4.1.2.2 Environmentai Geoiogic Characteristies, Site 23

The cendidate Site 23 is located in Sec. 11, T9S, R3BE and is adjacent to the
proposed Shell coal mining leases as shown in Figure 4.1.2-3. The topography of the
general area is characterized by a series of relatively narrow, separated by narrow
stream valleys occupied by Squirrel, Tanner, and Youngs Creeks and their lesser
subsidiary drainages. (Reference 58a).

Stratigraphy

Four coal seams, averaging 10 to 48 feet in thickness, are the object of the proposed
nearby Shell mining projeet. In some areas of the proposed mine, the seams split or
converge to form thinner or thicker seams). The four.coal seams are part of the
Tongue River Member, which is the youngest (uppermost) unit of the Fort Union
Formation.

The Wasateh Formation eonstitutes the uppermost bedrock unit at higher elevations
in the western and northern portions of the Shell lease area and in the Wolf
Mountains. The Tongue River Formation is the uppermost unit of bedrock in the
southern part of the lease and along the valleys of Youngs, Tanner, and Squirrel
creeks where erosion has removed the overlying Wasatch. Figure 4.1.2-3 illustrates
the surficial relationship among the bedrock formations across the lease and the

proposed siting area. Geologic units and formations significant to the site are
tabulated in Table 4.1.2-2. (Reference 9).

Structure

The Shell coal lease and Site 23 are on the northern fiank of the Ash Creek
Anticline. This anticline causes the general southeasterly dip of regional Ledding to
be warped to the northeast at an average dip of 2 degrees throughout the general
area. Prominent struetural features on the lease include the clearly defined
northeast end northwest lineation, consisting of fault-controlled topographic
features. The northwest lineations are disesrnible as they are followed by Youngs,
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FIGURE 4.1.2-3

GEOLOGIC MAP OF PROPOSED SHELL COAL MINING AREA
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TABLE 4-1-2'—2
GEOLOGIC UNITS OUTCROPPING IN THE CANDIDATE SITE 23 AREA

Stratigraphle Thickness
Period Unit (ft) Character and Distribution
Quarternary  Alluviem 040 Detrital material along streams; detrived
from adjacent upland areas. Includes
lenticular beds of clay, sand, and gravel,
and mixtures of these.

Slopewash 0-20 Detrital material at base of slopes and
above floodpiain areas; generally poorly
sorted. Rare, well-sorted sand or gravel
lenses may be present.

Tertiary, Wasatch 0-350 Clay, sandstone, and eoal beds.
Lower Eocene Formation
Tertiary, Fort Union
Paleocene Formation

-Tongue River 1,000-1,300 Beds of sandstone, shale, shaly sand-
Member . stone, and coal. Few beds are persistent
over several square miles.

-Lebo Shale 100-300 Dark shale, bentonite, with minor sand-
Member stones and loeal, thin coal beds.
~Tullock Sandstone, coal and shale beds
Member
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Tanner, and Squirret creeks. The northeast lineations, consisting of a series of
northeast-southwest trending normal faults that transect the avea, are not as obvious
because they are masked by overlying undisturbed sed¢iments. The down-dropped
bloek is on the southeastern side of the faults, and strata on that side of the fauits
commonly dip abruptly into the faults. Several parallel faults in the southeastern
part of the Shell lease area chow apparent displacements ranging from 10 to 200
feet, Movement along these faults is assumed to have oceurred in a steep to near-
vertieal plane. (References 9 and 53).

4.1.3 Water Environment
The existing natural water environment of the Crow Reservation is eddressed in
terms of both quantity end quality of surface waters.and groundwaters primarily

within the reservation boundaries.

4.1.3.1 Water Resources

Surface Water Resources

The Crow Reservation, encompassing sbout 2.3 million acres, is located in the
Yellowstone River Drainsge. Lands within the reservation are drained by eight
basins: Sarpy Creek, Tullock Creek, Rosebud Creek, Tongue River, Little Bighorn
River, Bighorn River, Fly Creek, and Pryor Creek as shown in Figure 4.1.3-1. The
Bighorn River, Little Bighorn River, and Pryor Creek drain most of the reservation
and six of the eight candidate siting locations seriously considered in this study would
be located within these drainages. All drainages on the reservation are located
within the Yellowstone River Basin. The Little Bighorn River drainage, covering
about 600,000 acres, drains most of the eastern part of the reservation. The lesser
drainages on the eastern reservation boundary include Tullock Creek, Sarpy Creek,
Rosebud Creek, and Tongue River. Tullock Creek drains to and joins the Bighorn
River north of the reservation near Bighorn, Montana. Sarpy Creek drains north
( directly to the Yellowstone River. Rosebud Creek drainage consists of several small
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FIGURE 4-103-1
CROW RESERVATION DRAINAGE BASINS
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tributaries draining to Rosebud Creek east of the reservation. The three key
tributaries of Squirrel Creek, Tanner Creek, and Youngs Creek in the Tongue River
drainage originate in the Wolf Mountains in the southeast part of the Crow
Reservation and drain southeast toward the Tongue River. (Reference 26).

The central part of the reservation is drained by the Bighorn River, the largest
drainage on the reservation, encompassing a land ares of approximately one million
acres. The Bighorn River drains to and meets the Yellowstone River north of the
reservation near Bighorn, Montana. Fly Creek drainage in the norih-central part of
the reservation drains north to the Yellowstone River near Pompeys Pillar, Montana.

The western part of the reservation is drained mostly by the Pryor Creek drainage.
Pryor Creek drains directly to the Yellowstone River near Huntley, Montana. The
extreme southwest corner of the reservation is drained by Sage Creck which is a
tributary to the Bighorn River before it reaches the Crow Reservation.

Ry TR P e P T

Groundwater is available and has been developed for limited use throughout the Crow
Reservation. In faet, groundwater constitutes the entire water sﬁpply for the
Westmoreland Resources Absaloka eoal mining operation in the northeastern part of
the reservation. The major sourees of groundwater on the Crow Reservation are the
local deposits of alluvium and colluvium of recent (Quaternery) age and the
sandstones, limestones, and «oal beds of the bedroei formations underlying the
reservation.
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Based upon the primary candidate siting areas for the coal gasification plant, i.e.
Sites 1 and 23, discussion of surface water resources emphasizes the following
drainages: Bighorn River, Little Bighorn River, Pryor Creek, Youngs Creek, Little
Youngs Creek, Tanner Creek, and Squirrel Creek. Discussion of potential ground-
water resources is also limited to the aforementioned drainages with emphasis on
resources in the area of the candidate sites.
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Surface Water

Sinee a Lurgi coal gasification facility capable of producing & maximum of 250 MM
SCF/D will require relatively large quantities of water {approximately 14,000 gpm or
31 cofs), the evaluation of surface water flow cheracteristics is limited to select
reaches of the three principal streams (i.e., the Bighorn River, the Little Bighorn
River, and Pryor Creek) plus direet withdrawal from Bighorn Lake behind Yellowtail
Dam, since 100,000 ac-ft/yr in Bighorn Lake have been reserved for use by the Crow
Tribe. Feor purposes of this feasibility study, both surface water quantity and flow
variability are presented in general terms. If the proposed Crow synfuels project
proceeds beyond the stage of this study, site-specific evaluations will have to be
conducted. Additionslly, this evaluation examines the guantity of water in the
various streams and reaches and does not imply or convey the right to that water.
Actual water rights to neeessary quantities from the various streams or groundwater
sources would have to be determined on a case-by-case basis. The Crow Tribe could
change the peint of diversion of the 100,000 ac=ft/yr of reserved water held in
Bighorn Lake or possibly could exchange rights to water in the various rivers and

i

Lneyieaiy
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creeks. However, such exchanges would have to be undertaken in compliance with
applicable laws and regulations. A more detailed discussion of pessible water rights
issues is presented in the Legal Section in Volume III of this report.

The relative magnitudes of flow in selected stream reaches on the Crow Reservation
were developed for a Water Budget Study by the Soil Conservation Service in
December 1974 and incorporated in a study by HKM Associates {HKM, October
1977). That water budget has been modified for use in this report and is shown in
schematic form in Figure 4.1.3-2. The values presented in the figure are in ac-ft/yr
and represent long-term average values at the time of the study {1974). The flow
values, although average, show the relative magnitude of flows in respective
streams. The flow quantity and varimbllity of the verious streams are discussed
below. {Reference 26).

Little Bighorn River. The Little Bighorn River system originates in the Bighorn
Mountains in Wyoming. Owl Creek, Pass Creek, and Lodge Grass Creek are key
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FIGURE 4.1.3-2
MAJOR WATER RESOURCES, AVERAGE ANNUAL FLOW

(ac=ft)

Source: Modified Schematic HKM Associates, Section 4, Crow Sampling Program
Results, October 197?.
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tributaries to the Little Bighorn River on the Crow Reservation. The Little Bighorn

River drainage contains about 1,030 square miles, approximately 88 pereent of which

is on the reservation. On the average, about 150,000 ac-ft/yr (207 cfs) of water

flows onto the reservation from Wyeming in Lodge Grass Creek, Little Bighorn
' %iver, Pass Creek, and an unnamed tributary (HKM, October 1977). (Reference 26).

The reach on the Little Bighorn River nearest the identified potential coal
gasification plant sites is immediately upstream of the confluence of the Little
Bighorn River with the Bighorn River near Hardin, Montana. The average annual
flow in the Little Bighorn River near Hardin, as estimated in the 1974 report by the
Soil Conservation Service and as shown in Figure 4.1.3-2, is about 197,800 ac-ft/yr.
The measured long-term average (June 1953 through September 1978) reported by
the USGS is 235,500 ac-ft/yr (325 cfs) (USGS, 1978). (Reference 75).

The flow in the Little Bighorn River near Hardin is influenced by -inflow from
tributaries, upstream diversions for irrigation and storage in the off-stream Willow
Creek reservoir (storage capacity about 23,000 ac~ft), and irrigation return flows.
During the late summer, water for irrigation is released from the Willow Creek
reservoir and influences the flow in Lodge Grass Creek and downstream in the Little
Bighorn River.

The flow in the Little Bighorn River near Hardin peaks around Mey and June due to
snowpack runoff. An example of the flow variability in the Little Bighorn River is
shown in Figure 4.1.3-3. Over the four-water-yesr period shown (October 1974
through September 1978), the monthly flow varied from 25 pereent %o 581 percent
(123 and 2,852 cfs, respectively) of the average flow of 490 efs over that time
period. The average flow of 490 ecfs is 51 percent greater than the long-term

average flow (June 1953 to October 1978) of 325 efs as measured by the USGS
(1978). (Reference 73).

A flow duration curve based upon USGS data at the Little Bighorn River near Hardin
for the period 1966 to 1979 is shown in Figure 4.1.3-4. The data show that 80
percent of the time the flow is about 150 cfs (108,400 ac~ft/yr) or greater. The
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FIGURE 4.1.3-4
WATER FLOW DURATION
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lowest mean flow in the Little Bighorn River for varying consecutive days between
1366 and 1979 is shown in Table 4.1.3-1. The lowest single-day flow during that
period was 7.4 efs in 1967. Irrigation depletions are particularly significant in water
years exhibiting 80 percent change flows or worse. In 1961, the most severe aurrent
drought period for small watersheds, annual flow varied from 65,000 ac-ft at the
state line to 67,120 ac-ft below Pass Creek to 51,000 ac-ft of yearly flow at
Hardin, The Hardin gauge exhibited no flow on some days and approximately 10 ofs
or less discharge for basically the entire July-August period (HKM, October 1977).
(References 26, 75).

