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ABSTRACT

The City of Dickinson, North Dakota, depends largely upon ground water for its
municipal and industrial needs. The welle sre at present located in a single
well field within an area about one mile by one-half mile, and they all draw
from the same aquifer. Normal growth and industrial development increased maxi-
wmum daily pumpage from about 300,000 gallons &m 1937 to.about 550,000 gallons
in 1944, This investigation had as its purpose the defining of the area of
influence of the existing wells and the determination of the capacity of the
aquifer to transmit additional quantities of water, It was the intention of

the City to drill additional wells in the present well field if they were
warranted,

The financial limits of the cooperation did not permit extensive test-drilling
for locating additional well fields at some distance nor did they permit deep
drilling to test additional aquifers at depth.

The existing well field is being depleted at the present rate of pumping. The
transmissibility; or capacity of the aquifer to transmit water, is relatively
low. Approximately 80 feet of aquifer have been permanently unwatered in the
east end of the field. <Conclusions of this investigation indicate that addi-
tional wells in the same bed in this vicinity are not justifiable and would
only tend to deplete the present supply more rapidly. Other recommendations
are based on an analysis of previous reports and records of earlier test drill-
ing and a study of the geology of the area.

INTRODUCTION

Ground water levels in the municipal well field at Dickinson have declined
rapidly in recent years, resulting in increased pumping 1lifts and decreased
yields. During the summer of 1943 the demand for water exceeded the capacity
of the wells, making it necessary to restrict the use of water. In the spring
of 1944 the city planned to drill. test wells in the field in order to choose a
site for an additional supply well. In March 1944 the city council requested
the cooperation of the North Dakota State Department of Health in conducting a
quantitative study of ground water resources of the area, The Health Department
presented the problem to the State Geologist who suggested that a cooperative
study with the Federal Survey be arranged. The work was done by the United States
Geological Survey cooperating with the North Dakota State Department of Health
through the office of the State Geologist, and with the City of Dickinson. The
investigation was made under the direction of A. L. Greenlee, federal geologist
in charge of ground water investigations in North Dakota and K. C. Lauster,
acting director of the Division of Sanitary Engineering of the North Dakota
State Department of Health.

The field work was done during the period from March 27 to May 6, 1944. Two
test holes (3B and 7A on fig. 1%*) were drilled for the city by the McCarthy
Well Conpany in order to- detarniue the thickness ‘and character of the water=
bearing materialé and to measure the fluctuations of the water levels during
pumping tests. Levels were run to all of the wells and test holes, and pumping
tests were made of well 3 in the eastern part of the well field and well 7

the wastern end of the well field,

W
*Figure 1 =~ Map of a part of the City of Dickinson showing the location of the
municipal wells,

1.



We L. ththhalu. city water superintendent, supplied data on the -municipal
wells and assisted in the conduction of the pumping tests.. A. L. Greenlee
visited the area of investigation several times and assisted in planning the
field work and in making computations. The report was reviewed critically by
0. E. Meingzer, §. W. Lohman, V. €. Pishel, and C. E. Jacob of the Federal

Geological Survey, and by K, C. Lauster of the North Dakota State Dlparment
of Health, Most of the calculations were made by C. E. Jacob, : .

GENERAL INFORHATION

The well field al: Dickinson ‘is. located in the northern part of the city in the
Ny sec. 4, and the MWk sec. 3, T. 139 N., R. 96 W. (fig. 1).. The area of the
well flald is divided approximl:aly in half by a long narrow hill that trends
northward (fig. 2%). ' The eastern half of the field was the first to be
developed and at the time of the investigation it had four wells, 0One well
(no. 4) is aquipped with a double acting cylinder pump powered by a 15 horse
power oil engine, The other wells (nos. 1, 2 and 3) are gravel walled wells
equipped with turbine pumps that are powered by electric motors. Water from .
these wells is discharged into concrete catch basins and then flows by gravity
to a concrate cistern of about 200,000 gallons capacity which is located near
the pump station. From the c:l.ltcrn, the water can be pumped directly into the
mains or into a steel reservoir of 849,000 gallons eapacity which is located
at the crest of the hill that transects the well field. Wells 1, 2, 3 and 4
range in depth from about 170 feet to 196 feet below land surface. In April
1944 the altitude of the static watet.level in the wells ranged from 179.55 to
201.20 feet above the assumed datum. The depths to water level below the
measuring points ranged from 97 .72 feet in well 4 to 132 05 feet in well 3
(fi.so 2)-

‘l‘herc are three wells in the western half of tha mnici.pal ul]. f:l.eld (nos.
5, 6, and 7 on fig; 1). Each is a gravelewalled well and is equipped with

a turbine pump powered by a 20 horsepower electric motor. Water from these
wells is discharged into a 6 inch pipeline and is pumped eastward over the
hill by the turbine pumps. At a point near well 3 the water enters a con-
crete. catch basin and then flows by gravity to the concrete cistern near .the
pump station, Wells. 5, 6, and 7 range in depth from 135 to 155 feet below
land surface, The altitudes above assumed datum of the water levels in wells
5, 6, and 7 on May.5, 1944 were 218.23, 261.65, and 262.30 fest, respectively.

HISTORY OF THE WATER SUPPLY

Before the construction of municipal water worke the residents of Dickinson
obtained water from many shallow dug wells. A few.wells in the higher .parts.
of the city, howevet. were more than 50 feet deep. The water table was not

far below ground in the southern part of the town, adjacent to the Heart River,
until sewers and drainage ditches were conltructld. Thereafter the.water table
‘declined several feet. £ g wd e

*Fig. 2 = Cross section of Dickinson well fileld
' 2, "



During the installation of the municipal water system a well was drilled at the
site of the presgnt city hall.to g depth of about 1,200 feet in an attempt to
obtein an pdequate supply of potabin ground lutér. 'A’moderately large quantity
of water was upqrud encountered at g depth of about 500 feet but the quality
of .the water was unutisflctory. !‘.rwloul attempts by the Nor:horn Pacific
Railvay Company to obtain ground water of sstisfactory qnauty ‘at’ grul: d!pthl
had been unsuccessful.

