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GROUND WATER AND CHEMICAL QUALITY OF WATER IN

KIDDER COUNTY, NORTH DAKOTA

By

Edward Bradley, L. R. Petri, and D. G. Adolphson

ABSTRACT

Kidder County is underlain by a relatively thick mantle of uncon-
solidated glacial drift overlying consolidated bedrock formations o f
Tertiary and Cretaceous age . The consolidated rocks are the Pierre.
Shale, Fox Hills Sandstone, and Fort Union Formation . Generally farm
and domestic water supplies, and at some places sufficient water for
larger uses, can be obtained from the bedrock formations.

The unconsolidated rocks may be subdivided into surficial outwash ,
buried-valley outwash, ice-contact deposits, lacustrine deposits, till and
associated sand and gravel deposits, and Recent deposits . Ground water
in relatively large quantities occurs in surficial and buried-valley out -
wash deposits, especially where they occur together. Medium to
moderately large supplies may be obtained from the surficial outwash
alone at many places . Ice-contact deposits are generally rather shallow
and probably yield only small quantities of water, owing to limited
thickness and areal extent. Till and associated sand and gravel deposit s
occur both at the land surface and buried beneath younger deposits .
Small quantities of water are available from wells that tap such deposits .

Recharge from precipitation is rapid in a large area of relatively
coarse-grained outwash deposits exposed in the central part of Kidde r
County . Ground water is discharged from the zone of saturation b y
evapotranspiration, seepage into springs, lakes and swamps, and flow
or withdrawal through wells . Underflow, both into and out of the county ,
also may account for substantial amounts of recharge to or discharge
from the aquifers .

In general the water table or piezometric surface rises and fall s
according to the ratio of recharge to discharge and in response to changes
in barometric pressure . Water levels in wells tapping surficial outwas h
deposits generally rise or fall in reponse to recharge or discharge within
a few weeks, days, or even hours . Water-level changes in the deeper
aquifers are generally slower .

Transmissibility coefficients ranging from about 22,000 gallons to
about 43,000 gallons per day per foot were determined from pumpin g
tests on wells in outwash deposits. These figures are a rough measure
of the permeability of the formations locally near the wells on which th e
tests were made ; probably the permeability is somewhat larger in much
of the outwash and buried outwash, where they occur together .

The average daily withdrawal of ground water through wells in
Kidder County has been estimated to be 1.2 million gallons . Much larger
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withdrawals of ground water are possible through the development o f
wells in the surficial outwash and the buried outwash deposits .

The ground water in Kidder County generally is very hard ; it con-
tains high concentrations of iron and manganese but low concentration s
of potassium, fluoride, chloride, and nitrate . Dissolved solids in water
from consolidated rocks ranged from 600 to 1,200 ppm (parts per million )
and consisted principally of calcium and bicarbonate in the southern hal f
of the county and of sodium and bicarbonate in the northern half . Dis-
solved solids in water from surficial outwash deposits ranged from 302
to 751 ppm and consisted mostly of calcium and bicarbonate, and thos e
in water from deposits of sand and gravel in till ranged from 497 to 2,41 0
ppm and were highly variable in composition. Seepage from the Isabel -
Alkaline- Long Lake chain causes the dissolved solids in the ground wate r
to increase slightly and causes the relative percentage of sodium in th e
water to increase downgradient .

Most of the water from outwash deposits could be used for irrigatio n
on nearly all soils with little likelihood that the soils would become salin e
or that damage to the soil would result from the sodium in the water pro-
vided that soil drainage is good enough to allow for a moderate amoun t
of leaching through the root zone. The water has a medium salinity
hazard, a low sodium hazard, low boron content, and little or no residua l
sodium carbonate.

Almost all the ground water in Kidder County contains some con-
stituents that exceed the maximum concentrations recommended by th e

U .S . Public Health Service for drinking-water standards . If iron and
manganese were removed, most of the water from unconsolidated de -
posits would be satisfactory for domestic use according to the standards ,
but water from consolidated rocks still would not be satisfactory because
of the high sulfate and dissolved solids . According to the Langlier cal-
cium carbonate saturation index, the water is neither corrosive nor scal e
forming at 80 degrees F, but it is slightly scale forming at 160 degrees F .
The water from outwash deposits would be of suitable quality for man y
industrial uses if it were softened and if the iron and manganese were
removed .

INTRODUCTION

Kidder County has an area of about 1,385 square miles and is i n
Simpson's (1929, p . 5) Missouri Plateau physiographic region of North
Dakota (fig. 1) . The investigation of the geology and ground-water re -
sources of Kidder County was begun in 1955 by the U .S . Geological Sur-
vey, the North Dakota State Water Conservation Commission, and th e
North Dakota Geological Survey. The main objectives of the part of the
investigation discussed in this report were to determine the location, ex -
tent, and general yields of ground-water sources for irrigation, industrial ,
public supply, or farm and domestic use and to determine the chemical
quality of the water . This is the first of several countywide ground -
water investigations in North Dakota .

2
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The geology of the county was studied by the North Dakota Geologi-
cal Survey (Rau and others, 1962) . Records, including depths and water
levels, for most of the wells in the county were collected . Ninety-two
test holes were drilled by a rotary drilling machine owned by the North
Dakota State Water Conservation Commission . Periodic water-level
measurements were made in several wells . These records along with
chemical-quality-of-water data have been compiled in a basic-data re -
port (Randich and others, 1962) . Interpretations made from the records
are contained in this report .

The chemical quality of the ground water was studied to determine
the suitability of the water for use and the relations of water quality t o
the geology and hydrology of the county. Emphasis is given to the
quality of water from surficial outwash deposits ; however, consideration
is given to the quality of water from deposits of sand and gravel in till
and from consolidated rocks and also to the influence of lake seepage o n
the quality of the ground water. The suitability of the water for irriga-
tion and industry is discussed because of increasing interest for such us e
of ground water .

In a reconnaissance report on the geology and ground-water re -
sources of North Dakota, Simpson (1929, p. 148-149) briefly discussed
ground water in Kidder County. A report on municipal water supplie s
in North Dakota contains records and chemical analyses of water samples
for seven wells in Kidder County (Abbott and Voedisch, 1938, p. 62-63) .
General information on ground water in North Dakota has been sum-
marized by Paulson (1962) .

WATER RESOURCES

Nearly all the usable water of the earth is moving in a vast circula-
tory system called the hydrologic cycle. Surface water occurs in oceans ,
lakes, rivers, ponds, and marshes . Ground water occurs beneath th e
earth's surface ; it is derived mainly from precipitation that soaks into
the ground, moves through rock formations, and eventually is discharge d
to the atmosphere, into surface-water bodies, or used by plants, animals ,
or man. (See figure 2 . )

Kidder County is unusual in that it has no stream or river that flow s
throughout all seasons . For indefinite periods after heavy rains or rapid
melting of snow and ice, however, small streams flow into many of th e
depressions and lakes that are scattered throughout Kidder County.
Lakes in the area are discussed by Rau and others (1962, p . 4) .

Principles of Occurrence of Ground Wate r

Below certain depths the voids or pore spaces in the rocks of th e
earth's crust are saturated with ground water . Practically all ground
water is derived from precipitation . Water enters the ground by penetra-
tion of rain or snowmelt or by percolation from streams and lakes .
Ground water generally moves downward and then laterally from area s
of recharge to areas of natural discharge .

4
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Discharge is by evaporation from lakes, ponds, and the land surfac e
where the water table is shallow, by transpiration, by seepage int o
streams, and by pumping and flowing from wells and springs .

Any rock formation or stratum that will yield water in sufficien t
quantity to be a source of supply is called an "aquifer" (Meinzer, 1923 ,
p . 52) . Water moving in an aquifer from recharge to discharge area s
may be considered to be in "transient storage . "

The amount of water that a rock can hold is determined by its poro-
sity . Unconsolidated material, such as clay, sand, and gravel, generally
is more porous than consolidated rock, such as sandstone and limestone ;
however, consolidated rock in some areas is highly porous .

The capacity of an aquifer to yield water by gravity drainage may
be much less than is indicated by its porosity because part of the water
is held in the pore spaces by molecular attraction to the rock particles ;
the smaller the pores, the greater the proportion of water that will b e
held. The amount of water, expressed as a percentage of a cubic foot ,
that will drain by gravity from 1 cubic foot of an aquifer is called the
"specific yield" of the aquifer .

If the water in an aquifer is not confined by overlying, relativel y
impermeable 'strata, the water is under water-table conditions. Under
these conditions, water can be obtained from storage in the aquifer b y
gravity drainage — that is, by lowering the water level, as in the vicinity
of a pumped well .

Water is said to occur under artesian conditions if it is confined i n
the aquifer by an overlying, relatively impermeable stratum. Under
such conditions, hydrostatic pressure will raise the water in a well, or
other conduit penetrating the aquifer, above the top of the aquifer . When
water is withdrawn from the well, the aquifer remains saturated, and
water is yielded because of its own expansion and because of the com-
pression of the aquifer due to lowered pressure, rather than by gravit y
drainage. The water-yielding capacity of an artesian aquifer is called
the "coefficient of storage" and generally is very much smaller than the
specific yield of the same material would be under water-table conditions .
The coefficient of storage of an aquifer is the volume of water it release s
from or takes into storage per unit surface area of the aquifer per uni t
change in the component of head normal to that surface .

The resistance to the movement of water through pore spaces that
are relatively large, such as those in coarse gravel, is not great, an d
such material is said to be permeable. However, the resistance to the
movement of water through small pore spaces, such as those in clay o r
shale, may be great, and such material is said to be relatively imperme-
able or to have low permeability .

Concise explanations of the coefficients of permeability, transmissi-
bility, and storage as well as an explanation of analyzing pumping-test
data are given by Brown (1953) . An aquifer test, also frequently called
a pumping test, is a reliable means for determining the hydrologic pro-
perties of aquifers . A method commonly used for determining hydro -
logic properties from pumping-test data was developed by C . V. Theis
(1935) ; in this method, transmissibility and storage coefficients are corn-
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puted by means of the nonequilibrium formula, which has been discussed
also by Wenzel (1942, p. 87-89) . Derivation of the nonequilibrium formul a
is based on several assumptions regarding the physical properties o f
aquifers that are not generally found in nature . Ferris (1948) described
use of the nonequilibrium method to interpret subsurface geologic rela-
tions that depart from the assumed conditions .

