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GROUI'D-WATER SURVEY OF THE ROCK LAKE AREA
TO~ER COUNTY, NORTH DAKOTA

INTRODUCTION
Purpose and Location

On Septc~mber 21 ~ 1964, the North Dakota State Water Conmi ss ion began
a ground-watc!r survey for the vi rrage of Rock Lake. The survey was under-
taken at the request of the Village Counci I, to locate an aquifer suitable
for a municipal water supply.

The vii la~e of Rock Lake is located in the north-central part of
Towner County (Fig. I)~ one mi Ie east of the junction of State Highway 5
and U. S. Hi~!hway 2810 Portions of the village are included In sections
5~ 69 7, and B of Township 161 rlorth, Range 66 West.

The village has a population of 350 (1960 census) and is served by the
Great Northern Rai Iway. There are no industries in town that would require
a greater amount of water than the collective average household needo

There is no municipal water supply in the village of Rock Lakeo The
water used by the vi Ilagers is derived from private wells. These are usually
located withirlthe vi Ilage limits and are almost invariably completed in the
Pierre Shale which underlies the entire study area.

In the past sewaQe and other wastes have been released into Rock Lake.
However~ a modern sewage system has now been installed which disposes the
wastes into CI lagoon east of town. There are persons living outside the
v iIIage Iimi 1:s who st iII use Rock Lake for the disposa I of sewage. For
several years the Vii lage Council has encouraged these people to use the
city sewage 1'aclIlties, but these attempts have not been entirely successful.
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FIGURE I--MAP OF NORTH DAKOTA SHOWING PHYSIOGRAPHIC UNITS AND LOCATION OF THE ROCK LAKE AREA



Scope of Study
The study undertaken Involves an area of about thirty square miles

situated around the village of Rock Lake. It Includes an Inventory of
selected wells, a topographic study using aerial photographs, the drilling
of fifteen test holes, and the installation of observation wel Is In test
holes I (NW~LNEi,swi, Sec. 7, Twp. 161 1'1.; Ro66 ~1.), 4 (S\rIi,SEi,NW!,Sec. 6,
Twp. 161 N., R.66 Wo), 6 (SWi,SEi,swi, Sec. 18, Twp. 161 No, Ro66 Wo), and
10 (NEi,NEi,NE!, Sec. 14, Twp. 161 No, R.67I;J.). Detailed chemical analyses
of water samples collected from these observation wells and Rock Lake were
made by the State Laboratories Department. Bacteriological analyses of water
from observation wel Is I, 6,and 10 were made by the North Dakota State
Department of Health In Bismarck. Due to the lack of topographic coverage,
an altimeter survey was made by the author in order to determine the elevation
of the test 110le sites. These elevations have not been published due to their
low order of accuracy.

Well-numbering System
The well numbering system used in this report, illustrated in Figure 2,

is based on the location of the well in the Federal system of rectangular
survey of public lands. The first nuoieral denotes the township north of the
base line; the second denotes the range west of the fifth principle meridian;
and the third numeral denotes the section in which the well Is located. The
letters a, b, c, and d designate respectively the northeast, northwest,
southwest, and southeast quarter sections, quarter-quarter sections, and
quarter-quarter-quarter sections (IO-acre tracts). Thus wel I 161-66-15daa
would be located in the NEt, NEi, SE!, Section 15, Township 161 North~
Range 66 \'Iest.
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161-66-15-dao

FIGURE 2--SYSTEM OF NUMBERING WELLS AND TEST HOLES.



Local CI imatic and Drainage Conditions

The United States Weather Bureau does not maintain a recording station
at Rock Lakeo The closest stations are at Rol las Bisbee, r~nich, and
Hansboroo These stations surround the Rock Lake area, and thus give an
approximation of the cl imatic conditions at Rock Lakeo They record a long
term average annua I temperature of 3702, 3800, 3603*, and 3701 OF respect ive Iy,

and a long term average annual precipitation of 17056, 16085, 16089~and
17.50 inches respectivelyo (Uo So Weather Bureau Annual Summary, 1948-19640)

The drainage in the area is poorly integrated. According to Simpson
(1929, po 237) a fraction of one percent of the precipitation is removed by
runoffr the rest either is absorbed directly by the soi I, or accumulates
in catchment areas to form lakes and swamps fron} which it evaporates or
percolates into the groundo

The majority of the Rock Lake area is in the Pembina drainage system
(Figure 3); the remainder is in the Mauvais Coulee drainage system which
is included in the larger Devi Is Lake drainaQe basino The drainage divide
passes through Rock Lake forming two natural outlets for the lake watero
The southern outlet has been artificially closed off because water repeatedly
overflowed the banks of the shallow drainage channels south of Rock Lake
causing considerable flooding of farmland in that areao

Previous Investigation
No detai led hydrologic or geologic investigations have been made in the

Rock Lake area or the adjoining areas prior to this studyo
Howard Simpson, in a report publ ished in 1929 (po 236), describes the

general geology and hydrology of Towner Count Yo Included in his report is
a Iist of typical wells of the county and two chemical analyses of water
from wet Is within the count Yo
* Fi~ures given for i'lunichare not true long term averages, but are averaged

over a 17 year periodo
-5-
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Chemical analyses of water col Jected from within Towner County are
pub Iished In a repclrt by Abbott i!lndVoed Isth (1938) 0 Two of these ana lyses
are of waters obtained from within the Rock Lake area and are included in

Table 2.
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GEOLOGY
Pierre Shale

The only bedrock encountered in the Rock Lake area is the Pierre
Shale of the Montana Group, deposited as marine sediments during the Late
Cretaceous Period. The Pierre Shal~ in the study area, consists primari Iy
of an indurated, dark greenish-gray to olive-gray, unfractured shale. usually
interbedded with a lighter-colored, soft, bentonitic (?) clay. The shale
layers are hard and almost totally impervious to water.