Bighorn River and Bighorn Lake. The Bighorn River drainage originates in the
Absaloka and Wind River Mountains in Wyoming and is formed by the Wind, Little
Wind, and Popo Agie rivers near Riverton. The Bighorn River drainage extends from
its headwaters to its confluence with the Yellowstone River near Bighorn, Montans,
encompassing a total of approximately 22,885 square miles. The reservation portion
/ of the Bighorn River drainage is the largest on-reservation drainage eovering about
1,340 square miles, The principael on-reservation tributaries to the Bighorn River
include Soap Creek, Rotten Grass Creek, Beauvais Creek, and Windy Creek.
The average annual flow in the Bighorn River at the Montana~Wyoming state line,
the southern boundary of the Crow Reservation, is shown in Figure 4.1.3-2 to be
2,455,000 ac-ft/yr. The flow entering Montana and the Crow Reservation in the
Bighorn River is contained in Bighorn Lake which has a usable storage of 1.4 million
ac-ft/yr. As previously mentioned 100,000 ac-ft/yr of water presumeably has been
regerved in Bighorn Lake for use by the Crow Tribe. Since Bighorn Lake represents a
potential source of water for the coal gasifieation projeet, a record of monthly
reservoir elevations is presented in Table 4.1.3-2 for water years 1967 through 1981
to illustrate the fluctuations in water level (DOI, Bureau of Reclamation, 1982).
(Reference 65),

A minimum average monthly difference of 14.27 feet (0.39 percent) and a maximum
average monthly difference of 11.6 feet (0.32 percent) from the 15-yr average
elevation of 8621.15 feet are derived from the data shown in Table 4.1.3-2. Slightly
( higher values for average daily minimum and maeximum deviations from the 15-year
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LOWEST MEAN DISCHARGE OF WATER
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MONTHLY RESERVOIR ELEVATIONS - BIGHORN LAKE,
WATER YEARS 1967-1981

SHOGRAR Nbiuin
* b
RESERVOLIR RECORLS STORACE SYSTEM OATE FWR OCT 30, 188)
MONTHLY RESERVDIR OPERATION RECARD . PAGE go1
»
e~ BIGHORN LAKE . BHIO « KIBNIGHT RESERVOIR ELEVATI0M ' GNLTSX PEET :
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wATER . . NINIOUN  Hax (UM
VEAR (11 4 NO¥ BEC JAN FEB MAR APR * v JUN quL Aug SEP  (FEET)  (FEETY)
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978 JoiN. 74 3605,73 2480.28 , 3907.39 300,71 3844.00 3430.97 0644.49 3835.64 3632.3) d6346.18 1484,45 3G44.48
1971 3620.0? J616.82 3622.54 0022.01 269,68 0603.07 2%08.60 2027.01 J630.34 3833.35 3828.09 3591.t8 2sam,24
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average menthly elevation of 23.46 feet and 19.99 feet, respectively, are also
evidenced from the data in Table 4.1.3-2.

The flow in'the Bighorn River on the reservation is completely regulated by Bighorn
Lake behind Yellowtail Dam. The long~term (October 1934 through September 1978)
average flow in the Bighorn River near St, Xavier gauging station, located about 800
feet downstream from the Yellowtail Dam and afterbay, is 2,610,000 ac~ft/yr (3,603
cfs) (USGS, 1978). The principal tributaries to the Bighorn River are estimated to
have a combined average annual flow of 50,000 ac—ft/yr which is only about 2
percent of the average annual flow in the Bighorn River. Therefore, it can be
eoncluded that tributary inflow is negligible when compared to the annual average
flow in the Bighorn River (HKM, October 1977). (Reference 26).

Allowing for inflows and diversions, the average annual flow in the Bighorn River in
the reach of potential water withdrawal for the proposed plant is 2,652,000 ae-ft/yr
to 2,728,420 ac-ft/yr (see Figure 4.1.3-2). The flow in the Bighorn River normally
peaks during May, June, and July due to snowpack runoff. The flow variability in the
Bighorn River below Yellowtail Dam at St. Xavier is shown in Figure 4.1.3-3. The
variability is influenced by Bighorn Lake but, since the storage capacity of 1.4
million ac-ft/yr is only about 57 percent of the average annual inflow to the lake, &
portion of the peak inflow spills over Yellowtail Dam. During the four-water-year
period as shown in Figure 4.1.3-3, the average monthly flow ranged from 28 percent-
267 percent (1,085 and 10,240 efs, respectively) of the average flow of 3,838 efs.
The four-water-year average flow of 3,838 efs is about 6 percent higher than the
long-term average flow of 3,603 efs. The flow duration curves as shown in Figure
4.1.3-4 show the flow to be 2,200 cfs or greater during 80 percent of the time for the
period 1966 to 1979. The lowest mean flow in the Bighorn River at St. Xavier and
near Bighorn, Montana, for verying consecutive days is shown in Table 4.1.3-1. The
lowest single-day flow during that period was 112 efs in 1968 in the Bighorn River at
St. Xavier and 400 cfs in 1968 near Bighorn, Montana.

Pryor Creek. Pryor Creek originates in the Pryor Mountains on the Crow
Reservation and flows north through the western edge of the reservation to its
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confluence with the Yellowstone River near Huntley, Montana. Five perennial
streams are in the Pryar Creek drainage: East Fork Creek, Hay Creek, East Fork of
Pryor Creek, West Fort Pryor Creek, and Pryor Creek. The Pryor Creek drainage
covers approximately 810 square miles of which 75 percent s on the Crow
Reservation.

The hydrologic characteristies of the upper portion of the Pryor Creek drainage are
reported to be determined by a complicated hydrologic-geologic system (HKM,
October 1977). Pryor Creek is a losing stream above the town of Pryor and changes
to a gaining stream near Pryor. Below Pryor, Pryor Creek is a gaining stream
throughout the reservation. (Reference 26).

The average annual flow in Pryor Creek nearest the candidate plant sites as shown in
Figure 4.1.3-2 to be about 36,500 ac-ft/yr (50 cfs). Flow data in Pryor Creek near
the northern boundary of the Crow Reservation are limited, but a USGS station near
Billings, Montana, indicates the annual average flow for the years 1911 to 1924 and
1938 to 1953 to be 36,520 ac-ft/yr (FIKM, October 1977). The long-term (1921 to
1924 and October 1966 to September 1978) annual average flow in Pryor Creek at
Pryor is 30,570 ac-ft/yr (42.3 cfs) (USGS, 1978). Using available data, HEKM
Assoeiates compared the monthly flow characteristies of the Pryor Creek stations at
Pryor and near Billings (see Figure 4.1.3-5). The average monthly {icw in Pryor
Creek near Billings is higher than at Pryor and the station near Billings also
experiences two flow peaks. The flow in Pryor Creek near Billings peaks in March

and again in May to June. The March peak refleets a melting of lowland snow
accumulation (HKM, Oectober 1977). The flow in Pryor Creek at Pryor has a single
peak in the May to June period and is similar to the flow characteristies exhibited by
the Little Bighorn and Bighorn Rivers (see Figure 4.1.3-3). Pryor Creek, before its
confluence with the East Fork Creek, is near candidate plant site 1A and, thus, the
flow and flow characteristies in Pryor Creek at Pryor are taken as more
representative of conditions at the potential water withdrawal site.

The flow variability in Pryor Creek at Pryor as shown in Figure 4.1.3-3. The monthly
(’ flow as shown in Figure 4.1.3~3 ranges from 35 percent to 459 percent (19.1 and 251
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FIGURE 4.1.3-5
PRYOR CREEK MONTHLY FLOW VARIABILITY
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efs, respectively) of the four~water-year average monthly flow of 54.7 cfs which is
29 percent higher than the long-term average (June 1921 to September 1924, October
1966 to September 1978) of 42.3 cfs. A flow duration curve for the period 1968 to
1979 shows that the flow in Pryor Creek at Pryor is greater than 27 efs during 80
percent of the time (See Figure 4.1.3-4). The lowest mean flow in Pryor Creek at
Pryor, Montana, for varying consecutive days from 1968 through 1979 is shown in
Table 4.1.3-1. The lowest single-day flow during that period was 7.4 c¢fs in 1968.

The four remaining perennial drainages evaluated in this study are loeated in the
southeastern part of the reserveation in an area proposed for Site 23, a candidate
siting scenario adjacent to the Shell coal mining leases. Three of these perennial
streams, Youngs Creek, Tanner Creek, and Little Youngs Creek drain the proposed
Shell mine sites. The fourth drainage, Squirrel Creek, flows in a southeasterly course
slightly north of the Site 23 area. All four drainages are tributary to the Tongue
River. These streams flow in a southeasterly direction in deeply incised parallel
valleys. The drainage basins in the mine areas are only about 2 miles wide and have
an average topographic relief between valley bottom and uplands of 300 feet. The
alluvial deposits in the valleys are generally less than 40 feet deep and 1000 feet
wide. The approximate average width of alluvial deposits in Youngs Creek is 600
feet, and the average width in Little Youngs and Tanner Creeks is approximately 400
feet.

Thick clinker beds outerop over much of the drainage basin of Little Youngs Creek
and Youngs Creek but do not oceur in the Tanner Creek drainage. The clinker beds
control the flow regime of Youngs Creek and Little Youngs Creek to a large
degree. The very porous and permeable clinker beds are the recharge area for many
small groundwater flow systems which discharge to the creeks and maintain
relatively high base flows of good-quality water in the ereeks. The high infiltration
rates in the clinkered areas greetly affect peak stream flows in the creeks relative
to other streams in nonclinkered areas. The proposed mine site area also has a
number of ephemeral tributaries that drain into the perennial streams.
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The flow characteristics of Youngs Creek, Tanner Creek, and Little Youngs Creek
have been investigated by Van Voast and Hedges (1974), Hedges et al (1976) and
Hydrometries (1981). Morrison and Maierele also studied the surface flow
characteristics of Youngs Creek (1974). Thompson and Van Voast have recently
investigated the flow characteristies of Squirrel Creek (1981). Flow charucteristics
for the four streams are presented in Table 4,1.3-3. (References 9, 59).

Youngs Creek. Youngs Creek originates in the Wolf Mountains area and flows into
the Tongue River in Wyoming just south of the Montana border. The base flow of
Youngs Creek at the Crow Reservation boundary was estimated by Hedges et al. to
be approximately 3 efs, and the average annual flow was estimated at 5.3 efs
1976). Approximately one-helf of the base flow originates as groundwater discharge
from the thick clinker beds west of the main stem of Youngs Creek in the Wolf
Mountains. Two east-flowing unnamed tributaries were identified by Hedges et al. a5
the source of much of the base flow in Youngs Creek (1976). The base flow of
Youngs Creek at the reservation boundary is also sustained by groundwater discharge
from clinker beds south of the main stem. The largest spring in this reach, which
issues forth at the base of the Anderson-Dietz clinker, is located in See. 27, T9S,
R38E. Six ponds within the Youngs Creek drainage that are used primarily for stoek
watering have altered the natural base flow characteristies of the stream.

High-flow characteristics of the Youngs Creek drainage are poorly known. Peak
discharges have been calculated for Youngs Creek by Morrison and Maierele (1977)
and by Hedges et al. (1976) by the empirieal methods of Johnson and Omang (1976)
(Table 4.1.3-3). The caleulated peak discharges most likely overestimate the actual
peak discharges in Youngs Creek because the extensive clinker deposits in the
Youngs Creek dreinage were not accounted for in the empirical methods. The only
known studies of runoff characteristies of streams in elinkered areas were conducted
by Woessner et al (1980) and by Andrews and Osborne (1979). They found that peak
flows following thunderstorms in streams with similar drainage basins ean be four
times less in streams with extensive clinker deposits in the basin than in streams
with only minor elinker deposits in the basin. (Reference 9).
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TABLE 4.1.3-3
SURFACE FLOW CHARACTERISTICS AT CROW BORDER - YOUNGS CREEK
TANNER CREEK, LITTLE YOUNGS CREEK AND SQUIRREL CREEK

Little
Estimated Flow Characteristics Youngs Tanner Youngs Squirrel
at Crow Reservation Border Creek, Creek, Creek, Creek, &
efs efs efs efs
Mean annual flow P 8.3 1.4 1.1 5.6
Base flow 3.0 0.2 0.85 -
Peak discharge
2 years 72 (54) 44 44 (33) 135
5 years 178 (141) 116 115 (193) 370
10 years 284 (227) 192 189 (153) 560
25 years 334 (365) 319 312 (250) 870
100 years (495 — (455) _
& Squirrel Creek data are from MBMG Open File Report 84.
Numbers in parentheses are from USGS-MDSL (197%¢).
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Within the Crow Reservation, only two parties, Oscar Benson (a lessee from Shell)
and the Bar-V Ranch, use surface water from Youngs Creek for irrigation purposes
(Morrison and Maierele, 1974). The total land irrigated is approximately 120 acres.
Benson draws water to an irrigation diteh in the northeastern quarter of See. 21, T9S,
R38E, and the Bar-V Ranch operates a small storage reservoir with an approximate
capacity of 150 ac~ft for irrigation in Sec. 17 and 18, T39S, R3I8E.

