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Ground Water in Beach Deposits
- of Glacial Lake Agassiz Near
Mountein, Pembina County, North Dakota

By P. D. .Akin

INTRODUCTION

The study described in this report was restricted to a small area in the immed-
iate vieinity of the village of Mountain. The area is a typidal unit in a belt

of beach and delta deposits that extend &ll alang the shores of the ancient
glacial lake Agassiz in North Dakota. - The atuly 1nd:lca.t.as that, in the asgregate,
comparatively large quantities of water of good quality are available from these
deposits . The development of water supplies from these sources may.be of con-
siderable importance to the future economy of the State and it is planned event- .
ually to make a detailled study of the, srmmd-mtar conditions in these deposits
over s mich wider area. = :

The village of Mowitain is located in the swtmeatern part of Pembina 'Gounty,_
on State Highway No. 32, about 5 miles south of the junction of State highway.
32 and State highway No. 5. The population of the village at present is about
250. Many of the ‘people of the village and surrounding erea are of Icelandic
origin or descent and the Icelandic Lutheran Church has had under conaideration
the building in this locality of a home for its aged menmbers. L

It wvas estimmted that the proposed home would require. npwoﬁmtely 5,000 gallons '
of water a day as a maximum, but the village of Mountain was also interested to
learn if there might be sufficient water in the beach sands to furnish adequate
vater for a mnicipal water supply and a modern sewage system. Assuming the
addition of the old folks' home and making allowances for normal population
increases, it was estimated that the total population to be expected in the near
future would be about 500 and that the total water requirements for a modern
commit'y of th:ta size would be between 30,000 and 50,000 gallons a day.

The area covered by this mvestigtion includes less than three square miles.
It extends from the village of Mountain on the east to the foot of Pembina
Mountain on the west. It ig bounded on the south by Cart Greek and on the
north by Can Creek which is tributary to Willow Creek, The eastern part of
the area is shown in Figure 1, attached to this report. ,

INVESTIGATIONAL PROCEDURE

The investigation was made as a part of the program to investigate the ground-
water resources of North Dakota, through cooperation by the State Water Conser-
vation Commission and the State Geological Survey with tha Geologieal Survey,
U.8.Department of the Interior,

P, D, Akin, hydraulic engineer for the U, S. Geologieal Survey was assigned to
proceed with the investigation of the water resources of the shallow sands in the
area, During the latter part of July and the early part of. August, 1945, Mr.
Akin and Sidney M. Thorsted, laborer, did field work in comnection with the
investigation. Mr. H., J Hallgrimson, of the village or Mountain, also assisted
in putting down hand-auger wells in the area.
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. In making the field study, all available information was obtained from 19 exist~
ing wells in the sndesadditionaﬂ.band-augervellavereputdm Samples
ofthecuttingsfr all o fthe hand-alger wells were preserved for study. Ten
samples were taken from the auger -wells for the purpose of making permesbility
tests on the sands. Water levels were measured in all wells, and ingtrumental
1m15mrmtothemfcwthepwpouotdeteminingtheahapeofthemter
&ie&ngtmma were made of discharge at various points on Can Creek and

PHSICBBAPRIC FEA‘I'UREB

Thaarea coveredbythin m:tigation vas at’ omtime mmmwmgmm
Iake Agassiz, the - escarpment at Pembina Moumtein, which merks. the western '
shweottheglaciallakeatitshmstatase; iaabbutthmemiluwutot 3.
the village of Mountain. The village 1s situated on @ shoré line formed at a
lower stage of the ancient lake, marked by an eastward-facing escarpment that .
rises about 30 feet above the Imke plain in' a -distance of UOO feet.. The escarp-
ment is a wave-cut cliff end is part ‘of a prominent shore 1line formed -during the
Campbell 1/ atagaoftheg,laciallaka

From the village of Mountain (elevation 1,068reat)themwfacarues wat-.
vardabout?Oteetmthafirstmileandthmuabout%tosoreetpermrorﬂ
the next ‘two miles to the foot of the Pembina Mountain (elevation sbout 1,225 .
feet),. 'IbzcreeksareentrenehedaotohOfeetbelwthegemallevelofthe.
land surface between them.: . i R

meﬂnageormm:tamusboutsgmnamheastorthe ao:zthermtreach
ofthemmneltaasm{ppeawtmm / " _ |

WAMBEARIHG mum

The area is underlain 'by silty sand and shale-grml derived frm the aroa:l.en
of the formations comprising the Pembina Mountain. The sand and grmrel were
deposited as besches in glacial lake Agassiz. The deposits range in thickness -
up to 25 feet and are the principal scuree of water for stcekanldmast.tc o
purposes in the ares weet dt the vi:l.'lage (we].‘l.s 15-19, rigura l).

The sands and gmre:.s are ifmediately underlain by glacia]. ti1l campoaed chieﬂy
of blue or yellow clay mixed with sand, gravel and boulders. The till is exposed
in the escarpment at the village and is very near the surface all along the
east side of the village (figure 5). Boulders derived from the till cuterop
along a northwest-southeast :u_na across tha ares west of the ﬂnage as shown

mFisure 1.

