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GEOLOGY AND GROUND~WATER CONDITIONS AT
MINOT, NORTH DAKOTA

By P, D, Akin
ABSTRACT

The investigation of the groundewater resources in the vicinity
of Minot was begun in 194l by the U, S. Geological Survey in coopera=
tion with the City of Minot and the North Dakota State Geological
Survey and was concluded under cooperation between the U, S, Geolow
gical Survey and the North Dekota State Water Conservation Cumnission;
Its purpose was to determine the groundewater resources of the area
and especially the hydrologic and hydraulic characteristics of the
sand and gravel aquifer from which the City of Minot obtains its water
supply, and to forecast as nearly as practicable the quantity of water
that can be produced from the aguifer in and near the city without
ultimate overdevelopment,

The Fort Union formation, of earliest Tertiary Plaeocene age, is
the bedrock of the region, It is covered with river alluvium, sand
and silt deposits of glacial Lake Souris, and glacial drift ranging in
thickness from 0 to 250 feet or more, A few small exposures of the
bedrock are found along the valley ~f the Souris River and the Riviere

des Lacs,
-l



Locally ground water for domestic supplies is obtained from sand
and gravel in the glacial drift, and from lignite and sandstone beds
of the Fort Union formation, but in the Souris River Valley most of
the ground water is obtained Irom sand and gravel beds in the valley
fill, So far as 18 known, no supplies are derived from formations
underlying the Fort Union in this rwea, although small supplies of
rather highly miner2lized water could probably be obtained from other
formations at depths exceeding 1,000 feet,

The fill in the Souris River Valley caisists of glacial till;
sand and gravel of glacio~fluvial origin, silts and clays deposited
in glacial Lake Souris, and Recent river alluvium, Domestic and stock
wells obtain water from various aquifers in the valley fill but the
principal aquifer in the f111 is that from which the munizipai and
large industrial supplies are cbtained, It is a sand and gravel body
of glacio-fluvial origin reachzd at depths of about 100 feet below the
presént valley floor, This aquifer is variously interconnccted with
other aquifers in the drift and in the overlying alluvium, Its linear
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extent is not known but it probably extends many miles both upstream
and downstream from the City of Minot, Additional test drilling is -
needed to determine the possibilities of obtaining other large grounde
water supplies along its course,

In general, the water from the Fort Union formation is softer but
much more highly mineralized than that from other sources, The municipal
water from the principal aquifer is substantially similar in chemi¢al
character and concentration to the river water, Its iron content
is objectionably high but it is otherwise satisfactory for general
purposes,

The average production of ground water from the principal aquifer
is estimated to have been about 600,000 gallons a day in 1928, increase
ing to 880,000 gallons a day in 1931 and to about 2;,390,000 gallons a
day in 1946, The highest monthly production was in August 1946, when
pumpage amounted to 114,1 million gallons or an average of 3,69 million
gallons a day for the month, The maximum daily production of the three
large users of ground water occurred on June 21; 1946, and amounted to

4,255,000 gallons,



The original water levels in the aquifer at Minot were 2 to 3 feet above
the level of the water in the Souris River; As new ground-water developments
vere made, the later level in the aquifer was lowered, The decline amounted
to about 9 feet by 1928 and to about 27 feet by 1938, In 1946 the average high
menthly water level was about 3l feet lower than the original water 1evels; The
lowering of water levels is almost ?rectly proportional to the rate of with-
drawal of ground water from the aquifer,

Seasonal fluctuations in the water levels are the result of variations in
the amount of water pumped, the water levels trending downward in the months when
the pumpage is high and recovering when the pumpage is reduced, The difference
between high and low water levels in 1945 wes 9,42 feet at the city supply well
No., 2, In 1946 the difference was ll;hﬂ feet;

Daily water-level fluctuations in wells in the principal aquifer result
chiefly from changes in barometric pressure and from interfizrence effects of
pumping wells,

Only occasionally when the Souris River is at a high stage do the

water levels fluctuate in such a manner as to indicate seasonal or
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intermittent recharge to the aquifer, ~“However, such fluctuations occuring
at other times, if comparatively small, could be masked by fluctuations due
to chaages in pumping and to barometric-pressurce changes,

The average coefficient of transmissibility of the aquifer was computed
from pumping tests to be about 250,000 gpd/ft. and the average coefficient
of storage was computed to be about ,0003L,

There arz threc sources of recharge to the aquifer: (1) Direct
penetration of the rainfall in the velley to the water table in shallow
contributing aquifers: (2) ground-water discharge into the aquifer from
the Fort Union formation by lateral movement into the-valley and probably
by upward percolation from deeper horizons; and (3) downward percolation
of Souris River water, Of these threc sources of rccharge, the river
appcars to be the most important contributor,

It is concluded that the aquifer at !inot is not ovcrdeﬁeloned. The
perennial "safc yield" will depend .argely .upon thi¢. specific capaditics .
af the producing wells,. Thé specific capaciiies of the municipael and ifie

dustrial wells at Minot average more than 20 gpm/ft, If wells



having specific capacities of 20 gpm/ft, arz pumped at a rate of about 700
gpm, it is indicated that a yicld of about 3,5 million gallons a day (annual
average) probably can be obtzined from the aquifer without lowering the »umping
vater levels excessively,

In order that the production may be thus increased it is appzorent that
the net recharge must continue to in. ~-2asc with lowering watzr levels as it
has in the past, There is no reason to believe that this will not occur . '
but there is always some possibility that conditions in the recharge arcas
are such asto prevent increasing the recharge rates by the necessary amounts,
For this reason careful water-lcvel rccords should be maintained on a few
of the observation wells, Production probably will increase slowly and the
water-1ecvel records will indicate overpumping of thz aquifer, if it should
occury, before it becomes serious,

In the event that it should become necessary, surface water from the
Souris River could bz used as a supplemental source of supnly or cculd be used
in artificially recharging the aquifer by directing the surface water under-

ground through wells,



INTRODUCTION
Purpose and scope of the investigation

Tle investigation of the groundswater resources in the vicinity
of [’inot was begun by the U, S, Geological Survey in the summer of 19kl
in cooperation with the City of "inot and the North Dakota State Geological
Survey, The investigation was continued subscquently with funds provided
by cooperation between the U, S, Geological Survey and thz North Dakota
State later Conservation Commission,

The purpose of the investigation was to determine the ground-water
resources in the vicinity of Minot and zspecially to determine the
hydrologic and hydraulic characteristics of the sand and gravel aquifer
from which the City of llinot obtains its water su-ply, and to forecast
as nearly as practicable the quantity of ground water that can be produced
from the aquifer in and near the City of IMinot without ultimate overdevelope
ment, The investigation involved a study of the geology in the area in

the vicinity of !linot: the collection and study of



data from existing wells; the study and correlation of climatic and streame

flow data; and the study and interprctation of pumping tests, pumping

records, and water-level fluctuations, Eight test holes were drilled to

obtain data én the width and thickness of thz aquifer, Uniortuanately

some of the holes failed to rzach the depths required to furnish this

information, Pumping tcsts were made on several wells to determine the

coefficients of storage and transmissibility of the aquifer,

The results of the study are of chief interest to the City of llinot

add other users of ground water in the area, Fowever, it is hoped that it

will prove to be a basic contribution to the proposed more general study

of the ground=-water resources of Ward County and to the ground-water

studies now being undertaken by the Bureau of Reclamation.and other

Government agencies in connection with the Missouri-Bourics develapment

program,

rrevious work

A number of publications dealing with the geology in the llinot

arca and in adjacent arecas, with spzcial reference to the coal resources

of the region, have beecn published, The latest of these studies



vas nade by Andraws 1/ , who lists references to carlier studics of this
nature, Upham 2/ referred to some of tiic glacial features of glaciai

Lake Souris, but did not describe in detail any of thz features of the

arca, Simpsorn 2/ described the general feutures of the geology ond ground=
wvater occurrence’in Notth Dekota and included a more detailed dzscription
of the geology and ground=water occurrence in lard County under the scction
dealing with county reports, In this section he also made spccial reference

to the groundewater development at Minot, 4/

1/ Andrcus, D,A., Geology and coal resources of the ilinot region,
Vorth Dakota; U,S, Geol, Survey Bull, 906-B, pp. L6-48, 1939,
Upham, 'arren, the glacial Lake Agassiz: U.S. Geol. Survey

lion, 25, 1896

Simpson, F,%., Geology and ground=water resources of North Dakota
U.S, Geol, Survey 'ater-Supply Paper 598, 1929

Simpson, il.%.s Ope Citey ppe 25U4=256
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Location and general features of the zrea,

The City cf llinot is lécated in the valley of the Souris River in
sard County in the northwestern part of North Dakota, The populction
within tie corporate city limits wes 16,577 in 19h0, according to the
U.S, Burcau of the Census, The population in the city and additions not
incorporated wes cstimated by the ilinot Associztion of Commerce to be
19,484 in 1945, The city is located on the main lines of two railroads,
the Great Jortrern and the linneapolis, St, Paul and Sault Ste, i"arie,

Three interstate paved highways enter Ilinot, U.S. 2 from the gast and west,
U.S, 52 fra;m tie northwest and southeast, and U.S, 83 from the north and south,

The City of Minot is the principal shipping point and business center for
most of the northwestern oart of North Dekota ancd adjacent parts of Canada,
The principal industries in thec area are faﬁing and coal mining, lheat
is the principal cron but oats, flax, barley, and rye are grown extensively,
Poultry raising, Jairying, beef cattle raising, and farm-products are also
importent industrics in the area,

The climate in the Iiinot areca in semiarid, The average annual precipi=
tation at Minot is reported by the U, S. Veather Zureau to be 15,50 inches,
based on a bhi=year record, but the departures from this average may be large
in any ysar, The annual temperatuie range may amount to more than 1500 Fe
The extreme low temperature recorded in North Dakota was =60° F., in 1936

o
and the highest recorded temperature was 121 F,, also in 1936,

w ¥ e



The scasonal distribution of average monthly precipitation and tempe
erature ot the inot airport are given in tl2 following table,

Average monihly precipitation and average monthly temperature at : inot, North Dakc

ilonth Average precipitation Average gem crature
(inches) ( F‘]g
Jm‘ 0.37 6‘6
Feb, 0,43 10,2
ilar, 0,61 23,6
RPT. 1 322 }"7008
Hay 2,16 53,1
June 3.1 65.1
July 2,05 68,8
Auge 1,92 65,6
Sept, 1,60 56,4
Oct., 0.91 13,8
oV, 0,66 27.L
Dec, 0.6 13,1
Year 1550 T

The City of Minot is located in the western part of the Orift Prairie
plain of the Central Lowland province and just northcast of the I'issouri escarp=
ment (see Fig, 1)

The liissouri escarpment divides Vard County into two nearly equal portions,
Except in the valleys of the Souris River and the Riviere des Lacs, the
Drift Prairic in this section is a northcastward-sloping, gently rolling
plain merked here and there with sloughs, The valley of the Souris River is
entrenched more than 200 feet below the surface of the plain in the vicinity
of MNinot,

The City of l'Ii;’xot. is lccated chiefly in the vzlley of the Souris River,
although a conside.rable. port of the residential district lies 'upon the
plain south of the wvalley, The ground=water study was largely confined to
the Souris River Valley and the alluvial beds which nartly fill it,

- 12 -
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GEOLOGY AND OCCUIRENCE OF GROUND 'ATER
The Fort Union formation, of Paleocene age, is thez bedrock of the

region but, in the vicinity of :"inot, it is covered with river alle
uvium, sand and silt deposits of glacial Lzke Souris, and glacial
drift, A few small exposures of the bedrock arec found along the valleys
of the Sowris River and the Riveire des Lacs, Drilled wells obtain
small to mod:rate supnlies of water from sand,s.t.one and lignite beds

of the Fort Union formation, The following log taken from Simpson's

5/ report shows the gencral charcter of the Fort Union formation and the

distribution of water«bcaring beds,

Log of the Minneapolis, St, Paul & Sault Ste, ilaric Railway well at Ryder

Thick= Thick=
ness ness
(feet) Depth (feet) Depth

nrift (7) 54 5 Shale 2 301
Clay and boulders 27 81 Co2l 2nd uater 2 303
Coal .. - 2 83 Shale 35 338
"Slatet k2 125 Sandy shzle 23 361
Coal and water 12 137 Shale 9 370
iSlate 31 168 Coal 6 376
Shate 39 207 Shale 27 L03
Coal 5 212 Coal and water 5 Lo8
uSiate" 22 234 Shale L L2
Rock 2 236 Coal 2 Lk
"Slate" 9 245 Shale 6 L20
Coal 1 246 Coal 1 L21
"Siate" 18 264 Shale 16 L37
‘Shale . 18 282 "Slate" 31 1,68
Coal 6 288 Hard Rock 5 473
Shale . . 8 296. . Shale 3 L76

6 482

Coal and Water 3 299 Coal

'_5/ Simpson, H.%s 5 0D Cit., Pe 251
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Log of the llinncapolis, St. Paul & Sault Ste, Marie Railway well at Ryder (Cont,)

Thi ck= Thi cke
ness ness
) (feet) Depth (feet) Nepth (feet)
Shale 1 483 S2ad and Shale 11 5h§
Shale and coal 2 L85 Coal 1 shl,
"Siate" 5 490 Shale 1 545
Shale 6 L96 Sand and Shale 16 - 561
Coal 2 498 Coal and water L 565
Shale 7 505 sShale...? .ot:o 3 568
nS1ate! 27 532 =

The general charcter of the formation underlying the Fort Union to 2 total
depth of 3,980 feet is given in the following log of an oil test well drilled

in the SW} sec, L4, T. 155 N., R, 85 ¥,, &= adaptedhere from Simpson's report 6/

Generalized record of the Deslacs l‘estern Cil Co, well
Character of strata penctrated epth (feet)

Glacial mift . & @ . » LI ] L L] L] a & & & & 8 LI L 0.50

Gray, rather calcareous sandy clay with 60-590

streaks of limestone, sandstone, and

lignite, Mard layer, with show of gas

beneath, rey rted by driller at 210 ft,

Ligiiim L ] L - L] [ ] . & [ ] - [ ] & @ L] . (] L] L] - . L ] .' 590‘598

Sandy clay, in ~arl c2lCarcouS. o o o « o » o o o o 598=0007

Fine quartz sand, rcoorted by

drillers to ShoW 0ile o o ¢ s o o s 6 6 s o & o o » 9002=920

Dark sandy calcarcous shale, cone

taining lignite and fragments of

limestom [ ] L] [ ] L] L . L] L] - L] - L] LI L] L [ ] L L] 920-9&

Gray muddy shales « + o o s o o ¢ o ¢ o o ¢ s o & o 960=1,050

CGrzy sandy clay, with some

carbonaceous MAtLEr & 4 4 4 4 s o s 0 o s o & o o1,050=1,075

Gray gumbo, with fragments of light-

COlDred limestone & & ® ® & % » B & 8 s o @ 10075-1’12‘5

Gray fine-grained shaly sandstone . . . o 15125-1,160

Gray soft Stidﬁy shale, o « 5.2 ¢ .0 & & 1’160"1’300
L] 13300"1,3150

L]

* @
-
L

L]
[ 3
-,..-‘:,- tig

o cuttings; reported by driller as
sandstone, with food show of oil and gas, , .
Light=gray shalz, with

calcarzous 1ayerS . 4 4 o o « o s o o o o o o o 1,340-1,9500?
No cuttings; reported by driller

as "limestone , with good show of oil", , . .
Grayshale.................

