vers beiﬂg taken from storage in a small area receiving no water
laterally from across its boundaries and no direct recharge of signifi-.
cance. This relationship would, of course, be affected by decreasing
the mumping rate at any particular well field, and at the same time
increasing the production at another location. However, in recent years,
excent during 1944, production has increased at both of the city well
fields and at the Fairmont Creamery Co, field. The present rate of
lowering of the water levels amounts to atout 5 or 6 fect for every
billion-gallons of water produced, but the graph indicates that a true
proportional relationshin between the lowering of the water levels and
the ground-water production has not been rcached. This indicates that
pumping effects have not yet become stabllized over the entire area

from which the ground water is derived; and it suggeosts either that there

is a relatively large area over which water is derivod from storage, or
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that increasing amounts of recharge may be reaching the area as the -

water levels are lowered.

Fargo area
In 1937 the U, S. Geological Survey, in cooperation with the
Torth Dakota Geological Survey, began a State-wide program sf water-
level measur;ments in wells, As a part of this program water-level ob-
serv%tions were begun in four wells in the Fargo area (139-48-18aba, 139-
49-1chal, lchd2; ‘ahd-1c6d2 b In 1940 8 number of other wells in the area |
were added to the program in connection with the investigation of the
ground-water resources of the Fargo area. Five of the wells (139-48-
6ced, 6becdd, 7acd, 18aba, and 139-119-1ccd2) were equipped with water-
level recordors_in 19&0 and about 8 years of nearly continuous record
are available for these wells, Water }evels were measured in other wells
in the srea at approximately weekly intervals during the latter part of
1940, during 1941, and in January 1942, 1ell 139—H9-1cbd2'1s the
Fargo city supply well. It was drilled in 1936 but was not pumped
until 1938, except for a test period of about a week in December 1937. .,
Comparative wvater levels in the above wells for 1937, 1g41, and

1946 are tabulated belows:

-T2 o




Water levels in observation wells iﬁ Fargo
(Feet belovw land surface)

Observation Date of ﬁepth to Water-level elevation
well measurement water . (feet above sea level)

139-48-6ccd May 31, 1941 28.72 877.41

May 31. 1946 31,35 874,78
130.-48-6cdd May 31, 194l 29,13 875.94

May 31, 1946 31.55 873452
139-4g-7ach May 31, 1941 3732 864, 0L

May 31, 1946 40,33 861.03
139-L48-18aba Dec. 23, 1937 29.66 875.29

May 31, 1941 2.52 872.34

May 31, 1946 34,13 8704 TH
139-49-1cbdl Dec. 18, 1937 21.31
139-1'9.1cbd2  Oct. 2, 1837 21.00
139-49-1ccd®  Dec. 18, 1937 27,66 881,83

May 31, 1941 31,06 87413

May 31, 1946 39,82 865.67

The 1937 measurements indicate the depth to water in the aquifer
gén;;th Farge before the city supply well was pumped to any considerabdle
-extent., Assuming that the water levels in the area of these wells
were about the same as in Moorhead in 1910 when the first Moorhead city
supply well was drilled-- that is, about ? feet below land surface, it
is indicated that there had been a lowering of water levels of the order
of 16 to 23 feet in the Fargo area between 1910 and 1937 and before
any major pumping from the Fargo city well had occurred. From the
water-level elevation, it is seen that the water level at well 139-48-
1Babs was approximately 6 feet lower then that at well 139-L9-lccd2
in December 1937, indicating a hydraunlic gradient to the east or south-
east. From December 1937 to May 1941 the water level lowered 7.40 feet

at well lccd2 but only 2,46 feet at well 18aba; pumping from the nearby
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Fargo city well accounted for the greater lowering at lcecd2. The
difference in water-level elevation between these two wells was consider-
ably less in May 1941 than in December 1937, though the level was still
2.09 feet lower at well 18aba., However, by 1946 the water—lével

elevation was lower in leccd2 than in 18aba, reversing the hydraulic

gradient between these two wells.

Interconnection between Fargo and Moorhead aquifers.—-—

) The comﬁérative elevations of the water levels in the observation wells
in Fargo in 1937, before pumping of any magnitude had occurred from
either the Fargo or the West Fargo aquifer, is good evidence of hydrologic
interconnection between the Moorhead and Fargo aquifers. The water
levels at the obsérvation wells in Fargo apparently had declined 16 to
23 feet in the area during the period 1910-37. Inasmuch as the Moor-
head developments were the only ones of magnitude in the area dvring
this period, at least the major part of the lowering is ascribed to a
decrease in storage in the aquifer in the Fargo area caused by pﬁmping
from the Moorhead aquifers. The existence of a hydraulic gradient from
well 139-49-1ccd2 to wells 139-48-18aba and 139-48-Tacd and thencé to
the Moorhead weli fields, as evidenced by both the 1937 and 1941 water
levels, is further proof of the interconnection between these aquifers,
By 1941 the effects of pumping the Fargo and Union Stockyards
wells decreased the gradient between wells 139-UQ-lccd? and 139-L48-18aba,
and- by Mey 1946 a reversal of the hydraulic gradient between the two
wells hac developed, The water level at well 139-48-7acb, however, was
still lower than at any of the other observation wells in Fargo,
indieating that the' hydranlic gradient toward the Moorhead well fields

still existed in this area,.
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Relation between water-level fluctuations
and recharge.~ The relatively small seasonal draw-

down and yearly lowering of water levels in the obéervation wells duriﬁg
1942, 1943, and 1944 suggests the possibility of significant seasonal
recharze during these years. The annual precipitation at Fargo was
consideradly above average in 194l but was about average in 1942 and
1943, On the other hand, the pumpage from the Fargo city well was
considernbly less during 1342 and 1943 than in the precésding 4 years,
and there was no pumpage frem this well during 1944, The seasonal
increase in pumpage from the Moorhead City wells during the summers

of 1942 and 1943 was somewhat less than in previous years, although

the total pumpage du:ing both years was greater than for prior years.

In 1944 the total pumpage from the Moorhead wells was less than in 1943,
and the semsonal pumpage variation was considerably less. It is prob-
able, therefore, that the seasonal water-level fluctuaticns do not
represent significant amounts of recharge as suggested abocve, but rather
represent water-level adjustments in the aquifer due to variations in
pumping during these years,

Relation between ground-water nroduction and
lowering of water levels.~—~ The seasonal fluctua-

tions at wells 139-lg-7ach and 18aba can be correlated 'with the pumping
gchedules of the Fargo and Moorhead wells (fig. 3)s The nature of the
fluctuatioﬁs leads to the conclusion that the water level at well
139-48-18aba is more strongly affected by the Fargo pumping than is the
water level at well 139-1'8-7acbh, though the latter well is nearer the
Fargo well. On the other hand, the magnitude of the fluctuations during
seasons when the Fargo well is not pumped suggests that the water level '

at 139-U49-Tach is more strongly affected by pumping from the Moorhead
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area than is the water level at well 139-4&-18aba.

For example, in 1940, tﬁe water level at well 139-48-18aba began
to decline noticeably before pumping of the Fargo well began in July.
The water level continued to decline until after the Fargo pumping was
stopped in September, whereas in well 139-UB8-Tacd the water level rose
somevhat about the middle of August and subsequently followed a pattern
roughly parallel to the pumping at Moorhead. Also, in 1941, when the
seasonal pumping from the Fargo vell was the heaviest for any season
during the entire period of record, there was a general decline in the
water level in well 139-48-18aba, closely related to the pumping period
of the Fargo well, whereas the decline of the water level in well
139-1g~Tacd was interrupted about the middle of August, or about 45 days
vefore pumping at the Fargo well was stoppede During this period also
the pattern of the water-level fluctuations at well 139-U8-Tacb can be
roughly correlated with the pumping regimen of the Moorhead city wells.

There is little direct evidence in the seasonal fluctuations to
indicate that the water level at well 139-U&-Tacdb is affected by the
Fargo pumping. However, a part of the seasonal fluctuations at well
130-Lg-18aba are due to the pumping in the Moorhead area, Because the
Moorhead pumning affects the water levels seasonally at both wells and
because pﬁmping effects from the Fargo welil are apparent at well
139-L48-18aba, the water level at we11.139—H8~Tacb must also be affected
by pumping the Fargo well.

Fluctuations at well 139-49-lccd? during the latter parts of 1943,
194k, and 1945 and the first part of 194G lsad to the conclusion that
the water level in this well is affected by pumping frdm the Union
Stockyards wells The general trend of the water level during this period

can be correlated with the general trend of the water levels in the
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stockyards well during the same meriod. The same general trend of

the water levels is found in wells 139-U48-6ccd and 6cdd, but the fluctua-
tions are much smaller in magnitude and the rate of lowering during

the latter part of 1944 and during 1945 was much less than at well
139-49-lccd2, The fluctuations at well 139-U49-lcecd? during this period
are not particularly well correlated with fluctuations at wells 139-48-
Tacbh and 18aba, probably because at the latter wells the effects of
pumping from the Yest Fargo aquifer were more or less masked by the
effects of pumping from the Moorhead area.

On the basis of water-level fluctuations and their response to
pumping from the Moorhead, Fargo, and West Fargo aquifers, there appears
to be 1little doubt that the aguifers are hydrologically interconnected
so that pumning from any one of them eventually affects the water

levels in all the others.

West Fargo area

A hydrograph of well 139-U49-6ad, which is approximately 700 feet
east of the Union Stockyards Co. supply well in West Fargo, is shown
in figure 3., Also shown is the estimated monthly numpage from the
Union Stockrards Co. well. The principal water-level fluctuations at
well 139-U40-6ad as illustrated in the hydrograph are due to pumning
from the Union Stockyards Co, supnly well. The more or less cyclic
fluctuations, generally covering about a week's time, are due to the
variations in water demand during the week., The more general trend of
tﬁe wvater levels is the result of the seasonal pumning demands. There
are, undoubtedly, fluctrations due to barometric-pressure changes, as
at the wells in the Fargo area, but these are masked by the greater

variations due to the daily pumping regimen at the supply well., There

o 1T =




DEPTH TO WATER IN FEET BELOW LAND SURFAGE

25

1937
FIGURE 5
30 a3®
GRAPHE SHOWING WATER LEVELS IN WELL 139-49-6ad
VS. ACCUMULATED ANNUAL PUMPAGE BY
UNION STOCKYARDS |CO., WEST| FARGO.
35 \9-‘59
o
[
0\9
40 \
n\
50 0\
Q "
r \U.?h
)
™"
55 \ P
\
©
3 ¥
60 ~ 3
o
\ A
%
—
€5 ~o,
™ 200 400 600 800 1,000 1,200 1,400 1,600 1,800

ACCUMULATED PUMPAGE IN MILLIONS OF GALLONS, 1936-47

2,000



probably are effects from pumping the Ferch well in Southwest Fargo and
perhaps effects due to the pumping in Fargo and Moorhead, but fluctua-
tions due to ‘these causes are not distinguishable.

Flgure 5 1s a graph showing accumulated yearly pumpnage from the
Union Stockyards well plotted sgainst water levels in well 139-U9-6ab2,
The wate£ levels represent lowest stages on December 31 of each year
or on days nearest the December 3lst date for which data are available,
This graph indicates a decreasing rate of lowering of water levels with
continued pumping such as would be expected as the result of pumping
from & relatively large aqnifer, The present rate of lowering of water
levels is abouf 11 feet for each billion gellons of water pumped, but
it is likely that this rate will be somevhat reduced with continued

pumninge.

Marginal areas

During the latter part of 1940, during 1941, and during the early
part of 1942, water-level measurements were made at approximately
weekly intervals in a number of wells other than those already discussed,
Hydrogravhs of four of these wells in Cass County near Fargo are shown |
in figure 6 and hydrographs of four of the wells in the Clay County,
Minnesota, portion of the area are shown in figure 7. The locations
of these wells are shown in figure 1. Except for two wells in the
Fargo area.(139—h9—2accl and 139.49~12cad), vhich are used for domestic
and stock purpcses, all were unused at the time the water levels were
measured, The hydrographs indicate the presence or absence of pumping
effects from the larger ground-water developments, and the natural
fluctuations in the aquifers iﬁ the till if pumping effects are not
present,

The water levels in well 139-49-2baa, approximately 0.70 mile




-LEVEL FLUCTUATIONS IN FOUR WELLS NEAR FARGO.

FIGURE 6. HYDROGRAPHS SHOWING WATER
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west-northwest, and 139-U49-2accl, approximately 0.75 mile northwest of
the Fargo municipal well, are strongly affected by pumping of the Fargo
well. Well 139-49-2accl, 140 feet deep, is a domestic well serving about
six families, and the effects of use from the well are apparent as
relativeiy mincr variations from the general trend of the water levels
The sharp drop in water level during the first part of July 1940 and
the relatively rapid and continued general rise in the water level during
the latter part of September and during subsequent months are readily
correlated with thc pumping of the Fargo well during the 1940 season,
Well 139-.19-2baa is an unused well 156 feet decps The docline and sub-
sequent recovery of the water level in this well dﬁe to the pumping of
the Fargo well during the 1941 season is apparent,

Well 139-49~12acl, approximetely C.60 mile south and east of the
Fargo well, is an unused well 175 feet deepe The fluctuations in this
well arc not readily correlated with pumpage from any aquifers or with
water-level fluctuations in any of the other observation wells in the
areca, although the rising trend of the water level during the latter
part of 1940 Qay be related to recovery from the pumping of the Fargo
wells Tae water level in this well reached a peak in the latter part of
Foebruary 1941, and then began a decline until the latter part of the
following, September, It then began a slow rise broken by minor fluctua~-
tions vhich persisted until the cnd of the records The decline beginning
during the latter part of Fecbruary is not correlated with any known pump—
age in the area or with water-level fluctuations at any of the other
observation vellse The rise during the lattor part of the year, however,
began at about the same time that pumping from the Fargo well was stopped
and has the general form of a recovery curve., Therefore, it is thought

likely that the scasonal water-lcvel fluctuations are affected to some
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FIGURE 7. HYDROGRAPHS SHOWING WATER-LEVEL FLUGCTUATIONS IN FOUR WELLS NEAR MOORHEAD
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extent by pumping from the Fargo well and that the water level is affected
over longterm periods by pumpage from the other areas.

Well 139-U0-12¢ad, approximately 1 mile south-southeast of the
Fargo well, is 142 feet dcep and is used for domestic and stock purposes,
The principal water-level fluctuations in this well appear to be caused
by withdrawals from the well itself. However, the general trend can be:
corrclated roughly with the pumping from the Fargo well during 1940 and
1941, It is thought that the water level in this well is affected
seasonally also by the pumping from the Farge well and in the long run dby
pumping from other areass

The depth to water in all these wells indicates that aponroximately
the same amount of lowaring occurred in them during the period 191C-40 as
in other observation wells in the area. Inasmuch as a considerable part
of this cecline in ﬁther observation wells can be attributed to pumping
from the Moorhead area, it is assumed that a considerable part of the
decline in these wells also resulted from pumping the Moorhead wells,
even though seasonal correlations to establish the relationship are not
apparent during the period for which water-level measurements are avail-
able.

Hydrographs of four wells in the Clay County portion of the area
are shown in figure 7, and the location of these wells is shown in
figure 1. Well 139-l48-17baa is an unused well 133 feet deep, approximately
1 mile east of well 139-U48-18aba and about 1 mile south of the 12th Street
well field in Moorhead. The depth to water in‘this well during the
period shown was about the same as at wells 139-U48-7acb and 18aba, but
seasonal fluctuations duc to pumping from the area were not as great as

at the latter wellse ©Small scasonal declines during August, September,
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and October of 1940 and 1941 likely were due to the increased summer
pumpage in the Moorhead area. The lowest seasonal water levels occurred
considerably later than the peak summer pumpage from the area, however,
indicating that considersbly more time was required for the pumping
effects to influence the water level significantly in this well than in
wells 139-U8-T7ach and 18abae. The longer time required for the effects
of seasonal pumping changes to influence the water level may indicate a
relatively poor connection between this well and the producing wellss
The unusual rise in December 1941 cannot be explained on the basis of
availayle data, but it 1is apparent that no pcrmanent rise in water level
resulted,

Well 140-48-32¢Hhb2 is an unused well 131 feet deep, 1} miles
north of the Moorhead well fieldse. The hydrograph of this well shows.
fluctuatlons which undoubtably.ara due to interference caused by pumping
from a nearbyv wells The fluctuations arc of considerable magnitude and
tend to mask fluctuations due to other causess There is, hewever, good
correlation between the seasonal fluctuations of the water level in this
well during 1941 and the seasonal pumping changes at the Moorhead city
waells, ané it is quite probable that a considerable part of the seasonal
fluctuation is caused by the heavy pumping in the Moorhead area.

Well 140-48-23ddd is an unused wcll about 4} miles northeast of
Moorhcad, Here again the gencral trend of the water level during 1941
is veory closely parallel to the general trend in well 139-48-7acb, theugh
on a considerably reduced scales This may indicate an oxtension of the
Moorhcad aquifers in this direction, or at lcast a relatively permecable
interconnection of the aquifers between the two locatiens. It is possible,

hovever, that thc seasonal watcr-level trend noted may be due to




withdravals for domestic and stock purposes from local farm wells, More
geologic and hydrologic evidence is neceded to establish vhether the
Moorhead aquifers extend into this arcas.

oll 140-U&-Uechb is an unused well approximately 65 miles north of
Moorhead. The gencral trend of the water level 1s characterized by a
slow dec€line during the entire period of records This decline probably
was caused partly by numping at Moorhead and paftly br pumping from stock
and domestic wellse

It is significant that none of the eight wells discussed in this
scction showed water-level fluctuations during the perlod of observation
that would indicatc any significant amount of recharge to the aquifers
in the till, .

Water-level fluctuations in shallow wells in the

9ilt unit of the Lake Agassiz deposits

In connection with the investigation of the ground-water resources
of the Fargo arca begun by Byers and Wenzel in 1940, vatcr-level measurc-
ments were made at approximatcly weekly intervals in two shallow wells
near Fargo during the latter part of 1940, during 1941, and during the
first part of 1942, Hydrographs of these two wells are shown in figure 8,
Well 139--49-22n3 is an unused well 35 fect decp and well 140-49-35ca is
an unuscd well 75 feet deeps Both these wells penctrate the silt unit
of the Lakc Agassiz deposits and enter the clay unit of the Lake Agassiz
deposits but do not reach the till and associatod glaciofluvial deposits,
The principal aquifers arc the coarser materials in the silt, the parts
of the weclls below the silt serving only for storage.

The hydrogranhs of these wells illustrate clearly the response of
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the water levels in the shallow aquifers to recharges Recharge to
shallow aquifers in the area during the spring thaw is common, As the
ground thaws, the water from meclted snow, vhich collccts in poorly draine@
arcas, has ample opportunity to soak into the ground and seep down to the
vwater tables Fluctuations due to recharge of this typec are illustrated
by the watcr-level risc wﬁich began about the middle of March 1941 in
well 139-U49-2a23 and during the first part of April in Well 1U0-49-35cas. .
The rises continued until thé last part-of-April in the latter well end
until the first part of May in well 139-U0-2aa3. During the first part
of June the water levels in both wells began to risc as a result of
recharge from rains during that perlods This rise continued until about
the last of June in well 139-U49-2aa3 but only until about thc middle of
June in well 140-U49-35ca.

After the full effects of the recharge were culminated, the water
level in well 140-49-35ca declined rather stcadily until it reached a
level lower than before the rise in April began. The water level in
well 139-49-2aa3 began to decline after rcaching a peak in June, but the
decline took place at a much slower rate, and the water level at the cnd
of 1941 was still several feet higher than bofore the spring rise bégan.
Also, the total 1941 fluctuation at well 1L40-U49-35ca was considerably less
than at well 139-U9-Paa3. The difference in the magnitude of the
fluctations was due principally to the diffcrence in depth to water in tl_:\le
two wells and is explained as follows: The water level in well 140-49-
35ca was less than 4 feet below the land surface, so that in thils arca
the ground water was disposed of by capillary movement upward from the
vater table Ia.nd. subscquent t:l's.nspiration by plants and evaporation from

the soil surfaces On the other hand, the watcr level in well 139-—-1!-9—28,&3
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vas never less than 11 feet below the surface, and therefore was deep
onough to escape surface discharge by transpiration and evaporation for
the most parte.

Coefficiconts of transmissibility
and storage

As used in this report, the coefficient of transmissibility is
defined as thg number of gallons of watér, at the prevailing temperature,
that will pass in 1 day through a vertical strip of the aquifer 1 foot
wide under a unit hydraulic gradient. As the rate of ground-water flow
is proportional to the hydraulic gradient, it is also equal to the number
of gallons of water that will pass in 1 day through a vertical strip of
the aquifer 1 mile wide under a hydraulic gradient of 1 foot per miles
The cocfficient of transmissibility is equal to the average ficld
cocfficient of pcrmeability, at the prevailing temperature (gallons per
day per square foot under unit hydraulic ¢radient) multiplied by the
thickncss of the aquifer in fcet.

The cocfficient of storage is the amount of water in cubic feet
that will be released from siorage in a vertical column of the aquifer
having a basc of 1 square foot when the water level falls 1 foots For
nonartesian or water—tabln aquifers the cocfficient of storage is nearly
identical with the specific yield of_tha material of the aquifer (amount
of water, in cubic feet, that will drain by gravity from 1 cubic foot of
the saturated material)., In artesian aquifers the coefficient is much
smaller and depcnds ossentially upon the compressibdility of the aquifer
or of included or stratigraphically adjacent materialss

Byers and Wenzelizjgive results of computations for permeability

k7 Byers, A. C., Wenzel, L. K., and others, op. cit., ppe 35-39
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as follows: Based upon the difference in water levels in wells 139-h9-
lecd? and lebdl (985 feet and & feet respectively from the Fargo supply
well) when the Fargo supply well was pumping and an aquifer 100 feet
thick, the average coefficient of permcability is 720 gpd/ftz, corres—
pinding in this instance to a coefficient of transmissibility of'TE,OOO
gpd/ft; Based upon the difference in water level in well 139-49-1ccd2

and well 139-U9-2baa, which is 3,700 feet from the Fargo supply well, the
average cocfficient of permeability is 57 gpd/ftai cor¥esponding to a
cocfficient of transmissibility of 5,700 gpd/ft.

Computations of the coefficient of transqissibilty were made by
the writers from semilog plots of drawdowms in individual wells agalnst
timo,ﬁgfusing_dradeWns in wells 139-U8-6ced, 6edd, and 139-49-lccd?
during the period of pumping the Fargo well in 1940, and in wells
139-48-6ccd and 139-U48-6cdd during the period of pumping the Fargo well
in 1941, Computations werec also made from plots of residual drawdowns
in individual wells against log %W,EEJusing water-level data from wells
139-L48&-6ccd, bcdd, 139~h9—1c¢d2, and lcbdl during the period subsequent
to pumping the Fargo well in 1940, In 1og ¥1 above, % is tho time since
pumping began in the 1940 scason and %! is the time sincc pumping
stopped, both referring to the time coordinate corresponding to the
particular value of residual drawdown being considered. The discharge
rate of the Fargo well used in these computations was an average obtained
by dividing the total pumpage during the period considored by the total

timec involveds The values for the coefficient of transmissibility

58?_ Jacob, C. D, Drawdown tecst to determine offective radius of artesian
woll: Am, Soc, Civil Engr, Trans., p. 1047, 1347,

54/ Theis, C. V., The relation betwecn tho lowcring of the peizometric
surface and the rate and duration of discharge of a well using
ground-water storage; Ame. Geophys. Union Trans., 1935, pe 522

& B8




computed from these plots ranged from a high of 6,180 gpd/ft to a low of
1,190" gpdftt. “The-avorage of the compnted values Yor the coefficiont of
transmissibility is 3,700 gpd/ft.

A short pumping test was made on wells in the West Fargo aquifer
during July 7 to July 9, 1945. The test was made by officlals of the
Union Stockyards Co., and data were obtai ned by the writers during the
test. Becquse of the necessity for supplying water to stock and to
business establishments connected with the stockyards, it was difficult
to arrange a satisfactory pumping schedule which could be maintained for
more than 1 or 2 days at a time, Because of the usual intermittent and
unequal pumping periods, it was decided that best results could be obe=
tained by allowing the supply well to remain idle for a period of 24
hours over a week.-and, during which time water-level measurements would
be made. The well would then be pumped steadily for as long a time as
was convenient (actually about 22 hours), and drawdowns could be calcula-
ted as the differences in the recovery curves as extrapolated over the
subsequent pumping period and the water levels during pumpings

Accordingly, water-level measurements were made throughout the test
in the Union Stockyards Co. sunply well (139-49-6ad), which was the ;
source or vumped well for the test, and in six observation wells ranging
from 715 feet to 4,210 feet distant from it, A few water-level
measurements were made in all the wells while the supply well was pumping

and prior to the first 2l-hour shut-down, Computations of the
coefficient of transmissibility were macde from data obtained during both
the shut-down period and subsequent numping period. Computations were

made using type curvaségffor the Theis formula, using data from individual

60/ Venzel, L. K., liethods for determining permeability of water-bearing
materialss U. S. Geol, Survey '"atcr-Supply Paper 887, pp. 87-91,
1942,




wells, The pumping rate of the well was checked roughly during the test,
but an accurate determination could not be obtained because of certain
unmeasureable losses, For purposes of computation the pumping rate was
taken to be 900 gpm.

The coefficients of transmissibility as computed from these graphs
ranged from a high of 125,000 gpd/ft to a low of 33,000 gpd/ft. The
average of the computed values for the coefficient of transmissibility
is 71,100 gpd/ft.

The wide range in the computed values of the coefficient of trans-
nissibility is, perhaps, to be expected because of the relatively
heterogeneous character of the material-comprising tﬁe glaciofluvial
deposits, both as to assortment and extent, The higher average values
of about 72,000 gpd/ft for the Fargo aquifer and about 71,100 gpd/ft for
the West Fargo aquifer probably represent the order of magnitude of
the local transmissibility in these two aquifers, inasmuch as the first
velue vas computed from the difference in water level in two wells
relatively near each other and penetrating the permeable 'section of the
aquifer, and the latter value was computed fron a pumning tost covering
a relatively short period of time, On the other hand, the lower average
transmissibility of 2,700 gpd/ft computed for the Fargo aquifer probably
represents the order of magnifude of the transmissibility in a much
larger area than is cccupied by the highly permeable portion of the
aquifer.

