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FACTORS FOR CONVERTING INCH-POUND UNITS TO
INTERNATIONAL SYSTEM OF UNITS (SI)

For the convenience of readers who may want to use the International System of
Units (SI), the data may be converted by using the following factors:

Multiply By To obtain
Acre 4,047 : square meter
Acre-foot 1,233 cubic meter
Acre-foot per square mile 476.2 cubic meter per square kilometer
Cubic foot 0.02832 cubic meter
Cubic I'olot per second 0.02832 cubic meter per second
Cubic foot per second per 0.01093 cubic meter per second
square mile per square kilometer
Foot 0.3048 meter
Foot per mile 0.1894 meter per kilometer
Gallon 3.785 liter
Gallon per minute 0.06309 liter per second
Gallon per second 3.785 liter per second
Inch 25.40 millimeter
Inch per hour 25.40 millimeter per hour
2.54 centimeter per hour
Mile 1.609 kilometer
Million gallons per day 0.04381 cubic meters per second
3,785 cubic meters per day
Square mile 2.590 square kilometer
Ton (short, 2,000 pounds) 0.9072 metric ton

°C =(°F-32) x 5/9

National Geodetic Vertical Datum of 1929 (NGVD of 1929): A geodetic datum derived from a general
adjustment of the first-order level nets of both the United States and Canada, formerly called mean sea level.
NGVD of 1929 is referred to as sea level in this report.



1.0 INTRODUCTION
1.1 Objective

Report Summarizes Available Hydrologic Information

Existing hydrologic conditions and sources of information are identified to aid
leasing decisions and preparation and appraisal of environmental impact studies
and mine-permit applications.

Hydrologic information (fig. 1.1-1) and analyses
are necessary to aid in decisions to lease federally
owned coal and for the preparation of the required
environmental assessments and the impact study re-
ports. The need for information and analysis has
become even more critical with the enactment of
Public Law 95-87, the "Surface Mining Control and
Reclamation Act of 1977.” This act requires an
appropriate regulatory agency to issue mining per-
mits based on the review of permit-application data
supplied to assess hydrologic impacts. The need for
data is partly fulfilled by this report, which generally
_characterizes the hydrology of a part of the Northern
Great Plains Coal Province (Area 47). This report is
one of a series that describes coal provinces nation-
wide.

General hydrologic information for Area 47 is
provided by means of a brief text with accompanying
map, chart, graph, or other illustrations for each of a

series of water-resources-related topics. The topical
discussions of the report provide a description of the
hydrology of the area. The information contained
herein will be useful to Federal agencies in the leasing
and management of Federal coal lands; surface-mine
owners, operators, and others preparing permit ap-
plications; and regulatory authorities evaluating the
adequacy of the applications.

The hydrologic information presented herein or
available through sources identified in this report will
be useful in describing the hydrology of the ”"general
area” of any proposed mine. This hydrologic infor-
mation may be supplemented by specific-site data as
well as data from other sources to provide a detailed
appraisal of the hydrology of the area in the vicinity
of the mine and the anticipated hydrologic conse-
quences of the mining operation.

R



A. Will development change stream discharge? B. What will happen to water quality?

“AMSBILE DRILL "M

C. Where are the aquifers?

D. Is there adequate ground water? E. Will acid precipitation be a problem?

1.0 INTRODUCTION

FIGURE 1.1-1—Hydrologic information is needed for decision making. 1.1 Objective



1.0 INTRODUCTION--Continued
1.2 Study Area

Area 47 Includes Parts of North Dakota, South Dakota, and Montana

~

-

Area 47 is in the Williston structural basin predominantly in southwestern
North Dakota.

Area 47 is one of the subareas of the Northern
Great Plains Coal Province (see front cover for area
of the Northern Great Plains and Rocky Mountain
Coal Provinces). It is in the Williston structural
basin. The center of the basin is in the northwestern
part of the area. The area is mostly in southwestern
North Dakota but includes small parts of eastern
Montana and northern South Dakota (figure 1.2-1).
The area includes 19,400 square miles in all or part of
Adams, Billings, Bowman, Burleigh, Dunn, Golden
Valley, Grant, Hettinger, McKenzie, McLean, Mer-
cer, Morton, Oliver, Sheridan, Sioux, Slope, and

Stark Counties, North Dakota; Fallon and Wibaux
Counties, Montana; and Corson, Harding, and Per-
kins Counties, South Dakota.

The area is drained by the Missouri River and its
tributaries. The north-central border is defined by
Lake Sakakawea and the southeastern border is
defined by the Missouri River and Lake Oahe. The
study area is composed of drainage basins or parts of
basins based on the surface-water hydrology.
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FIGURE 1.2-1—Location of study area.

1.0 INTRODUCTION--Continued
1.2 Study Area



1.0 INTRODUCTION--Continued
1.3 Hydrologic Problems

Hydrologic Problems Described for Area 47

Some of the more obvious problems related to coal development include
destruction of aquifers and potential contamination of aquifers,
streams, and the atmosphere.

Many hydrologic problems (fig. 1.3-1) are relat-
ed to coal development; some are common to all sites
and some are unique, some are temporary and local-
ized, and some are permanent and widespread.
Probably the most obvious problem will be the
destruction of aquifers in the coal beds and the
overlying materials. Most farmsteads in Area 47 rely
on shallow ground-water sources for domestic and,
in some instances, livestock supplies. After these
aquifers have been destroyed by mining, alternative
sources of water need to be found, usually by
developing deeper aquifers.

Degradation of water quality in the immediate
vicinity of mining operations has been typified by
large concentrations of sulfate and dissolved solids.
Adequate safeguards need to be taken to minimize or
prevent contamination of the underlying bedrock
aquifers and adjacent alluvial and buried glacial
aquifers (fig. 1.3-1). These latter aquifers generally

are recharged by seepage from the bedrock or by
streams draining the bedrock areas.

Coal development can decrease streamflow, in-
crease dissolved chemical constituents in the streams,
or increase sediment loads, all of which adversely
affect the utility of the water (fig. 1.3-1).

One of the major deficiencies in the understand-
ing of hydrologic problems is in the field of precipita-
tion chemistry. However, in recent years there has
been significant documentation of deterioration in
the quality of atmospheric precipitation, most nota-
bly acidic rain and snow.

Because the hydrology of a given mine site or
coal-conversion unit is unique, a general statement of
the problems is impossible and conditions need to be
evaluated for each location of concern.