. 1,9002-1,905
- 1,905-1,960

-

6/ Simpson, H.Z., op. Cit. pp. 252=253
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Generalized record of the Des Lacs i-zstern 0il Co,
well (cont‘d.)

Character of strata penctrated

Depth (fecet)
Light=gray shaly limestone, with
fragments of fossils 1,960-1,980
Grazy shale, with calcareous layers 1,960= 7
Uhitish clay 7 =2,165
Gray, rather calcareous shale 2,165-2,300
Gray calcareous shale and limestone 2,300-2,320
Lccording to driller's report there is
sandy shale and sandstone, showing 1
to 10 barrels of oil a day, between 2,300
and 2,310 feet, which may corressond
to the gas sand of the gas field
at Glendive, : ont,
Gray calcarcous shale:fragments of
fossils at 2,650 fzet " 2,320-2,800
Gray shaly limestone, with Ostrea
and Inoceramus " 2,820«2,830
‘hitish shaly limestone 2,830-2,833
Gray crumbly shale 2,833-2,878
Blue Limestone with Iioceramus 2,878-2,900
and Ostrea congesta '
Nerk crumbly calcarcous shale 2,900-3,133
3lue limestone containing pyrite 5
and fossils at 2,995-3,030 feet
Driller reports sandstone showing
1 to 10 barrels of oil 2 day at
3,0&0"3,011-3 feet.
Blue limestone with Baculites
Inoceramus, and Ostrea 3,133-3,140
Jark=blue to black calcarzous
shale and limestone, with Ostrea
congesta and abundant fragnents of
thick-shelled Inoceramus 3,140-3,400
Dark gummy, Somewhat calcarcous shale 3,400=3,476
Darkegray, rather splintery shale,
fragments of fossils 3,476=3,500
Dark, rather gummy shale 3,500«3,650
According to driller, limestone and
limey shale at 3,460~3,560
Dark hard massive, fairly calcareous shale 3,650-3,856
Gray limestone 3,856-3,860
Dark massive shale 3,860-3,880
ilmssive gray limestone 3,880-3,890
Dark hard shale and limestone 3,890=3,909
with Inoceramus
uartz sand, called Dakota sandstone
by driller 3,909-3,92L
Herd dark, rather calc.reous shale, 3,924-3,980

with Inoccramus

- 15 =



The local surface geology at iiinot and the location of wells and
Test holes in the vicinity are shown in figure 2,

Locally in the uplands, ground water for domestic supplies is obtained
from the Fort Union formation and from sands and gravels in the glacial drift
The existing wells in the Fort Union formation and in the drift have small
yields, However, én other areas of the State, lignite and sandstone
beds in the Fort Union formation and bodies of gpravel and sand in the drift
yiecld large quantities of water, Test drilling in the ilinot arca has
not been extensive cnough to determine whether or not such sup-slies may
be present there,

In the Souris River Valley most of the wells obtain vater from
sands and gravels in the valley fill, A few wells in tic vailey obe
tain supplies from the Fort Union formation, So far as is known, no
sup>lies are derived from formations underlying the Fort Union in this
area, although some of the underlying formations would probably yield
small sup~rlies,

The f#11 in the Souris River Vallecy consists of till, saond, and
gravel and glacio=-fluvial origin, silts and clays deposited in glacial
Lake Souris, and Recent river alluvium, The log of U,S5.G,S. test hole
T-1 indicates that the valley fill extends to 258 feet below the present

valley floor at this lccation,
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Dorestic and stock wells obtain vatzsr from v rious depths in the
valley fill but the orincipal aquifer from which the municipal ond large
industrivl supslics are obtzined is a sand and gravel body of glacio=
fluvial origln reached at a depth of about 100 feet below the valley
floor, This sand and gravel is veriously interconnected with sends in
the drift and in the overlying alluvium in such a manner that it may
reczive recharge from rainfall and from t 2 river, as well as from
ground=vater discharge by leteral and upvard flow from bzds in the
Fort Union formation, The most productive part of this aquifer
is found in about the middle of the Souris River Valley at .iinot and
follows roughly a course between U,S,G.S. test B=2, U,S,G,S, tect A=3
the city sussly wells, U,S.G.S. test T-1 and the Grezat Northern sup=
ply wells, Somz wells near the south side of the valley have failed
to produce suinlies adequate for creameries and other small industries,
On tiie other hand, the well at Minot State Teachers College, at 'the
rorthern edge of the valley, sroduces about 30 gallons a minute from
a 6-inch well 200 feet deep, This well is re-orted to have produced 180
gallons a ninute when pumped by air 1lift, the air being injected into
the well at a depth of 160 feet,

The linecar 2xtent of this aquifer is not known but it probably
extends many miles both upstream and downstream from the City of
ilinot, . .ddtional test drilling is needed to determine its extent
and the pecssibilitics of obtaining other large ground-x—ratgr supplies,

such as the one at i‘inot, at other sites along its course,
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. The hydiologic properties of the aquifer are discussed in deteil in
following dections, Graphic logs of many of the wells and test holes
drilled in the valley are shown in figure 3, 'liritten logs of wells
and test holes and records of many of the wells in the vally ere given

at the end of this resort,
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CHREIICNL, NIALYSES OF VATSR IN AND N3IAR MINOT

Twenty=-nine Chemical analyses of water in and near 'inot are
given in thz following table, Twelve are from wells drawing vater
fron the valley fill in the Souris River Valley in Ilinot, two are
fror: the Souris River, eight are from shallow wells drawing water
from the glacial drift outside the valley and seven are representa=

tive of the waters derived from the Fort Union formation,

In general, the water from ti:c Fort Union formation is much
more highly miner 82ized than that from the other sourses, the pre=
ponderant constituents being sodium bicarbonate and sodium sulfate,.
The Fort Union water is generally much softer than the water from |
the other sowrczs, On the other hand, thc uvaters from the glacial
drift generally contain less sodium bicarbonate than the water from
the other sources but are relativzly high in calcium and magnesium sulfate,
The river vater will flucuate considrably in quality, being less highly
nineralizzd during flood stace than during periods of low flow, but
there is a substantial similarity between the two analyses given
for the river vater and those for the waters from wells in the

valley fill,
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CHEMICAL ANALYSES OF VATER
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GICITICAL ANALYSES OF TATER -
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HyDROLOGY OF THT AQUIFER AT I"INOT
General discussion of the problenm

An "acquifer" is any rock formation or stratum that will yield
water in sufficient quantity to be of importance as a source of sup=
ply. 7/ There is a number of aquifers in the i’inot area, including
one or nore in the Fort Union formation, one or meore shallow aquifers
in the drift, and a highly permeable aquifer of glacio-fluvial origin
vhich occurs in the drift of the Souris Valley at a depth of =bout
100 feet in the vicinity of ilinot, The latter is tie only known aquiw
fer in the area that will produce sufficient quantities of water to
be of importance as a principal source for municipal and industrial
purposes, It has furnished water for the City of Tinot since 1917 and
has been the prinicipal source of water for the Great Northern Rai lroad
at I“inot sincz 1929 and for the Northern States Power Company since
1931, Because of its importance as a source of water for municipal
industrial, and other uses, this aquifer received most a ttention during
the invzstigation and considersble quantitative work was done to deter-
mine the amount of water that could be prodmced from it in the
vicinity of iiinot without eventual depletion of thz suoply; to deter-
mine whether overdeveolpment of the suonly had alrzady occurred or
whether additional deveolpment would be justified and how much; and
to deternine its hydraulic characteristics as a means of predicting
the yield , drawdown, and interference effects to be expected from new

wells drilled in the aquifer,

7/ Heinzer,0.,E., The occurrznce of ¢round vater in the United Stated
U.S. geol, Survey !ater-Supply Paper 489, p. 52, 1923,
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As the data to be presented in the following sections refer principally
to this important aquifer, it will be convenient to refer to it simply as
"the aquifer" and if references are made to any of the other aquifers in the
arca the distinction will be made clear,

The aquifer is comnosed of sand, gravel and cobbles of glacio=
fluvial origin, In the vicinity of Ilinot it is ovzrlain with till,with
silts and clays of glacial Lake Souris, and with Recent river alluvium,
The vatezr is thus confined by an overburden of relatively impermeable material
The water in the aquifer occurs under confined or "artesian" conditions, although
it does not risec above the land surface and so does not supnort flowing uells,
The aquifer is about 50 feet thick in thz vicinity of “inot and is from 2,000
to 3,000 feet wide where test-hole sections were drilled across it, Its linear
extent is not known, There is evidence that the aquifer is interconnected
with sormz of the local, near-surface sand bodies in such a way as to rececive
water from them, and through them from the river,

A brief discussion of the hydrologic principles considered in the
solution of ground-water problems probably will be hel;;ful to the reader in
determining ti.¢ relationship of the various data to the genéral problem,

The following discussion is taken from a paper by Theis, 8/

"all ground water of ecomomic importance is in process of movement
through 2 porous rock stratum from a olace of intake or recharge to 2 place
of disposal, 'Lfeiocities of a few tens or a few hundreds of feet a year are

probably those most commonly met with in aquifers not affected by wells,

§/ Theis, Charles V,, The source of water decrived from wells; Civil Engineering
PPe 277-280, llay 1940
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This movement has been going on ti rough a part of geologic time, It

is evident that on the average the rate of dischurge from the aquifer during
recent geologic time has been equal to the rate of input into it, Compara-
tively small changes in the quantity of water in the aquifer, vith accompany-
ing changes in water lewvel, may occur as the rzsult of tempcfzry unbalance
between discharge by natural processes and reclharge, but such fluctuations
balance each other over a complete season or climatic cycle, Under natural
conditions, t.ercfore, previous to development by wells, aquifers are in a
state of approximate dynamic equilibrium, Discharge by wells is thus a new
discharge superimposed upon a previously stable system, and it must be
balanced by an increase in the recharge of the aquifer, or by a decr-:ase

in the old natural discharge, or by a loss of storage in the aquifer, or by
a combination of these,

"Recharge to the aquifer nay ~-sult from the penetration of rainfall
through the soil to t'e weter toble, or by scepage from streams or other
bodies of surface water; or by movement vertically or 1a;era11y from another
ground-water body. Two possible condition; in the recharge arza must be
considered, The motential recharge rate may be so large,..2s to exceed the
réte at which water can flow lcterally through the aquifer, In t!is
case the aquifer becomes overfull and available recharge is rejected, The
water table stands at or near the surface in the recharge arez, In such
8 case it is evident that is usz of ¢round water by means of wells can
increase the rate of underground flow fiom the area, more water is available

to replenish the flow,
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"On the other hand , the possible rate of recherge may be less
than the rate at which the aquifer can carry the water away, The rate
of rocharge in this casz is governed (1) by t e rate at which the
water is made available by preelpitation . or by the flow of streams,
or (2) by ti:e rate at which water can move vertically downward through
the soil to the water table and thus escape eveporation, In recharge areas

of this latter type, none of the recharge is rejected by the aquifer,

"In attempting to determine where the water discharged by wells comes
from, or, more accurately, what process szrves to balance th?. hydralic
system after the new discharge of the wells is imposed on it, this
difference between rzjected recharge and unrejected recharge nust be kept
clearly in mind, If water is rejected by tic aquifer in the recharge area
under natural conditions, then pumping of wells may draw more water into the
aquifer, On the other hand, no matter how great the normal recharge, if unde:
natural conditions none of it ws rejecied by the aquifer, then there is
no possibility of balancing the well discherge by increased recharge,
except. t;he use of artificial processes such as water spreading,

"Ground water flows through an aquifer according-to the simple’ law by
Darcy in 1856, The rate of flow is proportional to the pressure (hydraulic)

gradient in the water,.ceses
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"Under Darcy's law there is only onc way of reducing the flow
in the areas of natural discharge or of increasing the flow
in the area of recharge, This is by changing‘thz pressure gracdient
or the t‘rﬁckness of saturation of the aquifer in those areas, which
in turn means changing the Lcight to which the water levels rise in wells
throughout the area between the producing wecils and the areas of natural
recharge or discharge, This means a ldwering of water level everyvhere
between the wells and the areas of natural discharge or recharge, In
turn this means a reduction of storage in the aquifer and an ebstraction of
water from it,

"There are two fundamental physical properties of cny aquifer
which largely cortrol tic movement of water through it. The first is
the ecase with which it transmits the water, This characteristic of
the aquifer as a wholc is called the coefficient qf transmissibility
and is defined as the nuaber of gallons of water that will pass in one
day through a vertical strip of the aquifer 1 foot wide under a unit pressure
(hydraulic) gradgicat,

"The other important characteristics of the'aquifer is the amount
of water that will be ruleased from storzge when the head in the aquifer
falls, This has been called the coefficient of storage and is defined
as the amount of water in cubic feet that will be released from
storage in each vertical colunn of the aquiferthaving?a base 1 foot
square, when the water lzvel.falls:1l fool, For non-artesian aquifers
the coefficient of storage is nearly identical with the soecific yield
of the material of the aquifer. For artesiam aquifers the coefficient
depends on the compressibility of the aquifer or of included or strtti-

graphically adjacent shzly beds and is much smaller,"
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The quantitative determination of the safc yicld of the aquifer, then,
rcquires thc collzction and study of datz on natural discharge and art-
ificial dischargec by wells, on water lcvels and water-lcwvel fluctuoe
tions to determing the cffccts of rainfall and stream flow in recharging
the aquifer, and on the hydraulic charactzristics of the aquifer, The
cocfficicnt of transmissibility and the cocfficient of storage generale
ly can be d:termined roadily by mcans of pumping tests, Theartifical dise
charge of water by wells con be obtained by dirzsct measurement or, if
actual measurcment rccords arc not aveilable, it is often possible to
estimatc the production from r:lated data such as power-consumption |
rccords for the pumping plants or time records of oncrators, Dircct
Direct Ifcasurzments of natural recharge and discharge arc often imprace
tical if not impossible to obtain, and so these quantitics oftzn must be
calculatcd or infirrzd from data on water levels, discharge from wells,
hydraulic gradicnts, ond the coefficients of transmissibility and storage
It should be aopparent that very short records on water levels and water
consumption arc usually inadcquate for a satisfzctory solution of the
problecn and often many years of water-lcvzl and production records arc

required beforz rcliablce predictions can be macc,
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Ground=water development and use

