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GRourm-WATER SUPPLY PROBLEMS IN THE

SAN.BORNAREA, BARNES COUNTY, NORTH DAKOTA

By
C. J. Huxel, Jr.

The village of Sanborn, population 263 (1960 census) J located 2

miles nor"thof U. S. Interstate HighwayNo. 94 in west-central Barnes

CountyJ is typical of manysmall rural Nor1ihDakotamunicipalities.

The water-supply problem facing Sanborn is that of obtaining a

sufficient quantity of good-quality water to satisf'y local danestic

needs. The problem is ccmplicated by pollution of existing ground-

water resources. Pollution has increased in Sanbornbecause closely

spaced pri va.te sewage-disposal systems are operated where water is

obtained fran wells tapping a shallow aquifer that has restricted

circulation.

An investigation of ground-water conditions was begun in the spring

of 1960 by the U.S. Geological Survey in cooperation with the North

DakotaState Water Conservation Ccmn1ssion. The purposes of the study

are to examinethe ground-water resources available in a 2O-square-

mile area surrounding Sanborn and to describe the specific conditions

that contribute to the water-supply problems of the village. As part

of a continuing Statewide programof water-resources investigations J

someof the data contained in this report will be included also in a

future, more caJ1];lrehensive investigation oo.rering all of Barnes County.

Moreover, the information given here will be of use to the residents of

Sanbornand mq contribute to "theunderstandiogof similar problems in

other areas.
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An inventory wasmadeof all existing wells in the report area

outside of the Sanbornboundaries, special attention being given to

depths of "'ells end depths to water in wells. Thewell-looation map

(fig. 1) summariz.esthese data. Somewells within the village limits

also were canvass.ed. Chemicalanalyses were madeof water from three

private wel.ls and.one test hole in the area (table 1). Data on sub-

surface gec,logy'Vlrereobtained by drilling 18 test holes with a rotary

drilling r::l.gowE:dby the North DakotaState Water Conservation

Conmission. The locations of these holes are recorded on figure 1. A

total of 1,058 fEletwas logged during the drilling (-table 3). The

al ti tude a'bovemE!ansea level at each test hole was determinedwith a

Paulin alt:l.meterJ using first- end second-order U.S. Coast and Geodetic

bench markfl.

Thewell-num'beringsystemused in this report is based upon the

public lancl clasfJification of the U.S. Bureau of LandManagementand

is illustruted Ul figure 2. The first numeral denotes the township

north of the basE~line, the secondnumeral the range west of the fifth

principal Jl1eridi~m,and the third the section in which the well is

located. ~l'he le1~ters a, b, c, and d designate respectively the north-

east, northwest, southwest, and southeast quarter sections, quarter-

quarter sec:tions;t and quarter-quarter-quarter sections (lO-sere tracts).

Thus, well l40-60-l5aca is in the ~i-NEt sec. 15, T. 140 N., R. 60 W.

Consecut1Vl~ term:lnal numerals are added if more than one well is

recorded w:lthin l:l lO-acre tract.
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GEOHYDROLOGY

Surface materi:9.ls in this part of North Dakota consist mostly of

glacial drift depolsited from continental ice sheets during late phases

of Pleistocene gla::iation. The Sanborn area is located on low-relief

ground moraine deposited at the proximal (iceward) edge of the north-

west-southeast-tre:nding Kensal-0akes end moraine. End and ground

moraine are canpos1edlargely of material called glacial till, a pebbly

to bouldery clay. The topography of the ground moraine is gentle and

even; relief seldam exceeds 15 feet per square mile. The topography

of the end moraine, on the other hand, is rough and hummocky",its

relief usually exceeding 30 feet per square mile. Except for a few

shallow deposits of sand and gravel adjacent to and within small

valleys, the soil in the Sanborn area consists entirely of slightly

weathered glacial till.