Tanner Creek. Tanner Creek criginates east of the headwaters of Youngs Creek,
east of the Wolf Mountains, and flows into Youngs Creek 1.5 miles east of the Crow
Reservation boundary. The massive clinker beds formed by the burning of the
Anderson and Dietz coal beds found in the Youngs Creek drainage basin are not found
in the Tanner Creek drainage basin. Only minor clinker beds that were formed by
the burning of the Smith and Roland seams occur in the Tanner Creek basin. The
base flow of Tanner Creek was estimated by Hedges et al. (1976) to be only 0.21 efs,
and the average annual flow was estimated to be 1.4 efs (Table 4.1.3-3). Most of the
base flow is sustained by discharge from the Smith-Roland coal seam aquifers. Most
of the flow in Tanner Creek occurs during spring snowmelt and after major spring
and summer precipitation events. (Reference 539).

Little Youngs Creek. Little Youngs Creek originates in the Wolf Mountains and
flows southeastward for about 11 miles until it flows into Youngs Creek. Clinker
outerops cover 42 percent of the drainage basin. The base flow of Little Youngs
Creek was estimated by Hedges et al. (1976) to be 0.85 efs above the stock pond in
See. 2, T105, R38E, and the average annual flow was estimated to be 2.3 cfs. The
peak discharges in Little Youngs Creek caleulated by Hedges in Little Youngs Creek
caleulated by Hedges et al. (1976) are very similar to peak discharges in Tanner
Creek (Table 4.1.3-3). (Reference 59).

Squirrel Creek. Squirrel Creek drains an area of 49.8 square miles and is perennial
aeross the entire study area. Its principal tributary, Dry Creek, rarely flows,
however, partly because of numerous stock watering ponds that have been
constructed along its course. Flow rates in Squirrel Creek are highly variable. High
flows oceur in late winter and early spring because of snowmelt (often augmented by

4_99 UE ON DISCLOSURE OF NEPCAT GATA
1B SURLICT 30 THE RLSTAICTION 0N YHE
NOTICE PAGL AT TRE FRONT 8¢ THIS Repoat




rainfall). Lowest flows generally occur in late summer when precipitation events are
infrequent, soil-moisture content is low, and evapotranspirative demands are stili
high. Low flows continue through the winter until snowmelt again oceurs, thereby
renewing the cycle. During the periods of low flow, stream discharge is maintained
by seepage of groundwater from geologie materials. Springs are common in the
headwaters area and provide the bulk of the low flow. The groundwater system has
the capability cf storing water during periods of snowmelt, precipitation, or high
streamflow and then discharging it gradually to the watercourse. The gradual
character of groundwater discharge maintains stream low flows at relatively
constant levels.

Graoiandwater Resources

As previously noted, groundwat=r is available and has been developed for limited uses
throughiout the Crow Reservation. The quantity of groundwater available is highly
variable and dependent upon loecation and the aquifer(s) from which the water is
withdrewn. A study by Thorne Ecological Institute on coal development on the Crow
Reservation briefly examined groundwater resources in the coal region, generally the
eastern part of the reservation (Thorne, Januery 1978). A table prepared by Thorne,
reproduced as Table 4.1.3-4, shows the general aquifers and range of yields on the
Crow Reservation. More specific information on groundwater potential is given in
Table 4.1.3-5. (References 52, 61).

Little Bighorn River. The alluvium and terrace deposits along the major stream beds
on the Crow Reservation are the most readily available groundwater supplies. Both
Quaternary alluvium ané Pleistocene terrace deposits are found in the valley fill
along the Little Bighorn River (see Figure 4.1.2-3). Water yields from the alluvium
are estimated by Roeky Mountain Research Corp. to be 50 to 450 gpm. The high end
of the range would require thick, saturated deposits having high perinenbility or the
use of an infiltration/collection gallery system. Yields from the terrace deposits are
shown in Table 4.1.3-4 to be less than 50 gpm. (Reference 52).
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TABLE 4.1.3-4
GENERALIZED GROUNDWATER YIELDS®

S Loecation Quality Yield?
| Alluvium valley bottoms Fresh Minor Source
Sandstone Aquifers Subsurface Fresh About 50°
Wasatch Formation (shallow) Fresh

Tongue River Member of

Fort Union Formation Fresh
Limestone Aquifers Subsurface Fresh Up to 500°
Madison Formation (deep) Saline

Red River Formation

8Thorne Ecological Institute, January 1979. More specific information on
Eroundwater potential is shown in Table 4.1.3-5.

50 gpm = 80 ac-ft/yr
€500 gpm = 800 ac-ft/yr

el 4-101 USE OR DISCLISURE OF REPZN] DATA
L 13 SUDILCT W THE RESTRICTISN ON THE
iy MGHEL PACE AT THE FRANT 0F TS REPOAT




TABLE 4.1.3-5
STRATIGRAPHIC SECTION AND GENERAL AVAILABILITY

OF GROUNDWATER

SOURCE: ROCKY MOUNTAIN RESEARCH, OCT. 1877

aqt FORBATION NAME A L EXPECTED VIELOS | & UsuAL auALITY
VALLLY ALLUVIUM WATER REARING *330-480 QPN *AIATO OSOB
QUATRRNARY . [riEnvaneacy WATHA BEARIND LESATRANBOAME| PAIA TG ODOD
" TE.FORT UNION WATER BEARING v LIRS THANOOPM | PAIRTOG00D
TURTRUSIVE FY RSCLASTICE 2 WATER REARING
MiLL CALEX FOAMATION TATRA RRAMING il Eﬂ"m“ﬂ'n Pda RT3 Q000
LAKNER SANDETONRL WATER BEARING LIS THAM JOOPM MAIRT3ADON
- REARPAW EhALL MONMWATER BLARING
v JUDITH ATUER WATSR .wl"ﬂ LESEATHANIOGPM | FOON YO FALR
» * CLARCETT RMALE 2/ NONWATER RLARING | 3! LIEATHAN S0OGPM | PFOOR TOD BAIR
. LAGLY RANDITONE WATER BEARING se- AR THANB0UPM ] PAIRTDADOD
" TELEGRAPH GALLK AGAMATION WATER BEARING LESETHAMEOGPM | PAIN TOPOOR
c FORUATION HONWATER BLARING
¢ [scoovnae v MATAN RLANING
o [TeAnLitaanawy * NONWATRR BEARING
D FORMATION NON-WATER BLARMNG
9 [FRokTien roRMATION NON-WATER STARING
FRONTIEN, TORCHLIGKT MEMBER | WATER BEARING aS LERITHANBOUPM | POOR
{' vl s [E UREHE SHALT NONWATEA SRARING
. - [-] MOWRY ALl HONWATER BRARIND
: : MUODY BANDETONL WATER BEAKING LEBETHAN 80QM | PODR
T THERMOPOLIBIHALS HONWATER BSARING
CLOVERLY FOANATICN WATER SAARH “os LRESTHAM B3 G| PAIRTO QOO
MORRITON FORMATION WATER BRARING LEAS THAR E0GFA | POOR YO PAIR
[wier FoRMaTION WATAN SEARING LIS TRAN L0 QP | POOR TO PAIN
Jurasmc MIRRRGH FOMMATICN HONWATEN BRAAING
SUNTANCYE SONMATION WATER SEARING LISSTHAN YOG [ POOR
" OYPUM EFRINGMPER FORMATION| NONMWATER STARING
Tazse . L] R STARND
* DINWOOGY RO RMATICH HOWMWATEN BRARING
PENMAN FOSTORIA FORMATION WATER EEARINO wumTHANszarm | roan
ey TENBLERP BAHDETONE WATER UTARING o= 30 « 480 OFA PAIA TO 00QD
AN OIN FORMATION WATER REARING +=v §g-a30aMA WaAIN TOB0OD
WIRTAERIPPIAN MADITON GROUP WATER BEARING =gy .ag0 O acan
W JERRIRESN I.llll‘lc-u. WATER SEARING e I.IE THAN OGPM ¢y QO00
OROOVICIAN * 13 HORM ODLOMITE MONWATER HEARING
QALLATIN LIMESTONE WATEN BYANING v=s LISSTHANSOCPM | POOMTO PAIR
CAMSMIAN anou an
FLATHEAD GUARTEITE WATER SEARING “30 50450 CHA aoeD
PARCAMBALLN MUTAKEARHIE § GREDUS ROBKE NOHWATER SARING

* PMESE UNITE MAY YIELD J0ME WATER.BUT EECAUSE OF EXCIIRIVE MINERALIZATIOM, DIFPICULTY OF ORILLING.

MASEIVE STRUCTUAR, EXCERSIVE DEPTH IN RELATION TO VILLD ANO/ON HIGH RLAVATION G5 OUTCACP AfiRas,
THESE FOAMATIONS ARE NOT NONMALLY COMBIDERED AQLIFERD.

** LARQIR TILLIYE MAY BE UBETAINED IN LOCAL AREAS OF THICK, BEATURATED DEPCSITS BF g PLAMBARILITY,
OR B Y ARATALLING COLLECTOR GALLERIEE ORWELL-POINT AVETEVE (N ARJAS OF THINKER CEAORITE.

*ov THERE BORMATIONS MAY CONTAIN CONPINED WATER UNOAM ARTEMIAN PRESIURE, ANO WELLS PENETAATING
A COMPLETR BATURATAD S1ETION OF THRIE FORMATIONS MAY PRODUCE MORE THAM TKE YIRLO (NGIDATED
HERE BOME ARRAN MAY U TIANTLY CEVMINTED AND FRADUCE LEEE THAN INDICATED HARL.

o 9000 =
FAIR =
OoR -

USUALLY SUITARLE FOR MOST PURFOERN.
SNITABLE POR MOST FUNORES EXCEFT OO MIEETIC USRS AND IRRIGA TION DF CERTAIN JOILS
EXCENNIVELY WNERALIZED AND NOT BUITABLE 8 OR MOFT USES.

I TARKMAN SANDETONE MEMBAR OF CLASOSTT MAY BE WATER BEANING,
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The exposed bedrock formations in the Little Bighorn River drainage near Hardin,
Montana, are in the Montana and Colorado Groups of Cretaceous age. The Parkman
Sandstone is the uppermnst exposed formation and aquifer in the Montana Group. In
the Little Bighorn Velley near Hardin, wells are completed into the Parkman
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The deeper Tensleep Sandstone, Amseden Formation, and Madison Limestone bedroek
Formations are potential aquifers capable of yielding 50 to 450 gpm of water, but
they are estimated to be at depths as great as 5,000 feet in the Hardin area. Both
shaltow alluviums and deeper bedrock formations have the potential to yield water in
the Little Bighorn River drainage near Hardin. Yields are estimated to be 50 to 450

gpm (80 to 720 ac-ft/yr), but site-specific detailed work would have to be performed
to define the actual extent of the resource.

ﬁ; Sandstone at depths of less than 200 feet (Rocky Mountain Research Corp., October
o 1977). Other potential aquifer formations in the Montana Group include the Eagle
"o Sandstone and the Telegraph Creek Formation. Al potential aquifer formations in
iﬁ the Montana Group are estimated to yield less then 50 gpm. The potential for water
§ yield from formations in the Colorado Group appears to be minimal exeept for the
; Cloverly Formation which is estimated to yield up to 50 gpm (Rocky Mountain
§ Research Corp., October 1877). (Reference 52).
!

Bighorn River. Like the Little Bighorn drainage, aliuvium and terrace deposits are
found along the major streambeds in the Bighorn River drainage and water yields
would be in the same range; l.e., 50 to 450 gpm. Potential plant site areas adjacent

to the Bighorn River would be located on Pleistocene terrace deposits underlain by
shale fcrmations of the Colorado Group.

-
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Moving west away from the major rivers and the allyvium and terrace deposits, the
exposed bedrock formations are those of the Colorado Group, eonsisting prineipally
of shales that exhibit very low aquifer potential. The Cloverly Formation in the
Lower Cretaceous series is a potential groundwater source underlying the potential

site areas neer the north-central reservation boundary, but they may be overlain by
2,000 feet or more of shale.
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In the western part of the Bighorn River drainage along the northern reservation
boundary, formations in the Montana Group overlie the Colorado Group. The
sandstone formations of the Montana Group could serve as aquifers, but the potential
yield would likely be very low due to the limited area of recharge and possibly
limited formation thickness.