.\\



ion, and B. Important glacial-drift aquifers generally underlie the alluvial valleys.

i sl

2 - 2 A CL R %
C. Atmospheric emissions from coal development can change the chemistry of D. Unreclaimed spoils change runoff patterns, increase infiltration, increase
precipitation and surface water. sediment loads, and alter water chemistry.

1.0 INTRODUCTION--Continued
FIGURE 1.3-1—Hydrologic problems can result from coal development. 1.3 Hydrologic Problems



2.0 DEFINITION OF TERMS

Terms Used in Hydrologic Reports Defined

Technical terms that occur in this hydrologic report are defined.

Acre-foot - the quantity of water required to
cover 1 acre to a depth of 1 foot and is equivalent to
43,560 cubic feet or about 326,000 gallons.

Agquifer - an aquifer is a formation, group of
formations, or part of a formation that contains
sufficient saturated permeable material to yield a
significant quantity of water to wells and springs.

Cubic foot per second - the rate of discharge
representing a volume of 1 cubic foot passing a given
point during 1 second and is equivalent to approxi-
mately 7.48 gallons per second or 449 gallons per
minute.

Cubic foot per second per square mile - the
average number of cubic feet of water flowing per
second from each square mile of area drained, as-
suming that the runoff is distributed uniformly in
time and area.

Discharge - the volume of water (or more broad-
ly, volume of fluid plus suspended material), that
passes a given point within a given period of time.

Dissolved - refers to the quantity of substance
present in true chemical solution. In practice,
however, the term includes all forms of substance
that will pass through a 0.45-micrometer membrane
filter and thus may include some very small
(colloidal) suspended particles.

Drainage area - drainage area of a stream at a
specific location is that area, measured in a horizon-
tal plane, enclosed by a topographic divide from
which direct surface runoff from precipitation nor-
mally drains by gravity into the river or stream
upgradient from the specified point. Figures of
drainage area given herein include all closed basins,
or noncontributing areas within the area, unless
otherwise noted.

Drainage basin - a part of the surface of the
Earth that is occupied by a drainage system, which
consists of a surface stream or a body of impounded
surface water together with all tributary surface
streams and bodies of impounded surface water.

Gaging station - a particular site on a stream,
canal, lake, or reservoir where systematic observa-
tions of hydraulic data are obtained.

Hydrologic unit - a geographic area representing
part or all of a surface drainage basin as delineated
by the U.S. Geological Survey, Office of Water Data
Coordination, on the State Hydrologic Unit Maps;
each hydrologic unit is identified by an eight-digit
number.

Instantaneous discharge - the discharge at a
particular instant of time.

Mean discharge - the arithmetic mean of in-
dividual daily mean discharges during a specific
period.

Micrograms per liter - a unit expressing the
concentration of chemical constituents in solution as
mass (micrograms) of solute per unit volume (liter) of
water. One thousand micrograms per liter is equiva-
lent to 1 milligram per liter.

Milligrams per liter - a unit for expressing the
concentration of chemical constituents in solution.
Milligrams per liter represent the mass of solute per
unit volume (liter) of water. In dilute solutions 1
milligram per liter is equivalent to 1 part per million.

National Geodetic Vertical Datum of 1929
(NGVD of 1929) - a geodetic datum derived from a
general adjustment of the first order level nets of
both the United States and Canada, formerly called
mean sea level.

pH - indicates the degree of acidity or alkalinity
of water and is expressed in terms of pH units. The
pH value of a solution is the negative logarithm of
the concentration of hydrogen ions, in moles per
liter. A pH of 7.0 indicates that the water is neither
acid nor alkaline. Values of pH progressively less
than 7.0 denote increasing acidity and those progres-
sively greater than 7.0 denote increasing alkalinity. A
pH change from 7.0 to 6.0 corresponds to a tenfold
increase in acidity and a pH change from 6.0 to 5.0
corresponds to a hundredfold increase in acidity.



The pH of most natural surface waters ranges between
6 and 8.

Sediment - solid material that originates mostly
from disintegrated rocks and is transported by,
suspended in, or deposited from water; it includes
chemical and biochemical precipitates and decomposed
organic material, such as humus. The quantity, charac-
teristics, and cause of the occurrence of sediment in
streams are affected by environmental factors. Some ma-
jor factors are degree of slope, length of slope, soil
characteristics, land use, and quantity and intensity of
precipitation.

Streamflow - the discharge that occurs in a
natural channel. Although the term ‘“‘discharge” can

be applied to the flow of a canal, the word ‘“‘streamflow”
uniquely describes the discharge in a surface stream
course. The term “streamflow” is more general than
“runoff” as streamflow may be applied to discharge
whether or not it is affected by diversion or regulation.

Stream order - a method of numbering streams
as part of a drainage-basin network. The smallest un-
branched mapped tributary is called first order, the
stream receiving the tributary is called second order, and
SO on.



3.0 GENERAL FEATURES
3.1 Geography

Area 47 Includes Two Physiographic Sections

Land surface is characterized by wide flat alluvial valleys, rolling uplands,
and highly dissected badlands.

The study area is in the Great Plains physio-
graphic province and is divided into two physio-
graphic sections (fig. 3.1-1). The two sections are the
glaciated and unglaciated parts of the Missouri
Plateau (Fenneman, 1946).

The glaciated Missouri Plateau is an area of
glacially modified bedrock topography. Glacial drift
still overlies much of the area north of the Knife
River and northeast of Square Butte Creek. South of
these areas glacial drift occurs only as erosional
remnants on the uplands and as valley fill in the
major drainages and associated diversion channels.
The topography is characterized by relatively wide
flat alluvial valleys, rolling prairie, and low to mod-
erately high hills. The local relief ranges from about
20 feet to as much as 560 feet.

The unglaciated Missouri Plateau, which lies
south and west of the limit of glaciation, is comprised

10

of an eroded bedrock surface. The topography
varies from gently rolling uplands with scattered high
buttes to highly dissected badlands. Local relief
ranges from a few tens of feet to as much as 500 feet.

The maximum relief in the study area is about
2,000 feet. The altitude of the highest point is 3,602
feet at Table Mountain in northwestern Harding
County, South Dakota, and the lowest point is
approximately 1,610 feet on the Missouri River flood
plain in the vicinity of the mouth of the Cannonball
River in Sioux County, North Dakota.

The population of the area is about 110,000
(U.S. Bureau of the Census, 1981). Cities in the
study area with populations of more than 5,000 are
Bismarck, Dickinson, and Mandan.

e
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3.0 GENERAL FEATURES--Continued
3.2 Surface Drainage

Missouri River Drains Area 47

Most of the tributaries of the Missouri River in Area 47 drain areas
with known coal reserves.