The area is dr'ained by two shallow gravel-bottomed valleys that

represent former e;lacial melt-water channels. These valleys, which

carry water only ed'ter heavy rains or thaws, and their associated

gravel deposits, sl.I'epoorly defined and are insignificant as sources

of ground-water supply.

Bedrock.--A be!drockformation called the Pierre shale of Late

Cretaceous age!, lies directly under the glacial drift in the

Sanborn area and i.n most of North Dakota east of the lOOthmeridian.

The Pierre, referl'ed to locally as slate, is a compact, smooth-textured,

slightly brittle "blue-gray clay. It is easily recosnized and

distinguished frODlglacial till in drill cuttings.
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Information o'btained from test drilling showsthat the bedrock

surface is considElrablyhigher in the Sanbornarea than it is a few

miles to the west.. The altitude of the top of the Pierre shale at

locations 5 and 8 miles west and northwest of Sanbornaverages

1,323 and 1,261 fElet above sea level, respectively; it is about 1,395

feet abovesea leyel in the Sanbornarea. ThusSanbornis on a local

bedrock high.

The depth to l)edrock in test holes 1710 and 1714 is greater than

that in adjacent holes; this suggests that a buried channel m8¥ be

cut into the bedr<)cksurface. The logs of these test holes, however,

showno sand and gravel depoeits associated with the channel or

depression in the bedrock surface. In someburied channels, water-

bearing deposits EU'epresent; therefore, additional exploration in

the channel or del?ressionnoted abovemight result in the locating of

a small aquifer.

ThePierre shnJ.eis relatively impermeableand does not yield

water readily to 1rells. It does, however, influence the chemical

quality of water jln drift aquifers directly overlying it.

Glacial drift" --The cover of glacial drift thins correspondingly

as the altitude oj~the bedrock surface increases fromwest to east.

The thickness of 1:;hedrift in test holes in the Sanbornarea averages

46 feet, whereas 11- to 8 miles northwest of Sanbornit averages

212 feet.

- 4 -
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Thematlerials .comp~ing the drift maybe broadly classified

into two~jor ty,pes: (1) glacial till and (2) glaciofluvial deposits.

The till, w:tlichmakesup the major pert of the drift cover, was

deposited directly by the ice. It is a poorly sorted, sandy to

gravelly cohesive, plastic blue clay.; it also contains manyboulders.

As a result of chemicalweathering within 15 to 20 feet of the land

surface, th.e till. ordinarily becomesless cohesive and acquires a

yellow to b,rowncolor. Till is too nearly 1mpenneableto constitute

a goodSOUI'Ceof groundwater for wells.

Glaciofluvial deposits consist of silt, sand, gravel, and larger

rocks that were laid downby melt water flowing on top of, within, or

in front oj~the E~lacialice. Theymayoccur at the land surface, as

does the sund anetgravel associated with the small melt-water valleys

in the Sanl)orn8J:'ea. Moreoften, however, they are found as lenses

and sheets of S8Z1dand gravel buried within the bodyof the till.

Whensuch lieposit.s are saturated, they readily yield water to wells.

The test-h~:>lese.::tions across the area (fig. 3) illustrate the !mown

relations 'betweelo.the various glaciofiuvial deposits penetrated

during tes't drilling.

Drift aquife:rs and their properties. --Mostof the wells in Sanborn

apparentl)~obta:f.nwater fran the sand and gravel lens recorded in the

log of teElt holEl1704. This lens, whichwill be referred to here-

after as Unit A" seemsto be restricted to the immediatevicinity of

Sanborn. Logs()f test holes 1705, 1706, 1717, 1719, 1727, and 1723

record thE~OCCW:Te!lceof another unit consisting of a sheet of glacio-

fluvial dnposit~~at the base of the till. Thematerials of this

deposit llppear to be hydraulically continuous and constitute a single

aquifer. This 19.qu1ferwill be referred to as Unit B, and its

- 5 -



approximateareal limits as defined by test drilling are shownon

the test-hole loc,ation map(fig. 1). Althoughboth are recharged

by water percolating downthrough the overlying weathered till the

fact that Unit A is separated fran the bedrock by till and that Unit

B lies directly on the bedrock, makesit appear unlikely that the 2

units are connected hydraulically. However,this could be confirmedonly

by a pumpingtest. Water f'ran Un1t B is discharged from a few wells

in the western part of Sanbornand from farm wells west of the

village.