Potential candidate sites away from the Bighorn River would be located on shales of
the Colorado Group or, if far enough west, possibly on limited sandstones of the
Montana Group. More specifically, Site 1, one of the most promising candidate siting
areas, is overlain primarily by two of the lower members of the Cody Shale
formations, the Carlile and Niobrara, in the Colorado Group, as previously discussed
in Seetion 4.1.2. Since pertinent well data are not available at the Site 1 location,
the drill test data developed by Woodward-Clyde Consultants (1981) slightly north of
Site 1 are somewhat indieative of the groundwater potential in that area.
(Reference 32).

Briefly, the Woodward-Clyde drill test data from slightly north of Site 1 showed stiff
to very stiff clays over the Carlile and Niobrara shale bedrack at depths of 3 to 7
feet. No free water was found in any of the test holes drilled to 20 feet.
Additionally, the Cody Shales are generally considered to be poor sources of
groundwater—capeble of yielding 50 gpm or less and to oceur at depths of 600 to
3,500 feet as shown in Table 4.1.3~5 and as shown in Figure 4.1.3-6. (Reference 52).

Pryor Creek. Alluvium and terrace depasits are generally absent from the streams in
the Pryor Creek drainage. The Colorado Group is the predominant bedrock exposed
in the eentral portion of the drainage. Formaticns of the Montana Group are exposed
and overlie the Colorado Group in the extreme northern part of Pryor Creek drainage
(see Figure 4.1.2-2 of Section 4.1.2),

The most western potential plant site (Site 1A) along the northern reservation

boundary might be in the Pryor Creek drainage. If so, it would be located on the

Montana Group where sandstone formations may serve as potential, though limited,
( ' groundwater sources.
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FIGURE 4.1.3-6
GROUNDWATER POTENTIAL ON THE CROW RESERVATION

o

-
o'
[0
13
o /7,
4

(!
.
»

o7

T,

LEGERD
QUANTITY GENENALLY AVAILABLE PER wELL

l“lhl“”.

R -sewn

Mare than, 450 gpm
EFT wiTiN TAOUMD
e S XML a0 WATER uay
AlLUviia

Less tham 40O 12,
REpRoCK

E Lest Iven 20040
—

mﬂ]] €09-3,000 1.
St ety

Souree: Rocky Mountain Researeh, 1977.

USE Dis OISCLOTUNE OF REPCMT OATA
4-105 13 SUBJLCT W THE GLSTRICTION N THE ~
WOTICE 7ASE AT THE FRGNT OF THIS #+poat




The major water-bearing strate in the southeastern section of the Crow Reservation
in the Site 23 area are the elluvial deposits within the Squirrel Creek, Youngs Creek,
Tanner Creek, and Little Youngs Creek valleys, the major coal seams, associated
clinkers, and sandstone beds in the Tongue River Member of the Fort Union
Formation; the Hell Creek and Fox Hills Formations; the Fall River Formation; and
the Madison Group as shown in Table 4.1.3-6. (Reference 8).

All domestic and stock wells in the proposed facility siting area derive water from
either the alluvial deposits or the eonl seams, clinkers, and sandstone beds in the
Tongue River Member. Water yields from these aquifers are typically in the range of
1 to 10 gpm; and although larger yields eould be obtained from deeper aquifers, the
cost of obtalning water frcm these aquifers is very high.

The near-surface aquifers in the area have been studied by the Montana Bureau of
Mines and Geology from 1871 through March 1980. The results of these
investigations are summarized by Van Voast and Hedges (1974) and by Hedges et al.
(1976, 1980). The near-surface aquifers in the vicinity of the Decker mines, Spring
Creek mine, and the proposed Pearl mine site are deseribed by Van Voast (1974), Van
Voast and Hedges (1975), USGS-MDSL (1977, 1979 a-c), and Hedges et al. (1980). The
deep aquifers are also discussed by Woessner et al (1980). (Reference 59).

I8

il

Alluvigl Deposits. Alluvial deposits exist in the valleys of Squirrel Creek, Little
Youngs, Youngs, and Tanner creeks. The alluvial deposits are lithologically variable,
containing lenticular deposits of fine sand, silt, clay, and clinker gravels. The
deposits vary in thickness and are reported by Hedges et al. (1976) to be as deep as
40 feet. Thompson and Van Voast (1981) have depths of up to 60 feet in Squirrel
Creek velley. Tie width of alluvial deposits is generally less than 1,000 feet. Near
the Crow Reservation boundary, the width of alluvial deposits averages 400 feet in
both the Little Youngs Creek and Tanner Creek valleys, and averages 800 feet in the
Youngs Creek valley. (References 8, 9).

e WD VIR

T

Tongue River Member. The Tongue River Member of the Fort Union Formation is
C composed of several major corl seams, interbedded sandstone, siltstone and shale,

4"106 UL ON DESCLOSURE OF RERCKT DATA
13 SUBJICT ¥ THL RESTRICTION ON THT
NOTICE PRGE AT VHE FDOINT OF Thi2 MPoay




USE BN DEELOZUNE OF REFCRY DATA
13 SURILCT W0 THL RESTRICTION ON TRE
NWTKE PRGE AT FHE FRONT 5F THL3 REFORT

*186T Amniga] ‘siejjy Uepu] JO NEaIng :S0IM0SJ
+3a31] sod sweiBw = /3w ‘sPIfos PIALOSSIP 18103 = gy, ‘eynupw Jod suoyres = wda ‘@93 = 14 $9ION

2)woiop
000Z-000T  0002-01 pus 2U0}SAUIIT 0011 0006 ueddyssissiy dnoan wosIPBIN m
- 0c-1 auoispueg 00% 00s5e SNOaor}aID JAaMOoT]  UO1JRINIO] JaAry 1B X
auojspues TIIH
00071 08-1 auo)spuEy 002 000% snosawiai) leddn X0 puB %9910 PH
JoNuna
000%-00¢ 08-7 ‘ouo)spues 480D  000€T-000T  0S1-0 Arepnag JOQUID J3AIY SNSUOY,
1002-00S 001-01 - 0p-0 0 AmuieiEnd snsode( TBIANTIY
(1/3w) (wdsd) nun a9 (a3 1un a8y uQ 21301020
gl  SPPIX TaM  Sulasg-121BM ssepny, 03 widag
Jo uondravsag ayewxoaddy

SVIaV DNINIW Jd380 gaNNVL GNV HEHHOD SONAOX TTHHS dHL NI VAVHLS DNIH VAS-HALVM HOLVI

-¢'1'v 3718Vl




i

and clinker beds. The major coal seams—the Smith, Anderson, Dietz, and Canyon—
and their associated elinkers are the principal water-bearing units in the Tongue
River Member. Loeally thick sandstone beds between the coal beds are water-
yielding, but the sandstones oecur as diseontinuous lenses that appear to be isolated
bodies with very limited hydraulic connection (USGS-MDSL, 1977). (Reference 8).

B e

The interburden between the coal seams generally has a hydraulie conductivity that
is several orders of magnitude lower than the conductivity in the coal beds. As a
result, there is only limited hydraulic connection between adjacent coel seams. The
Tongue River Member can conveniently be divided into four main hydrogeologie units

as shown in Figure 4.1.3-7: Smith-Roland, Anderson-Dietz, Canyon-Wall, and Lower

Tongue River Member. These hydrogeologic units include the coal seems and the

interburdens; but, because of the generally low-hydraulic conduectivity of the

interburden, it is assumed that on a regional scale transmissivity in the hydrogeologic

units is only a function of transmissivity in the coal beds as shown in Table 4.1.3-7.
; (Reference 8).

Smith-Roland Unit. The Smith cozl seams are the major aquifer in the Smith-Roiand
unit. The Smith seams have a combined average thickness in the mine site areas of
about 20 feet. In the northwestern part of the Tanner Creek mine site, the two
seams merge, but in the eastern part of the area as much as 50 feet of interburden
separates the two coal seams. The Smith ccal seams are not an important regional
water-bearing unit because their areal continuity is restricted by the deeply incised
topography and the coal seams are relatively thin. North of Youngs Creek, in the
proposed Tanner Creek mine area, the Smith seams are an important local aquifer as
illustrated in Figure 4.1.3-7. South of Youmgs Creek, the Smith coal seams oceur
only in the uplands and the seams gre generally not saturated (Hedges et al 1876).
The transmissivity of the Smith coals has not been determined in the field. However,
the transmissivity of the combined Smith seams is estimated to average 25 square
feet/day.

Anderson~Dietz Unit. The Anderson and Dietz coal seams and associated elinkers
{ form a continuous unit that extends from the Wolf Mountains on the west to the
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FIGURE 4.1.3-7
GENERALIZED CROSS SECTION OF FORT UNION FORMATION,
YOUNGS CREEK MINE AREA, CROW RESERVATION
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Sources: Matson and Blumer 1973, plate 31: Hedpes and athars 1976; Van Voast
1974, Lithology adopted fram Hedges and othars 1976,
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Tongue River on ire east as shown in Figure 4.1.3-8. The combined Anderson and
Dietz conl seams have a thickness of 60 to 100 feet. In the Wolf Mountains, the
Anderson and Dietz coal seams are merged, but to the east the Anderson splis from
the Dietz. Along Youngs Creek near the Crow Reservation border, the Anderson
seam averages 20 feet in thickness, the Dietz seam averages 53 feet in thickness,
and about 200 feet of interburden separates the seams. About 3 miles east of the
Crow Reservation border, the seams merge to form a combined seam about 80 feet
thick (Matson and Blumer, 1973). Farther to the east, near the Tongue River, a thin

seam called the Dietz No. 2 seperates from the combined Anderson-Dietz seam.
{Reference 8).

The western and southern extent of the Anderson-Dietz unit is defined by thick
clinker beds that formed when the voal seams burned as shown in Figure 4.1.3-8.
Some of the clinker beds are adjacent to the Anderson and Dietz coal seams, but
many of the clinker beds found in the drainage basin of Little Youngs Creek and

Youngs Creek have been isolated by erosion. Extensive clinker beds formed by the
burning of the Anderson and Dietz coal seams are slso found along the Tongue River

Reserveir and in a large area north of the Decker Creek and Spring Creek mines
(Baker, 1928). (Reference 8).

On the basis of seven pump tests run in the Youngs Creek and Tanner Creek mine
areas, the transmissivity of the Anderson and Dietz coal seams was ealeulated by
Hedges et al. (1976) to average 70 square feet/day and range 17 to 180 square
feet/day. The transmissivities of these coal seams in the Pearl mine site area were
reported to average 43 square feet/day and to range from 0.6 to 180 square
feet/day. The relatively high transmissivities reported for the coal seams are the
result of well-developed fracture systems within the coal seams.

The transmissivities of the Anderson-Dietz elinkers were estimated by Van Voast and
Hedges to range 150 to 200 square feet/day in the Decker area (1975). The high
transmissivities in the clinkers are the result of the baking and fusing of the
sandstone, siltstone, and shale interburden and the subsequent collapse of this
material into the void created by the burning of the coal. Clinkers are generally
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TABLE 4.1.3-7

SUMMARY OF HYDRAULIC PROPERTIES OF MAJOR
COAL SEAMS AND ALLUVIAL DEPOSITS

Transmissivity (ft2/day)

Geologic Number Storage Coefficient
Unit Average Maximum Minimum Of Tests (specifie yield)
Smith 25 - - - 2 x 107 (D.01)
Anderson 30 80 3.3 4 2 x 107° (0,01)
Dietz 51 180 0.6 10 6 x 107 (0.01)
Anderson-Dietz 25 30 17 2 8 x 107 (0.01)
Anderson-Dietz

Clinker 3300 - - 1 (0.1)
Canyon 27 50 . 5 2 2 x 1079 (0.01)
Walt 25 - - - 2 x 1070 (0.01)
Rosebud 25 - - - (0.01)
Alluvial Deposits 2500 4800 1300 6 (0.15)

Sources: Hedges et al. (1976), USGS-MDSL (197%¢), Van Voastetal. (1976), Woessner
et al. (1980).
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FIGURE 4.1.3-8
MOVEMENT OF GROUNDWATER IN THE TONGUE RIVER MEMBER

OF THE FORT UNION FORMATION
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FIGURE 4.1.3-9
POTENTIOMETRIC SURFACE OF ANDERSON-DIETZ COAL AQUIFER
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very frastured and very porous. Clinker beds are generally two to four times thicker
than the coel seam that burned {Matson and Blumer, 1973). (Reference 8).