History of development

Prior to the development of the municipal ground-water supply by the
City of Hinot, there were no individual giound-water devclopments of import-
ance in the i.inot area, Most of the wells in the area supplied only the re=
latively small donestic needs of individual families, In the Souris River
Valley the weils tzoped the shallow aquifers in the valley fili, or in some
places where the\shallow aquifers did not yield sufficient water or water
of good qualiity, the wells were drilled to deeper aquifers in the drift or
to water-bearing horizons in the Fort Union formation, Probably 2 few of the
wells in the area tanped the important sand and gravel aquifer which now
furnishes lerye quantitics of water for municipal and industrizl purposes,
Simpson 9/ lists a number of wells drilled in and near Minot but does not
give the dates when the wells were drilled or put into wic, Some industrial
wells are incivded in this list, A few of these wzlls apnarently tapped
the nrincipal aquifer bLut it is not indicated that the production of water
from these wells was very large, The production from a shallow weil ovned

by the Great Nerthern Railwey Co,..ny is given as 15,000 gallons a day,

9/ Op. cits,, ps 260
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Treated water from tiie Souris River was uszd for municipal and
most industrial purposes but sezasr-.al low flows in the Souris River and
increasing water dem&nds made this source of supply inadequate and undesir-
able, Consequently, the city undertook & test-drilling program in 1915
in a search for a possible ground-water supply, The test dri 1lling was
conducted with the advice and assistance of H, B, Simpson, then State
Geologist of North Dakota, Th2 investigation led to the discovery of the
important sand end gravel aquifer in the rivez‘.valley.. As a result, city
supply well No, 1 was constructed én 1916 and by October 1917 the city had
switched entircly from surface water to ground water for municinal purposes,
A second well, city supply well No, 2 was drilled in 1918, These wells
were the principal ground-water developments in the area until 1929, vhen
the Great Northern Railway Company drilled wells to the aquifer to obtain
water for engine boilers, In 1930 and 1932 the Northern States Pover Company
drilled wells to the aquifer to obtain auxilary cooling-water suppljes.,
City suoply well No. 3 was drilled in 1931 and city supply well No, h in
1939 to me;zt increased demands on the municipal supply, .'I‘he two new wells
furnished the prinicipal part of the municipal demands after this time,
the older wells being used only occasionally as auxiliary sunplies, City
supply well No, 2 was later abandoned entirely because of trouble with the
screen, A fifth suphly well was drilled by the city in 1946 but had not
been nut into use as late as July 1947 because of difficulty in obtaining

pmnping -e;g_u ipment,
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The municipal supply and the industrial supnlies of the Great
Northern Railway Company and the Northern State Power Company are
the only large ground-water developments that have been made in the
arca, lowever, a number of smaller industrial supnlies have been
developed, These inculde supplies of the Crystal Springs Vater Company,
the Granite Springs later Company, the Hinot State Teachers College,
the Swift Creamery, the Minot Creamery, VWhite's Creamery, the Minot
Flour Milling Company, and the Peoples Icc Company (Davis well),
Not all these wells tap the principal aquifer, Wells of the Crystal
Springs lWater Company and the Granite Springs later Company are in a
shallow aquifer northwest iftl‘ép.méin part of town, The water in this
aquifer is unconfined but the water level is considerably below river level
and the aquifer is so connected with tle principal aquifer that the water
contained in both is considered to be part of the same suponly., The
Ilinot State Teachers College has three wells, two in the valley fill and one
in the Fort Union formation. The two in the valley fill may not penectrate
the principal aquifer, but the water taken from them probably is a part of
a ground-water body which recharges the principal aquifer,

The other industrial wells are in the principal aquifer, The
Miriot Mill Well and the Davis well are not being used, The Davis well
vas drilled to obtain for meking ice but ice made from the water uas
objectionably discolored and the well was little used and was soon

 abandoned,
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Amount of water used

Long~period production: From 1916 to 1929, when the sun:ly

wells of the Great Northern Railway were constructed, the only important
ground-water development wzs the i’inot City wells, No detailed records
are available to indicate the amount of grcund water used by the city during
this period, However, a clipping from a local newspaper dated August 11,
1934, makes the following comment: "Under the river source system, water
conditions became acute in liinot in 1915, when the flow in the river
shrank to 325,000 gallons per cday, which was scarecely half of the normal
daily pumpage for that period.," A "Report on water supply at Minot, Ward
County, North Dakota", dated September 19, 1928, from the Division of
Sanitary Engineering of the North Dakota Department of Health, states: “
"The City of Minot obtains its water sumply from two wells, These wells are
about 100 yards from each other and drilled to a depth of 134 feet, The
water is pumped directly to a reservoir of three-million gallon capacity,
The water consumption is zout 700,000 gallons per day, There are about
1,600 conncctions to the system and practically all connections metered,"
Simpson 10/ estimated the average daily water consumption as 600,000 -
gallons, These éstimates indicated that the average daily consumption
during the period was fairly constant between 600,000 and 700,000
gallons a day.

The following table gives the estimated monthly pumpage from
Minot city wells for the period from July 1930 through December 19L6,
These figures represent the total pumpage from all the citjr wells, lost
of the water was metered at the wells but from 1932 through 1939 the
water pumped from the city suoply well No 3 was estimeted from the

number of hours the pump was operated each month,

1_0/ Ope ¢ltay Do 270

- 38 ..



Monthly pumpage from city, wells, 1930-19L6

Miflions; of galjons %L

Jan, | Feb, | ¥ar, | Apr, | May {June |J&ty Rug, |Septe} Oct,! .Nove [Dec, Ave,
1930 _ 61,3 41,2 133.6 | 12,9] 26,6 |26,7
1931 12,5 21,5 | 24,2 | 29,3 | 36,01 4O,k | k1,6 PO,6 [13.h | 27,1] 20,5 ﬂ__2_1_,_0__§§_,_1
1932 123,3122,3)24,2123,8127,6030,7 | 38,4 139,0129¢3 | 2h k| 2381235 P7.r
1933 | 23,3121,8]26,7126,3)26,513%,9 | 38,5 137,1130,3 {251} 233!2).8 E_a_g
1934 | 23,322,014 26,2126,6]39,631,0 | L84 (15,9 31.2 [ 31,5] 26,9128.7 L31.*.
1935 | 31,27,k 30.0}28,6 ] 31,5[40,6 h?.é 43,2139,7 | 36.0)_29,6129.8 BlL.:
1936 | 29,5 30,5 | 35,0 | 32,2 | 13,2} 70,h | 72,0 !55,0141,9 | 38,7] 2h.6]3L.5
1937 | Lh,2] 32,01 35,2 | 35,9 { b2, 2415.6 | 63,1 '60.14139,3 | 33.71 32.2135.9 B¢
1938 | 37.11 32,9 Lo,k | 30,2 | 39,8 38,7 | L5.5 {L7,6141,0 | 33,21 27,7127.9 B6,8
1939 { 27,3} 24.l} 28,2426,7 | Lh, 81 13,5 | Lo.9 fhi,1137,2 | 29.hf 26,9]25,9 B3,3
1940 | 26.3) 25,0 26,6 | 2h,7 | 30,8{L0,5 | 18,1 (L8 L]bh7 | 31,7] 28,0427,9 133.6
194 | 26,5) 2b,k4|29,5]29.1 ) 3h,801,7 | L5.8 |L6.0127,7 | 28,01 2L,5]28,5 B2,1
1942 | 27,91 25,5]26,7)25,2]28,2[36,3 | ho,2 33,6304 | 29,8} 26,5}27,5 [29.8
1943 | 26,21 22,6} 15,0 26,7 | 30,941,8 | 33.3 {37,9032,9 | 30,7]| 25.,0]26,7 [9,1
19kl | 25.1] 23.,9] 25,0} 2h.0§ 32.2429,9 | 46,3 |35.4{30,3 | 3L,5] 26,3]26.,2 [29.9
1945 | 39,71 35,5 25,6 | 27,3 | 29,5} 32,8 3@.;#,&_3_;.8 25,31 29,2 30,4 132,C
1946 | 32,2 28,7 33,5 | 56,7 | 16.2{51,5 | 52,5 hi,t | W5l 33,0) 33,3 Ju1,°
Ave, {28,3|26,5]28,2129,5"35.2/10,5 | 47,3 {2,3|3k.0 | 32,8] 26,71 28,1
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The average monthly pumpage increased from a 1éw of about 27
million gallons in 1931 to zbout 42 million gallons in 1936, After
the peak consumption in 1936, the pumpage dropoed gradually to about =
29 million gallons in 1943, A sharp rise in consumption came during
1946, vhen the average monthly pumpage was about 42 million gallons,

The population increase in . inot from 1930 to 1940 was only L78,
the population being 16,099 in 1930 and 16,577 in 1940, However, by
1946 the population had increased to 19,484, according to the Minot
. Association of Commerce figures, This population increase accounts
" for part of the increased pumpage since 1931, However, the high cone
- sumption in 1936, 1937, 1938, and 1946 was due chiefly to unusually
hot, dry ‘wheather during the sum.crs of those years, when rela‘%‘ively
large amounts of water were used for irrigating lawns and gardens,
for air conditioning, and for other uses, |

There is a marked seasonal fluctuation in the amount of .1~.rater'
used, The three months of highest consumption are June, July, and
August, whereas the consumption is generally low during the five months
from November through March, The highest monthly pumpage recorded

was 72,0 million gallons in July 1936, The lowest recorded monthly
pumpage was 15.0 million gallens in Ilarch 1943,

Estimates of monthly production of ground water from the Great |
Northern Railway wells from July 1938 through Deember 1946 are given
in the following table, These figures were estimated by multiplying
the hours the pump was operated each month by the discharge rate, The
discharge rate was not always constant and changes in the pumping rate
were estimated from records of t''2 amount of chemicals used in treating
the water and from notes kept by the pump operator, The pumping rates

applied average sout 30,000 gallons an hour,



Monthly pumpage from Great lorthern lailway wells, 1938-1946

(Millions of Gallons)

._Jan, Feb, Far, Apr, May June July Auge Sept. Oct, Nove, Dec.
1938 - 12,2 15,6 17,8 20,5 16,0 16,0
1939 16,6 15,8 15,3 13,2 12,0 12,2 1D 16,8 1642 16,1 33,2 11,8
1950 12, 12,7 13,1 15.5 16,3 16,1 1he2 16,0 17,0 15,3 16,7 1649
1941 17,0 1hh 15,5 13,2 1k4,8 13,7 18,1 16,9 16,7 18,5 18,6 18,7
1942 19,1 17.8 19,8 17,3 17,8 18,6 19,5 20,8 19,8 17,8 18,k 18,5
1943 18,1 17.1 18,9 15,0 6,1 14,8 14,8 15,2 18,1 17,5 19,0

194l 17,9 16,5 17.9 14,7 13,8 13,6 15,8 18, 17,4 19,7 20,3 18,

1945 17,9 152 _16,5 15,9 3,1 © ] 5.8 11,9 12,8 16,3 16,6

1946 16,6 1,5 15,7 10,2 11,k 8,9 9.5 12,6 1h.7 15,7 15,3 17,1

The water pumped from the railroad wells is treated and used for boiler
water, Facilities are available Ifor using river water when desirable, In 1943,
river water was used entirely during part of l'ay, during June and July, and
during part of August, This switch was made because of a scarcity of certain
chemicals needed to treat the well water, Production from the railroad wells
was highest in 1943, 19Lk, and 1945, owing probably to the extra rail traffic
during the war years, The average production during the B-year peried

1939~1946 was about 16 million gallons 2 month,
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- Estimatcs of the monthly production of ground watcer from the Northe
ern Statcs Pouer -Company wells from Januery 1940 through December 1946
arc given in the following table, These figurcs werc estimated by mul-
tiplying thc hours thec pumps operated cach month by the discharge rate,
The discharge rite of the pumps has not heen measured for sevcral yeors,
At thc. time the puips were instlled the Mo, 1 well produced 500 gallons
a minute and the o, 2 well produced 800 gallons a2 minute, In cstimote
ing thc production given in the table these pumping rates were reduc:d 20
percent to allow for proboble reduction of efficicney through wear and
for lowecred water levels, Thus the production rate of well No, 1 was
taken as L0OO gallons 2 minute and that of well ilo, 2 as 64O gallons a
minutc,

lonthly -umpege from Northern States Powcr Co, well, 19L0-1946
(i11lions of gallons)

Jan, Feb, rliar, Apr, May June July Aug, Sept, Octe Nov, Dece

190 0 © 0 0, L 23,8 22,5 11,6 219 15 1,9 6.7
1941 18,7 16,1 18,1 L0 16,6 19,7 35,5 35.6 20,6 12,9 0 0O
1952 1,0 T3 . 99 0 7.3 291 36,2 29,6 28,8 17,6 13,3 143
1943 154 10,7 59 0 0 0 .0 _'_0.2‘ 2,4 23,9 8.5 9.
v o 0 0 0 83 L6 88 03 0 09 O 0
95 o0 0 0o .0

0

0 ‘ 0 11,1 33,5 36,0 30.9 26,9 3.8 2.3
1946 2,6 0,6 0,3

3.5 33,5 25,8 L6,1 109 9.1 0,6 ©
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The water puinped from the Horthern Statcs wells is used for conden-
sing uwuter in steam-turbine units; Facilitics are available for switch=
ing from well watcr to river water, DNiver vater Is us:d vhen there is
sufficicnt flov ond when the water tomperaturc is as low as or lower
than that of well watcr, Conscquently, thc greatest usc of well water
ordinarily occurs during thc months of Junc, July, August, oand Scptember,
when the tempepaturc of the ground water is considerobly lower than thot
of thc river water,

In addition to thc ground water uscd by thc three large consumcrs,
it is cstimatcd that other industrial groundewater usc and domestic usc
in the arca vill amount to about 200,000 gallons a day or cbout 6 million
gallons a month, Thc following table shows thc cstimatcd total monthly
ground=water use in the areca from 1940 through 1946, This tablc includes
the consumption of the threc large uscrs plus an cstimated 6 million
gallons 2 month consumed by others,

Estimated total monthly consumption of ground water at Ilinot,
1940~1946 (11illions of gallons)

Jon, Feb, iar, Apr, May June July fug, Scpt, Oct, Nove, Dec, Ave,
1940 Lh,T U347 U46,0 L6,2 57,6 86,3 90,8 B82.0 89,6 67,5 52,5 57,5 63.5
1941 68,2 60,9 69.1, 53,2 72,0 81,1 105,k 104,6 72,0 65,5 L9.,1 53,2 71,0
1942 54,0 56,6 62, LB,5 59,3 89.9 101,9 90,0 85,0 71,2 6L,2 66,3 70,6
1943 65,7 56,k 45,8 47,7 52,3 64,0 5hal 59.0 56,5 78,7 57,0 61,1 58,0
1944 49,0 L6 LB,9 LL.T 60.2 54,1 76,7 60,0 53,7 6l.1 52,6 50,6 5ha8
195 63,6 56,6 LB, h9.2 38,6 U9.9 75.9 86,1 B2.6 70.9 55,3 5h,2 60,9
1946 57,k L9.8 55,5 72,9 67.1 99,9 93.9 11k,1 72,8 75,3 5h4,9 56.L 72,5

Ave, 57,7 53,0 53,6 51,8 58,1 75,0 85,6 85.3 73,2 70,0 55,1 57,0 6L
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The highest total production during the 7 years 1940-1946 occurred
in 1946, when the average monthly pumpage amounted to about 73 million
gallons or an average of about 2,4 million gallons a day, The highest
monthly consumption was in August 1946, when the pumpage amounted to zbout
_l.lh million galions or an average of about 3,7 million gallons a day for
the month, The year of lowest consumption during the period was 1Lk,
when the average monthly pumpage was about 55 nmillion gallons or an average
of about 1,8 million galdons a day, The lowest consumption was in May 1945,
when pumpage amcunted to only 39 million gallons or an average of about 1,2
million gallons a day for the month,

Deily production: The daily ground water production from the Minot

Cit.& wells, the Great Northern Railroad wells, the Northern State Power

Company wells and the total daily production from wells during the period

from July 19LL through December 19L6 are shown grashically in figure L,

During this period the masimum daily production from the city wells was about
2,6 million gallons on July 25, 194k, The maximum daily pumpage from the

- Great Northern wells was estimated at 776,000 gallons and occurred on

_ November 28, 194k, liaximum daily production from the Northern States wells

| was estimated at about 1,5 million gallons and was pumped on 13 days in

June, 11 days in July, all of August, and 6 days in Scptember in 1946,

The maximum daily »roduction of the three users during this period was
about 4,25 miilion gallons, on June 21, 1946, If the maximum daily pro=

.giuction of all three users had occurred at the same time, the maximum daily

use would have been nearly 5 million gallons,
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Vater level fluctuations

General

Water lcvel fluctuations in an aquifer are the results of changes
in the natural forccs acting upon theaquifer and its continued water
(such as changcs ia barometxfic pressures) and changes in the amount o-:t‘
water stored in tic aquifer, Changes in storage in the aquifer result
from variations in th: rate of recharge to the aquifer or from changes
in the rate of discharge from the aquifer, by cither natural or artie
ficial mcans, Drawdowns caused in thcaqifer by pumping wells indicate
a change in thc amount of water contained in the aquifer in the arcé
where the dravdowns occur, !ater-lcvel fluctuations over a number of
scasons may indicate uhether the aquifer is being overused under certain
rates of usc or that it is bcing used at lcss than its maximum capaéity,
as the casc may be, Indications as to thc amount of recharge reachiﬂg
the aquifer and the source of the recharge arc obtained by a study of
the water level fluctuationg in conjunction with data on precipitation,
water usc, stream flow, cte, .