Thick e,andatl~dgravel deposits were found in test holes drilled

in eastern Stutsman andwestern Barnes Counties about 8 miles west

of the Santlorn8J'ea. These deposits, which are part of a large buried

glacial chErnnel,fom a potentially productive aquifer. The channel

has been traced 1~or9 miles along the Stutsman-BarnesCountyline

and is knmmto E~xtendeastward into Barnes Countyat a point 4 miles

north of Urbana, N. Da.k. There is no surface indication of the

presence oj~this aquifer, and i ts position can be determined only

by test dr:Llling.
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Quali1:oyof ~~. --Partial chemical analyses were madeof water

f'rcmthree~priva~tewells in the area, and a relatively complete

chemical enalysi.s was madeof water from test hole 1723 (table 1).

Twoof the~prive~tewells (14o-60-15adcand -15aa.a)and the test hole

(140-60-1~iaca)~1.eldwater fromUnit B. Thewater from the other

private well (14o-60-14bcc)comesfromUnit A. In general the water

from all t.hese lj'ells is very hard and slightly saline according to

Robinove,Langfo,rd,and Brookhart (1958, p. 3). The concentration

of sulfates is high -- 374 to 811 ppm(parts per million) -- in all

4 samples, probably indicating the influence of the Pierre shel.e.

Sulfate-reducing bacteria were reported fromwell l40-60-l5adc ---

(written communication,L. A. Koehler, State Laboratories Dept.,

Bismarck, N. Dak.•, 1960). Undercertain conditions these bacteria

mayconvert sulfate sel.ts into hydrogensulfide, thus imparting an

unpleasant taste and odor to the water. The concentration of iron

was determined for three of the samples and was high in all of' them.

The high degree of mineralization of water in the report area

probably results largely frompoor circulation within the aquifers.

Circulation is inhibited by the presence of clay in the pore spaces

of the sand and gravel of the water-bearing units and by the

confinementof the aquifers betweenrelatively impermeablebodies

of till and bedrock.
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TABLE 1.--

Results in k1arts tier million except as indicated
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Chemical AnalysE~S of nround Water

Anal.yses by State Laboratories, Bismarck
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'rab1e 2, adapted from U.S. Public HesJ..th Service (1946) dri ,,1ri 118

water stand&1'd8recamaendedfor interstate ce.r.r1ers, and t:raa Welsh

end ThCllll88(1960, p. 291, 298), showsa maximumlimit of 44 ppn for

nitrates. It is reported that water frail. somewells in this aquifer

has nitrate concentrations exceeclingthis limit. (Oral cClllllUllication,

L. W. Anderson, Chairmen, Sanborn Vill. Council.) This could

result from.contamination of the aquifer by organic wastes derived

frClllcesspools and septic -tank systems in the village. Samples

f'rar1 well 140-60-15aaaand test hole 1723 (140-60-l5BCa), near the

northern 8I:1dwestern borders of Sanborn, do not contain eXces8ive

nitrate concentr8tions, which indicates that at present these wells,

in Unit B, are not in an area of contamination. Test hole 1723

has 5.0 ppll, nitre:te; periodic chemical analysis of water frail a well

near test bole 17'23should be madeto determine whether the n1trate

concentration is increasing. Becausewater that contains nitrate

above 44 p}lm DI8¥ cause methemoglobinemia•.-- a kind of blue-baby

disease -- in inf'ents (S11ve1"'lD8ll,1949; Welsh and Tho1lae, 1960,

p. 297-298), the high-nitrate content of water fran wells in Sanborn

is a potent.ially serious health probl_.

- 9 •.