Canyon-Wall Unit. Two coal seams, which are each 10 to 30 feet thick, oceur about
100 feet below the base of the Dietz coal seam. The two seams are separated by
about 100 feet of interburden. The upper seam correlates with the Canyon seam of
Matson and Blumer (1973), and the lower seam may correlate with the Wall seam.
These two seams are continuous from the outerop areas in the Wolf Mountains on the
west through the Tongue River valley on the east. Hedges et ak ran two pump tests
on wells completed in the Canyon coal seam, from which they ecaleulated
transmissivities for the ecoal of 5 square feet/day and 50 square feet/day (1976).

Lower Tongue River Member Unit. The basal 600 feet of the Tongue River Member
contains only one major coal seam. This coal seam, which is 22 feet thick near
Decker, is located near the base of the Tongue River Member, about 600 feet below
the Wall coal seam (Baker, 1928). The interburden between the Wall cozl seam and
this basal ccal seam is deseribed in the log of Absarcka QOil and Gas Co. weil No. 1
(Sec. 16, T9S, R40E) as shale, thin sandstone, shell iime, and thin coal. The basal
coal seam may correlate with the Rosebud seam that is mined in the Colstrip area
(Baker, 1929). The Lower Tongue River Member unit is probably continuous from the
auterop areas in the Wolf Mountains through the Tongue River valley. The
transmissivity of the basal coal seam is probably similar to that of the other cosl
seams in the Tongue River Member (Woessner et al. 1980; Ven Voast et al. 1977).
(Reference 8).

Groundwater movement in the alluvial deposits along the major stream channels is
parailel to the valieys. These alluvial aquifers are hydraulically conneeted with
surfece~water flows in the velleys. The alluvial aquifers are recharged directly by
precipitation, stream flow, and seepage from bedrock aquifers. The quantity of
groundwater flow in the alluvial aguifers is large in relation to the groundwater flow
in the Tongue River aquifers. The quan':.s of groundwater flow in the alluvial
aguifer along Youngs Creek across the reservation boundary was caleulated to be in
( the range of G.14 to 0.5 efs. Flow in the alluvial aquifer along Tanner Creek across
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the reservetion boundary was calculated to range 0.08 to 0.3 cfs, and the flow in the
alluvial aquifer along Little Youngs Creek across the reservation boundary was
caleulated to range from 0.1 to 0.4 cfs.

An important loeal groundwater flow system exists in the Smith coal seams north of
Youngs Creek in the Tanner mine site area. Groundwater recharges the aquifer at
the outerop areas of the Smith eoals and their associated clinkers in the eastern part
of the Upper Youngs Creek basin, and discharge occurs at numerous seeps and small
springs in the headwaters of Tanner Creek and Squirrel Creek. The total flow in this
system is less than 0.1 efs.

One large groundwater flow system and several small systems exist in the Anderson-
Dietz unit in the Shell mine site area. The continuous Anderson-Dietz coal seams
and hydraulically connected elinkers function as a major flow system. Many small
flow systems exist in the many clinker beds that have been hydraulically isolated
from the major flow system by erosion of the Anderson-Dietz clinker and/or coal.

As shown in Figure 4.1.3-9, main groundwater flow movement is predominantly from
the Wolf Mountains towerd the Tongue River. The regional groundwater flow
patterns are distorted by the large faults that nacur along Youngs Creek and Little
Youngs Creek, with displacement as large as 256 feet. The direction of groundwater
movement in the vicinity of several of the faul*s is apparently parallel to the faults,
suggesting that these faults aet as berriers te i“:w. The major recharge areas for
the flow system are the clinkered areas in the Wolf Mountains and the elinkered
areas along Youngs Creek and Little Youngs Creek,

The quantity of water that moves through the Andersan-Dietz flow systems is not
large. Total flow in the system aeross the Crow Reservation boundary in TS is
calculated to be in the range of 0.13 to 1.3 cfs. The best estimate of the flow rate is
0.3 efs, Most stock and domestic wells in the region derive water from the
Anderson-Dietz unit. Many of the thick clinker beds that outerop in the Youngs
Creek drainege are ercsional remnants that are not connected with the main
Anderson-Dietz groundwater flow system. Small groundwater flow sysiems exist
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within these hydraulieally isolated clinker beds. The groundwater irom these clinker
flow systems discharges either as springs or seeps at the base of the elinker beds or
as downward leakage to underlying strata. The underlying strata, the interburden
layers below the Dietz coal seam, generally have a low hydraulic conduetivity, and as
a result most of the discharge oecurs as springs and seeps. Groundwater discharge
from these isolated clinker flow systems accounts for much of the base flaw in
Youngs Creek and Little Youngs Creek.

No available data were available to define the potentiometrie surface in the coal
seams underlying the Dietz seam. A continuous groundwater flow system most likely
exists in both the Canyon-Wall and Lower Tongue River Member units from the Wolf
Mountains to the Tongue River. The flow systems are most likely recharged at the
outerop arees in the Wolf Mountains and by downward leaksge through overlying
strata in the region east of the Wolf Mountains. Groundwater probably discharges
from the system by upper leakage in the Tongue River valley. The quantity of water
that moves through both units across the Crow Reservation bourdary in T93 is
probably less than that which moves through the Anderson-Diet:: unit. One well in
the region (Sec. 3, TOS, R40DE) was completed in 1974 in the Cinyon coal seam. This
well, which was completed in 1974, flowed at the rate of 10 gpm, but 14 months later
flowed at less than 1 gpm (USGS-MDSL, 1977).

L

Water Quality

The water quality in the particular river or stream is dependent upon the topographic
features, soils, and geologic characteristics of the drainage. Water uses (including
municipal, industriel, and agricultural, particularly irrigation return flows) can have
an influence on water quality. Present municipal and industrial water uses on the
Crow Reservation are limited and do not affect the water quality in tributaries on
major streams. Irrigation return flow impaets the water quality in some tributaries
but, sinee the tributaries provide only a small inflow to the major streams, there is
not a significant change in water quality. Groundwater quality is dependent upon the
geologic characteristies of the water-bearing formation, distance {rom the recharge

( ares, the geologic characteristics of other formations the water may have traversed,
4-116 USE ON DITCLCSORE 65 REPSIT DATA
¥ SUBILCT W THE RESERICUON ON THE
NUTICE FAGE AT THE FRONT OF THI5 REPGAT




and the initial quality of the recharge water.

Surface Water. The quality of surface waters in the Little Bighorn River, Bighorn
River; and Pryor Creek on the Crow Reservation are generally good and suitable for
all uses including municipal, agricultural, industrial, and wildlife resources. Surface
waters within the above three basins gre classified in the Montana Surface Water
Quality Standards as either B-1 or B-2.* Waters classified as B~1 are "suitable for
drinking, culinary and food processing purposes, after conventional treatment;
bathing, swimming and reereation; growth and propagation of salmonoid fishes and
associated aquatie life, waterfowl and furbearers; and asgrieultural and industrial
water supply" (State of Montana, October 1930). The B-2 stream classification is
similar to the B-1 classification except water use for the propagation of salmonoid
fishes is considered marginal. (References 43, 44).

Little Bighorn River. The Little Bighorn River at Hardin is a mixed-type water
quality with dominant ions being sodium, magnesiuin, bicarbonate, and sulfate. The
study by HEKM Associates indicates that the tributaries originating on the reservation
have a significant effect on the water quality of the Little Bighorn River with
respect to suspended sediment, total dissolved solids, sodium, and sulfate (HKM,
October 1977), (Reierence 26).

The water quality stations on the Little Bighorn River, maintained since 1969,
indicate that this water is the purest surface water to be found on the reservation.
A compilation by HEM of available data in Table 4.1.3-8 shows that the water
quality in the Little Bighorn River at Hardin meets primary drinking water st.ndards
and, with the exception of occasional execursions, alsc meets secondary drinking
water eriterie (1977). The water quality of the Little Bighorn River at Hardin is
good and acceptat'e for ell uses. (Reference 26).

*The reference to the Montana Surface Water Quality Standards is used to present &
general view of the quality of water on the reservation end does not imply that state

standards are applicable to waters within the exterior boundary of the Crow
Reservation.
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The waters of the Little Bighorn River also appear particularly suitable for
irrigation. Values for specific conductance range 250 to 750 micromhos/em and
sodium absorption ratios are less than 1. These data indicate a medium salinity
hazard and a very low sodium hazard based upon the classifications, shown as Figure
4.1.3-10, developed by the U.S. Szlinity Laboratory staff (1954). (Reference 26).

Bighorn Ruver. Water in the Bighorn River from St. Xavier to Bighorn is a caleium
sulfate type. The water quality in the Bighorn River at St. Xavier and near Hardin is
gshown in Table 4.1.3-8. Data in the table show the water gquality to be better than
the primary drinking water standards at St. Xavier. However, primary standards of
0.002 mg/1 and 0.01 mg/1 for mercury and selenium, respectfully, have been exceeded
at Hardin (see Table 4.1.3-8). Several other constituents heve exceeded the
secondary drinking water standards at both St. Xavier and Hardin on the Bighorn
River. For example, sulfate concentrations are seldom less than 250 mg/l and
concentrations in excess of 400 mg/l are common.

Total dissolved solids concentrations average in excess of 650 ppm, which is more
than the recommended 500 ppm value. The concentration of dissolved manganese
also has exceeded the recommended standard of 0.05 ppm. Turbidity values in excess
of 5 units have been recorded.

The suitability of Bighorn River water for irrigation appears quite favorable. Sodium
absorption ratio values seldom exceed 2.5 and specific conductance values average
about 920 umho, indicating 2 medium to high salinity hazard yet a very low sodium
hazard. Dissolved boron concentrations seldom exeeed 0.15 ppm which is less than
the 1 to 2 ppm value deemed hazardous.

The larger turbidity values experienced in the Bighorn River cecur during spring
runoff; however, tributaries below Yellowtail are notoriously heavy-sediment
carriers. These are Beauvais Creek, Soap Creek, Rotten Grass Creek, and Woody
Creek. USGS records on Beauvais Creek bear this out. Nevertheless, it may be
concluded that water in the Big Horn River on the reservation can, with proper
treatment, be made acceptable for ell uses, including drinking water supply,
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FIGURE 4.1.3-10
DIAGRAM FOR USE IN INTERPRETING THE ANALYSIS OF IRRIGATION WATER
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irrigation, livestock watering, industrial use, and wildlife resources. (References 26,
75%

Pryor Creek. Limited water quality sampling performed in support of the EPA 208
Areawide Waste Treatment Planning program indicates a significant increase in the
coneentrations of sodium, sulfate, chloride, and total suspended sediment in Pryor
Creck from the headwaters through the reservation te confluence with the
Yellowstone River. As it passes through the reservation, Pryor Creek increases in
hardness and changes from a calcium bicarbonate-type water at Pryor Gap to a
mixed type -onsisting mainly of ecaleium, magnesium, sodium, sulfate, and
bicarbonate at the northern reservation boundary. Water quality in Pryor Creek at
Pryor and at the northern reservation boundary can be found in Seetion 4, Crow
Sampling Program Results, Section 208 Water Quality Management Plan, preparad by
HKM Consultants (Oetober 1977). (Reference 26).

The limited data in Table 4.1.3-8 for Pryor Creek indicate the water quality to be
better than the primary drinking water standards. The secondary drinking water
eriteria are exceeded on accasion, but the use of the water as a public water supply
would not be precluded. The water in Pryor Crezk between Pryor and the northern
reservation boundary, while of poorer quality than water in the Little Big Horn and
Big Horn Rivers, is acceptable with proper treatment for all uses.

Tongue River/Squirrel, Youngs, Tanner, and Little Youngs Creeks. The Tongue River
is the major stream draining the Shell mining lease area and the candidate mine-
meuth siting area designated as Site 23, since Squirrel, Youngs, Tanner, and Little
Youngs Creeks are all tributary to the Tongue River. The surface water quality in
the Tongue River Basin above the proposed projeet site is primarily affected by high
quality snownielt from the Bighorn Mountains, by irrigation in Wyoming, and by
surfgece water and groundwater infiow. The water quality in the Tongue River above
the Tongue River Reservoir is generally gocd as evidenced from the data presented
in Table 4.1.3-8. (Reference 75).
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The total dissolved solids (TDS) concentrations, especially the concentrations of
celeium, megnesium, sodium, bicarbonate, and sulfate, tend to increase in the
downstream direction. The lowest concentrations of TDS and of all major
constituents can be expected during the high-runoff months of May, dune, and July.