WATER-BEARING CHARACTERISTICS OF THE GEOLOGICAL UNIT S

The ;significant geological units or formations with respect to the oc-
currence of ground water and their water-bearing properties are describ-
ed briefly in table 1 . The Tertiary and Cretaceous formations are ter-
restrial and marine sedimentary rocks ; they are consolidated or cement-
ed and are referred to as bedrock formations. In contrast, the Quaternary
rocks are relatively unconsolidated sediments ; all, except dune sand,
are of Pleistocene age deposited during the advance and melting of ice
sheets .

Consolidated Rocks

The bedrock formations in the county that are exposed or that wer e
penetrated by test drilling are the Pierre Shale, Fox Hills Sandstone, and
Cannonball and Tongue River Members of the Fort Union Formation .
Older formations are below present (1962) economical drilling depths,
and the water in them is generally too saline for most uses.

	

-
Wherever bedrock units are more than a few tens of feet below th e

surface, their pores or openings are probably saturated with water . How -
ever, some layers or beds are more permeable than beds directly above
or below. Generally the ground water occurs in permeable layers be-
tween relatively impermeable beds . In these aquifers the water is under
artesian conditions .

Pierre Shale. — The Pierre Shale, which underlines the entire county ,
is the bedrock formation directly beneath the glacial drift in most of th e
eastern half of the county. The shale is relatively impervious, but th e
upper part may yield small quantities of water to wells from fracture s
or possibly from sandy zones. Wells rarely yield more than 10 gul p
(gallons per minute) . In searching for ground-water supplies, well con-
tractors do not drill deeper than the Pierre Shale because the nex t
lower water-bearing units or formations are at great depths, and th e
water in them is highly mineralized .

Fox Hills Sandstone . — The Fox Hills Sandstone occurs in th e
western and southern parts of the county . It contains water-bearing
sand and sandstone beds that yield small to moderate amounts of water
to wells . The city of Steele and several farm wells obtain water fro m
these beds. Ground water in the formation is under artesian pressure,
but individual sand layers may have considerably different artesian
pressures, indicating that the formation does not act as a water-yielding
unit. Flowing wells from locally steeply dipping beds of the sandstone

7



Era System Series Geologic Unit Thicknes s
(feet)

Character Water-bearing characteristics

Unconsolidated very fine to coarse sand, part of which Permeable .

	

Generally contains ground water only

q
Dune sand 5O is actively drifting . where associated with or overlying surficial out -

wash deposits ; transmits water to underlying
aquifers readily .

Unconsolidated sand and gravel with a little silt of Generally highly permeable .

	

Where relatively
Surficiel outwash 250 ± glacioflusial origin ; occur in outwash plains and as- thick sand and gravel beds occur, yields of abou t

deposits sociated melt-eater-drainage channels .

	

Relatively
extensive .

300 gpm (gallons per minute) are likely .

	

Fin ., -
grained beds yield smaller quantities of water .

Unconsolidated silt, send, and gravel of glaciofluvial Permeable .

	

Yields relatively small supplies (25 to

e

Ice-contact deposits 50 + origin ; occurring as kanes, eskers, or similar glacia l
features ; smell areal extent .

100 gpm), where saturated thickness is sufficient .

Unconsolidated silt, sand, and gravel of glaciofluvial Permeable .

	

Yield unknown but probably large (50 0
i Buried-valley outwash 125 origin occurring in bedrock valleys ; underlies surficial gpm or more) yields are likely where deposits ar e

deposits outwash, till, and (or) laccustrine deposits . thick and (or) extensive .

	

Where overlain by sur -.o ficiel outvash, large yields ( 1 ; 000 gpm or more )
o a o are likely .

Lacustrine deposits 100 ± Unconsolidated laminated clay, silt, and fine sand .
Occur at the surface and buried under surficial outwas h

other

	

deposits .or

	

unconsolidated

al 1

.-Generalized section of the geologic units and their eater-bearing characteristic s

Relatively impermeable ; not a source of water for
wells .

	

May act as a barrier to ground-water
om

U

movement .

Till is relatively impermeable ; may yield very
Till and associated 380 Unconsolidated unsorted clay to boulders ; locally contains small quantities of water . but the supply, especiall y

sand and gravel glaciofluvial silt, sand, or sand and gravel . from shallow due wells, is undependable in long dr y
deposits periods .

	

Permeable isolated bodies of sand and
gravel occur within till ; these yield relativel y
small supplies (25 to 100 gpm), but steady with -
drawals are limited because recharge from surround -
ing till is slow .

Tongue River Member Light tan, yellow and white sandstone ; sandy, gray, Contains some permeable zones .

	

Yields smal l
of Fort Union 1 .100 + 1.'/ limonitic shale ; terrestrial ; contains lignite beds at quantities (generally only a few gallons pe r
Formation places .

	

Not extensive in Kidder County . minute) of water at most places .

a,
YE

8

Cannonball Member of 350 +

	

e, Light-to dark-brownish-gray shaley sandstone ; dark marine Contains some permeable zones .

	

Yields small quanti _

Fort Union Formation shale ; fossiliferous .

	

Not extensive in Kidder County .
wat
tie

e
s
r

(
a~ t
en
m
erally

la
on

lcesy
.a few gallons per minute) of

ost p

Grayish-yellow marine sandstone ; ferruginous ; contains Moderately permeable .

	

Yields as much as 150 gpm a t

Fox Hills Sandstone 300 ± 1 many concretions . most places ; locally contains water under artesia n
o o

pressure .

+ Consolidated bluish-gray to dark-gray marine shale ; fossil- Relatively impermeable .

	

Generally not a source of
Pierre Shale 2,300

	

a1 iferous ; contains many concretions . water for wells in the project area .
0

al Approximate maximum thickness in State



are obtained in T . 141 N., Rs . 73 and 74 W., and T . 138 N., Rs . 73 and 74
W. A flow of 140 gpm was measured from test hole 1139 (141-73-8aaa) ,
which probably penetrated the Fox Hills Sandstone between 89 and 112
feet .

FORT UNION FORMATION . — The North Dakota Geological Sur-
vey refers to the Fort Union Formation, as used in this report, as th e
Fort Union Group (Hainer, 1956, fig . 11) ; also the Cannonball and Tongue
River Members of this report are referred to as formations (Hainer, 1956 ,
and Rau and others, 1962) .

In the northwestern part of the county, the Cannonball Member ,
which immediately overlies the Fox Hiles Sandstone, is eroded and i s
present only in scattered or thin deposits . Where saturated, the deposits
may yield small amounts of water .

The Tongue River Member of the Fort Union Formation overlies th e
Cannonball Member and underlies the glacial drift in parts of north -
western Kidder County . It also is eroded and is probably thin. A few
sand and sandstone layers in the Tongue River Member may be water
bearing locally, but because they are generally small in areal extent ,
relatively thin, and probably enclosed within clay beds, they are not
sources of large ground-water yields .

Unconsolidated Deposits

Ground water occurs in all the Quaternary unconsolidated deposits
described in table 1, but certain units may be good sources of water ,
whereas others may not be . The water-bearing characteristics of the
units have been evaluated largely on the basis of the logs and drillin g
characteristics of the test holes (Randich and others, 1962, table 5) .

Surficial outwash deposits. — Outwash deposits are exposed in gentl y
rolling plains that cover about 450 square miles in the central part of
Kidder County (fig. 3) . The surface of the outwash is somewhat basin
shaped ; the lowest areas are in the central part of the county .

Paulson (1962, p. 7 and fig . 1) points out that large outwash deposit s
occur in south-central North Dakota. Kidder County contains one of the
State's largest outwash-plain areas . The surficial outwash deposits con-
sist largely of stratified layers of sand and gravel, although silt and clay ,
as well as pebbles and cobbles, also are present in the deposits . Data
from test holes show that the deposits may be at least 85 feet thic k
(Randich and others, 1962, table 5) . The deposits are generally perme-
able and contain sufficient saturated material at many places to yiel d
moderately large quantities (more than 100 gpm) of water to wells . In
general, the yield at a given location depends on the extent and thick-
ness of saturated sand and gravel layers locally . Yields may vary from
quantities sufficient only for ordinary farm and domestic purposes to
quantities adequate for relatively extensive irrigation . Ground water. in .
surficial outwash deposits is generally under water-table conditions ,
but locally thin fine-grained deposits — silt and clay — overlie coarse -
grained layers, and the ground water occurs under artesian conditions .
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EXPLANATION

GLACIAL DRIFT UNDIFFERENIATED .
Generally the deposits are relatively impermeable, but at most place s

ground-water supplies from small scattered sand and (or) gravel bodies o n

or within glacial till are adequate for ordinary farm and domestic uses .

SURFICIAL OUTWASH DEPOSITS .
Stratified sand and gravel layers at or near the land surface. At

most places ground-water supplies are adequate for small commercial o r

agricultural enterprises or for small municipal water-supply systems .

SURFICIAL OUTWASH UNDERLAIN BY BURRIED VALLEY OUTWASH DEPOSITS .
Stratified sand and gravel layers at more than one interval below th e

surface. Large ground-water supplies, adequate in quantity for relativel y

extensive irrigation use, are available at many places, and elsewhere

moderately large supplies are probably available .

0
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A
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FIGURE 3-- MAP SHOWING THE DISTRIBUTION OF OUTWASH DEPOSITS AND UNDIFFERENTIATED GLACIAL DRIFT AND LOCATION OF OBSERVATION WELLS AND AQUIFER TESTS .



are obtained in T . 141 N., Rs . 73 and 74 W., and T . 138 N., Rs . 73 and 74
W. A flow of 140 gpm was measured from test hole 1139 (141-73-8aaa) ,
which probably penetrated the Fox Hills Sandstone between 89 and 11 2
feet.

FORT UNION FORMATION. — The North Dakota Geological Sur-
vey refers to the Fort Union Formation, as used in this report, as th e
Fort Union Group (Hainer, 1956, fig. 11) ; also the Cannonball and Tongue
River Members of this report are referred to as formations (Hainer, 1956 ,
and Rau and others, 1962) .