'.Ehatﬂliq b

wwmmmmm
‘ ‘wells ‘dexrive thedr vater

R e

_/ Uphmn, Warrem. '.{he glanial Iake Agasaiz- U. 8. Geo.'.logioal Suﬂ'ey, Monograph
25 Plo 00 R
a 7 upmm,’wmenl%, Op erb., L. 30._"_. | . ',



-3...

from sand and gravel lenses within it.- ’mechiafdimdehageotsunhmppliea
generally lies in the smell.size of the aquifer and its location within relative-
ly impermeable material where. it receives recharge very slowly. . large withe
armmqmmmmmwa. The wells on the east side of the
villsge of Mountain cbtain water from sands . intheti:l.l (wells 4-8, £igure 1),
and it 1s likely thet yells in the vest side of the village (vells 9-1%,
figure. l) also obtain water from sands in the ti1ll. Unsuccessful attempts have
been made to obtein water mmmmtmmmm_mm
of the village, : .

Possibilities of o‘bta.in.‘lng potable water frm formations mderly:lng the till in
this area are remote, The till is immediately underlain by shales of Cretace-
ous age - - the Plerre shale, Niobrara formation, end Bemton shale - - all of
vhich are very impszvigus and yield little or no water. .In some localities,
small emounts of highly minerslized water are obtained from weathered parts of
the Pierre shale or from sandy layers in the upper portion of the formations, °
The Dakota sandstone, also of Cretaceous rmgg,and the underlying rocks (older
Mesozoic and Pa.lwmic) produce good quantities of highly mineralized water
which, in this ares, generally is not fit for humen conmsumption. -

Amlls?Sfeetdeapvasdrilledinl%Gmthmestsideoftheminstrm1n
the south end of the village of Mountain, No log is svailable for this well,
but it is reported that no water was encountered above 575 feet. From this
depth the water level rose to wthip 180 feet of the surface and was pumped with
a windmill, The water is reported to have been soft and adéquate in quantity
buttmhidﬂynimalimﬁtwmmﬂm. Ihaweuhpabeanabandanad
for some time.

Inasmich as existing data on the tnr-baarins formations indicated that the
shallow water in the beach sands was of the best quality, was the most easily
availsble, mmmudbpingthemstpmmtgmm-water aupplyi.n
the area, the present study was esasentially coul‘ined o a m;mﬁﬁ investi-
aationnf thu Sources _

HYDROLOGY OF THE BRACH SANDS |
RECHARGE

mmandmlamthepreabetwmthevinmormmamandebim
Mountain comstitute a distinct hydrologic unit. There is little possibility

of ground-water underflow entering tha sands from the west. through the shales
vhich form the Pembina escarpment. The streams on both the south and nawtb

are cut through the sands and are entrenched deeply into the underlying till.

The streams do npt add water to the sands but rather act as channels to dispose
of seepage from the sands., The ground-water flow in the sands i® In geperal

twmﬂthqmt,snﬂthere1anoposazbilityofwaterbeingaadmtothesanﬁa
fraa'bhatdirmmn. '

It follows that. allof mm in the sands is derived from the precipitation
on an ares of less than three square miles, bounded by Pembina Mountain on the
west, the Campbell escarpment on the east, Ga.nereakonthenm-thandcart
Creek on the south.



' No -definite figure can be placed upon the percentage of the precipitetion on the
-area that will reach the water table, The precipitation is disposed of in
wayst by direct runoff into the streams, especially from melting shows while
the ground:is still ‘frozen at depth; by eveporation from show in the winter and
.from the soil surface in'the summer; by transpiratitm:fram pdsnts;end by down-
ward pea‘colation to. ‘thewater table and themce into the stréams or into other -
spix 'lé-tdn mmimmydispou of 11:. ] -"t!mtpn‘t

8

watermly ![hiapertgenera.uyﬁ:l.l onlyamn centaaaafthetotal
precipitation (in the avea conmsidered) apd will vary from year to year according
tothemmtauﬂchwacteroftheweeipitatimanﬂthsamdﬁiﬁnormwu. '

'Ihesoﬂwumstofthaarea is’ mtasandyandﬂordagooﬂopportmityfor
rmymmummmmmmmm 1f1:hesmmdianot
eht:lrely :rrozen . , , _ s & :

No pracipita‘tion recm'ds arO mila.‘bla for lum‘ﬁa‘.ln. Becard.s for Halhal‘l.s about
17 miles north of Mountain, are available from Jamuary 1904, to April- 19&8 except
192k, 1925, and 1926 and for Cavalier about 13'miles northeast of Mountsin, “simce

April 1928, . Climstic conditicns at m:ntain will be approximtely tha ame as
e.t Wa.lhallaand cavalier. 87 7 ;

- 'The mnthly pracipi,tatlon at Halham am Cavalier since - 3.90'! as - publiahed by .
theU. 8. Heathernurm 13 given intheta‘ble cnmﬁveo!’thiabook. i finsy

About 68 peroezﬂ; ‘of the mean anmial precipftation is rede1véd during the five
months from May Bo September inclusive. During the 37-year record, 17 years have
had precipitation below normal and 13 years have had less than 16 inches., During
the 37-year period, below normal précipitation has occuireéd for b consecutive
.years one-time, for 3 consecutive years one time and for 2 consecutive years

- +three times. Iwice during the period of record the precipitation for 2.con-

sécutive years has been less than 16 inchés but at no time has the anmual precip-
itation been less than 16 inches for 3 condecutive years. In“the pericd lmmed-
iately preceding thepresent investigation, the precipitation was above normal in
1940, 19h1, and 1942, below nermal in 1943, and above normal in 194k, Durin.g
the first half of 1945 the precipitation vas only slightly below mormal, and

heavy rainfall during July brought the total for the year to about 23 percent
above normal.