The failure of the deep wall at tln liu of the city hall to yield an adequate
quantity of potable ground water led to the comstruction of a bored well in the
eastern half of the present well field, about 150 feet northwest of the present
vell 3, The:wsll was bored to a depth of shout 130 feet. It encounteréd rcla-
tively bard but. potuhl.e water. g = . .
Since tllﬁ ﬂut boud wcl.l,, vu pm: dm l.n i:ﬁo prgunt ‘well flud mn than 40
test holes. and wells. have beem bored or drilled by the City. in érder to maintain
an- adeguute. supply. of water. The exict. location of all’ these test holes is not
availeble althowgh it is reported that’ I:hag vere drilltd within the present city
limits.  Approximately one-third of the testing was done within or near’ the
present well field area. Many of the earlier test wells wére lass tlun 100 feat
in depth,

A well reported about 200 feet in depth drilled at the site of the now abandoned
flour mill located on the bank of the Beart River uboqt. 3/4 mile southwest of the
present well field ptovul lnadqquato for the nqeds of, the mill., It was raported
as hwing a maximum capecity of about 50 gql!om par minute.

Fm wlla 1n the v:lcintty umlly are 493 or boud wells about 25 to 45 feet
in depth. They prove adequate for farm m'd'hwuhold ‘needs. Shallow wells
within or next to the city limits sre repo,rtnd’ to havé gone dry duri.ns tha ‘drought

years of 1933-31 and bave been l.bandonnﬂ w:l.t’ﬁ very fw exccpttona.

Sufﬂciently coarn ‘sands judged luil:abh for dwnlopmcnt were located only in
the vicinity of the existing well field. The more recent wells were drilled to
a depth of approximately 200 feet in order to penetrate all the water-bearing
materials containing water of suitable quality.

The firm of Burns and McDonnel, consulting engineers, made a study of the
Dickinson water system in 1927, after which they recommended the construction

of three gravel-walled wells in the eastern part of the well figeld. These were
constructed between 1928 and 1930 and are designated as wells 1, 2, and 3

(fig. 1). At the time of the construction of these wells the water table had
declined from a probable original altitude of about 265 feet above the assumed
datum or 42 feet below ground to an altitude of 223 feet, or 87 feet below ground
at well 3 and to an altitude of 227 feet at well 1. The altitudes of the water
levels in wells 1 and 3 in April 1944 were 195.4 and 179.6 feet, or 105 feet

and 129 feet respectively below ground. The average total decline of water level
in the castern half of the well field has been about 80 feet.

The increased pumping lifts resulting from declining water levels had decreased
the yields of the wells so that by 1934 the quantity of water available was just
adequate for the City's needs. In order to prevent water shortages that might

result from the failure of wells or break-down of pumps, test drilling was begun
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on the west side of the hill., fThe test drilling resulted in the construction
of well 5 in 1937 (fig. 1). More test drilltns was done in 1938, and in 1939
wells 6 and 7 were constructed, The water table in the vicinity of vclls 6 and
7 declined about 19 feet between 1939 and May 1944,

GEOLOGY OF THE DICKINSON AREA
Ao L. Gr“tllae

A large part of the geology of the Missouri Slope Region of North Dakota, which
includes the Dickinson area, remains to be worked out., There is still some
divergence of view regarding the relationships of beds originally referred by
A, G. Leonard 1/ to the Fort Union and Lance formatiohs. More recent studies
by Virginia Kline, 2/ 0..A, Seasger et. al,, 3/ Wilson M. Laird, 4/ and W. T.
Thom, Jr., 5/ supply additional data’ for further’ clanification. “The follow=
ing table gives a probable corralat:l.on of the fomtiom desctibed by Leonard:
with those of more recent authors. '

1/ Leonard, A, G. The geology of southwestern North Dakota with special refer-
ence to coal: North Dakota Geol. Survey, 5th Bienn. Rept., pp. 51-64, 1908.

2/ Kline, Virginia, Stratigraphy of North Dakota: Am. Assoc. Petroleum :
Geologists Bull., vol. 26 (no. 3), pp. 336-79, 1942.

3/ Seager, 0. A,, et al., Stratisr hy of North Dakota: Am. Assoc. Petroleum
Geologists Bull., vol. 26 (no. 8), pp. 1414~1423, 1942, '

4/ Laird, Wilson M., Stratigraphy and structure of North Dakota: Nat'l. 0il
Scouts and Landmen's Assoc. Year Book, vol. XIV, pp. 420-430, 1944.

5/ Thom, W. T., Jr. and Dobbin, C. E., Stratigraphy of the Cretaceous-Eocene
transition beds in eastern Montana and Dakota: Geol. Soc. America Bull.,
Vol. 35, pp. 481-506, 1924,
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There are no sediments belonging to the White River formation, of Oligocene age,
in the immediate vicinity of Dickinson. Soft dark-gray esndstonas and shales
described by Leonard as Upper Fort Union, and later named the Sentinel Butte
formation of Eocene age, are exposed at the surface and along the banks of the
Heart River. Samples taken from tést holes drilled in the present well field
may be correlated favorably with the exposures described by Leonsrd in the "bad-
1and"” area about 35 miles west of Dickinson. Leonard's description is as follows:
"The Port Union is readily separated into three divisions by a merked difference
in character snd appearance. The upper beds are composed of rather dark gray
sandstones and shales, with many brown, ferruginous sandy nodules and concretions.
The middle division is formed of light ashegray and buff shales and sandstones
which are remarkably uniform in color and asppearance over extensive areas. The
lower member has a dark and somber aspect in striking contrast to the light
colored beds above. It is composed of alternmating layers of dark gray and brown
shales and sandstones, contdining many sandy nodules. The lower portion : cone-
tains no workable beds of coal."” A little later he adds, "The top of the Fort
Unfon is formed of a rather hard sandstone 80 to 100 feet thick.”" 6/ A typical
section of the upper Fort Unfon as found in Sentinel Butte and described by
Leonard follows:

Feet Inches

Sandatonc, gray, bBard coceesvccscansinsessnncecnsaccnane 80 ;
Shale, sandy, gray and yelloWe.ceecosscsscosscessscsscees 30

Sh'ale, bm, with thin seam of coal --n.ltt.ltnco.cootoo 1 6
Sbll.e, q.ndy’ gray md yellw P800 IRRRPINIENISIOIROIIIRADRTY 33
co‘lnotutl--actinlt..r'_'potconlooot.-oolatnopcono.;-. G 6