Table 2. _-Recommendedmaximuml1mits of selected chemical constituents
in drinking water (U.S. Public Health Service, 1946, Reprint 2697)

Constituent

Iron (Fe) :p'lusmanganese(Mn)

Magnesium(Mg)

Chloride (el)

Fluoride (F')

Sulfate (S04)

Nitrate (N03)

Dissolved uolids

Recommendedlimit
(ppm)

0.3
125

250

1.5 !I
250

44

500~

!/Maximumpermisl)ible lim1t.

~Dissolve(i-solicis concentration of 1,000 ppmis permitted if water
of bettelt" quel:Lty is not available.

PRESENT WATER-SUPPLY PROBLEMS

-
Presen't muni1c:ipal-supplyf'acil1 ties. --Most of the wells in

Sanborn and the surrounding area have been dug or bored and then cased

with concrete, tile, wood, or steel pipe. The village has no public-

water-supply system, although water fran a large-diameter dug well

next to tb.e city' hall is used for fire control. Sanborn also has

an earth-blanked water reservoir with a capacity of 55,000 gallons.

- 10 -



Pollu·tj,onprc~.--During tbe past few years water from an

increasing numberof wells in Sanbornbas becomecontaminated by

coliform bELcteriEL.At present (1960) it is estimated that less

than 30 percent ()f the wells in the village yield bacterially safe

drinking WELter,nccord1ngto Miss L. Irvyne Berg, Public Health

Nurse, Barnes County. Records documentingspecific wells which have

been testecLare ~:Lva11ableat the Barnes CountyHealth Department,

Valley Cit~r. Re];>eatedflush1ngs of someof the contaminated wells

'WithchlorjLneor Hilex has failed to eliminate the undesirable bacteria

permanentl~r. Th:ls showsthat the primary ag¢fer in the village

(Unit A) alld the material through which it is recharged have beccme

heavily c011tam1nl:Lted.In this situation, decontaminationmeasures

applied to ind1v:ldual wells are ineffective.

Thew14iesprel!ldcontamination of Unit A probably results from the

infiltratil:m of ·the aquifer and overlying zone of recharge by effluvia

from the JDl9lly pr:ivate sewage-disposal systems in Sanborn. Most of

these syst4:mlSem:~loyseptic tanks that reduce raMsewageto a liquid

state, enabling1t to infiltrate more readily into the material

surrounding the ,system. The function and limitations of the septic

tank are e:ltplain1edmore fully in the following quotation (U.S. Public

Health Service, 1957, p. 22):

"Contrary to popular belief, septic tanks do not accomplish a high

degree of 'bacteria removal. Although the sewageundergoes treatment

in passing through the tank, this does not meanthat infectious agents

will be removed; hence, septic-tank effluents cannot be considered

safe."

- 11 -



Ordinarily if' water containing bacteria percolates through fine-

grained eed1ments, the bacteria. are filtered out. However,if

percolation is continued over a long period and the filtering medium

becomesth.oroughlysaturated with bacteria-laden liquid, the

f'iltering action. is likely to becomeineffective. As a result,

the zone elf cont~aminationwill constantly expandand will eventually

include ar:r:y shaJ~owaquifer in its immediatevicinity. If the

circulatic)n of E~und water in such an aquifer is restricted, the

bacteria tn the infected recharge to the aquifer will not be eliminated

by flushing and filtering. Thus, contSJllinationm~ becomeprogressively

more acutE~as the uncontaminatedwater in storage is withdrawnby

discharging wells and is replaced by contaminated recharge.

The cc:>nditic:>nsdescribed aboveexist in the Sanbornarea. This

fact is s1lbstantiated by the excessive concentration of nitrates

reported :f'ramSi:>meof the wells (Oral communication,SanbornVillage

Official) in Sa:tlborn.

SUMMARY AND CONCLUSIONS

In order to evaluate the possibility of developing a municipal

water-sullply sy'Stemfor Sanborn, three factors concerning the area t s

ground-we~terresources have been considered: (1) quantity, (2)

chemical qualitiY, and (3) pollution.