Area 47 is drained by the Missouri River and
several of its major tributaries. The major tributaries
draining the area are the Little Missouri, Knife,
Heart, Little Heart, Cannonball, and North Fork
Grand Rivers, and Turtle, Square Butte, and Painted
Woods Creeks. The drainage boundaries of the
streams and some lower-order tributaries important
to coal development are shown in figure 3.2-1.
Drainage areas for specific sites on streams are given
in Supplementary Information (section 11.1).

The Little Missouri River is the only stream other
than the Missouri River with its headwaters outside
Area 47. The Little Missouri River originates in

12

Wyoming and drains about one-half its total drain-
age before crossing into Area 47.

The drainage basins of Turtle Creek and Painted
Woods Creek include large areas considered noncon-
tributing to the streamflow. The noncontributing
areas contain numerous undrained lakes and prairie
potholes and have no developed stream system.

All tributaries of the Missouri River shown in
figure 3.2-1, except Turtle Creek, drain areas with
known coal reserves. Most of the current develop-
ment of the coal reserves has taken place at the upper
ends of the basins or along interbasin divides.



101
103
A /N
. I~/
Afnegard attord Ci ks
150 sl
\&y\: o
{ .
g
3
/’m e ) a
Buttes _y
2 £
b{b‘ o EIKH ,._.
STAN[)ARDWIQALL' ] 23 . L] i
z 1
148 & ® ;L
i b SN
01 jtile ‘ § A
%
)
'
Graek E ~1ay '
, 449 o
2759, 1 Norih{ itdees Mtn « NS
Lons Butte 7 T &\l{
= e . )
et

SIS

) /...'9’\

N
PR = s e z - )
i l S D N Nl . I T e —— &
\l Nt g (%] <
___f._\‘,’(_ﬁ_ 9; .\4; Y5 Lake ”"i:\?u T _23 o2 () »..,‘ y i _% e ag [ )‘\_u; )
3 B \\\ \‘ 1 7 T7TH STA .mm:o;:‘:u@ ) 2 s “I ! creek M \‘ E
\ - =l g e SEatopr vatiey
LN N e e v
BN ‘1L \‘/{"}""&» a\)ﬁf'g,g:’ i 4 7 "—-A‘ \‘ i . —— e
2450, feiManning ) Zow L T X < -
- o ! *17“4’\1'\ ( Butis o\é‘\. \ \" - L < Fg( H
] ,..yeu,.{—¢+,>\\q_\ Py ; *‘}‘ ! j}w
3 “ S Q-Yc?;"wx =5 / )| o

. P
% 3 i - 3 Pl g U R 2 ) 3 i
| N 60 Lo e AT s [t IS
S- | ~/T1 RTINS :\5 A [ 1
R-ul: gl | 1‘\‘4 \Q‘&:w\ s \4(7 C "/ j\ ' ! \\ Y "{’,\ _
= U P BN o SR O S |
: e < EXPLANATION

R O i G ISV N SiS § li 4 _ oy
Y — Gl 57,?«[;4,59%RAL\,\21 ]\’ r—. 4(

W AT +..4N [ ] NONCONTRIBUTING AREA
e o~ L 40 >‘~_\‘*~ )&a« y A L _gen N
i S _ﬁ%%m 2 L{’ R N T I _ —--——--— BASIN BOUNDARY

AL el g ,C\ -

V' & w5 _{Ti~A./R3 ) \1 S s DRAINAGE BASINS
3 ST ] s
L (0 g 4 X0} J O 9 S 4 Little Missouri River (main stem)

: AR ¢ g 4.5 ——t . KTE"::,Q Deep Creek

| P— FL\ J okt R b: 3 vl e ] Beaver Creek

o TN g AL >4 it o7 P Missouri River (main stem)
ST STANGRNE_AARAEL T T

Knife River (main stem)

Crooked Creek

Deep River

Spring Creek

Turtle Creek

10. Painted Woods Creek

11. Square Butte Creek

12. Heart River (main stem)

13. South Branch Heart River

i; 2 14, Green River

' 15, Antelope Creek (upper Heart River)
16.  Antelope Creek (lower Heart River)
1y g8 Big Muddy Creek

‘T/‘A
= ["3"
STANGAY ' Sauet anthons)
ol
o e |
%l !

s

xnm. suite
& Gamei But
ns
A4
% ]
%
d I N —

o N N

N \

N il l .». g ’”‘q % 7 3 ) ' AL ;
‘ N G‘E~R\ . f‘\_:\lé*wf oot | );-J "Nt s

0E MERIQIAN

.

P - o | - ~-
Y- é@§*s%m T oLeiny e 748 Rnlmmm

DARD Prwda 22

B \ 3

hetslone
i Suttes

P

oy e 9 18. Sweetbriar Creek
i 3 \ 34,,,& 19, Little Heart River
N R 20.  Cannonball River (main stem)

i:?‘fw:\ Se | e giite . B v s \ o — v : 2 (1 Thirty Mile Creek

MONTANA

T e o e e e et — e

4B O ) ]

Mg ™= = ) N v

R N L B PR cm@ 22, Cedar Creek
& w T4 v ) ( J 43, Timber Creek

24. North Fork Grand River (main stem)
29: Buffalo Creek

dtis =

v4
=]
=
~
oot
o
»
<
Q
—~
>

[72]
Qo
(ee
)
=
w}
>
=
Q
o]
>

L aviewm ‘T e

SCALE 1:1,000,000

. (] 10 20
BASE FROM U.S. GEOLOGICAL SURVEY | (7T =="F 7775 AN cr==E—ErE 39 MILES
STATE BASE MAPS, MONTANA 1966:
NORTH DAKOTA 1963 SOUTH DAKOTA 1963 i s;,:.?ﬁ; . . 20 30 KILOMETERS

3.0 GENERAL FEATURES--Continued
FIGURE 3.2-1—Drainage basins. 3.2 Surface Drainage



3.0 GENERAL FEATURES--Continued
3.3 Geology
3.3.1 Bedrock

Rocks of Paleocene Age the Dominant Bedrock

Lignite-bearing rocks of the Paleocene Fort Union Formation underlie
about 95 percent of Area 47.

All of Area 47 lies within the approximately oval
Williston basin. The axis of the basin is oriented
north-northwest to south-southeast with the deepest
part in eastern McKenzie County, North Dakota.
The total thickness of the sedimentary rocks at this
location is about 15,000 feet. The regional dip is
about 10 to 20 feet per mile, but may vary depending
on local structure. Dip along the western flank of the
Cedar Creek anticline in southwestern Bowman
County is as much as 100 feet per mile (Croft, 1978).