'‘Thé ‘aréa over which the precipi'pation is likely to be effective in replenishing
thé ‘ground-water supply in the beach sands is spproximstely 23 square miles.® The
' 'mveérage snnual precipitation is 18.86 inches, The a‘verage ymﬂ{rm of mter
'_rmhmstmmiammaooooo,ﬂooaaunns.. -

~As will: be. ahmnhm, themtml dinchargei‘rcmtnearu neatinateatohwe
“‘been’ about. 80,000 gallons s day .or 30,000,000 galldhs & year at the time of the

- investigation. 'If the estimated natural discharge ‘at the time of the mvesti@tior.

can be taken as the average ahmual Yeplenishment to the gound-water body, then
_ the recharge to the sands ig only 3.7 percent of the average anmual precipitation.
. 'This represents only 0,70 inch of precipitation & year that is effective in

- replenishing the ground-water supply. Thisg is p 1y ‘a condervative figure .
considering the relatively permeable charac'bar ot the mf-fran the land. surfwa
to the water table.
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DISCHARCE

Oneorthemntnaet‘nlmmofenimtingtheyﬁldofanaaner ie to estimate
the natural discharge from the aqifer, In the area considered thenatural ground-
water discharge will be the sum-of the underflov-eastward and 'downward, the seep-
ageintotheatrem,thewamtmspiredbyphuuinthem, -and the water
evaporatedd:lreotlyrrmthe aouinthoummﬂthawtm’tnbhu suffic-
1eub1ynuz_*-the:md.sm'rm_topoxm watewtoremhtm mtuethrwsheap-

u]mt m:on. “ 3L

Figure 2 1s & map of the water-1 Z_L'e‘-inthearqustlﬂied. themtimofthe
ground watér is in'a direction at r'id:b -mgq.es o the water table contowrs, the

t im g ¢ motion: of the ground water is toward.the east -
and dowpward' thréugh the till of th‘e-nearmantat the. village. The ground water

o

also &ischarges into the: strms through aoaps and qa-mga all along mu- co\a-ae,-_-w:

‘.‘

E  ;

ammwmmcmtmwthtmmmmummny. One of
mmmu1WWMMthmwwxammmm
am'wmm,--bemmn-lmm This spring hds the. largest flow
inthaapri.ﬁg'at'thawaﬂerﬂmmmmted. The eountours of the water - -
table bend rather nln.rply toward the streem m 'I!hia J.ocaliwp indmung conaiﬂnr-— .

5
E
5
E

smmmimdmaWMWMMommp
till ace laterally out of the area, The downward percolatiom of .
) mmwwmmmmmthemmotww.-
M-'frmthenndstothatium{ﬁiamin;rdbablyinaisniﬁmmept

mﬁliecmpbeummtuﬂinthe im&iata»vicmworthe utrean#

Fig&a.s isa seqtiontrmnorthta aouth; almathelmeocaumwmhm
2 A-7 to well A-2, Ihisdiasrm’shnws in profile the slope of the -
water table toward thentrms'but 11: alao :I.nd.wates the l:lini‘ted thickness urtha

EEs
Eien
EE

noaew'ﬁathhtes'eanbemae ul'bhumter. diacwged intothe atraamnnwa
through stream discharge: meaguremspts because-of the- transpiration losses ip the
stream valltys an because of* water entering the streams through' seepage and . s
springs from aréas north of Can Creek and south of Cart Creek. However, est:lmtes
ortheflmofthecrqqkammattwpombsinunewiththeaugerwens e
mmbered "C" and D" r'etpeotively. ‘The eatmted atrem ﬂowa ‘are showvn in the
fo:.m 'ﬁb.ble. Sl : o,

." Esbimated £low -

Pl o e : Gain in flow
fatlon . . -  Qresk - |- (ﬁﬁﬁf BeriA%) (galiods per day) |
"D" line Cart 65,000
"C" 1ine Cart 23,000

42,000
"D" line Can 14,000
"Cc" line Can v}

14,000
Total gain 55,000




In Grder to° efkti.in‘h the m af M
meability measuremsnts were malde on sind semples g
Permeability WM& a saterisl by virtue utvmh it
passage of & Flxtd tiorough 1%, ' Io ot vords, the r '
fluid, such a8 water, may be Lrasagittad through o ¢ s ia
by the pexmesbility of thei waterial. Different units of per
been tmel in the varicus Jranthes oF ¥oigioeeriny end poience, the coefficients
used in the hyfivlogie werk of the U, 8. Qeolngical Survey for: field conditions.
This coafTicient is ealled the *fiald coufficlent of permesbility” aod is
mmmtumut.wm &Wﬁ-&hﬂammamamtim




quI‘

Using ‘data m F:Lgure 2 a.nd Figure 3 and an average coefficiant of pemeabil:!.ty
of 149 gpd per sq. ft, a computation was made of the underflow eastward acrgss
the line.of "A" wells between well A-6 and well A-2, This indicagtes. that the

" underflow across this lime was sbout 50,000 gallons a day at the time of the
investigation (July-August 1945). The detailed estimate of the underflow is
shown in.the following table, wmmmmwwmtmmm
the sands is assumed. to be negligible in this section.