SNdstonﬂ, fma‘grum, CIWQY-nrc.cl.o.cocoot..la-o.oc 12
Shale, brown and gray, containing msny selenite

crystaln.......,.,.u-..u....uu...-............
Sandatone, 80£t. fine"gr.ined...inQQQOUUlo-oco-.n-uot.i

co‘lo.u-oonccco-ooollo.co-nvooo-uo:co-o-c.couoot. 12-18
.Shale, brown and CB‘MEWS---......-.----.ooo.coto-o-
Shala, bluish sr‘y TS IeINNNIINEIBNININININERIRRITERRDED
Sandsl:one, gray.q....-.......u.un.u..u.-...u-.....
Shﬂle. and 'md'tane' not well lltpoaad svesssoncsssnssee

co‘ltt-.tlll’.ltl....ll...l..dl...l.l.ll...l.l..lc 2=6
Shale, sandy, Bray.csceccccvecssscsccsssscssevsnssecsass
Shﬂl, gray, with no sand.cceescsessosssssssscsssnsssnss

CoBliccsscsvessssnnesoncsscssnrnnscsnsoseanosonae
Shale, na.n_dy, brown at the COPcesscssccnrssssssnsvnesnnesn
smd'tﬁn., ftﬂ.. BYAYssecoscvccscsssvacnssassssacsnssesee
Shale, "ndy. gray, containing noduleS.scsssssccssccsnes
Mm‘. ftn.ly 1m‘t‘d-..oo|oqnn-uno-o..;-coouo.o.g
Shale, sandy, gray, with ferruginous bands.ececececccess
Shale. .mdy. bm.l..‘..........0!.!.I!l..l....l.l..l.
Shale, BTAY s suceccsarcsencsensssscosstcssssnncnstssasnss
Shale, gray, sandy, containing abundant siliceous

 and ferruginous nodules, arranged mostly in

bands at certain horiszons; those hard nodules

project from the surface of softer shale and

cap -small CI., COlUMNBoncssscnosevescsencsscsncnes 25
Slndltm m .‘hl.. not well m.“.t...l.l.l.t...l.ol 25

co‘tititlotibiitt.llt..o.tltl.'..-co'ot.'o.ﬂl.... 21 2
Unexposed to level of railroad at station of

Sentinel Bllttl..........nuuu.........-..-..-'_190

W e
VIO Ll

ot
MO WBMEsENOINS

R ‘ ' " 610 2

&/ 6
Op. Cit., p. 235 ¢
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The ‘80 to 100 foot hard sandstone cap rock is not found in the Dickinson area.
Samples from test holes show that soft gray sandstones and shales exist to a
depth of 200 feet. It is assumed therefore that only the lower part of the
Sentinel Butte is preseat and it: is- from this formation that the city 1is now
obtaining its water supply. -Near Dickinson, where these beds are exposed along
roadcuts and in stream valleys, and in the typical butte. country east of Dickinson
the sand and shale layefs are very lenticular. and often thicken from a few inches
to as much as 10 feet-within ome hundred yards. Other beds are.mpre extensive
and can be traced for several-miles, repeating the characteristic thinning and
thickening. Lignite bedes are numerous in the Sentinel Butte. Qoal seams were
encountered by teat hol.e 7A béetween 135 and 142 feet. :

Approximately 500 fow of bodc of. the 'zonsuo lu.ver md MW fomuons
(Leonard's Middle Fort Unfon) underly the Dickinson srea. . The marine sandstones
and shales of the Cammonball sre believed not to underlie this area, the con=
tinental Ludlow beds being their probable time equivalents. . Leonard 3/ gives
the following section as -typical of his Middle Port Union (the Tongue River and
I.l.h-.lilu':‘-b‘k formations of Ldré). The outcrop déscribed is about 40 miles northwest
of Ditkinson. e b S -

o ' ' ; " . feet inches
Sandstone, clayery, gray and yulw, finer grained . A
rock belowe=seccccaccccncassnreioconcancnnenas 10
Sandstone, gray, soft, coarse-grained, massive, . .
forms vertical escarpment near top of bluffeee 35
‘ Coal and carbonaceous ghal@=---~re-cu-- weseoan 1-4
Shale, gray and yellow =eccececonccacnccccaccecnns 7

coal-.‘-ﬂ.ﬁ'.-“--.-ﬂﬂ'----.-ﬂﬂ-------------.--
sm‘ -.-ﬁﬁﬁht--ﬂbﬂ---Q-----HP—---------?-.-.---\--_
- Sandstone, clayey, finewgrained, gré arevecsmsnee
7 'Shale, yellow: ==ss=cescecaca T L L conancncacn
co.l q--------m--n-n-o-------n--------n------w
I-sm.’ stw -q-----q----an.--u----b--—----.pn-n.---
Shale, sandy, gray ==-=~=-= - - -
Shale, Bray ===-esweccec=s -——- = -
8hale, brown, carbonaceous, with thin coal seam===
Shale, BTRY === 00 0 R 0 B A N BV,
Sandstone, clayey, gray and buff, fine-guinad.
laminated in places, forms hatd ledge pro- = .
jecting beyond softer claye above and below=-= = 10
Shale, with some sandy stieaks, gray and yellow=~- . 5
Shale, brown, with plant impressiong=esmsrecccmeamm . : &
33 Cogl wee== L et et U T L -1 6
Shale, gray and yellow, with sandy layers and a. S
thin stresk of cosl e - . 725
Shale, sandy and passing toward thn I:op 1m:o a -
hard, compact, fine-grained, gray sandstone, = -
which forms ‘s projeéting - hdso mmeemeeassaeces’ " T Jef
Shale, gray and yellow - - - _"; 6
4
5

-b-n-u-uﬁ- [

 Sandstone, fine-grained -=eemssvcccencesen ———— |
g Shale, srq md ,.11“ --ln-nqw.-n-------d-n----—

Shale, sandy, -gray, fineegrained =+ec-eceeais o '
Coal natreak, and braun_,_ carhogueouol clay_---;--_' o . ! 1=2

1/ Leonard, A. G., op cit., p. 54 7.