The basin was subjected to periodic advances of
the sea from Cambrian through early Paleocene.
During periods of submergence, sediments of marine
origin were deposited; between and following the
advances of the sea, continental deposits were laid
down. After the final recession of the sea, western
North Dakota became a humid lowland with shallow
lakes and densely vegetated and forested swamps.
The organic debris that accumulated in the swamps
during long periods of time were converted by partial

decomposition to peat, which was subsequently bu- .

ried by alluvial deposits. The cycle of vegetative
growth, accumulation of organic debris, and burial
was repeated many times. As burial continued, the
peat was eventually converted to lignite.

The oldest formations exposed in Area 47 are the
Pierre Shale and the overlying marine Fox Hills
Sandstone. The outcrops occur along the down-
stream reach of the Cannonball River. The Pierre
Shale is a very narrow surface exposure along the
river and does not show on the generalized bedrock
map (fig. 3.3.1-1). The Fox Hills Sandstone general-
ly is considered the deepest formation that will yield
fresh water. It consists of sandstone and interbedded
siltstone, shale, and sandy shale. Overlying the Fox

14

Hills Sandstone is the continental Hell Creek Forma-
tion. The Hell Creek crops out along the Missouri
and Cannonball Rivers in the southeastern part of
the area and along the North Fork Grand and Little
Missouri Rivers in the southwestern part of the area.
The Hell Creek Formation is composed of interbed-
ded sandstone, claystone, and lignitic shale.

Rocks of the Paleocene Fort Union Formation
underlie about 95 percent of the study area (fig.
3.3.1-1), and consist of four members: Ludlow,
Cannonball, Tongue River, and Sentinel Butte. The
Ludlow and Cannonball Members crop out along the
eastern, southern, and southwestern parts of the
area. The continental Ludlow Member consists of
poorly consolidated sandstone and lignitic shale.
The Cannonball Member consists of marine sand-
stone and mudstone. The Cannonball is underlain by
the Ludlow Member throughout the east and central
parts of the area and the two members interfinger to
the west.

The minable lignite deposits occur in the Tongue
River and Sentinel Butte Members, which underlie
about 70 percent of the study area. Approximately
70 percent of the Tongue River-Sentinel Butte section
is siltstone and claystone, 24 percent is sandstone,
and 6 percent is lignite (Clayton, 1972, fig. R2).

Rocks of Eocene, Oligocene, and Miocene age
crop out in steep-sided buttes and on the crests of
high ridges in the west-central part of the area.
Erosion of the post-Paleocene deposits followed the
uplift of the mountain ranges in Montana and
Wyoming.
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3.0 GENERAL FEATURES--Continued
3.3 Geology--Continued
3.3.2 Glacial Drift and Alluvium

Unconsolidated Deposits of the Quaternary System Overlie
Part of the Paleocene Bedrock

Glacial drift of late Pleistocene age overlies the Paleocene bedrock in the
northern part of the study area, and alluvium and other deposits of
Holocene age locally overlie the bedrock elsewhere.

The Quaternary system includes glacial deposits
and all postglacial deposits. The glacial deposits
cover the northern and northeastern parts of Area 47
(fig. 3.3.2-1). The southwestern extent of glaciation
occurs in the study area and the southwestern two-
thirds of the area probably was unglaciated.

The northeastern part of the study area was
subjected to at least four glacial advances during late
Pleistocene time. The first glacial advance extended
into the area south and west of the present Missouri
River. The glacial drift in this area is thin and patchy
owing to proglacial and postglacial erosion. The
orientation of the drift border and the ice-marginal
melt-water channel indicates that this first glacier
advanced from the northeast. Subsequent glacial
advances from the northeast extended only into the
areas north and east of the Missouri River.

As the first glacier advanced toward the study
area, it blocked the north- and east-flowing streams,
reversed the gradient, and diverted them to the east
and southeast. Sediment, chiefly sand and gravel,
was deposited in the existing and newly eroded
stream valleys by large volumes of water flowing
from the intermittently melting glacial ice. These
stream valleys were eventually buried as the glacier
continued to advance to its southwestern limit, where
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it became stagnant. The cycle of diversion, erosion,
deposition, and burial was repeated during each
glacial advance.

The primary sediments deposited by the glaciers
are glacial till and glaciofluvial deposits. Glacial till
is an unsorted mixture of clay, silt, sand, gravel, and
boulders. Glacial till in the area ranges in thickness
from 0 to as much as 600 feet. Glaciofluvial deposits
include surficial outwash deposits and melt-water
channel deposits, consisting of water-washed clastic
material ranging in size from silt to very coarse
gravel, and lenses of sand and gravel in the till. The
glaciofluvial deposits are variable in thickness, but
are known to have aggregate thicknesses of as much
as 300 feet.

Postglacial deposits consist of alluvium and
windblown sand. Alluvium, consisting of clay, silt,
sand, and gravel, occurs in channels and as flood
plains of present-day streams. The alluvial sedi-
ments, which are as much as 40 feet thick, frequently
are composed of reworked outwash. Windblown silt
and sand derived from alluvial, glacial, and weath-
ered bedrock deposits is more extensive than shown
in figure 3.3.2-1, but has not been adequately
mapped.

S
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3.0 GENERAL FEATURES--Continued
3.4 Soils

Soil Data Have Been Collected for Most of Area 47

Soils are slowly to rapidly permeable, alkaline, and subject to wind
and water erosion.

Soil permeabilities range from 0.05 to greater
than 5 inches per hour. Soils are slightly acidic to
significantly alkaline, but most have slight to moder-
ate alkalinity. The productivity of the soils varies
from poor to very good, but most soils are moderate-
ly productive. Water erosion is a problem on steep
slopes, and wind erosion is severe on cultivated land
that is left bare of vegetation.

Most of the soils in the southern and eastern part
of the area were developed from the shale, siltstone,
and sandstone that comprise the underlying Creta-
ceous and Tertiary bedrock. Soils developed from
glacial outwash and glacial till are present in the
northeastern part of the area. Soils developed from

18

" Pleistocene and Holocene alluvium and terrace

deposits are predominant in stream valleys.

A general description of the soil associations is
shown in figure 3.4-1. The description was obtained
from the general soils maps of North Dakota and
parts of South Dakota and Montana. Information on
the soils of Corson and Harding Counties, South
Dakota, and Fallon County, Montana, was not
available. Information pertaining to the physical
properties of the soils and detailed soils maps of most
of the counties in the area are published by the U.S.
Department of Agriculture, Soil Conservation Ser-
vice.

