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FACTORS FOR CONVERTING INCH-POUND UNITS TO

INTERNATIONAL SYSTEM OF UNITS (SD

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 inch-pound units

acre
acre-foot

acre-foot per square mile
cubic foot

cubic foot per second

cubic foot per second per
square mile

foot

foot per mile

foot squared per day
gallon

gallon per minute
gallon per second
inch

inch per hour

micromho per centimeter at

25°C
mile

million gallons per day

square mile

ton (short, 2,000 pounds)

By
4,047

1,233
476.2
0.02832
0.02832

0.01093

0.3048
0.1894
0.0929
3.785
0.06309
3.785
25.40

25.40 .
2.54

1.00

1.609

0.04381
3,785

2.590

0.9072

"To obtain SI units

square meter

cubic meter

cubic meter per square kilometer .

cubic meter
cubic meter per second

cubic meter per second per
square kilometer

“meter

meter per kilometer
meter squared per day
liter

liter per second

liter per second
millimeter

millimeter per hour
centimeter per hour

microsiemens per centimeter at
25°C

kilometer

cubic meter per second
cubic meter per day

square kilometer

metric ton

To convert degrees Fahrenheit (°F) to degrees Celsius (°C) use the following formula:

°C=("F-32)x5/9.






HYDROLOGY OF AREA 46,

NORTHERN GREAT PLAINS AND
ROCKY MOUNTAIN COAL PROVINCES,

NORTH DAKOTA

BY
M. G. CROFT AND ORLO A.CROSBY

ABSTRACT

This report is one of a series that describes the
hydrology of coal provinces nationwide. The
Northern Great Plains and Rocky Mountain Coal
Provinces are divided into 20 separate reporting
areas which are numbered 43 to 62. This report
provides general hydrologic information for Area
46 using a brief text with accompanying maps,
charts, or graphs. This information may be used
to describe the hydrology of the general area of any
existing or proposed mine. Some of the more ob-
vious hydrologic problems of coal development that
will need to be addressed before development are
disruption of aquifers and potential contamination
of streams, aquifers, and the atmosphere.

Area 46 is in northwestern North Dakota and
is composed of parts or all of 14 hydrologic units
based on surface-water drainage basins. The area
is drained by the Missouri and Souris Rivers.

Lignite-bearing rocks of late Paleocene age
underlie nearly all of Area 46. The thickest and
most continuous lignite beds occur in the Sentinel
Butte and Tongue River Members of the Fort
Union Formation. Alluvial deposits and a veneer
of glacial drift of late Pleistocene age overlie the
lignite-bearing rocks.

The climate of the area is semiarid. Mean an-
nual precipitation ranges from 13.9 to 17.8 inches.

Mean annual temperatures range from 37.7°F at
Bowbells to 40.9°F at Williston. Mean monthly
temperatures at Williston range from 8.3°F to
70°F. The growing season is about 125 days.

A fairly comprehensive data base for
streamflow and water quality in streams is
available for Area 46. Many of the small-stream
monitoring sites have been operated during the
last few years to provide a data base before coal
development. With the exception of the Missouri
River, which is controlled by several dams, both
the quantity and quality of water varies greatly
in all streams.

A ground-water observation network for water
levels and water quality has been established
through county ground-water resource investiga-
tions and other ground-water studies and provides
an adequate data base.

Three activities within the U.S. Geological
Survey identify and provide access to hydrologic
data. These are the National Water-Data Exchange
(NAWDEX), the National Water-Data Storage and
Retrieval System (WATSTORE), and the Office of
Water-Data Coordination (OWDC).



1.0 INTRODUCTION
1.1 Objective

Report Summarizes Available Hydrologic Information

Existing hydrologic conditions and sources of information are identified
to aid in leasing decisions and in preparation 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 impact-
study reports. 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 permits 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 46).
This report is one of a series that describes coal
provinces nationwide.

General hydrologic information for Area 46 is
provided by means of a brief text with accom-
panying maps, charts, graphs, or other illustrations

for each of a series of water-resources-related
topics. The topical discussions of the report provide
a description of the geology and 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 information 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 an-
ticipated hydrologic consequences of the mining
operation.