In the northwestern part of the county, the Cannonball Member ,
which immediately overlies the Fox Hills Sandstone, is eroded and i s
present only in scattered or thin deposits . Where saturated, the deposits
may yield small amounts of water .

The Tongue River Member of the Fort Union Formation overlies th e
Cannonball Member and underlies the glacial drift in parts of north -
western Kidder County . It also is eroded and is probably thin . A few
sand and, sandstone layers in the Tongue River Member may be wate r
bearing locally, but because they are generally small in areal extent ,
relatively thin, and probably enclosed within clay beds, they are no t
sources of large ground-water yields .

Unconsolidated Deposits

Ground water occurs in all the Quaternary unconsolidated deposits
described in table 1, but certain units may be good sources of water ,
whereas others may not be . The water-bearing characteristics of the
units have been evaluated largely on the basis of the logs and drillin g
characteristics of the test holes (Randich and others, 1962, table 5) .

Surficial outwash deposits . — Outwash deposits are exposed in gently
rolling plains that cover about 450 square miles in the central part of
Kidder County (fig. 3) . The surface of the outwash is somewhat basin
shaped; the lowest areas are in the central part of the county .

Paulson (1962, p . 7 and fig . 1) points out that large outwash deposit s
occur in south-central North Dakota. Kidder County contains one of the
State's largest outwash-plain areas . The surficial outwash deposits con-
sist largely of stratified layers of sand and gravel, although silt and clay ,
as well as pebbles and cobbles, also are present in the deposits . Data
from test holes show that the deposits may be at least 85 feet thick
(Randich and others, 1962, table 5) . The deposits are generally perme-
able and contain sufficient saturated material at many places to yield
moderately large quantities (more than 100 gpm) of water to wells . In
general, the yield at a given location depends on the extent and thick-
ness of saturated sand and gravel layers locally . Yields may vary from
quantities sufficient only for ordinary farm and domestic purposes t o
quantities adequate for relatively extensive irrigation . Ground water. in
surficial outwash deposits is generally under water-table conditions ,
but locally thin fine-grained deposits — silt and clay — overlie coarse -
grained layers, and the ground water occurs under artesian conditions .
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Buried-valley outwash . deposits . — Buried- valley outwash deposits
occur in preglacial river valleys and in valleys formed during the in-
tervals between major ice-sheet advances . A large bedrock valley or
channel, the so-called ancestral Cannonball River channel, underlie s
Long Lake in southwestern- Kidder County and parts of the outwash plains
in the central and northeastern parts of the county . Rau and others
(1962, p. 36-37) indicated that the Cannonball River channel system for-
merly extended from the confluence of The present-day Cannonball and
Missouri Rivers through Emmons .and Burleigh Counties into Kidder an d
Stutsman Counties . In central Kidder County it is oriented in a north-
south direction (Rau and others, 1962, p. 1), but it extends into Stuts-
man County in a generally northeasterly direction ; it is joined, also ,
by tributary buried valleys . Most of the buried-channel system in Kidder
County is overlain by surficial outwash,- but lakes and till overlie part s
of it .

Areas where surficial outwash deposits are underlain by buried -
valley outwash are shown on figure 3 . Because they are extensive and
overlie relatively thick sections of permeable sand and gravel, these
areas are capable of furnishing large yields to wells : In many of the
test holes that were drilled into buried-valley outwash deposits, more
than 100 feet of permeable material was penetrated (Randich and others ,
1932, table 5 ; Rau and others, 1962, figs . 7 through 15) . . The ground-
water yields from surficial and buried-valley outwash together may b e
as much as 1,000. gpm, perhaps more . -

Ice-contact deposits. — At some places in the county, deposits of
sand and gravel underlying kettles . . and kettle chains are . potential
sources of relatively small (50 to 100 gpm) supplies of ground water. In
these areas stratified sand and gravel are exposed, and the ground water
is under water-table conditions .

Although kame and esker deposits are numerous in . Kidder County
(Rau and others, 1962, plate 1), most are probably above the zone of
saturation ; and only a few may be sources of ground water .

Till and associated sand and gravel deposits . — Surrounding the out -
wash plains in the central part of Kidder County are glacial moraines .
The moraines are largely composed of till, which is an unsorted hetero-
geneous mixture of material deposited by glaciers, ranging in texture
from clay to boulders . The till is relatively impermeable and ordinarily
yields only small ground-water supplies . At places, however, lenses
range from a few tens to several hundred feet in thickness ; because
these -deposits have no surface expression, they can be located and de -
fined only by subsurface exploration . Yields from- the deposits are ade-
quate for farm or -domestic supplies and at places may be sufficient fo r
small municipal or commercial supplies . If replenishment is less than
discharge, however, yields decline as - the water stored in the lens i s
removed .

Other unconsolidated deposits . — Other wind-deposited sediments,
known as loess, occur at the surface in part of Kidder County . The de-
posits are thin, have low permeability, and are not known to be sources
of ground water . Lacustrine clay and silt -are present in parts of the are a
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both at the land surface and beneath other unconsolidated deposits . The
lacustrine deposits are relatively impermeable, are not used as ground -
water sources, and may restrict ground-water movement locally. Dune
sand directly overlies surficial outwash in parts of the area . The dune s
are permeable, and, where they are saturated, the water in them is
probably interconnected with ground water in the surficial outwash .
Ground water in the dunes is under water-table conditions . The depth
to water in wells in the largest dune area — the Dawson State Game
Refuge area — ranges from about 6 to 10 feet .

Recent alluvial deposits of clay, silt, and some sand and gravel hav e
been deposited over glacial drift in a few places . The deposits are thi n
and are probably not a source of water for wells .

Ground-Water Recharge, Movement, and Discharge

Recharge is the term used to describe the addition of water to th e
zone of saturation . The source of almost all ground water is precipita-
tion on the earth's surface. The quantity and rate of recharge depend
on factors such as the type and structure of the soil, topography, vegeta-
tion, intensity of rainfall, wind velocity, humidity, and temperature ;
these factors determine the amount of the precipitation that is returned
to the atmosphere through evapo-transpiration and the amount that i s
left to percolate downward to the ground-water reservoirs .

Large variations in permeability exist between different deposits in
Kidder County . Because the surficial outwash plains and associated soils
in the central part of the county are permeable, a considerably large r
proportion of the precipitation soaks into these deposits than percolate s
through till, lacustrine, or other relatively impervious deposits .

The quantity of water that flows into the glacial-drift aquifers under -
ground from adjacent areas may be relatively small because, excep t
under Long Lake near the southwestern corner, Kidder County ha s
roughly the same altitude on all sides . However, some underflow may
leave Kidder County in buried-valley outwash on the eastern edge o f
the county in T. 142 N ., where permeable deposits occupy the so-called
ancestral Cannonball River channel (fig. 3) .

Ground water in the bedrock formations is replenished by infiltra-
tion of precipitation on exposed surfaces, by vertical and lateral move-
ment of water from one formation to another, and by downward percola-
tion of water through overlying formations, including glacial drift.

Ground water is discharged from the zone of saturation by evapo-
transpiration ; by seepage into springs, lakes, and swamps (or stream s
in some areas outside of Kidder County) ; and by flow or withdrawals
through wells . Ground water is evaporated where the water table i s
close to the land surface. Water is transpired by plants whose roots
penetrate to the capillary fringe or to the zone of saturation . Evapo-
transpiration depends on meteorlogical conditions, especially tempera-
ture, wind velocity, and relative humidity . During the warm months of
the year, large quantities of water are evaporated and transpired from
and around lakes, ponds, springs and seepage areas . Probably much
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of the water that evaporates from lakes and ponds is replaced by groun d
water discharging into lakes and ponds .

In general, ground water moves in the direction of the slope of th e
water table from points of higher potential, or head, to points of lowe r
head. The water table is not a plane surface but has irregularitie s
caused chiefly by local differences in geology and topography . General-
ly the water table is a subdued reflection of the land surface ; there -
fore, ground water in unconfined aquifers moves roughly in the directio n
of the slope of the land surface.

Locally, however, as water in the zone of saturation moves fro m
one rock unit to another having different water-bearing properties o r
as the ratio of recharge to discharge changes significantly, the general
direction of movement may be altered. Moreover, ground-water move-
ment is three dimensional, having both vertical and horizonal compon-
ents . In general, ground-water movement in shallow aquifers is toward
the relatively low outwash plains in the central part of Kidder County .

In the buried-valley outwash deposits in the south-central part of th e
county, some ground water may move southwestward toward Long Lake,
lbut in the central and northeastern parts of the county, some ground -
water movement in the deepest part of the ancestral Cannonball River
channel is probably northeastward and eastward . Thus, a ground-water
divide probably exists near the central part of the county in the buried -
valley outwash deposits .

Because the bedrock formations dip or slope gently to the northwest ,
regional movement of water in them is probably northwestward .

The rate at which ground water moves through a given rock uni t
depends primarily on the permeability of the unit and the slope of th e
water table or piezometric surface . Under the hydraulic gradients com-
monly prevailing in nature, the rate of movement in most formations of
the type that occur in Kidder County is slow. The rate probably range s
from a few feet per year to a few feet per day.