- 12 -



Ground-waterreserves in the Sanbornarea are generaJ.ly limited.

Of the two aquif1ersdiscussed in this report) Unit B probably contains

more available water in storage than Unit A. It is not possible to

computethe permeability or storage capacity of Un1t B with the

data available; however)a pumpingtest of a well penetrating the

unit would.help determine whether or not Units A and B are connected

hydrauliceilly. Unit A, in addition to being seriously contaminated

by organic:waste~s,is of such limited areal extent and capacity

that it wouldprove inadequate as a permanentsource of ground

water for municipal use.

In general, groundwater in the Sanbornarea is very hard and

slightly ~laline" Salinity is not excessive whencomparedwith most

North Dakotawater and is not a health hazard. Hardness can be

greatly r~~ducedby the application of softening techniques. This

is illustlC'ated by the lowhardness of water fromwell l4o-60-l4bcc

in compar:lsonw:Lth the water fromthe other three wells tested in

the area (table 1). Thewater fromwell l4o-60-l4bcc had been run

through a softelo.erprior to sampling.

Use'of water having high concentrations of n1trate by some

residents of Sa:nborncan be avoidedby locating future wells outside

the area of contamination.
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Bactnrial l?ollution of an area's ground-water reservoirs often

occurs 'Wbeninlmequate sewage-disposal methods are practiced where

certain l~obyd:rologicconditions prevail. These conditions, all

of which are fc)undin the Sanborn area, are summarizedbelow.

Natural 198ohyd:rologicconditions

1. Thin ,:}rift '~overover the bed:rock.
2. Bedro~krelatively impermeable.
3. Aquif1ersin drift are close to

the land surface.
4. Ground.-vatercirculation in drift

aquifers is restricted.
5. Natural recharge to aquifers is

low.

Mamnadeconditions

1. Closely spaced
private sewage-
disposal systems
are concentrated
in the area over-
lying the aquifer
fran which local
water supplies fran
private wells are
obtained.

A communitythat is without a central sewage-disposal system

should carefully examinethe geologic and hydrologic factors affecting

its source or sources of water and then take the necessary steps to

safegua:r'dthese fraIl contamination. In the case of Sanborn, it would

be advis,able t;o locate a proposed municipal well as far as is

practicEu..fralL areas that are nowcontaminated. Unit B, west of

the village, ELppearsto be free of the general contamination found

in the j.mmediELtevicinity of Sanborn.
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Formation Material

TABLE 3.--Logs of Test Holes

140-60-lccc
Test hole 1712
Altitude 1,434 ft

Thickness
(feet) rpth

feet)

Pierre shEu.e:

Glacial drift:
To~soil, black ••••••••••••• ••••••••
Cl.ay, light-gray ••••••••••• ••••••••
Send, coarse, and fine gravel ••••••
Ti.ll, gray; fine and mediumgravel,

cobbles; shale pebbles •••••••••••

Shale, blue-gr8\Y•••••••••• •••••••••

140-60-9daa
Test hole 1717
Alti tude 1,446 ft

2
3
5

10

2
5

10
32

42

Glacial wrif't:
Tc:>psoil,black •••••••.•• •••••••••••
Clay, light-gray ••••••••••••••• ••••
T:lll, brown, oxidized; fine gravel.
Gravel, clayey, fine ••••••••••• ••••
Sand, fine and medium••••••••• • ••.•

Pierre shale:
Shale, blue-gray ••••••••••• ••••••••

l40-60-llcbb
Test hole 1716
Altitude 1,440 f't

Glacial orif't:
'I'opsoil, black ••••••••••••••• ••••••
Clay, light-gray ••••••••••••••••• ••
l]~ill, brown, oxidized; fine gravel.
Oravel, fine, and coarse sand••••••

Pierre shale:
8hale, blue-gray •••••••••••••• •••••
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1
4