A comperison of these chemical analyses and other trace element analyses for the
Tongue River above and below the project area (Table 4.1.3-9) indicates that
applicable Wyoming and Montana water quality standards for the Tongue River in
this area would be met, EPA Primary Drinking Water Standards are also met. EPA
Secondary Drinking Water Standards for iron (0.3 mg/1) are exceeded at Monarch, and

the standards for TDS (500 mg/l), sulfate (250 mg/l), and iron and mangenese (0.05
mg/1) ere occasionally exceeded at the monitoring station near Deeker. These
waters are aeceptable for most uses, ineluding domestie supply and irrigation. The
high hardness and bicerbonate values might require certain industrial users to provide
treatment.

A lmited number of water quality analyses have been published for the streams in
the vicinity of eandidate Site 23. However, selected analyses have been obtained for
stations generally upstream and downstream of the Site 23 area on Squirrel, Tanner,
Youngs, and Little Youngs ereeks as presented in Table 4.1.3-10. In general, the
water quality in Youngs and Liitle Youngs creeks is better than the water quality in
Squirrel and Tanner creeks. The TDS concentration—and in particular the
concentrations of magnesium, sodium, and sulfate—inerease in the downstream
direction. The water found in these ereeks is good enough for most uses, although
the high bardness and alkalinity values might require treatment for industrial use.
Based on the available analyses, surface waters in Youngs and Little Youngs ereeks

meet Wyoming and Montana water quality standards, the EPA's Primary and
Secondary Drinking Water Standards, and EPA's water quality criteria for freshwater
aquatic life. The water in Squirrel Creek meets il of the standards except the
Secondary Drinking Water Standard for TDS. Levels of TDS and suliate exceed the
Secondary Drinking Water Standards in Tanner Creek. (References 8, 59).

Groundwater. Generally speaking, the groundwaters available within the reservation

( ere poorer quality then the surface waters. The geologic profile of the reservation
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TABLE 4.1.3-9
WATER QUALITY IN THE TONGUE RIVER
ABOVE AND BELOW THE PROJECT AREA

Above Project Below Project at

at Monerch State Line Near Decker
Parameter® Average Range Average Range
Temperature {°C) 7.6 0 - 215 8.3 0 - 24
pH (units) - 75 - 84 - 7.6 - 8.7
Specific Conductance (umhos/em) 445 180 - 660 780 280 -~ 1700
Total Dissolved Sglids 281 105 - 377 538 190 - 1320
Caleium 50 22 - 62 73 25 - 180
Magnesium 23 88 - 3 44 17 - 11D
Sodium 16 3.1 - 32 39.4 8.6 - 58
Potassium 2.0 1.2 - 45 3.7 o - 11
Total Hardness (as CaCO3) 220 B3 - 270 365 110 - 900
Carbonsgte 0 0 -0 2 ¢ -8
Bicarbonate 213 88 = 270 289 88 - 760
Sulfate 80 13 - 150 203 41 - 490
Chloride 2.2 0.8 - 3.9 5.8 2.1 - 18
Iron 0.413 0.160 - 0.800 0.8943 0.160 - 0.1700
Manganese 0.25, 0.20 - 0.40 0.63 0.30 - 0.90
(Nitrate*'NOz)&sN 0.18 0.02 - 0.87 0.3 6.03 - 1.4
Fluoride G.18 0.1 - 0.3 0.4 6.1 - 0.7
Dissolved Oxygen 10.5 8.9 - 124 10.6 8.1 - 13.2
Turbidity (NTU) 14 1 - 99 15.5 1 -170
Suspended Solids - - 37 7 - 188
Iron, Digsolved 0.100 0.10 - (€.490 0.27 0.20 - 0.40
Flow (cfs) 624 60 -~ 1540 - 854 - 2200

Sources: USGS 1978, 1979.
2411 ynits are milligrams per liter unless otherwise indicated.
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shows a considerable number of shale formations which are highly mineraliz=d.
Groundwaters taken from the streambed alluvium (which represent most of the
groundwater development) are reflective of the water quality in the stream but
usually contain somewhat higher concentrations of dissolved minerals (Rocky
Mountain Research, October 1977). (Reference 26).

oy et e o R T e e e L e g e e et

Groundwater from uneonsolidated alluvium and terrace deposit aquifers is hard and
the predominant ions are sodium and sulfate. This groundwater is highly variable in
mineral content and its suitability varies correspondingly. Groundwater from the
unconsolidated deposits generally is suitable for either irrigation or domestic use, but
in a few localities the content of dissalved solids exceeds 4,000 ppm and the water is
undesirable for most purposes (HKM, October 1977). (Reference 26).

s ek
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A study by the USGS published in 1976 examined the quality of water found in the
alluvial and terrace deposits in the lower Big Horn River Valley (USGS, Hamilton,
1976). A summary of the water quality in alluvium and terrace deposits is shown in
Table 4.1.3-11. (Reference 76).
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A general indication of the chemical quelity of groundwaters on the reservation may
be obtained from Tables 4.1.3-12 and 4.1.3-13 which give results of tests of well
water in the lower Big Horn River Valley. These tables also indicate the geologic
source of the water or the perticular alluvium or bedrock material from which
waters in each instance were taken. Table 4.1.3-12 shows that the wells from the
Cloverly Formation and the Parkman Sandstone are markedly better quality than the
shallow wells drawing water from the terrace alluvial deposits. The same pattern
shows up in the larger number of well samples reported in Table 4.1.3-13. The
specific conductance values given in Table 4.1.3-13 are good indicators of total
dissolved minerals, Many of the values shown are higher than the acceptable limit
for either domestie or irrigation use. (References 27, 58a).

The results shown in Tables 4.1.3~12 and 4.1.3-13 are for the Big Horn River basin.
Earlier tests, made about 1920, and reported by Thom and others {1935), were made
on the Little Bighom and Pryor Creek drainage basins. Results are generally

4-125 LISL DN BISCLISURR OF REPSHT DATA
13 SURIZCT Y THE RESTRICTION BN THE
WOTIGE FATK AT VHE FRONT OF THIS REF2AE




TABLE 4.1.3-11
RANGE OF CONCENTRATION OF SELECTED
PARAMETERS IN SAMPLES TAKEN FROM ALLUVIA
AND TERRACE WELLS, LOWER BIG HORN RIVER VALLEY,

MONTANA
Parameter Range of Concentration
Calcium 55~ 524 mg/l
Magnesium 23- 282 mg/l
Sodium 14-1,706 mg/l
Carbonate & bicarbonate 300~ 600 mg/l
Sulfate 202-4,400 mg/l
Chloride 11~ 280 mg/l
Nitrate 0- 122 mg/l
Specific econductance 700-8,000 umhos/em

Source: Hamilton and Paulson, 1976.
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( TABLE 4.1.3-13

SPECIFIC CONDUCTANCE OF WATER FROM WELLS
IN THE LOWER BIG HORN RIVER VALLEY

n Sy a7 )
Tk s S Py e e g o O DR S =S o

Specific
Conductance
Depth Geologic  (Mieromhos
Well Number®  (ft) Source at 25°C)

.‘“
el

g
B
<
5B
b -
o A

1S 34E 18bbl 20 Qal 3,500
1S 34E 18bb 10 Qal 1,300
25 32E 12dd 55 Qt, 1,600
25 33E 2ba? 24 aty 1,850
25 33E 2bb 18 Qt] 3,200 N
25 33E 2ed 11 Qty 2,400
25 33E 3bb 50 Qty 2,000 iy
25 33E 3ee 16 Qty 8,400 oy
| 28 $3E 5bb 30 Qty 1,900
{ 25 33E 94d 20 Qty 1,100
2S 33E 10be 21 Qty 3,600 B
25 33E 10cd 2,500
25 33E 10de 9 Qty 3,300
28 33E 10a4d 50 Qal 4,300
28 33E 11ba 22 Qal 2,500 I
2 33E 15ba 17 Qty 2,100
25 32E 16eal 9 Qt; 1,250 [t
25 33E 18bb 55 Qty 1,400 .
L
25 33E 20de  26.2 Qal 2,000 i
2S 33E 29de 11 Qal 1,950
2S 33E 32db 13 Qal 2,600
3532E36da 70 8,000° B
i
3S 33E Sed 20 Qal 6,200 :
35S 33E 8cd 28 Qtl 7,520 ;
3S 33E 8da 6,500
3S 33E 9ba 70 Qt, 6,500
35 33E 20ab 600
3S 33E 29ab 80 Qty 2,200
35 33E 23bb 49 Qty 8,000°
(_ 35 33E 30aa 49 Qty 8,000¢
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TABLE 4.1.3-13

SPECIFIC CONDUCTANCE OF WATER FROM WELLS IN
THE LOWER BIG HORN RIVER VALLEY (Continued)

o R Specilic
- Conductance
o R Depth Geolog[i,c (Micromhos
P Well Number®  (ft) Source at 25°C)
o 45 32E 1ad 40 Qty 6,200
4S 32E Zaa 52 Qty 6,670°
D 48 32E 12dd 56 Qty 8,000
ok 45 32E 13ce 4,000
o 48 32E 23adl 26 Qty 3,000
P 4S 32E 23de 30 Qty 2,720
, 45 32E 24aa 29 4,000
S 4S 32E 24ce 55 Qty 2,900
SO 48 32E 24de 7 Qty 4,600
T 4S 32E 25bb 55 Qty 2,500
o o 4S 32E 26ad 50 Qty 2,600
Lo 48 33E 26bd 35 Qty 3,780
B 4S 32E 26da 45 Qty 2,800
R 4S 32E 35aza 38 Qty 2,600
S 48 32E 35ab 34 Qty 2,000
o 48 32E 36bd 38 Qt, 2,690
o 4S5 32E 36bd 86 Qty 2,500
R 4S5 33E 6aa 60 2,600
I 4S 33E 6ce 50 Qt, 5,900
R 4S 33E 7ab 170 Qty 1,900
U 4S 33E 7bb 66 Qt; 3,300
.. 4S 33E 7dd 50 Qty 3,100
Sy 4S8 33E 18ca 80 Qtl 4,700
. 5S 32E 17cc 33 Qal 1,750
R 55 32E 19da 32 Qal 2,300
. 5S 32 20ba a7 Qt, 1,640
s q 53 $2E 20aa &5 Qty 1,400
S 58 32E 30aal 45 Qty 2,400
e 53 32E 30aa2 25 Qt 2,000
S 55 32E 30bb 8 Qal 2,300
o 55 32E 3049 60 Qty 2,400
S 58 33 31aa 37 Qty 3,200
1 6S 31E 11de 30 Qty 1,000
6S S1E 1Bde 395 Kev 840
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( TABLE 4.1.3-13

SPECIFIC CONDUCTANCE OF WATER FROM WELLS IN
THE LOWER BIG HORN RIVER VALLEY (Continued)

Specifie
Conductance
Depth  Geologic  (Micromhos
Well Number®  (ft) Source at 25°C)

58 31E 35bd 50 2,400
58 31E 35¢e2 1,033 Kev 825

5S 31E 36ad 50 1,450
58 31E 36db 44 Qt, 1,180
55 32E 2aa 38 Qt, 3,100
55 32E 2ad 43 Qty 5,900
$S 32E 9ba 95 Qty 2,200
58 82K 10be 100 Qty 2,300
55 32E 10bd 45 Qty 2,300
5S 32E 11bb 35 Qty 6,030
55 32E 16dd 80 Qty 1,800

8Well number based on USGS numbering system
which gives township, renge, and location within
bthe section.
Geologic source: Qal, Alluvium; Qty Quaternary
Terrace deposit 13 Qt,, Quaternary Terrace
deposit 2; Kev, Cloverly Formation.
CMeter scale goes only to §,000.
Source: Hamilton and Pauisen, 1968.
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consistent with those shown in Tables 4.1.3-12 and 4.1.3-13—the waters from terrace
deposits and shallow alluvium sre highly mineralized, with the mineral content
increasing from south to north on the reservation. Waters from the Cloverly,
Parkmam, &dnd Morrison formations are econsiderably better and usually within
eeceptable limits for domestic and irrigation use.