A. Will development change stream discharge?

B. What will the aquifers yield?

Figure 1.1-1 Hydrologic information is needed for decision making.

1.0 INTRODUCTION
1.1 Objective



1.0 INTRODUCTION--Continued
1.2 Study Area

The Area Includes 10,900 Square Miles in the
Northern Great Plains Coal Rrgvince

Area 46 is in the Williston structural basin in northwestern North. Dakota.

Area 46 is a subarea of the Northern Great
Plains Coal Province (fig. 1.2-1). It is in the
Williston structural basin, the center of which is
south of the area. The area includes about 10,900
square miles in all or part of Burke, Divide, Dunn,
McHenry, McKenzie, McLean, Mountrail, Ren-
ville, Ward, and Williams Counties in north-
western North Dakota (fig. 1.2-1).

The area is drained on the south by the
Missouri River and its tributaries. Lake
Sakakawea was formed by damming the Missouri
River in the early 1950’s. The area on the east is
drained by the Souris River and its tributaries. The
Souris River flows into Hudson Bay by way of Lake
Winnipeg.



NORTHERN GREAT PLAINS AND ROCKY MOUNTAIN COAL PROVINCES

Numbers represent project areas

SOUTH
DAKOTA

‘é "'\
1—{ |
| !

|

COLORADO
ARIZONA Y !
|
NEW MEXICO !
)
|

o
e OO
Poli‘ai

Bottineau Cavalier 4

PEMBINA X

| i CAVALIER
ROLETTE|] |

i
|
i

Langdon

Yo :
BENSON ) ‘ I S
Devils Lake |

5 (i ©Lakota L RKS‘
27| NELsON iGRAND FORKSY
= 1

Grand Foris

Y

|

1
EDDY b '

iiiii I . 5. )
I 1 Néw Rockford | T \
I J ! t_K'_'_O ' Fintey i
(T
i | GRIGGS, | \ TRAILL ¢
| | =caerington | & L ¢ t
et e — L | FOSTER _Lc“"e“m“"l STEELE [ Hillsboto J
v R B B L - S 1 | |
i S el B
7| 1 1 \
I ~ :
i 5| sTUTsSMANI
i : 4 I} o
Beacn ] T I
,: z I 1 » | cass &
i a " Jamestown ! BARNES | Fargd)
9| ‘ | es |
,O 1 ~—-—MORTON ! L !
e ST b s N e ——- A }..__» = 3
- 1
| Mapoleon | RANSOM E L\
i LOGAN LA MOURE i B hor |
i
i
|

LaMoure ¢

I |
| |
i
i Forman |
! 14

o 25 50 MILES
_
[} 25 50 KILOMETERS
—_——

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 46

Surface mining may cause water problems such as increased sedimentation,
degradation of water quality, and local disruption of aquifers.

The use of coal as a source of energy has in-
creased dramatically in the United States in the
last decade because of the shortage of oil and gas.
Development of coal will require expansion of sur-
face mining, which can cause detrimental changes
in the environment. Surface-mining activities, such
as removal of vegetation and excavation of over-
burden, create spoil piles which erode easily and,
if not controlled, contribute additional sediment to
streams. Soluble minerals, such as gypsum, are ex-
posed in spoil piles and may be dissolved by ground
water and surface runoff, producing a highly
mineralized effluent.

The net effects of increased sedimentation and
increased mineralization will affect lakes and
streams and could cause severe water problems
(fig. 1.3-1). These problems include limitations on
the domestic, municipal, industrial, and recrea-
tional use of water because of poor quality. Other
effects include the local disruption or even loss of
aquifers and air-quality problems. In addition, a
decline of ground-water levels can occur in and
near strip-mining areas where excavation extends
below the water table. The decline in ground-water
levels may cause some wells and springs to go dry.

The quality of ground water near mines also
can be affected. Effects on ground-water quality at
points remote from mining activities may take
much longer to determine because of the slow
movement of water in the subsurface. Surface
mining has seriously affected water quality in
many areas of the United States and the impact,
especially in coal-mining areas in the eastern
United States, is well documented in the literature
where acid mine drainage has been studied. In
North Dakota, oxidation of pyrite and marcasite
in lignite beds of Tertiary age will result in the for-
mation of sulfuric acid. However, calcium car-
bonate and bentonite in the soil buffers the acid
and the resultant product downgradient from the
mine is a water moderately high in dissolved solids
(M. G. Croft, D. W. Fisher, and D. C. Thorstenson,
written commun., 1979).