The Pierre Shale, although encountered in all of the 15 test holes
dri lied during this study, was never completely penetrated; thus, Its
thickness in the Rock Lake area is not known. The deepest penetration into
the formation was 51~ feet in test hole 3 (161-66-7abc)o

Test hole dri IIing indicates that the surface of the Pierre Shale
is somewhat irregular in the area. A difference in elevation of about 160
feet was found on the bedrock surface within the vi Ilage limits (161-66-7abc
and 161-66-7aad), and a maximum difference of about 379 feet throughout
the study area (161-66-7abc and 161-67-I4aaa)o

Glacial
The Rock Lake area is in the Young Drift Section of the Central Lowland

Province. West of the Mississippi (Fenneman, 1938) (Figure I). The entire
province was glaciated during the Pleistocene Epocho The material deposited
as a result of glaciation. glacial drift, masks the preglacial topography
in the province, giving it its characteristic undulating surface of low
reliefo

The material incorporated in a glacier is deposited in two principle
wayso The bulk of this material is deposited directly by the ice and
consists of an unstratified. heterogeneous mixture of clay, sand, gravel,
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and boulders, called ti II. The remainder is deposited by glacial meltwaters
in the form of stratified drift, composed of variably-sorted si It, sand,
and gravel. When found below the water table, or when underlain by impervious
material, these depos;its may form good aquifers, depending on the nature
of the detritus forming them and the presence of a source of recharge.

In the Rock LakE! area, the thickness of the glacial drift ranges from
zero (161-66-7abc and 161-66-6aad) to 409~ feet (161-67-I4aaa). Within
the glacial drift, there are sand and gravel deposits that range in thickness
from 2 feet (161-66-8ddc) to 18 feet (161-66-8ddc). The most significant
sand and gravel depos,its, however, are those that were deposited directly
on bedrock (161-66-7cab, 161-66-6bdc, 161-66-18cdc, and 161-67-14aaa).

The present topography of the Rock Lake area was formed primari Iy by
the Post-Cary maximum drift advance number 3 (Lemke zsnd Colton, 1959, p. 53)
which is believed to be the Izsst glacial zsdvance over this area. It is
represented in the study area by ground moraine, the topographic expression
of which where unaltered, is a rol ling ti II plain with several shal low
depressions.

!tortIons of the ground monl Ine in the Rock Lake area were mod ified by
meltwater from the receding glacier. The meltwater deposIted sand and
gravel outwash along a sluiceway which starts in Canada, passes through the
center of the Rock Lake area, and ends in Glacial Lake Cando, located in
the southeast corner of Towner County (COlton, and others, 1963). These
outwash deposits were partly eroded at a later date and are now represented
by disconnected bod Il2.S of sand and grave I. The s Iu iceway entered the Rock
Lake area from the north in two separate channels. One occupied the present
lvlauvais Cou lee channe I, wh i Ie the other fo IIowed a course correspond ing to
the present Rock Lakeo These two channels joined about one mi Ie north of the
v i IIage to· form a sing Ie channe I (F ig. 4) (Co Iton, and others, 1963) 0
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The topography of the eastern half of the study erea has less relief
than that of the ground moraine in the west. This area consists of a
ground moraine reworked by meltwaters which flooded the area, on one or
several occasions, and readjusted the previously deposited drift.

The Rock Lake area can therefore be divided into three parts with
respect to the surface topography, the ground moraine, the outwash channel,
and the modified ground moraine as indicated in Figure 4.
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HYDROLOGY

The Pierre Shale is generally considered a poor aquiferdueto the
highly impervious nature of the shaleo Some water is obtained from sand
occasionally found interbedded with the shale; however, the sand receives
very little recharge from the shale and, consequently, the quantity of
water available from :such aquifers is Iimitedo A larger source of water
is avai lable from the Pierre Shale wherever the upper portion is weathered
and jointed (Abbott and Voedisch, 1938, po 3S}0 These two conditions,

however, are of a local extent in North Dakota and were not encountered

in the Rock Lake areao
Glacial drift aquifers in the Rock Lake area constitute a more dependable

source of watero In the four observation wet Is,sand and gravel bodies were
encountered that ranged from forty-nine (161-66-7cab) to ninety-eight
(161-67-I4aaa) feet in thicknesso

The sand and gravel in observation wel Is 6 (161-66-18cdc) and 10

(161-67-I4aaa) were deposited before the last glaciers advanced over the area
and are thus found, at the present, buried beneath younger glacial drift
depositso The aquifer in observation wells I (161-66-7cab) and 4 (161-66-6bdc)
was deposited as glacial outwash from the last glacier that retreated from
the Rock Lake area and thus crops out at the surface wherever it is not
covered by recent alluviuffio

Stiff diagrams are used for comparing the chemical composition of various
water sampleso They consist of a graphical representation of the ionic
concentration of the di.fferent constituents dissolved in water, in equivalents
per mi II iono An ion is a charged atom or group of atomso In Figure 5 cations
(positive ions) are plotted on the left of a vertical zero line whi Ie
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anions (negative ions) are plotted on the right. Equivalents per mi II ion
is a unit expressing the combining power of the different ions in a solution.
Thus a certain number of equivalents per mi Ilion :ations wi II combine with
the same number of equivalents per mi Ilion anions. This method of addition
and subtraction of cations and anions cannot be made when their concentrations
are expressed in parts per million. Stiff diagrams of waters collected from
the Rock Lake area (Figure 5)~ Indicate that the water from the observation
wel Is fall into two distinct groups. The first includes water from
observation wel I I and 4 whl Ie the other includes water from observation

wet Is 6 and 10.
The time difference in the deposition of the aquifers and the quality of

the water in the aqUifers indicates a possible hydrologic separation between
the two groups~ and a possible hydrologic connection between the observation
wel Is within each group. A hydrological connection means that water can
flow relatively unimpeded from one location to another whi Ie a hydrological
separation means that the flow of water between two locations is absent~ or
highly restricted.