N
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SOILS DEVELOPED FROM HOLOCENE
AND PLEISTOCENE ALLUVIUM

Havre-Banks, Savage-Wade-Farland, Farland-
Savage-Harlem, Parshall-Liher: grayish
brown to very dark brown silty clay and
silt loams to sandy loams; nearly level to
rolling

SOILS DEVELOPED FROM
GLACIAL OUTWASH

Oahe-Sioux: dark gray loam to black
gravelly loam; gravel substrata; rolling
to strongly sloping

SOILS DEVELOPED FROM GLACIAL TILL

Williams, Agar-Williams-Zahl, Zahl-Williams,
Barnes-Svea, Barnes-Buce: very dark
brown loam and silty loam to black loam;
nearly level to hilly

SOILS DEVELOPED PRIMARILY FROM
TERTIARY AND CRETACEOUS
SANDSTONE, SILTSTONE, AND SHALE

Chama-Morton-Bainville, Morton, Morton-
Regent, Morton-Rhoades, Morton-
Arnegard, Morton-Williams: very dark
grayish brown silt loams; nearly level
to hilly

Bainville-Flasher-Agar, Bainville-Morton,
Bainville-Rhoades, Flasher-Vebar: dark
grayish brown silt loam to dark grayish
brown fine sandy loam; hilly to steep

Rhoades-Morton: very dark grayish brown
silt loam; saline with segregated salts;
gently rolling to strongly rolling

Badlands-Bainville: dark grayish brown silt
loam on crests and upper slopes of drainage
divides, slopes of drainage divides, steep
barren slopes; steep to rough

Wibaux-Morton-Chama-Bainville-Searing:
dark reddish brown stony loam; baked clay
substrata; strongly rolling to rough

Moreau-Midway-Regent: grayish brown silty
clay loam; gently rolling to steep
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3.0 GENERAL FEATURES--Continued
3.5 Land Use

Range and Cropland Dominant Land Uses

Eighty-eight percent of the study area is used for range and cropland.

Area 47 includes about 19,400 square miles.
About 52 percent of the land is used for rangeland
and 36 percent is used for cropland (includes leased
or permitted land that is federally owned). The main
crops are wheat, hay, oats, and sunflowers. Land
used for pasture is 2 percent, woodland is 1 percent,
and other Federal land (includes national parks,
rangeland, forests, and game refuges) is 6 percent.
Other land use is 3 percent and includes urban and
developed areas, which comprise about 1.6 percent
of the area; small water areas including ponds and
lakes of more than 2 acres but less than 40 acres in
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size; rural nonresidences; farmsteads; farm roads;
feedlots; and unused marshes. Large water areas are
excluded from the total land area.

The distribution of land use per county is shown
in figure 3.5-1. No attempt was made to prorate land
use for parts of counties in the area. The data were
supplied by the U.S. Department of Agriculture, Soil
Conservation Service. Land-use data for Wibaux
County, Montana, were not.available.
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3.0 GENERAL FEATURES--Continued
3.6 Climate
3.6.1 Precipitation and Evaporation

Precipitation and Evaporation Do Not Vary Greatly

The mean annual precipitation in the study area ranges from about 14 to 18
inches and mean annual lake evaporation ranges from about 36 to 42 inches.

The records from 22 National Weather Service
recording precipitation stations in the area were used
to calculate the distribution of the mean annual
precipitation. Daily precipitation data are published
monthly by the U.S. Department of Commerce,
National Oceanic and Atmospheric Administration,
National Weather Service, National Climatic Center,
Asheville, N.C.

The mean annual precipitation in the study area
ranges from 14.35 to 18.02 inches, as shown in figure
3.6.1-1. Approximately 63 percent of the annual
precipitation occurs during May through August.
Most of the precipitation that falls during the sum-
mer occurs during periods of thunderstorm activity.

22

July is the peak month for thunderstorm activity
when 8 to 10 storms occur; however, thunderstorms
occur nearly as often in June and August (Jensen, no
date). Mean annual snowfall ranges from about 28
inches in the north-central part of the area to 38
inches in the central part (Jensen, no date).

Mean annual lake evaporation varies from about
36 inches in the northern part of the area to about 42
inches in the southern part of the area (U.S. Depart- .
ment of Commerce, National Oceanic and Atmos-
pheric Administration, National Weather Service,
1982).
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3.0 GENERAL FEATURES--Continued
3.6 Climate--Continued
3.6.2 Temperature

Mean Annual Temperature Varies Little Throughout Area 47

The mean annual temperature in the area ranges from about 40°F to 43°F.

The mean annual temperature ranges from about
40°F in the northeastern part of the area to about
43°F in the southwestern part (fig. 3.6.2-1). January
is the coldest month with mean monthly tempera-
tures ranging from 6.8°F in the northeast part of the
area to 13.9°F in the southwest part. July is the
warmest month with mean monthly temperatures
ranging from 70°F in the northwest to about 72°F in

24

the extreme south and west. Summer temperatures
occasionally rise above 100°F and temperatures of
0°F or less are common in the winter. The average
number of days a year when the temperature reaches
90°F or more is about 25, and the average number
with 0°F or less is about 45 (Jensen, no date).
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4.0 COAL RESOURCES
4.1 Coal Production

Coal Production Increased Significantly During the Past Decade

Lignite coal production in North Dakota from July 1979 to June 30, 1980, was
about 16.8 million tons.

North Dakota is a major producer of lignite coal.
Coal production increased from about 8.2 million
tons from July 1975 to June 30, 1976, to about 16.8
million tons from July 1979 to June 30, 1980, an
increase of 105 percent.

At the present time there is active strip mining in
seven counties. Coal production per county is shown
below.

Production
County (tons)!
Adams 35,433.25
Bowman 2,874,730.00
Grant 4,690.00
McLean 2,117,310.00
Mercer 4,551,977.00
Oliver 5,419,667.00
Stark 218,890.00

! Data from office of North Dakota State Tax Commissioner.

26

Most of the lignite coal mined is used for
generating electricity; but some is sold locally for
heating purposes, and some is used in the manufac-
ture of charcoal briquettes and organic solvents.
About 4 percent of the coal is shipped out of State.

Existing reserves are estimated to be about 350
billion tons; however, with the existing technology,
only about 15 billion tons could be economically
mined (North Dakota Geological Survey, 1981, p.
27). The location of active mines, known strippable
lignite coal deposits, and areas where the coal depos-
its are known but not well defined are shown in
figure 4.1-1.
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4.0 COAL RESOURCES--Continued
4.2 Ownership

Lignite Coal has Diverse Ownership

About 16 percent of the lignite coal is federally owned.

