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ILLUSTRATIONS, Continued

Figure 6. Headgates used to divert floodwaters of the Knife River 14
to fields irrigated by spreader dikes.

7. The Knife River downstream from Beulah. 15
8. Spring Creek valley near Dodge. 17

9. One spreader dike in the spreader dike system on Otter 19
Creek.

10. Upper reach of Elm Creek flowing through a former 22
outwash channel.

11. Strip cropping across an outwash channel. 24







contained in this report can help identify those issues requiring
additional study.

Mapping was conducted consistent with the method described in
chapter Il of the "Alluvial Valley Floor Identification and Study
Guidelines" (U.S. Office of Surface Mining, 1983). The data on which
these maps are based were obtained primarily by field investigation and
supplemented with information from regulatory and land management
agencies, from published reports, and from aerial photographs and
Landsat imagery.

The study area encompasses parts of the Fort Union coal region in
west-central North Dakota, specifically coal fields in parts of Dunn,
Mercer, Oliver, MclLean, Stark, and Billings Counties. Figure 1 shows
the location of the study area, as well as the location of the individual
maps of potential alluvial valley floors which accompany this text.

PHYSIOGRAPHY AND CLIMATE

Except for the area north and east of the Missouri River, the
study area is located in the Missouri Plateau section of the Great Plains
physiographic province. The gently rolling upland surface of the area
is dissected by east- and southeast-flowing drainages, which have
eroded valleys as much as 200 feet below the plateau surface.
Scattered buttes, capped by resistant bedrock, rise above the upland
surface. Elevations range from about 3,300 feet (1,000 m) above sea
level in the Killdeer Mountains to 1,650 feet (500 m) at the point where
the Missouri River leaves the study area.

Although the Knife River basin in the study area was glaciated,
most glacial sediment has been eroded away, and the physiography is
similar to the unglaciated Dickinson area. Several deep flat-floored
valleys carved by glacial melt water cut the present drainages in a
northwest to southeast direction.

The portion of the study area north and east of the Missouri River
is part of the Missouri Coteau of the Central Lowland physiographic
province. The bedrock is covered by dead-ice ground moraine which
has created a hummocky and irregular surface, quite distinct from the
rest of the study area. Elevations range from 1,900 to 2,200 feet (580
to 670 m).

The climate of the study area is uniformly cool and semiarid.
Mean annual temperature is about 40°F. Mean annual precipitation is
about 16.5 inches, approximately 75 percent of which falls between
April and September.

DATA COLLECTED
Detailed information regarding the areas included in this study was

compiled through field investigation and an intensive review of
published reports, interpretation of aerial photography and Landsat










other, or both. The reader is referred to the description of each
inage for any additional information not indicated on the maps.

Data on the extent of natural flood irrigation were collected at
cific valley sites through interviews with farmers, ranchers, and
S personnel. Mapping of natural flood irrigation involved
rapolation of these data throughout the valley system, based on
orrelation with geomorphic surfaces. Natural flooding occurs in any
tream in the Western United States, but in this study area, farmers
nd ranchers consistently emphasized the value of natural flood
rigation to the productivity of their valley-bottom crops and pastures.
Therefore, these naturally irrigated lands have been specifically
elineated in this study. The actual width of natural flooding is
obviously different every year and, thus, not precisely mappable. Our
ap unit reflects the area reported by area residents and by resource
professionals as frequently inundated. Review of hydrologic data and
interviews indicate that this area is flooded approximately 3 years in
5. Because this study is a reconnaissance, it did not involve surveys
f cross sections and slopes or detailed flood-height analysis.
Therefore, the mapped extent of the natural flood irrigation areas
should be considered approximate. Furthermore, areas of natural flood
irrigation and subirrigation often are difficult to distinguish. Mapping
of this unit is helpful, however, in the sense of indicating those valleys
where the phenomenon is important.