The aquifer encountered in observation well I is believed to be
hydrologically connec:ted to the lake because of the nature of outwash
deposits. Outwash dE~posits, form continuous deposits of permeable material
along meltwater channels. It is improbable that al I of the outwash deposits
between observation ~,ell and the lake were removed by erosion subsequent
to their deposition, due to the presence of 49 feet of sand and gravel at a
distance of about 35 yards from the I~ke. Thus, in addition to direct
recharge from precipiltation, this aquifer is usual Iy rechaig~d by Rock Lake.
Seasonal fluctuation in the lake level, however, may cuuse the aquifer to
discharge into the lake.
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OBSERVATION WELL NUMBER
OBSERVATION WELL NUMBER 6 061-66-18 C d c)

CATIONS IN EQUIVALENTS PER MILLION

.0
I

o
I

(I61-66-7cob)

ANIONS IN EQUIVALENTS PER MilliON

5 10
I I

15

I
20
I

15
I

CATIONS IN EQUIVALENTS PER MILLION

10

I
o
I

ANIONS IN EQUIVALENTS PER MILLION

10

I
15
I

IS
I

10
I

5
I

ANIONS IN EQUIVALENTS PER MILLION

o
I

OBSERVATION WELL NUMBER 10 (161-67-140 a a)

CATlaNS IN EQUIVALENTS PER MILLIaN

la 5
I I

ANIONS IN EQUIVALENTS PER MILLION

10

I
o
I

ROCK LAKE (161-66-70)

CHEMICAL SYMBOLS

CATIONS IN EQUIVALENTS PER MILLION

10 5
I I

Na+K

C.

OBSERVATION WELL NUMBER 4 (I61-66-6bdc)

PER MILLION ANIONS IN EQUIVALENTS PER MILLIONCATIONS IN EQUIVALENTS

0 10.0
I II

No+K NO,+Cl+F

Co

N. , SODIUM

POTASSIUM

Co = CALCIUM

Me : MAGNESIUM

F. = IRON

NOS ' NITRATE

HCDS' BICARBONATE

S04 ' SULPHATE

COs' CARBONATE

CI CHLORIDE

F 'FLUORIDE

FIGURE 5 --STIFF DIAGRAMS OF CHEMICAL ANALYSIS OF WATER FROM OBSERVATION WELLS AND ROCK LAKE



The hydrologic connection of observation well 4 to observation well I
may be absent due to possible post-glacial erosion of the detritus between
the two observation wells. As observation well I is hydrologically connected
to the lake, a hydrological connection between the two observation wells
wi II be represented by a similarity In the elevation of the water levels in
observation wel I 4 and the lake. Any significant dissimi larity in the
elevations of the water levels would indicate that observation wel I 4 is not
hydrologically l:onnected to Rock lake or observation wet I I. Several water
level measuremel~ts should be made before the hydrological connection or
separation of the observation well to the lake can be established.

The quantity of the recharge entering the aquifer encountered in
observation wel 14 wi II depend on whether it is hydrolo~cally connected to
the lake. If this connection exists, then the same situation is present as
in the case of observation wet I I. If, on the other hand» this connection
is absent, the aquifer wi II be recharged only by direct infi Itration of
precipitation.
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\tJATERQUALITY
Chernic81 clnaIyses of water samp Ies co IIected in th Is study, a long

wi th chern!ca I clnaIyses of water from the Rock Lake area obta ined from the
North Dakota State Department of Health and from Abbott and Voedlsch (1938)
are given in Tilble 20 Table 3 gives the significance of various constituents
in water for domestic or municipal supplies in North Dakota (Schmid, 1965)0

Glacial dr"ift water is superior In quality to the Pierre Shale water
in the Rock La~,e areao Excessive concentrations of sodium, total dissolved
solids, and ei1:her sulfates or chlorides are found in the Pierre Shale watero
The removal of such material is not economically feasible; thus, the water
from the Pierre! Shale is undesirable for domestic useo The glacial drift
water has a very high hardness content as well as excessive iron concentrationo
Sulfates are present in objectionable concentrations in observation wel Is
6 (I61-66-Iecdc:) and '0 (161-67-I4aaa)0 The presence of hardness and high
iron concentration in drinking water is not physiologically harmful to
humans; howeve,', they are objectionable in water for household use because
of the co Ior iI'on imparts to Iaundered goods and because of the increased
soap consumption caused by hardnesso Hardness and iron can be readily
reduced making the water from observation wells I and 4 more desirable for
a Illunic ipa I SUI)P IY than Pierre Sha Ie water 0

Due to th~ hydrologic connection of observation well I to the lake,
the quality of the water In the well may change upon pumping the wel,o This
change wi II be caused by a greater quantity of lake water entering the aquifero
The rate of pumping wil I determine the extent to which the water from the
wet I wi II approximate the quality of the lake watero The same situation
wil I be present for the aquifer encountered In observation wel I 4 if It
is hydrologically connected to Rock Lakeo The quality of water from the lake
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is generally better than that of the observation wel Is. The only two
significant disndvantages of lake water is its higher sodium content and
its probable bal:terial content. The iron content of the lake water is
higher than that present in observation wel I I, however, in either
case the iron is in excessive concentrations and should be removed before
the water is used for a municipal supply. The concentration of total
dissolved solids is higher in the lake water than that in the water from
observation well 4; however, both concentrations are within the average
range. Thus, the increase of total dissolved sol ids caused by the lake
water mixing with the water in the observation wel I would be of no practical

significance.
Bacteriological analyses of water from observation wells I, 6, and to

indicates that observation well I may be contaminated with intestinal
bacteria. Bacterial contamination can be removed by a chlorination process.
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REcor;it·l~OATI 0;15

From avai lable data the aquifer encountered in observation wel I I
(161-66-7cab) appears to be the most reliable source of water for the
village of Rock Lakeo The quality of the water obtained from a wel I in
this aquifer wi II vary with the variation in the quality of the lake water~
and the rate at which the well is pumped. Treatment of the water for the
reduction or removal of possible bacterial contamination~ iron, and
possibly hardness will~ however~ probably have to be undertaken throughout
the year.

If the aquifer encountered in observation well 4 is not hydrologically
connected to Ule Iake and if the qua Iity of the water der ived from it is
preferable to the vii lage, the amount of water capable of being derived from
the aquifer will have to be determined before the aquifer can be used for
a municipal water supply. Such a determination would require additional
test dril ling, observation well installation, and a pumping testo

Test hole II (161-66-8ddc) encountered an aquifer consistingof 18 feet
of gravel, whi(:h may be a potential source of water for a municipal supplyo
Th is grave I Ia(:ks the red sta in wh ich was present inmost of the other
gravel encountl!red in this study. This may indicate the presence of a
water with low iron concentration. However~ additional investigation would
be necessary tl) determine the extent and nature of the aquifer and whether
a source of recharge is present. Such investigations need not be undertaken
un Iess the othlC!rsources of water are undes Irab Ie to the v iIIage.
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TABLE I
SU~~RY OF TEST HOLE LOGS

The fol lowing logs are summarized from those compi led by the author
during the dri IIing operations. Information used in the logs was obtained
from direct analysis of the cuttings, the dri IIer1s log and electric logso
AI I figures for depth and thickness are to the nearest half foot.