A discussion of the water lecvel fluctuations in the aquifer at
Minot is given in the following sections,

Long period water lcvel changes

A few water-lcvel measurements werc made at the time the test
rc.ir.ili.ing was done by the city in 1915 and in subscquent years, and water-
level measurements were made in cach of th2 city sup;ply.mlls when they
vere drilled, Uatcr-levc]_. neasurcments uérc also made when the Great
llorthern Railroad well No, ! was drilled and vhen the Northern States

Power Company wells werc drilled,
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-These few mcasurcments are the only water=level rceords available prior
to 1933, In 1933, 1934, 1935, and 1936, morc or lcss rcgular wators
lcvel measurcments at approximately monthly intervals were made by the
WNorthern States Power Company in their wells, For the period between
1936 and 19LZ no waterelevel reccords are available, except for o few made
by the Northern Statcs Power Company in the fall of 1938, In 1942

the city of ilinot began making frequent watcrelcvel measurzments in the
Davis well and thesc measurcments were continug:d by the city until July
194li, uhen the prescnt investigation was begun,

Figurc 12-A shows the individuél measurcments which were made dur-
ing the period from 1916 through 1946 and also thc average monthly water
level at the Davis well from 1942 to 1946 and the average monthly water
level in city supply well No, 2 for the period from September 19kl
through 19&6,. ‘The water 1c§els arc plotted as élcvation of the water
surface above mean sca, 1cve.1. | | ’

Thesc records indicate that the original undisturbed water lewvel
in the aquifer in the vicinitﬁr of Hinot was about 1,54k to 1,5U5 feect
above mean sca lcvel or from 2 to 3 feet above river clevation, After
use of ground water was begun by the city, the water levels declined
considerably, Apparently the decline in water .lcvcl amounted to abo.ut.

9 feet by 1928, The Great Northern wells were installed at this time
and the first of the Horthern Sfatcs Power Company wells was drilled in
11930, A new well was drilled by the city in 1931 and the sccond Northe
ern States well was put down in 1932, The usc of ground water was ine
crcased by these developments and the water levels dzclined sharply. By
.193'6 the highcst yearly water levels in the arc‘a uere about at an cle=

vation of 1,517 feet, as indicated by mcasurcments in the Northern States
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. Power Company wells, This represented a decline of about 18 feet dure
ing the 8 ycars from 1928 to 1936, whergas the decline was only 9 feet
during the 12 ycars prior to 1928, The total decline in water level
from the original water level in 1915 was 27 fezt by 1936,

The following table gives the monthly average and annual average of
waterelevel measurements in Minot city suoply well No, 2 and in the
Davis well during tic period 1942-1946,

ilonthly average of water-level mcasurements in wells
in lMinot (Fect above mecan sca lewvel)

Minot city supply well No,2 Davis well

19kk 19L5 1946 1942 _ 19h3 194 19L5 1946

~ Jan, 1,512,8  1,510,8 1,508,7 1,505,8 1,508,7 1,510,6 1,508,7
Feb, 1,511,8 1,511,0 1,508,7 1,505,9 3 5103 1,509 53,513-1
Mar, 1551400  1,510,7 1,508,0 1,506,2 1,510.7 1,511 ) 1,508.3
Apr, _1,513,7_ 1,511,0 1,509,0 1,507,3 MW

I‘E_}{ _l.lé!!l's 112211 ‘1_,_502,1& laﬁsné.lml’ml.mo

July 1,511,7 1,505,6 1,00L,0 1,911.1 1,510.01,501.6
Aug, 1,509,8 1,908,4 1,510,8 1,510.2 1,507 ) 1,500.00/
Scpte 1,512,0 1,508,8 1,50,9 1,509,7 1,509.8 1 S0R2

Oct, 1,512,1 1,509,7 ~12507,7  1,504,6 1,508,3 1,509.8 1,506,51,505,7a/
Nov, 1,512,6 1,510,0 1,507,7 1,505,8 1,508,2 1,510,6 1,507.)s 1,505,920/

"Decs 1,513,8 1,510,8 1,505.7 1,508,1. 1,511,2 1,508,1
Ave, 1,511,8 . 1,508,6 1,507,2 1,509,2 1,510,6 1,509.9 1,506,1

2/ Bstimated from city supsly well No, 2

by



The highcst monthly average watcr level in the Devis well in 1942
was 1,509k feet in May, representing 2 decline of zbout 35 fect from
the original water levels in the arca and a declinc of about 8 fect from
the water levels in the iorthern States Pover Company wells in 1936, As
will bc discussed in a 1'.ter section, thc low watcr lcvels at this time,
compared to the carlier 1936 levels, were due principadly.to_tbeigreater
ground=-toter use in 1942, In 1943 the water lcvels in the Davis well
rosc sharply, rcsulting in a high monthly average level of 1,516,6 fect
in Junc, which is about thc same as the 1936 water lzvels in the Iorthe
ern States wells, This sharp risz was due in part to decreased pumpage
but was principally caused by rccharge from the Souris River, vhich was
at high sta.g,-cls during April, Mcy7, and Junc 1943, The water 1evc.:ls” lowered
rapidly during July, August, and Septembor, The highest monthly Ié.v::ragc
water level 1A 10L); was 1,511,7 fect in iy, but in 1945 the water 1:vels
again rose sharply and the highcst monthly average water level fof this
year was 1,51l,3 fact above sea level in Junc, The Souris River i=s not
at an unusually high stagc ~nd the precipitation was not unusually high
prior to the risc int@ter level in 19L5, The total ground-water use
was lou at this time, however, so that thc risc was duc principally to
decrcased pumping, The highcst monthly average water level in 1946 was
1,510,1 feet above sea level in February, This level is sbout 3l fect
lower than the original watz:r levels,

The annual average water level in the Davis well was 1,507,2 fect
in 1942 and increase to 1,509.2 fzet in 1?&3 and 1,510,6 feet in 194k,
The average vater level daclined to 1,509,9 fect in 1945 and 1,506.1
feet in 1946,
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The average level of 1,506,1 fect in 1946 was the lowest annual average
water level for the 5 year period 1942-1946, The changes in annual
averagc wetzsr lcvel are almost directly proportional to the changes in

. the annual pumpage (see fig, 7).

Seasonal fluctuations

Seasonal fluctuations in the water levels scem to be duc chiefly to
changes in pumping, the water levels trending downward in the months
when pumping is heavy and recovering whén pumping is rsduc:d, Only
occasionally when the Souris River is at a high stagc do the water levels
fluctuate in such a msmner as to indicatc SGasonal or intermittent ree
charge to thc aquifer, However, such fluctuations ocaurzing at other
times, if comparatively small, could bc‘maskcd by fluctuations duec to
changes in pumping and changes in barometric pressure, Referring to
figure 4, it is anparent that the watér levcls in 2li thc observation
wells are affccted by pumping from wells of 2ll thé large users, The
stage of the ucter leﬁals_is a function of the total.pumﬁage in thc arca
and is not causcd by the pumping from any indivivual well in thc area,
The magnitude of the scasonal fluctuations in 1945 and 1946 is shown

in the following table:

Highzst and lowcst reccorded water levels in threc wells in Minot in 45 & Lo

Well Highest Lowest Diffe Hichest Lowest Differednce
recorded recorded crence recorded rccorded (fect)
"ater level = water level (feet) . water level water level
a/ a/ a/ a/
Minot city )
su'pp%y well 39.u2 48,86 9.L2 43,13 54,61 11,48
No, :
Davis well 35,25 48,20 12,95 Le,2c6 51,92 9,00
finot 11111 LO,LB L) 12,91 i g ——
well

a3/ Depth to water, in feet bzlow land surface
L6



Dai ly fluctuations

ater lewel fluctuations in wells in the srincipal aquifer result
chicfly from changes in barometric pressure and from interforence effects
of pumping wells, Figure 5, which shows the waterlevel fluctuations
in 11 wells during the time when pumping tests werc being conducted on
city suoply wells 3 and L, illustrates the neture of these flucuations

Daromctric 2ffzcts on the water levels are pronounced, cxcept in
the Davis well and in U,S.G.S. test hole A=3, It is beleived that thc
Daivs well is near a boundary where the confinzd water is connected with
shallow watcr under water table conditions, Barometric cffccts are genw
crally inmpercepiiblz vhere the firound water is unconfined or vhere cone
fined vater is near to areas of unconfined water and so connected with
it that the barometric effects are controlled by the water levels in the
unconfined arca, The reason for the lack of pronounced baromctric cf=
fects at U,5,G,S. test A=3 is not clecar, There was some change of water
level in this well duriﬁg the pumping test, but neither barometric cf-
fects nor intcrference effects fram the -»umoino can be definitely recoge-
ni-zd, It is nrobable that the well was nearly plu-ged, so that changes
in »recsure coused water to movein and out or il 0aly very slouly,

Pronounced interference effects from -umoing city sunoly wells
ilos 3 and L werc observed in all the wells shown ercept U,S.G.S.

tests =1, A=3, A=l and Be3,

L7



The magnitude of the interference in 'different wells *duc’ to. pumping
city sud>ly well No, 3 at 500 gellons aminute for 72 hours is given
below:

Interfcerence at observation wells due to pumping city suoimly
vell No, 3 at 500 gallons a minute for 72 hours,

Distance to
Obscrvation well city supnly well No, 3 Interference
(feet) (fect)

City test ‘o, L 320 2,92

Javis well 800 1,18

City supply vell o, 2 770 2,01

City supply well io, 1 920 1,88

iinot city test Yo, 10(1915)1,270 1.14

U,S.C.S Test T-1{Health Unit2,760 1.6,

iidnot 171111 well 5,060 1,0 (estimated)

This tablc indicates that the interference effects extend quite
large dist ances from the -»umped well, Even so, intereference cifeots were
not rccognized at U,S...S. test A-1 though barometric effects were
quite pronounced, U.S.u,S. test ..-l was cased onlf to onc of the shale
lov sands and intereference effects werc ﬁst to be e=xpected in this well,
However, the water is confined and the well shows barometric fluctuations,
U.S.G.S test B=3 was cased to 90 feet but it is nossible that the screen
was not placed opposite the principal aquifer or that interference effccts -

were stonped by some local condition before reaching the arca of this well,
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Interference cffects due to pumping tiic railroad wells and the
Northern Statcs Fower Cbmpanj wells can be rccognized at ilinot city
test No, L, city suosply well No, 1,city supply well No, 2, and Minot
city tcst o, 10 (1915), although the effccts are slight and arz often
maskcd by effects of baromectric changes and by thc effects of changes
in pumping at thc city wells., The interfzrence effects from the railroad
and power company wells arc quitc pronounced at U.S,G,S, test T-1 (hcalth
unit) end et the ilinot I1ill well, but during the pumping tcsts of February
27«March 7, 1946, the rccogniéable interference 2ffect at these wells did not
exceed half a foot,

Thclslow rcaction of the Davis well to the pumping from the city wells
supports thc idca that this well is ncar a boundary vh-:rc the aquifor becomes -
unconfincd,

Figure 6 shows vater lzvels in t. ¢ Northern States Powcr Company
wells from October 7 to October 1L, 19Lk4, The power company well No,2
vas puiped for 2l hours, from 9 a.m, on October 10 to 9 a.m. on October -

11, The intcrference cffect at well llo, 1 caused by pumping well Wo, 2
is clearly shown, The minor fluctuations in water levels are due principally
to interference from the Great Northcrn Rajlway well, the high points
representing the witer levels at times when the roilroad well was idle,

Daily high and low water levels in various wells arc shown in figure
L, covering thc period from August 19Ul through December 1946, Fluctuae
tions stown on this graph appear to be due largely to the cffcets of pump-
ing, A fow aznomalies arc prescnt which cannot be explainad by changes in
pumping, such as the sharp risc in the water lcvel in the Davis well during

the first part of Junec 1945, Immediately after this
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rise in water lcvel, the water level fluctuations duc to pumoing ir;crcascd
sharply in magnitude, The water lewvels in other obszrvation wells did not
react in like manner, It is belicvzd that this risc was not duc to c;ffec-
tive recharge, as might be supposed, but to thc geology of the a.quifer.