16
12
9

21

2
4
6
8

22

1
5

21
33
42

63

2
6

12
20
42



TABlE3. --Logs of Test Holes -- Continued

Formation

l40-60-l1ccd
Test hole 1715
Altitude 1,437 ft

UaterilU Thickness
(feet) rpth

feet)

Glacial drift:

Pierre shale:

~~opsoil, black •••••••••••••••••••••
~ri11, brown, oxidized; fine gravel.
~rill, grS\Y;fine and mediumgravel;

shall~ pebbles ••••••••••••••••••••

Shale, blue-gray •••••••••••••••••••

l40-60-llda.d
Test hole 1710
Altitude 1,425 ft

2
13
26
11

2
15
41
52

Glacial drift:
Iropsoil, black •••••••••••••••••••••
'Clay, 1ight-gra.y •••••••••••••••••••
Irill, "brown,oxidized; fine gravel.
'rill, grs\y; fine and mediumgravel,

cobbles; shale pebbles •••••••••••
Pierre shale:

Shale, blue-gray •••••••••••••••••••

140-60-l3baa
Test hole 1711
Altitude 1,435 ft

Glacial drift:
Topsoil, black •••••••••••••••••••••
Clay, light-gray •••••••••••••••••••
Till, brown, oxidized; fine gra.vel.

Pierre shale:
Shale, blue-gray •••••••••••••••••••
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2
3

11

100

10

1
4

21
16

2
516

116
126

1
526

42



TABLE3.--Logs of Test Holes -- Continued

Formation Jr1ateriial

140-60-13dcc
Test hole 1713
Altitude 1,433 ft

Thickness
(feet) rpth

feet)

Glacial drift:
'ropsoil, black ••••••••••••••••••••••
~rill, 'brown, oxidized; fine gravel..

Pierre shale:
Shale, blue-gray ••••••••••••••••••••

14o-60-14ada
Test hole 1709
Altitude 1,429 ft

Glac:l.aJ.drift :
'Topsoil, black ••••••••••••••••••••••
'Cl~, silty, yellow•••••••••••••••••
Gravel, fine and medium•••••••••••••
'Till, gr~; fine and mediumgravel;

shale pebbles •••••••••••••••••••••
Pierre shale:

Shale, blue-gr~ ••••••••••••••••••••

140-60-l4cba .
Test hole 1704
Altitude 1,447 ft

Glacial drift:
Topso1.l, black ••••.••••••••••••••••••
Till, brown, oxidized; fine gravel..
San.d, f1ne ••••••••••••••••••••••••••
Gravel., fine ••..••••••••.•••.•.••••••.
Till, ~; fine gravel; shale

peb-bles •••••••••••..••••••••••••••
Pierre shale:

Shale, blue-gr~ ••••••••••••••••••••
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1
19
11

2
4
6

22

8

315
2
5

32

6

1
20

31

2
6

12

318
20
25
57

63



TA13LE3.--Logs of Test Holes -- Continued

Formation Material

l40-60-l4dcc
Test hole 1714
Altitude 1,435 ft

Thickness
(feetf rpth

:feet)

Glacial drift:
Topsoil, black •••••••••••••••••••••
Clef, light-gr~ •••••••••••••••••••
Gravel, fine •••••••••••••••••••••••
Till, gra~fj fine and mediumgravel,

coblbles; shale pebbles •••••••••••
Pierre shale:

Shale!, blue -gr~ ••••••••••• • •• •••••

140-60-15aca
Test hole 1723
Altitude 1,456 ft

Glacial drif1;:
Topse)il, black ••••••.••.•.••.•••.••.•••••
TillJI brown, oxidized; fine gravel.
TillJ, gr~, fine gravel ••••.••••.•••.•
Sandl• fine and medium•• o ••••••••••••••••••

Sandl• :fine to coarse •••.•.•••••.••••••
Pierre shale::