It is doubtful whether the coefficient of transmissibility of the
till and included glaciofluvial materialé considered as a whole on a
regional basis would be represented by the figure of 3,700 gpd/ft, as

there is some evidence to indicate that this figure may be too highs




Byers and Weﬁzelél/give a table of physical properties of earth materials
from the vicinity of Fargo showing, among other data, laboratory
permeability determinations of ma;erials obtained from wells in the

Fargo arca., Listed samples which are from the till can be identified by
the depth from which the material was obtained and the mechanical analysis

given, Permeabilitles of the till samples listed range from 0,01 .-

to 3 gpdffte. Considering the heterogemeousvertical distribution of
much of the glaciofluvial material associated with the till and the
rather poor interconnection of these deposits as indicated by the well
logs and by water-level fluctuations in some of the observation wells,
it is apparent that at least locally the transmissibility may be very low,
perhaps not greater than 1 or 2 gpd/ft where "dry" holes are encountered?
The small ylelds of some farm wells in this and other areas where
water is obtained from lenscs of glaciofluvial devosits in the till
also attest to the very lov permeabilities and transmissibilities that
may be encountered. Results of a pumping test on a well near Minnewaukan,
Yorth Dakota, which penetrated about 3 feet of glaciofluvial material in
the till indicated a cocfficient of transmissibility at that location of
about 600 gpd/ft. This well yielded about 15 gpm during the pumping
test and would be considered a "strong" well in comparison with many
of the farm wells tapping similar deposits,
On-the other hand, therc is evidence to indicate thatlthere is
a larger percentage of glaciofluvial materials in the %$ill in the Fargo
arca than there is generally in some other areas in North Dakota, probably

due to differences in the mode of deposition of the till and included

61/ Byers, A. C., Venzel, L. X., and others, op. cite, pP. 56e
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deposits. Filasefd%yhstimated that in the area near Fessenden, North
Dakota, only about 12 percent of the material of the glacial drift
encountered in wells was of such a nature as to be water<bearing, vhereas
in the Fargo area an average of 27 percent of the material represented
by the till and associated glaciofluvial deposits in L4 representative
wells and test holes was water-bearing.

It is apparent that many more data regarding the transmissibility
of the +i1l and associated glaciofluvial deposits are needed in order to
estimate accurafely the value of this coefficient in a reglonal sense.
However, it is the opinion of the writers that a coefficient of trans-
missibility of 1,000 gpd/ft, comparable to the lower velues of this
coefficient computed from the water-level fluctuations in the Fargo
observation wells, would be more ncarly of the order of magnitude of the
reglonal transmissibility of the till and associated glaciofluvial
materials than the higher computod average coefficient of 7,700 gpd/fte

Computations of the coefficient of storage were made from the water-
level fluctuations in the Fargo aquifer and from the pumping test on the
West Fargo aquifer, using the methods previously referred to in connection
with the commutations for the coefficient of transmissibility, Computed
valucs for the coefficient pf storage of the FPargo aquifer ranged from
a high of 0,00083 to a low of 0.000075 and avrraged Q.C0058., ~Values:€¥r
this coefficient computed from the pumping test on the West Fargo aquifer
ranged from a high of 0.018 to a lov of 0,000L46, the average value being
0.0037.

As for the computed values of the coefficient of transmissibility,

&Z]' Filaset, Leonard, Ground water in the Fessenden area, Wells County,
Worth Dakota, Us S. Geol. Survey mimeo. report, Mar. 1946
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the wide range in the computed values for thc coefficient of storage
probably is due principally to the relatively heterogeneous character of
the glaciofluvial depositse In the case of the computations made for

the Fargo aquifer, no attompt was madc to correct for interference
effects from pumping of the Moorhead and West Fargo aquifers. These
effects probably were sufficiently large over .the period of time used in
the computations to affect the computed values of the coefficient of
storage materially and may acéaunt for the relatively low values obtainedé
On the other hand, the higher values of the coefficient of storage
obtained in the computations for the West Fargo aquifer appear to be out .
of line with values of this goefficient ordinarily associated with
artesian conditions, and also.with the values computed for tke Fargo
agquifer,

In the absence of more general and better data, it is ihe dpinion
of the writcrs that a coefficient of storage of about 0.000+. vhich is
comparahle to the average coefficient computed for the Fargo aquifer,
would represent reasonably weil the order of magnitude of the coefficlent
of storage of the till and associrted glaciofluvial miterials when
considercd as a whole and on a regional basis. This coefficlent of
storage would be representative only so long as the water level remeined
above the till and assoclated glaciofluvial materials, so that the wﬁter
is derived from compression of the aquifers and by expansion of the water,
rather than from drainage of sands and gravels. Once the water levels
arc drawn below the clays of the Lake Agassiz dcposits, it may be assumed
that some watcr will be derived by gravity drainage of the glaeiofluvial
materials. If the effective porosity or specific yield of the water-

bearing materials is assumed to be 0.25 and if the percentage of these
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materials in the t11l and associnted deposits is about 27 (as indicated
by the logs of wells and test holes), it is estimatcd that the cffective
cocfficient of storage vhen the water lcvel is drawn below the clay of
Lake Agassiz would be about 0.,07. Locally, wherc the water levels are
drawn below the tops of the relatively large aquifers, as in Moorhead,
the fnll spocific yield of the water—bearing matorial will be offective
in supplying water to the wellse In the long run, this specific yleld

may be considerably higher than the 0.25 taken above,

Becharge and notural discharge

The water in the silt unit of thc Lake Agassiz doposits is derived
principally from local preclpitations Water-level fluctuations in two
shallow wells in the silt shovwing rcactions to recharge from melting
snow in the spring and to rainfall have been described on pages Sz_éh
and are illustrated in figurc 8. In arecas whore the artcsian head of the
aquifers in the tiil is higher than the water table in the silts, there
is also upward percolation of water through the till and the clay unit
of the Lake Agassiz deposits to the shallow water bodye. In the past, |
when the artesian head of the aquifers in the till was considerably
highcr than at prescnt, the upward percolation of water in this manner
may have been the prineipal mcthod of natural discharge for the artesian
aquifcers, and the amount of watcer discharged in this way probably vas of
considerable magnitudce A%t thc prescnt time, however, thc artesian head
is much lower than the wator table in the eastern half of the area and
upward percolation no longor occurss In the western half of the area
the artcsian head ranges up to 15 fecet or more above the water tabdle,

and upward percolation of water still oceurs in this area, although the




quantity must be much less than originally.

Natural discharge of water from the silt unit of the Lake Agassiz
deposits occurs through cvaporation from shallow water-table ponds and
slough afeas. through ovaporation from the soil surfacec, through trans—
piration by plants, through gccﬁa and small springs along the streams,
through artificial drains in the area, and by downward percolation to
the aquifers in the till in the area whcre the artesian head is lower
than the water tablee It is likoly that evaporation and transpiration
are the principal natural dischargc agencies although there are no date
to evaluate the amount being discharged into the strecams and drainage
ditches. The amount of water dischargad_through downward percolation
to aquifers in the t111 daéends upon the differonce in elevation betwcen
the water table and the artesisn head, and is becoming more important as
the artesian head is lowercds

There appear to have been only two pcssible sources of recharge to
the aquifers in the till prior to the construction of wells in tho area:
(1) water derived from precipitation on the upland areas along both the
cast and west margins of the valley, where thc till is coxposcd over large
arcas at higher clevation than the central part of the valley; and (2)
water from the Dakota sandstdne which could move laterally and
upward into the till along the westorn part of the valleys The water from
these sources moved latorally through the till toward the central part
of the valley, Natural discharge-occurred through upward percolation of
water into the silts, probably over the greater part of the valley.
Considerable natural discharge must also have ocecurred by upward percola~
tion into the shallow-lying gravel aquifer@l/east of Dilworth, which

6 Dennis, P. E., and Morgan, A. M., ops cit.; Dennis, P. E.,, and
Akin, P, D., Ops cit, (pross releases).
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extends entirely through the lake denosits and rests directly upon the
underlying till.

With the development of ground water, water levels declined in
the valley area., Hydraulic gradients from the areas of natural recharge
toward the valley were increased, and as a consequence the amount of
water reaching the valley areas from the original recharge sources was
increased, In the areas vhere the artesian head of the aquifers in the
till was drawn belovw the shallow water level in the silts, natural
discharge through upvard percolation was stopped, the water formerly
discharged naturally being diverted to the wells, As the water levels
were lowered further, opportunity was developed for downward percolation
of water from the silts into the aquifers in the till, reversing the
original arrangement of recharge and ¢ischarge between these two forma—
tions, and excellent opnortunity was afforded for recharge from such
sources as the shallow gravel aquifer east of Dilworth,

On the basis of the data available at present, it 1s not possible
to estimate accurately the amonnt of recharge that may be reaching the
area from the sources mentioned above, However, the following discussion
will serve to give an idea of the quantities involved: :

The transmissibility of the till and associated glaciofluvial
deposits as a whole has been estimated as of the order of 1,000 gpdfft.
In the western half of the arca, available data indicate that the
piezometric surface of the till (surface defined by the'water-levels in
wells) sloped generally from west to east at about 5 feet/mile at the
present time. This indicates that about 1,000 x 5 x 12 & 60,000 gallons
a day is enteoring the areas of heavy pumping through the 12-mile strip

represented in the area of this report., Bast of the area the piezometric
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surface of the till slopes generally from east to west., The available
weter-level data indicate that the slope is about 10 ft/mile in Ranges
U6 and U7 West, just east of the area of this report. This indicates
that about 1,000 x10 x 12 = 120,000 gallons a day is entering the area
thro?gh underflow from the east, The total amount of water entering the
area through underflow across the east and west boundaries then is about
180,000 gallons a day. Actually, the movement of water from the recharge
areas in the uplands toward the areas of heavy pumping probably takes
place over a strip much wider than the 12 miles considered, and water
enters the arcas of heavy pumping from all directions rather than simply
from the east and the wests It is likely, therefore, that a;t least
250,000 gallons a day is entering the area of heavy pumping through
. underflow, A part of this water is being taken from storage in the areas
between the area of the report and the upland recharge areas, but some
vater is moving into the valley from the recharge arease

The amount of water reaching the aquifers in the till through
dovnward percolation of water from thesilt unit of the lLake Agassiz
deposits depends upon the difference in elevation between the water
table in the silts and the artesian head in the aquifers in the till,
and upon the permeability of the material through which the water must
pass ~ the silt and day units of the Lake Agassiz daposifs and the
relatively impermeable till -~ in order to reach glaciofluvial materials
that will yield water to wells,

Available water-level data indicate an arca of approximately 140
square miles surrounding the areas of heavy pumping in which the depth
to water in the till aquifers is 20 feet or more below land surface, the

water levels ranging down to 195 fecet or more in the Moorhead and
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Fairmont Creamery Co. well fieldses It is estimated that over this

area the average depth to water in thc glaciofluvial aquifers in the t111
is about 35 feet below land surface at the present time. Vater-level
measurements in wells in the silt unit of the Lake Agassiz deposits
indicate that the water table will average about 15 feet below land
surface in the area, so that the artesian head of the aguifers in the
ti1l, is, on the average, about 20 feet lower than the water table.

The average thickness of the Lake Agassiz deposits is estimated
from scetion A-A'-A" (figure 2) to be about 80 feet in the area and the
average thickness of the t1ll and associated glaciofluvial deposits is
estimated to be about 170 feets If it is assumed that water in passing
downward from the water table to the aquifers in the till will pass on
the average through 80-15 = §§ feet of lake deposits and through one-
half the thickness of the till (l;g = 85 feet) before reaching permea~
ablc deposits in which wells could be constructed, the average hydraulic
gradient causing dovnward percolation of the water would be %g. + 65 s 1%3-
f5/fte

The avallable data on tho permeability of the Leke Azassiz deposits
and the relatively impermeable till is insufficicnt to derive a reliable
averago permeability for thesc materialses Bycrs and anzelggﬁ;ublished
a tablc of physical properties of earth materials form the vicinity of
Fargo showing laboratory permeability determinations of material obtaineq
from wells in the Fargo areae. Permeabilities of the ILake Agassiz
deposits and the till range between 0,006 and 3 gpc/i%°, Fowever, toste
on materials from other arcas which arc similar in character to the lake

deposits indicate that the average permeabllity may be lower than

6/ Byers, A. Ce, Wenzel, L. Ko, and others, ope. cite, p.56.
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indicated above. For example, a sample form the Escalante Valley in
Utah containing 24,7 percent very fine sand and 65 percent silt and
clay had a permeability of only 0,0002 gpd[ftzgﬁz The samples from the
Lakexkgassiz deposits and till from the Fargo area listed by Byers and
Wenzel contain from 36 to 99 percent silt and clay.

Assuming, for purposes of computation, an average cocfficient of
pormeability of 0,001 gpd/ft2, which appears to be conscrvative from
the standpoint of available information, the average quantity of water
moving downward to the t1ll aquifers would be 0,001 x %%b x 43,560 x
640 = 3,717 gallons a day per square mile, and would amount to more than
500,000 gallons a day over the 14O-square-mile area considered,

In addition to thc water entering the area through underflow and
through downward sccpage from thec silte of the Lake Agassiz deposits,
considerablce recharge may be derived by percolation from such sources
as éhq shallow-lying gravel aquifer east of Dilworths There is no way
to estimate the quantity of water which may be recharging the till
aquifors from these sourcos. However, the average westward hydraulic
gradient west of the shallow aquifer near Dilworth is considerably
greater than the westward gradient east of the aquifer, and this is fair
evidence that recharge from that aquifer 1s occurring,.

It is likely, therefore, that the present recharge to the aquifer
in the till in the arcas of heavy pumping may be of the order of 1 mil-
lion gallons a daye This is only about 40 percent of the estimated 2k
million gallons a day now being produced from the area. Recharge to
the glaciofluvial. aquifers in the till will be increased as the vater
levels are lowered, and there is a possibility that ultimately the

Yenzel, L: K., Methods for determining permeability of water bearing

maﬁerials: U. S. Geol. Survey Water-Supply Paper 887, pps 13-1k,
1942,
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recharge would amount to as much as the present use, However, further
lovering of water levels in order to increase the recharge will not be
practicable at locations vherc pumping water levels are already about
as low as can bec attained, so that it can be achieved only by placing
nev dovcloPmenis as to spraad‘the pumping and the lowering of water
levels ove} a wider area. The extent to vhich this can be done
practicably is a matter of economics, and considerable test drilling
and caroful planning will be necessary if the water needed is to be
developed at reasonable coste

Those who are interest in utilizing ground water in preference
to surface water for cooling and other purposes should not overloock
the possibility of artificially rocharging the aquifers with surface
water in areas where local overdevelopment of the ground-water supplies
has occurred. Surface water, usually filtered and chlorinated, can be
directed underground through thc sunply wells during times when they are
not in use or through especially constructod recharge wellse

The relatively constant temperature of the ground water, which is
lower than that of the surface water in the summer, would be reduced
still further, and the chemical character of the groaund water, vhich
though relatively constant is somewhat poorer than that of the surface
vater might be improved, by artificially recharging the aquifers during
the winter months when the temperature of the surface water is the lowest
An economic advantage would also result, becausc of the higher water
levels and consequent smaller pumping 1ift which would bc made possible

by artificial recharge.

Storagze

A very large amoﬁnt of water is stored in the glaciofluvial
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aqpiferé in the till. Using a coefficient of storage of 0.07 for the
till as a vhole, as given on page 101, and an average thickness of 170
feet for the till and associated glaciofluvial deposits, the amount of
water in storage in the 36C-square-mile area covered by this roport and
vhich theoretically could be removed through complete drainage of the
aquifers by means of wells would be 43,560 x 640 x 360 x 170 x 7.5 x
0.C7, or about 900 billion gallons. However, only a fraction of this
could be recovered b cconomical means.

So long as the water levels in the aquifers are above the base of
the clays of the Lake Agassiz deposits, no'gravity drainage of the
aquifers can occur, and water takcen from storage through pumping is
derived by compression of the agquifers and adjacent materials or from
expansion of the water, both due to the decrease in hydrostatic
pressure when the water levels are lowereds The following computation
will illustrate this point: Prior to the development of municipal and
industrial supplies in the area (about 1905-10), the water levels in
the aguifers in the till ranged from well gbove land surface in the west-
ern part of the area to about 6 fect below land surface in the eastern
part of the area, Assuming that, on the average, the water level over
the whole area was at land surface, that the effecetive coefficient of
storage is 0,0005 so long as the water levels are above the base of the
clay unit of the Lake Agassiz dcposits and that the average thickness of
the lake deposits is 80 feet over the area of 360 square miles, the
amount of water- that theoretically could be removed from storage by
lowering the water levels to the base of the clays would be 43,560 x
3260 x 80 x 7.5 x 0,0005, or about 3 billion gallons. This represents

only about 0.3 percent of the total amount of water in storage in the
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glaciofluvial deposits,

Complete drainage of thc glaciofluvial deposits by means of wells
would not be feasible from a practical standpoint, but if wells are
distributed wmiformly over thc area and pumping rates arc kept low
enough to avoid local short-term overdevelcpment, it should be pbséible
Yo recover a considerable amount of the wester in storage, Furthermore,
it would bec impossidle to recover the water stored in the area 6? the
report without removing water from storage in surrounding areas. The
amount of water that ccould be taken f?r?o-m storage in the surrc;unding
arcas by developmenss in the aree of the report will depend upon the
ground-water develomuments made in the sui.cniding areas. If there were
no develcpmenis of magaitude in the surrourding arecas, the amount of
vater that thoorctically could be removed from storage by developments
within the arca womld amount to corsiderably more thaan the amoﬁnt stored
within the arce, On the other hand. if the surrounding areas were more '
highly devecloped than the aroa of the recport. thie amount of water
theoretically available to the developments within the area would be lesg
than the estimated amount,.

In addition to the water that can be removed from storage there
is also the water furnished to the arca through recharge, It has been
estimatcd that present rechargc to the area may be of the order of 1
million gallons a day. At thc prescnt time, however, a part of the
recharge to the area through underflow is water derived from storage
in the surrounding arcase.

The sigﬁificance of storage and recharge can be illustrated by a
practical examples It has bcen estimated that approximately 13 billion

gallons of water has bceon producced from the area during the period

,
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1906-47 (pe 59. Using available water-level data and the coefficients
of storage given on page 90 , it is estimated that only about 5 billion
gallons has beon takén from storage within the area, while-the rﬁmaining
8 billion gellons has been derived from storage in the surrounding areas
and from recharge. The 5 billion gallons estimafed as glready having
been rcemoved from storage within the area amounts to a little over half
of 1 percent of the 900 billion gallons estimated as stored in the
glaciofluvial deposits within fhe areas

SECURITY OF PRESHIT DEVELOPMITTS AVD POSSIBILITIES

FOR FUTURE DEVELOPMENTS

General

It has becn cstimated that the rate of recharge to‘the glacie~
fluvial aquifers in the till in the axea‘at the present time is of the
order of 1 million gallons a day, which amounts to approximately U0
percent of the water now being produced in the areas The rate of
rccharge will be increased as the water level in the area is lowered,
possibly to as much as 2 or 2} million gallons & daye This is the
ultimate ratc at which water could be produced from the area with full
development, after removal of water from storage in the aquifer as
completely as practicable and assuming no introduction of water into the
aquifers by artificial meanss On the other hand, the améunt of water
that can be romovéh from storage in the area itself is a small but
substantial fraction of thec estimated 900 billion gallons within the area
plus an additional amount from the surrounding arease The storage in
and adjacent to the area, then, would support a development of several
million gallens a day for many yearss

The maximum production of the water stored in the aquifers could
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be accomplished onlylﬁy means of a large number of wells spaced over

the cntire area. With such an arrangement many of the wells would

have comparatively small yields, perhaps of the order of a few gallons

a minute or less, and in the long run the ylields of wells which were
originally large producers would be decreased to only a fraction of the .
original yiclds, Yet, even so, it would be possible to recover a large
part of the water available from storage through wolls having sufficient
yiclds for irrigation, municipal, and industrial pﬁrposes. Such welle
could dbe developed only in the more permeable aguifers and it would be
necessary to adjust pumping rates and-limit the number of large producing
wells that could be constructed in any locality so as to prevent short-
term local overdevelopment,

Six glaciofluvial aquifers in the till have been named and
described individually in this reports These aquifers are named as
follows: (1) the Dilworth; (2) the east Moorhead; (3) the west Moorhead
(4) the Fargo; (5) the West Fargo; and (6) the laple Ridge. The possi- |
bilities for present and future developments in these aquifers are .

discusscd 1n the following pagoes.

Dilworth aquifer

Little is known of the extont and character of the Dilworth
aquifer. Although the Dilworth wells apparently do not penetrate the
entire thickness of the glaciofluvial denosits, the yields of these wells
are reported to be 50 and 100 gpm. The draqﬁoﬂnvih’thése“wnils“ﬂué to
pumping is not khown, The nonpumpimg-Water level is Teportéd %o have
been about 120.fcct below the surface in 1948; This-low wator may indis
cate a rathér good cénnectfon bvetweéh fhe Dilworth aquifer and the east

Moorherd acquifer, but is is more likely that the low
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water level is the result of pumping from an aquifer of small areal
extent or of relatively low transmissibility, or boths In any event,
there appears to be little onportunity for additional ground-water
development of magnitude in this area. The 1946 pumpage by the village
of Dilworth is estimated to have becen of the order of 13 million gallons,
and it is cstimated that the total withdrawals during the 1907-47 period
have amountcd to about 400 million gallons. It is quite likely that this
aquifer will produce sufficient water for the neceds of the village of
Dilworth for séveral years to comes Neverthcless, the water levels
alrecady have been drawn below the bottom of thc lake deposits and
undoubtcdly water is already being drained from storage in the glacio-
fluvial depositse It would scem to be worth while for the village of
Dilworth to institute a aystematiﬁ program for obtaining water-level
data in the village wells and in other wells in the area, along with
adcquatce production records, éo that they would have advance warning

of the possibility of failurc of the present supply through local over-
development, and of the consequont necessity for obtaining water from

another sourcc.

Moorhead aguifers

So far as can be detcrmincd from available logs and rccords of
wells in the Moorhead area, the morc permcable sand and gravel deposits
of the Moorhead aquifers are not ecxtensive in any directions The
combinecd arcas of these aquifers, for instance, appear to be very small
as compared to the known cxtent of the West Fargo and Maple Ridge
aquifers, Yet thcy have yiclded more than & billion gallons of water
during the past 40 years and, déspito lowering water levels and decreas—

ing pumping rates, it has been possible to increase progressively the
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anmual yields from theso acruiferss From 1940 to 1947 the annual produce
tion from the Moorhead maquifers incrcased from about 350 million gallons
to about 570 million gallons, which amounts to an increasc of over 60
percent during this T-year interval,

It has becn indicated that the present rate of lowering of water
levels in the Moorhead aquifers is of the order of 5 or 6 foet for every
billion gallons of water produceds The depth to the bottom of the west
Moorhead agquifer ranges from 218 to 240 feet below land surface in the
present city and Falrmont Creamery wells and the prescnt water levels
at these lecations are 195-196 feet below land surface. The depth to
the bottom of the east Moorhcad aquifer ranges from 240 to 269 feet in
the present city wells in tho Moorhcad 22nd Street ficld and present
water levels are 184 fcet below land surfaces Inasmuch as it will not
be possidle to unwater the agrifers completely bylmeans of wells with
pumping rhtca as high as at present, it appears that it will be.
necessary to reducc pumping rates more and more in order to continue
production from these aquifers as the water lcvels continue to lowers.

There is, therefore, no opportunity for additional development
of ground-water supplics of magnitude from the Moorhead aquifers under
present conditions, and l1ittle hope that present develﬁpments can be
maintained at present production rates for many more yearss On the
other hand, it scems quitc likely that much more water can be withdrawn
from these aquifers if pumping rates and annual production rates are
lovered. For instance, it appears reasonable that another 8 to 10
billion gallons of water, or perhaps cven more, could still be pumped
.from these aquifers if the production rate were reduced to the order of

250 to 300 million gallons a year and at the same time the pumping rates
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of individual wells were kept es low ns fcasible,

At the present time the City of Moorhead is doveloping a new
ground-vatcr supply from the shallow-lying gravel aquifer east of
Dilworthe It is anticipated that this aquifer.will supply the ontire
nceds of the city for many years. TFurthemorc, it appears likely that
the Fairmont Creamery Co, will switch to city water for their nceds as
soon a8 the new development is put into uso, If this cntire load is
then switched tolthc nevly developed aquifer for a time, it will leave
the Moorhead aquifers practically without use, Observetions on the rato
of reccovery of the water lcvels 1n‘thesc aquifers at that time would de
of great valuc in evaluating thc amount of water that could be produced
from them in the futurec, It is roasonablc to assume that the city will
vish to continue to use watcr from the Moorhead aquifers insofar as it
is practical, becausc thc aquifers arc near to the place of use and
because of the invcestment alrcady made in wells and pumping cquipment,
However, if the use of thesc aquifors is digcontinuod by the city and
by the Fairmont Creamery Co,, therc would then be opportunity for
limited use b others who might be interested,

The specific capacitics and actual pumping water levels of the
wells in the Moorhead aquifers are not known, -Tho present pumping rates
of city wells 5 and 6 in the cast Moorhead acuifor arc reported §§fas 500
gallons a minute eachs The present pumping rates of city wells 2 and 3
in the west Moorhecad aquifer are reﬁortod as 150 gallons a minute cach.
The prescnt yiclds of the Fsirmont Creamcry Co. wells in thc west Moor-
hocad aquifer arec reported br Mr, J. H. Decms, plant superintendent, as
75, 125, and 150 gnllons a minute,

Young, J. E., Moorhcad City Vater & Light Supt., oral communication,
Dec. 19“‘7 'Y '
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Fargo aquifer

The Fargo City well is the only ground-water development of
magnitude that has becen made in the Fargo aquifers This well is used
only to supplcment the Fargo City supply from the Red River in summers
when the flow in the river is inadequate or wheon water demands are
unusually highs About 142 million gallons of water has been pumped from
the well sincc it was put into sorvice in 1938, The maximum pumpage
Iduring any season was 52 million gallons in 1941,

According to cstimatos of Byers and Venze18L/1n 1941, thc pumping
rate of the Fargo City well was 850 gallons a minutes Tho following
table showing meximum dopth to water during the 1941 pumping season in
wells influonced by pumping of the Fargo well is adapted from information

given by Byers and Yonzel 88 hind other available water-lovel datae

Maximum depth to water, in feet below land
surface, and maximum scasonal drawdowns in wells in
Fargo arca during thc 1941 period of pumping the Fargo city

well
Well Distance from Direction Depth to Maximum seasonal
o, Fargo well from Fargo water drawdown
(fect) woll (feot) - (fect)

139-49-1chd2 0 s 159 + 127 -
(Fargo City well)

139-49-1cbdl 8  Southwest 138.68 106,73
139-l9-1ccd2 985 South 125,10 94,04
139-L9=baa 3,700  Vost-northwest 66450 49,24
139-48-6ccd L, 830 South of cast 42,39 13,69
139-U8-6cdd 5,910 South of cast 4O, 7H 11.7
139-L48-Tach 1,770 Southeast 38.78 1.7
139-1:8-18aba 10,400  Southoast 35.05 245

These figurcs indicate the large drawdowns in and near the Fargo

wﬁ;iﬁ g;;ers;-t-kt CQ’ ‘;;;;1' L. K.. and OtherS. (00 1 cito, P 35.
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city well and demonstrate the neccessity for locating new developments

as far from this well as possible so as to avold large intoerferenee
effects. Also, it is indicatcd that actual dréinage of the.glaciofluvial
materials of the aquifer hes not-yet begun even during pumping, although
drainage of some of the materials in the till may occur in the viecinity
of the woll during pumping. Any such drainage, however, has been
temporary in nature up to the preosent time, as the water levels rapidly
risec to levels above the top of the till once pumping is stopped.