Approximately 16 percent of the lignite deposits
underlying 15.6 million acres in western North Dako-
ta is federally owned. A typical pattern of Federal
coal ownership is shown in figure 4.2-1. The percent-
age of coal owned by the Federal Government varies
by county as shown by the percentages in figure
4.2-2. The State of North Dakota generally owns less
than 1 percent of the coal in the counties. State

102’ 20
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ownership, for the most part, consists of school
lands. The remainder of the coal is owned by private
land owners including railroad companies. Owner-
ship data are not available for Fallon County, Mon-
tana, and Corson, Harding, and Perkins Counties,
South Dakota.
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FIGURE 4.2-1-Typical distribution of Federal coal ownership.
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5.0 WATER USE
5.1 Surface Water

Surface-Water-Use Data for 1980 Available by County

Surface water is used for public supply, irrigation, thermoelectric, rural,
and industrial purposes.

Surface-water use for different purposes is
shown by county in figure 5.1-1. Data are not
available for Montana and South Dakota. Approxi-
mately 12 million gallons per day of surface water
was used to meet the needs of municipalities and
private utilities during 1980. The Missouri River was
the source of supply for 9.83 million gallons per day.
Other sources of surface water for public supply were
Lake Sakakawea on the north edge of the area and
Edward Arthur Patterson Lake in Stark County.
Both are manmade impoundments.

About 150 million gallons per day of surface

water was used for irrigation. Of the total surface
water used for irrigation, 76 percent was diverted
from the Yellowstone River in Montana. Other
sources of surface water for irrigation were the
Missouri, Cannonball, Heart, Little Missouri, and
North Fork Grand Rivers. About 25,000 acres of
land was irrigated from surface-water sources during
1980.

30

About 924 million gallons per day of surface
water was used by electric utilities for the generation
of thermoelectric power in 1980. The major water
sources for the powerplants were Lake Sakakawea
and the Missouri River downstream from Garrison
Dam. Most of the water was used for cooling pur-
poses.

Although a small quantity of surface water may
have been used for domestic purposes, it is assumed,
for the purpose of this report, that 100 percent of
rural surface-water use was for watering livestock.
The total quantity used during 1980 was about 3.3

million gallons per day.

About 3 million gallons per day of surface water
was used during 1980 for industrial purposes. The
water was used for plant operation cooling, sand and
gravel operations, and coal mining.
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5.0 WATER USE--Continued
5.2 Ground Water

Ground-Water-Use Data for 1980 Available by County

Ground water is used for public supply, irrigation, rural, and
industrial purposes.

Ground-water use for different purposes is
shown by county in figure 5.2-1. Data are not
available for Montana and South Dakota. Public-
supply water systems include municipalities, rural
water systems, and private utilities. About 4.4 mil-
lion gallons per day of water was withdrawn from
ground-water sources for public supply use during
1980. The quantity includes commercial and domes-
tic use, water lost in the distribution system, and
water supplied for such services as fire fighting,
swimming pools, and irrigation of some golf courses.

Approximately 11.3 million gallons of water per
day was used during 1980 to irrigate about 7,200
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acres. The irrigation season generally extends from
mid-May to mid-September.

Rural water use consists of self-supplied domes-
tic use and consumption by livestock. About 9
million gallons per day of ground water was used for
rural domestic and livestock supplies during 1980.

Industrial water use was about 1.3 million gal-
lons per day during 1980; 0.26 million gallons per day
was used for cooling thermoelectric powerplants and
1.05 million gallons per day was used for processing
sand and gravel, coal mining, and oil exploration and
refining. Ground-water use for different purposes
determined by county is shown in figure 5.2-1.
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6.0 HYDROLOGIC DATA-COLLECTION NETWORKS

6.1 Surface-Water Quantity

Streamflow Information Available for 127 Locations

Surface-water data collected through the years has resulted in a fairly
comprehensive data base.

The surface-water data-collection network in
Area 47 started with the establishment of four
continuous-record discharge stations in 1903. The
number of continuous-record stations has fluctuated, but
generally increased with time to the present (1981)
coverage (fig. 6.1-1 and section 11.1). The first stations
were established as part of a water-accounting system
and were located on the Missouri River mainstem and
the major tributaries to the Missouri River. Additional
stations were soon established on these tributaries and
other streams as the demands on the supply of water in-
creased. The early established stations provide a long-
term record from which streamflow statistical informa-
tion can be obtained. The long-term records also can be
used to extend incomplete or short-term records using
correlation techniques. However, regulation, storage, or
diversion has occurred on many streams rendering in-
valid the use of parts of long-term records in defining
streamflow characteristics.

Interest in low-flow characteristics during the
early 1950’s resulted in a program of periodic
measurements of low-flow discharge on many large and
small streams for 1 or more years. Owing to the
ephemeral nature of the streams and varied sources of
low-flow discharge, correlation of low-flow be-
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tween stations is poor and onsite measurements are the
only dependable source of information.

From 1954 to 1973 a network of crest-stage
gaging stations was operated on a number of streams
with drainage areas of less than 100 square miles. The
data from these stations, together with data from the
continuous-record stations, were used to develop flood-
frequency and magnitude relationships. Operation of the
crest-stage stations also resulted in the collection of a
large quantity of periodic discharge-measurement
information.

Details about period of operation and type of
data collected at 127 stations are shown in section 11.1.
The actual data are available from computer storage
through National Water Data Exchange (NAWDEX),
from the U.S. Geological Survey’s WATSTORE, and in
published annual U.S. Geological Survey reports.

The U.S. Geological Survey customarily uses an
eight digit number to identify stations and measurement
sites. For this report, for simplicity, a new, smaller sta-
tion or site number has been assigned, as shown in figure
6.1-1 and section 11.1; henceforth, in this report, this is
the station or site number referred to.
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6.1 Surface-Water Quantity



6.0 HYDROLOGIC DATA-COLLECTION NETWORKS--Continued

6.2 Surface-Water Quality

Water Quality Information Available for Many Locations

Surface-water-quality sampling programs provide a data base that characterizes
the chemical composition of water in the major streams and many
minor tributaries.