Thus thez ground water in an arca near the well might have bezn under waters
table conditions until the water level rose vithin about 4O feet of the land
surface, At this point thc water lovel reached a confining bed and confined or
artesian conditions developed in the area previously unconfined, Owing to -'Iche
decreased specific yield, fhe water lecvel rose more rapidly than béforc and.
interfercnee cffects from pumping wells became more pronounced, Following
the rise, the pumping in the area increased and the water level declined
nearly as rapidly as it had risen,

Relation between ground-water use and water lewels

There is, apparently, a proportional relationship between the
annual average water levels in the aquifer at Minot and the annual average
production of water, The relation betmcﬁ water levels at Minot and the
ground=-water production is shown in figure 7, The date_a. from which this '
graph was constructed are given in the folloving tzble, The data for the
years 1942 t.hfqugh 19L6 arc computed annual water levels at the Davis well

and annual avcrage ground-water production at liinot,
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Annual avernge water level and annual average ground-water production in

the llinot areca

Annual average Annual average
ground water use water level
(millions of gallons a day) {feet above sca level)

1915 0400 15LL,5 d/
1928 0,60 af 1535.7 d/
1930 085 b/ 1522,5 df
1931 0,88 ¢/ 1528,5 d/
1942 . 232 1507,.2 ¢/
1943 1,91 150942 e/
1944 1,60 15106 e/
1945 2,00 150949 e/
1946 2,39 1506,1 e/

Cstimate from H, B, Simpson
Author's cstimate of city -pumpage
Pumpage from city wells only

Baszd on single vater-lecvel observation
(various wells),

Annua?! average water lewvel zt Javis well,
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Purﬁping tests
Collection of data

Pumping tests were made on the aquifer in the vicinity of Minot
during the first part of ilarch 1946, Data was: obtained from 19 wells
in thc arca during the pumping tcsts.l The locations of these wells are
shown on the map of the arca (fig, 2), Pumpage data was obtained for
llinot city supply wells Nos, 3 and L, Great Northern Railway supply
wells Nos, 1 and 2, and thz Northern States Power Comjanm supply wells
Nos, 1 and 2, Four automatic waterestage recorders were in operation
during the tests, on the Minol M''1 well, on the U,S.G.S, test T-1
(health unit), on the Davis well, and on city suoply well No, 2, Watere
level measurzments were made with a stecl tape at frequent intervals through
out the tests in the following nine wells: City test well No, L (just
outside the pump house at city suwly well No, 4), city test well Nog 3
(inside the pump house at city supply well lo, 3), city supply well Mo, 1,
city test well Wo, 10 (1915) in Oak Park, U.,5.G.S. test A=l in Obk Park,
U,S.G.S test A-3, U.S.G.S test A<k, U.S,G.S test B-1 and U,S,G.S. test
B-3, Uater levels were not measured in city supply wells Nos, 3 and
L during the tests because of difficulty in getting a tape into them,

At the time the tests were made, water for the city of liinot was
being supplied entircly from ifinot city supply wells *os, 3 and L, It
was not practicable to shut tle supply wells down for any long time, so
the following pumping regimen was carricd out during the tests: ilinot
city supply well No. 3 was shut ~“own and supply well No, L was set to

pump 700 gallons a minute,
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This pumpage was held constant for a period of 72 hours and water
levels were mcasurcd in the observation wells, At the end of 72 hours
supply well lio., 3 was started with a discharge rate set at 500 gallons
a minute and supply well No. L contained pumping at 700 gal,a minute,
This pumpage was continued for another 72 hcurs and waterllevel measurc-
ments were taken, At the end of the second 72 hour period supply well
No, L4 was shut down énd supply well No, 3 continucd to pump at 500 gallons
a minute for another 72 hLours, at uhich timc the tcst was cended,

Aside from tic interference cffects duc to pumping the city supply
wells, the water lcvels in the obscrvation wells were influenced by bare
ometric prcssure changes and by interfercnce effects due to pumping the
railroad well and .the Northern States Power Company wells, The Great
Northern well No, 1 was pumped intermitteritly throughout the tcest but
the daily draft from the well did nol vary a great deal and had been
fairly constont for scveral days prior to the test, The pumping and
non~pumping periods for the Great Nortiiern well were always distributed
thoughout thc day in such a way that the interfercnce effccts from this
well did not create a scrious handicap in interpreting the water-level
data, although the effects on some of thc cbscrvation wells werc quite
pronounced, The Great Northern well No, 2, located a short distance
from well No, 1, was not numped during the time thet tic test was in
progress, The liorthern Staces Power Commany well ho. 1 was pumped for
about 6 hours on Ilarch 6 and their No, 2 well was pumped for about 4 hours

on iarch b,
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The pumping periods were not long enough to cause serious interference
effects in water lewels in the observation wells, The greatest extrae-
neous change in water level in most of the obsecrvation wells was causcd
by changes in barometric pressure,

Arrangencnt of data for computation of transmissibility and storage
coefficients

Figure 5 is a graphic presentation of thc data obtained during the
pumping tests, It shows the time during vhich cach of the various wells
was pumped, an inverted barometric pressure curve, and the water levels
in the obscrvation wells during the pumping tzst, The barometric curve
is inverted to show more clearly the rclation between changes in bare
omctric pressure and the water levels, as the water levels affected by
barometric pressure will be low when the baromatric pressure is high
and high when the barometric pressure is low, The waier lcvels in the
obszrvation wells arc shown with hcavy sélid lines, The smooth curves
shown by light broken lincs a:: exirapclations indicating thc estimated
water levels in the obscrvation wells as they would have been had there
been no intcricience from barometric pressure changes from the pumping
of the railroad and power company wells, Satisfactory data were not
obtained from city test well No, 3 and U,S.G.S. test B=l, City test
well No, 3 was plugged and the water lewvel in U,S.G.S, test B=1 was
disturbed by watcr frgm melting snow that entercd the welly rendering

the rccords worthless,
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Formulas and methods for computing transmissibility and storage coefficients

Fundamental basis of formulas: Computations of the hydraulic co=
cfficicnts of an aquifer form water level data are made possible by the
fact that :iiri;,-le interference effects on the water levels in observation
wells from variocus sources are simply added to cach other 'to obtain the
total interference effects from all scurces, To illustrate this point,
consider the iater level fluctuations in city supply weil No., 2, as
shown in figure 4, At the beginning of the pumping test, city supply
well No, 4 was sct to produce 700 gallons a minute and city supply well
No, 3 was allowed to remain idle, This puiping regimen was held con=
stant for 72 hours so that the trend of the water levels under these
conditions could be determined with sufficient accuracy to allow reason-
ablz extrapolation of the trend over the succeeding 72 hour period when
the pumping rcgimen would be changed, At the end of the first 72 hour
period, wcll Lo, 3 was started and set to produce 500 gallons 2 minute,
This ncw pumping regimen was continued for 72 hours, Now, the interference
effect on the water level in city supply well llo, 2 caused by pumpying
city supply well Wo. 3 at 2 rate of 500 gallons a minute is the difference
between (1) what the water level would have been during the szcond 72
hour pumping period if the pumping regimen had not bzen changed, and
(2) the actual water level in the well during the second 72 hour period,
In other words, the drawdown in city supply well Wo, 2 causcd by pumping
well o, 3 at a rate of 500 gallons a minute is the difference between

the light broken lincs over the second 72 hour pumping period,
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At the ond of the second 72 hour pumping period, the water lewel
trend under this pumping regimen was cstablished well enough so that
extrapolation over a third 72 hour period was possible, The city supply
well No, U4 was shut off but city supply well lio, 3 was allowed to continue
pumping at 500 gailons a minute, This change in pumpage produced the same
effect on the water levels in the observation wells Tthat would be produced
if both wells had been allowed to continue pumping but with the addition . _
of a recharge well injecting 700 gallons a minute into the aquifer at city
~ supply well No, 4., The difference betueen the light broken lines over the
third 72 hour period, thcn, is the effect of an imaginary ‘re'c’:ﬁargelmll pumping
700 gallons a minute into the aquifer at city supply well No. L or, as it
is gencrally known, it is the "recovery" causéd by decrcasing the discharge
of city supply well No, L by 700 gallons a minute,

Formulas for computing the coefficients of transmissibility and
storage are derived from the fundamental concept of ground water flow
first stated by H.,P.G. Darcy and from a considzration of the physical
elements of the medium through which the water puasses, Darcy experi-
mented with the fiow of water in filter sands and found that the rate
of flow of watcr through a sand is dircctly proportional to the hy=
draulic gradient in the sand,

The formulas which have been deviscd for computing the coefficients
of transmissibility and storage by discharging well mzthods are divided
into two groups, the equilibrium formulas, which do not take account
of the clement of time and from which only tlie coefficient of transe

missibility can be obtainedy and the non-cquilibrium formulas,
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which take into consideration the clement of time and from which both
the coefficient of storage and the coefiicient of transmissibility can
be obtained, Doth types of formulas uscd in this report are based
upon the following assumptions: The aquifer is entirely homogeneous
and isotrpic (transmits water with equal facility in all directions)
within the region of ajplication; the water in the aquifer occurs under
confined or artesian conditions; and the aquifer extends indefinitely
in all directions away from the well so that strictly radial flow occurs
within the region of application,

Because no aquifer is entirely homogeneous in character as assumed
in the formulas, varying recsuits are sometimes obtaired by applying
the various formulas to the same data, In some cases local inhomo=
geneties of the aquifer can be determined by cvaluating the causes of
these various results, In order to make a closc asproximation of the
coefficicats they werc computed through the use of several of the fore
mulas and nethods,

The Thiem formula: The equilibrium formula uscd for computing

transmissibility was first used in 1906 by Gunther Thiem 2nd bears his
name, The Thicm formula, arranged to givc the coefficient of trans-

missibility form the data obtdined in the pumping tests, is:

T = 527,7 Q logyg (rp / r,)
Tsl - 32

there T = Coefficient of transmissibility, the numbcr of gallens of
water wiich will flow in 1 day through a vzrtical strip of
the aquifer 1 foot wide under unit hydraulic gradient,or
through a section of the aquifer 1 mile wide under a hydrau-
lic gradient of 1 foot per mile,

Q=
discharge of pumping wcll, gallons a minute,
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Ty = ;adial distance from pumped well to far observation point,
cet,

r, = radial distance from pumped well to ncar observation point,
fect,

s, = drawdown of ‘water level, in fect, at a distance ry from
pumped well,

S; = drawdown of water level, in fcct, at a distance r, frem
pumped well, H

In applying this formula the drawdowns in observation wells at
the ends of the second and third 72 hour puiping seriods were plotted
against the log of tie distances from the pumped well to bhe observation
wells, If the aquifer were completely homogeneous and if there were no
water level disturbances in the observation wells except interference
from the pumped well, thc points would fall on 2 straight line, Figure
8 is plotted from the drawdowns cobtained by pumping city supply well No,
3 and figure 9 is plotted frv. the recovery caused by shutting off city
supply well Ho. L To compute the coefficient of transmissibility the
slope of the straight line is determined by taliing the difference in

drawdown over one log cycle, The slope of tle line is log;q (rz/rl)

CEN
If taken ovar onc log cyc.c the quantity log10 (r2/r1) = 1 and s, -5y =
[ls, the change in drawdown over one log c¢ycle, and the formula bhccomes

T =527,7 Q Values of T computed by this formmula from the drawdown

and recovery data shown in figures 8 and 9, based on pumping city

supply wells ilios, 3 and L, are 26L,0009pd/ft. and 255,000 gpd/ft.,
respectively, In computing the average transmissibility as obatined
from all computations, these values are given 2 weight of L because data
from four of the observation wells lie very closz to the desired straight

line whercas data from two of the wells arc cefinitzly out of line,
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The Theis none-cquilibrium formula: In 1935 a paper by Theis 11
published, containing a non=-cquilibrium formula by means of which the
coefficients of transmissibility and storage can be obtained form data

taken during a pumping test. His formula is:
p> e )

s = 114,6 Q e =4 du
_ T u

u

2
L8 s
Tt

vhere u

L}

the drawdown, in fect, at any »point in the vicinity of a
well pumped at a uniform rate,

= discharge of the well, in galleons 2 minute

cocfficient of transmissibility, in gallons a day per foot

= radial distence, in feet, from pumped well to point where
drawdown , s, occurs,

cocfficient of storage, a decimel frection, the amount of water
in cubic feet that will be rcleased from storage in cach
vertical column of the aquifer having a basz 1 foot square

when the water level falls 1 foot,

t = the time the well has been puaped, in days.

B30
n

w
n

The solution of the ecquation is not readily obtained by ordinary
mathematical means because th. zoefficient of transmissibility a»ocears
2s an unknoun on both sides of the intzgral sign, As a conszquence the

use of type curves is often employed for its solution, Howevzr, Jaccb lg/

11/ Theis, C,V,, The relation between the lowering of the piczometric
surface and the tate and duration of discharge of a uell
using grcund-water storase- Geonhys., 2B
Union Trans,, pp. 519=52i, 1935

12/ Jacob, C,3, Drawdown test to deterninec effective radius of artesian
well: IAm, Soc, Civil Bngrs, Proc., p. 636 May 1946
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rccently devised an approximate method for the solution of this equation
which is valid for sufficicnti, iarge volues of t, This method is ap~
plied to the individual observation wells in tlc present report. The
log of the time in minutes since pumoing began is plottedegainst the
drevdown in the well in feet, For sufficiently large values of t the
points will fall on a straight line on the graph, The coefficients, T
and S, are computed form the siraight line by means of the equations

T =26k 0

s

vhere LS is the change in dramgbwn over one log cycle, and
S= 2,08 x 10 'hT to

r[
where i@-is the time in minutes corresponding to the point where

the straight line intersects the line of zero drawdowvn,

Figure 10 ig a plot of the data obtianed while pumsing city susply
well o, 3 and figure 11 is a similar plot using the recovery caused by
shutting off city supply well No. 4 The values of T and S computed
from these curwves are given in .:2 following scctions,

Summary of rcsults of pumpiaig tests

The folToWing table is a summary of the several determinations of the
coefficients of transmissibility and storage and weighted averages

derived from them,
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Summary of determinations of trensmissibility and storage coefficients

By equilibrium formula
(A1l available observation wells)

T=264,000 gpd/ft,, City supply well Wo, 3 pumping (wt., of L allowed)
T=255,000 gpd/ft., from recowvery caused by shutting (wt, of L allowed)
off city supply wzll %o, L

By apnroximate non-cquilibrium formula
{individual obs:rvetion wells)

- From drawdown causcd by pump=-
ing city supnly well No,3 From rccovery caused by
shutting off city suoply

Observation well - g S well No, L

it, T gpd/ft. S
City test well No, 10 (1915) 259,000  ,00069 263?000 .0011 -
City supply well lNo,l 259,000  ,000067 246,000 ,00025
City supply wvell No,2 259,000 ,000041 237,000 .00032
City test well No, L 163,000  ,00035 237,000 5¢92x10=-13
USGS test at health unit 216,000 ,000049 268,000 +00015

linot 1ill well - 225,000 .00037

| Veighted average of all values for T.= 248,000 gpd/ft,

leighted average of 2ll values for S = 00034

The veriation in the computed values of T and S is due chiefly to
the fact that the actual conditions in the aquifer do not mect entirely
the assumptions upon which the formulas are based, As in 2ll strcame
1aid d.eposits._. the transmissibility and coefficient of storage will
differ from place to place, However, thc transmissibility at any par=
ticular spot is of 1it.tlel-.ra.1-.;: in m&ing computations with respect

to the aqulifcr as a whole,
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For this purpose an average value of the coefficients for the whole
aquifer is desired, It is beleived that the weighted averages of ithe
coefficients given in the table arc of the correct order of magnitude
and aporoximate tle average characteristics of the aquifer in the vicinity
of the present well field,

The computed values of transmissibility range from a low of 163,000
to a high of 268,000 gpd/ft, The range in computed valucs of coefficient
of storage is even greaster, th> low being 5.92 x 10-13 and the high being
0,0011, _