The Fargo aquifer, as such, appears to cover not morc than about
one~-hnlf as much area as the combined Moorhead aquifers, and the thick-
ness of the highly permeablc material is gonerallr less than at the

Moorhoad well ficldse Theso considerations would indicate that it would
not be feasible to withdraw as much water from the Fargo aquifer as has
been taken from the Moorhoad aquifers over a corresponding period of
time., However, there is good geologic and hydrologic covidence to ..
indicatc a pormenble connection between the Fargo aquifer and the com—
paratively large West Fargo aquifers On a comparative basis, it appears
probsble that at least 4 to 5 billion gallons could be taken from the
aquifor over o period of U0 yoars or morc. This would represent an
average daily pumpage of tho order of 250,000 to 350,000 gallons a day
during thc entirc poriod. 3Best results, of course, would bo obtained by
using wolls of lowest fcasible yleld and operating them continuously

throughout the period.

West Fargo aquifer

From thc standpoint of arcal distribution and thickness of pormo-
able vater-benring materials, the West Fargo aquifor appears to offer

~more promising opportunitics for additional ground-watcor doveclonment
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than any of the other aquifers in the arca. Present information regard-
ing this aquifer is inadcquate to permit an estimete of the amount of
water that could be withdrawn from it under a givcn sct of pumping
conditions, but it is to be ecxpected that this aquifer will yicld many
times as much water as cither the Fargo or the Mborhoad aquifers and,
incidentally, will support wells of higher yield.

At present, supnlics have been developed in this aquifer for both
municipal and industrial purposcs, and it is cstimated that approximatecly
1.7 billion gallons of watcr has becn rocoveroed fér those purposcs dur*l
ing the past dozen years., The supply well at the Union Stockyards
produces at a rote in excoss of 900 gallons A minute, and it is cstimated
from pumping tcsts that the luday.5pocific capacity of this wcll is
approximately 90 gpm/ft; that is, the well will produce approximately
90 gallons a minute for cach foot of drawdawn after pumping continuously
for 1 day.

To date, the water levels have not heen lowered sufficiently to
cause drainage of the glaciofluvial materials in the area, and the water
pumped has been derived from storage under artesian conditions and

through replenishment by recharge ,

Maple Ridge aquifer

The Maple Ridge aquifer appears to offer good opportunity for
additional ground-water supplies in the area. To date no large develop-
ments for municipal or industrial purposes have been made in this
aquifer, and the present geologlc and hydrologic data are insufficient
to permit an estimate of its poteniial yleld, Present information
indicates, however, that the aquifer may have a comparatively large
areal extent and may be sufficiently permeable to support wells of

comparatively large ylelds.




WELL-1TUMBZRTITG SYSTEM

The well-numbering system used inthis report is based upon the
location of the well with respect to the land-survey divisions used in
North Dakota, The first number is the township north of the base line
running along the Kansas~Nebraska State line. The second number is the
range west of the 6th principal meridian., The third number is the
section within the designated towmshipe The letters a, b, ¢, and 4,
designate, respectively the northeast, northwest, southwest, and south-
east quarter sections, the quarter-quarter sections, and of the gquarter-
quarter—quarter sections. If more than one well occurs within a 1lCO-acre
tract, consecutive numbers are given to them as they are scheduled.

This number follows the letters, Thus, well 139-U8-lcco2 4a in Township
139 North, Range U8B West, section 1. It is in the southwest quarter of
the southwest quarter of the southwest quarter of that section and was
the second well scheduled in that 10-acre tract, Similarly well
140-51-34daa (see figure 1) is in the northeast quarter of the northeast
quarter of the southeast quarter of sec. 34, T. 140 N., R. 51 VW,

Mumbers for wells not accurately located within the section in the field
may contain only one or two letters following the section number,
indicating that the locations of such wells are accurate only to the
quartér section or the quarter-quarter section, respectively.

The following diagram, showing the method of numbering the tracts
within the section, may be helpful in determmining locations of wells not

showm in figure 1l.
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Many of the wells used in this report were also reported by Byers

and Ubnzel.ggj The following tabulation shows the well numbers for

these wells as given in the two reports:

Well number

Well number (or numbers)
in this report used by Byers and Wenzel

Tell mumber

in this report

139-46-tdccl
Ydce2
Ydec3
Heab
- 5dddl
5ddd2
5ddd3
beed
Tach
llaaal
18absa

139-49-1cdbe
lcbdl
lcbd2
lcca
lcedl
lccd2
lcde
lcdd

M15
M16
M17
L3

M2
113
M1
F3

M21
67; 9

28: ™
i
T3
T2
12; M
15
L7

139-U49-1dca

ldce
2aeh
2dbb
3ad2
6ab2
bac
fad
12ach
12bab
12cac
1l2cad
12dch
22%a

140-48-31chbd

140-49-20aa82

. 25ded

Well number
(or numbers)
used by
Byers and

Venzel

L8

6
F154
F127; T1g
F170
57

56

58

Ll

6

L2

¥6; T8
T7

FE6
L4

Foli
F63

66/ 3Byers, A. C. Wenzel, L. K., and others, op. cit., pp. 28-31 and

57-68, 19ub.
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QUALITY OF TFE GROUND WATER

Analyses of waters from 17'representativa wells in the Cass-Clay
Counties area are given in the following table., All ground waters in
the arca are rather highly mineralized and hard. However, those listed
in the table of analyscs are used or have been used for domestic pur-
posess VWaters from the glaciofluvial deposits were somevhat lower in
mineral content than waférs from wells producing from the Lake Agassiz
deposits or the Dakota sdndstome (7). Vater from some wells in the
shallow silt unit of the Lake Agassiz deposits is reported to have been
too highly mineralized for domestic usc, but analyses of waters from

such wells are not available.
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AVATLYSZES OF GROUND WATERS IV THE
HORTH DAXOTA A'D

Gt G4 o
g o n ow o W
o Y4 ol ot [N b —~
Z ° 4 2B 85 4 30 8 .5
'] o = o~ e~ i W o HHA g0
: 53 i 28 =% OB 25
3 S 3 8 g A > e
139-4gYdccs City of 9/19/46 (a) East Mogr- 629 22 1.0 &/
Moorhead head: )
130-48.53442 ...00ees 9/19/46 (a) ‘est HMogr- 683 20 o7 &
head &
139-48-6b Ss 3 e/25/21  (v) Silt of the 1,340 27 27
Steeves Lake Agassiz
. deposits
139-48~11aal Village of 1308 (ec) Dilworth B/ 562 4  4ee
Dilworth ' .
139—}45-'11&&2 easd0cas 7/25/1{'6— (d.) II._E::ID.C.. 1-2’/ sesen e 035 _i/
139-49-1cbdl City of evsssss () TFargo B/ 46 26 43
Fargo ¢
139—'“'9—2&&5 Paul Baker sesesee (G) Silt of the eeeve oo 1-!.
v Lake Agassiz
deposits
139—-’49—38.&? Zrnost Bessvse (3) essl0nssn sessn es soe
, Fricke -
139-40-6ab2  Union eeessss () West Fargo 4/1,090 26 .39
Stocizyards !
139-49-22ba.  1irse Pe Je esseess (€) GlaciofIn- hfesees oo 346
Welsh vial doposits
139-53-10bba  USGS test 5/27/46 (f) Dakota sand- 2,582 .. 3.0
hole : stone(?)
140-140-208na2 Louis .. sueveks  ©) DIaclofile seses b @e
Thorson vial depo-
gits h/
140-50-31 Zorthern  eseseee (g) Si1t of the 2,570 21 s
Pacific R.R. Lake Agassiz
deposits
1L0-50-31 School Distesessess (g) Glacio- 870 30 1.8
47 lianleton fluvial h/
deposits
110-52-35 City of Cas-6/19/36 (g) Dakota sand- 2,770 13 .U
selton, B, well stone(?)
“140-52-35 City of Cas-6/25/36 (8) +eedoess 1,140 26 .6
.Selton N, well
140-52-%5a, Mrs. T A2l (B)  seelbese 2,770 12  ug
Grovenor
140-52-35¢ Eublic School 7/1/2/ (b) Glacio- 915 30 1.6
asselton fluvial hf
' deposits

a/ Infilco, Inc., Chicazo, Ill,

b/ Simpson, H. Z., Geology and ground-water resources of North Dakota; U. S,
Geol, Survey ‘ater-Supply Paper 598, pp. 280-281, 1929

¢/ Vater plant superintendent, Dilworth. '

4/ Minnesota Depte. of Health.
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CASS=CLAY COUJTIES AREA,
MITTZS0TA (PARTS PER MILLIOW)

. o )

= — -pf'\ 4
e 5 ﬁEM §Cﬂm o] rud)f-\g (] Eg
Eg‘ 5 ﬁm qu o O >~ el s e I i M
T¥ 99 ¥ L3 3B £7 2 EELE PS5 98
54 98BS ©ig 8 58 STEY 82 88§
4> 8- g 58 & 3 & g p° 8
LA R R ] 55 22 1!’!2 331\ 1“’0 8)‘[' “« 880 LA 227
ees 61 el 17 326 184 L swm  wnwe 252
cees 186 1UH Us AUk oLl O sew  wena 3000
48w NN [ NN ] L N ] [N ] LR ] 1‘7 L L -] L BRI BN O
(LA EXR ] LR LR ] L ] LRl 210 u? = 02 LE RN ] 160
ssen 45 15 206 32l 161 132 .6 3 178
eves LR ] e LR 670 733 7 .3 5.“’ 1'155

Tees es e oo LR 7?“‘ 3,730 "I‘OB L "5 2!""75

Bk 57 21 325 12 90 355 .6 5e2 228

Gess  wea  ens - 4hg 676 368 .8 9.2 135

Sidd  aew  Bas 831 i 980 HBE saw  euns 60

cess  eas  wes R 314 146 148 .6 . 2.3 156

11 251 214 282 1,079  1,09€ BY _ains 31 1,512

T4 98 5% 110 727 249 11 1 1.8 497

S 12 1.3 964 /1 1,086 gy 5 345 335

BT ke 11 367 386 288 250 1 .18 171

bhae 12 To3 938  © 3uh 1,091 U092 ews a5 60

eese 120 30 148 Lol 301 B0 wees 1.5 438

e/ Byers, A. C., Wenzel, L. K., and others, Ground water in the Fargo-Moorhead
area, Torth Dakota and Minnesota, U. 5. Geological Survey Mimeo. report,
p.h-?,. 19“-6‘ 5

£/ State Laboratories Devmartment, Bismarck, North Dakota.

g/ Avbott, G. A., and Voedisch, F. W,, The municipal ground water supplies of

n/ of Shors PEFORAA Ao5bR:ReEe 3000 VN adBabaedls PPe 92030 1938
1/ Iron and mangancsc. v 1190




RECORDS OF WELLS III PARTS OF CASS AWD CLAY

Location Owner Driller Year Type Depth;j Diameter
number or completed (inches)
name
TI0-08 -
lbed W. B. Houge Carl Larson 1913 Drilled 147 5
1c301 LB N LB ] LA ) 320 LR ]
lcce? John Hiley visvasBenes 1938  wuelloes 200 k4
10003 evesB00vas eeee:300ass  weae seal0se 158* 1“]3
ldce Anthon Olsen q.:lod.olono sesse onodoao anese 3
2bbel A, Helgren  Ole Telton 1940 ,..dos. 110 2
2bbe? sevellDonan Carl Larson 1900 soallOas 1b5 2
Eccc Mrs. Krmer [E RN NN EN N ] LR N ] ...do’. 1&5 aw
2ccd I‘yle st. John &% 88 eares LR B ...do.. LN ] aw
eddd P. .:}. Hou{:;e LRI B N I LR R O..dO.l 200 u
3cac R.Je. Sluggett G.A, Griffen 1936 ,..do.. 157 - 2
3eccel John Lamb Carl Iarson -1941 ,..do.. 169 3
Jeee? Buetler Larson 3Bros. s.ss Jetted 183 3
Jeed John Lamb Carl Larson esee Drilled 152 2
udCb City Of Bevvssssnse 1926 u..dooo LE R .o
Moorhead
Ydeel avelOans MeCarthy sees e eu2 20
Well Cce.
X
udcca ...{10... .-...do.... [ N N ."do.. 265 EQ.
- o . . L .“‘--nt . & 20
l‘l‘d.cc} ..‘d.O..-. -a."dovggg LN N ..‘dO.. 281 20- M
udcc’-l- PP Lo iooondon-ﬁ- seve vesl0as 21{'2 “
hdcctj A.T. Nelson G‘- Haaland sem e noldﬂli 158 (2
Ll'dcd Gity of Ssansssneae essy ..-d-o.. 2""5 e
Moorhead
hddd. ese000se sescssseeny ssne essd0.. 30'0 ..
ch.h City of 8sscsacsess asaese sssl0ae 2}4’1 e
Fargo -
SCCCI Moorhead sstassssane 1906 e odOo.' 153 3
Laundry :
Heec? S . T - Carl Larson 1918 ...d0e.. 150 4
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COUNTIZS, NORTH DAEKOTA AVD MIVIESQOTA

Principal Aquifer

Depth  Thickness Material Deoth tgq Date of Useif Remarks

to top water measurement

oo 108 e s e R DS

ten TR serssnssnae seaene El Rancho Well, Dil=-
worth., See log.

see ase desdoansae seseme es s s sanse DS

[ s e enwaa 99,90 6-30-41 A Measuring point, top of
casing, 1.0 foot above

' surface.

p— - sesnnenney 308 12 7- 2-41 DS Measuring point, top of
counling on casing,
1.3 feet above surfaces

LR N ] LR ] RN W [E R R NE ] *re P DS

asse Gas Sam 550 7-22-46 DS Measuring point, top of
plank cover, 0.5 foot
above surface.

o o SERERUTEEE SR . PERESES DS Water temperavure 460 Fe

LA N | ] LE N [ A B ) LR N ) LB N ) D

[ XN} aas Sasese e sE s e w LI A ) DS

LA N ] asa LN B B B AN ) [ A RN NN ] Be s s s s DS

1}-"5 LA N ] Sand LE R N N § sevdsnan DS .

see eve sesessnses 157437 3-29-46 D Measuring moint, top of
casing, l.5 feet
above surface.

1‘}'1'5 s e ....d-o.... a8 s e e s w0 DS

sse see sessannsne SO~83 1926 A City test wells

142 108 soes@0sces sssesecs . eseesess M Clty supoly well 4, See
log. Screen set, 209-

: 240 feet.
154 109 Sanc, gravel,sesses  sesessss M City supply well 5, See
and boulders log. Screen set 223-

263 feet,

155 114  Sand eseasss seeseses M  Oity supply well 6. See
log and chemical
analysis. Screen set
-233-273 feet.

ese see stsusnssse seseses sessssns A city well. Abandoned

: vhen drilled. See log

152 6 Pebbles and eeeesss  [—29-40 A Water level below 153

sand feet.

1Y} ene sessssanes senennae sssssses T Moorhead Gity test holes
See log.

LE N ) aed ssoeve dans a0 8o ap ..OUQ..O. T DO.

ese see sescnsesns ssssesns sseses s A 014 Fargo City well,

See log.

e RN} Sessersnes asens e (TR ET I

aee LB R ] LR N NN B LN NN L B R ] I

(See footnotes a% end of table)
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Location Owner

RECOADS OF WZLLS IN PARTS OF CASS AND.CLAY

; 1 !
number or A cozzizted e Depth—/ ?iamater
ki nches)
5cddl Fairmont McCarthy Well ses Drilled 230 16
Creamery Cos :
5edd2 veelO0ces sesslNeces sene eeedOne 2u0 8
Hedd3 eesl0cse veeed0sese sesve see00se 230 20
5ddd—1 Oity of 06900000 ne sess esed0se 198 10
Moorhead
5ddd2 PR« Lo JRP PR [ PRPEIS ven PO [ T3 219 12
5ddd3‘ eselO00en .thldoﬂl.l eeve 200800, 223 12
6b 80, BHEaVeR werevsinsi eess  Bored 23 16
Gca'b St. Johns tssensonse ssse Drilled 6rn e
Orphanage
ECCd Pierce tsesassses 1923 sselne. 1"03 6
Printing Co.
60(16. Gardner Hotol ceseconces tsse secdoa, 382 18
to
6
Tacb Gity of Fargb seessecnne [N ..-do.. 228* 10
Tﬂcc Q.ldo.l. sessnnsee TR L oo.d.O'.a 262 e
Tdaa sstesses Besscsese 1912 essl0as 250 6
8aaa sesnnvesn ssssencse svse P Lo P 300 *e
8haa ssssens secsensee 1888 -..d-oe- 1'901 .o
9accl John Young  Marchland — Bored 90 2l
9&002 Clifford. Psoecvevse sese Drilled- asse (]
. Hansen
10asa Ida Carlsom = M.E, Steffins 1940 Dug 26 8
10baal T.E. Gullengs M., Baker 1925 Drilled 180 .
thaaZ T.Et G"lllengs "SRR aenw ...dgal idou '3
10daa Union Central ssssesosne seas sdsseva 176 .
Life Insurance
Co.
llasal Village of McCarthy 1906 sieibus 154 10
Dilworth Well Co.




COULITIES, ["ORTH DAKQTA AYD MIF'ESOTA (con't)

Principal Aquifer

(See footnotes at end of table)

w 118 -

Depth Thickness Material Tepth %o Date nf Ugeif Remarks
to top water measurement :
YT sew TRsessassste e X R srevesmasw I Fairmont Creamery well l.Sae
log. Screen set 195-222 feet
nee ses esrssessumn Basssens ssscessne i Creamery well 2. See log.
Scréen set 188-240 feet,
esa sen P ssavesns aesvsacas 1 Creamery well 3. :
7 ;SO 18 Sand esssseve sessesens M City supply well 1, See log.
Screen set 168-198 feet,
155 Gh sesall0ianae Bsssesan Bsesss s M Gity Supply well 2, See 10g
and chemical analysis,
Screen set 166-218 feet.
158 68  swseBavus ssesssss sesrvsess M City supply well 3, See log.
Screen set 171-223 feet,
p—— eee Sandy clay 13 6-25-21 DS See chemical analysis,
Gasw as e (AN N RN ENE N  ENE RN NN ] C IS I I A
eeve vee Sessensssce 28.01 7- 3-&0 A Measuring pcint, top of
coupling on well casing,
5.0 feet below surface,
Equipped with water-stage
recorder, See lege
see sew seesnensue 28.3? T—'B—NO A Measurinﬁ point, edge of
plank floor over well, T.l
feet bolow surfaces
sse sev Gcsssensne 3?-“0 ?ﬂ 3_h0 A Measuring point, tOP Bdge of
coupling on casing, 2.8
feet above surface.
Equipped with water stage
recorders,
95 10 Gravel T e e T '0ld City test well, (Island
Park, ) See loge"
100 4  Gravel and sande... N —— T Moorhead City test hole.
See log.
aee see ssevssese . asesw TR T Moorhead Gity test holes
See log.
ses see tesessevnne essne cesanse T 01d Moorhead City test holes
See log.
LR N LE R J [ E AN NN E RN N ] LE NN N ] [N N W ] DS
LE N ] LN ] [EE R NN NN N ] LR N NN ] [N NN D
sew ess Sand EEEE ssseann DS
LR N e e e essssase e e (R R RN N ] DS
LR N [ RN ] [ E N RN NRENNEN) e e L RN NN DS
an® LE N ] Ssswasenead LR R [EE N NEE N | DS
138 16 Sand and P P M See log and chemical
gravel analysis.




RECODS OF WELLS IIT PARTS OF CASS A'D CLAY

Location Ovmer Driller Year Type Depthl/ Diameter
number or completed ) (inches)
name

llaaa2 Village of .
Dilworth Ole Johnson 1931 Drilled 154 10

1llbaa Harry S6abuUTrZ seccescccssse esse esssd0se 165 e

11bbd Mrse. Je We Larson Bros. 1918 essl0pe 200 .o
Garron

1lbce Louie Ander—= essssscescas 1938 weullOes 210 3
son :

1lldaa John Shap-- Sessnnvessan sase o..dO.. 80 3
lend Est-

12bca  eseescsceees Carl Larson 1925 esedOes 205 3

1Ecbb A.né:ElO Tosssgevene tnse ...dooo 150 Y]
Fiandaca

13bbbl William Tovolt escssessas seese seslles 230 .

13bbb2 eeesedOseea G. Hazaland 1939 veel0se 183% 3

13cde Fred Anstett ..cevevcces ssses PRPIPLs [ P 200 X

1”‘3.8.3. E.B. Ulness esssesnvned sesse eevdOes 130 2

14baa Fred Anstett eeensccccce essen ess000a 300 [

1’40&(1 Sede« Provan @essssesene ssee eesd0es see oe

15bbb  Ida LeVitre E. Clemenson 1936 eesdoe,e 180 2

150(1& Olof Saf{-;ren Secsvasennne s esel0se 1’-'-5 a

16a8b H,B, Stevens eesceessoss 1939  Bored 50 5
son

160013 Fred Meyers essasnenesss 1915 Drilled. 150 o

16dcec  Bert Wear Carl Larson 1933 eesdose 170 3

17add Station KVOX eecedOsese 1937 easl0ss 33}* .o

lTba.a. William Bﬁiley SRR e 1917 PRt [ T 133* 3

17bcdl F.W. Bosshard Savageau 1931 Bored 98 12

17becd2 A. Olé_sberg eeeslO0nsne 1928 veedOes 98 12

17bcd3 Herman BoSS— eeeccccsos 1916 .1 - 98 16
hard

17bedd J.C. March~. Fugere 1940 esed0ee 100 18
and

1l7cc ¥airmont
Creamery COs sesssavvan snee Drilled 220 6

18zaa Leo Marsh sessavenee avee Jetted 162 ..

18aad Wels H. Srssesnens sens D‘dg 28 1]
Overboe

18aba Gity of Fa.rgo ebessesnan seee DrillEKl 21{'2 8

18cd Riverside Sesvenssesn sene -..dO.- 220 ee
Cemetery

1€da City of Fargo sseessssns sses ese00es see e

1%ad Fargo Country Carl Larson esse evedOse 120 3
Slub

19bal Harry Baker Frank O'Neil 1919 esedos. 164 3
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COUI'TIES, WORTH DAKOTA AND MIWYSSOTA

Principal Aquifer

Denth

Thickness

Material

Denth

(con't)

0 Date of

Usei/

Remarks

to top water measurement

ene es e ssevensnvss-ge snsss sscssee M See chemical analysis.
LE R ] se e Sesereesse e ssess (EERERY D‘

ave e n (R RN NN N NER NN (A X RN [ A RN ) DS

LR ] LA (LE AN NN ENENNEDN ] LE NN N ] #%cscenva DS

e w (KN Bes s s onnssod AN RN ] [(EREERE DS

ase teaw Sodsnssvenend LA R RN | (AR NN NN D

LR LN Sssesareanee - LR XN ] fessavee DS

L] sew LR R RN NN NN NN ) LR R RN} [ AR R NN S

169 1 Gravel 105 12-33 DS

[ E N ] evn L EEERE N E N NN NN ) LENRE ¥ ] évedwasn DS

L E X ] [ X R} (AN NN ERNENTRN ] sseed (AN E RN ] DS

LN LR} Sessssssshang ey Sasvsave DS

LR LN Sesvrsssvennne demen asevssn DS

L E T ] aaw ([ EEERE NS RN EN ) [E R NN ] Sasessanee D

[T X ] [ XN} Pres s s seReRS teseg sssssnsn DS

s *sne ®sceosenensee 8 9—)'1'1 Cooling

(NN} see Pesovesno b L N vesssnie DS

[ XX ] L E B ] Ses s Vs assee aes s s DS

LE N ] L L ] I B R R RN EEEER ] LR LA B I

P ses Sand (1) 34,19 7-17-40 A Measuring point, top of cas—

ing, 0.6 foot above surfaca,

LR ] X R} Sebesvesosann sessse sresanwe D

ssa ane "esss s erenand srans [ YR RN N RN ] D

LR ] LER ] Sés s sssnn 32 9—u5 DS

[ X | ewe EX R FEEERE NN N 3 15 19uh D

[ X X ] ade PeQEenssbann® esasse essassene DS

[ X X ] dee [T EEE R EREEERE RS ] [(E T ;.%o.-h.c D

LE R | L KR ] fesspe IS 25 8“19-“6 S

100

LR ]

. e

70

Gravel and
sand

LR N U B RN ]

8ot a s be s

IR R NE R NN EREEER]

IR N NI ]

32447

[ AN N
LA RN
[ BN RN

LE B RN ]

(See footnotes at end of table)

7-10-40

LR I B
asssasena
[ EA RN RENRE R ]

AT EXEER R
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RECORDS OF WILLS I PARTS OF CASS AWD CLAY

Year

- 1163. =

Location Cwner Driller Type Depthl/ Diameter
number or completed (inches)
name
19%s2  D.C. Radcliffe Frank O'Neil 1923 Drilled 165 3 to
- 2

19bd  Fargo Country Carl Larson 1917  o+eG04s 165 4
Glub

1903. Jede Scouler Ssesecsnnnse ssas seedOe. 165 2

1900 M.T. Moen Pessenrsanse ssae ess00as [ [

20cac  lrs, Esther Savageau esee Drilled 230 18 to
Cgren and. 2

Bored

20dca Mrs. Mabel fesessonvene sesw Drilled ave 2
Belsly

2laad 'Goncordia sseseNenens seee s2+0300e 167 2
College

2lcce Alfred Johnson Ssssenncsand 1906 Qo.dooh 1”‘7 2

22cccl Larson 3ros. sesvessnnsnsd 1885 eeed0es 190 3

220CC2 ee+sd0nase Chris Miller 19’4‘6 Jetted 183 3

238«&& ) m&OlPh X .-d.o..g ™ 192-{ Drilled. 182 3
Peterson _ '

23dce Roy Martin _..-cdﬂ..o. 19?..8 PR Lo PO 100 'y

2Lhbadb Heds Quick sssesvsnsnae seew ssel0es 300 e

2quh Llo:-,"(l Kreps sssssnasee svee ooldooo ese se

25&&3 W.H, Mac-- esssssasnae ssve sesdOse 289 2
Gregor

25bbb Ben Holm ssevsecsnes ssve eesd0ss 196 2

26bda Oscar Olsen eeeelO0sena 1922 sesdOas 205 [

'2Babb  N.E. Roberts Carl Larsen- 1921  +.ed0es 180 .e

29dbb  Mrs. Videen Chris Miller 1949  Jetted 290 2

30add @eo. Menrik Hansen 1914 Drilled 180 oo

30ba Gus Lenmke Carl Larsen 1938  esasd0e. 280 U to3

30bc Mrs. Tom sssssnssnes 1925 eselOus 80 15
Hansen Fst. '

30bd_ Gus Lemke Ssessunenes tesne PR (. O ses 3%'

30daa A«M. Melgard G. Haaland 1940 Jetted 146 3

3lcce  Frank Johnson  Savageau 1920 Bored 117 20

32abb  P.0s JOhNSON  essesesss 1911 Drilled 162 3 to 2

32caa . Mabel Edlund essescsee enee Jetted 160 o

FUbbe  Emil Lambert Chris Miller 1923 Drilled 182 ok

36baa  Merle Allen ¢. Haaland 1941 seed0us 143 3

139-h9

lace UBGES test hole escsscsences 19”’7 eesl0ee 190 5

1badb Great Horthern ceesssssnse [XE ) Besanee, 365 .0
ReRe

1bad  USGS test hole eescecesces 1947 = Drilled 200 5




COUHNTIIS, NORTH DAKOTA AVD MIUVESOTA (con't)

Princinal Aquifer
Depth Thickness Material Depth to Date of Used/ Remarks

to top . wate measurement
- s SR ¢
coe eoe esscssensses tssse  evessses D
ess ese ehescssncsnnae seess  esseassse Ds
bee aen enessssssenop essee ( ER NN EREN]

see se cossensreness  D5e 8-.20-U46 DS Measuring point, pump base
on top of 2-inch plank
cover, 1.0 foot above
land surface.