The Wentworth scale, as represented in Pettijohn (1957, p. IS),
is used for grain size nomenclature.

The color names and designations were obtained from the Rock-Color
Chart by Goddard~ and others (1951). All color descriptions are of wet
sampleso

Formation

Pierre Shale~

,Materia I

161-66-6aad
Test Hole 1364-12

Shale, olive gray (5Y4/1) to dark
greenish gray (5 GY4/1)~ Interbedded
with bentonitic (7) clay layers,
sl ightly sandy at places •••• ooo •••• o

Shale, olive black (5YS/I); interbedded
with bentonitic (7) clay layersooo.o

161-66-6bdc
Test Hole 1364-4

Thickness
(feet )

22

Depth
(feet)

From To

o

23

23

o
G I ac ia I Dr ift ~

Pierre Shale~

Topsoil.oocooooooooo •• oooooooooooooooo
Sand, fairly wel I-to well-sorted,

predominately angular, predominate
. I

size 4 mmOODOOOOOOODOOOOOOOOOOOOOOOO

Grave I, fa irJ.y.weII-sorted, subrounded
to well-rounded, between 5 and 30 mm
in size; interbedded with sand layers,
poorly-sorted, average size I mmo •••

Shale, olive black (SY2/1); Interbedded
with clayey bentonitic (7) layers •••

-19-
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TABLE I.--Summary of Test Hole Logs-continued

Formation t~terial Thickness
(feet)

Depth
(feet)

From To
161-66-7aad

Test Hole 1364-2

19

10

37
43

22
I

I~

14

10

51

41

84
85

62

33

178~

I~
165

10

I~

14

o

51

33

41

62
84

165

85
122

4

I2

8

\I

13~
Shale, olive black (5 Y2/1), cohesive,

very hardooooooeooo.ooo.ooooooooooooo

Topsoi I OOOQOOOOOOoooooooooooooooooooooo

Clay, very pale orange (10 YR8/2),
sandy, noncohesive, very soft,
oxidizedooooooooooooooooooooooooooooo

Ti II, Iight olive gray (5 Y6/1),
sandy; very fine; cohesive, highly
calcareous ••••••••••••••••••••• Do ••••

Sand, fairly wel I-sorted, angular to
wel I-rounded, average size about I mm,
oxidizedooooooooooooooooooooooooooooo

Clay, (ti II?), silty matrix with shale
fragments, cohesive, soft, noncalcareous,
top sl ightly oxidized) interbedded with
clay, dark greenish gray (5 GY4/1),
highly calcareous •••• o.Do •••••••• o •••

Gravel, sandy, poorly-sorted, angular
to well-rounded, average size 2 mm,
oxidizedooooooooooooooooooooooooooooo

Til I, dusky yel low green (5 GY5/2),
silty, cohesive, hard •••••••• ooo •• o ••

Gravel, sandy, poorly-sorted, subangular
to wel I-rounded, average size 2 mm •••

Ti 11,01 ive gray (5 Y4/1), gravelly and
bouldery, cohesive •••• o•••••••••• o.o.

Boulder, granite •••••••••• D •••••• o •••••

Silt, greenish gray (5 GY5/1), gravelly,
cohesive, soft, brittle, silt grades
downward to a fine sand ••••••••••••••

Sand, grading into ti I1••••• 0 •• 0 ••••• 0.

Pierre Shale;

Glacial Drift;

161-66-7abc
Test Hole 1364-3

Pierre Shale~
Topsoi 10000000.0000.00.0000000000000000

Shale, olive black (5 Y2.5/1), cohesive,
very hardE interbedded with bentonitic
(?) clay layers, cohesive, soft •••••• 51~

o

52~

-20-



TABLE lo--Sunmary of Test Hole Logs-continued

Format ion

Glacial Drift~

l:-1ateriaI

161-66-7cab
Test Hole 1364-1

Topsoi 10.000000000000000.0000000000000

Sand, pale yellowish orange (10 YR8/6),
clayey, fairly poorly-sorted, mostly
angular, predominate size ~ mm,
oxidizedoooooooooooooooooooooooooooo

Thickness
(feet)

2

Depth
(feet)

From To

o

3
Sand, fairly wel I-sorted, subangular

to subrounded, predominate size
3/4 lllInoooooooo.ooooooooooooooooooooo

Gravel, slightly sandy, fairly wet 1-
sorted, between 5 and 25 mm in sizeo

Pierre Shale (?):
Shale (?), greenish gray (5 GY5/1),

cohesive, soft, roncalcareous,
unoxidizedoo.ooooooooooooooooooooooo

161-66-8aba
Test Hole 1364-5

Glacial Drift:
Topsoilooooooooooo.ooooooooooooooooooa

Boulder, dolomiteo.ooooooooooooooooooo
Til I, predominately grayish orange

(IO YR7/4) to dark yellowish orange
(10 YR6/6), cohesive, fairly soft,
highly calcareous, oxidizedooooooooo

Til I, olive gray (5 Y305/1) to dark
greenish gray (5 GY305/1), si Ity,
cohesive, fairly hard, unoxidized,
dolomite bouidersooooooooooooooooooo

Pierre Shale (?), dark greenish gray
(5 GY3/1), cohesive, soft, non-to
very sl ightly calcareous, bentonitic (?)
clay matrix with shale fragmentsoooo

Til I, dark greenish gray (5 GY4/1) to
01 ive gray (5 Y4/1), cohesive, hard,
highly caicareous.oooo.ooooooooooooo

Till, as above) interbedded with gravel,
mostly rounded to subroundedoooooooo

Sand, poorly-sorted, mostly angular,
average size I~ mm~interbedded with
graveloooooooooooooooooooeoooooooOOQ