This report summarizes the geohydrology of
part of the Northern Great Plains Coal Province.
It provides a general framework for more detailed
and site-specific studies that will be needed for a
mining permit applicant to satisfy the re-
quirements of the Surface Mining Control and
Reclamation Act of 1977.



A. Abandoned mines are unsightly, decrease runoff, and limit land use. B. Water has a high specific conductance in lakes at abandoned mines
due to leaching spoils materials.

C. Unreclaimed spoils change runoff patterns and alter water chemistry. D. Atmospheric emissions from generating plants may change the chemistry
of precipitation and surface water.

Figure 1.3-1 Problems associated with lignite mining.

1.0 INTRODUCTION- --Continued
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.

Aquifer—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.

Bedrock—consolidated or semiconsolidated rock
underlying glacial and alluvial deposits of
Pleistocene or Holocene age.

Crest-stage station—a particular site on a
stream equipped with a device which will register
the peak stage occurring between inspections of the

gage.

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
approximately 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,
assuming that the runoff is distributed uniformly
in time and area.

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

Dissolved—refers to a substance 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
horizontal plane, enclosed by a topographic divide
from which direct surface runoff from precipitation
may drain by gravity irito the stream from areas
upgradient from the. specified point. Figures of
drainage area given:herein include all closed
basins, or noncontribliting areas within the area,
unless otherwise noted.

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

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

Hydrologic unit—a geographic area repre-
senting 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
8-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 equivalent to 1 milligram per liter.

Milligram equivalents per liter (meg/L)—a unit



expressing the relative concentration of a chemical
constituent in solution. It is calculated by dividing
concentration values expressed in milligrams per
liter by the combining weight (atomic or molecular
weight of ion divided by the ionic charge) of the ion
in question. In equivalents, unit concentrations of
all ions are chemically equivalent.

Milligrams per liter—a unit expressing the con-
centration 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 pro-
gressively 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 7.0 to 5.0 corresponds to a hundredfold in-
crease in acidity. The pH of most natural surface
waters ranges between 6 and 8.

Saturation—that condition of a solution in
which the concentration of dissolved minerals can
exist in equilibrium with the solid mineral phase.

Sediment—solid material that originates
primarily 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.

Specific conductance—electrical conductance or
conductivity is the ability of a substance to conduct
an electric current. The electrical conductivity of
water is related to the ions in the water. Standard
laboratory measurements report the conductivity
of water in micromhos per centimeter at 25°C.

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.

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

Transmissivity—the rate at which water of the
prevailing kinematic viscosity is transmitted
through a unit width of the aquifer under a unit
hydraulic gradient.

Undersaturation—that condition of a solution
which would result in dissolution on a solid
mineral phase.



3.0 GENERAL FEATURES
3.1 Geography

Area 46 In Two Physiographic Provinces

The area is within the Great Plains and Central Lowland Provinces.

The study area is in the Great Plains Province
and the Drift Prairie section of the Central
Lowland Province. The Coteau du Missouri, a part
of the Great Plains Province (fig. 3.1-1), is a series
of elongated hills, ridges, sloughs, and prairie
potholes that is bounded on the north by a scarp
that grades into the Drift Prairie.

The topography of the glaciated Great Plains
south of the Coteau is that of a slightly elevated
plateau. Streams drain into the Missouri River. For
several miles parallel to the river they are en-
trenched several hundred feet below the upland
surface. The “badland” terrain bordering the river

10

is rugged and commonly referred to as the Missouri
River escarpment.

The northeastern part of the area lies within
the Drift Prairie section and is characterized by a
northeastward sloping plain with a few low
rounded hills and shallow depressions. The bedrock
is deeply mantled with glacial debris. Streams
drain into the Souris River.

The population of the area is about 100,000.
Minot has a population of about 32,800 and
Williston has a population of about 13,300 (U.S.
Bureau of the Census, 1982).
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3.1 Geography



3.0 GENERAL FEATURES--Continued
3.2 Surface Drainage

Missouri and Souris Rivers Drain Area 46

Most of the major tributaries of the Missouri and Souris Rivers in
Area 46 drain areas with known coal reserves.