Estimte or grem:d»mter un:larﬂm Trom, weat ©o east along sacﬂon from '
test well A-6 to test well A-2 -~ :

1 4" & g -5 n 5 [ T _ B .
From To Widt.h of" Averaga - Area o:f Equivalent Average . Coeffic. Gallons of
Sta.Sta. sub-sec saturated sub-sec depth for slope of of perm~ water per

: (ft.) thickness = (sq.ft.) sub-sec  water  eability day cross-

‘. of sands - one mile ' table in (Pg@d/_ ing sub-
oL (P ) : 'wide(ft) sub-sec f% . 8ec.
o : = (ft/mi) . (5x6x7)
A6 3+00 250 0.20 ‘W8 O.W o909 . 12l
3+00 6400 :300: . 0.90 270 005 92 ‘149 699
6400 9400 300 - 2,40 720 0.136 29.- 9 . 1600
9+00 12500 300 6.32 1896 0.359 « [ 9. - 3370
12400 15400 300 = 11.75 3525 0.668 61 1k9 6070
15400 18400300 - 14,50 .~ k350 - 0.8k & . 19 . 7610
18400 21400 300 .93 L1719 .o..% TRY - | h9 . 7910
21400 24400 300 11,80 3540 0O« 8 49 - 8200..
24300 27#00-300 863'-- 2369 o491 99 . 1k9 7240 .
27400 30400 300 - L.75° %25 . 0210 116 w9 LsT0.
30400 A-2 120 1.80 216 0.041 129 ﬁ - 788

a.bout 50,000 gallons a daar

The total natural discharge through eastward underflow and apring tischarge a.nd.
seepage into the streams from the areas is thus estimated to have been sbout
80,000 gallons a day at the time the study was: mede. While' the. figure of
30,000 gallons a day is probably somewhat high on the average,the year around
for the quantity discharged into the streams, no account has been taken of
evaporation and transpiration losses. It is concluded that the natural dis-
charge from the area is at least BOOOOgaJlmaadayandperhapsmoredueto
the losses not es'bimated.

STORAGE

The water contained” mthe sands is :anotiontoward theaasbandtwardthe
streams, but the rete of mpvement is relatively low when compared with surface
stream velocities, The. qpsntity of water passing out of the sandes each day is
only a small fraction of the total quantity of water contained in the sands.

The water may be said to be.in a state of "transient storage”.

The spcunt of water in transient storsge in the ares between the "B" line of
wells and the "D" line of wells was estimated in the following manner: The
volume of saturated sands was determined from a mep similar to Figure 4., The
volume of satturated sands was then multiplied by an effective porosity factor
to obtain an estimate of the volume of free water contained in the sands. The
effective porosity, or specific yield, of sands cvaries between wide limits,



Q=

A specific yield of 20 to 4O percent is common in this type of material .
No measurements were made to determine the specific yield of the sands . the

amm‘@muum&wmmmcmlmtw computation purposes.

Itutlnucum:bedthntatthetmaorthaimstmtimthnmtptﬂw '
in transient storage in the sands between the "B" line of wells and the "A" line
vas sbout 78,000,000 gallons and the amount in storage bwtween the "A" line and
tho“n"lmmstmtssoooooomm,watotnofmm,ooo,ooo
gallmabmw's“nmmm"n“nm e

wa.m mmunm rmfmm., oo, Bl

Ithas'bunostiﬂtﬁtha‘bmmtml oonﬂitim atthet otths:lnnsti-
gation (July, August, J945) the discharge from. the sands-vas about 80,000..
gallons a day. During dry periods or during the winter when the ground is
nmwtmmymmmmmmm,mmtmau-
charge is supported by the watér stored in the sands and the water teble is con-
sequently lowered. Mthevqtcrtahhislumd,th&nteofmalducharge
decreases. In the spring wheh the soil thews, water from melting snow percolates
downward to the water table and more mwmwmm«sww ;
Water levels then rise and natural discharge increages. During the warmer part
of the year when the ground is not frozes, nchsrgntothagrmm-mmbody
occurs intermittently and in & varying amount from the riti.t:tall. :

Withdrawal of water by means of w_aug wil reweaent ‘an ndd.iticml "d.iachrsa
~ from the water gtored in the sands. As a result, the water levels will be lowered

the smount of free water :I.nstoragabeﬁ‘eenthe "D" :
"B" line of wells is approximately 141,000,000 gallons.
in storage (sbout 120,000,000 gallons) is comtained

Ifmreeharmmred,ummaanextendeddrwght,thetmemgumdrwthe
vater level to drop 5 feet can be calculated in the following mappers Assume that
therateofnatumldischarsaQwﬂlmydmcﬂyuthamtwsiedthickmu

of the sands , H. Then _

3/ Meinzer, 0.E. The occurrence of groundwater in the United Statu. v.s.
Geological Survey Water-Supply Paper 489, pp. 50-76 1923,

4
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(1) @2 ku
vhere K is a proporticrality constant mvolvina the permeasbility of the sands,

the width of the section and the slope of the water table. The numerical velue
of K may be found as follows: -

(2) Qo = 80,000 = K,

(3) Q.l: 20,000 = Kﬁl

where Qq is the patural discharge in gallons a day, is the initial saturated
thickness of the sands, Q is the natural discharge er the water level has
dropped 5 feet and H isthemtmtedthicknessotthe sands after the water
level has dropped 5 feet. Subtracting (3) from (2) gives _.