ShalE!, blue -gray •••.•.•••••.•••••••• • .•

l40-60-l5bbb
Test hole 1722
Altitude 1,450 :ft

Glacial dri~~:
Topse)i1, black •.•.••.•.••.••••••••••••••
Clar, light-gr~ ••.•••••••••••••••••
Till, brown; fine gravel •••••••••••
Clar I sandy, gr~ ••••••••••••••••••
S8.I'ld, fine ••••.•.•....... e.••••••• • •

Pierre shale:
Shalla, blue -gray ••••.•.•.•.•.••••••.•••.••
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1
4

10
103

8

2
18

5
6
8

13

1
4
9

11
9

18

1
515

118
126

2
20
25
31
39

52

1
514

25
34

52



TMiLE 3.--Logs of Test Holes -- Continued

l40-60-15bdd
Test hole 1705
Altitude 1,457 ft

Pierre shale:
Shale, blue-gray •••••••••••••••••••

Glacial drift:
Topso:ll, black •••••••••••••••••••• •
Till, brawn, oxidized; fine gravel.
Gravel, fine and medium; cobbles •••
Clay, gravelly, yellow •••••••••••••
Clay, silty, gray ••••••••••••••••••
Sand, fine to coarse; shale granules

Formation Materl.al

l40-60-l6cdd
Test hole 1719
Altitude 1,442 ft

Thickness Depth
(feet) , (feet)

2 2
15 17

5 22
4 26
5 31

12 43

9 52

Glacial drift:
Topsoil, black •••••••••••••••••••••
Till, brown, oxidized ••••••••••••••
Till, gray; fine gravel; shale

peb'bles ••••••••••••••...•• • • . • • • •San.d, fine ••••••••••••••••••••••• ••
Pierre shale:

Shale, blue-gray •••••••••••••••••••

l40-60-2lddd
Test hole 1718
Altitude 1,458 ft

2
10

915
6

2
12

21
36

42

Glacial drift:
Topsoil, black •••••••••••••.••••••• 2 2
Clay, ligb.t-gr83'"•••••••••• •••••••• 3 5
Till, brown, oxidized; fine gravel. 9 14
Till, gray; fine gravel •••••••••••• 7 21
Sand, fine ..•....•.•.•••.•...• · •. · • 6 27
Till, gray; fine gravel •••••••••••• 6 33
Sand, fine and medium •••••••••••••• 4 37
Till, gray; fine gravel; shale

pebbles •••••••••••••••••••••••••• 19 56
Pierre shale:

Shale:, blue -gray ••••••••••••••••••• 7 63

- 19 -



TABLE 3.--Logs of Test Boles -- Continued

l40 ...60-22baa
Test hole 1706
Altitude 1,456 ft

Shalla, blue-gr~ •••••••••••••••••••

Glacial dr1f't:
Topsl::>il,black•••••••••••••••••••••
Till, brown, oxidizedj fine gravel.
Sand, fine •••••••••••••••••••••••••

Formation

Pien-e shale:

Mate:rial-- Thickness rpth
. ~feet) feet)

2 2
14 16
14 30

22 52

l40-60-23add
Test hole 1708
Altitude 1,418 ft

Glacial drift:
Topsoil, black•••••••••••••••••••••
Cl~, ligbt-gr~ •••••••••••••••••••
Till, brown, oxidizedj tine gravel.
Till, gr8¥j fine and mediumgravel;

shale pebbles••••••••••••••••••••
Pierre shale:

Shale, blue-gr~ •••••••••••••••••••

140-60-23cbb
Test hole 1707
Altitude 1,437 it

Glacial drif't:
Topsoil, black•••••••••••••••••••••
Till, brown, oxidized; fine gravel.
Grav'el, fine and medium••••••••••••
Till., gray; fine and mediumgravel;

shale pebbles•••.•••••••••••••.• , ••
Pierre shale,:

Shal.e, b1ue-gre;:J•••••••••••••••••••

_.20 ...

1
3

12

35
12

1
4
7

20

20

1
4

16
51
63

1
5

12
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