Area 46 is drained by the Missouri and Souris
Rivers and several of their tributaries. The major
tributaries draining the area are the Little Muddy,
White Earth, and Des Lacs Rivers and Beaver,
Tobacco Garden, Shell, Long, and Short Creeks.
The drainage boundaries of the streams and some
lower-order tributaries important to coal develop-
ment are shown in figure 3.2-1. Drainage areas for
specific sites on streams are given in the Sup-
plementary Information (section 10.1).

The Missouri River drains about 7,400 square
miles of Area 46, about 4 percent of the total
drainage area at Garrison Dam where the river

12

leaves the area. The Souris River drains about
3,500 square miles of Area 46, about 31 percent of
the total drainage area near Verendrye where the
river leaves the area. Most of the drainage basins
include large areas noncontributing to the
streamflow. The noncontributing areas contain
numerous undrained lakes and prairie potholes
and have no developed stream systems. All of the
tributaries of the Missouri and Souris Rivers
shown in figure 3.2-1 drain areas with known coal
reserves. Current development of the reserves has
taken place at the upper ends of the basins, near
basin divides, or along moraine scarps.
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Figure 3.2-1 Drainage basins.
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3.0 GENERAL FEATURES--Continued

3.3 Geology
3.3.1 Rocks of Tertiary Age

Coal-Bearing Rocks of Tertiary Age Exposed at the Surface

Rocks of Tertiary age consist of claystone, siltstone, sandstone,
and lignite and will be disturbed by mining.

The coal-bearing rocks of Area 46 are in the
Fort Union Formation (fig. 3.3.1-1) of late
Paleocene age. Sedimentary rocks beneath the Fort
Union Formation are about 12,000 feet thick (table
3.3.1-1). The Fort Union Formation, as much as
1,800 feet thick, is a deltaic and marine sequence
of claystone, siltstone, sandstone, and lignite, 55
to 63 million years old. The thickest and most con-
tinuous beds of lignite are in the Tongue River and
Sentinel Butte Members. Lignite beds may be as
much as 20 feet thick. The Tongue River and Sen-
tinel Butte Members will be disturbed by mining.

The Golden Valley Formation conformably
overlies the Fort Union and is about 200 feet thick.
It consists of sandstone, siltstone and claystone.

The Golden Valley Formation does not contain
lignite. The White River Group and Arikaree For-
mation occur as thin deposits only on high buttes.
Small, thin deposits of the Flaxville Formation!?,
a terrace deposit of sand, gravel, and clay, overlie
the Fort Union Formation high on the bluffs along
the Missouri River south of Williston and on some
stream divides elsewhere in the area.

The rocks in Area 46 generally dip gradually
to the south and southwest, except in the central
part where they are folded into the Nesson an-
ticline. The Nesson anticline is a large structural
feature that is a prolific oil producer from rocks of
Paleozoic age.

! Two small exposures of the Flaxville (?) Formation have been mapped north of Williston by Howard (1960, pl. 1). Also see Denson
and Gill, 1965. Due to burial by till, and the dense vegatative cover, the Flaxville Formation is not widely exposed in North Dakota.
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m— e , e . Table 3.3.1-1 Generalized stratigraphic column.