(II') 30, - 20,@0 = 60,@ » K( Ho - Hl)

(5) k389490 - 12,000
since Hy = Hy = 5 feet, Also from (2), (3) and (5)

... 80,000 . 6,66 feet and
(1) B =056 *
(8) By = 20,000 . 1,66 feet
- 15,000 *

The figures for H, and H, given in equations (7) and (8) have no particular sig-
nificance in the c unit, For example, H, does not represent the average
saturated thickness of the sands over the entire area; This figure does however
represent what the average saturated thickness would be if the rate of change
of storage were strictly proportional to the average saturated thickness. This
willl be approximately true for the upper 5 feet of the saturated sands, which is
the part of the unit now under consideration,

The lowering of the water level through mtm-al discharge should follow approx-'
imgtely the law

(9) - ‘al'l{;— a-v%

where Q 1s the rate of mttn'aldiaeharge in gallons a day, t is the time in days
and A is a proportionality factor involving the area of the hydrolegic unit.
Substituting in (9) the value of Q given in (1), ve have -
- df = __,- KE and
(10) @ = - K
| = S
Integrating both sides of this equation gives

1nE - K t c
= £ f or



-u.

S ) Ea e - xt/c 2 By b
mwmco.mn.s.ésmt o.,mn i

“a2) e . Sl

The factor A is determined by dividing the estimated. q:nnmyormmstam
mmwﬁfme@mmhxsw . o

LA 180,000 oeo . ala,, _,ooo

b O.MS

"msmmmmaorc amx m(m)m(n;mtoagmmm) !
maewmbm A I__ S B et

OB EE G e ooy e
If B is. mm 1.66-1m 2 - e A v g
(15) - 166 & 6660~ 0400051, ar
o (26) e~ Ot zopug
Teking natural lm.ri‘ﬁ:nm o:t ’ooth a:‘l;lel of eqhabim (16)
) =04 ,'-- -1.38 oo i e P i ST
(8t =z z 2760 am or abmrb 7.6 years, .,
Ifmﬁtmmmmmwumwaum “the’ t.:nu
required to.lower. the water level 5 fest can bé calculated 1i'a smilar manner,
Under this conditicp, the equation corresponding to eqmum (1) will be

(m) X l LI c..a -K
& ll' A I . i o . - v 0l 5
vhere w.‘is: e utm ot by vells in snl.'l.ons s da.v . 'me M e
cwmwtba-enlmta&mmmmd“. o 39 et SRS ey

lheaatmmtmremmmmm bhsfeetfm'varimdznlop_-
ments under the conditions outlined above is shown in the following table.

“Discharge rate of withdrewal by Time required to lower water
wells. ‘w day) level ; feet (years).
«0

10,000 6.0
20,000 5.0
30,000 k.3
ko,000 3.8
50,000 3.k
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It should be remarked that the above figures are estimated from the availsble
dats and that the actual performance of the aguifer may be somewhat at variance
with the figures tgbulated. The most important item not considered in the comp-
utations is the natural discharge through transpiration and evaporation. Om the
other hand the ground-water storage was estimated for only a part of the area.
These two factors tend to offset each other and it is believed that the above
figures will represent approximately the performence of the aquifer under the
specified conditions.

It is not probeble that there will be any year so dry that no recharge will occur
to the ground-water body. Inspection of the precipitation records, however,
indicaetes that during the peried of record, 4 consecutive years of below ncmaI
precipitation have occured one time but at no time during the périod of:record
have there been 3 conseeutive years with less than 16 inches of precipitation.

The shove discussion would spply to & development in which wells would be spaced
strategically over the entire area. Inasmuch &s the slope of the water table could
not be increased materislly except in the immediate vicinity of the wells by :
any one well or by a line of welle extending from south to north across the area,

it would not be expected that production from a s well or line of wells could
greatly g¥ceed for any long period the natural low at that point or along

that line, Consequently, the production from a single well or line of wells
across the area could be expected to produce not more than about 50,000 gallons
a day vhen the water levels are as high as atpresent and not more than ahoub
20,000 gallons a day when the water levels have ‘been lowered 5 feet.

Cc:nclusiona

From the foregoing data it is concluded that there is sufficient water available
in storage in the sands and that the replenishment of the groundwater through
precipitation is sufficient to support indefinitely a development of 30,000

gallone a day. It is further concluded that a development of 50,000 gallons a
day would be supported except possibly during the most severe drought perioda. W

Production of 20,000 gallons a day from & line of weus extending across the

area from ncrth to south is feasible, Wells should be constructed in the

areas of greatest saturated thickness. The area in which the saturated thickness
of sands is greater than 10 feet at the preaent time is shown by hatching on

Figure b

The beach deposits are continuous for considerable distances both to the north
and south of the ares investigated except locslly where the streams hmve cut
through the sands and into the underlying till. Ground-water conditions all
along the reach of these deposits are #imilar to6 conditions in the area investi-
gated and it is possible that additionsl supplies, if needed, can be obtained
from adjacent areas to the north and to the south.