Water-quality sampling in Area 47 by the U.S.
Geological Survey began as part of a cooperative program
with the U.S. Army Corps of Engineers in 1945. The pro-
gram to sample the major streams for water-quality
properties and common ions was continued for 5 or 6
years at most stations. A major effort was made during
the late 1970’s and early 1980’s to acquire a more com-
plete water-quality data base. The locations where data
are available as of 1981 are shown in figure 6.2-1. The
data are widely spaced with regard to time and dura-
tion of collection. The period of record and the type of
data available for each station are shown in section 11.2.
The station numbers shown in figure 6.2-1 and section
11.2 are the same as for those in figure 6.1-1 and sec-
tion 11.1. There are additonal scattered miscellaneous
one-time sample data in the U.S. Geological Survey files
that are not shown. The data listed are available in
published form in annual reports of the U.S. Geological
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Survey; in the U.S. Environmental Protection Agency’s
STORET computer files; and, since about 1950, in the
U.S. Geological Survey’s WATSTORE computer files.

A common practice for several years has been
for U.S. Geological Survey investigators to obtain water-
temperature and specific-conductance measurements
whenever a streamflow measurement is made. These
data are not listed in section 11.2 unless a sample for
chemical analyses also was obtained.

Data on water quality for Area 47 also can be
obtained from the U.S. Army Corps of Engineers, U.S.
Bureau of Reclamation, U.S. Fish and Wildlife Service,
North Dakota State Department of Health, North
Dakota State Water Commission, North Dakota Game
and Fish Department, and the State universities.
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6.0 HYDROLOGIC DATA-COLLECTION NETWORKS--Continued

6.3 Ground-Water Observation Wells

Information on Ground-Water Levels and Quality of Water
Available for Most of Area 47

The ground-water network as of September 1981 included 234 observation wells in
aquifers above the Pierre Shale.

The ground-water network in Area 47 provides
general water-level and ground-water quality data for
most of the area. The network of observation wells
being monitored is periodically reviewed and updat-
ed. The network as of September 30, 1981, is shown
in figure 6.3-1. Information on location, aquifer,
and period of record for each observation well is
shown in section 11.3. Note that for this report a
simpler numbering system is used than the local
well-numbering system. The frequency of observa-
tion can vary from one annual measurement to a
continuous record. Lithologic and geophysical logs
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are available for all observation wells. At least one
chemical analysis of water from the well is available
for most sites. Chemical quality is monitored at
several key wells. Those wells for which a chemical
analysis of the water was made during 1981 are
identified in the figure. Many other wells have been
constructed by the U.S. Geological Survey and coop-
erators that are not a part of the network. Informa-
tion on these wells is available from computer storage
through the National Water Data Exchange
(NAWDEX) and in published reports.
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7.0 SURFACE WATER
7.1 Streamflow
7.1.1 Annual Mean Flow

Annual Mean Flow Available for All Stations Having
5 or More Years of Continuous Record

Annual mean flows in runoff per square mile show only minor areal variation for
the major tributaries of the Missouri River.

Data for annual mean flow are available for all
gaging stations having 5 or more years of continuous
record (see section 11.1). The annual mean flow at
the downstream stations of the major tributaries is 44
acre-feet per square mile for the Cannonball River at
Breien (station 128), 56 acre-feet per square mile for
the Heart River near Mandan (station 100), and 58
acre-feet per square mile for the Knife River at Hazen
(station 42). The annual mean flow is defined
primarily by runoff from thunderstorms or spring
snowmelt. The decrease in runoff per square mile
from north to south could be the result of increased

40

infiltration in the areas least affected or unaffected
by glaciation. Flow is approximately proportional to
drainage area and increases downstream (fig.
7.1.1-1). The annual mean flow of the Missouri
River at Bismarck (station 72) is 16,400,000 acre-feet
per year. Limited response to precipitation runoff
occurs on the Missouri River because flow is con-
trolled at Garrison Dam. The annual mean flow of a
stream can be used to evaluate the possibility of
water being available for planned development.
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7.0 SURFACE WATER--Continued
7.1 Streamflow--Continued
7.1.2 Duration of Flow

Flow-Duration Curves Integrate Hydrologic and Geologic
Characteristics of Drainage Basins

The flow-duration characteristics of a stream may be used to define the
characteristics of a drainage basin or to compare the characteristics
of one basin with those of another.

The flow-duration curve is a cumulative frequen-
cy curve that shows the percent of time a specified
discharge is equaled or exceeded during a given peri-
od. A flow-duration curve can be used in appraising
the geologic characteristics of a drainage basin, par-
ticularly as they affect low flows. It also can be used
in waterpower, stream-pollution, and quality-of-
water studies where discharge versus time is a crucial
factor. Flow-duration curves for the mainstem and
some smaller tributaries of the Knife River are shown
in figure 7.1.2-1. The curves are based on the mean
daily flows for the period of record at a site. For
example, a discharge of about 0.10, cubic foot per
second per square mile for the Knife River (station
31) is expected to be equaled or exceeded about 10
percent of the time. The reliability of the frequency
curve for predicting future flows depends upon the
accuracy and consistency of the record and on how
well the period of record represents the long-term
flow of the stream.
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The shape of the flow-duration curve is deter-
mined by the hydrologic and geologic characteristics
of the drainage basin. A curve that is nearly vertical
represents variable streamflows such as that derived

‘from direct surface runoff. A more gently sloping

curve is characteristic of streams whose flow is at-
tenuated by surface storage or augmented by dis-
charge from ground-water storage. The curves for
the smaller streams shown in figure 7.1.2-1 show the
steep slope which typifies the ephemeral nature and
lack of base flow of the streams. Thus, the lower end
of the curve (base flow) is a valuable means of
studying the effect of geology on the ground-water
discharge.

Several points on the duration curves for stations
in Area 47 are listed in table 7.1.2-1. Most of the
curves for the area are similar to those of the Knife
River although there are greater variations at the
lower end depending on ground-water discharge.
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= = TABLE 7.1.2-1—Daily flow duration statistics, in cubic feet per second.
5— —
:_ | Site Drainage area Percent of time equaled or exceeded
number (square miles) 95 75 50 25 10
22— —]
1 4,640 ’
KNIFE RIVER NEAR GOLDEN 3 250 0.0 0.3 0.8 2.1 15
1.0— VALLEY, NORTH DAKOTA ] 4 6,190 .0 11 S5 270 1,100
= (STATION NUMBER 31) - 9 46.5 0 0 0 0 0
(7;: ] 11 351 .0 2 1.1 39 15
e ] 12 4.1 0 0 0 0 0
4— — 13 11.4 .0 .0 .0 .0 2
3l ] 14 96.2 .0 1 1 3 1.5
16 485 .0 ol 2.6 7.6 44
2= = 18 8,310 .0 9.7 70 350 1,300
21 179,800 5,600 11,000 20,000 30,000 42,000
22 181,400 15,000 21,000 25,000 30,000 37,000
0.101— _| 23 181,400 7,700 13,000 21,000 28,000 35,000
o = 25 205 1 9 1.8 4.8 24
< KNIFE RIVER AT HAVEN, - % 30.3 0 0 0 1 6
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PERCENT OF TIME DISCHARGE EQUALED OR EXCEEDED 7.0 SURFACE WATER--Continued

7.1 Streamflow--Continued
FIGURE 7.1.2-1—Duration of flow. 7.1.2 Duration of Flow



7.0 SURFACE WATER--Continued
7.1 Streamflow--Continued
7.1.3 Floodflow

Urban and Rural Flooding a Problem

Flood estimates can be made from available data for gaged and
ungaged streams in area.