SCALE 1: 1,250,000 Age
o 10 20 30 MILES :
g estimates )
o 10 20 30 KILOMETERS ) System of Maximum
"5 or boundaries Geologic name thickness Lithology
& series (million ~ (feet)
years)
5’ Holocene G5 50 Alluvium: sand, gravel, and clay.
) Glacial drift: Sand, gravel,
5l 500 clay, and till.
| Pleistocene
3 : Sand, gravel, and clay on elevated
- 2 Cartwright Gravel 100 terraces and above streams.
Pliocene Flaxville (?) 100 Sand, gravel, and clay on highest
= 5 =1 Formation terraces and benches.
Miocene ¢ ;
- o4 Arikaree Formation 50 Sandstone, siltstone, and shale.
§ Oligocene = White River Group 50 Sandstone, siltstone, and shale.
&
o Golden Vall )
© 5 Hoeens 55 Al Fof;at:mey 200 Sandstone, siltstone, and claystone.
g o | Sentinel Butte 600 Sandstone, siltstone, claystone,
= ] Member and lignite.
o
§ Tongue River Sandstone, siltstone, claystone,
600
Paleocene = Member and lignite.
o
o =1
- g Caﬁggxb}gll 200 Claystone and siltstone.
5 Sandstone, siltstone, clayst
3 s , claystone,
& | Ludlow Member 400 and lignits,
63
. 5 Sandstone, siltstone, claystone,
Hell Creek Formation 300 and lignite,
Cretaceous Fox Hills Sandstone 200 Sandstone, siltstone, and claystone.
Base from U.S. Geological Survey State Base Map, 'g
1:500,000; North Dakota, 1963 g Pierre Shale 2,300 Shale, black, gray.
= - Undifferentiated! 2,100 Shale and sandstone.
Jurassic - Undifferentiated 1,100 Shale and sandstone.
Triassic 910 Undifferentiated 450 Shale and sandstone.
$o . . Carbonates, shale, and sandstone;
EXPLANATION E Modified from Carlson (1973). :‘;:'é Undifferentiated 5,500 oilol?tiducing-
é Pr bri ~570
Q¢ | ALLUVIUM OR GLACIAL DRIFT - ecambrian Crystalline rock.
g ! Undifferentiated for this report. The rocks are subdivided in reports of numerous oil and gas
- GOLDEN VALLEY FORMATION =4 investigations.
FORT UNION FORMATION
Sentinel Butte Member g
z r
“ Tongue River Member E A
Nesson anticline FEET
EI Cannonball and Ludlow Members, g
undifferentiated -
o]
8
- HELL CREEK FORMATION ] 3
=
2 ’
FORMATION OR MEMBER CONTACT g Generalized geologic section A-A’.
A A’ TRACE OF SECTION
(I ||

Figure 3.3.1-1 Geologic map.
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3.0 GENERAL FEATURES--Continued
3.3 Geology--Continued
3.3.2 Quaternary Deposits

Glacial Drift and Alluvial Deposits of Quaternary Age
Consist of Sand, Gravel, Silt, and Clay

Thick deposits of sand and gravel in stream and glacial valleys are major aquifers.

Overlying the Tertiary rocks are alluvial
deposits in the stream valleys and a veneer of
glacial drift in the uplands (fig. 3.3.2-1A). The drift
deposits are the result of several successive glacial
episodes late in the Pleistocene Epoch. In the
uplands, much of the coarse glacial material is
thin, and patches as much as 50 feet thick rarely
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are found. The coarse upland deposits and the Cart-
wright Gravel deposits cannot be shown on the
scale provided by figure 3.3.1-1. Outwash and
alluvial deposits, as much as 200 feet thick, con-
sist of sand and gravel and occur in many stream
and glacial valleys, as shown in figure 3.3.2-1B.



A. Till overlying gravel deposit of Flaxville (?) Formation on upland surface.

B. Stream valley below the terrace of Cartwright Gravel contains thick alluvial material.

Figure 3.3.2-1 Glacial-drift and alluvial deposits are prominent features in Area 46.
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3.0 GENERAL FEATURES--Continued
3.4 Soils

Soils in Area 46 Developed on Three Types of Material

The soils in upland areas have dark-brown calcareous subhorizons
and are highly productive.

The soils in the uplands of Area 46 are
represented by the Chernozems and Chestnuts (fig.
3.4-1). They are derived from glacial debris, have

black to dark-brown profiles several feet thick, and .

a calcareous C horizon. They are fertile, productive,
and support a wide variety of native grasses. These
soils are prized for crop production.

The Solonetz soils have developed in areas of
restricted drainage and excessive sodium. Profiles
are typically gray, crumbly, and the B horizon may
contain gypsum and other soluble salts. Areas with
these soils are used mainly as pasture.

Alluvial soils are in the bottomlands of most
streams. Only in the Missouri River valley above
Lake Sakakawea are they extensive enough to be
shown at the scale of figure 3.4-1. Alluvial soils
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have brown or grayish-brown calcareous profiles
and generally are productive.