Water-Level Fluctuations
The water table or piezometric surface rises and falls chiefly i n

response to changes in barometric pressure and in the ratio of recharg e
to discharge. Relatively small fluctuations, generally daily or weekly ,
are generally due to changes in atmospheric pressure . Rises or declines
in water levels extending over longer periods of time are generally sea-
sonal adjustments between recharge and discharge . Declining water
levels indicate a net loss of ground water from storage . During the
summer, when evapotranspiration reduces the amount of water avail -
able for recharge and increases natural discharge, water levels in mos t
aquifers decline. Water levels may decline also during the winter be -
cause freezing prevents replenishment of aquifers by infiltration fro m
precipitation . In general, during the spring, early summer, and late
fall when evapotranspiration is small and precipitation is large, recharg e
is comparatively large; thus water levels frequently rise . Sometimes
despite f:reezing temperatures near the surface, water levels may con-
t inue to rise throughout the winter, owing to the time lag as water belo w
the frost line percolates downward to the zone of saturation .
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FIGURE 4 . WATER-LEVEL FLUCTUATIONS COMPARED WITH ANNUAL PRECIPITATION RECORD FOR CITY OF STEELE .
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Records of water-level fluctuations in a few wells in Kidder County
have been obtained for more than 20 years . The hydrograph (fig. 4) o f
observation well 138-73-9cc shows that the water level in this well ha s
fluctuated between 31/2 and 12% feet below the land surface throughout
the period for which records are available. The hydrograph (fig . 5) of
the observation well 140-71-28bba shows a gradual decline of water leve l
from a depth of about 11 .75 feet below the land surface in late 195 6
(highest reading on record) to 13 .95 feet in late 1959 (lowest reading on
record) . The well is not affected by nearby pumping ; therefore, the
decline represents a net decrease in storage as a result of greate r
natural discharge than recharge during the 3-year period . The average
annual precipitation at Steele, N . Dak. (about 20 miles southwest of the
well) is 17 .10 inches . Precipitation records for 1958, 1959, and 1960 a t
Steele show that the total annual amount was from 2 to 4 inches belo w
the average . The water level in the observation well for the same perio d
ranges from about 1 to 1% feet below the 1956 and 1957 water levels .

Aquifer Tests
In October 1954 a test was made on an unused irrigation well (140 -

71-23ccb) ; the well was pumped at 52 gpm for 6 1A hours . A second test
was made in September 1955 on test hole 1042 (140-71-28baa) . The well
was pumped at 42 gpm for a few hours . The computation of the results
of the pumping tests is based on drawdown and recovery measurement s
made in observation wells using the Theis (1935, p . 519-524) nonequili-
brium formula and methods outlined by Wenzel (1942, p . 87-89) and
Cooper and Jocob (1946, p . 526-529) . The results of the pumping tests
do not necessarily reflect values of coefficients of transmissibility con-
sistent with that of the surficial outwash deposits as a whole becaus e
the tests were (1) made at locations that may not be very permeable,
(2) of too short duration to obtain reliable results, and (3) made in well s
that probably had not had proper development or maintenance. Prob-
ably coefficients of transmissibility are larger at many places . The re-
sults of the tests are as follows :

Recovery Average coefficient of
or transmissibility (T )

Drawdown (gallons per day per foot )

Well 140-71-23ccb
Drawdown T - 43,000
Recovery T - 44,200

Drawdown T - 39,100
Recovery T - 38,100
Test hole 1042 (140-71-28baa )
Drawdown T - 29,000
Recovery . T - 24,500
Drawdown T - 31,700
Recovery T - 22,200
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DEPTH TO WATER

The depth to water in many wells in Kidder County is shown b y
Randich and others (1962, fig. 2 and table 1) . In surficial and buried -
valley outwash deposits, the depth to water ranges from 0 in flowing
wells to about 50 feet . In ice-contact deposits depths to water probabl y
range between 5 and 25 feet. The depth to water in wells finished in till
and associated sand and gravel deposits and in the bedrock formation s
ranges form 0 to about 200 feet below the land surface . (A few have
greater reported depths to water .) Most bedrock wells have depths to
water that are less than 25 feet below the surface .

UTILIZATION OF GROUND WATE R

The residents of Kidder County are almost entirely dependent on
ground water for their domestic and farm needs . Household uses, stock -
watering, and other farm uses are supplied by wells yielding small
quantities of water . Where the water table is less than about 20 feet
below the land surface, there are many dug wells ; however, most of the
wells used now (1962) are drilled wells with diameters ranging fro m
about 21/2 to about 8 inches . Some wells, especially those used for stock
watering in pastures, have windmills for pumping the water ; several
flow naturally ; many have powered jet pumps or cylinder pumps ; and
some have hand pumps only. A few farms are supplied by springs .

A relatively large-capacity well in section 25, T . 139 N., R. 72 W . ,
had been used extensively during the drought of the 1930's to suppl y
water to a nearby lake for sustaining water-fowl production. The well
reportedly had been pumped for prolonged periods at 280 gpm from
1936 until 1941 .

The quantity of water withdrawn through wells in Kidder County
probably averages roughly 1,200,000 gallons daily . This quantity wa s
estimated from population and livestock figures compiled from U .S .
Bureau of Census (1960), and N. Dak. Crop and Livestock Statistics (An-
nual Summary, 1959) .

Estimated Use of Ground Water, Kidder County in 1960

Usage Population Gallons per person Gallons per day
City of Steele 847 100 84,700
Villages 1,147 75 86,02 5
Rural (domestic) 3,392 75 254,50 0
Rural (livestock . . . . . . . . 768,000

Total 1,193,225

The utilization of ground water in the county could be increased con-
siderably by developing wells in selected areas, especially in the sur-
ficial outwash and buried-valley outwash deposits . The quantity of water
that could be recovered from a given locality depends on the perme-
ability and saturated thickness of the water-bearing materials ; therefore ,
testing of individual sites is needed to determine the yield .
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CHEMICAL QUALITY OF THE WATER

The degree to which the water resources of Kidder County may be
further developed depends not only on the quantity of water availabl e
but also on the chemical quality of the water. Abundant supplies of
water in parts of the county will provide a strong inducement for irri-
gation and industrial development only if the quality of the water is
satisfactory . The chemical quality of water depends mostly on the con-
stituents dissolved from the minerals with which the water has had con -
tact . These dissolved constituents limit the economical uses of the water .

Water from the principal types of deposits and from a few surface -
water sites was sampled mainly in 1959 and analyzed for chemical quality
by the U.S . Geological Survey. Simpson (1929, p. 286) presented two
analyses of water from the vicinity of Steele, and the North Dakota Stat e
Laboratories Department had on file analyses of water from a few wells .
In 1955 and 1956 the U .S . Geological Survey obtained and the State Lab-
oratories Department analyzed water from several wells scattered
throughout the county . Most of the wells for which water-quality data
were obtained in 1959 were near test holes so that the logs of the hole s
could be used as an aid in identifying the materials from which th e
wells produce. All sampling sites are shown in figure 6.

The concentrations of the dissolved constituents in samples obtained
in 1959 were determined according to analytical methods described by
Rainwater and Thatcher (1960) and are generally given in parts per
million . Parts per million are converted to equivalents per million by
multiplying parts per million by the following factors :

Calcium	 0 .04990

	

Carbonate	 0.03333
Magnesium	 08224

	

Sulfate	 02082
Sodium	 04350

	

Chloride	 02820
Potassium	 02558

	

Fluoride	 05263
Bicarbonate	 01639

	

Nitrate	 01613

Water From Consolidated Rocks

In most of the county there is an interchange of water from one roc k
unit to another . Although many wells in the county tap consolidate d
rocks, the stratigraphic unit from which they produce is known for very
few wells . Consequently, variations in water quality could not be re-
lated to different stratigraphic units .

The chemical analyses of water from the consolidated rocks ar e
given in table 2 . The dissolved solids generally are between 600 and
1,200 ppm, or about twice those in water from the surficial outwash de -
posits . However, considerably higher dissolved solids exist locally .

Water from the consolidated rocks in the southern half of the county
contains principally sodium and bicarbonate and is very hard ; however,
that from similar rocks in the northern half of the county contain s
principally calcium and bicarbonate and is only moderately hard . (See

fig . 7) . Also, in most of the water the percentage of sulfate is high .
Water from two wells (analysis numbers 3 and 14), which have depth s
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Table 2 .--Chemical analyses of water from consolidated rock s
[Results in parts per million except an indicated]

Dissolved solids :onear-
Specifi c
conduct-

Anal- Tam- Man- Cal- t'~- Potas- Bicar- Car- Chlo- Fluo- L3- bonate 'eT- Sodium- ant e

Residue o nysis Well number Depth rate of per- Silica Iron 3a- cium ne- Sodium siwn bonate bonatc Sulfate ride ride trite Boron Hardness hard- cent adsorption- (micro- p ;
man- (ft) collection ature (sic2 ) (Fe) nose (Ca) s lum (13.) (K) (BCG 3 ) (CC ) (50 4 ) (C1) (F) (C-) (B) Calcu- ev:.poratiou

as CaC O 3 ness as so- ratio mhos per
bar ( . (Mn) (Mg) 3 latcd 180° Cat CaCC, drum cm at

25* C )

99
1 137-73-28bc . . 120 Aprr.. S 2 . . . 40 44 8 .6 0 .33 72 30 95 11 472 0 125 3 . 6 0 .3 2 .4 0 .34 . . . . . . 599 304 0 39 2 .4 924 7 . 4
2 138-70-6ddd . . 200 Apr . 1 . . . 44 28 3 .0 .28 129 56 78 14 562 0 255 7 .2 .1 4 .9 .37 . . . . . . 842 552 91 23 1 .4 1,240 7 .0

3 138-71-5bb . . . 300 Apr . 4 . . . 45 50 2 .7 .16 27 9 .1 341 11 598 0 161 158 .2 .3 1 .7 1,060 1,070 105 0 86 14 1,68o 7 .5

4 139-73-17cda1 160 (a b) . . . . . 25 1 .6 . . . . 126 57 . . . . . . . . . . . . 517 0 298 12 . . . . . . . . . . . . . . . . . . . . . 686 547 124 . . . . . . . . . . . . . . . . . . . . . . . . 6 . 3

5 139-73-17cd&3 135 June 1 . . . 47 41 .62 1 .3 126 48 36 13 455 0 196 7 .8 .3 11 .16 . . . . . . 718 513 140 13 .7 1,050 7 . 1

1

	

1
6 139-73-17 ca d1 110 June 15 . . . . . . . 45 . . . . . . . . 193 65 55 554 0 389 4 .0 . . . . . 1,060 749 295 . . . . . . . . . . . . . . . . . . . . . . .
7 139-73-17cad2 120 . . .do . . . . . . . . . 46 .72 . . . . 150 62 101 561 0 366 6 .0 . . . . .

. . . ?
. .

.
.
.

.

.
.
.

.

.
.

. . . . .

. . . . . 1,040 629 169 . . . . . . . . . . . . . . . . . . . . .