LR ] L X B ] eBesassssnane L EE R Y] [ RN NNT ] 35
LR 3 ] ton Osscsscesnneoanse sese (AR RN R N L DS
see seo O2cesasecansnn evaes [N RYR L 5
(X ] oee ODLETessnsesR seness sassesssn?® A
LR co C emosepnnnans apvee seenvnend DS
"ea LE R -] CeC o s s R ane LERE N L BRI A DS
Sap Cae (E R N R R NN N as o Ssasevae DS
evs ewe " dissesmsesew (X T XY dessebe® DS
L LN CEsssessanne AR RN  FER NN NN DS
LR X ] "e8 [ AR R NN ENEENNERE ] LENE N ] sSRemen s DS
oas e e plo}-.;-tuoo Tesnp sevsenene DS
aee LE N LEN NN NN (AR RN ] [ E RN RN NN ] DS
LR ] ase S s RNEER BN [E R NN I ERRERENEN ] DS
sse sse Sand 30 19h0 DS
LE X ] LN Se e b onsene XN B X LI DS

- ves Gravel 2l 1939 DS
[ X X ] LY tuoo.dooooii 15 1939 DS

o seces sinssssccsen 23635 T-23-M0 DS Measuring point, top of
casing west side, 0.8

foot above surface.
aow [E XX ] [E X E X R E R EEER ) 5C 19&0 D

LR ] e sBerasmssrnsse apsee sesess e DS
LR 2 LA [ EE RN NEEEENE ] 60 7-”5 DS
LA R ene [ EEEENENNEE RN ] LEERE ]  FENEREER N ] DS
LR aee Neasdssscante DS

133 10 Gravel 12 1-41 DS

sae see esessecngoens secee esessssee H See logh
[E N ] aew [T YEEREE NN ] [N NN [(EE RN NEREE N & DO.
see eee @essreancsan sesss sseseseee H Do
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Location Owner

number

or
name

RECORDS OF WZILLS I¥ PARTS OF CASS AWD CLAY

‘Driller

Year

completed

Type

Depthl/ Diameter

(inches)

1bvp

1bbdb
1lbecd
1bdd
1lchb

lebdb
lche

lecbdl

lcbd?
lec

lecca

lecdl
~leed?

lecd

lcde
lecdd
ldca
ldce
2aal

2aa’
2aa3}

2anl
2aah
2aab
2aal
2aa8

2aa9

2aall

2aall

Davis Lewis

USGS test hole

.--..do.oooo

l'...do..l.'

Peter Swanson
USHS test hole

Fargo City
test hole

City of Fargo

wenanw DD s e wiae
Mrs. nidie
Saiin
Targo Livy
tast hole
oo G

nhe s i3 80

00\-ue(10-):.¢.on

Cass County
woveedOss e
01d well

.a--od—Ouu.-o

.U...dot‘(v‘t“

David Zosgsart

LR B ]

Leonard Eotbs

R, Kirkevold

Paul Baker

AMbert Hoiland

Pavline loe

Alpha Bjerken
Mrs. Malecclk

Kenncth Olson

L.R. Valley

[ R NN
L U B B B ]
LE N R RN EE RN ]
SBs e s P saw
LB RN E N ENE RN ]
-.-o‘-oo-.tl

LRI B A )

L C I A I ]

LU A R I ]

Marchand

LR I B A ]

ST rsFrsewESS

fss st sasana
LR R N N
L LU B NN
IR RN RN ERENEN]

Carl Larson

saEs B esRORN

TR N R N R

Marchand

[ R NN NN NN ]
[ EREE NN RN NN ]
L B B A
[ AR R R NN NERE N

[ EERENE S NERN]

"essssneneed

BEs e

1940
1947
1947
1947

1947

LR NN

1024

-

LN )

LI ]
senw
RN

L L

1933

1933

sved
LE BN ]
LR S
sewe

LR N N

1928

- 1l7a -

Bored
Drilled
O..dO.'
o-.d.O-.
Dug
Drilled

LI S

Illdo.l

ie s 00
Borod

Drilled

..odO..
...d—o..

coth..
[ AN
LA N N N N R ]
L L B

acsesnees

...do.l

I..do..
Dug

Bored
L -dO--

LI L

.-.do..
Dug

.-.dO--

Bored

25
190
220
190

26
225
202

192%

200
45

201

u17
196

s U R\WJIIT\I\I &

24
18

LR
see
esw
see

42

18
18

18
36

aea




CONTIIZS, WORTT DAKOTA AND MINZSOTA (con't)

Frincipal Aquifer

Depth Thickness Material Depth to Tate of Useﬁl Remarks
to tom water measurement
i P i~ A sea T A
soe ess tsssesssssne case cessssnn H See log.
ssae s thessesens e sene assscsee H DO.
L [N L B B B B Y LI B Y L R B O II DO.
LR N LN N s e s ene s L N (AN NN WY A
RN e SeEvawiees PR e n e H Do,
a s L BN ] LB B B Y L LB 2 LR B N N Y T DOI
. - R 26.68 7- 8-40 T Measuring point, top of
casing, 3.2 feet above
surface. See log,
water-level data and
chemical analysis.
aive — B e ege v i e M City supnly well,
L L N Band— . e answ L I N S
ess srs S e B vece ouma e T See log.
e a3 haereneasoe seew svesssan T D°o y
o s S E R 29.04 7~ &-Uo T Measuring point, top of
, casing flush with surs
face. Zquipped with
water-stage recorder.
See log.
[ ees Bssernsense seses sssasans D ¥ .
ese see ssopoe3ese asee Besssnen A See lt}g.
([ EN ] see aemescascel - a0 ..n.o:.o A Doo
[ RN T8 LE R RN I LN N RN [EAENNREN] A DO-
e esee sessnssnans sennse eesnvnsnse A Do.
sse ses sassscadece 30.29 T- 8--1#0 D Measuring point top of
casing.
see T seasassnesse sese esssssss D S1l'0"01103 about 20 fmilies.
ns o PRSP 17.06  7-31-k0 A Measuring point, top of
2 by &-inch plank on
west side, 0.5 foot
above surface.
LN LR ] [EX R R RN N E R L N ] a8 " a8 S
PR e Ssessnsses sane sessasnese D See chemical analysis.
L N LN .C‘.O.!'..l LR N [FEEE RN NN D -
& =8 [ ] (AR ENNEE NN ] aBee8 (AR N RN NN ] A :
ess ceas sevesseace 12,59  6-20-41 A  Measuring point, tep of
wood cover, at surface.
P S R 11,36  6-20-U41 A Measuring point, top of
surbing at surface.
10.00 ©-20-U1 A Measuring point, top
e e d of wood cover, 1.0
foot above surface,
an ere tsssaseBNe sense [ERE RN D

(See footnotes at end of table)
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RECORDS OF WELLS I PARTS OF CASS AVD CLAY

fu

Location Owner Driller Year Type Depthl/ Diameter
number or completed (inches)
name
2aal2 Carl Moen Sssssssanan ense Bored 19* 6
2aal3 Thomas ThOMPSON seceessscse se e Dug 30 ol
2aall4 0,L. Dahley Dahley and 1941  4eed0es 28» 9
Beauchamp
2aalh L,D. Benson sessasseone 1929 eas00e. ses ses
2aalb  Olaf Kvitte . 1922 Bored 20 7 i
2aal] Fred Bossart PR pC Drilled 160 see
2adl Elmer BOdd.,V Ssassssennn ssne mg ssse e e
2ad2 Geos E. FoWler seeevoscnces 1930 seslQes 22 10
2ad} A.R. Sutter esvsensesns sose sealOg, sew Y N
2adl H.R. Kollman Savageau sese Drilled 115* 5%
2addl  Brudevald Julius Fugere 1947  Jetted 168 3
2aad2 Sam Clemenson sessadOie 191"'7 seeQ0g. 162 3
2baa USES test hole seveerssascas 1947 Drilled 292 5
2bd Pederson Bross ssssesscoeses 1931  DIug 20 36 "
2ca Clifford. J. Seserirannes sta e ..odO.. 20* L|-8
Johnson
2dbd Fargo City Layne-West- 1940 Drilled 155* 12
test hole ‘ern Co, of
Minna.
Jaa John Preboske Marchand 1941  Bored 35 24
3adl  Roland Tougas eeed0ses 1941 4eedose 30% 24 .
Jad2 Ernest Fricke eeedOese 1941 ..edos. 4 18 e
3cce  USGS test hole eeevevssnss 1946 Drilled 367 5 -
haa. Gus Torkelson Sesvsevsase esne eeel0ss 120 2 .
hac PRPRREY [ PRp evscesnevdne ssee eeel0as 119 2 -
héce  USGS test NOle ecesssscsse 1946  e.sdoe. 260 5 ;
h‘dCI E.‘af. Benton Gspbavssnn® ssee ...do.. 115 2 .
’-3-1102 . Fuller Carl Larson sese seelOae see e e .
l"d.c3 Geos Thoemke esseed0sans 1931 eeslOas 113‘5 3 .
Ydcl Oscar Euren SIS T, - 1936  eeedos. 135 3 -
’-I-d.cc Dahl ....do.... snes eseneee 1“5 see .
L"ddl E.W. Trapp esrp s baen 1938 mg 18 1"2 ')
]4!.'1(12 Joe Pearl seseseveew sswae Drilled 135 sea .
44d3  W.D.A.Y., Inc. Savagezu 1932  seedoes Eg 4 i
Haaa USGS test hole .. .. ,.0n 1947  seed0ee 2 5 %
Scc mou & 000 tv-.doooon 1922 Bored 100 214'1;0
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GOUIMIZE, FORTH DAXOTA A™™ MII RSOTA (con't)

Principal Aquifer

Depth

Thickness Material

Depth
water

0 Date of
measurement

Use3f

Remarks

to ton
LN LN ]
LER ] oo

22 2

LE R J LN ]
sse see
LN ] LE N ]
[N ] see
een ee e
ese see
ese see

140 o8

150 12

LD ] ese
aed LE N
LR LN

133 23

e Tew
[ R eee
Sea aee
LE R 3 LN ]
e e se e
aaw ten
LR R ] bes
LR LE R 1
ane ten
L LR ] LN ]
ase LR R ]
we e ane
dew aee
aes e ase
(X R J (R R
See ans
100 Y

AN NN NN Y N ]

L LB R A A

Sand

Sesasnssnne
LU B B B
(AN NN NNFNENN]
(AR R ENENE XY ]
Gravel

@eosvsscsene

LB BB N O

Sand and san-
dy gravel
Sand

[ EREERERERERNENEREN]

Sand

Medium to
coarse sand

Sand

.'...do...'

secesl0sene
Sessssnus e
[(EENFE NN Y N
e e drensns e
[ EREEE N ENE NN E
[(EENE R RN EE NN
[E N RN EREE NN
Sesgesssasnald
SeSsoOPEs RS
(BN R R ERENET ]
s s ssasewen®
S@sssssnnsend
AR R EN SN N RS ]

Sand

12.63

sREnee

11.19

sSsasve
thoeone
secsan
essnea
LA N RN ]

[ EX N RN ]

36463

40
42

LE R BN

L E R RN N ]

12479

17.06

Sassen

9455

 EE NN Y ]
[ E R R RN ]
35

I EE NN ]
(R RN NN
12

[ A RN B
asen e

LR A BN

(See footrotes at end of table)

6-20-41

6-20-41

(AR N RN RN ]
LA N N RN ]
(A RN RN N ]
s devnes
[(EREE RS X ]

10~ 8-40

5-47
5-U7

6-23-U41

11-30-40

6-23-141

[EE N R RN ]
LR BN
[T EERREY ]

1941
AR NN E RN ]

1341
(AR REEER]
(RN EE R RN ]

[TERERERE ]

- 118b -

A

= e W =

(=

oKy

D
B
DS
DS
H
DS
DS
DS
s

D
DS
D
H
M

Measuring point, top of
curbing, 0.1 foot above
surface,

Measuring point, top of
curbing, 1.5 feet above
surface,

Measuring point, top of
cast iron pipe, 2 feet
above surface,

See log.

Measuring point, top of
wood curbing, 0.5 foot
above surface.

Measuring point, top of
casing, 1.3 feet above
surface. See log.

Measuring point, top of
curbing, 0.3 foot below
surface.

See chemical analysisa.
See.log.

Do.

Do.

Do.




RECOTDS OF W'LLS I'T PARTS OF CASS AND CLAY

Location  Owner Driller Year Type Depthl/ Diameter
number or completed (inches)
name

5ded  USGS test HOle  evesecasese 1947 Drilled 220 5

63:!31 Balthauser & esesssesnne 193”‘ oaodo.- 112 2
Mayer

6ab2  Union Stock- McCarthy Well 1935 eesdoe. 240 Pl
yards Co.,

68.0 sceeslBasase sesseldOaceas 1935 esedCee 236 8

Gad .-ou.dO.l... l-‘I..d-o..lIi ee e .l.d-oI_l 230 8

fbaa  Union Btockyards ee.seG0esese 1945  seedoes 227 8

5 test well A : ‘

fbcc  Union Stockyards seses@0esses 1945 4uedOes 192 8
test well B

6ed Union Stockyards e.csedOsevee 1935 ¢.ed0s 200 6

Taal John Rausch Frank McCumber 1938 ...do.. 106 2

Taa2 G.R. Taylor Carl Larson 1939 ee.doee 105 3

Taa} Fred Cederberg T s £ » (. 19!'.?0 seslOae 161‘ 3

Taa4  W.A. Francis Savageau 1920 Drilled 150 18 to

o and 8
Bored

Tadb G.R. Taylor Geo. Griffin 1939 Drilled 126 .2

Tadl Neal Rausch Frank MCCumber 1940 e.sQ0es 258 2

Tad2 L.R. Leopard v EeR TR 1935 Bored oss 18

Tdal ¥Wm. Greison Carl Larson 1940 Drilled 175 3

Tdag Harold Peterson seseed0seses 1933 seed0se 190 3

7‘13.3 H.O. Mannes .-u.-dO.-... 1939 p..d.O.. 195 )'"

7dal4  Joe Schekall . S 1940 .4.dOes 276 3

gbal West Fargo Marchand 1939 sesdOes 162 6
School Dist. 6

8ha2 Sukut svesssassnen sese PRPPY [ PO S?* 3’%‘

8ba3 Joe Marlow Bo s eEB Y S enes Sored 70 14




COUNTIES, “TORTH DAKOTA A¥D MINSSOTA (con't)

Principal Aquifer

Depth Thickness Material Depth _to Date of Usejj Remarks
to top water measurement
Ty oo Bsacscsvsess ssssse susNseees B Cee 10&.
[ ER ] LA W] Sesassapesse ase e FEY R YRR Y ) S
daa o GBS RS 35460 7-17-40 DS Measuring point, bottom
‘ edge of pump base 17.5
feet below surface.
See log and chemical
analysis. !
ses ese Prssessereee 21.55 122537 § Measuring point, concrete
shoulder of pump base,
7.4 feet below surface
See log.
e P §rsinnninie 3732 7-17-k40 T Measuring point, tep of
' - casing, 0.4 foot above
surface, Equipped with
. water-stage recorder.
See log,
6re sse sssssescsnne esnse® Ssssense T See log.
eve aen Sevsssssnsad sseent® ceveense T Do.
- p— P 36 9-26-40 DS Measuring point, land
surface.
[N} LN AR RN N Y ] senaa?® [ XN R R RN D
vsa ene Sand sesewe enssens D
. — Gravel and 36432 1-27-"0 D Measuring point, top of
sand - ' extended iron casing,
3.0 feet above surface.
ose e Gravel 30 1941 DS
[ BN [ E R [E R E R E RN R E Y TeswON [ EE RN D
L RN ] L 'EENEEEENNNE ] [ E RN NN ] [ I BN N W D
[ XN ] .... B8 288 808P ae s a2 L RN B I D
LN ] [N EEEE R R NN (AN RN ] assbodE D
aee LR X ] [ E N E RN NN NN N ] 26 9-38 D
ane LA N ] S0 S8 HhE B Sar s L B L 3L B BN B D
LE N ] LN ] (IR EE RN NN N ] LR NN NN ] LN A A D
LR N LN ] 'EE R RN NN ] ..O.l.. ® e s P e an D
“oe - PR 30.35 7-27-40 A Measuring point, top of
casing, 0.7 foot above
surface.
sai i essasssssass cesase esesece I Used for automobile

(See footnotes at end of table)

radiators only.
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RECORDS OF WELLS I¥" PARTS OF CASS AWD CLAY

- 1203 -

Location Ovmer Driller Year Type Depth;/ Diameter
number or completed (inches)
name
ghalt Nrs, Margaret McCumber & 1939 Drilled 85 R
Forsberg Stafford
8btal C.J. Ferch Dakota Arte- 1937 eeedoe. 132 10
sian Well Co.
Bbba2 seccedOoccss McCarthy Well Co.1940 ...do.. 136 10
gbbl Flmer Sukut @ssessssnsene evwe o-.dO.- 100 h»
8bh2 Floyd Sumpter Carl Larson 1939 ses.doe. 119 4
8bb3 Joe Hanisch Savageau 1927 Bored 100 15
gbbl Floyd Sumpter Carl Larson 1940 Drilled aes 4
Sbbﬁ Sesssessceven Gresssssse LR RS ’a.doao 76* e
gbbb Iyman Stafford Frank McCumber 1937 eeedoes 106 2
8bb7 Fugene Loberg  McCumber & eses wseldoes g4 L
Stafford
8hh8 Daniels ssssensnsssas soes aepl04. see seae
8bb9 Axel Anderson Frank McCumber 1940 ...d0.. 96 R
gbb1l0 Helmer Berger seeesdOesses 1936 essedoe. 82 4
gbbll  Mrs. Celia TSN | U 1932 +.edoes 102 4
Welson
gbbl2 Wm. Pierson eessed0s00ss 19)4'0 PRPUA s T P see ese
8be 0.N. Enger sneki QB emen 1935 +e..do.. 108 4
8cee H.C. Berger ltncod()loooc 191“'1 eeel00e 107 2
gdd AJH. Meyer Marchand 1938 ee.ed0es 160 6
9d.d CaI‘ Robanus sesssssnssusns [XE Y] .ooacou 120 2
10bbbd R. A, Barfuss Julius Fugere seeas dJetted ass e
10be Mrs, CoH. Perritteccccesseenes Peees Prilled s0e Ty
1%ccec Tom McDermott @csssssnsnend 1938 eeedOss 123 ere
llaaa Yorthern PacificC ececvescsvece 191{'? ssed0se 170 en e
R.R. .
1labd M.C. Hawn Marchand 1941 Bored 90 18
1lba Aaron Kenward Carl Larson eees Drilled 160 : a
1lled Carl Ostwald PRPRPIPY . [s PRPRPI 1937 PO . 19 309
1ldel Albin Olson ssesavesacas 1939 3Bored 1l 12
1lldc?2 Solomon Heldt SR 1939 Dug 17> 3381
11(103 F. Palm sssssssansns sees 990300, 13* 361
36
.12acl H, Benson R esss Drilled 175 4




COUNTIXS, WORTH DAKOTA AND MIN'ESOTA (con't) ’

Depth

Principal Aquifer

Thickness Material

Yo top

th
Dep o o

water

Date of

measurement

Useif

Bemarks

95
95

95

L XN ]

one
LE N
[ E N ]

(XX
ase
LN ]
see
ase
ase
ere
LN ]

ase

37
1

LN
LN )
L LB

E RN

LI A
LN
Sen

see
LR ]
LE 2 ]
ane
ane
s e
ev e
[N ]

LR ]

ase

I E N E N NN ENNEYN]
Coarse sand

ecasa00¢anesn
DEeDArA a0 sed
B U LS "Dosr RSN

Sand

AR AR EEEREDR ]

Sensvperanans

[N R NE NN NN NN ]

P88 At san s
(AR RN ENEEREENE]
LU BN N B O N

[ EEENRE RN NN ]
LEE RN ENER NN N ]
Sand

Sbhavesssneas
[ S X ENNNERENEN ]
st s senbeannse
ER N N A R A )
I E R RN NN NN

das s vevesnasi

feessssaneneR

Sand and gravel

Qs e nas s tasnen

Quicksand

L G RBE I BB A

b
L1

doscane

®amue e

36
34,64

32.61

assase

(R RN N ]

LN NN N
esseee
LU B R

LN

tsvasan
sasasw
LR LR N
LA R RN R
ssssne
ee s e nd
[ E R RN ]
LR NN N

12

LR BN

28
10.96

12, k6%

1C.50*

27.18

{aee footnctes at end of table)

LR NN N NN )

9-17-41
9-17-U1-

Bs Lo eBOW

LR NS N N

7-27-L0

7-27-40

LA R RN R RN

Sessavaw
(R RN N WY ]
([ EN NN ENY]

L B N RN NN

LR RN N NN NN

LN BN NN N B

LA R N )
(AR RN NEREE Y ]

LR RN N N

(AR R NERERY ]

1943 -
g
7-10-40

7-10-40

7-10-40

7- 3-1
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gddgg=x = 4d

o gy gy

HOHdguguguogugyd
@

aadEdg
(4]

d
23]

S

A

Measuring point, top ef
extended casing, 2.25
feet above surface.

Measuring point, top of
sheet iren casing north
side, level with sur- '
face,.

See log.

Measuring point, top of
wood cover, l.lt feet
above surface.

Measuring point, top of
curb, north side, 1.5
feet above surface.

Measuring point, top edge
at wood curb, east side
0.9 foot above surfaces

Measuring point, top of
casing, 0.72 foot
belew surfaces.




RECORDS OF WELLS IY PARTS OF CASS AD CLAY

Location Ovwner Driller Year Type Depth;f Diameter
number or completed (inches)
name

12ae2 :H, Benson Gssssssnesne esse Drillaed 152* 2

12ach Fargo cit}’ Ssescssssnsey esss s9ed0pe 210 (XY ]
«ld- well

12bab Fa.rgo Gity Ssevernensan ssses seelOes 190 ees
test hole

12bb Anna C. Carl Larsen 1931 o..doe. 154 4
Pederson

12cal Charles Roberts sssssesess 1922 s.edoe. 192 )

l2cac Fa.rgo City esnsssscssens s eeelO0s 216 sen
old well ; : : -

12cad Merchants Hat.KcCarthy Yell 1937 P« [, P 205 8
Bank & Trust Co,
Coe.

12¢cc A.C. Rose sessesnssssce 1928 eeelOas 100 3"?&'

12cd  Fllen Shinn Frank O'Neil 1926 seed0e. 176 3 to 2

12dch Fa.rgo City Bessevrsvseee esse PRPRY [ P 232 e
test hole

1%aal G.R. Addyman Carl Larson 1940 e+s.doe. 163 L

13&82 TeOs Strand Hildreth sece eeslOss 173 Ty

ljabc USGS test hole esccacnsosne 19]47 PP T P 200 see

13ba R.D. Chowning Carl Larson 1940 ,..do.. 110 3

13becl Hilma C. Beckstrom eses sesd0.. 221% 3
Johnson

13b02 vee:000000se ses0edOsscee sren essl0se see ees

131303 essvel0ssens JFrank 0'leil seee seel0as L ees

136.& C. BOhIlSa:Ck secsssnsens s sees esel0se see 3

1Ll'ﬂ.d. M. A. Wilks @secsssensan ssee oseel0ee sve ese

1u-bb Geo. FO\‘flel" ssessssntone s eeslOss 114'0 3
Inc.