Subirrigation was interpreted from Landsat imagery taken during
the moisture-stress period of the late growing season in 5 different
years (1975-76, 1978-80). Mean annual precipitation ranged from 25
percent above normal to 24 percent below normal in these 5 years.
Near-infrared color composites and black-and-white images of Landsat's
Band 5 were used because these bands indicate the relative moisture
content of vegetation. This approach was necessary because different
years vary in moisture regime. This effort is directed at mapping
areas which consistently reflect subirrigation, with subirrigated areas
being interpreted as those valley-bottom areas which indicated
vegetation growth during the late growing season of most of the years
of evaluated Landsat imagery. Areas which were apparently
subirrigated only in the wettest year have not been mapped. The
smallest size area which can be seen on Landsat imagery is limited by
the 80- x 80-m size (1.6 acres) of a pixel, or piece of Landsat datum.
Areas of subirrigation smaller than this size could not be distinguished
and were not mapped. Ground-water-level data from coal mine permits
~and published reports (Croft, 1970; Klausing, 1971, 1976; Trapp, 1971;
‘and Groenewold and others, 1979) were also used to correlate Landsat
imagery with known depths to water. Generally, subirrigated areas
have ground-water depths of 15 feet or less.

The crop rotation practice prevalent in the study area--alternating
deep-rooting alfalfa with shallow-rooting crops--results in a pattern
where, in any 1 year, certain fields may be subirrigated while adjacent
_ fields may not. In subsequent years, the pattern will change as deep-
rooted alfalfa is grown in other fields. Because the time span covered
















Figure 4,

Headwater tributary to
drainage, sometimes calle
to cattle operations due

Elm Creek. This type of
d a woody draw, is important
to its subirrigated grasses,

stock water supply, and shelter.
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approximately 10 feet into a broad, low terrace. Hay production on this
terrace is enhanced by natural flood irrigation that occurs during
spring runoff and other large runoff events in most years. Alfalfa hay
may also be subirrigated. A second terrace is occasionally present
about 5 feet above the first terrace; it experiences floods very rarely
and is not specifically utilized in the way that the lower terrace is. No
irrigation development exists in this reach of the Knife River, although
several operators have applied to the SCS for construction of spreader
systems.

From approximately 2 miles west of Emerson upstream to the
confluence with Crooked Creek, the river (fig. 5) is more deeply
incised (15 feet). The valley floor is not as intensively utilized as it is
upstream. Native grass, pasture, and dryland grains are the
predominant crops grown. This change in use is probably a result of
limited natural flood irrigation due to the deeper channel incision.

Between Crooked Creek and Elm Creek, the Knife River is
intensively irrigated. The broad valley flat is a terrace approximately
15 to 20 feet above the river channel. Higher, nonirrigated terraces
also exist. Most spreader systems developed on this terrace divert
and/or impound the naturally occurring floodwaters (fig. 6); some
spreader systems have water pumped to them. Tributary water from
Coyote Creek (near Marshall) and North Schaffner Creek is also used.
Parts of undeveloped fields receive beneficial moisture from natural
flood irrigation. The amount of natural flooding is less below Marshall.
The additional runoff contribution from Crooked Creek is probably the
primary factor influencing the extent of natural flooding that occurs in
this reach of the Knife River. Hay is grown in irrigated fields,
whereas grain crops may be planted in the undeveloped higher parts of
the terrace.

From Elm Creek to Spring Creek (pl. 2), the river is deeply
incised (15 to 25 feet), and no Knife River water is used for irrigation.
However, one system utilizes tributary water, and a center pivot system
pumps alluvial ground water. Subirrigation is precluded by the depth
of channel incision, and natural flood irrigation rarely occurs below
Brush Creek.

Below the confluence of the Knife River and Spring Creek, three
operations use pumped sprinkler systems to irrigate alfalfa and small
grains. Annual flooding does not generally reach the main valley floor,
which is 20 feet or more above the channel. Subirrigation does not
occur under the main valley floor (fig. 7).

All first and second terraces of the Knife River are considered
flood irrigable on the basis of existing irrigation on these terraces in
the drainage.

Spring Creek. All irrigation systems in the Spring Creek valley
(pls.” 2 and 3) pump water and utilize either contour dikes or
sprinklers. The main irrigation occurs for 2 weeks in the spring,







Figure 6.