195 9
8 139-73-33aaa• 100 Apr . 2 . . . 44 48 .15 .16 111 61 56 14 349 0 286 10 .3 79 .33 •••••• 851 526 240 18 1 .1 1,160 7 .0

9 140-73-8bcd . . 73 Apr .

	

3 . . . 47 48 .96 .17 52 21 250 9 .8 553 0 300 5 . 5 .2 .2 .78 . . . . . . 957 214 0 71 7 .4 1,400 7 . 3
10 140-73-17ddd . 180 . . .do . . . . 45 51 .77 .12 53 22 234 11 584 0 361 8 .2 .2 7 .4 .99 1,090 1,070 224 0 72 8 .2 1,550 7 . 3
11 140-73-25dd . . 75 . . .ao . . . . 45 50 .52 .51 95 140 202 18 541 o 400 8 .1 .2 1 .5 .51 1,080 1,080 400 0 51 4 .4 1,530 7 . 1

1222
12 141-73-5adc . . (c) Oct . 25 a . . . . . . . . . . . 1 .1 . . . . 24 16 24o 7 .0 497 25 216 11 .5 0 1 .3 . . . . . . 856 124 0 80 9 . 4 . . . . . . . . . 8 . 3

195 6
13 141-73-5daa . . (c) Aug . 15 a . . . . . . . . . . . 2 .2 . . . . 15 20 248 7 .2 532 0 219 ••••• •3 0 1 .4 . . . . . . 328 119 0 81 9 .9 . . . . . . . . . 8 . 2

1222
14 142-71-6cdc . . 230 Apr . 3 . . . 43 37 .25 .02 17 5 .2 865 8 .9 913 0 1 .0 655 .3 . 9 3 . 5 2,240 2,260 64 0 96 47 3,380 7 . 6

195
15 142-72-12bb5 . c 150 Oct . 25 a . . . . . . . . . . . 2 .9 . . . . 27 14 390 8 .8 700 58 202 96 .0 1 .0 1 .2 1,140 1,190 124 0 36 15 ••••	 8 . 2

1252
16 142-74- ;Idea . . 155 Apr . 3 . . . 44 34 .71 .10 20 8 .3 371 5 .5 694 0 307 16 .1 5 .1 1 .1 1,110 1,120 84 0 90 18 1,660 7 . 6

1222
17 143-74-32bca . c 148 Oct . 25 a . . . . . . . . . . . •7 •••• 30 18 435 7 .8 685 44 464 . . . . . .3 0 1 .2 1,340 1,400 148 0 86 16 . . . . . . . . . 8 . 4
18 144-72-21dad . c 90 . . .do . a . . . . . . . . . . . . .4 . . . . 52 25 220 9 .5 5 44 16 283 0 .3 0 1 .5 . . . . . . 923 232 0 66 6 .3 . . . . . . . . . 8 .1

a Analysis by State Laboratories Dept ., Bismarck, A . Dak .
b Date unknown .
c Flowing well .
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of about 300 feet, contains relatively high percentages of chloride .
Water from the flowing wells was assumed to be from consolidated rocks
because of the similarity in percentage composition and in dissolved
solids between ths water and most of the other water from consolidated
rocks in the county .

The Dakota Sandstone of Early Cretaceous age probably underlie s
all Kidder County and is a potential source of water, but the quality o f
the water is poor and the formation is below present (1962) economical
drilling depths . No wells in Kidder County produce from this sandstone ,
but a few wells in Stutsman County, contiguous with Kidder County, d o
produce from Dakota Sandstone ; the water from a well (138-63-9bca)
1,350 feet deep had a dissolved solids content of 6,150 ppm, of which 9 7
percent of the cations was sodium and 92 percent of the anions was
chloride .

Water From Unconsolidated Deposits

Water from the unconsolidated deposits is obtained from surficia l
and buried-valley outwash deposits and from deposits of sand and grave l
in till. Most of the chemical-quality data represent water from the out -
wash deposits because these deposits have the better potential for de-
velopment of large water supplies, mainly in the south-central part o f
the county .

The water from surficial outwash deposits is likely to contain smalle r
amounts of dissolved solids than the water from deposits in till . Becaus e
the sand and gravel were deposited from fresh water and generally wer e
leached of readily soluble minerals, they are poor sources of materia l
for solution . The till, however, although not in itself a significant sourc e
of water because of its low permeability, is a rich source of materia l
for solution .

Water from the surficial outwash deposits contained dissolved solids
that ranged within the rather narrow limits of 302 to 751 ppm, whereas
water from deposits of sand and gravel in till ranged within the muc h
wider limits of 497 to 2,410 ppm. (See table 3 .) Except that water from
all wells less than 50 feet deep in the surficial outwash deposits contained
less than 500 ppm of dissolved solids, no consistent relation between well
depth and dissolved solids in water from the drift was observed . Water
from most wells in the unconsolidated deposits contained much iro n
and manganese and was very hard, but it contained only small amount s
of potassium, chloride, fluoride, nitrate, and boron .

The general chemical composition of water from the unconsolidate d
deposits is indicated by figure 8, a water-analysis diagram proposed by
Piper (1953) . Points in the triangular fields show the relative percent -
ages, computed from equivalents per million, of the individual cation s
and anions in the water ; and points in the diamond field show the over -
all similarities or differences in the chemical composition of the water .
Analysis number 14 was not plotted because it represents the same sup -
ply as analysis number 15 .

Water from most places in the surficial outwash deposits is simila r
in percentage composition of dissolved solids, which consist predominant -
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Table 3 .--Chemical analyses of water from unmens01idated .deposite
gource of water : qow, surficial outwaeh deposits ; Qsgt, deposits of sand and gravel in till . Results in parts per million except as indicated

Maly-
'Is
ber

well number Depth
( rt )

Source
of

water
rate of

collection

Ns-
Per -
(
tore

Silica
(Si02)

Zron
(Fe)

Man-
en
(,w

Cal-
clean
(0a)

Mme-
ne-
(sum
u)

Sodium
(Na)

POtas -
sivm
(K)

Blear-
borate
(H003)

Car-
bonate
(003 )

Sulfat e
(804)

Chlo -
ride
(C1)

Fluo -
rid e

(F)

Ni -
trate
(NO 3)

Boron
(B)

Dissolved solids

Hardnes s
as 08003

Noncar -
borate

hard -
noes i.e

CaCO3

Per-
cent

Aium

Sodium-
adsorption-

ratio

Specifi c
conduct -

once
(micro -
mhos pe r

25 ' C)

pH
_

C
alate

d lm-
Residue
oonntevapo

t
180'

C

1 137-70-26a8b . . 60 Qow (a) . . . . . . . . . . . 0 .2 . . . . 51 31 48 . . . . . . 313 9 . . . . . . . 24 0 .5 65 . . . . . . . . . . . 542 255 0 29 1.3 . . . . . . . . 8 . 6

2 137-70-26cba . . 100 Qow December . . . . . . . . . . . .55 . . . . 28 31 42 . . . . . . 299 21 . . . . . . . 5 .2 .4 0 . . . . . 427 196 0 32 1 .3 . . . . . . . . 8 . 6

1222
3 137-72-2288 . . . 6o Qsgt Apr . 2	 43 26 .99 0 .30 107 39 58 11 482 0 158 1 .5 .1 5 .9 0 .38 . . . . . . 644 427 32 22 1 .2 983 6 .9
4 137-74-llbab . . b 110 Qsgt . . .do	 46 31 1 .1 1 .0 26 22 176 7 .9 513 0 131 7 .3 .4 1 .3 . 53 •••••• 661 157 0 70 6 .1 1,030 7 . 3
5 138-70-3088 . . . 38 Qow . . .do	 45 28 .12 .00 103 33 5 .4 3 .8 356 0 42 7 .8 .1 71 .32 . . . . . . 476 392 100 3 .1 740 7 .2
6 138-72-2cba . . . 92 Qow . . .do	 45 30 .51 .84 55 27 111 11 436 0 130 4 .6 .1 5 .2 .39 . . . . . . 586 246 0 48 3 .1 918 7 . 2
7 138-72-6aba . . . 80 Qow . . .do	 46 29 .05 .97 50 15 128 9 .2 441 0 100 9 .4 .2 3 .2 .47 . . . . . . 555 187 0 58 4 .1 878 7 . 3
8 138-72-10aab . . 15 Qov . . .do	 44 30 .02 2 .3 68 19 13 3 .6 298 0 28 .8 .2 1 .0 .10 . . . . . . 312 248 4 10 .4 500 7 . 3

9 138-72-21aa . . . 48 Qow . . .do	 46 28 1 .1 .55 6o 34 19 2 .3 320 0 63 .8 .2 .1 .08 . . . . 367 288 26 12 .5 55 6 7 . 3
10 138-72-33ab . . . 96 Qsgt . . .do	 45 30 .51 .97 55 28 256 12 458 0 412 13 .3 4 .0 .86 1,040 1,030 252 0 68 7 .0 1,500 7 .6
11 138-73-17a2a . . 85 Qov . . .do	 46 29 .15 1 .1 58 14 200 10 573 0 ]10 41 .3 1 .8 .61 . . . . . . 751 204 0 67 6 .1 1,160 7 .3
12 139-70-2220 . . . 6o Qow Apr . 1	 44 32 .06 .83 91 28 7 .1 3 .0 327 0 81 4 .2 .2 .7 .06 . . . . . . 414 344 76 4 .2 640 7 . 4
13 139-70-7ad . . . . 30 Qow . . .do	 46 28 .04 1 .2 77 22 9 .7 2 .3 267 0 76 .1 .3 3 .5 .06 . . . . . . 353 283 64 7 .2 557 7 .4

14 l39-70-1dcc . . . (b) Qow Oct. 8/ . . . . . . . . . . . . .4 . . . . 91 31 11 3 .5 336 14 76 . . . . . .1 . . . . . .1 . . . . . . 457 354 56 6 .3 . . . . . . . . 8 . 0