' ' Feet Inches
Sandstone and sandy clay, gray, in places the
sand 1is cemented into hard rock, forming
a projecting ledge =scecccconcecmncrncinennnacans

smle, Bray . e T T e T T P P T

Shale, brown =ee== cermetemann .. ey . 8
Co‘l .-. ------- -.--------.--“-_“----“-----‘“.-- '
Shale, gray and yellow s=weccccconccccccnncsnnnnncnan
Shale, brown, carbonaceous =erescecsscccsunccoccnncncn
coal .-.-'----------'I‘P----U--‘--------------*------
Shale, brown, with abundant plant remains, )
mostly -stem impressions e=-swevceccwe- chmescecnee
Shale, gray =ess-cmceccecs ——mon -

Sandstone, finewgrained and sandy shalews-~e~cemvecca

-~

PN
(=]

o

shale ‘---““----nq.--------- - -

shu‘, san e’ = B L L T - -

Shale’ gta‘y C L DLt -.------.-“----------.---- - o e g

= OhP W

coal D o S e 45 4 e D S S S D A5G A N OF 55 0 ED SV 4 4 STOU W 55 09 6 90 i a0 0 2

coal ﬁ ----- LD L L L b Lt 2 L 1 P L b U L 1 L T T E L F 1 L L 1 L L 1 L [} s

Shale T e e - - .- - - - - - 3-5

coal S S e S oY En 08 e e - s o - W 0 e O a0 11-

Shale and sandstone, ot well exposed, to

river - w ey = - - W . ey - e i e o o 0 4.0

251 6

The Hell Creek formation (or lower Fort Union of Leonard) should be present in
the Dickinson area at considerable depth. This formation is below the stream
level of the Little Missouri River in the area of badlands around Medora but
crops out along the east slope of the Baker anticline south of Marmarth which
is about 75 miles southwest of Dickinson. 'The beds are described by Leonard 8/
as follows: - ' o

' Feet Inches

Burnt clay bed, capping the buttea cesvesensencenanee - 26 :
Clay, gray =-==sca=- meaeesseee. --—--~—--------------- 2
Sandstone, fine-grained, buff ee-s=c- e 8 9
Shale, gray ==e=eeceece-a memeam—e. B 2 9
Shale, light buff =ecccecccuccaca - - - - 9
Shale, chocolate brown, carbonaceous =e=ee=-- PSP S 2

Coal, impure and dirty =escseccccmncccnccccccccns 11
Shale, DIOWIN *scccccncsscsccnuccnenarcnansnsassns - 9

CO!I 1mpure - - - o o o i 8
Sandstone and shale, chocolate brown. carbo=-

NECEOUS e ececcscscsanscsecwasseesssss [T R ——p—— z
Sandstone, Bray =w-eeecscccbccdihmccssncnnncbnononecus 12
Shﬂle. Bray wemcescencas 0 o 0 s A - 2
Shale, brown, carbonaceocus =e-=s-ceciccccea B 4 3

Coal, impure ==ceewacccccvcncncsncivencnannnens - 8
Sandstone, fine-grained, gray =e=-svececc«. SR SRE— 15 6
Shale, chocolate brown weeccacccnvassncecsccsncvnnnns 1 7

8/ Leonard, A. G., op. cit,, p. 47
8.



Sandstone and. shale, not well exposedsroc--=cnece

M brm -----------.-u-n.--".-¢----~-_----_Q :
. BMMG’ sr” ----“b—--qpq---.uup---’-u--um- ;

mth, hmk' c.:bw. ““nu----u----p---u-

Sandstone, argillaceous, srly Snnnpnemeneadcan - }5 3
Shﬁla. BEAY =m=mw= - [ p— 5
Sandstone,. Bray =e=es- - msvennaesnnnemeess 3
sm-, sraﬁ - i - o -ﬂ----wpmm--- a® 10

co.l mt‘ ‘nd d’_rty -q—-cbononounonum
sm‘. cmolat. brm --------u--------—----n-o

. 'Sandstone mer= T e EEE SR ETPEEY
':M.” cm‘r“m e o . —-1.-“ ke e el
Sandstone; drgillaceque. =w====2 \ gperned
Shdle, browm,. cuhnnm». vﬂ:h soma coal m————
Shale, gray weseceicoes ; eemencesanona
Coal, impure .~= -"... I & e b

M‘.ms’ tim ’8‘ -ﬂ-Q“.I“-Tq--P’--u,----p- ; .

Coal ,; fmpure, with 7=inch clay.parting =====
Shale, chocolate brown, carbonaceous ==-=s=e==ee=
Shale, sandy, changing in places to sandstone----

Coal and brown shale ==s=ses=ezesenssmascues

Sandstone with some 013,', ET8Y =weccscscmsecsccss
BMIG, brm, carbonaceous TREssepeEseenaemeeesne
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The Fox Hills sandstone, the Pierre, Niobrara, and Benton shales, and the Dakota
sandstone are believed to be present in the Dickinson area. Of these the Fox
Hills is most likely to contain an adequate quantity of potable water. Leonard
9/ describes an outcrop of the Fox Hills strata alohg Little Beaver Creek in
Sec., 7, T. 132 N., R. 106 W. as folldws-

' Feat'
Sandstone, light greenish-gray, mlssive conmmemana= 50
SBIIdﬂ:Dl:Ie, ledsa, yelrow HOSGAUESSE e NSnsS e - - - 10
Clay, sandy, finely laminated =--=<=ee-cccmccas mewm’ 25

This outcrop is about 80 miles southwest of Dickinson. The -Carter 0il Co. No. 1
Semling, drilled about 90 miles east and north of ‘Dickinson, encountered about
175 feet of sandstone described as Fox Hills at a 'depth of 915 feet below land
surface. The top 70 to 80 feet was described as coarse sandstone. This forma-
tion should be encountéred in the Dickinson area at depths between 1000 and 1300
feet below land surface. The next aquifer productive of moderate amounts of
water is the Dakota sandstone. The top of the Dakota should be reached at

about 5100 feet below land surface or at about 2700 feet below sea level. 10/

POTENTIAL WATBRTPRODUCING'AQUIFBRS IN THE DICKINSON AREA
A. L, Greenlae

The present well field at Dickinson is the largest producing field known to
exist in North Dakota that obtains water from the Sentinel Butte (or Upper

Fort Union) formation. An analysis of the type sections listed above gives the
following total thickness of ¢lay, shale, and coal, and of sandstone and clayey
sandstone in the exposed sections; also the thieknala of the three principal
sandstone beds in each unit.

Total thickness,
in feet Thickness of principal
Shale, clay, and coal ' Sandstome  sandstone beds, in ft,

Sentinel Butte

(*Upper Fort Union) 307 113 80 - 12 -« 12
Tongue River-Ludlow ~

(*Middle Fort Union) 129 F - 8BS 35 =16 - 10
Bell Creek

(*Lower Fort Union) 243 199 - 63 = 23 - 16

Most of the sandstones are very fine-grained and have varying amounts of clay and
in many places thin seams of shale. They have high porosity but low specific
yield and transmiseibility. To produce any large amount of water, the beds
would have to be of considerable thickness. It is doubtful whether the yield
from beds less than 30 to 35 feet thick would justify the cost of development.
Of the total section described, only the Sentinel Butte and Hell Creek forma=-
tions are known to contain a bed of sandstone over 35 feet thick, Water may

be found in the seams of lignite but it has a high organic content and a dark
brown color and is, therefore, unsuitable for a municipal supply.