Ti 11,01 ive gray (5 Y4/1), gravelly,
highly calcareousOOOOGOOOOOOoooooooo

Pierre Shale~
Shale, olive black (5 Y3/1), interbedded

with clayey bentonitic (?) layers;
lenses of sand, white, very fine, non-
to very slightly caicareousooooooooo

-21-

27

20

13

I
'2

14

2

27

23

9

56

15~

3

30

50

o
I

"
25

27
54

77

86

142

30

50

63

I
I~

II

25

27

54

77

86

142

157~



TABLE lo--Summary of Test Hole Logs-continued
Formation

GI ac ia I Dr i ft ~

Mater ial

161-66-8ddc
Test Hole 1364-11

Thickness
(feet)

Depth
(feet)

From To

Pierre Sha'e~

TopsoiloOOOOOOOOGOOOOOOOOOOOOOOOOOOOOOO

Ti II, Ii9ht brownish gray (5 YR6/1) to
light 01 ive gray (5 Y6/1), soft,
extremely calcareous, oxidized,
laminatedooo.ooooCOOOGOOOOOOooooooooo

Tit I, very pale orange (10 YR8/2) to
palE! yellowish orange (10 YR8/6),
soft, highly calcareous, oxidizedoooo 2

Til I, very pale orange (10 YR8/2) to
light alive gray (5 Y4/1), soft,
extremely calcareous, oxidized,
laminatedooceOODOOOOOOooooooooooooooo 2

Gravel, poorly-sorted, oxidizedoooooooo 2
Ti II, dark yellowish orange (10 YR6/6)

to greenish gray (5 GY6/1), soft,
calcareous, oxidizedooooooooooooooooo 6

Silt, olive gray (5 Y4/1), sandy,
sl ightly caicareousooooooo.oooooooooo 49

Til I, olive gray (5 Y3/1), cohesive,
hard, calcareous, unoxidizedooooooooo 64

Clay, olive gray (5 Y4/1), highly
calcareous, contains sulfides; inter-
bedded with silt, cohesive, soft,
highly calcareous, contains suli'ides. 8

Sand, gravelly, poorly-sortedoooooooooo 6
Clay, olive gray (5 Y4/1), sandy,

highly calcareous, contains sulfides. 8
Pierre Shale, olive black (5 Y2/1),

interbedded with bentonitic (?) clay
layersooooooooooooooooooooooooooooooo 7

Gravel, fairly poorly-sorted, angular
to subrounded, average size 4 mmooooo 18

Ti II (?), 01 ive green (5 Y4/1) and
dark greenish gray (5 GY4/1), non-
calcareous, interbedded with gravel 00 12

o

2

2 4

4 6
6 8

8 14

14 63

63 127

127 135
135 141

141 149

149 156
156 174

174 186
Shale, olive black (5 Y2/1) and olive

gray (5 Y3/2), interbedded with
bentonitic (?) clay layersooooooooooo

-22-
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TABLE le--Summary of Test Hole logs-continued
Formation

Glacial Drift?

r.Jaterial

161-66-18cdc
Test Hole 1364-6

Topsoilooooooooooooooaoooooooooooooooo

Till, dark ye IIowi sh orange (10 YR6/6),
cohesive, hard, highly calcareous,
oxidizedoooooooooooooooooooooooooooo

Ti II, olive gray (5 Y4/1) to dark
greenish gray (5 GY4/1), cohesive,
highly caicareousooooeoooooooooooooo

Till, olive gray (5 Y4/1), cohesive$
highlycaicareousoooooooooeoooooooooo

Gravel, clayey, very poorly-sortedoooo
Till, dark olive green (5 GY4/1)~

sandy, cohesive, brittle, sl ightly
caicareousoooooooooooooooooooooo.ooo

Pierre Shale (1), olive gray (5 Y4/1)
to dark greenish gray (5 GY4/1),
cohesive, soft, contains sulfides;
sand laminations, fine, whiteooooooo

Sand, poorly-sorted, angular to
roundedooooooooooooooooooooooooooooo

Thickness
(feet)

I
2"

16~

23
76

9

3

17

21

Depth
(feet)

From To

o

~ 17

17 40

40 116
116 125

125 128

128 145

145 166

Shale, interbedded with clayey bentonitic
(1) layersoooo.o.oo.ooo.ooooooooo •• o 12~

Pierre Shale:

GI ac ia I Dr i ft ~

Sand, fairly wel I-sorted, angular to
well rounded, between * to ~ rom in
size 0 000 0 0 0 0 0 00000000 a 00000000 000000

Gravel, poorly-sorted, maximum size
20 lrnm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Q 0 0 0 0 0 0 0

161-67-lbbb
Test Hole 1364-9

Topsoilooooo •• oooooooooooooooooooooooo

Ti II, very pale orange (10 YRS/2) to
light 01 ive green (5 Y6/1), si Ity,
cohesive, soft, highly calcareous,
oxidizedooooooooooOOOOOODOOOOOOooooo

10

II

4

166
176

187

o

176

187

199~

5
Til I, oliVe gray (5 Y4/1), cohesive,

fairly hard, caicareous.oo.oo.oooooo 12
Ti II, dark greenish gray (5 GY4/1),

cohesive, fairly hard, highly calcareous,
sandy in partsoooooooooooooooooooooo 3

Sand, fairly well-sorted, mostly angular,
average grain size 3/4 mmooooooooo.o 3

Ti II, dark greenish gray (5 GY4/1) to
olive gray (5 Y4/1), cohesive, fairly
hard, slightly caicareousoooooooo.oo I09(?)

-23-
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20

23

17

20
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TABLE I.--Summary of Test Hole Logs-continued
Format ion Naterial- ...•-

161-67-lbbb
Test Hole 1364-9

(cont inued)

Thickness
(feet)

(ePth
feet)

From To

Glacial Drift~

Pierre Shale~

Silt, dark greenish gray (5 GY4/1) to
01 ive gray (5 Y4/1), cohesive, soft,
hi£hly calcareous, laminatedooooooooo 42(?)