For example, water from the Parkman Sandstone of the Montana Group is
characterized by extreme softness (low caleium and magnesium coneentration) and
very high sodium content. The principel anion is sulfate, although the concentration
of bicarbonate equals that of sulfate. Thus, water from the Parkman Sandstone in
the lower Little Big Horn River valley may be deseribed as essentially a solution of
sodium sulfate and bicarbonate. Water from the Cloverly Formation is similar in
composition to water from the Parkman Sandstone, except that the percentage of
biearbonate plus the carbonate sliphtly exeeeded the percentage of sulfate. Water
from the Claggett Shale Member of the Cody Shale is similar to water from the
Cloverly Formation, except the percentage of bicarbonate is almost double the
percentage of sulfate. Although the water from these bedrock aquifers in the
southern part of the area is suitable for domestie and industrial uses, its high
percentage of sodium makes it undesirable for irrigation (HKM, October 1977).
(Reference 26).

8 AR Tt B SPGB A YIS T AW A T

A well completed into the Colorado Group near the northern reservation boundary in
the general area of candidate Sites 1 and 1A encountered water having a total
dissolved solids content of over 24,000 ppm. The very high dissolved solids content

makes such water generally unusable {Rocky Mountain Research, October 1977).
(Reference 26).

The aquifers of Mississippian age—specifically the Mission Canyon or Madison
Limestone—have not been tested on the Crow Reservation. A well drilled to the
Madison at the Westmoreland Resources mine site, direetly north of the reservation,
and a well at Colstrip, northeast of the reservation, both encountered ealeium
sulfate-type water. A well in the Soap Creek oil field, west of the study area, slso
- flowed ealeium sulfate-type water from the Madison (BIA, Coal Development EIS).
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(Reference 5).

Available analyses of groundwater quality in the alluvium of Youngs and Tanner
creeks indicate high levels of several constituents, as shown in Table 4.1.3-14.
Alluvial groundwater in Tanner Creek is considerably higher in TDS than Youngs
Creek alluvial groundwater. Levels of magnesium, sodium, and sulfate are
significantly elevated in Tanner Creek alluvial groundwaters. Magnesium is the
primary cation in both groundwaters, bicarbonate is the primary anicn in Youngs
Creek groundwaters, and sulfate is the primary anion in Tanner Creek
groundwaters. The levels of TDS and sulfate in both groundwaters are above EPA
Secondary Drinking Water Standards. ALl EPA Primary Drinking Water Standards
were met in all analyses, except for the slightly elevated lead concentrations found
in Tanner Creek wells. Although the sodium absorption ratios of these waters are
generally below the levels at which irrigation problems are expected to occur, the
high sodium econcentrations may cause problems if water is applied by sprinklers
(Bouwer, 1978). In addition, industrial use of these waters, as well as waters from
the coal bed aquifers, may be limited by the high hardness and bicarbonate levels.
(Reference 8).

Groundwater quality in the coal seams is extremely variable, and TDS levels in the
groundwater are significantly higher than TDS levels of surface waters as shown in
Table 4,1.3-15. These waters can be characterized as a sodium bicarbonate type. A
comparison of these and other data with the EPA Primary Drinking Water Standards
indieates that all standards are met. However, test data have shown that Secondary
Drinking Water Standards for TDS and sulfate are consistently exceeded. Thus, use
of these waters for irrigation would be severely limited because of the high levels of
TDS and sodium. The high levels of TDS and sulfate would also severely limit human
eonsumption.
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TABLE 4.1.3-14

WATER QUALITY IN THE ALLUVIUM

Tanner Creekb

Parameter® . Youngs Creek Average Reange
Date 03/05/16

Location 95.38 E. 25 dace

Temperature (°C) 9.5 7.0 - =
pH (laboratory) (units) 7.9 - 7.8 - 8.0
Specifie eonductance

(u mhos/em) 1370 2153 2000 - 2180
Total dissolved solids 928 1713 1540 - 1936
Celeium 91 135 119 - 150
Magnesium 98 201 79 - 220
Sodinm 86 126 94 - 155
Potassium 9.4 12 -

Total hardness (as CaCo,) 634 1167 1099 - 1210
Cartonate 0.0 0.0 -
Bicarbonate 592 559 500 - 8617
Sulfate 321 940 814 - 1086
Chloride 4.9 6.8 3.7 - 10
Total alkalinity (as CaCOq) 485 459 410 -~ 506
Iron 0.14 0.17 0602 - 0.28
Manganese 0.01 0.063 0.01 - 0.07
Nitrate (as N) 1.59 e.59 0.23 - 0.90
Fluoride 0.7 0.3 0.2 -~ 0.4
a

All units are milligrams per liter unless otherwise indieated.

YSampled wells included 9S.38E.24cabe (10/15/72), 98.39E.20becd (9/4/76),
and 98.39E.20bced (3/4/76).

Scurce: Hedges et al., 1976.
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4.1.4 Physiography and Land Use

4.1.4.1 Site 1

SR The eandidate plant Site 1 is located in the northwestern portion of Big Horn County,
e Montana, in the unglaciated part of the Missouri Plateau seetion of the Great Plains
physiographie province. The area is a transition zone between the mountains in the
west and the plains to the east. The Bighorn Mountains, with elevations of 9,000 feet
above sea level are to the south. The Pine Ridge Hills are to the north. The Yellow-
tail dam is due south. The immediate ares is characterized by hills, high gravel
terraces, fans, and benches. They are mantled with gravelly mountain sediments,
valley fill, loess, and reworked old alluvium. These materials are formed from
weathering of shale and sandstone of the Colorado and Montana geologie groups.

This site is located on a relatively narrow and somewhat rounded natural divide that
separates it into two drainage areas. Drainage area of the western portion of the
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fr plant site slopes to the northwest as part of the Yellowstone River drainage area.
SR Fly CTreek, a tributary of the Yellowstone River, passes through the northwest corner
e 1

ZTE

of the plant site and flows north. Drainage to the east is received by the Bighorn
River. Onsite draiziage in the eastern sector is due to an intermittent stream, the
North Fork Two Leggins Creek. It flows eastward and empties into the Bighorn
River. Elevation on Site 1 ranges from about 3,240 to 3,360 feet above sea level.

Approximately 960 acres will be occupied by the propesed synfuels plant. The
existing land use for this site is for the production of winter wheat. The Montana
Department of Agriculture reported in the 1980 annusl Montana Agricultural
Statisties that winter wheat yields were 26.1 bu/acre. The wheat is harvested in July
and replanted in early September. The stubble field may be grazed in the interim.

4.1.4,2 Site 23
Candidate Site 23 is situated in the extreme southeastern corner of the Crow

Reservation. It is located in an area of narrow stream valleys bordered by narrow,
flat-topped plateaus. Ponderosa pine trees grow at the higher elevations. The srea
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is on the eastern slope of the Wolf Mountains, thus the loeal drainage is mainly to the
east. The site is situated on a flat-tcpped plateau. Immediate site drainage is to the
southwest into Tanner Creek and the northeast drainage is received by Squirrel
Creek. Dry Creek drains the eastern portion of the site. Site elevation varies from
approximately 4,100 to 4,400 feet MSL.

The primary use of this area is for livestock grazing. It is used in part also by
wildlife. The 1977 Soil Conservation Serviee (SCS) Survey indieates it ean be utilized
for pasture planting of alfalfa, crested wheatgrass, and pubescent wheatgrass.
Approximately one section of the land will be occupied by the proposed plant.

4.1.5 Soils and Vegetation

4,1.5.1 Soils

The soil descriptions herein were derived from the U.S. Department of Agrieulture
Soil Survey of Big Horn County (1977). For the purposes of this report, the SCS data
suffice. Soils series, mapping units, and soil elassification descriptions are located in
Appendix A-4. More intensive field studies and laboratory analyses are
recommended as part of the preoperational monitoring program onee a plant site is

selected. Appendix A-4 contalns the engineering properties of the two candidate
sites. (Reference 55)

Soils in eandidate Site 1 are young soils as indieated by small soil formation patterns,
low fertility, and extremes in chemical and physieal properties. They are formed in
alluvium and in weathered parent material of shale, sandstone, and siltstone. Soils in
the drier zones are formed from transperted parent material. Glaciers, signifieant in
soil formation in Montana, were not a factor in this particular area. The soil types
presented in this section are generalized and the soil series identified are subject to
change as more field data are collected. Likewise, the soil series and mapping unit
deseription (Appendix A-4) depict typieal aspeets and should not be applied as actual
onsite deseription. The soils of this site are typieal of the gentle, undulating hills
and terraces of Big Horn County. These soils are shallow to deep, nearly level to
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very steep, and gently undulating to hilly. They are found on fans, foot slopes,
terraces, and sedimentery uplands. The heavy, fine-textured shallow clay soils on
sedimentary uplands and hills ere grayish-brown silty clay and light elive-gray clay.
They are underlain by pele-olive clay at a depth of 18 in. Soils on terraces, fans, and
foct slopes that are nearly level to strongly sloping are also clay with about 2 in. of
gray-brownish silty clay underlain by pale-olive clay. Seven different soils series and
13 mapping units were found on the proposed site (Table 4.1.5.1 and Figure 4,1.5-1).
Since the parent material is mostly clay, the soils are not very complex. Average
annuel precipitation is 10 to 14 in. and the frost-free period is 90 to 125 days.
Although some of the area is classified as generally unsuitable for cultivation, the
site is used for small grain growing. Dry land farming is practiced.
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The soils along the pipeline, railroad, and roads are similar to the soil desecribed
above. The surface soils are about 3 in. deep with limited development and light in
color. They are formed in alluvium and in material weathered from shale. The soil
is low in organic matter and hard and massive when dry. The subsoils are 3 to 20 in.
thick and composed of grayish-brown silty clay. The brown and silty elay loams are
deeper and grayish-brown. The underlain material is pale yellow silty clay for the
thin soils. The deeper soils are underlain by light brownish-gray silt loam or olive-
gray silty clay loam. The soils are suitable for rangeland and dryland crops. Sofls
along the banks of the Bighorn River are 2 to 12 in. deep. Subsoils may be absent.
The underlain material is usually light yellowish and pale olive clay or loam. These
soils may be subject to flooding. Irrigated cropland is the usual land use. The more
dissected parts along the river are shale escarpments that erode easily. Along the
piver channels are gravel bars, low islands, and eroded flood plains that are nesrly
barren. The alluvial material is mainly sand, loam sand, gravelly sand, and sands.

e YT T
PR

= -'-Mﬁmﬁ’zﬁ* i&L

T
il e

Ty

5.

DS

Candidate Site 23 soils are shallow and mc¢derately deep, gently undulating to hilly,
and strongly sloping to very steep, well-drained soils. Shales outerop on sedimentary
uplands. Rock cuterops ean also be noted on the site. The predominate soils are
formed from calcareous clay loam and silty elay loam tablelands. Runoff is
medium. Shallow drainages traverse the area, hence, the erosion hazard is
moderate. The soil is suited to dryfarmed ecrops, hay, wildlife, recreation,
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TABLE 4.1.5.1
SOILS OF PROPOSED PLANT SITE 1

Soll Series/Mapping Units Acreage Percent

Allentine 373.8 14.6
Asd

Arvada 145.9 05.7
Aye

Haverson 15.4 0.6
Hfh

Kyle 243.2 4.5
Ks, Kt, Ku

Lismas 793.6 31.0
LK, LM, LN

Pierre 683.5 26.0
Pg, Pk, PM, PN

Vananda 284.1 11.1
Ve

Perennial Pand 20.5 0.8
Total 2,560 100
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watershed, and rangeland grazing and is located in the 10 to 14 in. precipitation
zone. The surface layer is light brownish-gray sﬁty clay loam about 2 in. thick. The
subsoil is grayish-brown, brown, and light olive-brown silty clay loam and silty clay
about 11 in, thiek. The substratum is light brownish-gray and pale olive silty elay
loam, silty clay, and clay that contains a few shale chips in the lower part. Clay
shale is at a depth of about 33 in. The site contains five soil series and seven
mapping units (Table 4.1.5-2 and Figure 4.1.5-2). The soil series and mapping units
are deseribed in more detail in Appendix A-4.