9/ Leonard, A, G., op. cit., pp. 43=44
10/ Ballard, Norval, Regional geology of Dakota basin: Amer. Assoc. Petrol.
Geol. Bull., Vol. 26 p. 1568, 1942.
*Nomenclature by A. G. Leonard
10.



The ll'o: Hills undatm is-a po.tautd.tl nqul.fcr though 1: uu at conﬂ.deuble
depth, Test=drilling and test-pumping will 'be required to supply quantitative end
‘qualitative data needed to evaluate its potentialities. However, three wells
which have been drilled to this formation in the vicinity of Dickinson failed

to’ obuin an ldnquan quantity of pouhl& water as discussed later (p.l'l-ls}

The: nllwta mdltm h known to cmtunr Mghl.y nlnanltnd water_ in othqr pnrts
of the State. The poot quality of the water and its great depth :ln the . :
D:l.ck!.nm u-u mclndt ite dmlomt ior a, -mi.ci.pa.l supply.

Delpi.to thl lming of tlu v&tlt tlbh i.n ltha mmm ha-l! of l:ht well ﬂald.

s few wells: obtain smell quantities of water. at.relatively shallow depths.
These wells. probably penetrate bodies of. pﬂM watey that are held above the
normsl water table by the relatively impermesble. lenses of clay shale. Test hole
3B encountered water between depths of 51 apgd 53 feet. The water there was held
-above the normal water ubh by the: undonly&m%tooc bed of clay.

The water mcountlud i.n the well ﬂold at daptha less than 200 feet gonerally
is relatively haiid but is satisfactory for most domestic uses. At depths
greater than 200 feet most wells encounter brown. lignite-stained water thet is
relatively soft but is not suitable for public supply because of its color, .In
the vicinity of wells 3 and 6 this water hu .baen cncoum:ered at a depth of

about 235 fest, ; , -

PHYSICAL moi»mm OF WATER BEARING MATERIALS
Doﬂnit:iona md gcmral comuent:lonl

'l'ha follow!.ng d:l.scuuion of the princlpleu gmrning the occurrence and movement
of ground water has been based chiefly on the authoritative and detailed treat~
ment of .the occurrence of ground water by Meinser. (1923). to which the reader u
refnrmd for more u.t-mdod concidaut:lpn- - : L

The mkl thnt unke up ths om:.r crust qﬁ the nrth senerally are not entirely
solid, but have numerous openings, called votdl or Mtcrltices, whlch may con~
tain air, natural gaeg; oil, or water. -The: nunbe:, sise, shape, and arrangement
of the interstices in rocks depend upon.the character of the rocks. The occurr=
ence of grmmd wvater in any :csi.qni 48 tlgernton modified by thc g.ology. '

The opan apacel in: rocka vcry ltqatly in sim. Gcnarally they are. connacted 8o
that water can percolate frem one to.another, but.in some rocks these open
apuu are hohl:od md the water- m um. or no chance to. percolate,

The porosity of " rock iu l:ho parcantaga of the toul. volume ‘of ‘the rock l:hat
' 48 occupiedcby:dnterstices, - A rock is said to be satursgted when all its inter--
stices are: filled with water or other liquid, and the porosity is then pucti.- :
"cally :the percantage of the total volume of rock that is occupied by water,
The porosity of a rock determines only the .amount of water s givan rock can hold,
- not the amount it may yield to wells, A Some- rocks, such as certain clays, may
"~be.highly porous but will yield only very. small quantities of water to wells;



The rate of mnvemant of ground water is determined by the size, shape, number
"and degree of interconnection of the open spaces in rocks and by the hydraulic
gradient from one point to another. The permeability of a water bearing material
is its capacity for transmitting water. The cocfficient of peremeability may be
expressed as the number of gallons of water a day, at 60° F., that is conducted
laterally through each mile of the water-bearing bed (measured at right angles

' to the direction of flow), for each foot of thickness of the bed, and for each
foot per mile of hydraulic gradient (Stearns, 1927, p. 148). The field coeffice
ient of permeability is expressed as the number of gallons of water a day that
percolates under prevailing conditions through each mile of water bearing bed
under investigation (measured at right-angles to the direction of flow), for
each foot of thickness of the bed, and for each foot per mile of hydraulic grad=-
fent., The coefficient of transmissibility may be expressed as the number of
‘gallons of water a day transmitted through each section one mile wide extending
the height of the aquifer, under a hydrasulic gradient of one foot to the mile
(Theis, 1935, p. 520). It is equivalent to the field coefficient of permeability
multiplied by the thickness of the saturated part of the aquifer.

The specific yield of a water bearing formation is defined as the ratio of (1)
the volume of water which dassaturated aquifer will yield by gravity to (2) its
own volume (Meinzer, 1923, p. 28)., It is a measure of the yield of a water
bearing bed when it is drained by a lowering of the water table. The quantity
of water that may be removed from storage in a saturated body of material thus
depends upon the specific yileld of the material.

Behavior of the water level near a pumped well

The following discussion has been adapted for use in this report from similar
discussions by Wenzel (19&2, pp. 98-101) end other members of the United States
,.Geological Survey.

When a pump begins discharging water from a well under water table conditions,
the water table near the well is lowered and a hydraulic gradient toward the
well is established, The water table soon assumes a form similar to that of an
_inverted cone with its apex at the well. For a short time after pumping begins
most of the water that is discharged from the well is derived by unwatering
sediments near the well, but as pumping continues water will be transmitted
laterally to the well through the water-bearing material at approximately the
rate that it is being pumped; that 1s, a steady state of flow will be established.
Continued pumping at a constant rate causes continued expansion of the cone of
depression and further decline of the water table. The decline of the water
table is completely arrested only after the influence of pumping has reached
one or more boundaries of the aquifer and reduced the outflow or increased the
. inflow thereby an amount equal to the discharge of the well (Theis, 1940).

. After the discharge of a well is stopped, water continueévzo-uovefcowafd the well

for a time under the hydraulic gradient created by pumping, but instead of being
.. .discharged from the well it refills the well and the adjacent unwatered sediments.
.. At a considerable distance from the well the water level may continue to decline
for a time after pumping has been stopped because water continues to move toward
the well until the hydraulic gradient returns to normal. As the sediments around
the well are refilled, the hydraulic gradient decreases gradually and the
recovery of the water level in the well becomes progressively slower. Eventually
there is a general equalization of water levels over the entire area affected,

and the water table tends to assume its original form, although in some cases a
part of the sediments may remain temporarily or permanently unwatered.