Si It, olive gray (5 Y4/1) to dark
greenish gray (5 GY4/1), sandyooooooo 12

Til I, olive gray (5 Y4/1) to dark
greenish gray (5 GY4/1), cohesive,
soft, highly caicareousoooooooooooooo II

Si It, olive gray (5 Y4/1), interbedded
with sandy silt, cohesive, hard,
calcareous, contains sulfides~ sand
lenses, fine, whiteooo.oooooooo ••oo.o 43

Shale (?)j dark greenish gray (5 G4/1),
si Ity, cohesive, highly calcareous,
weathered (?)o.ooooo.oooooooooooooooo 13

Ti II, dark greenish gray (5 64/1) to
dark greenish rray (5 GY4/1), bouldery,
cohesive, very hard, highly calcareous I~)

Shale (?), dark greenish gray (5 G4/1)
to dark greenish gray (5 GY4/1),
cohesive, highly caicareousoo.ooooooo 15

Clay, dark greenish gray (5 GY3/1),
si Ity, cohesive, hard, extremely
compact, sl ightly to noncalcareousooo 2

Shale, 01 ive black (5 Y2/1), interbedded
with clayey bentonitic (?) layersoo.o 30

161-67-I4aaa
Test Hole 1364-10

132(?) 174
174 186

186 197

197 240

240 253

253 268

268 283

283 285

285 315

o
Glacial Drift~

Topsoi 1.000000 ••• 0000000000000000000000

Ti II, yellowish gray (5 Y8/1) and light
olive gray (5 Y6/1), cohesive, soft,
highly calcareous, oxidizedooooo.oooo 2

Ti II, grayish orange (10 YR7/4) to
light 01 ive gray (5 Y6/1), silty,
cohesive, soft, highly calcareous,
oxidizedoooooooooooooocoooooooooooooo

Til I, dark yellowish brown (10 YR4/2)
to moderate yellowish brown (10 YR5/4),
silty, sandy (very fine), cohesive,
soft, noncalcareous, oxidizedoooooooo 7

-24-
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TABLE lo--Summary of Test Hole Logs-continued
Formation Nateria I--- Thi clmess

(feit')
Depth
(feet)

From To

379 409~

Glacial Drift~

Pierre Shale~

161-67-14aaa
Test Hole 1364-10

(cont inued)
Ti II~ dark yellowish orange (10 YR6/6)

to olive gray (5 Y4/1)~ cohesive~
highly calcareous~ oxidizedooooooooo

Sand~ fairly wel I-sorted, mostly angular»
I d' t .2 mm pre omlnan Slzeooooooooooooooo

Til I, olive cray (5 Y4/1) to dark
greenish gray (5 GY4/1)~ bouldery,
cohesive~ very hard, highly calcareous

Ti II, same as above; contains gravel,
subrounded to subangular~ average
size 5 rnIn•• eOOQooeooooOOOOOOOQOOOOOO

Ti II~ dark greenish gray (5 GY4/1)~
cohesive~ caicareousoooooooooooooooo

Til I~ olive gray (5 Y305/1), silty,
cohesive, fairly hard, calcareousooo

Gravel, very poorly-sorted, angular
to rounded~ size ranges from 2 to
20 fi'Tfl 0 0 0 Q 0 0 0 0 • 0 •• 0 0 0 0 • e 0 0 0 0 0 0 0 0 0 0 0 0 •

Ti II» olive gray (5 Y305/1), gravel Iy~
cohesive, fairly hard~ calcareousooo

Silt~ olive £ray (5 Y5/1)~ cohesive~
hard~ highly calcareous, contains
suifides •• ooo.ooooooooo •• ooooooooooo

Gravel, fairly we II-sorted~ mostly
subangular to subroundedoooooooooooo

Si It, olive gray (5 Y5/1), bouldery,
cohesive, hard, highly calcareous~
contains suifides •• oo.ooo ••• ooo.o.o.

Grav~', clayeYoooooooooooOOOO~OGOOooo.
Si It, 01 ive gray (5 Y5/1), bouldery~

cohesive, hard, highly calcareous,
contains sulfides; interbedded with
shale, olive black (5 Y2/1)~ cohesive,
hardoooooooooooooeoooo ••• ooooooooooo

Si It:,01 ive gray (5 Y5/1), bouldery,
cohesive~ hard, calcareous, inter-
bedded with liGnite.o ••o••o.ooo •••• o

Clay JI 0 live gray'"(5 Y4/1) to dark
gn!en ish gray (5 GY4/1 ), sandy,
sl ~ghtly calcareous, interbedded with
ligniteoooo.ooo.oooo.oo.ooooooooo.oo

Sand~ poorly-sorted. mostly angular to
subangular; grades into graveloooo.o

Gravel~ sandy, very poorly-sorted,
an~luIar to rounded, between I and 5 mm
in size •• oooooooooooooo.ooooooooo.oo

Sha I~!, dark green i sh gray (5 GY4/ I) to
dar'k greeni sh gray (5 G4/1)~ cohesive,
very hard, noncalcareous, interbedded
with bentonitic (?) clay layersooo.o

-25-

3

4

37

5

37

50

7

22

4

6
5

3

4

66

37

61

30~

II

14

18

55

60

97

147

154

176

193

197
203

208

211

215

2BI

318

14

18

55

60

97

147

154

176

193

197

203
208

211

215

201

318

379



TABLE '.--Summary of Test Hole Logs-continued
Formation Nateri&

I62-66-Bdaa
Test Hole 1364-14

Thickness
(feet)

Depth
(feet)

From To

a

Sand, fairly wel I-sorted, mostly angular,
predominant size ~ Iml, oXidized ••• o.

Ti II, :Vellowish gray (5 YB/I), clayey,
fairly cohesive, soft, highly calcareoussoxidizedoo •• oooooeoooooooooooooooooo 2

C lay, dark greeni sh ~ray (5 Y3/1 ),
sandy, fairly cohesive, soft,
calcareous ••••••• o•••• o••••••••••••• 3

Sand, fairly wel I~sorted! an9ular to
rounded, predominant sIze 2"mm •••••• 17

Gravel9 poorly-sorted, gradational
contact with above sand •••••• o•••••• 10

GI ac ia I Dr i ft :~

Pierre Shale;

Glacial Drift:

Pierre Shale~

Topso i I 00.00 00 II0 0 0 0 0 • 0 0 0 0 0 00 II• 0 0 0 0 0 0 0 0

Sand, well-sorted9 mostly angular1predlominant size ~ Iml, oxidized ••• oo
Til11 erayish orange (IO YR7/4) to pale

yellowish orange (10 YRS/6), si Ity,
highly calcareous, oxidized ••o••••••

Silt, Iight olive gray (5 Y5.5/1),
clayey. sandy, calcareous, oxidized.