The low storage coeffieient of 5,92 x 10-13 is significent, for this
value is smaller than would be obtzined if nothing but thz clasticity of
water were cffective in creating storage, The same data from which this
low storage coefficient was commuted indicated a transmissibility of
237,000 gpd/ft,., which is about in linz with the computed average transe
missibility, This arrangement indicates that the drawdown at city test
well Ho, ki during the “peyigd wes excessive for tne transmissibility ine
volved, The'exccssivc drawdown was not caused by screen loss or by poor
well construction in city well Fo, L, as the observation well is 11.5
fect away from the pumped well, There appear to be at least two possible
causes for the éxcessiva drawdown: (1) city su-ply well No, 4 and the
adjacent test well mzy be in a localarca of low transmissibility such
that interference effects due to nuaping city supnly w2ll No, 4 extend
put to 2n arca of higher transmissibility which ultimately controls

the rate of decline of the water level in thz well and in the test well,
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(2) The excessive drawdown may be the result of only partial screening
of the watcrebearing formation at the supply well, .iiccording to availe
able records, the well is screcned only between 125 and 155 feet, al=
though sand and sand and gravzl was penetratcd through the mtire ine
terval betwesn 92 znd 158 feet,

Specific capacities of wells at i'inot

The "spccific capacity" of a well is its rote of yicld per unit of
drawdovn of the water level in the well, generally cxpressed as gallons
a minute per foot of drawdown, The term is applied only to wells in
which the drawdown in water level is approximately proportional to the
production, Thus the spccific capacity of a well which yields: 500-gallons
pwe minute vhen the water lcovel ‘n the 1211 is lowered 20 feet is
Sooog%nc_et. = 25 gpm per ft, As the drawdown in a well incrcases as
pumping continues, the specific capacity is only an ajproximate quantity,
and it is convenient for comparative purposcs to use the drawdown after
a l=day pumping period in computing the specific capacity,

Specific capacities wer: not obtained for all the large producing
wells in the ilinot arca, Pumping vater levcls could not be measured in
city supply well No, 1, Supply well llo, 2 has becn abandoned and was
not purped during the course of the investigation and no old rzcords of
pumping water lcvels are available for cstimating the specific capacity
of this well, The Great “orthern Railway well Vo, 2 i# » standby well
only a few feet from the Yo, 1 well and was not »umped during the ine
vestigation, DNischarge measurement.g could not be obtained in the ™

Northern States Power Company wclls,
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The specific capacities for city supply wells 3 and L were
measured during the investigation, The specific capacities of the
Northern States well were estimated form draw-down discharge mcasure-
ments obtained at the time the wells were drilled, The specific cap-
acity of the Greoat Northern Railway well Mo, 1 was estimated from
water level measurements made by the writer, The specific capacity of the
city suoply well No, 5 was estimated from the results of a 1 day pumning
test made by the drilling contractor ucon completion of the vell,

as reported by the city officials,

Specific capacities of wells at iinot

liell Specific capacity
gpm/its

City supply wcll No, 3 & 642
City supply well Wo, L : 21
City supply well No, 5 : 150

Great Morthern Railway
Yell o, 1 : 25

Northern States Power Co:
Tiell No, 2 18



Recharge

There are three sources of recharge to the aquifer iﬂ the Souris
River Valley: (1) Direct penetration of the rainfall in the valley to
tre water table in shallow contributing aquifers and possible direct
rainfall penetration to the principal aquifer in some areas along the
stream; (2) ground water discharge into thc aquifers from the Fort Union
formation by lateral movement into the valley and probably by upward
percolation of water from deeper horizons: and (3) downward percolation
of Souris River water directly into the aquifer in cértain arzas and per=
colation of river water into contributing shallow aquifers in ar;as where
the river crosses them,.Of these tihrez sources of recharge, the river
appears to be thc most important contributor to the water supply in the
aquifer,

The average annual precipitation at ilinot is 15,50 inches, as re=-
ported by the U, S,Wather Bureau, based on 2 54 year period., Under
the most favorsble conditions, only a small percentage of the annual
preeipitation will percolate downward thro:gh the soil to reach the
water table, Assuming that 10 sercent of thc average annual precipita-
tion can reach the water tablelin the valley arcas where the soil cone
ditions arc favoraeble for recharge (estimated as not over 10 percent
of the valley area), the contribution to the ground water supply
through direct penetration of precipitation cmountsto about L3 acre-
feet per mile of valley per year, Theavcrage ground water production
at Minot during the past 7 years was about 772,800,000 gallons a year

or 2,380 acre feet a year,
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Thus, the direct penetration of the precipitation in the valley to the
ground-water body is probably small compared to the amount of ground
water used and 1Is a negligible factor insofar as rzcharge to the aquifer
is concerned,

Many of the wells drilled in the Fort Union formation on tic up=
lands in thc l'inot arca encounter water bearing beds at elevations above
the bedrock floor in the Souris River Valley, and flowing wells arec cbe
tained from the Fort Union formation in the valley, Water levels in wells
on the uplands are generally fram 100 to 150 feet higher than the river
surface, Therefore, opportunity exists for rccharge to th:z aquifer in
the valley by lateral movemert cf groun? vater from thc Fort Union for.
mation intothe valley and probably by upward ocrcolation of ground water
from deeper water bearing horizons in that formnation,

The amount of ground water contributed to the aquifer from the
Fort Union formation cannot be accuratzly calculated from presznt infor-
mation, Chemical analyses of the water from the principal aquifer made
while the ground-water development wes still very small indicate that it
was never as highly nineralized as typical water from the Fort Union
formation, Furthermore, the mincralization of the water from the prin-
cipal aquifer has not incrcased i th development and there is some evie
dence that the mineralization may have decreased somewhat in rzcent yzars,
Thus, although the hydraulic gradients toward the valley in the Fort
Union formation probably have been increased to some cxtznt by lowered

water levels in the principal aquifer, the incrzased contribution from the



Fort Union formation has not been sufficient to increase the mincralie
zation of the weter in the aquifer, The relatively low mineralizstiom
of the water in the principal aquifer indicates that only a small
percentage of the water has been contributed by the Fort Union beds,
The principal source of recharge to the aquifer is evicently from
the downwards secpage of surface vater into the aéuifer or into conw-
tributing shallow aquifers, The follwoing table gives the monthly and
annual flow in thc Souris River at a gaging station 34 miles west of

linot, in scre-feet,
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Feb,

Mar;

Apr.

Aug,

Sept.

Discharge of the Souris River above Hinot
Iacre-feets

Oct.

Jung July Nov, Dec., Total

1935 o/ 50 561, W,000] 18 1,060 | 264 0 a/ a/ a/ 6,511 b/
1936 | o/ o o/ 3.500 | 1.610| 4,860 3,050 | 4,270 | 325 a/ a/ a/ 12,705 b/
193 {a/ laf | 0.2 126 |80 |1z | o a/ a/ o/ a/ a/ 989 b/
1938 | o/ af | 2030 }6,000] 25 }0 345 11,880 | 2,300 | 1,840 | 51 223 | 14,634 v/
1939 16,1 | o 10,000 22,440 162 | 361 | 21 99 1o 5,370 | 157 of 123 ¢/] 38,781
040 J 25 ¢/} 29 /| 23 5,430 ) 374 | 15 1,900 | 3,610 | k.2 2.8 | o 0 11,411
1941 | o 0 1.8 8,880 201 | 1,13 99 |29 vl 1,120 | 1,050 116 12,301
1942 21} 2,8 | 477 | 4.370) 413 | 66 117 168 290 26 25 0, 5,676
1943 o | o 9,210 | 10k,40b 60,84$ 30,72d 16,410 | 5,400 | 576 159 | 142 | 922 | 229,079
1944 | 9,000} 7,930} 5.3%0 | 8.470) 996 | 12,304 8,110 2,850 | 7,000 | 6,940} 7,300! 5,200 | 86,556
1945 | 5,260 | 4,440l 5,870 } 1,830 1,150| 825 208 52 0 27 163 82 119,907
1946 | 73 30 1.7%0 | 8,730 §_3.020] 333 | 926 2.2 2,620

a/ Discharge not measured

b/ Partial sum.

c/ Discharge estimated
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It is apparcnt that the annual discharge of the Souris River
during the period covzred by the tallz has becen more than sufficient
to recharge ti ¢ aquifer by the necessary amount, aithough low or zero
flow has occurred scverzl times for a nperiod of szverzl conseccutive
months, During lowe-flow period, some river pondage may be available
for ground-water rccharge or the water pumped from the wells may be taken
from ground-water storage in thz valley,

Evidence of exceptiongl amounts of rcocharge to the aquifer from the
river has been recognized in the water level fluctuations only once,
during liay, June and July 1943 when the water levels in the Davis well
rose to unusually high lewels, The high vater lewels persisted only
a siort time, however, This risc in water lcvels was evidently
caused by tie unusually high stage of the river during April, Ifay, June
and July of that yzar, Any fluctuations in vwater lzvels caused by
rechiarge when the river is at ordinary stage arc so masked by fluctuations
due to pumping and baromztric pressurez chanjes as to be unrecognizable

In the immzdiate vicinity of liinot, the rate of rzcharge through
seepage to the aquifer is likely to be quite constant so long as there
" is any water in the river because the present water lcwvels in the aquifer
arc a considerable distance below the river level, This is also truz of
the water levels in the unconfined aquifer penetrated by U.S.G.S. tests
A=2 znd B=l and at U,S.G.S, test A-l where sandy scdiments exist ;‘rm
the river lcwel to the top of thie gravel of the principal aquifer, Howe
ever the aquifer may be recharged by the stream 2t points throughout a
number of miles of its length both unstrzam and downstrzam, Lowering
of the water levels in the aquifer may increcase the - hydr&ilic gradients
from thesc points and also may increase the cifective length of stream

over which recharge may occur and thus furilicr increcase the rate of
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= Lorage

The amount of ground water in storage in the Souris River valley
deposits is not definitely known because the linear dimensions of the
principal aquifer and the arcas of contributing shallow aquifers.in
the valley have not been determined, The straight-line relationship-
between ground water use and wiler levels shown in figure 7 indicates
that most of the ground water produced in the arca during thc nast
two decades prabibly has been derived through renlenishment by natural
recharge and that only a small amount of this water has been derivzd
from storage in the aquifer, although the fround-water storage is pro-
bably great cnough to support pumpage for at least several months withe
out causing scrious additional or necrmanent lowering of the water lewvels,
Ground-watzr storage 15 availablc to support the ground-wuter developments
during scasons when replenishment is reduced by dry weather or for other
reasons, ®

Safe yield of the aquifer

The rclationship between water lewvels and pumpage from the aquifer
shown in figure 7 indicates that thc aquifer ias not been overdeveloped
as yet and that production of water at present rates will not causc a
serious lowering of the water ’-vels, The amount that pumpage can be ine
crcased over nresent rates depends unon scveral factors, such as type
of wcll construction, location of wells in thc aquifer, and the continuance

of increasing rzchargerates with lovering water levels,
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There is a widé range in the specific capacities of the existing
"wells in the area, If the water levels are lowerced too much, the rate
at which water can be pumpcd £.i- the uclls of low specific capacity
will be reduced and it isipossible that the production from thesc wells
might become so low that the usefulness of the wells would be entirely
destroyed, =lthough the wells of higher specific capacities would still
produce large quantities of water,
Although there is not sufficient data to permit a rigerous estimate
of the safe yicld of the aquifer, a rcasonable esimate of the yield to
be expected under certain conditions can be made in the following manners:
The pumping water levels might be consi&crad as at lcast approaching
a dangerously low stage if the regional oumping water levels were drawn
below the a rtesian confining beds or the tops of the well screens, say
to an elevation of about 1,LL0 feet, The seasonal low waier level at the
Davis well in 1945 and 1946 was zbout § feet lower than the averagewater
level fot the same yzars, Increased pumpage would probtbly increase
this difference between average ~nnual and low annual water level bee
cause maximum pumnage occurs during thc summer months. An allowance
of about 10 fect prbably should be made for this factor, In addition,
an allowance for additional drawdown in the vicinity of the pumping
wells should be made, It is estimated on thc basis of the specific
capacitics of the present v.l1ls (see page 7h) and the high transmissibility
of the formatién (sze po T1) that with 7 to 10 wells each pumped inter=
mittently at about 700 gpm, about 35 fzet should be 2llowed for this item,
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Thus the annual average water level at the observation wells should
not be lower than 1,440 + 10 + 35 = 1,485 feet, Referring to figure
7, an annual average production of zbout 3,5 million gallons a day
wc;u}.d be indicated for an annual average water lzwvel of 1,485 feet
at the Davis well, The yield of the aquifer under this arrangement
would then be about 3,5 million gallons a day (annual uverage) rep=
| resenting an increase of about L5 percent over the 1946 pumpage and an
increase of zbout 65 percent over the 1942-1946 average pumpage,
If it were desired to pump a larger number of wells with speci=
fic capacities of about 20 gpm per ft, at rates of less than 700 gpm
or clsc abandon them in favor of wells of higher specific capacities
the yield under the above-described limitations could safely be ine
creasced still further,
In order that the production moy be safely increased up to the
amount stated, it is apparent that the net recharge must continuzs to
be incrcased in proportion to the depth to water in the vicinity of the
vell field as it apparently has bee? in the past, There is no rzason
to believe that this will not occuf, but there is always some possibility
that conditions in the recharge arcas are such asto nrevent inecr:asing
the rechrage rates by the necessary amounts, For this rcasong careful
water l2vel records should be maintained on & few of the cobservation wells,
Production will probably increase slowly and', if over=-pumping of the
aquifer should occur, the water level reeords should indicate this
condition pefore the overproduction becomes so great as to be immediatew-

ly serious,
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Possibility of artificial rechtrge with river water
In the cvent that production ~” vater ct llinot should iﬁcrcaée to
such an cxtent that further increases in oroduction from the wells
would be impractical, surface water from the Souris Riwer could be used
as a supplzméntal source of supply, either by pumping treated river
water directly into thc city water system or ‘by artificially recharging
the ground-vater sup»ly by Jdirecting the water @derground through the
supply wells during times when they arc not in use or through zspecially
constructed recharge wells,

The relatively constant temperature of the ground water, which is
lower than that of surface water in the sa.imner, ;muld be reduccci still
further, and the relatively constant chiemical character of the Fround
water might be improved, by artificially rccharging the aquifér dﬁim
the winter months when the temperature of the surface water is lowest,
An cconomic advantage would also result because of the higher water
levels and consequent smaller ~mping lifts vhich would be induced by
artificial recharge,

Experience has shown that the water used for artificial recharge
tirough wells should bec free from silt anc¢ organisms Such ©s algac be=-
cause clogging of screens and the adjacent sand or gravel may result,
with conscquent impairment nf the efficicncy of the recharge wells,

For this rcason it is usually necessary to use filtercd and sometime
chlorinated water for recharging through wells

It is also possible that artificial rechiarge by water sprcading
would be feasible in areas such as that in the vicinity of U.S.G.S. tests
A-2 and B-l, whzre sandy sediments exist from ncar the surface to depths
of 90 to nore than 120 feet and where water levels are approximately

LO feet below the land surface, Additional water recharged in these arcas
would ultimately reach the principal aquifer,
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S | 8% ! =0l
1 ' Cass oRENpE S Peterson 1942 1B 2L  emmewe= Tine Black send
Sec. 21
2 do, NEL
Sece 21 D do. = 36 17  eemmeeea Sand
3 C.E. T N
_lard  ScCe 21 D emme= 1936 84 25 Dug. Gravel .
LI do, MR
Sec, 21 S - U8 25 do. e
Behm U S
See. 28 D 3emm 1950 L 32 Bored Sand
6  Sorenson il' ZNEZ
_ Scce 28 D,S, Peterson 1929 6 18  ~me-a Gravel
T  do, WIONES: *
Seco 28 D do, 1943 " 6 17  emmem do,
8 A, (hris- SE.OT& |
tenson Sec, 15 S __do 1937 1% 50 nriven ————
9 do, SELNTE:
_L SeCg 15 D mmmem 1942 1% 50 do, o
10 c.I, SIBS %
Peterson Sec, 15  DBeinholtz 1935 L 370 Drilled m——
I do, SIS %
. Sec, 1 B e 1939 L 500 do, —————
12 Buchholz 5114-85{5
Sece 1 D Maynard
' Oothovdt 1936 3 3LO do, J——
13 L, Schoon=SiSEx Louis 1936 2 52  ameem Sand and gravel
over Sec, 1 D Ellis
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erature

Ir

ater
Temg

Tater’

level, feet
below land

surface

Remorks

—— -

Equipped with windmill, later reported he:

Equipped with hand pump, Water reported hard

Equipped with hand punp, Vater reported hard.