2222
15 139-70-34cc . . . (b) Qow Apr	 45 37 1 .1 1 .1 96 27 10 3.6 353 0 75 3 .6 .2 .1 .06 . . . . . . 426 352 63 6 .2 668 7 .7
16 139-70-1466 . . . 96 Qagt . . .20	 46 31 .33 1 .8 159 59 57 7 .7 564 0 265 12 .2 .2 .19 . . . . . . 921 639 177 16 1 .0 1,290 7 .0
17 139-71-646 . . . . 40 Qow Apr . 3	 45 29 .37 1 .6 85 20 22 5 .3 308 0 83 10 .0 1 .0 .10 . . . . . . 407 296 43 14 .6 625 7 . 3
18 139-71-2246 . . . 40 Qow Apr . 1	 47 28 .23 .46 93 25 13 2 .0 306 0 106 1 .8 .3 1 .7 .05 . . . . . . 431 334 83 8 .3 651 7 . 5
19 139-72-8db . . . . 60 Qow Apr . 3	 45 31 .43 1 .5 107 35 32 9 .2 433 0 120 4 .2 .2 .2 .10 . . . . . . 551 409 54 14 .7 855 7 . 1

20 139-72-27cb . . . 130 Qow Apr . 2	 47 31 .15 .92 6o 18 76 8 .1 375 0 83 6 .6 .2 2 .3 .29 . . . . . . 478 225 0 41 2 .2 726 7 . 5
21 140-71-5daa . . . 80 Qsgt Apr . 3	 43 28 .90 1 .2 102 31 20 5 .6 352 0 121 8 .8 .2 .0 .09 . . . . . . 497 383 94 10 .4 758 7. 2
22 140-71-9ccd . . . 30 Qow . . .do	 44 26 .08 1.1 84 32 22 3 .0 298 0 106 25 .1 .0 .06 . . . . . . 454 340 96 12 .5 707 7 . 2

23 140-71-28bab . . 85 Qow Sept: ~1 8/ . . . . . . . . . . . .3 . . . . 61 22 67 5 340 0 82 2 .4 465 244 0 37 1 .9 . . . . . . . . 7 . 4

24 140-72-22ca . . . 150 Qsgt Apr . 3 45 31 1 .2 .63 53 13 230 7 .5 613 0 158 27 .3 1 .8 .60 . . . . . . 831 187 0 72 7 .3 1,280 7 . 4
25 140-72-25ecc . . 50 Qov . . .20	 44 29 .49 2 .9 113 29 52 8 .4 365 0 185 21 .2 1 .3 .12 . . . . . . 625 402 103 22 1.1 921 7 . 1
26 140-74-36bcb . . 90 Qsgt Apr . 4	 41 24 21 4.0 415 162 41 20 472 0 1,310 33 .2 .1 .19 2,260 2,410 1,700 1,310 5 .4 2,600 6 . 6
27 141-71-21ddel . 55 Qow . . .do	 46 29 .32 .72 72 19 6 .o 2 .6 283 0 33 1 .8 .1 .5 .03 . . . . . . 302 256 24 5 .2 486 7 . 5

28 141-72-35d4b2 . 100 Qagt Apr . 3	 46 29 .32 1 .7 109 28 37 8 .0 392 0 136 8 .8 .2 1 .5 .33 . . . . . . 550 388 67 17 .8 838 7 .1
29 142-70-8dda . . . 72 Qow . . .do	 39 27 .41 1 .3 101 27 39 7 . 3 424 0 89 4 .2 .2 1 .6 .24 . . . . . . 505 362 14 19 .9 791 7 . 2
30 142-71-33c2a . . 54 Qow Apr . 4	 46 30 1 .2 .63 90 23 32 6 .8 397 0 58 4 .1 .2 2 .2 .28 . . . . . . 442 318 0 18 .8 706 7 .1
31 142-73-2062b . . 21 Qov Apr . 3	 43 24 .54 .16 58 31 26 3 .8 287 0 6o 4 .3 .1 33 .13 :	 376 272_ 37 17 .7 604 7 .5

a Analysis by State Laboratories Dept ., Bismarck, N . Bak .
b Flawing well .



ly of calcium and bicarbonate . (See fig . 8.) Water represented b y
analyses numbers 6, 7, 11, and 20 was from wells close to large lakes
or downgradient from large lakes ; the relatively high percentages o f
sodium in the water probably were caused by seepage from the lakes
(table 4) .

Water from deposits of sand and gravel in till varies considerabl y
in percentage composition of dissolved solids ; the points representing
water from these deposits are scattered widely over the diamond fiel d
in figure 8. The variations in percentage composition probably resul t
from differences in lengths of time of contact of water with the till o r
from differences in mineralogy of the till . Rau and others (1962, p . 9)
described the till in Kidder County as calcareous and state further that
"Most of the till has reddish-yellow spots, caused by the oxidation of
fragments of iron oxide from concretions of the Pierre Shale, and a
white mottling, which is due to an irregular concentration of calcium
carbonate. In several places in the southwest corner of the county, th e
till contains cavities filled with crystals of gypsum up to 1/8 inch i n
length ." The chemical quality of water from a given well producing
from sand and gravel in till is highly uncertain .

The chemical quality of the water in the upper part of the buried -
valley outwash deposits may be indicated by analysis 20 in table 2 . The
well that provided the water for this analysis is 130 feet deep and pene-
trates nearly to the buried-valley outwash deposits . Additional data on
the quality of the water in these deposits are needed. Unfortunately, no
wells exist presently (1962) from which samples of water from thes e
deposits can be obtained .

Influence of Seepage From Lakes on Ground-Water Quality

Seepage from the numerous lakes in the county undoubtedly influ-
ences the chemical quality of the ground water . Data on water quality
were obtained for eight lakes, most of which are in the Isabel-Alkaline -
Long Lake chain in the southern part of the county (fig . 6), to get an
indication of the nature of the influence ; however, only general observa-
tions can be made .

The quality of water in the lakes and, consequently, the quality o f
seepage differ from lake to lake and vary with time and with wate r

level in the lakes . The chemical quality of the water from the lakes i n
the late spring of 1959, indicated by table 4, is probably poorer than usual .
When sampled, water in most of the lakes was at very low levels becaus e
during 1958 and early 1959 runoff to the lakes was at very low levels
because during 1958 and early 1959 runoff to the lakes was low and
evaporation was high. U.S . Weather Bureau records indicate that the
annual precipitation during 1958 and 1959 was about 4 inches belo w
average and that the mean annual air temperature was about 1 .50 F .

above average .
Numbers 4 to 8 in table 4 show analyses of water from the Isabel -

Alkaline-Long Lake chain, which actually consists of two parallel chain s
that converge just upstream from Long Lake . Runoff moves southwest -
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Numeral refers to analysi s
number on table 4 .

FIGURE 9 . PERCENTAGE COMPOSITION,FROM EQUIVALENTS PER MILLION ,

OF DISSOLVED SOLIDS IN WATER FROM LAKE S
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ward and, if sufficient, eventually reaches Long Lake. Because salts
in the upstream lakes are flushed occassionally from one lake to the
next, the dissolved solids in the water are progressively higher from on e
lake to the next . The dissolved-solids content, which was 457 ppm i n
analysis number 4, increased by a factor of about 2 for water from eac h
succeeding lake in the chain . This factor probably represents a transi-
tory relation ; were the lakes to be resampled, the factor most likely
would change . The dissolved solids of water from Long Lake approxi-
mate those of water from Horsehead Lake, which is also an end mem-
ber of a chain of lakes.

The percentage composition of dissolved solids in the water that ha s
been in the lakes for a long time is markedly different from that o f
inflow to the lake chain . (See fig . 9.) Analysis number 4 represents
inflow to Alkaline Lake, which was sampled several hours after a ligh t
:rainfall, and probably also represents inflow to Lake Isabel. The inflow
contains principally calcium, magnesium, and bicarbonate. Analysi s
number 8 represents water that has been in the lake for a long time.
This water contains principally sodium and sulfate ; evidently calcium
and magnesium precipitated as carbonates . Analysis numbers 5, 6, and
7 represent water in which the prcipitation of calcium and magnsiu m
salts is still far from completion ; the water must have been freshened
by recent inflow to the lakes .

The pH of the water increased from lake to lake because of the
proportionate increase of sodium. Boron likewise increased . However ,
silica and fluoride tended to decrease. Similar decreases in silica and
fluoride with increase in dissolved solids have been observed in othe r
:lakes in North Dakota .

Seepage from the chain of lakes causes the dissolved solids in the
,ground water to increase downgradient, but the increase is surprisingly
small compared with the high dissolved solids in the lake water. The
dissolved solids in water from three wells (139-72-27cb, 138-72-6aba, and
138-73-17ada), which are near the lakes, were 478, 555, and 751, respec-
tively . Also, seepage causes a downgradient change in percentage com-
position in the ground water . The change indicated by analyses number s
20, 7, and 11, which show water from these three wells (fig . 8), is similar
to the change in the lake waters (fig . 9), particularly with respect to
sodium.

Suitability of the Water for Use

Crieteria for evaluating the suitability of water for use have been
developed by numerous investigators . However, most of the criteri a
have been developed empirically and, when applied, do not provide de-
finitive classifications . When a given water is evaluated for a particular
use, several chemical characteristics must be considered ; some char-
acteristics may be satisfactory, whereas others may be unsatisfactory .
Some background information on the effects of certain chemical char-
acteristics of the water provides a better understanding for evaluating
the suitability of the water for use .
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Table 4 .--Chemical analyses of surface water
Results in parts per million except as indicat e

Water- conduct -
Dissolved solids Noncar- conduct -Analy- sur- Date of Ten- Cal- Maw Potas- Bicar- Car- Fluo- Ni- bonate Per- Sodium- anc e

$10 face collection Pora- Silica Iron cium ncsium Sodium bonate bonate Sulfate Chloride ride trate Boron Residue Hardness hard- cent adsorption- (micro- pHnwm-
0'2'7 (1959) tur' ) (Si02) (Fe) (Ca) (Ii) (Na ) (K) (HCO 3 ) (c0 3 ) ( S 4) (Cl) (F) (No 3 ) ( B ) Calcu- on evapo- as CaCO 3 mess as 'O- ratio mhos pe rber (

	

n~/
ft) lated ration at CaCO3 dium en at

180° C 25° C)
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3 I S .1J_a v	 Ti:T5~T
Salt Alkaline Lake, N"r**NE sec .