Well logs oo
Following are logs obtained for wells during the investigation. The locations

of these wells are

Well No. E=2 A
H., Olafson

Sec. 16, Te. -150 Fn‘ﬁ- 56“ $
- %: llﬂ? :
3-7%  Sand, fine, ailty, yellow

Th-11% Sand, fine, silty, grey
11415 Clay, yellow, with sand-

§
5

Vell No.' 9 - i
: ;H. omm B

Sec. 16’ T. 1& n., less “.
0=k Topaoia

La11 Sand

11-18% Clay, blue

Well No. E=1
Torfi mﬂmndson

Bec. 9, T 160!1., R. 56H.
ST :Iou,cm,b;taek

i l-ll ' 'M’ m

"11-14 ' Band with wn.w clay
14-15 . Sand, clayey, brown
15-19% B11t, sandy; clay, brown

Well No. 14
H, T. Hjaltalin

0-2 Loan
- 2-6  Clayy. soft, grey.

foos _7_-;-7 _ '_-'m o

and grevel mimed .. .
Clay, blue, with sand -

8, J, Ballgringop

..'..-;.-w. 16 T. 160 N.’ R. 56 w.' 4

shown in Figure 1. Well mmbers preceded by & letter indicate_ oL
& hand auger well drillnd during the imnvestigation. All other numbers indicate B

BY A. B.‘lm'nm o '. ,,g--, :
“Beou 16, T, 160 n., n. 56 w. k2

lhtarial i i

Sand, fine, s:llty,‘brmm

Sand, five, silty, grey.
to red. : S

Sand, fine, silty, brown; .
chale gravels .. S

Sand, . f:l.ne, silty, gmy, £
shale. grave

Glﬂb blm m!.veum mhned

P '_ &

Loam, sandy,"black

'2-6 SBand, fine, silty grey
- &g Sapd, ‘medium, silty

brovn and red mixed.

9—9} "c:u;y, ‘blue.

. E. Olafson

m. 16" T«l lGON.’ R. 56 80

w2 Loem, black: . L
- 26 Sand, fine, grey - .
. 664 gand, fine, dark; stiesked ..

yellow sand at bpttom

6T Gy Vi

300. 16' To 1& N.3 R. 56 W. * .‘ - b _ ! .'
e Y vat AT el Wow B6 T epn it b gy LT a

J. Anderson . . S
Bec. 9, T. 1& Nu, R- 56’ H-
0-2 Topsoil

2-13 Sand
13-18 Clay, blue



Well No. D=1
J. Anderson

Sec, 9, To 160 N., R. 56 W

%&

Material

Toam, sandy, black
1-2 811t, sandy, brown
2.k Clay, sandy, yellow
4-8 Send, fine, silty, brown
8-10 Send, fine, silty, grey .
10-12% Sand and gravel, glacial
12% Clay, blue .
Well No. F=2

H. T. Hjeltalin |
Sec. 16, T. 160 N., R. 56 W.

0-1 Loam, black _

1-3 8ilt, sandy, brown

3-8 Sand, fine, silty;
gravels, shale, brown

8-9% Clay, yellow

94-15 Sand, fine, silty, _brm
to red.

15-15% Clay, blue

Wel No. F-3

H . T. Hjaltalin - o
Sec, 16, T . 160 N., R. 56w. |

0-1 Loam, sandy, black

1-3 Sand, fine, silty, brown

3-7 sand) fm, grey to browm

T=10 Clay,yellow

10-113 Sand, fine, silty, derk,
to red

11312 Clay, yellow

12-12% Clay, blue

Well No, F-1
Penbina County

Sec. 9, T. 160 N., R. 56 W.

0=k Sand, fine grey;
gravel, shale
L large boulder

wllie

Well No, A-T
H, T, Hjaltalin

Seco 16’ Tn 160 Nl, R. 56 w.

%ﬁ- Material
Toam, sandy, black
2.6 Band, fine, silty, brown -
6B - . Sand, fipe, silty, grey
- 8-8L Clay, yellow
Well No. A"s o

Paul B, Qlafson
8ec, 16, T. 160 N., R. 56 W.

0=2 Loam, sandy, black
2-3% Sand, fine, brown;
o gravel and shale

_ Sand, fine to coarse,
b F W brown to red
53-T Clay, yellow

T=8 Clay, blue
Well No. A-6

S_e_c._],ﬁ, I. 160 N.: R. 56 W.

- losm, sandy, black: . .
B3 Sand, fine, silty, brown
and ghale gravels mixed

3541 ) Clay, brown and yellow
W5 Clay, blue
Well No. A—B

Paul B, Olafson
Sec, 16, T. 160 N., R, 56 W,

Eﬁ loam, sandy, black

Sand, fine, silty, brown
4-8 Sand, fine to medium;
gravel, shale; caving

Clay, white; gravel, shale



Well No. A=k

aul B, Olsfson
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Well No, C-3
Paul B, Olafson

3¢, 16, T, 160 N., R. 56 W.

" Bec., 16, T. 160 N., R. 56 W.

spth Material - % Material
Lcan, sandy, black éﬁ Sand, fine, silty, grey
2-3& Sand, fine, teb - . 658,8 Sand, mediumi, ¢lean, grey
35-7 Sand, médium, Brown; o H ‘with strésks of red
e o gravel, shale 8.8 Boulder -
7-18 = .-Sa.nd., ﬂﬁe, silt:,r, brown '
Well No. A=2 - .. ' 'Well No, C=2
Jim Enis 7w c Pembina County .

See. 9, T. 160 N., R. 56 W,

Bec. 17, Tu 160 N., R. 56 Wa

0 Loam, sandy, nrown - 0-63 Band, fine, silty, brown
ﬁ Sand, fine, silty, brown 6= Sand, medium to eoeree;
l+-7 Sand, fine to medium, brown silty, brown ,

Sand, brown; grml, shale 8 Stresk sand, ‘clayey; yell-

Clay streak, --sandy, grey ow-red.
%-n% Sand, fine, brown, gravel 88} - Clay, blue-

Sand, ﬁna,__-silty,, brown with Well No. C=1 .