Equipped with, hand pump., vater reported hard

HEHHY e

Sand point driven to 35 ft, Equipped with 1/
H.P, electric motor, (Vater reported good, nc
very hard)

Sand point driven to 1 ft, Equipped with %
H,P, electric motor, tater reported good .
Adequate, '

-

Equipped vith % H,P, clectric motor, Later rc
ported good, Adequate,

Equippzd with hand pump, Water reported harc
with iron stain,

4o

Equippcd with hand pump, Vater reported hard
with iron stain, '

“Encountercd about ¢ ft, of lignite at 60 fEt,

Water rcported soft, with soda taste and yell
stain

Equipped vith + H,P, Electric motor, Later
reoorted soft,

Tquipped vith ¥ H.P, clectric motor, 'ater
reported soft but contains gas; highly mine
eralized,

Granite Springs . atcr Co, well, Water sold i:
Minot for‘'drinking water, Well dug LO ft, an
sand point driven rest of way, Avcrage use
from two wells is about 2,000 gpd, Equipped
with 1 H,P, clecctric motor, Vater reported
moderately hard,
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TCORDS OF
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! O ol J =3 15 O = =t = g
15 Ly, ~~ TTSEEE D Louis 1936 T2 T8 T T Sma
Schoon Sec, 15 Ellis and
ovzr gravel
15 Crystal SEdSEL D ame- wewe  we U7 eemee Sind
Springs ~  Scec, 15
later co;
568 In . county . NONEZ T US,
B-1 road right Sec, 22 Geol, 1945 6 353 Drilled Sand
of way Survey
16 Bt 1575 11 %2 D mmmm e i — e o S i
Sec, 22 L
iSlES City NELNEL T U.5, 1945 L 178 Driiled Sand
A=l of Sec, 22 Geo, and
iiinot o Survey e Gravel
17 R.A, N NE: ) J—— - - =-==m= Coarse
Gifford Sec 22 o _ sand
055 Tn county ~SWANS. Cayne= 1945 L~ 59 Triiled Sand
B-2 road right Sec. 22 liestern and
of way Co, of gravel
HMinn,
USGS In county _S% z T U.S, 1905 L 128 do., Sand
A-3 road right Sec, 22 Geol, and
of way . Sur ravel
0SGS Oscar NEZSEZ T 'B‘g‘ex‘”"'ms L 90 do, Send
- B=3 Olson Sec, 22 and
gravel
18 TS, 1 NESHEE D S.0, 1939 7 6 730 do., Sand
Petcrson  Sec, 52_ Peterson o
19 doe TS D do, 1936 6 33 do. Sand
Sec, 22




WELLS (Cont,)

later

m
ES

emperature

[+]

feet below
land sure

water lev
face

Remarks

g
=9
ja N

g

Granite Springs later Co, well, later sold in
Minot for drinking water, 'ell dug to LO ft,
o:.” sand point driven rest of way, Squipped
with 1 H,P, ¢lectric motor, Water reported mod-
erately hard,

Reported
2f

liater sold in iiinot for drinking water, Average

L1,97

Mar, 8,
1946

usc_about 1,000 gallons a day,

Ueak flow at “fte lell plugged with ccment
to shut off flow, Put in 93 ft, 2 in, black
pipe to preserve for obscrvation well, ilcasuring

point, top of coupling on 2 in, pipe at land
surface, Sce log, ’

Original 1ccatim£'5f Granite Springs Watcr Co,

Szc fig b

Cascd with 112 it, & in, standard pipc, l.casur-

ing point, top of collar on L in, casing, 0,60
ft. sbove lond surfoce, See log and pumping tes!

7

Equipped with hend pump, Weter reportéd mods
crately hard, with a little iron stain,

L . UV 4 SRS

Tell cased with 50 it, ¢ in, black pipc but
sanded above watcr level, Log not published

- .

fige b

Cased with 3 in, casing, .icasuring point, top
of collar on L in, casing 2,50 ft, sbowe land
surfacc, Scec log and numoning tests,

E?Tig.

Wiell cased with t. 2 in, black pipe, licasur-
ing point, top of collar on 2 in, black pipe,
1,30 ft, abowe land surface, See log and pump-
.o tasts, "

46

Equipped vith hand pump, later reported hard,
vith iren stain, ’

4o

Equipped with hand pump, Water reported hard,
with iron stain,
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™ s
2 82l S 4 ?: 5
P 54 o = g o 3 L 0 s
_ B S |7 | & | S8 FASY e H2
20 1irs, J.N, Seoo% ) JE—— 1936 6 25 ‘Sorcd Sand
Johnson  Scc, 22 and (20-25)
o driven
21 Gt WA DoSe Cale 9L, 6 19 Dug Fine
Leite Sec. 27 Leite and black
L driven sand
22 do W [} J—— 1935 20 19 Dug Sand
Sce, 27 at
- e bottom
23 ¥inot WULSEL I C.A, 1936 6 6L0 Drilled Fort Union
State Sce, 14 Simpson formation
Teachers
College
2 do 25k 1919 6 200 do 27 It, of
Sece 14 I Reine gravel in
holtz bot ton
25 Do MASE: I C.A. 1936 10 197 cdo ~  T12TE, of
Sce, 14 Sipson gravel in
L bottom
USG5 City STESUE T  Layne=- 1905 L 127 do, Sand
A<2  of Sec, 1k Vestern
Itinot Co, of
_ Ilinn,
Davis Davis STESE: U T =ma= do Sand
Sece 1l and
gravcl
City City SESIE. T  HcCarthy 1938 == 101 do Sond
test3 = of Sec, 14 Well Co,
(1938) Minot - L gravel
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YELLS (CONT,)
.8
w T e .
[ > 0 6
= o~ &
ML g
H o~ = [
0 O RK o+ T ©
£ RO P od =
g v | god o
Pt o = ~
“ -
- 12,95 Equipped with 1/3 H,P, clactric motor, later
uﬁl: reported hard, with iron stain, Borzd to 17 ft,
19 and sand point driven to 25 ft,
L5 15+0T= Equipped with hand pump, Vater reported soft,
Auge good, lecll dug to 17 ft. and sand point driven
19 rest of wy,
— 14,42 well not in usc ot present, Water reported good.
Auge
19
. Flow Tater contains somc gas,
- 51,02 Reported to heve pumped 180 gpm with air 111t
Junc 19, when air is inj:cted 160 ft, bzlow land surfaée
1945 ieasuring point, top of 5-in, casing,liner, 2,5
_ft, sbove land surface, Scc chemicol analysis,
) p— +211 equipped with pump but not used very much
p 39,58 ~ Scc 10g.
June 25,
1945 - :
- Sce fig, Measuring noint top of 8 inch casing, 1,00 1,
h,9,11 above land surface, kell drilled to furnish

water for making ice but was not used becausc

ice made from the vater was milky and discolored.
well is now cqQuipped with water=stage r:corder
Measuring point, top of casing 1,00 ft, chove
land surfacec,

Sec log and chemical analysis,
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RECORDS OF

_ 5 e 0w
- e Uz = & e LU
o] B [N ] a ~ Bl
P gm0 ~N H + fdo + [}
O Wy Ny [o] i 4] o fo T © Gfiy
L <1 < ~ CO ol o Usla (] =1 O
—~ © + ) & il e (a8 = = s
o 2] @ . . w o o i3 [ so
g g 8 H M ol = 8 Ot
City City of S&L oV T MNeCorthy ' 1931 © 5 1607  nrilled & Sand
Test 3 Iiinot Sec, 14 well Coe and
gravel
City C  do 1931 20 158 do Sand
Supply do SE} SiE: and
Hell 3 Sec, 1k gravel
City T do 1938 5 163 do Sand
Test bt do St SEL and
Scc, 14 gravel
City do Si# SEX
suppl Scé, 1 € do 1939 30 160 do Sand
lell and
gravel
58S -
T-1 do SE. SE T U.Se 1945 L4 288 do Send
See, Gzol, and
SUTVRY ravel
City do SEf SEX  C Layne 1946 2L 145 do ‘gand
supply Sce, 1 Western and
kiell 5 Co, of gravel.
Mim’lp
City m:eﬁjn% T MeCorthy 1938 5 155 do,  Sand
test € do Scc, lell Co, and
(1938) gravel

=80



WELLS (Conts)
i

[ (o0 3 g
= > O
= Q- N
+ -~ 23 7]
] L 0 A
O ] H
S8F | s :
gE- | zéd g
o+
——— iy Gravel=packed well, Outside casing 20 in, dia-
meter, Inside casing 12 in, diameter, licll
screened lower 28 fto Pea gravel pack betueen
screen and aquifer and bétween casings, Sce
_ : log and chemical analysis i
e See-figs, Méasuring point, top of plug in well casing,
ks and 11 0430 ft, below land surface, See log.
s st Gravel-packed well, Outside casing 30 in,, in
" side casing 15 in, diameter, Well scr:ened be-
tween 125 end 155, Pea grawel pack between
scrzen and aquifer and between casings, See
i log and chemical analysis,’ )
s o See figs, ed . of 2 in, plpc and 88 It, of
4 and 9 L in, casing, Recorder installed over well

during the period of meing'test. Measuring”
point, top of collar on L in, casing, O,LO ft,

above land surface, Sece log and pumhing test
Gravel-packed well about 10 it, south

112 ft, Inside casing 12" diamcter with 30 ft,
of screen on bottom to 1L5 ft, Packed with pea
sized gravel betuzen screen and aquifer and -
between casings, Reported to have pumped 600
gpm for a 24 hr, period with a drawdown of
about L ft, | '

See 10g,
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RECORDS COF

W R
5 5
"é -§ = s \ 3 % E -+ I‘j
- 4+ @ — [&] + @ (U] By &
— 1 @ UM ~ oo |lg o © o
~ [ O HCO Q o & g K= 4’;‘(& & E g
2 g S e o A ow S S]E 5 5
= & ! o |ad P )
City City NEAE U MeCorthy 19187 1277132 Driilcd Sand
Supply of Scey 23 liell Co, and
Tell 2 Iinot grave.
City Supply do AT (& do 1916 10 132 do Sand
grave
City do NEZ N T do 1915 5 1357 do Smd
test 8 Scc, 33 to finc
8915) . ____coarsc
ty do THNEIT i Do 19385 154 do Sand
test 1 SCCy 23 and
(1938) grave
City do T NLA T do 1915 5 1267 do Sand
test 10 Scc, 23 and
(1915) _ rave’
26 O. SHITE: ) —— 1883 I 27 === gand
Olson Sce, 23
City oty ST T MeCarthy 1915 5 -== Drilicd =—ew=
test - of Secc, 23 t Hell €o2
2,3"4, ilinot
y and
(1915)
City do SEAE T do 1915 571337 d Sand
test 7 See, 23 ' and
éﬂ?ﬁ) . _ rave]
ity do SHAES T do 1915 51307 do and
test 12 Sec, 23 and
(1915) grave!




L S (Conts)

WEL
5 o
5 |oEkaq &
© > O M
5 jod s H
“HOo f|Ho3
o & Q0 g
+ 8 H (2]
SO |OoP T 2
2 BOo L O g
g o
= 44
——— See figs, Bquigped with LO ft, of screen in bottom of”
L, 9, 11 well, lell sbandoned becouse of bad screen,
Now cquipped with automatic water stage re-
cotder, Heasuring point top of recorded shelf,
1:,88 ft, oclow 1and surface, Sce log and
chemical sis ’
—— Szc fig, Equipped with L0 . oT 9 In, soroen, Reported
N to havc pumped 890 Egu with 74 ft, of drave
down after pumping lieasuring peint,
holc in elbow of dxschargc pipe, 10,76 ft, be=-
low lond syrface, Sce log and chemical analysic
- s e B _§ee log.
e Sce figs. Sce log
L and 11
L5 T —— Equipped with hand pump, Water reported hard,
with iron st2in, ¥Vell aazquate for farm pur-
es, llcver gocs dg_y..
cotmem i o T e ce 109
o - - — SCG log
mmmam 2090909090900 amasssws —ar am o Sec 10-9.
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Records of

ie)
«
o 42
. = by 9
"o S o ) 3 & o
= 3 4'3' TR I \c@l .'j 8 ﬁ g 4"(:-3 EL] (0] 3 S
e g 6 UyoD o & H o = & o o
e~ B 0 © & £ gol 0o O o
_93 Q '3 . 8 { (5] [} S o -F: [ T £ =
B= E+ | o] . F-Ji i+l
City City  SEAE: I  TicCarthy 1915 5 148 Driiled Sand
test 11 of cCe 23 licll Co,? and
_(%9715) I{inot gravesl
- H KctticRELSE D  H, Kettle= 1937 == 20  Driven  Sand
son Sec. 33 son . .
iSes In county NMZS: I . U.S, 19U L 266 Driilled Sand
A=l road r:ghtScc. 33 Geol, (19=45)
survey -
28 ,-s.,K. SUENT,  D.S, Wb == L 33 d Shaic
Thompson Scc, 26 Pagle (290=343
29 do 51725112 em——— L3 15 37  DBored  Coarsc
Scc, 26 and gravel
driven g28-37)
30 Tinot TERoWE 1 fcCorhy ~=== 10 118 Drillecd Grevel
Creavicry Scc, 13 icll Co, 3 feet
in
_ bottom
ifinot iiinot S22 N | E— — w=—e 5 1007 do Gravel
Mill Flour See, 13
Milling
Coa
G.T, Grte Note NEG 1 <eeeme 1925 ==  =am dp Sond
RR, R.R. Co, Scc, 2L and
1 : ravel
G.W, do 3155 S e S — 1929 == === do and
RR, - Scce 24 and
2 - _ gravel
Nor, Worthern BTG 1 =eeeem 1932 == 109 do Sond
Stat:s States Scoe %h . and
2 Pouer gravel




WELLS (oonT,)

e
nosl TABE b
0 T )
58 37 :
e o ] o (7] Q
@ = & -
— -———— Sce Log
51 e Equipp~d with hand pump, iater repartéd mod-
erately hard, Lcaws scalc in kettles,
— Scz fig. Cased %Eﬁ 30 ft, of 2-in, pipe, licasuring
4 point, top of collar on 2-in, pipe, lcvel
with land surface, _Sce log and pumping test,
50 Flow Tater reportcd to have sodn taste, Combustib:
gas cscopes from water, Original static pres-
sure reportcd to be dbout 20 1bs, per squire
in, cbow land surface, Zncountcred 6 ft, of
coal at 75 ft,.,shalc from 75-3L43
Le 264 Bored to 30 Rf and sand point driven to
Aug, 1944 37 £t, later reported good,
i L7 Water Icvel rcoorted 18 It, bclow land sure
Scpt, face when drilled, Uell is cquipped with 12
19uk ft, of &crcen, Pumps 36 gpm steadily at

present,.