Headgates used to divert floodwaters of the Knife
River to fields irrigated by spreader dikes.
Floodwaters annually rise to the height of these

gates, which are located in T. 143 N., R. 94 W.,

sec. 23, downstream from Crooked Creek.
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A. Missouri River Drainage

Douglas Creek. The three branches of Douglas Creek (pl. 1) are
the only major streams north or east of Lake Sakakawea within the
study area. The Middle Branch is the largest drainage and has two
terrace levels (2 feet and 5 feet). The stream is incised into bedrock
in the lower part of the drainage. The broader, second terrace is used
primarily as pasture with lesser amounts in hay and grain crops.
Alfalfa could be subirrigated on the second terrace of the Middle

Branch. Though no irrigation is practiced in this drainage, the
character of the stream is similar to the major irrigated drainages of the
Knife River. Therefore, Douglas Creek is designated as flood
irrigable.

Square Butte Creek (pl. 2). All water rights were acquired by
the powerplant near Center during the 1960's, and no irrigation has
been practiced since that time. According to our interviews, no one
irrigated along the stream prior to the 1960's despite the existence of
water permits. Because there is sufficient water for irrigation in the
stream and because the valley is similar in size to other major
tributaries which are irrigated, the valley is designated as irrigable.

Natural flood irrigation and subirrigation reportedly double yields
of alfalfa crops on the main terrace (6 to 10 feet). Croft (1970)
reported eight wells along the stream with water levels between 5 and
15 feet; these data, as well as inspection of Landsat imagery, confirm
the existence of subirrigation.

B. Knife River Drainage

Antelope Creek. The lower 5 miles of Antelope Creek (pl. 2) have
several fields of flood irrigated alfalfa. The potential exists for more
development in this portion of the valley. The two main branches of
the stream above this portion are primarily dryland farmed. All people
interviewed along these two forks claimed the water supply was
insufficient for flood irrigation or that the soil was too saline.

Brady Creek. Brady Creek (pl. 2) flows through a small canyon
with walls 30 to 50 feet high. The low terraces are small and frequently
dissected by the stream. There are numerous springs at the base of
the cliffs and the terraces are often subirrigated. This valley floor
provides critical pasture for ranches along the stream. Two reaches
are irrigable.

Otter Creek. Otter Creek (pl. 2) is a perennial stream with wide
terraces throughout most of its length. The upper portion of the
valley has subirrigated hayfields and supports some dairy operations.
Farther downstream, subirrigated fields also occur. Only one irrigation
system has been installed on the stream (fig. 9). Water is pumped into
a series of fields bordered by spreader dikes. This new system's
success has prompted its operator to enlarge the system, and irrigation
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occurs on all three terraces of the valley. On the basis of this
example, the terraces of Otter Creek are designated as flood irrigable .
The traditional uses of the valley, however, are dryland hay and
pasture. These uses alone make the valley floor critical to the success
of the bordering ranches.

Brush Creek. Brush Creek (pl. 2) is a perennial stream with a
baseflow contribution from springs. No irrigation development occurs in
the drainage; however, the valley is considered irrigable on the basis
of its similarity to adjacent valleys, Only one terrace is present in the
upper reach (2 to 5 feet). Pasture use is predominant, although
hayfields and cropland are present. Floodwaters will inundate lower
parts of the terrace; subirrigation is evident in some areas.

Two terraces are present in the lower reach of Brush Creek. The
lower terrace is 4 to 5 feet above the channel and is usually covered by
floodwaters; pasture is the primary use. The second terrace (8 to 10
feet) is used for pasture and hay production.

Coyote Creek. Coyote Creek (pl. 2) (near Beulah) is a perennial
stream without any irrigation development (fig. 2). The lower reach
(below Beaver Creek) is Characterized by several terrace levels. The
first terrace (5 feet) normally floods, but it is too small for any use
other than pasture. The broad second terrace (7 to 10 feet) is
extensively used for pasture and hayfields. The lower parts of this
terrace flood during high runoff; the other parts could be flood
irrigated by spreading and/or pumping runoff water. Deep-rooting
alfalfa probably receives beneficial moisture through subirrigation. A
higher terrace is occasionally present but is not flood irrigable.