17aa Max C. Tyler Carl Larson 1939 +..d0.e 130 a

1l7cec Fran¥ Beaton McCumber sesn oea0ae 172

18aa Reuben Simp~ Marchand 1938 +..d0.. 196 6
son

18cde Mrs. Malley TFrank O'Meil 1923 e.edoee 150 3
Beaton

19ad  Milton Loberg sececsssesse 1924 o.edos. 112 U %0 3

196.3. Herman Helden eceesscsccss 1939 P « [s P 108 h

20ba  Almklov McCumber eees eeedOes g3* b

20bb  Ole Rustad  eseeelOesaes 1934 ...doee 180 U to 3

EOOC HBnry LOberg --o-.d.ﬁo.... 1935 . . T 107 h
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COUNTIES, TORTH DAKOTA AWD MIFVESOTA (con't)

Principal Aquifer

Depth
to top

LR
pee
ense

LA N ]

LN

145

e

L ER |
LA N ]
LN
LN

LA

LER ]

LE R ]
eve

[ N N

LN ]

Thickness Material

LER ]

LR}

18

LR ]
LR RS
L

LA R ]
aee
LA N ]

LR ]

LA N
LA N}

LR ]

Depth to
vate

Date of Useif ; Remarks
measurement

[ EE NN R EENY X ]

taBesesas el
(AR NEE S NERENE ]
Sresssooqosav

LA B R R RN R NN ]

(R A R R ERNEESNER]

(R R N
Sesssenrsan®

Sand

e sdeenandy
Ssssvreraean
L B O I B B B A N )

fes e rasasme

 E AR RN E RN ]
[ E N R NN ENENEE]
LR N RN ENERSE
evsssssassnes

[ EEE R E R NEE S ]

essbos e

LR ENE NN ENE R

Sand

LR R R

Gravel
sovsl0van us

[ EEE R NN NNY ]

(AN ERENERESRSE R

Gravel

32.U

swedase

38.72

LR ]
ad e s aw

([ E R RN N1
assses
L SO LN ]

21.04

dewers

LR B N
seesed

L L
L]

R RN W]

L B N

30

14
14
4o, 74

18
14

(See footnotes at end of table)

1- 3-41 A Measuring point, top dY
casing, 0.2 fqot above
surface,

"evsvesen A SBB log.

sesssses T Do,

LR B D

essseases DS

Pesssses A - Do,

T- 841 DS Measuring point, top of
concrete rim, west side,
1.8 feet above surface,
See log.

Used only for gardene

LU B N N

s0espwen

== >
(7} ]

See log,

IR NN NS N

Water temperature 479 ¥,

LN BN N N

See log.

8 s 880

7-22-40

PUHHO Y

Measuring point, top of
casing, 1.0 foot above
surface.

[ EEREE RN
Sesnsnas
[ ERENNE NN

WVater temperature 45° ¥,

g;g?tjlb(n

LN NN N NN ]

[EEEE Y]

Water temperature 48° F,
Water temperature 45° ¥,

gugd
7}

1938

t
(%]

L BB BN )

1939
1939
7-25-41

=gy

Measuring-point, top of
casing west side, 1.3
feet above surface. Inad-
equate water supplye

1939
1339

=R
7
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HECORDS OF WILLS IT" PARTS OF CASS A™D CLAY
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Location Owner Driller Year Type Depthl/ Diameter
number or completed (inches)
name

2laa A.H, 3Barnes Carl Lerson 1936 Drilled 148 3

2lecd Axel Johnson Secsevenssose 1938 sse00se 170 3
(tenant)

22aa E.G. Clapp Carl Larson svhae 20600 ne 117 -

22ba Mrs, P.J. McCarthy Well Cos sese ssedOee 207 8
Welsh

23ba Roy Smith Pscsvescrane 1925 ssed0ss 160 )'l'

2)43.& W.W. Wallwork seenvsnvecse seee .lldoiu e 2

El-lba. E.F. Alford esssesssnsee 1930 esel0se See 3

2beb  Sandford John- Carl Larson 1919  4sedo.. 155 3
son

2]46.3. Sam Ghessle? Seveanvassnnp LN NN ] .-.aott LB R 3

25ba Willy Lemke Ep sy 1927  sesd0es 154 3

26aal Wm. Horstman  Carl Larson 1935  seedoee 130 Rl

263&2 deunB0aneea Bessedbrscese eeny DUg LX) K]

27aad Mrs, Emerson T e Tgay esss Drilled 176 il
Smith

29bdd Ole Loberg Hagman 1924 ...d0ee 235 U4 to 3

29¢ba 0,T. Lawton McCumber 1936  +s.d0e. 100 E

29cca Carl Houkom assenlOenuse 1933 es+00s0 109

2900&. W.7, Kreisel= no-otdonuooo 193!"’ seeU0es 96 }'I'
maier '

30bad Kiel Bros. Selvig 1920  +..d0.. 90 4

3lﬂ.dd A.P. Martin Carl Larson 1925 esellOns 106 ese

32aca John Beach esesssesnnee sess ossl0se 140 3

32bba C.C. Furnberg Frank O'Teil eees  sesd0ss 185 soe

34da A.A. Albertson Carl Larson 1938  ...d0e.. 135 3

35baa Mrs. Mary C. Frank 0'iTeil 1920 ,..do.. 140 2

. Casler

3638.d. Don Burritt Sessssnssnip "L q..dﬂ.. 115 3

36dab Frank Bergmann .o-oo.o.oo..l. TRy Bored ST 18

© 139-50

1ddd USGS test hole eeesccsccces 1946 Drilled 260 5

2aasa  August Swanson John Larson 1910 eeedoee 250 2

2ddb AP, Gress Julius Fugere 1940 Jetted 170 20 ;o
¥ L el T ol » .

2dde seccelOnnnne ecacs@0ssese 1939 ecalOse 265 20 130

3ddd Archie Livbrecht Independent 1945  4..do.. 126 . 3

Drilling Co.
" 4ddd Chas. ThOMPSON ecesescscase eses Bored 60 4o




COUNTIES, NORTH DAKOTA AND MINMIESOTA (eon't)

Prircipal Aquifer

Depth Thickness Material  Depth to Date of  Used/ Remarks

to top water=~  measurement

v e Gravel 20 1939 DS

see ses tsesssaanns 20 1939 DS

ey e Ssssesnnsne Ssses e Sssssene DS

see ees boessenenne sesvsense enswenee DS See chemical ana1y3131

ose ees Gravel 35 1939 DS

(XN see Sresenannse ssses e Srsnsnns Ds

[ B X ] sew LA E RN N NN NN LI RN N Y Feespowee DS

e e e sssasenenne sesvnan [EE R RN DS

see ese srencececne 32.29 ?-'23-'1'}'0 DS Meaaur:lng point, top of
casing, north side, 0.5
foot above surface.

ses aee Sand 21‘" 1939 Ds .

LR ] e Srsssrsncne Brssese sravsene DS

“se see sreavsssneae sssnsaes seses e A

esw LR X ] L EZ R ERNNENE ] LE RN NN LA R NN NEN ] DS

ees “er crecsenrene 6 9- 1-41 DS

ase LR sremensrand LR RN "esrs el DS

LEX ] LR IR R RN N ER NE] [ AR R R NN LR RN R DS

aee ase sassssshaee tvessew [(EEE Y DS

e sase anesssssee s seacrne ssenssna D

aee LE R ] LR RN N RE N ] LR B R B R ssvsssmw D

LN [ AN SO 8Os D h D L B N ....'.... S

LR LER ] (AR RN ERENEY LR N ) tecrernee DS

[ BN 3 L LR J LEC R B BB B N ] L N CR BN I N ) Ds

LER ] *Re I EE R EERENERY ] L NN RN ] [ EEE RN ER ] Bs

LR ] LR ] LR RN Y LR R L R N N D

'Y ] LR N} (R EEENE RN ] [ E N ENE R 'EEER NN N n

qee tew sasssesuts stassen Sesesenwm H See loga

LR ] e (AR R NEREENE N ] Sassean ’o.!occ. DS

[ XY ) Y] Sassessnew 12 - 19h0 S

s sesw snssssensse 31;.55 4 2—11-6 DS Measuring 'point, base of
pump, 5.82 feet belew
surface,

. v Fine sand 15.29 4. 946 D  Measuring point, casing,
0.4 foot above surfaces

oo out S R 20,50 U 9146 DS Measuring point, top of

(See footnotes at end of table)
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plank at top of casing,
1.5 feet above surface.




RTCORDS OF WELLS IN PARTS OF CASS AI™D CLAY

Location Owner Driller Year Type Depthl/ Diameter
number or completed (inches)
name
S5cec  USGS test hole  eseccscesess 1946 Drilled 329 5
Heda  Wayne Cross Marchand ssss Bored 63 18 to
8
5¢ddl eeece@0escce PR eees Jetted 450 3
5Cdd2 saaesGOswenw esessssssees eves seslOus 150 e
50(1(13 seeesl0cansns essvsssssens esss Bored 65 18
6bbd  USGS test hole eesecscsceses 1947 Drilled 314 5
gchb Eo G‘allffin and Sasesspsepan as e e Du.g )'I'5 [ E N
Thompson
Sdcc A.R. Utke Ssessednsein sen e Bored sve 20
Sabb Gladys Moe ssessscesses eves esonsse sare ees
1lbba Archie Lib- Julius Fugere 1936 Jetted 177 3 to
brecht 2%
11bbb USGS test hole eeeesssevese 1946 Drilled 309 5
ljhaa. Kenneth Pyle evoeescacnone ssss eesl0ce 80 2
17abb Lester Morris Hildreth 1939 Jetted 76 .
18bce Albert Lindsey Marchand eess Bored 67 36
24dd J.E. Gaard escsssscnnes 1931 Drilled 115 3
25bbb Margaret Skicke Savageau 1926 Bored 60 ol
2hddc E.¥W. Hartman 1923 Drilled 100 s
31bbb Laurence Kraft seceescssesses esess Bored 50~60  see
36bdd Minnie Miller Rean 1923 Drilled 93 15 to
Foltz and - 6
bored
139-51
lddd H,J. McGuire evsassessane sanese sessense (XL e
Uedd USGS test hole sessessasses 1946 Drilled 419 5
5abb Je«R. Askew tssessssanes sess Dug Lo ug
fddec  USCS test hole  eeecesssnses 1946 Drilled 402 5
7cbd J.S. Dalyrymple esecessscssss 1925 Jetted 320-330 sae
€bra esessl0anvee @ssssssesves eess lug 70-8C 36
10cad Arnold Gohdes Gecssnssssnns svue seelOse 25 3
10daa Ra-ll'lh Gibson sssssesaneie saee Jetted 100-20C1 3
11bbb U3CES test hole seeesssccccs 1946 Drilled 349 5
12ada A.L, ngert ssscsncsnsue sess essnene ees aes
1’"‘&&& John Ellison Bresnsnncnne ssse assanne e o
lubbb Jack Waltz Sssrsnssvese sssa Jetted )-‘-20 T
15bad D.A, Malstrom Dakota Artesian sese Drilled 382 soe
Well Co.
lScbb JeS Dalrymple Sesswesanapne 1927 Jatted 120 }'I'
19add John Yunker esssssnssnse vace 2ee000s 1C0 3

- 1233 -




COUNTIES, FORTH DAKOTA AND MIMFESOTA (eon't)

Principal Aquifer

Depth
to top

Thickness

Material

Depth to Date of

vate

measurement

Use}/

Remarks

[N
aes
LER ]
LN

LR R

LN ]
LN ]

LN ]

LR ]
LR ]

"ee
see
(X
ava
LR

LN ]

awe
LN ]
ass
L RN ]
[ BN ]

LA N

ose
LE A ]
ese
L N

LEX R ]

LR R
bew

LR

LR R
ece
L]
LI
*ew

See

anw
LER
L]
LER ]
LE N ]
LA R ]

LER ]

LR
LN
Bew
Peas
LN

(A X R ERENENNE N ]

Sand

[ AR N NN RN NN]
Cre®Ce e ed
o e Desersanda

Sresssvsnaded

LRI L IR N

Sand

LE NN NN ERENN Y]
AT e coeRrRBEN

freedLOo0eR P

Feroneasnense
Le S ECPOareBDe
Sesssansanen
ssessss s
LR B N NN ]

(R R R EREE RN NN ]

(A A N RN ENNNE S ]
sesssevacaae
LA N B R E E RN XN S
[ EA RS S RN NN NS ]
AR EENEERENENE Y]
I AR N AN RN RN

Quicksand

[ ERE N E NN NN NE ¥
[ EE R R E RS R NN R
(S E RN RN NN RN ]
[ EE N NENEERER R

[ E R ENE RN NEE NN ]

LR B B R N

L
1k

i&..-t

4

12-14

17

sesren

denven

18.26

sessed
e
avesy

20

LER R KR ]

LR N NN ]

14,97

(See footnotes at end of table)

astassee

4- 9.46
4. 9.L4g

TN

L. 45
4-15-U46

ssesssn s

1936

(EE RN RN ]

eSesBsE O

4-15-46

(RN NN NN ]
Sesveven
‘sensevee
LE NN N RN ]
LR RN

11 Eelt6

(RN RN N BN ]

4-10-46

10-31-46

1023146
10-31-46

10-23-U6
10-30-46

- 12%b -

B
DS
A
A
A
H
DS
DS
s
DS
H
5
DS

DS
DS
DS

s

DS

DS

DS
DS
DS

DS
DS

“Secilog,

Do.

Do,

Measuring point, top of
casing, 1.5 feet above
surface,

See log.
Do.
Do.

Measuring point, top of
concrete reservoir,
level with surfacee

See log.




RECORDS OF VELLS I¥ PARTS

OF CASS AWD CLAY

Location Ovmer Driller Year Type Depth.y Diameter
number or completed (inches)
name
19ccd E4 Olson Sscsosnsnenee 1937 Jetted ,400 see
20abb Frank Lynch Coe wsecnsacenne eses saed0s, 300 ses
22baa D.A. Malstrom Dakota Artesian esss Dug 58 4o
Well Co,
2baasa Glen Simpson TP vees Jetted 85 ug
27cce C.E. Gast assssel0c0es 1914-6 sasC0ge 186 3 to
2
290bc R. A, Reyno:.d Pescssssenne sene sesswsen Su oo e
300‘0& H.A, Miller Sessssssnnte 1925 seeln,.. LIOO see
30daa Dennis Schultz Adair seess sesl0se 87
31bbd Richard Baum- Dakota Artesian 1936 seedoe. 312 3 to
garten Well Co. 13
3100b Evald Bucholtz srsessnanane ss e Illg 75"100 see
34dda Carl Gust Tin Hicks 1933 Jetted 340 2
35aaa R.F. Miller Savageau sses Bored iea 2L te
18
36Chb sesesl0ncses sssssvssense wsese Dlgand 90 see
jetted
139-52
lcbd Dalry‘mple esccesnsnnee ssse detted IJ-O’D tee
2aba EFd. Wohnar Sssssssnsese sses 0020000ss 200 3
2baa Z.W. Bautz Gevscssssere 1936 Sored and 180 e
Jetted
2ccc  USGS test hole ecesescesces sves Drilled 40O 5
3138& D&lrﬂl}?la ssscsssanses eees Jetted 300_350 A
Yasna JosenkL Fo Langer cscssscscse sses eeel0as 300 2
9daa Ed- Feise~ :Mﬂ-y 1893 u..do.- 2% 2
meyer
10adc G.F. MWeber Mike 1917 e..do..  L0O 2
Crutkon
1lbec Joe King seswssa R eees Jored and 250 2l
Jetted
12¢cbd J.5. Dalrymple esesescosaces 1931 Jetted 330 3
13b0b Ernest Pietsch eeeveessncne 193]4' ee:304s 300‘-"400 ses
lllada Edwin Pletsch ssacsssensesn eses wseel0as see ave
15aaa Edward Sellant ecessecscaces sess sesl0ee see see
lsabbl E.II- 'We'ber essssantsse® ssasw l.ldO.. h‘oo 2&
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COUNTIES, NORTH DAKOTA A¥D MIFNESOTA (con't)
Principal Acuifer

Depth
to top

Usalf

Thickness Material Depth to

waters

Date of
measurement

Remarks

LE R ] LE R ] ( AR R RN RN NN LE R NN ] s ssvond DS

L X N L E X ] (AR R RN R NRENER] sesden .Ill...; D

ae s ane BRI R AN ] 10—-31—‘46 Ds

sopvesnesiss o0 10-31-46 D

LA R J se e @psavaesvrasn 9 lghs DS

LE N LR N} Sescsenscssvnes 15 10"2!""1"6 DS

LE N ] ase LU B B BRI A LR N BN ] .....l;. DS

ea LE N ] [ AR RN NN ENEN ] 28 19u5 DS

LR N ] LN ] (R R R NN NN NNY ] 2 10—-23""“’6 DS

“ee aos sesadessevas 19.2 10-23-46 DS Measuring point, top of
wood cover, l.5 feet
above surface.

eee sese qniCkS&nd esse e sccnssse DS Water 16?91. repcrted
1.0 foot above sur-
face 10-30-L6.

(XX} ees esssssvatane 35.""0 10—'31-'“"6 DS

(AR} aew esssssssssne 20 10‘-’31'—)‘;6 S

s e sesdsnssnenbne ssanee sesnesen DS

;.I LR [ E X E R ERNEERS R ] Ssweew [ EE RN EN ] DS

LN LA LI R BL RN B B LR ).tl!lo.l DS

s a LR ] L NN R N LR N LR H see logl

s ens Ssserhsane ey 11—31—u6 S

aew .o e [ FEE RN EREEREENXNE] 11-13_]+6 Ds

see ses [ NN AN 10-17'-'1']'6 DS

396 b

Medium sand,
coarse

(¥ E gt =g )

10-17-46

DS

DS

oo sese sebe iR b ETES 2 11- 6-46 DS

2 10-23-46 DS

[ XN aen Sedesvass ben [ EE R RN sebavsee DS

evse sse sscevssenvse 9.27 10-21-U46 S Measuring point, top of
wood platform, level
with surface.

aese ade [N E NN NN NN ] 10“21—u6 DS

(See footnotes st end of table)

3.5
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RECORDS OF WELLS IN PARTS OF CASS AND CLAY

Location Owmer Driller Year Type Depthl/ Diameter
number or completed (inches)
name
15abb2 E.L. Weber Dakota Artesian eess Drilled 300 3
. Well Co,
152bb3  s..s0d0esses Meinke eses Bored 53 18
22daa  Victor Roe€Sler sssesscesses 1942 Jetted 150 3
23bbb  Paul Schultz Dakota Artesian esse #se800s 7
Well 00.
25dde J.S5. Dalrymple Hachberger 9k ,..do.. 400 L
2hbee Frark Nilles Dakota Artesian 1932  «.ed0.. 380 -
Well Co.
27daal Cla;'ton Runck sessscssssse tsee ssssses uO"SO see
2?5.8.&2 ll.l.do'.ll. samsererdaned [N BN ] ...d-o.I LE N LK ]
33%aaa Denald Mc- essscsnvosnse seee seedOes 11'00—-]450 ave
Intire
3ubdbe Carl Stats- Lockhart pokn eeulte 60 6
fan. .. .0 "« .
36bdd  Horbert BuC— eeesevsccscs sane DUE 18
holtz
36cba  Richard Dakota Artesian 1933 Jetted 350 2
Hildebrand Well Co,
36dcd  Geos 3uUcholtZ secescscccne sess Driven 30 13
139-53
10bba  USGS test hole ssesscecce 1946 Drilled 608 5
140-48
2aba A. Bergland Carl Larson 1930  ese@00e 163 3
3aa% L,¥. Sinner John Sorby esee Jetted 132 eee
bab Norman Sorby Carl Larson 1933  eeedOes 152 e
aaal John Sorby John Sorby esss Drilled 200 see
ll-aa.aZ seseel0eaces Mike Steen enes essd0., 150 s
Uedvd $80000000e008 SGevesescacsss seve sesvsee vee 3
6caa Ingri Stansland eeeeedOsas 1917 «..do.. 132 2
8bbb Charles Peter— sececesnssse 1933  seedoe. 144 3
son
10add Herman Jorgen—............ sese esedOa. 125 2
¥ scn
10cch CeHe Jacobson eeesed0secses XL sessone e 3
licece Carl Wiede— Sesssdevsvna eeae Jetted ene

rick

- 12ha -




COVWTIES, WORTH DAKOTA AND MITTESOTA (con't)

Principal Aquifer

Depth Thickness Material Depth te Date of Usezf

Remarks

to top waters measurement

abw LA X ] LR N NN NN NN 3 10-21—h6 S
e ase tssssensnsee -.ocooo 'on.--noo' S
_— sen  Kesveasewes 50 10-22-46 DS
LE R ] LN [ E NN NN NN "" 10"‘22"‘}*6 DS
(R ene Fine sand 6 10‘*2}-‘46 DS
LN ] L LN LB B B L L N n 10—22—1"6 DS
sas [ R X ] [ E X R RS EERE] (I FEENE Y] (A XN NN NEN] B
ane ase C ORI B A 3 10-22—u6 Ds
- R 2 11-13-46 DS
[ X N ] [ E N ] L B B B 20 10.'22—% Ds
- ees Quicksand 16 10-23-46 S
LA R ] [ X R (EE RN NN N ] 20 10‘23"“6 S
oo ses Fine sand 18 10-23-U6 DS
sea sae erssnsssnsse Flow sesssaces H Outside of area of re~-

ports See log.

L X N LE R [ EERNEEEENER ] ' EREE RN ssavssan DS
oe & LR ] [ EENENENXENRN] 16 8""7""1;6 DS
LR LR R dosmssnswasae as e e Besssssen DS
LR N 3 [ A K 1 LB I B O B B N ] " avaw LR N NN D
ase LR sesses sl asensd assvasrd S

—_— FEE  Geeseww e 20.25 7-19-40 A  Measuring point, top
of casing, 0,9 foot
above surface.

e e I AN EE RN N I E R NN Y ] (AR R R NRY ] DS
aee LN teaes s uebwS seseenbd LI LR B DS
LE R ] LR N Hessnsunshasd LR R X 3 LR AR N DS
LE N (N X ] hessseas o assee® .l....‘l‘. DS
LR R ] L XX desBas e b as s e Tesvaeny DS

(See footnotes at end of table)
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RECORDS OF WILLS IN PARTS OF CASS AND CLAY

Location Ovmer Driller Year Type Depthl/ Diameter
number or completed (inches)
name
12ccec Gilbert KassenN~ eecessccscssss eses Drilled 136 3
borg
13cde M,F, Tex Carl Larson sen . [ P 125 ess
1lbce Albert JONNSON seesesccsscses - Jetted 152 o
15bcd Edwin Melby secsonccsnvanse sae sesesne cae u’
156.3.& Litz Larson Bros. ul-c eevd0e. 165 3
16aba Mrs. Fred Hansen G Drilled 207 2
Knuth ;
178&ce Acme Dairy “sssssonveness sse esed0a. 180 3
174de Lew Stensland esssessssvases ses enedo.. soe see
18bab Wm. Speers Carl larson “es ess300s 133 3
18bed A.S. Larson esseelOcsnne 1932  eesd0ss 150 ese
18ccd Alfred Bekkerus A.T., Bekkerus 1917  ee.doe. 137 3
19&bd Yred Fischer escesscevovsne 1933 esed0ss eee aee
198-d. Paul Utke Sssesssssssanse sssne Dug i 33* 60
19baa.  Olaf Hokon- Pete Stoberg 1941 Drille 200 2
son
20adl Git:}' of I‘B.I'go eesscssnsenses 1937 essd0s. 160 ﬁ
aoa& .....do..‘... L B B IR RN ] [ E NN ...do.. 160
20bte Almer Rice Carl Larson 1940  ..do.. 148 3
20bbbl N.E. Anderson essea@0serns 1938 esedOee 11]4' 3
20bbb2 T.A. Gallagher Joe Macott 1936 Bored 110 18
21bbb  McCann BroSe  sessacsscsccns cees  eeedoes 106 18 to
: 12
2lcac . - Hay Gasell Larson Bros. ess. Jetted 140-148 ...
2lcbb Gec, Anderson Olsen 1936 Drilled 9l 2
2lceal E.M. and J.l. Carl Larson ssse es¢@0¢s 200 see
Probstfield ’
2lcca2 Ray Gasell Larson Bros, eess Jetted 180 eve
2lcdb sesnesl0c0ees Carl Larson eenve Drilled 210 sed
22aaa R.A. Rice Sesssecessrnne TR eeed0., 150 2
22cce John Lamb sseeel0asnns sese sesd0.s 160 3
22ddd Dora Martin secsseevsssssens se s PP, 1. PO 150’ 2
23add T.H3, Hegland R A T Y TER) ._-.d-o-- sev see
23beh T. Bekkerus sessvessassnny seas essl0as 150 2
23ddd Andrevw Gune ssssscssnsssns eese ee+d0.. T 3
derson
2bcce  A.S. Nelson Hansen sase seedoea 160 6
25cec John Beatler G. Haaland 1939 e..do.. 148 3
2600 Vaughan Wa.gner Sssccenccensel suee AP < P 15’5 2
26dcc  Jehn Lamb Carl Larson vess seslOes 1IN 2
2?000 John Fi]irl{ ..u..dﬂ-.... 1938 ...d.o.s 209 3
270&6- Franlzt Kimm Este ecocs®sossssse sewe sesdOse 200 e
29adb F.H, Peterson seeee@0eseces vees  sesdos, 160 6
29dcd Geo. Seastream Severson 1937  see@0es 240 2
30be Mrs. S.L. 1933  sesf0es 196 6
Tunker
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COUNTIZS, WORTH DAKOTA AWD MIMTESOTA (con't)

Principal Aquifer

Depth
to top

Thickness

Material

Depth to

waterz

Date of
measurement

Usejj

Remarks

soe

LR ]
LR N
L N
anse
LR ]
LE R ]
es s

L 2 N ]
LR R
aese
s
LER

e
‘een
ane
L N
LE R ]
(RN
s e

LE N |
128
L
Bes
LR

(See footnotes at end of table)

LN
LR
LR N2
ave
[N}
LR ]
see

[ N ]
o0
L RN ]
LN
L XN ]

LA N J
v e

LA N

see
es e
B
ase

LEN ]
20
avsw
var
o8
[N
don
T .