Regosol soils occur on steep slopes where runoff
is rapid. They are derived mainly from the under-
lying rocks of Tertiary age. These soils have thin
dark calcareous profiles and have limited produc-
tivity. They are used mainly for pastureland.

Soils derived from glacial materials generally
are calcic, which makes revegetation of mine spoils
relatively easy. Soils derived from bedrock
materials are sodic and revegetation of spoils is
more difficult. Strip-mining regulations require
that the original soil material must be removed
during the stripping process and saved for replace-
ment because of the sodium problem.
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EXPLANATION

CHERNOZEMS (Black soils of semihumid grasslands)

I;oams and clay loams

1
4

Barnes
Barnes-Svea

- CHESTNUTS (Black soils of semiarid grassland)

Loams and clay loams

24
31
33
34
35

Agar-Williams-Zahl
Roseglen

Williams
Williams-Cresbard
Parshall-Lihen

Sandy loams and loams with sandy and gravelly substrata

38
39

Oahe-Roseglen
Oahe-Sioux

- CHESTNUTS (Soils with thick dark-brown surface layers

associated with steep slopes and thin regosols)

Loams

40

Williams-Zahl

SOLONETZ (Alkali soil with gray claypan subsoil)

Loams and clay loams

56

Cresbard-Cavour

- ALLUVIAL (Soils of stream valleys)

Loams and sandy loams

60

Havre-Banks

- REGOSOLS (Hilly and steep land)

64
66
69
72

Bainville-Morton
Bainville-Zahl
Flasher-Vebar
Zahl-Williams
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3.0 GENERAL FEATURES--Continued
3.5 Land Use

Range and Cropland are the Dominant Land Uses

Eighty-eight percent of Area 46 is used for range and cropland.

Area 46 includes about 10,900 square miles.
About 28 percent of the land is used for rangeland
and 60 percent is used for cropland. The main
agricultural products are beef, milk, wheat, hay,
oats, barley, and sunflowers. Of the remaining 12
percent, about 1 percent is used for pasture, 1 per-
cent is woodland, 5 percent is other noncrop
Federal land (includes national parks, rangeland,
forests, and game refuges), and 5 percent is used
for other purposes (includes urban and developed
areas, small water areas including ponds and lakes
of more than 2 acres but less than 40 acres in size,
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rural nonresidences, farmsteads, farm roads,
feedlots, and unused marshes). Large water areas
are excluded from the total land use.

The distribution of land use per county is
shown in figure 3.5-1. Land use in most counties
is similar to land use on a statewide basis. No at-
tempt 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 (1970).
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Figure 3.5-1 Land use.
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3.0 GENERAL FEATURES--Continued
3.6 Climate
3.6.1 Precipitation

Most of the Precipitation Falls in the Spring and Summer

Mean annual precipitation in the study area ranges from 13.9 to 17.8 inches.

Area 46 is semiarid. The mean precipitation
ranges from 13.9 inches per year in the western
part of the area to 17.8 inches per year in the
southeastern part (fig. 3.6.1-1). Monthly precipita-
tion data at Williston show that about 70 percent
falls in the spring and summer during the grow-
ing season. Much of the summer precipitation oc-
curs as thunderstorms, which can be intense and
accompanied by hail. Precipitation in the winter
is light.

22

The precipitation data were compiled from the
records of the National Weather Service precipita-
tion recording stations in the area. Daily precipita-
tion data are published monthly by the U.S.
Department of Commerce, National Oceanic and
Atmospheric Administration (NOAA), U.S. En-
vironmental Data Service, National Climatic
Center, Asheville, N.C. Summary tables for this
report were obtained from the U.S. Department of
Commerce (1973).
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Figure 3.6.1-1 Precipitation data.

Data from U.S. Department of Commerce (1973).
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Mean monthly precipitation at Williston, North Dakota.
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3.0 GENERAL FEATURES--Continued
3.6 Climate--Continued
3.6.2 Temperature

Highest Temperatures Occur in July and Lowest in January

The mean annual temperature in the area ranges from 37.7°F to 40.9°F.

The mean annual temperatures in Area 46 are
cool; they range from 37.7°F at Bowbells, in the
northeastern part of the area, to 40.9°F at
Williston, in the southwestern part (fig. 3.6.2-1).
The mean monthly temperatures at Williston<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>