12,



PUMPING TESTS
Schedule of Operation

He)lc 3 and 7 1n the Dick:l.nm well field wa:e test punpod during the 1nvelt:l.gn-
tion. Well 3 was pumped continuously for 49 hours at an average rate of 105
gallons s minute. Perjodic water level measurements wers made in wells 1, 2, 3,

. 4, and 5, in well 3A, mhich is an abapdoned well, and in well 3B, which h a test
hoh drilled during the investigation. Excessive wi.thdraull of ground water
from the eastern part of the well field had created a large, irregular cone of
depression that extends the entire width of the well fisld. Because of the low
yleld of the wells and the inadequate storage facilities it was not possible to
stop all of the pumps and allow the water levels to recover fully. Wells 6 and 7,
therefore, were pumped continuously during the test on well 3. When the pumps
in the eastern part of the field were stopped prior to the test, the water table
rose rapidly for a few hours but the rate of recovery gradually decreased so

. ‘that after two .or three days the rate of rise was only a few hundredths of a foot

. a day, indk,ating that the water table was appruchi.ng static conditions on a

. larse cone of dapnutm

When the pumping of well 3 began, the water levels in wells 1, 2, and § were

rising and they continued to rise during.a large part of the punping test:. A

near-equilibrium cone of depression was not established at wells 1, 2 and 5 8o

the water level muur-mt- ;t these welle were not used ‘in the calculations
. of permeability. : : . .

The water level in well & rose and declined several times during the pumping
test on well 3. By plotting the water level in well 4 and the water level

in the near=by concrete cistern it was found that they fluctuated together.
When the cistern is full it holds approximately 830 tons of water. The weight
of the water apparently compresses the water bearing materials sufficiently to
cause & rise in water level in the vicinity of the cistern. - As.the cistern is
emptied the pressure is removed and the water table declines. Because of the
£luctuations of the.water table caused by the addition end withdrawal of water
from the cistemn, the water level measurements i.n well 4 wera not used in the
cllculnttonn of pamabiuty.

i Tha pupin; tut -of well 7 was nalc lbout two waeks aftet t,he test on- wau 3.
Because of the greater demand for water occasioned by ‘the warmer waath-r and
because of a break down of the pumping equipment in well 1 it was necessary to
pump wells-25 3, and 5. during the test.of well 7, Well 7 was pumped contin=-

. uously for.64.5 houu ‘at :an. AVerage rate of 130 gallons a minute. Pariodic
water level measuremepts were made. in wells 6 and 7, and in well 7A, which is.
a test hole that was drilled duri:;g the 1wntignt1on. a

Detemtmtton of 'Irmaniuibﬂ:l.ty

The data obtained from the wnpi.ng teau ot wells 3 and 7 were used to deter-~
mine the coefficient of transmissibility of the water bearing materials in

the Dickinson well field. The transmissibility is the product of the permea- -
. bilicy by the:original depth of flow (uamd to ba unifm whcn the watcr
table ia- Ln 1!:' undiltnrbed poai.ti.on). : ; :

13,



According to Darcy's law of the flow of ground water (Darcy, 1856), the dis-
charge (Q) through any section of water bearing material is equal to the product
of the permeability of the material (P) by the hydraulic gradient (I) by the
cross sectional area (A). Hence Q = PIA and P = Q/IA, = In the vicinity of a
pumped well, A 1s equal to the area of a cylindrical surface co-axial with the
well, having a height equal to the thickness of saturatod water-haaring material,
Thgrefore A 2 2r(m=8) g 2frh in which

r = distance from the pumped well.

m = initial .thickness of saturated material.

s = drawdown at distance r from pumped well.

h = elevation of water table above base of squifer at distance r.

The permeability of a water bearing material can be computed by substituting
these values in the equation P 2 Q/IA. This method was first used by G. Thiem
(1906), who developed the following formula for computing permeability by using
measurements of the water levels in two observation wells to define the gradient
and using the measured discharge of the pumped well.

PaeQlog (r2/r_1)/§(h§_ - hf)

The transmissibility, which is equal to the product Pm, is expressed as follows
in terms of the drawdowns at two different distances.

2- 10 (x2 rl =
qul - si/2m) = (s = s§/20) e e

= 2,30 Q 10310(:2/:1)!21(51 -sz)

T = coefficient of transmissibility. r; and ry = distances from the pumped well.
8y and 8y g drawdowns at distances r; and rj. m = initial thickness of saturated
material, g =8 - s2I2m = adjusted drawdown, whlch is the same as the drawdown
that would occur in an equivalen: confined aquifer.

The analogy that exists between the nonsteady flow of water im unconfined beds
and the nonsteady conduction of heat was pointed out by Boussinesq (1904). Head,
or elevation of the water surface in a well, is analogous to temperature;
hydraulic gradient is analogous to teuperatura gradient: permeability to thermal
conductivity; and specific yleld per unit thickness to specific heat times
density. On the basis of this analogy Theis (1935) derived the relation for the
lowering of head in the vicinity of a well discharging at a steady rate from an
extensive aquifer. The drawdown at a distance r and at a time t after the
beginning of discharge is given approximately by

s = (Q/4T) 2.30 log;,(2.25 Tt/r§s"')
where S is the specific yield or "coefficient of storage".

With the value of t fixed this relation expresses the variation of drawdown with
the logarithm of the distance from the discharging well and reverts back to the
preceding equation. By plotting values of s' against log. .r one can obtain T
from the slope of the straight=line plot. The cunputatio&g are simplified by
takinga s' 3 | -s as the change in drawdown over one log cycle, putting log
10!2‘:1. 1.

14.