( F RN EEEEETREREN ]

[ R N N N NS ]
Fine sand

eccssssasavs
Besseassse

LA R E R RN RN NN ]

Esevesvsvane
LE A RN R BN ERE N
LR RN R NN ]
LA NS NN
Ge2ersessnd b
BN sesbsssnne
*svesassvesad

L N R R LN

(RN R R RN NN NEEN ]
Seeastsnaned
LA E N NN E NN NN
LR R B LR R
S B sasman

asa s denegnd

SedevasEranl
[ E R R ENEE R

[ E RN R L RN NRR ]

(I ERENREESERREREN
Esheneadrens
E R B B R N B I
S U P8 SE RN
L I A L
LI BRI N
B B8 3YeF ee e

dercoesacsdes

Ar el

Sand

- R N N R

Jdy v EeEBseene -0

G . m i e e

LI S @ ma a0
I R N )

BT TEBRS T e

R E R E R N ]

ﬁé..on.n

asbvevoa

tvspene
arssscses
savanes
sasesene
LR N NN N
[E R R NN

30,67

L O )

[ E R RN NN ]
LE R E R N X ]
L N BN N
LR BB

savease

76

Sassene
[FEE RN NN ]

LN
LN B
@8 e as
L B L L
PR R N
[ EE RN T )

[ E RN NN N ]

4,27

30
60

18

LR RN N NN )

12- U5

sassespne

fedraene
Sesenss e
LA N R NN
dres e
SBesonvaan
LA NN NN

7-16-40

feaensnad

(R RN NN NN
([ ES RN NN N ]
LE A NN NN N ]
2 rasand

(R R NEEE DR ]

1940

Sssennsa
*e s s en

SevannPe

(R N RN AR N
[ EE N RN RN ]
LB B I
L B
s rse s
L SRR I )

LA R R NN NS

7-19-1

- 39

1939

1939
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DS

DS
Ds
DS
DS

DS
DS
DS
DS

DS
D3
DS

DS
DS
DS
DS

A Measuring point, top of
casing, 1.1 feet above

DS
DS
DS
DS
DS
DS
DS

D5

surface,




RECO=DS OF WELLS I'" PARTS OF CASS A'D CLAY

Depthl/ Diameter

Location Owmer Driller Year Tvpe
number or completed (inches)
name .
30cd C.P. Vogel P 1922 Drilled 150 6
310b& Fargo City ssssssssns s sese ®esesae 338 se e
old well
3lcdd  Leonard Steeves sesvev... - e+ss Bored 23 16
32aaa  American Orystal esececsess eess Drilled 265 eso
Sugar Co.
32ace J. Hell and  Carl Larson 1945  Jetted 125 s
Cs Overby
32bab Amon ThOTSOn  esececesases 1929 Drilled 135 2
32bac Mrs. S.O. Sesesssannas 1915 P T e 135 3
Camp
32bh Mrs, Minnie savessspssep sess aavl0ae 197 3
Hector Smith
32bdd P.C. Van Matschen~- 1913  ..edos. 137 2
Vlissingen bacher
32caa  John McCann  Carl larson 1926  +..doee 14y 3
320&& Oscar gsesssnsaneas eese Dug 15 hg
Christensen
32¢bbl  City of McCarthy Well eess Drilled 190 6
¥oorhead Cos
323hb2 ISR . T, pPpn Seversssssan seee ssedoa. 131. 3
32daa Norman Van eesecssascns esses Bored 20 12
Raden
32dabl Mike Lamm Carl Larson 1937 Drilled 110 .
32dﬂb2 PP« Lo PRI secsevaccscne 1931 Bored 109 ees
32dbb Horman Van ®esensanease 1930 Dug oo see
Raden
32dd R&y Gasell svaselOusese ssse Drilled 363 ses
3“0031 Henry Olsen ®escssnessnse seae eve00ee see 3
3ueee2 T. and R, Larson 3ros. eese Jetted vee oes
Girosz
3uddd Mrs, Ivy tscsesssnees es s Drilled tsse 3
Ayler
35¢ccee Baland Mort- Gus Haaland esss ees80es 105 3
2age Co.
36abb F.W. Bolmeier eccessescese sows  esabDus 185 2
140-49
ldde John West-— Frank 0'Weill 1924 snn BB 164 3 to
lund 2
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COUTTIES

, T'ORTH DAXOTA AWD MIWWESOTA (con't)

Principal Aquifer

Depth
to tcp

Thickness

Material

Depth
vater

0o Date of

measurement

Usejj

Remarks

LN ]

L BN

L]

172

LR
San

L

L ]

LR N

LA N ]

LN ]

18

LE N

LN
LI

LA N ]

aee
s s

AP s Pe e

IEEREREENNNENTE ]

LR R B N
I A N NN WY

[(EE NN NN NN NN

SEAPE TN

Sare s s eBe b

LN R

e rat s

Sand

BB onsarsan

LR R RN R NN

eSsesassmen v
dssessnnreRe

Pess AN B LSl

.l.‘...l‘ll..
L ]
Sand

R N

IR NN R REE

20

13

LR )
LR N )

L

LR NN
LE N RN
LE RN E R

PEBeew

LU N

a8 0 wde

3601k

Sensan

5.0

LR N N
e nwas
[ E NS
L RE R

20

(see feotnotes at end of table)

1339

(B S W

1941

RN RN N
Ehoaww
(R R NERN ]

LR R R AR ]

7-17-k0

[ RN AN RN

asesse sl

sesenewe

4-12-U46

I ER RN RN
&asaesan
LI B
dsesenee

9- 38

Brssesves
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DS

DS
DS

DS

b

Hwun4d o

DS
DS

DS
DS

DS

DS

See 105.

Do.

Reported not enough
water, very hard.
Found snail and clam
shells all the way
down,

Measuring point, top
of concrete pump dase

1.4 feet above surface,

Measuring point, top
of casing, level with
surface.




RECORDS OF WZLLS IN PARTS OF CASS AND CLAY

Location Owner Driller Year Type Depthy Diameter
number or completed (inches)
name
2ace John Westlund sececsosscss 1911 Drilled 130 3 to
2
3daa E.T. Conmy SessEsbaness oo veed0se 300 e
Hadb Mickelsen Hignan ssne Jetted 190 ess
5add Mrs, Vim, ssessssnenne TEE Drilled 2C0 3
Shepherd
Heab AW, Storley vessanssasne 1905 Bored and ses een
Jjetted
Tada Henry Robanus eseeealOsaces sesse Jetted 60 2
Tdaal Arthur Waa Albert Johnson 19k0 Drilled 140 3
Tdaa? seensQ0s avan John Larson 1902 ..nd-Ol. 1”’2 2
906-0 W.H. Shure sesnsnesavsee aees se0d0s. 190 ees
10bad John Westlund Albert Johnson 1911 eealOse 110 2
llaad HI‘S. Auty tssscssesnne esae I)lg 20 12 X
72
1l2acc A.P. Harris Carl Larson 1933 Drilled 148 6
13abc Peter Sway P sees Dug 30 36 E
3
14ddd Travelers Mike Steen vose » DrIlled: eee -
Ins. Co.
15ddd M.F. Steele Marchand 1937 Bored 112 24 to
18
16cdd  USGS test hole eesececosss 1947  Drilled 180 5
16&8& MeJs MCGTregor eceescessses sven seel0as 130 3
17add Olaf Quandt Higman PR Jetted 150 3
17ddd Roy Landblom  Beckstrom 1900 Drilled 130 3
l8cccl A. Selstedt H. Hagmann 1923 s+20044 180 3
18ccc2 Roy Landblom Beckstrom 1900 e.sdo.. 136 3
19baa Cora S. Hogw H. Hagmann 1928 eeedoss 1H0 3
lund
19b031 Elmer Johne eeeesl0snnes 1938 asedo.. 12“‘ 3
son
191}302 Mrs. E.M, siene G0 ens sese sas00as 121 TE
. Nystrom °
19caa C.R, Landblom A. Beckstrom 1914 ssedos. 165 “rs
20aaal TUSCS test hole asacsccencie 1947 se600sa 154 5
2Caaa? Louis Thorson Peessesecans snee svelDes 129 5
20ddd AsJ. Anderson seces@0cecse ssee saelOae 135 2
21bba USGS test hole ssscesvecces 1947 esedos. 165 5
2lcece esseeld0asnse eresnvscsses 19“‘7 ees30as 180 5
2lddd ¥, Olson and sevsssnvsens esee PR & [ T see see
Ce0s. Bolgren
223(1 C. Hale -.-..dD...‘.. 1925 ..odOo- ene KR
23cd  Nels JohnSOn  eescessssssse 1933  ...doe. 195 4 ;o
23dd Axel Gustaf- tssssennnsne ssve esed00s cee 3%‘
son
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COUNTITS, NORTH DAKOTA AND MIWWESOTA (con't)

Principal Aquifer

Depth
to top

Thickness

Material

Depth to Date of

waters

measurement

UseJ/

Remarks

LA R}

LER

L XN J

ase

LEN ]

LN

ea

LR ]

ae

LR R

(See footnotes at end of table)

LA R J

LR R ]

e

LR
e
LR R
e
LN
e

see

ese
LR ]
L
LE X J
L]
"o

LR T I Y

Fine sand

Sssenenensen
LA AR E R ERENY )

[ E N R N NN NN ]
Sessvscassnn
ssssssssuasns

(AR AR ERENEN NN ]

[ BN R NN RN EE NN

#peevrensans

esevesensnes
Ssrassssenan
Sesessdnl e b

sssessnssess
Sand

Beresesstuse el
Sssscsansnene
s rsssaseasne
[ E NN NN NN N ]

BN EEEERNENEER]

[EEE NI ERENER ]

I RN EREN SR ]

TR R EEREEREERN]
PeeverranEnS
BasSBREREEOEN
[ FEERERE R EREN NN
[ BLEE U IR BB
sadpessseseend

I EE R R RN EN RN

Sand

[E N NN R RN ER

LA BN RN )

LR B

12

LN R RN ]

39.77

L B

30

LR LN
LI ]
s svan
LE N R BN
LI

25

doe s R
L RN
mssp e

" s vanw
sEswn
LR )
(R R NN N
e 8 asnwa
LR R N NN ]

LR R

L L

fas b

LA A NN NN ]
LR R RN NN ]

sevesses

9 546

LR RN N )

9 3.6

LB

LN N N

1939

""1939

®e e 0l
IR NN ]
s eswnBl

ades s e
St e sl
(I E R NN RN N
et sesan
L A B
LR RN N

(R NN NN ]

asavevaes

1939

sseeeral

- 128b ~

DS
DS
DS
DS
DS

DS
DS

DS

@ &=

Ds
DS
DS
DS
DS
DS
DS
DS

DS

ns
DS
DS

DS
DS

DS

Measuring point, top
of casing, 2.0 feet
above surfaces

See log.

Do.
See chemical analysis,

See log.
Do.




RECORDS OF WELLS IN PARTS OF CASS AND CLAY

Location Owner Driller Year: Type Depthl/ Diameter
number or completed (inches)
name
24ed  William Selck Carl Larson el Drilled 1h2 L
24dd  Florence Gole eeecesscecss —— Bored - 24
: (tenant)
2hab Holy Cross ssseel0scnss 1939 Drilled soe eve
Cemetery Assn,
25dcd City of Fargo Marchand 1936 eeedos. 105 6
26&3- K.F. Enopp tsesecssnene seave eeel0as sss ess
26ba N.E. Brentzel Carl larson 1932 eesdoes 176 2
26dd1 Geo. Merrin S escsssnsne ases .uodO.o 150 )-I-
266.0‘.2 ..l'.d—Ol.... esoscsssnsae esas ...do.. 150 3
27ad Wayne Oookrill sevsnennvnas sess PR < P vee ees
(tenant)
28ccce USGS test hole asecsscessne 19)4'7 s eel0s. 200 5
280!3 TGSSiBr BTOS. MarChand. enne oo.dOt- eve e
28dd  Ancient Order eees.d0secss 1939 esedoe. 126 4
United Workman
29dcd Tescher J. Fugere 1941 eeedde. 130 4
308.13 F. SEIberg H. Bagma.nn 1933 esedo.. 120 3
3Gba Herman Rust Sssssssnuann sess send04. 150 3
3cdd Wystrom Bros. A. Beckstrom 1890 eeedo.. 145 2
31&& 0.3. Qua-m ssavsssvanm YRR eeslOse 120 2
31&b1 DT. A.-Jc Kaess Secensseness seve -.-d-o.o 130 2
31ab2 Ed. Ornberg T T — 1938 Dug 20 36 g
3
31&01 Eugene Laberg seersnsanens ssen o..doto ense ase
3lac2 Mrs. Ide Johnson Bros. 1918 Drilled 183 2
Ostrocm
31db C.E. Larsen sessssnnssen assn .c-d.ﬁ-- 175 aea
3ldc Oluf Kyllo T 1906 esedoes 172 3
323.(1 O.Bu %m H. H&gman 1932 QoadOOa 110 3
32add USGS test hole sscecescassns 1947 esedo.. 180 5
32bb Mrs, Anng T Siue eeedo.. 130 2
Quan
32cd Goldberg Seed Carl Larson Saae siaBlia 98 4
& Grain Co.
321‘.18.3. Hector Estate eececcsscccs evee seceves eee e
33ce Carol Barnes esccssescess eess FOP (o 172 e
33ddd  USGS test hole evecacseccse 1947 esedo.. 173 5
TUcal Harold Massey eececescsaes Ronckin Dug 19% 3532
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COUNTIES, IORTH DAKOTA AD MIITESOTA (con't)

Principal Aquifer

Depth
to top

Thickness Material

Depth %o
water2

Date of
measurement

Remarks

LR N ]

LN ]
ses
Sew
LR ]

dow
sse

110

LE N}
LE R
den
ee
LN

L B

L LR
Bee
S8
LR R

sse

LE R
LR N

LE R ]

LA ]

aee
e
LR ]
LR R

ase
LR ]

20

L 3
LE ]
L]
L
LR

L N ]

LN
L
LR N}
ane

LR ]

Fine sznd

geBesusensne
[ EE N ERENN NN N
[ EE RN E RN ER ]

L BB I L ]
L BB A B B R N
[ ENENEFNRNREN
LE N R RN ENE N

asBsarssROBN

tBevevErEERS
[ E RN RN RN ]

Sand and
gravel
Sand

ITENEERENENEENEN ]

sasssssavaand

RN RO S R A A

L B R BRI
....x.......
Sand

I EE RN N ENENE N ]

(EEEENEENNENS ]
[FERENE NRNA NS
deerssnsneea
(I EETERER RN N ]

saspRedes P

CRE R R R )

LR R ]

Tabeanw
LE R RN N ]
I EE RN

L E RN RN
[ AR A N
LB
sesvasn

L N AN )
LI

LR N

20

LR N N
LR ]
LR ]
LR R

L L

LE BN

36....

LN NN )

[ E R R NN ]

53«75

60

LR BN

17.00

(See footnotes at end of table)

L S

LSRN NN
aasesaes
(RN RN N ]

Sensese®
(AR NS NE N ]
Bssvasen
Besevanw

#sasseDe

ass s e w R
L N NN ] k

1941
1939

passssEw
LR RN NN ]
LA
(R R R R LR

LR AR N E N

I IEENREEN N ]

a0 se N

....iééé

se s e vead

(AR R RN AR ]

6-21-47

1944

7-11-40

- lggh -

Ds
DS
DS
DS

DS
DS

197 ]

(o R == Rw)

See log. Hector air-
port well,

See log.

Water temperature U%® F,
See log. :

Measuring point, top of
well casing, .5 foot
above surface,

See log.

Measuring point, top of

* wood curbing, east
side, 0.8 foot above
surface.




RECORDS OF WELLS I PARTS OF CASS AWD CLAY

Location Owner Driller Year Type Depth;f Diameter
number or completed (inches)
name
3“‘0&2 Henry Palm LEE SN ENER NN N ] 1926 D’ng 18* ,'LS x
ug
34cadl ceeee@O0eeres J. Fugere 1942 Drilled 132 5
34cad?2 Devenor vaiwevlBeiviess 1942 essdo.. 142 5
3Ucdl  Adolph Guld~  eeeeseeenens 1939  Bored ere  ees
rick
34ed2 Lene Lund Carl Larson 1934 Drilled 100 3
3)'I'Cdd. USGE; test hole [ E XN RN NN NN Y] 191{'7 .oldO.o 210 5
35ba A.L. Upperman Seesssessens csse eeedOa. 150 2
356& NOI‘t-h Dakﬂta. LE N E NN REN NS ] Besaw Bored 70* 36

State College

140-50

12¢dd Uscar Johnson H, Hagmann 1920 Drilled 160 see

1l3edd MapiﬂhSheyenle'.c-...dﬂcoaco aese eee804s LR 3
Lutheran Chuyrch ¥

19¢bDb Nellie Dale esessassnsssn neee Bored 60 18

24add Emil 3jorkmen Beckstrom 1898 Drilled 227 2

EHbCC Mrs. G.P. *Seessirasenee sree Y [0 T aee eee
Twitchell

2idcc Mrs, W.0. Olsen Marchand 1939 evefltes 135 4

253-3.8. ScP- Swisher .....do..... 1938 ..-do.- 131'I' ]'I'

EBCddl G—.W. yarIﬂEnter .-...d.o.-.-. 1933' i..d-Ocn 100 u

25¢d32 sesee@00ssse RPN |, WO 1924 Bored 85 18

2bdaa Margaret H, Hagmann 1936  Drilled 208 3
Forsberg

31 ¥orthern PO~ My s Dug 20 48 x
Pacific R.Re ug

31 School Dist. RS — Drilled 182 4
No. 7 - .

356&& Hag;em-ra,lker sessenvessap 1937 a--dO-t 110 s
(tenant), _

36decc  Ed Swanson Anstedt 3ros. 1935 essdoes 120 2

140-51

6cee FElmer Mallow tecsnssssnsse TR Dug 90-100 ane

-~ 130a -~




COUNTIES, TORTH DAKOTA AWD MINT2SOTA (con't)

Principal Aquifer

Depth Thickness Material  Depth to Date of Pl  Bomsis
to top wate measurement

sos ene Gvcevecrsvns 16.55 T-ll-llo S Measuring point' edge
of wood curbing,
east side, 0.5 foot
above surface,

130 2 Gravel 41.k%0 6-13-47 D  Measuring point, top
of casing, T feet
below surface.

42 ves travel 36 1942 D  About 10 feet of sand

' above gravel,

L E N aee LA N NN N N ) a8 80 ap LB B B N ] S

sra ane fesesvsscnvns feraes Sprcsovee DS

*as IR N} [N R N N RN N [ NN foe s sans H See 1°g.

see T tessverensen TEEEY eressnes s

Sas - =R BT 7-16-40 A  Measuring point, top
of 2 x 12-inch board
cover, 1.0 foot
above surface.

ae 0w aee e essssnseand ..‘.I.. S as"esen ﬁs

L XN ] L E N ] T N RN R ) (X R NN ] [ KRN NN AN ] D

LE N ] L E R ] leassesnoveenes (R NN [ NN W S

LN LR N e ssess e snd 18 1939 DS

LR N LN ] e Fss rsawes L LR B ] L L L L DS

ane L N [(ER NN NN NN NE ¥ | LR NN RN 1 L NN D

ae e LR N ] hesesspessnns 12 19“’1 DS

Yy s hesssssesnes ssesse sessenen DS

®ee s NeBessssssnns 60 1939 s

LN [ N ] IR RN N RN RE ] 20 1939 DS

sen RS Sand 15 oo bR D See chemical analysis,

deow [ AN} Sand- 16 TR N ] D DOO

[N ] L LN ] ( ERENNN NN NN ] (R [EEEE R N DS

a8 L LI B B B N ) 20 1939 DS

LR R [ XN EEEE T NN N N 11"' 6—]"'6 DS Hea’mring paint' 1'0

(See footnotes at end of table)

10.93
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foot above surface.




RECORDS OF WELLS I PARTS OF CASS AND CLAY

Location  Owner Driller Year Type Deothl/ Diameter
number or completed (inches)
name
8cce George Hoves SN TR sesss dJetted 80-100 Wi
12cdd Frec G, VWelen Pevsesacssnee ssee l}llg 60 36
13ddal H.S. Waxler Marchand & eves Bored 75 i
Savageau
13dda2 seseed0assss sssael0acess ssse esed0a, 100 *se
17bbh  George Howes sesssssssene e Jetfod  70-80 ese
194d& s eee@0siiis R e es.do.. 80-100 e
22cce  Lloyd Roden Vern Honey- ssss s..d0,. 90 s
' man
Ehd_(‘.’d R&l})h Besesssensnd sass ’..dﬂ.. pee ses
Ruliffson
26ced 0. Jelson eeersnsesnae 1945 Dug 35 ses
27cea  John Cosler J. Fugere . Bored 60 24
28ccbl Leo Sinner Marchand & soae Rored and e.. ese
o e i » T Tugere Jetted
28CCH2 4ee0e@0pensne nins O a ki 1946 Bored 68 2L
29¢bb  Ralnh Ashton veas Jetted U0-50 S
Grommesch Lockhart
WACE ssveuBOsvons Savaceau & —— Bored 70 ol
Marchand
32ccc Howard NelSon  essccccescss 1935 Jetted 290 ves
33abb Joe Kasowskl Ashton soue eeodose 92 ven
Lockhart :
3Uced USGS test hole eseeecevscse 1947 Drilled 330 5
Wodd JT.5. DRITYEPLE eesscsvsesss R Dug 30 36
daa USGS test hole sevevsccnses 1947 Drilled 350 5
35bba  Melvin Scherweitessesesesses 1946  Dug 30 e2
140-52
3b8.8. Henry Woel H.TF, Chaffes teas Jetted 350 3
10cddl Tobias Bender Sessscssnsense TR seedOes s See
10cdd? eeseal0esa s Ssssnsnsnsap eves Bored e 18
10443  Wm, Radermacker Savareau ahtd R . 80 ol
12dbb  Roy Johnson e . Jetted 360 6
13bdd Ed Fesemeyer Gosssnenyaetd - DA & R 300 ese
1tada Urs. Anderson O'Weil 1942 sesdos. 280 vos
lhdda Art Hale ssesresnsene sses eeedOes 150 wee
15dcec  Dayton Byram Ashton cace Bored and ses wee
Lockhart Jjetted
22addl Jolmn Sinner R ———— - Jetted 360 2
22add2 -n-n..d.O..oo. Albert Herber 1935 . .osd.O.- 196 3 "
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COUNTITS, ¥ORTH DAKOTA AND MIN'ESOTA (con't)

Principal Aquifer

Depth
to top

Thickness Material

Depth
wvater

0 Date of

measurement

Useif

Remarks

L N LB ] LR BN B NN LR LR N S

LE N LN ] 88 s 80 s e ep s &8 88 L L B S

ssae e e B ronssa s 2 11“13—u6 D

(AN} Be e ..‘ll.llllil. 3 11"“13"11'6 S

L LE ) L AL L LR I L B LR R s saveael S

LN L N SsaBoeasewen aess s  E RN TR D

LR N} LN PEBBasrabane ssevae ssevann e S

LR ] LE N (E AR KRN ENNNN ] LN B BEesarane DS

LN L tsecscssnnboas [ E RN NN LR A B S

aee se e Ss 8D s v an e wesese sesesesen b S

LR LN  E RN RS EEERN R avsevsse [ AN NN DS

2.- ese s oveNBeL e denaanae [ E N R D

LR ] ane LR B R LR NI L B R NN D

LE R ] LE N (AR R RN E RN ENN LR dearenovy D

LN (] LI B A I 2 11—‘12-‘]“'6 DS

a8 L ] @ % 8 "8 FE e e N 12 11“12”“6 D

.ee [ AN ] S@evws b nnn LR N L IR H SEB 103.

ois a T ) 8.45 4-10-46 S Measuring point, top
of 2-inch board
over well, 1.0 foot
above surface.

LS L @avanbsesanan e s e Srsss e H See 10g0 .

[ E N ] [ XN [ E R R R T RN (RN T EREERE RN S I

L L ] [ ] S8 e senmee P L IO 3 I A N N S

ae s LN sSessccssssnnn X N NN esvreo v D

avse s sessvnERBER N TEEEr ssassad i S

i - O SNPCRI . 11-13-46 DS

via sk I - 11- 5-U46 DS

oee eoe sssisnssinEe 3 11- 6-46 DS

LA N ] "o e ---ob..o...‘. saswrea es e ssal® DS

L N} L 0 L T R R O [ LB C R R Ds

een eee Perussssnsan 1 11“13"“6 DS

ees e secrsvssanne TR sseveesae

LE R ] LR R [ EEEE NN EENER ] 0.0 11"'13"'!';6 DS

(See footnotes at end of table)




HECORDS OF WELLS IN PARTS OF CASS AND CLAY

Location Cwner Driller Year Type Depthéj Diameter
nunber or completed (inches)
name

Esdddl A.F, Sinner sesscsscnese sece Jetted 18“‘ 3
25ddd2 ...seQ00eeses tevssanassse sense s o TR 200 3
26ddd Paul Bucholtz Beessessanae smse Bored 1”‘0 oo
27deccl Henry Woel ecssssssres esse Jetted 110 3
2738CE sssrsBOenses A. Hawley 1914 eeedoss = 310 2
BOdd‘b Eugene Kiefer Sssssnsenne seva eesl0ese 300‘*“’00 ese
32bbd  L.J. Langer R eeedOee  300-375 ...
3""'03(1 Wm. Johnson Secssenseeae seese PR 1 PO ses L)
35 01ty of Cuttels sescsosvens Drilled 298 16 to

ton (east well) 6
35‘ Git:r 0f Cassel— seeascccess sese evedO., 300 12 to

ton (north well) 5]
35a Mrs. Grovenor sececccsese — B T 430 2
T5¢ Public SCh00l seeecvcavese ks alBss 70 L
36ddd J.S. Dalrymdole Dakota Artesian 1936 Jetted 330 3

Well Co.

- 1325 -




COUNTIZS, NORTH DAXOTA AMD MI™TESOTA (con't)

Principal Aquifer

Depth Thickness Material Depth to Date of Usel/ Remarks
to top water: measurement
L LN LN ] [ E RN NENNEENRENENN] L L N IR E N NEE NN ] 35
L E N LN Swsanssre eRB [N R Y aesansee DS
aee LN [N RN NN NN N ] [ B BN ] [E N EN N NN ] DS
dien - R — g 11-14-46 DS
LN ] L L [ R NN NN NN ] fPesvesd LR B N ) s
goe sied T T . 3 11-14-46 DS
de i T e 3 11-14-46 DS
e - R — 3 11-12-46 DS
cos ses Fine Sand P2l secesese M See chemical analysis.
ess ese Sand o4 P M Do.
eos . Sandstone 1 T~ 1-21 DS Water level above sur—
face, was originally
30 feet above sure.
face, See chemical
analysis,
oee sew sesveenenal 1 T—' 1—21 D . See chemical a-na-lyaiao
P v P Y——— 15 11-.6-46 DS

1/ Depth given in feet below land surface.
depths to nearest foot; all others reported.

2/ Depth to water given in feet below land surface.
tenths or hundreths of a foot are measured water levels; those given

to unit feet are reported water levels.

Asterisks (*) indicate measured

Water levels given to

3/ A-Tilled in, or unused except, in some cases, for observation purposes;
D-Domestic; DS~Domestic and Stock; H-USGS test holes; I-Industrialj
M-Municipal; S-Stock; T-Test wells or test holes, not drilled by USGS3

W-Irrigation,




Logs of test holes and wells

Logs of test holes drilled under the supervision of the Geological
Survey and logs of other test holes and wells collected during the
course of the investigation are given here in order of the location
number of the well or test hole.;g/ Most of these logs are also shown
graphically on cross sections (fig. 2). The descriptions of the
Geological Survey test holes are composite logs based on the driller's
log and upon laboratory examination of ditch samples and cores. Logs
of other wells are chiefly those of the driller although these were *
supplemented by examination of samples vhen availables The stratis
graphic correlations are those of the asuthors in all cases and are
considered reliable for the Geological Survey test holes but consider-
ably less reliable for other tcst holes and wells. The term "granite®
is used in the correl&tipns, as vell as elsewhere in this_reﬁort, to

ineclude ali of the pre-~Cambrian crystalline rocks.