Tell not uscd for 20 ycars, Equipped i th
water stage rccorder, leasuring point, top
of wooden well cowver at square hole for fc-
corder linc, 0,20 ft, obove land surface,

— Sce fig. Measuring peint, top of west rall pump Supe
11 port 1 ft, below land surface, See water use
records ;
pra g “Scc watcer usc rccoras
— Scc figs. Méasuring point, top of cancrctc pump basc,
10 and 11 2,20 ft, =bove land surfoce, Sce water=usc

rrcords, chemical analysis and logs,
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Nor, Torthern mslm% I ~-mme-—em 1930 ‘=== 100  Drillcd Sand
States States  Sec, 2k and
1, Powet grave
Coe pr— .
31 Bridgeman NE;Ut; i) - e s —do.. uspiian
Crcamery Sec, 2L
Crcamery Sce, 2l Uell Co,
33 Thites WSkt I do 1932 1 70 do  Sond
Crcamcry Scec, 2h and
gravel
(L7-T7¢
34 Russclle NEzIE U Schultz m——— O 211 do Grave!
liller Scec, 2k Bros, in
11illing bottor
CO- 20 fec
35 Swift W-ME: I e 1936 6 140 G0 memee

Crcamzry Se c‘._ 2y Simpson

a/ D = Domestic
S = Stock
C = lwunicipal supply
I~ Induétrial supply

i U - Unuscd..
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- HELLS (CONT,)
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= o a)

. Sce figs, ileasuring noint, top of concrete nump basc,

10 and 11 2,50 ft, below land surface, See water-use records
chemical analysis, and logs,

— L kell was never cased Ior use, becausc no sand or
gravel suitable for dewelopment of a water -supply
was encountered, ' :

- 5= ~Original water level reported 36 ft, below surface,

Sept, 194k Pumped 190 gpm with 13 ft, of draw-down, Precsent use

about 40,000 to 50,000 gpd,

Tell abandoncd 25 years,  Water wes insufflcient in
quantity for mill use and was of poor quality,

L L]

‘Equipped with Fairbanks-iiorse cylinder pump,
Renorted wepacity of well=-200 gpm,
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USGS B=-l

Material
aternary scdiments

Silt, gray-brown, somc fine sand and
vegetable matter

Sand, mcdium to coarse, clean, well-
sorted and rounded, gréy to light brown

Sand, coarse, wzll-rounded and sorted,
light brown, sone cozl grains

Sand, medium to coarsc, well-rounded and sorted
light brown, some coal grains

Sand, coarse, poorly rounded, brown; contains
coal, mica, pyrite, green and black quartzite
and limestone

Sand, medium to coarse, well-rounded and sort-
ed, medium brown; contains clear crystalline
limestone, coal and shale grains

Sand, coarse, and fine angular grawcl; contains
shale, black quartzite, clear crystalline limCe
stone, and limonite grains and pebbles

Sand, medium to coarsc, fairly well rounded
light brown; in part coated and cemented with
limestone '

Sand, coarse, light brown, angular to rounded
Sand, fine to coarse, reddish brown, welle

rounded
Sand reddish brown and gray-blue clay

Fort Union formation (7)

Silt and clay, gray-blue; caving (?) of sand
and gravel

Silt and clay, gray=-blue, slightly calcareous
silt grains, anguiar, range.d ®m, to 0L mm,,
estimated 70% silt, 30% clay; no sand

Thickness

1l

17

10

15

- O

10

LOGS OF VELLS AuD TEST HOLES, MINOT, W,DAK,

th

P )

32

L9

59

79

85
92

99

109



U.S.GoS. B=1 (Cont,)
Matcrial

Silt and clay, gray=blue, slightly calcareous
some fine sand and mica flakes

Silt and clay, gray-bluc, slightly calcarcous
Contains wvegetable matter and mica flakes

Silt and clay, gray=blue, slightly calcareous,
some sand

Silt and clay, gray-bluc slightly calcaréous;
contains a fresh-vater gastropod

Silt and clay, gray-blue, slightly calcarecous
some vegétable matter

Silt and clay, gray-blue, slightly calcarcous
vegetable matter, iron-stained in part

Silt and clay, gray=bluec, slightly calcarcous
iron-staincd; limestone boulder(caved from above? )

Silt, clay, gray-bluc, slightly calcarcoug some
sand grains and mica flakes, iron-stained

Sand, so sample, Artesian water

Thirckness

70

10

20

10

35

35

10

L9
10

Struck artesian water in sand betieen 343 and 353 feet but no

samples of the send were obtained,
U.S.G.S, A=~l
Quaternary scdiments
Silt, yellowish brown
Sand, very fine, light brown, and siit

Sand, medium-dark brown, with silt, gravel
and coal

Sand, medium tc coarse, light to dark brown
coarse grains poorly rounded; cpntains coal,
limestone, limcnite, and shale grains

Sand, fine to medium, light breown
Sand, very fine to medium; dark colored grains
give it a greenish broun cast; poorly rounded

well-sorted, well=washed; coal and limonite
grains and flakes of mica present

89

13
19

11

13

15

Depth
179
189
209
219
25l
284
29L

343
353

13
32

52
65

80



U.S'G.S. A-l (Q}nlto)
liaterial Thickncss Depth

Sand and grawvel, brown; coal pchblss up to
1 inch in cdiamcter’ many i‘ragments of wood and
lignite L 8L

Sand, fine to coarse, light brown; grains
of shale and coal common; grains of lignite,
limestone, and mica present 21 105

Sand, finc to mcdium, light brown; some coarsc
grains of shalc, co2l and igneous rocks; poorly

rounded 7 112
Clay, blue=-gray, gritty with coarse grains of
sand
18 130
Fort Union formation (7)

Clay, bluc=-gray, indurctcd, shows conchoidal
fracture 20 150
Clay, bluc-gray, indurated, conchocldal J
fracture; contains laminze 10 160
Clay, bluc=gray, indurated, conchoidal
fracture; contains shell fragments 18 178

U.S.G-So JCL-"'B
Clay, gray; contains somc medium grains of
quartz sand 12 12
Sand, finc to medium, buff; contains some
(fresh-watcr? ) shell fragments 11 23
Clay gray, with few crains coarsc sand,
calcareous 6 29
Clay, sand and gravel, calcarcous; much

-~ wood Ul to 45 fect Lo 69

Sand, finc to ricdium, wellesorted 23 92
Sand, medium to coarsc, ond fine gravel 36 128
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UeSeG.S. B=3
Material
Quaternary sediments

Clay, gray, wcllelcached, with a few grains
of sand

Clay, gray, with a fow sand graddsy
fine matcrial is slightly calcarcous

Clay, gray, with a fcw grains of igncous
rocks and coal

Sand, medium, dominantly of ignecous rocks with
a few shale particles wellesorted

Sand, medium to coarsc, and gravel,
boulder chxps abundant; some of grawvel
larger than % inch

Sand, medium to coarse; abundant coal

Sand, and gravel with picces of coal

Sand, medium to coarscy coarse grains dominantly

angular;small buff-colored grains of limestone
and shalc nresent

U.S.G.S. J‘l‘?—

Sand, silty, and yellow lcached clay

Sand, medium to coarse, brown; buff clay
limestone, limonjte and coal grains present

Sand, medium, dark brown, with a few grains
of coarsc sand and finc gravel

Sand, fine to medium, light brown and yellow:
wellesorted

Sand, medium, silty, light brown
Sand, fine to mcdium, light brown
Fort Union formation (?)

Sandstone, yellow=gray, part,ly cemented with
calcium carbonatc

91

Thickness

20

16

11

12

10

20

20

15
38

19

Depth

29

56

66

78

90

10
30
35

55
70
108

127



City test lios 3 (1938)

Material Thickness Depth
Sand and clay, ycllow | 2l el
Clay, sandy, bluc 3L 58
Sand, fine, dirty 75 133
Sand, and gravel . 11 1hly
Clay and gravel 2 146
Clay, groy 15 161

City supoly well Ho, 3

Soil, sandy, brown I L
Sand, fine, silty, brown 12 16
Sand, fine, brown L - 20
Clay, dark olive drab 1k -3
Clay, dark olive drab, sandy 12 L6
Silt, sandy brown, with interbedded dark

olivc drab clay 20 66
Clay, sandy, dork olive drab ' L 70
Silt, sandy, light grcenish gray : 12 82
€lay, dark olive drab | | L 86
Sand, medium, well-rounded, brown 16 102
Sand, fine, well-sorted, gray 22 124
Sand, fine to coarsc L 128
Gravel and sand, dirty 2 130
Gravel and sand 8 138
Silt and send, gray 2 140
Gravel and sand | 18 158
Clay, brown 6 164
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City sumply well Yo, L

Matcrial

Clay, sandy &nd loam

Sand

Clay, blue, impcrvious
Sznd, finc

Sand, medium to coarsc
Cravel and sand

Sand, grawvel, and boulders
Gravel, hard=packed

Gravel and clay

U.S .G.S . T-l

Quaternary sediments
No Log

Sand, finc to medium, with some coarse gravcl,
light brown

Sand, medium to coarse, broun, well-sorted
Clay, silty

Gravel, fine to coarsc, and sand; contains
white indurated clay pebbles

Sand, fine to medium, gray, well=-sorted
Clay, gray with coarse sand and gravel
Sand, fine to medium, light brown,

‘Clay, bluish gray, gritty, contains some
sand and gravel; calcareous

Fort Union formation (%)

Shale, blue-gray; contains few grzins of coal
and medium sand; calcarcous

Sandstone, gray, partly cemented

93

Thickness Depth
10 10
12 22
70 92
33 125
11 136
6 140
15 155
3 158
2 160
115 115
10 125
18 U3
16 159
N 163
35 198
11 209
2 211
37 248
10 258
30 288



Sand and clay

Clay, bluc

Sand and clay

Sand, finec, hard, Lrown
Sand, finc, hard, black
Sand, finc, cleon
Send, fine, dirty
Sand, and gravel

Clay, sand, and gravel

Clay, bluc

Clay, sand, and gravel
Sand

Sand, coarsc, and clay
Sand, coarse

Sand and lignite

Sand and gravel

gravel

Sand, coarse

Sand and gravcl

Sand, coarse

Clay and sand

City tzst Mo, 2(1938)

City supply well Ho.2

9L

Thickness

36

w A I O w o

R
w

Deoth

58
9l
98
10k
118
125
132
136
15%

85

9k

98

101
108
113
115
118
131
132



City Supply ‘cll No, 1

Haterial Thi ckness Depth
Clay, sand, 2ad gravel 85 85
Send, coarsc 13 98
Gravel and sand 10 108
Sand, coarse, and lignite N 112
Sand, finc to coarse 6 118
Gravel b 122
Sand L 126
Gravel and clay L 130
Sand, coarse 5 135
Clay, gravclly and gumbo | ;| 138
City test o, 8 (1915)
No log 108 108
Sard, fine to medium, clean 2 110
Send, medium to coarse 2 112
Sand, Coarsc, and fine gravel 3 115
Send, medium to coarse 10 125
Sand, coarse and finc gravel 5 130
Sand and clay 5 135
City test o, 1 (1938)
Sand and clay 70 70
Sand, fine, dirty 48 118
Sand and gravcl 2 120
Clay 3L 154

95



[laterial

No log

Sand, finc

Sond, very finc, ycllow
Clay, gray, silt

Sand, finc to mecdium, gray
Sand and gravel

Send, finc to medium
Sand and gravel

Sand, finc to mcdium
Gravel, fine

Sand, coarsc, angular

No log

Sand, finec to medium
Silt, sandy, ycllow
Silt, sandy, white
Silt, gray

Sand, finc and clay

Silt, sandy, dark gray

No log
Sand, fine
Sand, very finc, vhite

Sand, finc, gray

City test llo, 10 (1915)

Thickncss

19
8

5
City test to. 3 (1915)
7
21
2
5
21
6
| 13
City test No. L (2915)
13
1
6
23

19
27
35
82
96
100
108
118
119
121
126

28
30
35
56

75

13

1k
20



City test ilo, 6 (1915)

Material Thicknecss Depth
Ho log 19 19
(ui cksand 1 20
Sand,fine 15 35
Sand, fine andclay: L7 | 82
Quicksand 16 98
Sand, finc and clay 2 100
Sand, fine 7 107
Sand, finc and clay 10 117
Sand coarsc 1 118
Sand and clay 2 120
sand, coarsec 1 121
Sand, fine _ 5 126

City test No, 7 (1915)

No log 117 117
Sand, coarsc, wcll-sorted 10 127
Gravel and sand 6 133

City test Ho, 12 (1915)
- No log 8L 84

Sand, finc to coarsc and gravel 14 98

Sand, finc to coarse L 102
Sand, and grav:l 8 110
Sand, medium to coarse L 114
Sand and ¢raval 12 126
Sand and gravel, claycy 2 128
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[laterial

Sand and gravel

Sand and gravel, silty
Sand and gravel

Shale or clay, black

Clay, gray

No log

Cuicksand and clay

Clay

Sand, fine clay and wood
Sand, coarsc

Sand, fine

(uicksand and clay

Sand, coarsc

Clay with sand and gravel
Quicksand with clay

Clay and sand

Clay and gravel

Clay, blue

Clay, sand, and gravel
Sand, fine

Clay

Sand, fine and lignite

Clay

City test No, 12 (1915) (Cont,)

Thickness Depth
1 . 129
2 131
1 132
1 133
L 137

City test Hoe, 11 (1915)

90 90
3 93
3 96
10 . 106
2 . 108
2 110
10 120
3 ' 123
1 ' 12l
1 125
L 129
2 131
3 134
7 1l
1 142
2 hly
1 145

148

98



Material

U.S .G.s. A-h

Clay, yellow=gray, wellelcached

Clay, ycllow=gray, vith limestonc and
othcr sand grains, calcarcous

Sand, finc to coarsc, and fine gravel

Clay, gray, silty, czlcarcous

Clay, ycllow=gray to brown, gritty,
Sand grains and pcbbles mostly angular

Shale, bluc=gray, non=calcarcous

Sandstone, gray, looscly cemented

Fill

Clay

Clay, sandy
Clay, bluc

Clay, sandy
Sand

Sand and gravel

Clay, sandy

Fill

Clay, blue
Clay, sandy
Sand and gravel

Clay, blue

32153

Northern Stgtes Power Company well No, 2

Northern Stated Power Company well No, 1

Thickness Depth

L L
15 19
26 L5
3L 79
20 99
140 239
27 266
5 5

5 ."'10’\:5.
25 3%
35 70
13 83
U 97
lé 109
2 111
18 18
5L 72
10 g2
18 100
2 1102
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