Then: T = 2.3@ e

2nas'

The above method was used in determining the transmissibility at Dickinson. The
data for the pumping test of well 3 are shown in figures 3% and 4*, Because of
the decline in discharge shown at the bottom of figure 3, it was not ut:lsfactory
to use the drawdown datas without making sowe sdjustment for that decline,

' linplor pmc&:u was to’ wﬂi with the recovery observed in three wells and
‘treat it as though it were & tegative dfawdown, 'rhe valm o£ T wu founa to

" be ‘about 8, 500 slllons p.rdq'por foot.- g T :

Determination of- chcific Yield

The storage coefficient ‘is determined from the intercept of thc ltraight l:l.nc
and the zero drawdown 1ine, Putting s = o. :le is !ound that -

'8 =2 25tb/:%

where r, is the distance at which s = 0 on the straight line. The value of 8
detea from this test is about 0,001 which suggests that the water bearing
formation is confined or semi-confined, at least in tha'_vri__cl:l.n:l.ty of well 3,

The data for the pumping test of well 7 are shown in figures 5% and 6%, Here
again, there was' a decline in discharge during the pumping test. For this
reason the recovery method was used in the detérmination of transmissibility.
The slope of the line (Fig. 6) was 7.3 feet over one logarithmic cycle. The
transuissibility in this case was found to be about 4,500 gallons per day per
foot and the coefficient of storage was found to be 0,016, This high apparent
coefficient of storage may be due to the fact that 'ul.l 1 draws water frou a
conﬂnad und and fm an aurlyins monﬁ.nid und ;

uumm' oF m wm
Yield of ﬁmidtpal wnlll

The yields of the municipal wells at Dickinson range from about 60 gallons per
minute. for well 5 to about 130 gallons per winute for well 7. Wells 5, 6, and
7 age located on the west side of the hill and their pumps must boost tha wvater
over the hill in addition to 1ifting it to 'the surface. As a result, the rate
at which thes¢ wells diséharge water into the ‘cistern is much less than the
‘rate at which l:luy duclm.-se -water at the wall hnhu. ' The three wells have a
total yidId of about 320 gallons per wifute when dllowed to discharge at the
well sftes bt they duchargc only" 160 gallons per minute.into the cistern. The
combined alqchgrsi of ‘a1l ‘the ‘wells except well &, which gentuny u not uud,
is 417 gallﬂm por ﬁinute at the cistern. - ,

Detatninuion -of" ﬂ:ondy-lnu drm

Asmihg thal: the ef&ctlﬂ radtul of mh vcn is 0.5 foot and that four vells
mh tﬂ ne et the pi m, the effective radius

I_fri._g,- 4 - Time drm gtlph for test of well 35 - s
*Fig. 5 - Graph of data from pumping tu: of well 7. '
*ig. 6 « 'rnn drawdown’ guph for tu{sot uu 7.




of a battery of four wells (such as. ualls 1, 3, 5, and 7) is computed to be
about 240 feet, _

Knowing the effective radius of a battery of four wells such as wells 1, 3, 5
and 7, one can calculate the spproximate steady-state drawdown of the Dtckinaon
wells, The four wells (1, 3, 5, and 7) are situated about 6,000 feet north of
the Heart River, along which there assumedly is salvageable naturel discharge.
The river is considered to be a constant head line source of water.

Assume that T = 6,500 gpd per ft.,
Ty (effactiva radius of battery of four wells) = 240 ft.,
(approxlmate peak daily discharge) = 576,000 spd.
b z steady-state drawdown
(distance to straight line source) = 6,000 ft,

Then:
2a
s, = 2.303Q logllr, =

22T

8 = 2.303 x 576,000 x logl0 12,000/240 3 55 feet.
27 x 6,590. .

The well loss of well 3 when pumping at the rate of 102 gpm was inferred to
be about 10 feet (Fig. 4). .Adding this to the computed drawdown of 55 feet
gives 65 feet for the probable total ultimate drawdown when four wells operate
continuously. This leaves very little margin for future operation at rates
exceeding 400 gallons per minute because the thickness of saturated material
in the Dickinson well field ranges from a little less than 30 feet to a little
more than 90 feet and averages only about 75 feet,

CONCLUSION

It would not be practicable to drill additional wells in the existing well
field to asugment the water supply for Dickinson because the present wells are
equipped to pump more than 400 gallons a minute (an amount sufficient to cause
a drawdown of 65 feet). This is based on the assumption that the parmeabillty
~ and thickness of the water bearing materials are the seme for the entire area
as they are at the well field. Approximately 40 wells and tas; ‘holes have
been drilled in the vicinity of Dickinson by the City and by the Nor thern
Pacific Railroad Company but most of them were abandoned because of a lack of
adequate potable water. The thickest and coarsest water bearing materials
were encountered in the well field, and therefore it is not logical to assume
that the thickness and permeability of the water bearing bed are as great
adjacent to the well field as they are at the well field. The early Tertiary
sediments that underlie the Dickinson area consist predominantly of ¢lay end
fine sand. The sand beds vary greatly in thickness and may pinch out in
relatively short distances. In addition, the ratio of clay to sand and hence
the permeability may vary greatly within short distances, Many test holes in
the Dickinson well field have been abandoned because the water bearing sand
contained so much clay that it was not feasible to develop a well at that site,
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Drilling to greater depths in order to obtain an adequate supply of water also
would be inadviseble because of the character of the underl ying sediments. 11/
Three wells have been drilled in the vicinfty of nickinm to depths in- ‘excess
of 1,000 feet (1,200, 1,800 and 1,823 feet) but noné ‘obtained an uhquan
quantity of potable water.

It has been mggcated that s solution to tho watar mpply prcbln at Dicki.nson
may be the impounding of water in the Heart River which flows past ‘the southern
edge of the city. Studies have been made of the Hesrt River in the vicinity
of Dickinson by the Bureau of Reclamation to determine the feasibility of
impounding water for municipal, industrial, and irrigation use. It has been
~estimated by them that the average annual discharge of the Heart River at :
Dickinson 18 about 12,000 acre Eeet- (spproximately 3,900,000,000 gallons).*
The quantity of water available from the Heart River "weuld: be adequate for. the
needs of the city, allowing for moderate growth, The storage reservoir should
be sufficiently large to impound adequate water for the needs of the city during
periods of small streim flow. In the event of prolonged droughts the wells
could again be purpod until adequate water had been impounded in the reservoir.
If cooler water is desired, the wells could be pmped in the summer and surface
water could be used during the rest of the year, ‘Becausé of the. better..quality
of the river water, however, it probably would be’ desirable to use 1t a3 much
as possible.

Automatic water lavel recordays have been msulled on wclla SA and u 80 that a
continuocus record of water levels in both sides of the well field can be kept.
This will allow for properly balanced pumping on both sides of the field. In
this way the city should be able to obtain a more economic dﬁtﬁbﬂtim of
pumpagé and to ¢delay somewhat the dtclﬁu of Mm hvlls. t

This imaatigation has not exhausted r.he poutbili.tiu of' ndditi.oml 3round
water supplies at some distance beyond the influence of the prnnt well field.
ilowwar, the rcsulta of test drilling hdve not been nnmagt.ng on th:lt ‘score,

The materials encountered in test holes 3B and 7A are describéd hlw. The
holes were drilled by a cable tool drilling machine owned and operated by the
McCarthy Well Company. Samples were collected by the driller and the ducrip-
tions were made by the writer.