The upper reach of Coyote Creek has a single terrace level 3 to §
feet above the stream. Lower parts of the terrace will occasionally
flood, and all of it is flood irrigable.

Beaver Creek. Beaver Creek (pl. 2) is a perennial tributary to
Coyote Creek. A low terrace is present 3 to 5 feet above the channel
and is occasionally flooded. Pasture is the primary use. A broad
second terrace (6 to 10 feet) is used for pasture, hayfields, and some
grain crops. Though not naturally flooded, this terrace could be flood
irrigated through use of spreading and/or pumping systems. The
valley bottom does not appear to be as intensively used as those in
some other drainages.

Mud Creek. Mud Creek (pl. 2) is a small perennial stream that is
partially sustained by springs. There is only one major terrace,
approximately 4 to 5 feet above the stream channel. Terraces are
intensively used as pasture and hayfields. There is no irrigation
development in the drainage. However, floodwaters cover parts of the
terrace and could be spread or pumped to other parts of the terrace.

Elm Creek. The lower reach of Elm Creek (pl. 3) is characterized
by a narrow, deeply incised channel. There is a sporadic terrace (3 to
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Duck Creek. Ranchers report the water quality toc be poor, and
no irrigation is used. Natural flood irrigation and/or subirrigation are
recognized as being important in the lower reaches of the valley. '

South Branch Heart River. This stream is similar to the main stem
at their confluence. The valley flat is a second terrace (10 to 15 feet)
that is naturally flood irrigated on its lower areas. No irrigation
development is currently used, although a system may have existed
historically near the confluence with the Heart River. About 5 miles
upstream, the South Branch valley changes character. The first
terrace (2 to 3 feet) becomes more prominent and is utilized as pasture.
The second terrace (12 feet) is still present but is rarely flooded,
owing to the increased area of the lower terrace. Designation of flood
irrigability extends upstream to the mouth of Bull Creek and includes
all of the second terrace.

E. Green River Drainage

Russian Spring Creek. This stream (pl. 4) is spring fed and has
extensive subirrigation and/or natural flood irrigation. Some areas are
used for hay but many areas are permanent pasture. No ranchers were
interested in developing irrigation because the good grazing and
subirrigation make it unnecessary.

FORMER OUTWASH CHANNELS

Melt water from Pleistocene ice sheets carved broad valleys
through west-central North Dakota. These valleys contain as much as
200 feet of glacial outwash deposits and younger alluvium and are
important ground-water reservoirs. These melt-water valleys, which do
not contain major streams, have small ephemeral drainages and are not
surface irrigated. Natural flood irrigation and subirrigation are locally
present. Dryland farming is their chief use (fig. 11).

Goodman Creek. The valley floor is used for dryland farming and
pasture (pl. 3). Some subirrigation and/or natural flood irrigation
exists along the stream channel.

Unnamed tributary to Antelope Creek. This valley northeast of
Zap (pl. 2) is dryland farmed or is pasture. Ground water is used for
irrigation in the valley, but surface water is not.

MINOR DRAINAGES

Most of the study area is drained by small streams, the vast
majority of which are not developed. Generally, they are ephemeral or
intermittent, and the upper reaches of many, where wheat farming
takes place, have been plowed over. Some spreader dike development
has occurred, mostly in response to cost-sharing programs sponsored
by the ASCS. Although 11 spreader dike systems do exist on small
drainages in or near the study area, they are not considered a regional
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EXPLANATION

Pleace refer to the accompanying text for an explanation of the
methodology used to delineate alluvial valley floors, for descriptions of
specific drainages, and for a discussion of regional agricultural practices.

Areas indicated by the first three map units described below meet the
water availability criteria and the geomorphic criteria of alluvial valley
floors and therefore are designated potential alluvial valley floors
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Exhibit B
Coyote Creek Mine
Portion of OSMRE, 1985, Plate 2
covering the AVF Study Area
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