1 0 1

	

-3- i hooIi
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Irrigation. — The main characteristics influencing the suitability o f
the water for irrigation probably are the specific conductance or dis-
solved solids and the proportion of sodium relative to the proportion of
calcium and magnesium. Also important, however, are the bicarbonate
and the boron or other constituents that might be toxic to crops .

High dissolved solids in irrigation water tend to cause an increas e
of salts in the soil solution and may cause soil to become saline. Be-
cause all plants take in water by osmosis, a favorable balance must b e
maintained between salts within a plant and salts in the soil solution .
When the concentration of salts in the soil solution becomes too high for
plants to get an adequate amount of water or when the concentration o f
certain salts in the soil solution becomes so high as to be toxic, th e
growth of the plants is adversely affected . The tendency of irrigation
water to cause an accumulation of salts in the soil is called the salinit y
hazard of the water. The specific conductance of the water is used as
an index of the salinity hazard .

High concentrations of sodium relative to the concentrations of cal-
cium and magnesium in irrigation water can adversely affect soil struc-
ture . Cations in the soil solution become fixed on the surface of fine soi l
particles ; calcium and magnesium tend to flocculate the particles, but
sodium tends to deflocculate them. Flocculation allows good penetra-
tion by water and air and generally gives the soil good tillage properties .
Deflocculation promotes packing and prevents free movement of air
and water. The tendency of irrigation water to cause an adverse effect
on soil structure is called the sodium hazard of the water . An index
used for predicting the sodium hazard of a water is the sodium-absorp-
tion-ratio (SAR), which is defined by the equation

SAR =

	

Na+

I/ Ca+++	 _
'V

	

2

where, Na+, Ca+ +, and Mg++ are in millequivalents per liter (U .S .
Salinity Laboratory Staff, 1954), or equivalents per million .

High concentrations of bicarbonate in irrigation water may cause
calcium and magnesium to precipitate in the soil as carbonate salts .
Precipitation of calcium and magnesium results in an increase in the
proportionate amount of sodium in the water. High bicarbonate con •
centrations also may cause an increase in the pH of the soil and may
eventually lead to a soil condition known: as black alkali . The amount
of carbonate plus bicarbonate, expressed in equivalents per million, tha t
would remain in solution if all calcium and magnesium were precipitate d
as carbonate is called the "residual sodium carbonate" of the water
(Eaton, 1950, p . 124) . Wilcox, Blair, and Bower (1954, p . 275) found that
water containing more than 2 .5 equivalents per million of residual
sodium carbonate is not suitable for irrigation, that water containing be-
tween 1.25 and 2.5 equivalents per million is marginal, and that water
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containing less than 1 .25 equivalents per million is probably safe.
Boron, which is an essential plant nutrient, can be highly toxic t o

some crops. Tolerance to boron differs with plant species, and classifi-
cation of water for boron content is dependent on the tolerance of th e
crops to be grown, as indicated by the following table (Scofield, 1936 ,
p. 286) :

Permissible limits of boron, in parts per million, for several
Classes of irrigation waters

Boron -

	

Sensitive

	

Semitolerant

	

Tolerant
class

	

-

	

crops

	

crops

	

crops

1 < 0 .33 > 0 .67 < 1 .00
2 0 .33-0.67 0 .67-1 .33 1 .00-2 .00
3 0.62-1 .00 1 .33-2 .00 2 .00-3 .00
4 1.00-1 .25 2 .00-2 .50 3 .00-3 .75
5 > 1 .25 > 2 .50 > 3 .75

Several methods have been suggested for classifying water for ir-
rigation so that the long-term effect on soil productivity can be fore -
cast . According to . the method of the U.S. Salinity Laboratory Staff
(1954), used in this--report, the water is classified first for salinity hazard
and sodium hazard and then for boron concentration and for the amoun t
of residual sodium carbonate . The originators of this method . caution
that in classifying water one must assume that : " . . the water will be
used under average, conditions with respect to soil texture, infiltratio n
rate, drainage, quantity of water used, climate, and salt tolerance o f
crop . Large deviations from the average for one or more of these vari-
ables may make it unsafe to use what, under average conditions, woul d
be a good water ; or may make it safe to use what, under average condi-
tions, would be a water of doubtful quality ." (U. S . Salinity Laboratory
Staff, 1954, p . 75-76 . )

Classification of water for salinity hazard and sodium hazard is de-
termined with a diagram (U .S . Salinity Laboratory Staff, 1954, p . 80) .
Water having a low, medium, high, or very high salinity hazard i s
designated as Cl, C2, C3, or C4, respectively ; and water having a low,
medium, high, or very high sodium hazard is designated as S1, S2, S3,
or S4, respectively :

The classification for irrigation of water from the unconsolidated
deposits in Kidder County is indicated in table 5 . Most of the water
from surficial outwash deposits could be used on nearly all soils with
little likelihood that the soils would become 'saline or that damage t o
the soil would result from the sodium in the water, provided that soil
drainage is good enough to allow for a moderate amount of leaching .
Some of the water from surficial outwash deposits 'and much of th e
water from deposits of sand and gravel in till should not be used o n
soils where drainage is restricted . The classification of water from san d
and gravel in till probably is only of academic interest because the
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Table 5 .--Classification for irrigatio nal of water from glacial drift

Salinity Boron class Residual sodium carbonat e

Well number
hazard-
sodium

'seem. _

tive
Semi-

tolerant
Tolerant Amount Class

hazard
crops crops

crops (era)
clas s

137-70-26abb . . . C3-S1 b/ . . . . . . . . . . . . . . . . . . . . . . . 0 .33 Probably safe .
137-70-26cba . . . C2-S1 . . . . . . . . . . . . . . . . . . . . . . . . 1.68 Unsuitable .

137-72-22bb . . . . C3-S1 . . . . 2 1 1 0 Probably safe .
137-74-l1bab . . . C3-S2 . . . . 2 1 1 5.27 Unsuitable .
138-70-30bb . . . . C2:-S1 . . . . 1 1 1 .0 Probably safe .
138-72-2cba . . . . C3-S1 . . . . 2 1 1 2 .23 Marginal .
138-72-6aba . . . . C3-Sl . . . . 2 1 1 3 .49 Unsuitable .
138-72-10aab . . . C2-S1 . . . . 1 1 1 0 Probably safe .

138-72-21aa . . . . C2-S1 . . . . 1 1 1 0 Do .
138-72-33ab . . . . C3-S2 . . . . 3 2 1 2 .47 Marginal .
138-73-17ada . . . C3-S2 . . . . 2 1 1 5 .31 Unsuitable .
139-70-2ddc . . . . C2-S1 . . . . 1 1 1 0 Probably safe .
139-70-7ad	 C2-S1 . . . . 1 1 1 0 Do .

139-70-ldc:c . . . . C2-S1 . . . . 1 1 1 0 Do .
139-70-14bd . . . . C :3-S1 . . . . 1 1 1 0 Do .
139-71-6bd	 C2-S1 . . . . 1 1 1 0 Do .
139-71-22bd . . . . C2-S1 . . . . 1 1 1 0 Do .
139-72-8db	 C3-S1 . . . . 1 1 1 0 Do .

139-72-27cb . . . . C2-S1 . . . . 1 1 1 1 .65 _ Marginal .
140-71-5daa . . . . C3-S1 . . . . 1 1 1 0 Probably safe .
140-71-9ccd . . . . C2-S1 . . . : 1 1 1 0 Do .
140-71-28bab . . . C2-S1 J . '2 1 1 .69 Do .

140-72-22ca . . . . C3-S2 . . . . 2 1 1 6 .39 Unsuitable .
140-72-25ccc . . . C3-S1 . . . . 1 1 1 0 Probably safe .
140-74-36bcb . . . 04-S1 . . . . 1 1 1 0 Do .
141-71-21ddcl . . C2-S1 . . . . 1 1 1 0 Do .

141-72-35ddb2 . . C3-Si . . . . 2 1 1 0 Do .
142-70-8dda . . . . C3-S1 . . . . 1 1 1 0 Do .
142-71-33cda . . . C2-S1 . . . . 1 1 1 .15 Do .
142-73-20ddb . . . 02-S1 . . . . 1 1 1 0 Do .

a/ According to method of U .S. Salinity Laboratory Staff, 1954 .
j Partly estimated .
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supplies of water from such deposits are likely to be too small for ir-
rigation . Most of the water has little or no residual sodium carbonate .
The water that is marginal probably could be used satisfactorily on cal-
cium-rich soils if management practices are good . Boron concentration s
probably are high enough to supply the amounts required by most crop s
but are not so high as to be toxic except possibly to highly sensitive frui t
crops. Most crops likely to be grown in North Dakota, such as wheat ,
oats, barley, corn, alfalfa, sugar beets, and potatoes, are semitoleran t
or tolerant to boron.

As water applied in irrigation decreases in volume because of evapo-
ration and plant use, the dissolved solids gradually become more con-
centrated, and salts eventually may precipitate in the soil . Large
amounts of soluble salts may accumulate in the root zone of the soil
profile and cause the irrigated soil to become saline unless sufficient
water is applied to leach the salts through the root zone. Eaton (1954 )
attributes salinity effects in soils mainly to chloride and sulfate ions
and gives an equation for estimating the percentage of the applied water
that must pass through the root zone to provide adequate leaching . For
most of the water from unconsolidated deposits in Kidder County, thi s
percentage is less than 4 .

Most of the water from consolidated rocks is of poor quality for ir-
rigation ; it is of the C3 class for salinity hazard, of the S2 to S4 class
for sodium hazard, has sufficient boron to be potentially toxic to som e
semitolerant and tolerant crops, and has a high residual sodium car-
bonate . Classifications of individual water samples from consolidated
rocks are not given in the tables of this report because consolidated
rocks are not likely sources for irrigation supply in Kidder County .

Public supply and domestic use . — The quality of water for public
supply and domestic use commonly is evaluated in relation to standard s
of the U .S . Public Health Service for drinking water. The standards ,
adopted in 1914 to protect the health of the traveling public, were re-
vised several times in subsequent years . The latest revisions by the
U .S . Department of Health, Education, and Welfare (1962) are, in part ,
as follows :

Maximu m
Constituent

	

Concentration
ppm

Iron (Fe)	 0 . 3

Manganese Mn)	 .. . ... . . . . . . . . . . . . . . . . . . . . . .