TO? See pagc 108 for a description of the well numbering system.

w152 e



139-L48-1lece
El Rancho well, Dilworth

Formation Material Thicknesgs Depth
Laoke Agassiz deposits .
Clay 80 80
Till and asscciated glaciofluvial deposits
Clay and hardpan 60 140
Sand ' 3 143
"Hardpan'" : 37 120
Sand and gravel 8 188
Sand 12 200
Clay, dark bluc-gray to brown 68 268
; Clay and sand, hard | 269
Older lake clay and drift deposits
Sand, very fine to medium 6 275
Clay, greenish-gray 10 285
Clay, stickv, dark blue 12 297
"Granite"
Clay, white, and sand 3 300
Clay, blue-green, with quartz grains
and granite fragments 20 320
139-48-lUdcel

Moorhead City supply well 4

Lake Agassiz deposits

€11t unit-
Clay, yellow 16 16
Clay unit
Clay, blue _ T4 90
Till and associated glaciofluvial deposits
7111
"Hardpan" 13 103
Glaciofluvial deposits
Gravel L 107
7111
"Hardpan" 35 142
Glaciofluvial deposits
Sand, fine 66 208
Gravel and sand, clayey, and clay 5 213
Sand, fine 5 218
Sand, coarse 22 240
Clay, blue 2 242

- 134 .




Formation

139-L8-Udcc?
Mcorhead City supply well 5

Material

Lake Agassiz deposits
511t unit

Clay, yellow

Clay unit

Clay, blue

Till and associated glaciofluvial deposits
(laciofluvial deposits

Till

Gravel and sand

"Hardpan'

(3laciofluvial dcposits

Sand, fine
Sand, hard

Sand, fine
Sand, hard

Sand

Gravel and sand
Gravel, coarse

Clay

139-48-Udcc3
Moorhead City supvly well 6

Lake Agassiz deposits
S5ilt unit

Clay, yellow

Clay unit

Clay, bdlue

Till end assoclated glaciofluvial deposits

Till

"Hardpan"

Flaciofluvial deposits

Till

Sand, clayey
Sand, coarse
Gravel

Clay

- 1735 -

Thickness Depth
10 10
86 96

4 100
54 154
16 170
20 130

9 199
16 215
10 225

9 234
29 263

2 265
15 15
67 82
73 155
15 170
60 230
39 269
12 281




139-Ug-Udeck
Moorhead City well

Formation Material

Lake Agassiz deposits
511t unit
Clay, yellow
lay unit
Clay. blue
Till and associated glaciofluvial deposits
7111
Gravel, clay, and "hardpan"
Clay. blue
¥ g odusall
Gunbo
WHar inan"

139-48-ldecd
Moorhead City test hole

Lake Agassiz denosits
Clay, blue
Till ard associated glaciofluvial deposits
Ti1l1
Sand, hard, and blue clay
Gravel and clay
Clay, blue

139-l4g-4ddd
Moorhead City test hole

Leke Agassiz deposits
gilt unit
Clay, yecllow
(lay unit
Clay, blue
Till and asscciated glaciofluvial deposits
Till
"Hardpan®
Gravel and sand, clayey
Clay, sandy
Clay, blue, and "hardpan"
Clay, blue

- 136 -

Thickness Depth
15 15
81 96

9 105
27 132
33 165
30 195
L7 242

110 110
25 135
20 155
30 ULy
15 15
82 97
60 157
11 168
12 180
5 215
85 300




139-U8-5cad
014 Fargo City well

Formation Material Thickness Depth
Lake Agassiz deposits
8ilt unit
Clay, yellow 8 8
Clay, blue 30 38
Clay unit .
Clay, blue, and very finc sand 5 43
Clay, blue 51 gl
Till and associated glaciofluvial deposits
Till
Clay, blue, and very fine sand 3 97
Clay, blue, sand, and fine gravel 2 99
(laciofluvial deposits
Sand, coarse, and gravel 3 102
Clay, bluc l 103
Sand and gravel y 107
Ti11
Clay and coarse gravel 19 126
Gravel, coarse, with little clay 1 127
Glaciofluvial doposits
Sand, medium 5 132
Sand, coarsc 8 140
Ti11
Clay, sand, and gravel 10 150
Clay, blue, and fine sand 40 190
Sand, fine, "light", gray 2 192
Sand, fine, blue, and clay 8 200
Glaciofluvial deposits
Sand, fine, gray 23 223
Sand, fine, gray, with trace of clay 3 226
Sand, medium, grav 2 228
Sand, medium to coarse, and gravel 3 231
Sand, medinm, with trace of clay 2 233
Sand, fine, with trace of clay 2 235
™I
Sand, finc, and clay 6 21

o BT




139-48-5cddl
Pairmont Creoamery well 1

Formation Material Thickness Depth
Lake Agassiz deposits
Silt unit
Clay, yellow 30 30
Clay unit and underlying till, undifferentiated
Clay, blue 100 130
Till and associated glaciofluvial deposits
Glaciofluvial deposits
Sand . 30 160
Ti11 .
Clay 38 198
Glacliofluvial deposits
Sand 24 222
139-48-5cdd2
Fairmont Creamery well 2
Lake Agassiz deposits and underlying till, undifferentiated
Clay 136 136
Till and associated glaciofluvial deposits
3laciofluvial deposits
Sand 19 155
Ti11
Clay 28 185
Flaciofluvial deposits
Gravel and sand 57 240
139-4g-5dddl
Moorhead City supply well 1
Lake Agassiz deposits and underlyinz %ill, undifferentiated
Clay 180 180
Till and associated glaciofluvial deposits
Glaciofluvial deposits
Sand 18 198

- 138 -




139-48-5dd8d2
Moorhead Citv supply well 2

Formation Material Thickness Depth

Lake Agassiz dcposits and underlying ti1l, undifferentiated

Clay 155 155
7ill and associated glaciofluvial deposits
: (Hlaciefluvial deposits

Sand 6L 219

139-L8-5ddd3
Moorhead City supply well 3

Lake Agassiz dcposits

Clay, blue 108 108
Till and associated glacliofluvial deposits
s B9
"Hardpan" 50 158
Glaciofluvial deposits
Sand ' ‘ 65 223
139-U48-6ccd

Pierce Printing Co.

.

Lake Agassiz deposits
Soil and clay, yellow and blue 105 105
Till and associated glaciofluvial deposits
(Flaciofluvial deposits

Sand 55 160
Sand and gravel, water—bearing 20 180
Ti1l1
Sand and clay 100 280
"Granite"
"Sandstone" (decomposed granite?l),
grecn 115 395
"Sandstone" (decomposed granite?),
red 5 400
"Sandstone" (granite?), gray 3 103

o LEG v




139-U48-Tacc _
01d Fargo City test well (Island Park)

Formation Material Thickness Depth
Lake Agassiz deposits
Silt unit
Soil 3 3
Clay, yellow and white 50 53
Clayr unit
Clay, dark Lo %5

Till and associated glaciofluvial deposits
Glaciefluvial denosits

: Gravel 10 105
Till
"Hardpan", gravel, and boulders 115 220
Shale (clay?), soft, blue 32 252
"Granite™ : -
Coarse sand rock (granite?) 6 258
Soapstone (decomposed granite?) 4 262
139-48-7dan

Moorhead City test hole

Lake Agassiz deposits
Clay, blue 100 100
Till and associated glaciofluvial deposits
Glaciofluvial deposits

Gravel and sand L 104
Till
Clay and "hardpan' 146 250
139-48..8aaa

Moorhead City test well

Lake Agassiz dcposits

Clay 103 103
T41) .and aséoaciated glaciofluvial deposits
Sand 7 110
Clay 12 122
Sand 3 125
Clay 55 180
Sand 7 187
Clay 83 270
Older lake clay and drift deposits

Clay 30 300

- 10 -




139-U48-8bas
Q1d Moorhead City test hole

Formation Material Thickness Depth
Lake Agassiz denosits
Silt unit
Soil 5 5
Clay, yellow 50 b -
Clay unit
Clay, very fine, tough, blue-gray 55 110
Till and associated glaciofluvial deposits
7ill
Gravel with some blue clay 5 ; 115

(flaciofluvial deposits
Gravel, coarse, much limestone (struck
water at 120 feet which rose to

near the top) 20 135
Till
Gravel, coarse, sand, and blue clay 60 195
Clay and gravel with boulders 25 220
Clay, sandy, blue-gray 20 210
Older lake clay and drift deposits
Clay, sandy, bluish 60 300
Quicksand, rounded quartz grains 45 3u5
Quicksand, some subangular quartz
grains, with some clay 20 365
"Granite"
Clay, light grecen, gritty, decomposed
gneiss 110 u75
Chlorite-granite or gneiss, soft,
red, feldspathic 290 765
Gneiss, mostly feldspar and quartz,
chloritic, fine-grained 355 1,120

Folsite (7), soft, greenish but

finely red-mottled, fissile,

chloritic : 85 1,205
Other granite rock 696 1,901

)




139-48-1laaal
Dilworth Village well

Formation Material Thickness Depth
Lake Agassiz deposits
5ilt unit
Clay, yellow 20 20
Olay unit
; Clay, blue i 95
Till and associated glaciofluvial deposits ]
Till
Clay, boulder 33 128
Sand, fine i 129
Clay, boulder 9 138
(Glaciofluvial deposits
Sand and gravel 16 154
139-48-18aba
Fargo City test hole
Lake Agassiz deposits
Silt unit
S8ilt and clay, tan 25 25
Clay unit
Clay, gray; yellow—gray in upper part 70O 95
Till and associated glaclofluvial deposits
£11) .
Clay, gray, and some sand and gravel 5 100
Glaciofluvial deposits
Silt, gray, and considerable gravel
and sand he 152
Gravel, fine, and coarsc sand, siltr 3 155
Sand, coarse 5 160
Gravel and coarse sand 5 165
Gravel B 170
Till '
Clay, gray, pebbly, and some sand 15 185
Clay, grav 5 190
Clay, silty, gray 10 200
Clay, buff 5 205
Clay, silty, gfay, and somo gravel 10 215
Sand and silt, buff 15 230
Trranite”

Clay, white, and somc sand 12 2u2

"o U8 =




139-.49-1ace
USGS %est hole

Formation Matorial Thickness Depth

Lake Agassiz deposits
Silt unit '
S0il, black 1 1l
Clay, yellow and gray and fine gravel 24 25
Clay unit
Clay, light gray 67 92
Till and associated glaciofluvial deposits
Clay, gray, with sand and gravel 41 133
Gravel, fine to medium 3 136
Clay, blue-gray, and some fine gravel 36 172
Olay, blue and browd, and fine gravel 6 178
"Graniteh
Granite, decomposed 12 180

139-49~1badb
Great Northern R.R, well, Fargo

Lake Agassiz deposits

511t unit

Clay, yrllow 20 20
Clay unit

Clay, bluc-gray 70 90

7111 and associatcd glaciofluvial deposits

Ti1l

"Lime rock" (7) us5 135

Clay, sandy 3 138

"Lime rock" (7), white 5 1473

"Shalc" (clay?), blue 2 145
Glaciofluvial decposits

Boulders 20 165
Ti1l

Clay, blue 25 190
Glaciofluvial deposits

Boulders 5 195
Till

Clay, blue ) 200

"Granite" (7)
"Marit (1), hard, white 50 250
Sand, dry, sharp, white and gray 115 365
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139-U9-1bad
USGS test hole

Formation Material

Lake Agassiz deposits
Silt unit
Soil, black
Clay, yellow, and a few fine gravel
Clay unit
Clay, greenish-gray
Till and associated glaciofluvial deposits
Till
Clay, bluec, and some fine gravel
Glaciofluvial denosits
Gravel, fine and medium, and some

gray clay
Till
Clay, hard, sandy, gray, and
considerable gravel
Clay, lizht brown, and some fine
gravel
"Granite"

Granite, decomposed, reddish-brown

139-19-1bbb
USGS test hole

Lake Agassiz deposits
511t unit
Soil, black
Clay, yellow, and a few pebdles

Clay, gray, and some sand and gravel

Clay unit
Clay, gray
Till

Clay, bluc-gray, gravel and boulders

Glaciofluvial deposits
Gravel, fine to coarse, clean
Till or glaciofluvial deposits

Gravel and sand, fine, and some brown

clay
"Granite"
Granite, decomposed, white

- 1l -

fh;gggpss Depth
L L
14 18
75 93
19 112
20 132
59 191
6 197
3 200
3 3
15 18
16 3L
55 &9
51 140
22 162
22 184
6 190




139-49-1bed
UsS”S test hole

Formation Material Thickness Depth
Lake Agassiz deposits
8ilt unit
Soil, blaek 1 1
Clay, yellow, and some fine gravel 1 16
Clay, light gray, silty 1 30
Clay unit
.Clay, dark gray h2 82
Ti11
Gravel, medium, sand, and clay 18 100
Clay, gray, and some gravel and sand 32 132
Clay, brown and bluc-gray, and some
fine gravel ' 20 152
Glaciofluvial dcposits
Gravel, fine, and fine to coarse sand 5 157
7111
Clay, sandy gray, and fine sand and
gravel 5] 198
"Granite™
CGranite, decomposed 22 220
139-49-1bdd
USGS test hole
Lake Agassiz devosits
Silt unit
Soil, black : Y y
Clay, yellow, and a few fragments
of fine gravel 1L 18
Clay unit .
Clay, gray T0 g8
Till and associated glaciofluvial deposits
Gravel, fine, and gray clay 21 109
Clay, sandy, gray, and some fine
gravel 12 121
Gravel, fine to medium 3 124
Gravel, fine, and gray clay 32 156
Clay, very light gray, sandy, and
some fine gravel 22 178
"Granite®
. Granite, decomnosed, white 12 190

-1l -




139-L9-1cbb
USGS test hole

Formation Material Thickness Depth
Lake Agrssiz deposits
Silt unit
Soil, dlack 2 2
Clay, yellow, and some fine gravel 18 20
Clay, brown, sandy 5 25
Clay, light gray 3 28
Sand, fine to medium, and some gravel
and clay ol 52
Clay unit
Clay, gray Y2 9y
Till and associated glaciofluvial deposits
Till
Clay, gray and sand and gravel 58 152
Glacliofluvial deposits
Sand and gravel 6 158
Till -
Gravel, fine, and bdlue and brown clay 30 188
"Granite"
Granite, decomposed 37 225
139-49~1che
Fargo City test hole
Lake Agassiz deposits
Silt unit
Ilo record 20 20
Silt, clayey, gray - 35 55
Clay unit
Clay, gray to blue 40 95
Till »nd associated glaciofluvial deposits
Till
Sand, silty, gray and gravel 15 110
Clay, gray, and sand and gravel 47 157
Glaciofluvial dcposits
San¢, medium to coarsc, loose, clean L 161
Gravel and sand, finec to medium, clean 32 193
Gravel, coarse 6 - 199
Sand, medium to coarse, brown 1 200
"Granite®
Sand, white 2 202
Clay, light green (?) (1)
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139-49-1cbdl
Fargo City test hole

Formation Material Thickness

Lake Agassiz deposits
Silt unit
o record
Silt, brown, sandy
Clay unit
Clay, gray, leminated (varved?)
Clay, gray, and seme gravel
Till and associated glaciofluvial deposits
7511 '
Clay, ¢ray, siltry, and some sand and
gravel.
Glaciofluvial decposits
Sand, loosec, medium, rounded, clean
Sand, medium, and medium gravel, clean
Sand, coarse, clean
Sand, medium to coarse, and coarse
gravel, clean

139-l9-1ceca
Fargo City test hole

Lake Agassliz doposits
Silt unit
Yo record
Silt, yellow
Sand, fine to medium, silty
Clay unit
Clay, gray
Till and associated glaciofluvial déposits
Till
Clay, silty, gray, and some gravel
Silt, sandy, gray and some gravel
Glaciofluvial decposits
Sand, fine to coarse, and some gravel,
clean

Sand, fine to coarsc, and gr-vel, clean
Til1
Clay and silt, carbonaceous, black,
and some gravel
"Granite#

Clay (kaolint), white, and some
angular sand

- 147 -

25
10

10

20
35

b5

29

10

Depth

25
35

&5
95

145

147

155
170

192

20
55

105

110
151

160
189

199

201




139-49-1ccdl
Fargo City test hole

Formation Material Thickness Depth
Lakc Agassiz deposits
Silt unit
Ho. record - 20 20
Silt, buff 15 35
Sand, fine to medium, eilty, duff 5
Silt, clayey, gray 5 45
Sand, silty, finc to medium, buff 17 62
Clay unit
Clay, gray 33 95

Till and associated glaciofluvial deposits
5ilt, sandy, and some clay and gravel,

gray 30 125
Gravel, coarscy clayey 2 127
$i1t, sandy and gravelly and bdluc clay 38 165
Silt, sandyv, gray, and some clay 25 190
Silt, sandy, gray, and some gravel

and clay 35 225
Clay, blue to gray 22 247
Gravel, fine, clean - 2 2lg

"Granite"
Clay, green, and fragments of quartz

and granite 5 o5k
Sand, coarse, angular, white 6 260
Clay, grecen, and some angular granite

pebbles 5 265
Clay (kasolin?), green, and pobbles of

schist and granite 152 417
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139-49-1ccd2
Fargo City test holo

Formation Materizl i} Thickness
Lake Agassiz depesits
- 8ilt unit
o' record 50
Sand, medium, clean 12
Clay unit '
Clay, blue, silty in lower part 28
Till ~nd associated glaciofluvial deposits
Till
Clay, blue, and fine silty sand 35
Gravel, silty sand, and blue clay 15
Gravel, coarsc sand, and blue clay 10
Clay, sandy, gray, and scme gravel 5

Glaciofluvial deposits
Gravel and sand, fine to medium, water

rose to 25 feet 3
Gravel, fine, and sand, coarse 1
Sand, medium to coarse 15
Sand and some gravel, clean 15
Till
Clay, silty, bdlack 1

139-U40=1cde
Cass County well

Lake Agessiz deposits

511t unit
Soil and yellow clay 20
Clay unit
Clay, blue 70
Till and associated glaciofluvial deposits
Ti11
"Hardpan" and gravel 60
Sand Y
Gravel and clay 9h§
Sand, fing - <
"Granite" -
Granite (7)

- 149 .

Depth

50
62

‘g0

125
1.0
150
155

158
165
180

195
196

20

90

150
150%
2li5
251

2514




139-49-1cdd
014 well, Fargo

Formatlon Matcrial

Lake Agassiz deposits
Soil and clay
Till and associated glaciofluvial deposits
Sand and boulders
Gravel and sand
Sand and soapstone(?)
Sandstone, soft
Sand
"Granite"
Granite

139-1t19.1dea
01d well, Fargo

Lake Agassiz dcposits
Silt unit
Clay, yecllow
Clay unit
Clay, blue
Till and associated placiofluvial deposite
Clay, gray
Clay, blue
Sand and gravel

Clay

139-U49-1dece
014 well, Fargo

Lake Agassiz deposits
Soil and clay

Till and associated glaclofluvial decposits
Gravel and sand
Sand, scft, and gravel

- 150 -

Thickness Depth
g9 89
47 136
20 156
11 167
13 180
70 250

2 252
20 20
105 125
65 190
37 227
19 2u6
4 250
93 93
57 150
90 240




139-49-2ban
USGS test hole

Formation Material Thickness Depth
Lakc Agassiz deposits
Silt unit
Soil, dblack ) 3 3
Silt and clay, buff to yellow 12 15
Sand, fine, yellow _ 1 16
Clay and silt, buff 1k 30
Clay unit ‘
Clay, gray; yellow in upper 15 feet 75 105
Till and associated glaciofluvial deposits
Gravel, medium to coarse, gray, clayey 6 111
Clay, blue-gray, and considerablc fine
to coarse gravel 43 154
Clay, light gray, and considerable '
sand and fine gravel 80 234
Clay, gray, considerable fine gravel,
and some sand 28 262

Glaciofluvial deposits
Gravel, fine to medium, considerable

sand, and a little clay 23 285
"Granite"
Granite, decomposed T 292
139-U49-.2dbb

Fargo City test hole

Lake Agnssiz deposits

Silt unit

Soil gi 2%

Clay, yellow 1 15
Clay unit

Clay, blue 7 22

Sand, very fine, dirty; (no water) 2 2h

Clay, soft, blue 88 112

Till and associated glaciofluvial deposits

Till

Boulder, clay 21 133
Glaciofluvial denosits

Sand, medium and coarse, and some

gravel; (water) 23 156

Ti11

Boulder, clay 12 168

= 361 w




139-U49-3cce
USGS test hole

Silt unit
Soil, black
Clay, silty, buff
Sand, brown
Clay unit
Clay, gray

T3ll and associated glaclofluvial deposits

Ti11
Clay, gray, and some gravel and sand
Glaciofluvial deposits
Gravel, and some sand and clay
7111
Clay, gray, and considerable gravel
and s~nd
Gravel, sand, and gray clay
Glaciofluvial denosits
Gravel and send, and a little clay
Ti11
Gravel, sand, and clay
CIay, gray, and considerable gravel
and sand
Gravel and sand, and some clay
Gravel, sand, and clay
Glaciofluvial deposits

Sand, and considerable gravel and clay

Till
Gravel and sand, and a little clay
Gravel, sand, and clay
Gravel, sand, and considerable clay
Gravel, sand, and clay
Glaciofluvial devosits
Gravel and somc sand, clean
Till
Gravel, sand, and clay

"Granite”

Granite, decomposed, groenish gray

Formation Material Thickness
Lake Agassiz deposits

10
60

30

15
10

20
25
10
15
15
20

28

29
&9

119
124
-
169
194

- 199

209
224

239
259
269
274
319
32y
339

367




139-Ug-lUcee
USGS test hole

FTormation Material

Lake Agassiz deposits
Silt unit
Soil, black
Clay, yellow
Sand, fine to medium, loose
Clay unit
Clay, blue
Till and associated glaclofluvial deposits
Till
Cobbles and blue clay
Glaciofluvial deposits
Gravel
Sand
Till
Cobbles and clay
Glaciofluvial deposits
Gravel and sand
Gravel and fine sand
Till
Sand, clay, and gravel
Glaciofluvial deposits
Gravel and sand
Gravel and fine sand
Till
Gravel, sand, and clay
Glaciofluvial deposits
Gravel and sand
fGranite®

Gravel end sand (decomposed granite

pebbles)
Granite, decomposed, white
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Thickness

O O

25
16

10
10

15

20
20

20

25

Depth

99

115
119

1L

134
14l

159

179
139

219
2uh

2kg
260




139.-49-Udce

Dahl well
Formation Material Thickness Depth
Lake Agassiz deposits
Clay 70 70
Till and associated glaciofluvial deposits
Till
"Drift" and "rocks" (boulder clay?) 2y 94
Clay, bdlue 5 99
Drift" and "rocks" (boulder clay?) 12 111
"Hardpan" 17 128
Glaciofluvial deposits
Gravel and sand 2 130
Sand 7 137
Gravel 2 139 .
Sand 6 145
139-49-5aaa
USGS test hole
Lake Agasslz deposits
Silt unit
Soil, black Y 4
Clay, yellow, and a few pebbles 7 1l
Sand, fine to medium 11 22
Clay, light gray 2 o4
Sand, fine to medium 10 34
Clay unit _
Clay, gray 4g 82
Till and associated glaciofluvial deposits
Till
Gravel and sand, fine, and gray to
blue clay i 103
Glaciofluvial deposits :
Gravel, fine, and coarse sand, clayey 16 119
Gravel, medium to coarsc, clean 65 184
Till
Clay, blue-gray, and some fine gravel
and sand 18 202
Clay, dark brown to black, and a
little fine gravel 9 211
Clay, light gray, and a little fine
gravel U 215
"Granite"
Clay, white 10 225
Clay, reddish brown (decomposecd
granite?) 9 234
Granite, decomposed, white 6 240
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139-49-5dcd
USGS test hole

Formation  Material

Lake Agassiz deposits
Silt unit
Soil, black
Clay, yellow, weathered
Clay unit
' Clay, gray to dlue
Till and associated glaciofluvial deposits
Till

Gravel, fine to medium, sand, and

blue clay
Glaciofluvial deposits

Gravel, fine to medium, and fine to

coarse sand
i Till or glaclofluvial deposits

Sand, fine to coarse, some fine

gravel, and clay
"Granite"
Granite, decomposcd, white
Granite, decomvnosed, greenish
(Core sample 214 to 220 feet)

139-49-6ad
Union Stockyards

Lake Agassiz deposits.
Soil and alluvium
Clay, gumbo
Si1t(7)
Till and associatcd glaciofluvial deposits
Till
Boulder, clay
Glaciofluvial deposits
Gravel and sand
Sand

- 155 -

Thickness Depth
1 1

9 10
65 5
16 91
89 180
20 200
1 214
6 220

3 3

6 9
76 85
15 100
110 210
30 240




139-49-6ac
Union Stockyards

Formabtion Material

Lake Agassiz deposits
Soil and alluvium
Clay, gumbo
Silt(?)
Till and associated glaciofluvial deposits
Till
Boulder, clay
Glaciofluvial dcposits
Gravel and sand
T411(7)
fshalc® (clay?), black
"Shale" (clay?)s black and gray
streaked

139-49-6ad
Union Stockyards

‘Lake Agassiz dcposits
Soil and alluvium
Clay, gumbo
si1t(?)
Till and associated glaciofluvizl deposits
Till
Boulder, clay
Glaciofluvial deposits
Gravecl and sand
T411(?)
"Shale" (clay?), light gray

- 156 -

Thickness Depth
3 3

5 &
65 13
15 28
135 223
5 228

8 236

2 2

3 5
65 70
33 103
112 215
15 230




139.-.49-6baa
Union Stockyards, test well A

Formation . Matorial Thickness Depth
Lake Agassiz deposits
Soil, black clay loam - 5 5
Clay, yellow 55 60
Clay, blue . 20 80
Till and associated glaciofluvial deposits
Ti11
Clay, sandy, blue, and boulders 5 &5
Sand, silty, fine, drown, watcer-bearing 9 ok
Clay, sandy, blue (hardpan), and some
boulders 18 112
Sand, silty, fine, brown, watcr-bearing 6 118

Glaciofluvial deposits
Sand, fine, flowing, brown, water-

bearing Y 122
Grevel, fine, and sand, clean 18 140
Sand, fine to medium 10 150
Gravel, finc, and coarse sand 18 168
Sand, fine to medium, clean 1 172
Gravel, fine, and coarse sand 20 192
Gravel, coarse, and somc coarse sand 11 203
Sand, fine, white, clean 6 209
Grovel, coarse, and sand 6 215
Sand, fine, hard, white 12 227

139-.19-.6bee

Union Stockyards, tecst hole B

- =

Lake Agassiz déaasits

Soil 6 6
Clay, gray 54 60
Silt and clay, gray, vith somc pcbblos 16 76
Till and associated glaciofluvial deposits”
Till
8ilt, sandy, gray 19 95
Clay, gray, and somec gravel 8 . 103
Silt, gray 2l 127
Glaciofluvial denosits
Gravel and fine sand 7 134
Gravel, fine to coarse, and a little
sand 13 147
Sand, mcdium, rounded, clcan 20 167
Gravel and sand, dirty 9 . 176
Gravel and sand, fine, clean 3 179
Sand, medium to coarse, clean 3 182
21, dirty 3 185
silty, buff -

- 1R7 -




139-U49-11a2a,
FJorthern Pacific well

Formation Material Thickness Depth
Lake Agassiz deposits
Silt unit
Soil and yellow clay : 5 5
Clay, ycllow 15 20
Clay, yellow and gray 5 25
Clay unit
Clay, gray, and a few scattoered pebbles 70 95
Till and associated glaciofluvial deposits
7111 '
Clay, gray, silt, and gravel 40 135
Clay, eray, silt, and loosc gravel 5 140
Glaciofluvial deposits
Sand and gravel 25 165
Till
Gravel, sand, nnd clay 5 170
139-49-12ach
Fargo City old weoll
Lake Agassiz deposits
Yo record; to "hardpan®" at 96 fecet 96 96
Till and nssociated glaciofluvinl deposits
Till
"Hardpan" at top and at 100 foet; °
(bad water) 4 100
No record 56 156
Glaciofluvial deposits
Sard 50 206
"Granite"(?)
fitock," vhite, chalky 4 210

w358 w




139-49-12bab
Fargo City tcst hole

Formation Material Thickness

Lake Agassiz doposits
Silt unit
Yo rocord
Clay, yellow (silt or sandy elay?)
Clay unit
Clay, gray
Till and associated glaciofluvial deposits
Till
Silt, sandy, gray, and a littlec gravel
5i1t, sandy, gray, and considerable
fine gravel
Silt, sandy, gray, and a little gravel

139-49-12cac
Fargo City old well

Lake Agnssiz deposits
Soil
Clay, yellow
Sand, fine
No record
Till and associated gleciofluvial deposits
Glaciofluvial dcposits
Gravel, water
Sand and gravel

- 159 -

20
20

55

4o

20
35

it

121

Depth

20
L0

95

135

155
190

26
147

155
216




139-49-.12¢cnd
Merchant's nt. Bank Trust Co.
Fargo City test hole

Formation Matcrial Thickness

Lakc Agnseiz decposits
5ilt unit _
S5ilt, white
Clay unit
Clay, gray
Till and associatcd glaciofluvial deposits
Till
Silt, sandy, gray clay, and some
gravel
Sand and some gravcl, silty, and someo
gray clay

Glaciofluvial deposits
Sand, finc to coarso, falrly clean
Sand, fine, silty, d~rk grey
_ Sand, fino, eclcan
Till
: Clay, dnrk gray, hard
Clay and silt, dark gray, hard

139.449-12dch
Fargo City test hole

Lake Agnssiz deposits
Silt unit
Clay, grayish-tan
Clay unit
Clay, dark gray
Till and associated glaciofluvial decposits
i1l
' fiay, gray, and some gravol Y
Sand, silty, finc to medium gray
Glaclofluvial dcposits
Gravel, finc to medium
Till
511t, sandy, gray
Silt, sandy, gray, and coarsc gravel
Glaciofluvial deposits
Sand, finc to medium, loosc, clean

Till
Clay, dnrk gray
Silt, sandy, dark gray
Sand, silty, dark brown
Clay, carbonaccous, black and gray
strecaks
NGranite”(?)