Log of test hole 7A, 99 feet southeast of well 7. Altitude of top of canﬁs,
310.81 feet above datum. Static vam ’lwsl 4&82 f“t bclow top of ua:l.ng.
May 28, 1944, _ .

b

Thi.elmns ' 'Doi:th
i Pl b Feet  : _Feet -
Sotl, brova, ‘endy < 11t ' L R

Clay, sandy, gray md tan, %ctmui.ni.ns

thin seams of lignite _20 _ 25
11/ Simpson, H. E. Geology and groumd water resources e of North Dakota:
U. S. Geological Survey Water Supply Paper 598, p. 226.. :
w*Personal communication, Charles T. Hinge, Engineer for Bureau of Reclamation




Thickness Depth

i ; ; ) Feet Feet

Sand, very fine, gray, containing clay,

lignite encountered at depth of - ' ;

80 feet 60 85
Sand, fine to very fine, blue, containing

clay, gray 41 126
Clay, blue=-gray 6 o132
Clay, brown, containing thin beds of

lignite 10 .. 142

Logé. of test hole 3B, 75.5 feet nortlwest of well 3. Altitude of top of casing
312.16 feet above datum, Static water level 129,12 feet below top of casing,
May 14, 1944. :

Thickness  Depth
_Feet Feet

. Sand, fine and clay, gray : 8 8
Sand, fine, hard, bluish gray, con=
" taining clay, gray. Water en=
countered between depths of 29
and 30 feet. 38 46
Sand, fine to medium, poorly sorted, _ :
. bluish=gray, containing silt and
clay, gray. Encountered thin _ :
bed of lignite at a depth of 46 ft. ; 5 - 51
Sand, fine to medium, bluish gray, con=

taining water 2 53
Clay, dark blue=gray s 97
8and, very fine, bluish gray, containing g

clay, gray’ 31 128
Sand, fine, bluish gray, containing

clay, gray 29 157
Sand, fine, bluish gray : > 34 191

WELL SCHEDULES .

Well 1

Diameter: 20 inches to 12 inches
Depth: 191 feet on April 1, 1944
Driller: C. L. Tillquist

Depth to water: 107 .20 feet below measuring point on April 1, 1944
Measuring point: Top of 4 inch hole on east side of concrete pump

base which is 0.88 foot above concrete floor
Elevation of measuring point: 302.61 feet above datum

Pump : Turbine

Power: ‘ Electric motor (15 bhorsepower)
Yield: 100 gallons a minute (reported)
Drawedown: = 19 feet after 24 hours of pumping
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Well 2

Dismeter: . - 20 inches to 10 1nc"t'§o

Depth: . 196 faet (uportd)
Driller: © Cs Lo Tillquist” '

Depth to water: = 124,59 feet balow mmr:lng point on April 1, 1944
Measuring point: Top of 1.5 inch hole in northwest side of pump which

1s 1.0 foot above concrete floor of pump house. %
Elevation of measuring point: 306 as fut abova datum

Pump : © Turbine

Power: Electric motor (15 horupower)
Yield: 100 gallons a minute (reported)
Well 3

Dismeter: 20 inches to 8 inchés

Depth: 182 feet (reported)

Driller: - C. L. Tillquist

Depth to water:  128.92 feet below mmrtng poin: on April 14, 1944,
Measuring point: ° Top of S inch hole in side of concrete pump ‘base -

" which is 0.53 foot above concrete floor of pump house.
Blevation of measuring point: 311.60 feet gbwo datum

Pump ; Turbine

Power: Electric motor _
Yield: 105 gallons & minute : =
Drawdown : 33.14 fnt aftcr 49 hours of pumpi.ng
Well 3A

Diameter: 8 inches

Depth: 191 feet on April- 11, 19“

Driller: C. L. Tillquist :

Depth to water: 129.50 feet below ieaautinz polnt on April 14, 1944,
Measuring point: ‘l'op of casing which 1s 1,9 feet above' land’ mriaca
Elevation of muutinz point: 311. 88 fu: abovc damn. &

Well &

Diameter: 8 inches .
Depth: 170 feet (repartqd)
Driller: C. L. Tillquist

Depth to water: 97.72 feet below measuring point on March 31, 1944,
Measuring point: Top of 0.5 inch hole in west side of pump base which

is 1.0 foot above concrete floor of pump station,
Elevation of measuring point: 298.92 feet above datum

Punp: Cylinder
Power: Kerosene engine (15 horsepower)
Yield: 50 gallons a minute (reported)
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Well 5

Diameter:
Depth:

Driller:

Depth to water:.

Measuring point:

20 inches to 12 inches

154 feet on April 1, 1944

McCarthy Well Company

92.14 feet below measuring point on April 1, 1944
Top of 5 inch hole in north side of concrete pump
base which is 0.65 foot above concrete floor of
pump house

Elevation of measuring point: 310,37 feet above datum

Pump:
Power:
Yield:
Draw=down:

Well 6
Diameter:

Depth:
Driller:

Depth tp.water:‘ 
Measuring point:

Turbine :

Electric motor (20 horsepower)

65 gallons a minute

33 feet after 60 hours of pumping

20 inches to 12 inches

135 feet (reported)

McCarthy Well Company

48.64 feet below measuring point on Hay 5, 1944
Top of 4 inch hole .in south side of .concrete

pump base which is 0,47 foot above concrete
floor of pump house

Elevation of measuring point: 310.29 feet above datum

Pump:
Power:
Yield:
Draw=down:

Well 7

Diameter:

Depth:

Driller:

Depth to water:
Measuring point:

Turbine

Electric motor (20 horsepower)

124 gallons & minute (
13 feet after 24 hours of pumping

20 inches to 12 }nches

140 feet (reported)

McCarthy Well Company

51,72 feet below measuring point on May 5, 1944
Top of 4 inch hole in south side of concrete pump
base which is 0,52 foot above concrete floor of
pump house

Elevation of measuring point: 314.02 feet above datum

Pump:
Power:
Yield:
Draw~down:_

Turbine

Electric motor (20 horsepower)

130 gallons a minute

43.0 feet after 44.5 hours of pumping
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