	

.05

Sulfate (SO4)	 250

Chloride (Cl)	 250

Fluoride (F )	 1 .5

	

a/
Nitrate (NO3)	 45
Dissolved solids	 500

a/ Varies for different parts of the country .
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Almost all the ground water in the county contains some constituents
that exceed the maximum concentrations . If iron and manganese were
removed, most of the water from unconsolidated deposits — especiall y
from outwash deposits — would be satisfactory according to th e
standards, but water from consolidated rocks still would not be satis-
factory because of the high sulfate and dissolved solids . Nitrate was
high in water from two wells (137-70-26abb and 138-70-30bb, table 3 )
producing from the unconsolidated deposits and from one well (139-73 -
33aaa, table 2) producing from consolidated rocks .

Excessive concentrations of iron and manganese may affect the
taste of water and may discolor food products during cooking . Also,
they stain porcelain, enamelware, and fabrics . Iron and manganese in
water, upon being exposed to air, are readily oxidized and form precipi-
tates that cause the water to become cloudy. In addition, iron bacteria ,
which thrive in water containing high concentrations of iron, may caus e
a disagreeable taste and odor . Iron and manganese can be removed
from water economically.

Sulfate in high concentrations may have a laxative effect on some
people ; however, many persons develop a tolerance to the sulfate through
continued use of the water.

Nitrate is the end product in the decomposition of organic wastes ;
therefore, high concentrations of nitrate may indicate pollution. The
source of the high nitrate content of the water from the three well s
(137-70-26abb, 138-70-30bb, and 139-73-33aaa) is not definitely known .
A likely source may be barnyard seepage ; some farmers in Kidder
County still heap manure around their wells to project the installation
from freezing. High concentrations of nitrate in water used for pre -
paring feeding formulas may cause methemoglobinemia, a form of blue -
baby disease, in some infants . Also, nitrate, some of which may hav e
come from drinking water, has been recognized in recent years as the
cause of cattle poisoning .

No specific standards for hardness have been established, but th e
following graduations are generally recognized :

Hardness

	

Rating

	

Suitability
pp m

0 - 60

	

Soft	 Suitable for many uses without
softening

61 - 120 Moderately hard

	

Usable except in some industrial
applications .

121 - 180 Hard	 Softening required by laundries and
some other industries .

181 +

	

Very hard	 Requires softening for many uses .

The water from most of the wells in Kidder County is very hard .
Hardness impairs the quality of the water because of curd that form s
when soap is added and because of scale that is deposited in water pipes ,
heaters, and boilers.
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Industry . — The uses of water by industry are many, and the quality-
of-water requirements are highly diverse. Most uses of water by indus-
try fall into two broad categories—heat exchange and processing .

Water used in heat exchangers, such as heaters, boilers, and ai r
conditioners, should not be corrosive, scale forming, nor conductive t o
slime formation . Corrosion is a very complex process ; among the char-
acteristics of water that may contribute to corrosion are low pH, lo w
alkalinity (reported as bicarbonate), low hardness, high content of fre e
carbon dioxide, and high concentrations of iron sulfate or magnesiu m
chloride . Corrosion is impeded by a thin coating of scale on metal sur-
faces. Scale formation generally is caused by calcium and magnesium ,
which precipitate with bicarbonate or sometimes with sulfate ; it can
also be caused by silicates, oxides of iron, and other substances . The
relative corrosiveness or scale-forming tendencies of ground water fro m
Kidder County was estimated with the "Langlier calcium carbonat e
saturation index" (Powell, 1954, p. 278) . The index averaged 0 .2 for
80 degree F . and 0 .4 for 160 degree F . At the lower temperature th e
water is neither corrosive nor scale forming, but at the higher tem-
perature it is slightly scale forming. The high concentrations of iron in
the water are conductive to the growth of iron bacteria that may form
slime .

Boiler-feed water must meet quality requirements that vary with
the pressure maintained in the boilers and that become increasingl y
stringent as the pressures increase . Among suggested limits of tolerance
(California Institute of Technology, 1957, p . 129) for feed water used at
pressures of 0 to 150 pounds per square inch are hardness, 80 ppm ;
sodium sulfate-sodium carbonate ratio, 1 :1 ; silica, 40 ppm ; bicarbonate ,
50 ppm ; carbonate, 200 ppm ; dissolved solids, 3,000 to 5,000 ppm ; and
pH (minimum), 8 .0 . The ground water in Kidder County, if to be used
in boilers, should be softened and should be adjusted for pH and bicar-
bonate. Concentrations of silica in water from consolidated rocks slight-
ly exceed the suggested maximum of 40 ppm .

Water used for processing comes into contact with, or is actually
incorporated into, a product . It should be free of offensive taste, odor ,
and color. The quality-of-water requirements depend on the produc t
manufactured and are very exacting for some products (California In-
stitute of Technology, 1957) .
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Recommended maximum or range of maximum concentrations ,
in parts per million, for some industrial processin g

Constituent

	

Food

	

Car-

	

Plastics ,

or

	

processing bonated Latin- clear, un- Tanning

property

	

(general) beverages dering colored

Color	 10	 2

	

10 .100

Dissolved solids	 850

	

850-855	 200

	

. .-.--- -

Hardness	 10-250

	

200-250

	

50	 50-135

Alkalinity (CaCO3)

	

30-250

	

50-128	 135

Iron and
manganese	 0 .2-0 .3

	

0 .1-1 .5

	

.2

	

.2

	

.2

Sulfate	 250	 ......
	 250	 ----- . .----

	

-	
Fluoride	 1 .0

	

0 .2-1 .0	
pH	 ---------

	

-	 8.0

The water from surficial outwash deposits would be suitable for many

industrial uses if it is softened and if the iron and manganese are re -

moved.

SUMMARY AND CONCLUSION S

Ground water occurs both in the consolidated bedrock formations

and in the overlying glacial drift in Kidder County . However, the rocks
underlying the upper part of the Pierre Shale are generally imperme-
able or are too deeply buried to be of importance as aquifers . The upper
part of the Pierre Shale may yield small quantities of ground water, bu t

it rarely supplies more than a few gallons per minute .
The Fox Hills Sandstone of Cretaceous age overlies the Pierre Shale

mainly in the western and southern parts of the county . It yields con-
siderably more water than the Pierre Shale, but large withdrawals (grea-
er than 150 gpm) are not known. Ground water in the formation is de -

rived from sandy layers ; it is generally under sufficient artesian pres-
sure to flow at the land surface or to rise nearly to the surface.

The Fort Union Formation of Tertiary age, consisting of the Cannon-
ball and Tongue River Members, yields ground water to wells from thi n
sand or sandstone layers, or at places from lignite layers . Generally,
the formation is not a reliable source of water in Kidder County .

Unconsolidated surficial and buried-valley outwash deposits of glacia l
origin are the most permeable and productive units in Kidder County .
The surficial outwash deposits cover much of the central part of the

county . The buried-valley outwash deposits underlie the surficial out -
wash and extend through the county from southwest to northeast, mark-
ing the former course of the ancestral Cannonball River . The largest
ground-water yields in the county can be expected in the areas where
the surficial outwash overlies the buried-valley outwash ; at places they

may yield 1,000 gpm or more. Tributary buried valleys, which enter the
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main valley from the northwest and southeast, also are potential source s
for relatively large ground-water withdrawals .

Ground water occurs also in ice-contact deposits consisting of perme-
able sand and gravel. Because the deposits are thin and have a smal l
areal extent, however, large yields are not likely .

Till and associated sand and gravel deposits are sources of groun d
water for farm and domestic supplies and at places may furnish suf-
ficient water for small municipal or commercial uses . The water is ob-
tained from wells that tap sand and gravel lenses enclosed in till .

In Kidder County, recharge is derived from rainfall or melting snow .
It is relatively rapid on the surficial outwash plains because the soil an d
underlying material is generally permeable . On surfaces underlain by
till, infiltration is hampered by relatively impervious soil as well as by
the till which also is relatively impermeable ; thus recharge is much
slower. Ground water is discharged from springs, lakes, ponds, and
swamps. In general water levels decline during the summer, early fall ,
and winter because recharge is reduced and natural discharge increases .
Water levels usually rise during the spring and early summer and again ,
temporarily, in the fall, when evapotranspiration is small and recharg e
is comparatively large .

Ground-water use in Kidder County could be increased considerabl y
through the development of wells in properly selected areas . To deter -
mine the quantities of water available at particular locations, test drillin g
and pumping tests are needed, but large withdrawals are likely fro m
most areas underlain by the surficial outwash and buried-valley outwas h
deposits .

Generally, water from the consolidated rocks has from 600 to 1,20 0
ppm of dissolved solids . That from the southern half of the county had
principally calcium and bicarbonate and was very hard, whereas tha t
from the northern half had principally sodium and bicarbonate and was
only moderately hard. The silica, iron, manganese, and boron content s
of the water from the consolidated rocks were high, but the chloride ,
fluoride, and nitrate contents, with only a few exceptions, were low .
Most of the water is of poor quality for irrigation, for many industria l
uses, and for public supply and domestic use .

Water from outwash deposits had dissolved solids from 302 to 75 1
ppm. The water contained principally calcium and bicarbonate, except
where lake seepage had increased the relative proportion of sodium .
Water from deposits of sand and gravel in till was much more variabl e
than that from outwash deposits ; it had dissolved solids from 497 to 2,41 0
ppm, and it differed considerably in principal constituents from one lo -
cation to another.

Most of the water from unconsolidated deposits was very hard and
had high concentrations of iron and manganese but low concentrations o f
potassium, chloride, fluoride, nitrate, and boron . Most of the water from
outwash deposits is of good enough quality that it could be used for ir-
rigation of nearly all soils with little likelihood that the soils would be-
come saline or that damage to the soils would result from sodium in the
water . Boron concentrations are high enough to supply the amounts re-
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quired by most crops likely to be grown in North Dakota but not so high
as to be toxic to them . If softened and if treated for removal of iron
and manganese, most of the water from outwash deposits would be of
fair quality for many industrial uses and for public supply and domestic
u .se.
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