Clay (knolin?), marly(?), white
~ 160 o

20
70

Lo
20

20
10

10
10

20

70

25

15
25

12
15

22

20
90

130
150
170
180
185

195
205

90

95
120
126

135
150

175
178
190
205
210

232



139-49-13abe
USGS test hole

Formation Material ; Thickness Depth
Lake Agasslz deposits
Silt unit
Soil, black 1 1
Silt, yellow to light gray 29 30
Clay unit
Clay, gray 71 101
Ti1ll and associated glaciofluvial deposits
Till

Clay, gray, considorable fine to .
coarsc gravel, and sand 4y 145
Glaciofluvial deposits
Gravel, fine to coarse, some sand,

and a little clay 10 155
Till
Clay, blue, black, brown, and some
gravel and sand 20 175
Clay, dark gray to brown, and some
gravel and sand 14 189
Granite"

Granite, decomposcd, light grecnish
gray 11 200
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139-50-1ddd
USGS test hole

Formation Material

Lake Agoassiz deposits
Silt unit
Soil, black
Clay, ycllow
Clay unit
Clay, bluc-gray
Clay, dark gray
Till and associated glaciofluvial dcposits
Ti1l
Gravel, sand, and blue clay
Gravel, coarsC, and blue clay
Cobbles and bluc sandy clay
Gravel, coarso, sand, and clay
Clay, bluoc
Clay, bluce-gray
Clay, sandy, bluc-gray
Clay, sandy, bluc-gray; and gravel
Gravel, sand, and bluc clay
Glaciofluvial dcposits
Gravel and sand
Till
Gravel, sand, and clay )
Gravel, sand, and clay(?)
Glaciofluvial deposits
Gravel and sand
AGranitc"
Granite, decomposcd

s 16D oo

Thickness Depth
4 L
15 19
5 et
45 69
10 79
10 89
10 99
10 109
10 119
10 129
5 1ah
10 14k
5 149
10 159
20 179
55 234
15 249
11 260




Formation

-139-50-5¢cce
USGS test hole

Material Thickness

Lake Agassiz deposits
Silt unit

Soil, black
Clay, buff
Clay, brown

Clay unit

Clay, brown and gray
Clay, dark gray
Clay, gray

Til and associatcd glaciofluvial deposits

Till

Sond and gray clay

Silt, gray, nand somc sand and gravel

Clay, silty, grav, and somc sand and
gravol

Gravecl, finc; coarsec sand; and gray
silty clay

Silt, gray, and some’sand and gravet-

S11%,  grny, and considerable sand and
gravel

S5ilt, gray, and somc sand and gravel

Silt, gray, and some dark gray clay,
sand, and gravcl

Older lake clay and drift

"Granitct

Clay, black, and somec sand and gravel

Gravel, sand, silt, and gray clay

Clay, silty, light and dark gray

Clay, gray

Clay, gray, and consideradle sand and
gravel

Clay, silty, gray, and considerable
sand and gravel

Clay, silty gray

Clay, white and black, and some sand
and gravel

Clay, micaceous, black and brown

Clay, light gray and black

Clay, silty whitc

Clay, light to dark gray, in part
black carbonaccous

Clay, whitc and gray

Clay, silty gray

Clay, gray and orange

Clay, whitc (kaolin)

Clay, vhitc and light gray (kaolin)

Clay, light Brocnish-gray (kaolin)

Sand, quartz, angular, and light
groenish-gray clay (kaolin)

Clay, light grcen (kaolin) and rock
(granite?)
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Dopth

114
209

21k

219
2L
22

23
2kg

254
259

264
269
o274
279

284
289
294
299

304
309
314
32l

329




139-50-6bbb
USGS test hole

Formation Material Thickness Depth
Lake Agassiz deposits
511t unit
Soil, black 2 2
" 8ilt, yellow, and a littlc fine gravel 20 22
Clay unit
Clay, bluc-gray 30 52
Till and associatod glaciofluvial deposits
Till

Clay, gray, and some fine gravel and
sand o4 76
Glaciofluvial doposits ‘
Gravel, medium to fino, and sandy

fairly clean 18 9L
Till ’
Clay, sandy, gray, and some gravel 86 180
Clay, blue-gray, and a littlec gravel
end sand 15 195

Older lake clay and drift deposits
Clay, very hard, blue, and somec gravel

and sand 43 238
Clay, hard, gray, and somc gravel and

sand : 62 300
Clay, sandy, gray, and considerablc

grevel; struck "rock™ at 314 fcet 14 31Y
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139-50-11bbb
USGS test hole

Formation Material Thickness Dopth
Lakc Agnssiz deposits
Silt unit :
Soil, black, and brown clay L Y
Clay, buff 15 19
Clay, sandy, buff 10 29
Clay unit
Clay, brown and cray 5 Y4
Clay, gray ' 5 9
Clay, light gray and black streaked 5 4
Clay, dark gray 20 6l
Clay, light and dark gray streaked 2 ‘ 66
Till and associated glaciofluvial doposits
Ti11 &
Clay, silty, light gray, and sand 3 69
Clay, silty, light and d-rk gray, end
some sand and gravel 5 %
Clay, silty, gray, and some sand and
gravel 10 g4
Gravel, sand, and gray silt 25 109
S5ilt, gray, and somc sand and gravel 20 129
Sil1t, groy, and some black clay, sand,
and gravsl 5 134
§ilt, gray, and somec sand and gravel 80 21k
- 511t and clay, gray, and some sand and
gravel 5 219
Older lake clay and drift devosits
Clay, gray, and somec silt, sand, and
gravel 5 22u
Clay, dark groy 5 229
Clay, gray, and some silt, sand, and
gravel 5 234
Clay, gray to bdlack and somc red, and
sand and gravel 5 239
Clay, gray and white, and sand and
gravel : . 10 2lg
Clay, gray and olive drab, and san
and gravel 5 254
"Granite” '
Clay, gray and white (kaolin?) 3 257
Clay, dark grccenish-gray and white
(knolin?) 2 259
Clay, white, gray, and rcddish browm,
and considorable sand and gravel 5 264
Clay, rcddish drown, and rock fragments 1 265
Clay, vhite, and rock fragments Y4 269
Rock, whitc or light buff 10 279
Rock, buff and black, and rod clay 10 289
Rock, buff and black, and rcd and
white clay 10 299

Rock, buff and black, and recd and
blue kaolin

-néd red.and white e




Formation  Material Ihicknosg
Lako Agessiz deposits
S5ilt unit
Soil, black and gray 5
Clay, yellow 19
Sand, coarse 10
Sand, coarse, gray o]
Sand, fine 5
Clay unit
Clay, blue, and some finc gravel and
sand 5
Clay, bluc, and some fine gravel 15
Till and associated glaciofluvinl doposits
Undiffofentiated
Gravel nnd blue clay 5
Gravel, fine, and sand o]
Gravel, coarse )
Gravel, coarsc and fine, and blue clay 5
Gravel, coarse 1
Gravel, coarse and fine 4
Gravel and blue clay 15
Gravel, sand, and blue clay 10
Glaciofluvial deposits
Gravcel and sand, coarse 20
Gravel, sand, and blue clay 3H
Gravel, coarsc, and finec sand 10
Gravel, fine sand, and clay 15
Gravel and very fino sand 15
Undifferentiated ;
Sand, fine, and brown clay 10
Sand, fine 30
Gravel, coarse, »nd fine sand 10
Gravel, fino sand, and some brown clay 10
Gravel and fine sand 5
Gravel and sand, fine 25
Older lake clay and drift deposits
Gravel and sand, fine, and gray clay 15
Clay, light gray, and some fine gravel 25
Clay, light and dark gray 5
Clay, black, and some gravel g
Gravel, finc, and gray clay 17
Gravel, fine, and gray and green clay 5
Gravel and gray and white clay 5
Gravel, finec, and gray clay 10
fGranite®
Clay, yellow and gray 10
Granite, decomposed; gray clay, and
fine gravel 13

139-51-lcdd
USGS tcst hole

Granite, decomposed (less docomposed than

above)
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Depth

34

9
1

49
64

219
2lg
259
269
2T4
299

1Y
339

i
352
369
374
379
389
399
412

419




Formation  Material Thickness Depth
Lake Agassiz deposits
Silt unit
Soil L L
Clay, yellow 20 o4
Clay unit
Clay, gray 10 3
Clay, Blue-gray 5 39
Ti1ll and associated glaciofluvial deposits
Ti11
Gravel and blue clay 20 59
Gravel, coarse, sand, and blue clay 5 64 -
Gravel, fine sand, and blue clay 5 69
Glaciofluvial deposits
Sand, fine 5 T4
Gravel, coarse, and fine sand 5 79
Sand, fine, and cobbles at base 10 89
Till
Gravel, fine, and Hue-gray clay 15 104
' Clay, blue-gray, and some fine gravel 50 15k
Gravel, fine, and some blue clay 5 159
Gravel, fine, and gray clay 10 169
Older lake clay and drift deposits
Gravel, fine, coarse sand, and gray
clay 30 139
Clay, blue-gray, and some fine gravel 20 219
Gravel, fine, sand, and gray clay 10 229
Gravel and blue and brown clay 10 239
Gravel, sand, and blue and brown clay 10 249
Gravel, sand and blue clay 20 269
Clay, blue 5 274
Gravel, sand, and blue clay 25 299
Gravel, fine sand, and blue clay 30 329
Gravel, fine, and blue and yellow clay 10 339
Gravel, fine, and Wlue and yellew clay;
some decayed granite pebbles 10 349
Gravel, fine, and blue and yellew clay 20 369
No record T 376
"Granitem
Granite, decomposed 26 402

139-51-6ddc
USGS test hole
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139-51-11abb
USGS test hole

Forpoatien  Material Thickness Depth
Lake Agassiz deposits
Silt unit
Soil, black L 4
Clay, gray 15 19
Clay, yellow 5 2l
Clay unit
Clay, gray 5 29
Clay, gray, and some very fine sand 10 19
Till and associated glaciofluvial deposlts
7Ti11
Gravel, coarse, and blue clay 5 N
Gravel, coarse, sand, and blue clay 49
Gravel, coarse, and blue clay us5 ol
Gravel, fine, sand, and blue clay 5 99
(laciofluvial deposits
Gravel, fine, coarse sand, and some blue
clay - 10 109
Gravel, fine, and some blue clay 30 139
Till
Gravel, fine to coarse, and blue and
gray clay 5 1
Clay, blue, and some gravel 5 149
Clay, blue, and some coarse gravel 10 159
fravel, fine, and gravish-blue clay 10 169
Older lake clay and drift dewnosits
Clay, dark gray . 25 194
Clay, blue, and some sand 10 204
Gravel, sand, and blue clay U5 249
Gravel and blue clay 15 264
Gravel and gray clay 10 274
Clay, dark gray 5 279
Clay, gray 50 329
"Granite"
Granite pebbles and gray clay (kaolin?) 10 339
Granite, white, and gray clay (kaolin?) 5 3l
Granite, decomposed 5 349
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139-H2-2cce
USGS test hole

Formation Material Thickness Denth
Lake Agassiz denosits
$ilt unit
~ Soil 1 1
Clay, yellow 18 19
Clay, yellow and btlue 5 2l
Clay unit
Clay, blue 30 54
Till and associated glaciofluvial deposits
Till
Gravel, fine to coarse, and blue clay 80 134
Gravel, sand, and blue-gray clay 5 139
Gravel, coarse, and blue-gray clay 15 154
Gravel, sand, and blue clay 32 186
Gravel and blue clay 4 190
Older leke clay and drift de—osits
Gravel, sand, and sandy clay 19 209
Clay, blue, and some gravel 40 2ug
Gravel, sand, and blue clay 10 289
Gravel, fine," dnd dluo-gray clay 45 334
Gravel and sand, fine 5 339
Gravel, fine, and blue-gray clay 10 349 .
Gravel, fine, and light gray and blue
clay 10 359
Gravel and sand, fine, and white and blue
clay ' 25 384
"Granite"
"Granite", decomposed, white 16 %00




. 139-53-10bba
USGS test hole

Formation Material Thickness Depth
Lake Agassiz deposits
Silt unit
Soil 1l 1
Clay, yellow and brown 8 -9
Clay, yellow, and somc sand 5 b
Gravel, finc, sand, and ycllow clay 5 19
Gravel, finc, and yellow and blue clay 5 ol
Clay unit
Clay, dlue and some fine gravel 65 89
Till and associated pglaciofluvial deovosits
Gravel, sand, and bluc clay 38 127
Boulders 2 129
Gravel, sand, and clay; codbbles near
hase 19 1u8
Cobbles, gravel, and sand 1 149
Sand and blue clay 10 159
Gravel, fine, sand, and bluc clay 10 169
Older 1ake clay and drift denosits '
Clay, bluc—gray, and somc fine gravel 25 194
Grav-l, fino, sand, and bluc~-gray clay 25 219
Gravel, fine, and bluc-gray clay . 10 229
Clay, blue-gray, and somc finc gravel 20 2u9
Clay, grar-black, and somec fine gravel 10 259
Clay, blue, and somc finc gravel 30 289
Clay, blue, and somc finc to coarsc
gravel 5 294
Clay, blue, and some finc gravel 65 359
Clay, bluc-gray, and some fine gravel,
occasional cobbles or boulders 20 379
Clay, gray, and somc finc gravel 10 389
Clay, gray-blue, and somc fine gravel 5 394
Clay, brown and blu:c, and some fine
gravel ' 5 399
Clay, brown to whitc and bluc, and
somc fine gravel 5 Lok
Clay, bluc and brown, and some fine
gravcl 5 409
Gravel, sand, and gray clay 5 41k
Gravel, sand, and groy and black clay 5 419
Clay, gray-black 5 Lok
Clay, gray to browm 5 L2g
Sand and gray clay 20 HT
Clay, grav, and somc black shale 5 Lsl
Dakota ? sandstonc: .
Sandstone, silty, soft, intcerbedded with gray
to black shale in part mecaccous 111 565
"Granite"
Sand, ouartz, angular, and somc black clay 1C K75
Sand, quartz, angular, . and black.and - )
white (kaolin?) clay 10 585

Sand, auartz, angular, and red and white (kaolin?)
clar: somc shalc (hard eclay?) and reck
(granitc) fragments ncar bottom of hole 23 608

“ 170 -




140-48-31chbd
Fargo City old well

Formation Material Thickness Denth
Lake Agassiz deposits
Silt unit -
Clay, ycllow 30 30
Clay unit )
Clay, dlue 78 108
Till and associated glaciofluvial denosits
5 B
Clay and sand 82 130
Clay, blue 21 211
"Rocks" 4 215
Clay, blue 97 312
"Granite" (?)
Sand and clay 12 32U

Sand 14 338

lhonhS-SEaaa
American Crystal Sugar Co. test hole

Lake Agassiz deoposits

Silt unit
Soil L b
Clay, buff 36 ity
Clay unit
Clay, gray 66 106
Till and asscciatrd glaciofluvial dcposits
1Y
Silt, cray, sandy, occasional pcbbles 22 128
Clay and silt, gray, with aumbdrous. .
pebhles 8 136
Clay and silt, tuff, with numorous
pchbles 9 145
Clay, groy, with occasional pebbles 25 170
Sand and clay, gray, with numerous
pebbles 20 190
5ilt and clay, gray, with some sand
_ and pebbles 70 260
MGranite"

Sand, coarse and gravel with some clay
and many chips of pink granite

and black schist 2 262
Granite, pink and schist black,
angular chips 3 265

wo TTL e




140-4o-16cdd
USGS test hole

Formation Material Thickness Depth
Lake Agassiz deposits
5ilt unit
Soil, ‘black b 4
Clay, gray 4 8
S5ilt, yellow 7 15
Clay unit
Clay, gray to blue-gray 69 g4
Till and associated glaciofluvial deposits
Till

Clay, gray, sandy, and some fine gravel
and sand 31 115
Glaciofluvial deposits
Gravel, medium to coarse, and some

sand; clean 61 176
"Granite"
"Granite," decomposed, greenish gray 4 180
140-49-20aaal

USGS test hole

Lake Agassiz denosits

Silt unit -
Soil, hlack 1 B
Clay, grav 3 4
Silt, yellow 12 16
Clay unit
Clay, blue-gray to gray 57 13
Till and associated glaciofluvial devosits
Ti1l
Clay, sandy, light gray, hard, and
some gravel 33 106
Clay, dark gray, and considerable
fine gravel 41 147

"Granite" .
Granite (7), decomposed, dark to
greenish gray 1 154

. o




140-49-21bba
USGS test hole

Formation Material Thickness Depth

Lake Agassiz denosits
Silt unit
Soil, black
Silt, dbuff to light browm
Sand, fine
Intraformational conglomerate., Pebbles
of yellow clay in gray clay
Clay unit :
Clay, gray
Till and associated glaciofluvial deposits
Till
Clay, &ray, and a little gravel and
sand
Clay, sandy, gray, and some fine gravel
Gravel, fine, sand, and gray clay
Glaciofluvial deposits
Gravel, fine to medium, and sand;
clayey
Gravel, fine, and sand, very clayey
Till
Clay, light grayr, and considerable
gravel
"CGranite"
Granite, decomposed, green to gray

140--49-21cce
USGS test hole

Lake Agassiz deposits
Silt unit
Soil, bdlack
Silt, light gray
Sand, fine to medium, clayey, brown
Clay unit
Clay, dark gray
Till
Clay, gray, and considerable fine
gravel and sand
Glaciofluvial denosits (17)-
Gravel, fine, fine sand, and a little
gray clay
"Granite"
Granite, decom»yosed, greenish gray
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4 4
16 20
3 23
7 30
52 82
18 100
22 122
8 130
15 145
10 155
3 158
7 165
1 1
8 9
24 33
39 72
95 167
8 175
5 180




1h40-be-25dcd
- City of Fargo
Hector Airport well

Tormation  Material ' Thickness  Depth

Lake Agassiz deposits
Clay 75 75
Till and associated glaciofluvial deposits
Sand ' 2 77
"Hardpan" 25% 102%
Sand 2 105

140-49-28cce
USGS test hole

Lake Agassiz deposits
S5ilt unit

Soil, black 1 1
Clay, sand, greenish gray 4 5
Silt, buff to light gray g 13
Sand, fine, buff 13 26
Clay unit
Clay, dark gray 51 17
Till and associated glaciofluvial deposits
Till
Clay, gray, and considerable gravel
' and sand 27 104
Glaciofluvial denosits
Gravel and sand, clayey 22 126
Till
Gravel, fine, and gray sandy clay 14 140
CGlaciofluvial deposits
Gravel, fine to coarse, sand, and
little clay Bl 194
TGranite”
Granite, decomposed, gray to green 6 200

= TTH -



1&0—”9—323&&
USES test hole

Formation Material

Lake Agassiz cdenosits
Silt unit
Soil, black
Silt, rellow
Sand, fine, huff
Sand, fine, and brown clay
Clay unit
Clay, grary
Till and associated glaciofluvial deposits
Till -
Clay, blue, and some fine to coarse
gravel and sand
Clay, sandy, gray, and considerable
fine gravel
Glaciofluvial deposits
Gravel, medium, and some saand; clean
Gravel, ccarse, aand a little sand;
clean
Gravel, fine to medium, and cobbles
Till
Clay, lizht gray, and some sand and
fine gravel
"Granite"(?)
Slate(?), red and green, decommosed
"Granite™(?), decomposed, very light

140-49-33544d
TSCS teat hole

Lake Agassiz denosits
S5ilt unit
Soil, black
Silt and clay, buff
Clay unit
Clar, grayv -
Till and associated placiofluvial denosits
Till
Clay, sandy, blue to gra-, and fine
to medium grrvel
Glaciofluvial deposits
Gravel, fine .o coarse, clean
Cobbles, gravel, sand, and some clay

i

Thickness Depth
4 4

9 13

7 20

9 29

Y5 T4

6 80

27 107

8 115

5 120

39 159

6 165

7 172
gray 8 180
4 4

18 22

60 g2

63 145

24 169

L 173




140-49-34cdd
UGS test hole

Formation Material Thiclkness Depth
Lake Agassiz deposits
5ilt unit
Soil, dlack 3 3
Silt and clay, buff 9 12
Clay, blue b 16
Sand, fine and medium 6 22
Clay unit
Clay, gray 66 88
Till and associated glaciofluvial deposits
Till
Gravel, sand, and grav clay 15 103
Glaciofluvial denosits.
Gravel, medium, clean i 112
Gravel, fine to coarse, sandyr, clayey 3 115
Till
Clay, sandy, fray, and some coarse
gravel T3 160
"Granite"
"Cranite", decomnosed, sreenish gray /0 210
140-51-3ltced
USES test hole
Lake Agassiz deposits
Silt unit
Soil, black 3 3
Silt, yellow, and a few pebbles 23 26
Sand, medium, clayey, brown 9 35
Clay unit
Clay, light grayr 20 55
Till and associated glaciofluvial deposits
Ti11
Clay, light gray, and a little sand
and gravel 15 70
Gravel, fine to coarse, sand, and
" light to dark grar clay 84 154
Glaciofluvial deposits
Cobbles and gravel ; 1 155
Gravel and sand, fine, and a little gray -
, clay 15 170
Older lake clay and drift deposits
Clay, hard, blue, with considerable .
gravel 40 210
Clay, very hard, dark gray, vith very
little gravel 53 - 263
Clay, dark brown, and very little
gravel 30 293
Clay, light gray 12 305
Clay, dark brown 11 316
Clayr, light brovm te sray 3 319
n itel
Granite 330

“Granite,"_decgvgosed, vhite 11




140-51-34daa
USGS test hole

Formation Material Thickness Depth
Lake Agassiz deposits
5ilt unit
Soil, black L L
Clay, sandy, grar Y 8
Silt, buff to light dbrown 17 25
Sand, medium to coarse, and some fine -
gravel 10 35
Gravel, fine to coarse, and some sand;
clean 6 15
Clay unit
Clay, grav 9 50
Till and associated glaciofluvial deposits
Ti11
Clay, gray, and scme gravel and sand 32 &2
Glaciofluvial denosits
Gravel and sand, fine to medium, clayey & 90
Gravel and sand, fairly clean 5 95
1)
Clay, gray, and a little gravel and
sand 5 100
Glaciofluvial deposits
Gravel and sand, clayey 5 105
Gravel, fine, and sand, fairly clean 50 155
Gravel and sand, clayey 6 161
Ti1}
Clay, gray, with some sand and little
gravel 9 170
Older lake clay and drift deposits
Clay, hard, blue, some gravel and sand 25 195
Silt and clay, hard, gray, and a
little gravel 45 240
Clay, hard, blue to grar, and a few
pebbles 22 262
Clay, hard, dark brown 5 267
Clay, alternating light and dark gray 65 332
Clay, hard, gray, and some gravel and
sand. 6 338
"Granite"
"Granite," decomposed, lizht gray 12 350

(Core sample 170 to 130 feet)

- 77 ~
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