Most of the flood damage in Area 47 is to homes
and businesses in small communities or to roads and
bridges in rural areas. Flood-prone areas have been
delineated for those topographic quadrangles in-
dicated in figure 7.1.3-1. The mapped areas are not
the only areas subject to flooding, but were given
priority for study.

The prevention of floods and the minimizing of
flood damage depend on historic flood data and
predictive capability. Peak-flow data have been col-
lected at many stations and for many years (see
section 11.1). The most reliable estimators of future
floods generally are the frequency analyses of
gaging-station records. Therefore, the estimating
technique first includes a search for available flood-
frequency data for a gaging station at or near the
desired site. In the absence of such record, estimates
can be made by relating frequency analyses at long-

term stations to the particular site based on basin
characteristics and climatic factors. Information for
estimating floods on ungaged streams draining less
than 100 square miles is given in a report by Crosby
(1975). The regression equations to be used in com-
puting floods from the 2-year to 50-year frequency
are given in table 7.1.3-1. Information for estimating
floods on ungaged streams draining 100 square miles
or more is given in a report by Patterson (1966).

The maximum discharges on record for un-
regulated streams draining less than 500 square miles
are plotted versus drainage area in figure 7.1.3-2.
The plots also include significant maximum dis-
charges at miscellaneous sites. The wide spread
(three orders of magnitude) of flood peaks for a
given drainage area indicates that adequate areal
definition requires data at many sites.

TABLE 7.1.3-1—-Summary of regression equations for
estimating peak discharges for streams

draining less than 100 square miles in

Area 47

[Standard error of estimate, in percent, is the average of the positive and
negative percent error, within which lie two-thirds of the measured values.]
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Qp = Peak discharge with a recurrence interval “n”’, in cubic feet per second.

A = Drainage area, in square miles. FIGURE 7.1.3-2—Maximum known instantaneous
discharges in relation to drainage

Si = Soil-infiltration index, in inches. area.

-



BALFOUR

1977

EXPLANATION

475
BUEN
M.. >
IO Q
< MAL =
>89 E
<Eg 8
= m
ol B
<50 g
= &3
5335
w £ 2
s5a_<
2! 5o
RxwS
~0 2
8,82
Hme

Ve

50

K/ ,
/4 AR EY

¢ P
s

103

58501

SCALE 1:1,000,000

30 MILES

)

20

10

30 KILOMETERS

=

10

Teer.

¥

R ke llo

T RIDGES

1961

b 3
oy Lo
I ¢

u@h@%&\& ,\,\

VNVINOW

BASE FROM U.S. GEOLOGICAL SURVEY

1966

MONTANA

NORTH DAKOTA 1963 SOUTH DAKOTA 1963

STATE BASE MAPS,

7.0 SURFACE WATER--Continued

7.1 Streamflow--Continued

7.1.3 Floodflow

FIGURE 7.1.3-1—Available flood-prone area maps.



7.0 SURFACE WATER--Continued
7.2 Surface-Water Storage

Surface Storage Important to Use of Water Resources

Natural and manmade storage are important in the use of surface water
in Area 47.

Area 47 has very little natural surface-water
storage except in the northeast part where lakes and
prairie potholes occur in a thick layer of glacial drift.
The economic development of the area has depended
largely on the development of manmade storage. The
location of manmade and natural reservoirs and
lakes with capacities in excess of 50 acre-feet is shown
in figure 7.2-1. The capacities at these locations are
listed in section 11.4. In addition to those listed,
there are hundreds of smaller reservoirs created by
small dams for livestock use. The storage at the sites
shown in figure 7.2-1 generally has multiple uses;
municipal and industrial supplies, irrigation, flood
control, recreation, fish and wildlife, and livestock.

Small reservoirs and lakes may be especially
vulnerable to adverse effects and destruction through

46

surface mining. The shallow ephemeral ponds,
which are used primarily for waterfowl production
and small animal protection, may be difficult to
replace if destroyed as it has taken several hundred
years to develop the present hydrologic and ecologic
systems.

The larger reservoirs and lakes already are being
impacted by diversion due to energy development.
Municipal demands are greater than available sup-
plies in several localities. Lake Sakakawea, border-
ing the area on the north, is the one large source of
water considered a solution to many of the supply
problems if distribution systems can be implemented.
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FIGURE 7.2-1—Location of reservoirs and lakes with capacities in excess of 50 acre-feet. 7.2 Surface-Water Storage



7.0 SURFACE WATER--Continued
7.3 Surface-Water Quality
7.3.1 Dissolved Solids

The Dissolved-Solids Concentration of Most Streams
Varies with Discharge

Changes in dissolved solids due to mining could be difficult to quantify
because of the natural variability in the streams.

Dissolved-solids concentrations vary greatly in
water from all streams in Area 47 except the Missouri
River (fig. 7.3.1-1). The most common dominant
cations are calcium, magnesium, and sodium and the
dominant anions are bicarbonate, sulfate, and chlo-
ride. Large dissolved-solids concentrations can be
objectionable because of possible physiological ef-
fects, mineral taste, or economic problems associated
with their removal.

Numerous standards have been established for
dissolved solids. Generally it is desirable to have less
than 500 milligrams per liter for public water sup-
plies. During snowmelt runoff or high runoff from
thunderstorms, most streams in the area have less
than 500 milligrams per liter of dissolved solids.

48

During periods of low flow, dissolved-solids concen-
trations in water from many of the streams will
exceed 1,300 milligrams per liter, an approximate
concentration at which the water will acquire a
mineralized taste.

Water containing dissolved-solids concentrations
in excess of 2,500 milligrams per liter has only limited
use; however, livestock will tolerate as much as 4,500
milligrams per liter (McKee and Wolf, 1971).
Dissolved-solids concentrations of water in many
streams will exceed 2,500 milligrams per liter during
extreme low flows when ground-water discharge is
the primary source of water.
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