. red streaks Penbina Cmn‘by
zé Sand, fine, clayey, blue W&Eﬁ

Sand, fine, clayey, yellow  Sec. 8, T, 160 N., R. 56 H. -

16-165 Clay, blue
0-1 Loam, sandy, black
1-3 Sand, fine, silty, brown
Well No. A-1 _ Stresk clay, white, sandy
Jim Enis , 3-5% Sand, medium, brown; .
_ - ©  gravel, shale

Sec. 9, T. 160 N., R. 56 W. 536 Clay, banded blue and
0-1 Clay, loam, black

Clay, mixed yellow and blue
8-11% Clay, black with red stained Well No. B-5

pebbles S. Hjaltalin

1i Boulder?

Sec, 17, Te 160 N., Re. 56 W.

O-1 Loam, sandy, black

1.3 Sand, fine, silty, brown

3-T% Sand, medium, brown;
gravel, shale

T5-8 Coarse sand and gravel,

8-8%

red; clay, yellow
Clay, blue



Well No. B-b
8, Hjaltalin

Sec. 1T, To 160 N, Re 56 Ve

Sl e

13-7 Sand, fine to coarse, brosm;
grevel, shale

T=9 Sand, fine to coarse, grey,
some gravel _

9-11 8and, fine to coarse, brm

11-13%  Clay, blue

Well No. B-2
Paul B, Olafaon

Sec. 8, T, 160 K., a.{sé V.

. =16,

TRE s

© Well No. B3
‘Paul B, Olafson

SOG. ,"T‘ll 160 H., Ra 56“.

2-10}

| -mbu' |

s Well No. B-.‘:.
Omar Soli

28
m’ m’
2-9& Sand, fine to coarse, brown; 8%
gravel and shale . . ww
9%-11 Sand, coarse, with yellow B39
clay & granite cobbles =
11-11% Clay, blue |
Well records

Sec. S, T 160 Ney. Re’ 561«.

‘84lt, sandy, brovd -
- Sand, mediim to cosrae,

Material ¥,
2, . 5ﬂt?s

"‘ Band, ‘codrse, Brown;-

~ gravel, maium to fine;
ghalé gravels

Clay, blue

brcuu, gravel, brown
Btreak glacial pebbles-
mixed wi.th yullow clay

o '-cm, blue -

The following ta‘bleu show locations of wells, dep'l;ha, diameters, uses, water
levels, elevations, saturated sand thickness and other pertinent data for

wvells studied during the :I.mstigat:l.on.
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Hell Tocation  Edlev of Depth to Elev of Depth  Depth
No. ‘Owner  in T. 160 land sur- water be-  Water of to
_ N., R 56 W. __ face lov L.S. Table Well Ti11
I Oscar Bryon Eﬁlé%( 1038-01 16.37 1027.64 20 T
m.
2  Oscar Bryon mﬁa&?& 1038.35 10.31 1028.04 2 ?
| Bec. 1
3 S.J.Hanson mkm}mkG 1035.31 6.66 1028.65 12 ?
Sec. 1
4. Walter 1065.96 10.58 1055.38 18 0
P m&sﬁm&m 166,65 12,2 18450 2 0
5 H.Olafson . . .
6 mmkmigm& 067.08 1T7.37 1049.71 ko
Paulson 1 . ° ° T
Sec
7  Gritherun 1067.96 22,28 - 1045.68 25
Thorstenson Sec 1
8 Torfi REREELSER 1063.27 14,20 1049.07 20 0
S ata m&miém&m 2 1070.49 7.87 1062.62 16 1%
E-2 Hgowm . . ' o
Sec
BE=1 Torfi retcedset 1067.26 14,35 105291 19% 1
mﬁnﬁm}m < 107k.10 7.58 1066.52 18} 1
9 H Olafson . @ .
Sec
10 School FHNBiNES 1074.79 6.76 1068.03 16 4
Property Sec. 16
u S.J. : 10{3.% 8.% ’ m.ao 22 ?
Hallgrimson Beei 12
12 FParsonsge NwiNEANEE  1073.16 8.96 1064.20 27 ?
Lutheran Church
13 H. J, nwinedned 072,21 8.11 © 1064.10 19% ?
Hallgrimson Sec. 16 _
W H,T..., - mwdmedNed 1072.60 9.02 - 1063.59 17 ?
Hjaltalin Sec . 16
D‘h B. Ano M J.OBBJFT 7.81 ' 1&.66 12 1
15 3’3"“ mﬂeﬁm} & 1086.46  3.56 082 |
son ™ . : 1 090 10 9?
Sec
P-3 H Olafson m{m{m&w 1087.71 3.30 108451 7 6.5
Bec.
D-2 8. J, IWATWENES 1079.65 3.24 1076.41 9 9
Hallgrimson Bec. 16 -
16 J. Anderson SWiswieER  1082.81 5,10 2077.7L 18 13
| Bec.
Dl J.Anderson maim 1077.73 8.73 1069.00 13 12%