Til I~ dark greenish gray (5 GY3.5/1),
caicareousoooe.ooooooooooooooooooooo

Silt, dark greenish gray (5 GY4/1),
interbedded with a sandy si It•••••••

Sand, wel I-sorted, average size i mm ••
Ti II, dark greenish gray (5 GY4/1),

silty, cohesive, calcareouso ••• oo •••
Gravel, poorly-sortedo •••• o••• o•••• o•o
Ti II, dark greenish gray (5 GY305/1),

cohesive, crumbly.o.oo •••• o••• o.o •••
Shale, interbedded with bentonitic (?)

clay layersooooceoooo •• ooooooooooooo

I62-66-20acd
Test Hole 1364-15

Dam fill ingooooooooooooooooooooooooooo

Shale, 01 ive black (5 Y2/1), cohesive,
hard, interbedded with bentonitic (1)
claYooooooooooooooooeoooooooo.oooooo
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4
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I
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8
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TABLE I.--Summary of Test Hole Logs-continued

Formation Nater-ial--- Thickness
(feet)

Dept.!!-
(feet)

From To
I62-66-30dcc

Test Hole 1364-7

3

o

10 31~

10

3

82

2

5

21~

Topsoilo.oooooooooooooooooooooooooooo

Till:, predominantly 01 ive gray (5 Y4/1),
cohesive, calcareous, oxidized ••• o.

Sand, poorly-sorted, rounded to sub-
rounded, oxidized.oooooooo ••• oo.o.o

Silt, moderately yellowish brown
(10 YR5/4) to dark yellowish brown
(10 YR4/2), highly caicareousoooo.o

Pierre Shale;

Glarial Drift:

Glacial Drift:

Pierre Shale~

162-66-30ccc
Test Hole 1364-8

Topsoi 1000000000.00000000000000000000

Till, dusky ye IIow (5 Y6/4) to light
01 ive gray (5 Y6/1), cohesive, non-
calcareous, oxidized.o ••• o.oo ••••••

Shal1e, 01 ive gray (5 Y3/1), cohesive,
hard, massive, oxidized.o ••••• o••••

Sha I'e, dusky blue (5 PB3/2) and dark
gray (N3), cohesive, hard, massive,
interbedded with bentonitic (?)
cli!lYlayers; sand laminae, white,
noncaicareous •••••••• oooooooooo.oo.

6

3

II

o

7

7 10

10 21

Topsoilooooooooooooooo.ooooooooooooo.

Till, pinkish gray (5 YRS/I), si Ity,
noncohesive, soft, highly calcareous,
oxidized.ooooooooooooooooooooooooo. 2

Ti Ily grayish orange (10 YR7/4) to
dark greenish gray (5 GY4/1), cohesive,
soft, calcareous, oxidized ••oooo •• o 9

Ti II, mostly dark greenish gray (5 GY4/1 ~
cohesive, hard, calcareous, contains
small lenses of white sand.o •••••• o 93

Glacial Drift:

Pierre Shaleg

I62-66-32ddd
Test Hole 1364-13

Shale, dark greenish gray (5 G4/1) to
medium bluish gray (5 85/1), cohesive,
soft, noncaicareousoo.ooo ••oo.ooooo 21

o

3

3 12

12 105

105 126
-27-



TABLE I.--Summary of Test Hole Logs-continued

Format ion------ t'lateria I--- Thickness
("feit)

Depth
(feet)

From To
I62-66-30dcc

Test Hole 1364-7

3

o

10 31~

10

3

82

2

5

21~

Topsoi 1 •• 0000000.00000000000000000000

Til I, predominantly olive gray (5 Y4/1),
cohesive~ calcareous, oxidized.oooo

Sand, poorly-sorted, rounded to sub-
rounded~ oxidizedoooooo.ooooo.ooooo

Silt, moderately yellowish brown
(110 YR5/4) to dark yellowish brown
( 110 YR4/2) ~ high IY ca Icareous 00 0 0 0 0

G I tlr: i a tOri ft"

Pierre Shale~

Glacial Drift~

Pierre Shale~

I62-66-30ccc
Test Hole 1364-8

lapsoi 10 •• 000000000000000000000000.00

Till, dusky yellow (5 Y6/4) to light
olive gray (5 Y6/1), cohesive, non-
calcareous, oxidizedooooooooooooooo

Shale, 01 ive gray (5 Y3/1), cohesive,
hard, massive, oxidized.ooooooooooo

Shale~ dusky blue (5 PB3/2) and dark
gray (N3), cohesive, hard, massive,
interbedded with bentonitic (7)
cl,ay layers~ sand laminae, white,
noncaicareouso ••• ooo.oo.o.oooooooo.

6

3

II

o

7

7 10

10 21

Topsoilooooooooooooooooooooooooooooo.

Ti 1I, pinkish gray (5 YRS/I), si Ity,
noncohesive, soft, highly calcareous,
oXidizedooooooooooo •• oeooooooooooo. 2

Ti IIs grayish orange (10 YR7/4) to
dark greenish gray (5 GY4/1), cohesive,
soft, calcareous, oXidized.ooooo ••• 9

Ti II, mostly dark ~reenish gray (5 GY4/1 ~
cohesive, hard, calcareous, contains
small lenses of white sand •••• o•• QO 93

Glacial Drift;

Pierre Shale~

I62-66-32ddd
Test Hole 1364-13

Shale, dark greenish gray (5 G4/1) to
medium bluish gray (5 B5/1), cohesive,
soft, noncalcareousoooo.oooo •• ooooo 21

o

3

3 12

12 105

105 126

-27-



TABLE 2
Chemic~1 analyses of Water from Selected Wel Is,

Test Holes and Rock Lake
(Ana Iyt i ca I resu Its in parts per mi II i on except as i nd i cated)

1550 ,. sol i . Ill,.. ness .s . Per- Spec i fie

loution Well Aqui fer Date Silica Totlll Calcium ...,- Sodium Potlls- 6i car- Cllrbonah Su I fat~ Chloride ~luo- Ni~rllte Boron Residue on Calcium NonCllr- cent Sodium conductance pH