Sec. 9



Sat, Thick~ Use Date Iog

. nees of a/ Type Cpmp- Dism Ade@aey given Remarks
sands leted

DS Bored 19356 20" Adeq. No Equipped with centrifugal pump
Produces about 10 gpm
U Dug Lt No
eI 3T M o ATl ity
D Adeq
D
D
0 D8 ; 1930 kxbr  Adsgefor Mo trﬁg reported as yellow clay all
way
3.6 A  Hand 1945 6" Yes
Auger
A  Hand 1945 6"
Auger
3.4 D8 Dug 1940 lLxk'  Inad. Yes
? D Dug 1940 &4 Adwge No Aquifer, sand. May bottom
in clay
;| D Dug 1919 Adeq, No
D Dug L No
? D Dug 3! Adeq, No Yahnaﬁ sargr?o y%:rageﬁ bout
? D Dug 194 5¢ Adeq,  Yes  Heter reparied good, soft
3.2 A Hand 1945 6" Yes
A
547 DS nﬁ”mo 6x6'  Adeq. No Water reported good, hard.
3.2 A  Hand 1945 6" Yes
Auger
5.8 A  Hand 1945 6" | Yes
DS %mlgso 3% Adeq, Yes Water r ed bprd
[ ] . 1
i N e B T e,
3.8 A  FHand 1945 6" Yes
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Well Tocation in  Elev, of Depth to  Elev.  Depth Depth
No. Owner T 160 N., land vater of water of to
_ Re 56 W, surface  badlow L.3. table Well Tilll
F-3  H.T, WI{ 1160.0 7 ? =% 17
Hjaltalin Sec
F2 H,T. sehspiiwd 1098.92 10.20 1088,72 15% 15
Hjaltalin Bec. 16
1T H.T. NEAEEHWE 1098.75 6.02 1092.73 16 ?
Hjasltalin Sec. 16
F-1 Pembina sepseiewd 1094.35 0.60 1093.75 L 4
County Bec. -
A-T H, T, Wq‘:&ligﬂ% 1108.96 7.11 1101.85 9 8
Hjaltalin Sec
A-6 H, T. NEAcEANWE 1111,12 3.58 1107.54 5 3.5
Hjaltalin Bec. 16
A-5 Paul B, sefwwdiwd 111,17 k.10 1107.07 8 5%
Olafson Sec. 16
A-8 Paul B, TR 1110.53 5.63 1104,90 8 15 b/
Olafson Bec. 16
A-4 Paul B, N 1109.62 5.27 1104.35 18 20 b/
Olafson Sec. 16
A-3 Jim Enis sebawkow: 1108.68 5,68 1103.00 16 16
Bec,
A-2 Jim Enis mﬁmgm{ 1105,11 7.29 1097.82 10 8
Sec.
A-1 Jim Enis m}miﬂ& 1084,62 8.62 1076.00 11k -
Sec.
18 Jim Enis Mm«ia& 1125.98 3.53 122.,k5 8 ?
Sec.
C-3 Paul B, 1132,46 2,16 1130.30 8.8 8.8
Olafson Sece. 17
C-1 Pembina 1127.44 b,52 1122,92 6 545
County Bec. :
C-2 Pembina NEdNpdNEE 113450 3.03 113147 8 8
19 Psul B, 1143.66 1.54 1k2,12 10 10
Qlafson Bec,
B-5 8. SEANEAINWE 1158,84 7.98 154,86 8% 8
Hjaltalin Sec. 17
B-4 8. NERNEANWE 1160.44 7.48 1152.96 11k 11
Hjaltalin Sec. 17
B-3 Paul B, 1158.99 4,13 154,86 11 104
Olafson Sec,
B-2 Paul B, 1158.99 6.98 1150.75 1l 1
Qlafson Sec.
B-1 Omar Soli 1156.62 6.10 1150,52 9 8k
Sec.

b/ estimated.
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Sat. thick- Use Date com- Adeq- 1Log
ness of (a) Type pleted  Diam. wuacy Given Remarks
sands
0 A~ Hand 105 L Yes Did not get water.
Auger
4.8 A  Hand 1945 6" Yes
Auger
19 £ DS Dug 1941 bt Adeq No  Well dug to 16' but prospected

with auger to 25'. Reported sand all the way. Water temperature 51° F.
1]

3.4 A  Hand 1945 6 Yes Well in borrow pit.
Auger
0.9 A Hand 1945 6" Yes
Auger
o} A Hand 1945 6" Yes
Auger
1.4 A Hand 1945 6" Yes
b Auger
9.4 2/ A Hand 1945 6" Yes Bottomed at 8' because of
Auger caving
4,70/ A Hand 1945 6" Yes Caving sand., Augered to 18!
Auger by casing.
10.4 A Hand 1945 6" Yes Required casing to complete.
Auger
0.7 A Hand 1945 6" Yes
Auger
A Hand 1945 6" Yes In coulee about 50' south
Auger of Can Creek
? D8 Dug 1939 L Adeq No
6.6 A Hand 1945 6" Yes
Auger
1.0 A  Hand 1945 6" Yes In right of way west side
Auger of rcad
5 A Hand 1945 6" Yes In borrow pit south of road
Auger
8.5 D8 Dug 19157 e Adeq. No Well is equipped with rotary
pump. Discharge rate estimated at 25 g.pems Will dry in about 2 hrs.
and water level will recover again in sbout 2 hours (reported). Water reported
good and quite soft.
0 A Hand 1945 6" Yes
Auger
3.5 A Hand 1945 6" Yes
Auger
6.4 A Hand 1945 6" Yes
Auger
L A  Hand 1945 6" Yes
Auger
2.k A Hand 1945 6" Yes
Auger
8 / A- Hand auger test well; not used. D8~ Domestic-Stock
D - Domestic. U - Not used.

_b/ Estimated.
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