D:::~\ of (SiOZ) ~~:~(C. )
n~~~ ~m

(Ill) ~~~m ~~~~~~(C03) (5°4) IS! ) ride (~O3) (8) S,m fVllporllt ion
IMIgneslum bonate so- adsorpt lon- (micromhos

call ect i on (f) .t 180" C dium retio lit 25° C\

161-b5-6d·· Pierre I /2
John Brad Ity 210 Shele (?) 8-25-64 - - - - 779 - 378 6 - - - 22 - 3.334 390 - - - 4,170 7.8

Ibl-b6-6bdc·
Obserution well 50 Sand & Gravel 9-25-64 2S 7.2 124 50 40 II 566 0 134 9.8 0.3 3.0 0 678 673 515 51 14 0.8 1,040 7.5
#1

161-66-7
/1

N. W.• ~wkjns 160 Pierre Shol. - 24 0 62 21 677 - 527 - 1,072 114 0.4 6.7 - - 2.282 242 - - - - -

11)1-66-7/1

School District 204 Pierre Shill II! - 27 0 36 17 989 - 730 - 78 1,155 0.4 1.7 - - 2,661 159 - - - - -
f28

161-66-7" Pierre
Myrono-n 171 Shale (?) 3-16-62 - 0.65 24 8 1,093 - 671 0 130 ! .265 - Tr~ce - 3,191 - 95 - - - 4.783 7.55

161-66-7.· Surface
Rock lake - Wahr 9-25-64 - 3.4 59 43 168 - 244 64 214 113 0.5 2.0 - - 985 325 17 53 4.0 [ .310 9.0

161-f>6-7cab·
Obserution 1ft[1 50 Sand & Gravel 9-24-64 - 2.2 1B8 66 105 - 624 0 305 19 0.5 0 - - [ ,230 740 116 24 1.7 1,720 7.8
#1

161-66-18cdc·
2,370 7.9

Observation .ell 190 S~nd & Gravel 9-30-64 23 0.7 144 45 348 27 514 0 689 137 0.4 3.0 0.7 1,670 [ ,660 545 124 57 6.5
f6

161-67-14IIu·
Dbstrvat j on 1ft I [ 376 Sand & Gravel [0-7-64 21 0.62 208 78 215 IB 568 0 747 63 0.' 3.0 0.12 [ .630 [ ,640 840 375 35 3.2 2.210 7.8
#10

162-67-25"·
£••••in KIll tva - - 1-?-6[ - 2.2 66.0 20.7 1,322.0 - 652.7 0 30.0 [ .817.5 - [[.[ - 3,922.2 - 250.0 - - - 4.170 -

• Analysis by State Laboratorin Department
•• Analysis obtained from North Oakota State Health Department

/1 Abbott and V;edisch. [938. p. 81
/2 Calcu lated from spec i f iC conductance



TABLE 3

WATER QUA L I TV EX PLANA T ION

The followint explanation gives the significance of the various
constituents of a complete analysis for a domestic or municipal water supply
in North Dakotao

Bicarbonate (HC03) has no significance in natural water~ however~ there are
certa in standard:s to be ma inta ined in water treatment p Iants 0 A water
high in bicarbonate content wi II tend to have a flat tasteo

Boron (B) has no physiological or esthetic significanceo
Calcium (Ca) is one of the primary causes of hardnesso
Carbonate (C03) has no significance in natural water~ however~ there are

certain standards to be maintained in water treatment plantso
Chloride (el) over 250 ppm may have a salty taste to persons umsccustomed to

high chloride cOlncentrationso Persons may become accustomed to higher
concentrationso

Fluoride (F) is believed to prevent decay in children'S teeth within the
Iimits of 009 to 105 ppm in North Dakotao Higher concentrations cause
mottled teetho

Hardness is classified by the North Dakota State Department of Health as
fo IIows ~

o - 200 pprn

200 - 300 ppm
300 - 450 ppm
Over 450 ppm

Low
Average
High
Very high

Calcium and magnlasium are the primary causes of hardnesso Hardness,
wh ich increases isoap consumpt ion, can be removed by water soften ing
systemso

Iron (Fe) over 003 ppm may cause staining of laundry and fixtureso Over 005
ppm iron may be tasted by persons unaccustomed to water with a high iron

-29-



content. A water with a high iron content wi II adversely affect
the taste of coffee and tea made from such water. Iron remova I
systems are available.

Ea.qnesium (Ng) is one of the primary causes of hardness. Over 125 ppm
magnesium may have a laxative effect on persons unaccustomed to this
type of water.

Nitrate (N03) over 45 ppm can be toxic to infants, much larger concentrations
can be tolerated by adults. Nitrate in excess of 200 ppm may have ill

deleterious affect on livestock health.
Potassium (K) in small amounts is essential to animal nutrition •

.E.!:!. shou Id be betwe'en 7.0 and 9.0 for domest ic use.
SI Iica (Si02) has InO physiological or esthetic significance.
Sodium (Na) has no physiological or esthetic significance except for persons

on salt free diets.
Sodium percent (% Na) indicates the sodium hazard of irrigation water.
Sodium Adsorbtion IRatio (S.AoRo) indicates the sodium hazard of irrigation

water.

<;pecific Conductan,s.!.is a genera I ind icat ion of tota I d isso Ived so lids and
a measure of sal inity. Used primari Iy for irrigationanalyses.

Sulfates (S04) are classed as fol lows~
o - 300 ppm

300 - 700 ppm
Over 700 ppm

Low
Hi::h
Very high

250 ppm is th'e limit set by the U. S. Public Health Service, however, a
North Dakota State Department of Health Survey indicates no laxative
effect is noticed unti I sulfates reach 600 ppm, over 750 ppm there Is
generally a laxative effect.

-30-



Total Dissolved Solids are classed as follows by a North Dakota State
Departm~nt of Health Survey;

o - 500 ppm
500 -1400 ppm

1400 -2500 ppm
Over 2500 ppm

Low
Average
High
Very high

Calcium and magnesium are the primary causes of hardnesso Hardness
which increases soap consumption, can be removed by water softening

systemso
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