Approximately 690 acres will be oceupied by the pipeline and access roads. The
largest acreage to be affected will be the soils of the Korchea-Farnuf-Savage
Association comprising about 269 acres. The soil association consists of deep, nearly
level to steep, well-drained soils on flood plains, terraces, fans, and foot slopes (see
Table 4.1.5-1), Korchea comprises about 40 pereent of the assoeiation and is
grayish-brown loam about 8 in. thick. It is underlain by light brownish~gray loam and

{ silt loam. Farnuf soils comprise about 20 percent of the assaciation and are very
dark grayish-brown loam about 5 in. thieck. The subsoil is greyish-brown and pale
brown loam and silt loam. It is underlain by light yellowish-brown loam. Savage soils
comprise about 20 percent of the association and are dark grayish-brown silt Ioam
gbout 2 in. thick. The subsoil is grayish-brown silty clay loam and silty elay about 21
in. thick. It is underlain by olive silty clay. Twenty percent of the rest of the
association is composed of other soil series. Management concerns of these soils are
protection from spring flooding, proper irrigation, and erosion control. Irrigated
crops are corn, sugar beets, small grain, and hay.

The Doney-Reeder-Wayden Association comprises about 193 acres of the pipeline and
road easements. The assoeiation consists of moderately deep and shallow, gently
undulating to very steep, well-drained soils on sedimentary uplands. The assoication
is made up of about 30 percent Doney soils, 20 percent Reeder soils, 20 percent
Wayden soils, and 30 percent of others. Doney soils are grayish-brown loam about 6
in. thick. They are underlain by light yellowish-brown and pale yellow loam. Shale
and sandstone are at a depth of about 24 in. Reeder soils are dark gravish-brown
( " loam about 4 in. thick., They are undei'lain by pale-brown clay loam and loam. Shale
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TABLE 4.1.5-2
SOILS OF PROPOSED PLANT SITE 23

Soil Series/Mapping Units Acreage Percent
Doney 60 -B 9 '5

DOe
Midway 60.1 9.4

MVa, MVd
Renohill 398.1 62.2

Re
Thedsalund 55.7 8.7

THn, THo
Wayden 89.3 10.2

WL

Total 640 130
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and sandstone are at a depth of about 30 in. Wayden soils are grayish~brown silty
clay loam gbout § in. thick. The substratum is light brownish-gray silty clay loam.
Shale is at a depth of about 19 in. The sessocistion management ineludes
maintenance or improvement, rangeland vegetation, and eontrol of erosion.

The Wayden-Regent Shale Outcrop Association zomprises about 138 aecres. It
consists of shallow and moderately deep, gently undulating to hilly, and strongly
sloping to very steep, well-drained soils and shale outerop on sedimentary uplands.
The association is composed of 40 pereent Wayden soils, 25 percent Regent soils, 15
pereent shale outerop, and 20 percent other soils. Wayden soils' description is the
same as above. Regent soils are grayish-brown silty clay loam about 3 in. thick. The
subsoil is grayish-brown and pele olive silty elay loam about 13 in. thiek. It is
underlain by light gray silty clay loam. Shele is at a depth of about 26 in.
Management of the soils includes maintenance or improvement of rangeland
vegetation and eontrol of erosion. The land use is range.

The Beauvais Association consists of deep, gently undulating to hilly, well-drained
soils on terraces, fans, foot slopes, and loess-covered hills. The association (34
acres) is made of 40 percent Beauvais soil, 30 percent Colby soils, and 30 pereent
other soils. Beauvais soils are grayish-brown silty clay loam about 5 in. thick. They
are underlain by light gray and light brownish-gray silty clay loam. Colby soils are
grayish-brown silt loam about 5 in. thick. They are underlain by Iight brownish-gray
silty elay loam. Soil management includes protection from spring flooding, erosion
control, and maintenance or improvement of rangeland vegetation. The soils are

suited for irrigation, although they are normally used for dry-farmed grain and
range.

The Midway-Nunn Association consists of 34 acres, It is a shallow to deep, nearly
level to steep, and undulating to hilly, well-drained soil on terraces, fans, foot slopes,
and sedimentary uplands. The association is made of 45 perecent Midway soils, 30
pereent Nunn soils, and 25 percent other soils. Midway soils are light olive~gray silty
clay loam about 2 in. thick. They are underlain by olive~gray silty elay lcam. Shale
is at a depth of about 11 in. Nunn soils are grayish-brown silty clay loam about 8 in.
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thick. The subsoil is grayish-brown and light olive-brown siity clay and elay loam
about 15 in. thick. It is underlain by stratified clay loam, silt loam, and sendy clay
loam. The land use is range. Management concerns are maintenance or
improvement of rangeland vegetation and eontrol of erosion.

The Pierre-Lismas-Kyle Association is the smallest soil unit to be encountered along
the easement--about 21 aeres. These soils are shallow to deep, nearly level to very
steep, and gently undulating to hilly, well-drained soils on fans, foot slopes, terraces,
and sedimentary uplands. The association is comprised of 35 percent Pierre soils, 50
percent Lismas soils, 15 percent Fyle soils, and 20 percent other soils. Pierre soils
are grayish-brown silty clay about 3 in. thick. They are underlain by pale olive
clay. Clay shale is at a depth of about 29 in. Lismas soils are light olive-gray clay
abaut 1 in. thick. They are underlain by light olive-gray clay. Clay shale is at a
depth of sbout 18 in. Kyle soils are grayish~brown silty elay about 2 in. thick. The
subsoil is olive-gray clay and silty clay about 8 in. thick. It is underlain by pale-olive
clay, The main conserns pertaining to management are localized proteetion from
spring overflow, erosion control, end maintenesnce or improvement of rangeland
vegetation. The land use is mainly range, but the nearly level to sloping undulating
Pierre and Kyle soils are also suited to dry-farmed grain.

4.1.5.2 Vegetation

Candidate Site 1 is used primarily for raising wheat. Because of the eclase
relationship between plants, climate, and soils, range sites can be identified. A
combination of soil group names and precipitation zones determines a speecifie range
site. The predomtnant soils occupy the clayey range site, receiving 10 to 14 in. of
precipitation annually. The scils are moderately deep to deep granuiar clay loam,
silty clay loam, siity elay, sandy elay, and elay soils. Western wheatgrass, forbs, and
green needle grass are predominant species. Other range sites encountered are
Shallow Clay, Dense Clay, and Pan Spots. Appendix A-4 provides further diseussion
on range gites.

About 62 percent of Site 23 is eategorized as Clayey range site. Therefore, the site
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is similar to Site 1. The land is primarily used as grazing land, and wildlife also
inhabit the area. Other range sites are thin hilly and thin breaks. Appendix A-4
describes each range type. About half of the site is classified as being in good
condition and the other half as fair (B4, 1971). The average stocking rate for the
area is 3.8 acres per animal unit.

As previously mentioned, the easement for the access roads, railroads, and water
pipeline will encompass about 690 aeres at Site 23. The majority of the disturbed
land will affect the agricultural eommunity. The prineipal grain crops that are
grown in this srea are winter wheat and barley. Most of the areas used for grain
production are located on relatively level areas on dry uplands, The lands are not
irrigated. The Riparian type, located near Bighorn River, consists of a diverse plant
composition. The trees and shrubs are cottonwood, box elder, green ash, western
chokecherry, and hawthorn. Understory shrubs and grasses are snowberry, wood's
rose, Kentucky bluegrass, giant wildrye, streambank wheatgrass, and smooth brome.

The vegetation on the pipeline easement is not deseribed in this report as it actually
oceurs on Site 23, and the vegetation types presented here should not be considered
conclusive. The plant communities deseribed in this report were derived from
documents on other projeets that are in close proximity to the Crow synfuels project
and are, therefore, considered characteristic of the pipeline route. The vegetation
information was obtained from studies of proposed eoal development (Coennenberg
and DePuit, 1979; Roeky Mountain Research Corp., 1977; U.S. Department of the
Interior, 1981; and VIN, 1978). It is therefore recommended that a range vegetation
inventory study should be conducted on the pipeline route. The inventory should
include mapping of vegetation types, identification end Msting of species, and
measurement of density, composition, ecover, and production. The vegetation types
or ccmmunities are deseribed in the following paragraphs. (References 52, 69, 77).

The information from the above studies was subseguently utilized to assess the
vegetation presumed to be along the pipeline route. The route is situated in a
transition zone between mixed prairie grassland and eastern Montana ponderosa pine
forest. Therefore, the area represents a complex mixture of plant communities.
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Riparian vegetation types indicative of drainages traverse the area frequently. The
clayey areas are dominated by large sagebrush and the sandy aress by silver sage.
The higher elevations with more precipitation consist of ponderosa pine and other
trees.

The sagebrush-steppe type occurs on dry areas disturbed mainly by overgrazing
practices. Formerly, they were grasslands. The sagebrush once established tends to
inhibit other vegetation. Big sagebrush occupy the xeric sites which had retrogressed
from sagebrush-grassland or grasslands. The sagebrush-grassland type has a higher
diversity and density of other plants, mainly grasses. Where big sagebrush preveil
one can find broom snakeweed, rubber rabbitbrush, und rringed sagewort. Grasses
occur in small amounts. Grass species are western wheatgrass, sandberg bluegrass,
and various annual grasses. In the case of the samgebrush-grasslands; bluebunch
wheatgrass, prairie junegrass, and needlegrass oceur. Shrubs and half-shrubs would
. ineclude silver sagebrush. Silver sagebrush are more prevalent where more moisture
is available. They can be found in the lowlands near drainages. Other plants in this
community are cheatgrass, plains prickly pear, scariet globemallow, Indian ricegrass,
and sand dropseed. Plants that decrease under grazing pressure are prairie junegrass,
plains bluegrass, sandberg bluegrass, western wheatgrass, sand dropseed, and Indian
ricegrass.

The mixed shrub is similar in soil and available water conditions as the sagebrush
type except the land was disturbed to a greater degree. The plant species are the
same as those found in the sagebrush type. However, no single shrub species could
dominate the area, Other plants occurring here are three-leaf sumae, green
needlegrass, needle-and-thread, small soapweed, and curl-leaf mountain mahogany.

The mesophytie deciduous shrub-forb type oecurs in the moist upland areas, small
drainages, seep-spring areas, and in floodplain ereas. The vegetation is varied and
dense. The dominant plants are deciduous shrubs, some grasses, and forbs, Three
subtypes are found in this community. The upland drainage-seep subtype is found
along small drainages, seeps, and springs. Small trees and shrubs dominate these wet
sites. They ere snowberry, Wood's rose, chokecherry, American plum, and
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hawthorn. Eentucky bluegrass and western wheatgrass are the major subdominant
grasses, Forbs inelude; but are not limited to, western yarrow, groundsel, horsemint,
and wild Lcorice. The deciduous shrub-grassland subtype is found at higher
elevations, since the precipitation is higher and/or moisture accumulastes in the
depressionis. Dominant shrubs are prairie rose and snowberry. Grasses are green
needlegpass, Idaho feseue, and needle-and-thread. The floodplain-mud flat subtype is

adjacent to periodie fleoding. The plant diversity is low. Grasslike plants and
mesophytio shrubs asre present.

The mid-shori-grass prairie types are located on steep sidehills and on well-drained
loam and coarse-textured soils. Two eommunity subtypes are found. The loose, fine-
textured soil areas have little bluestem, red three-awn, sidecats grama, blue grama,
and threadleaf sedge. The shrubs are Porter flesbane, Hood's phlox, fringed
segewort, skunkbush sumae, and western snowberry. The sandy-loam or silf-loam
soils are in concave slopes at the heads of ephemeral streams. The area is dominated
by prairie sand reedgrass, a sod-former. Western ragweed, sand sagebrush, silver
sagebrush, curlycup gumweed, Louisiana sagewort, and Fendler sunflower ecommonly
cecupy spaces among the prairie sandreed sods. The mid-short-grass prairie
community Is relatively stable due to limited grazing because of the steep
topography.

The grassland types have the annual and perennial grass dominating. The community
is eharacterized by a large variability in short- and mid-grass species. The perennial
grasses are composed of western wheatgrass, bluebuneh wheatgrass, needle-and-
thread, green needlegrass, Kentueky bluegrass, sandberg bluegrass, prairie junegrass,
and Idgho fescue. The dominant grasses that occur in a particular area depend on
soil characteristies, aspect, available moisture, relief, and past land-use practices.
Idaho fescue prefer high preeipitation zones and/or north-facing slopes with wet
depressions. Bluebunch wheatgrass dominate the drier slopes. Western wheatgrass
and prairie junegrass concentrate on eclayey soils, wet sites, and/or in areas
consistently grazed. Needle-and-thread may co-dominate a site with bluebunch
wheatgrass and western wheatgrass. Blue grama may become a common speeies on
grazed aress in the drier areas. Big and silver sagebrush are eommon but in lower
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densities than the xerie areas. The perennial half-shrubs are fringed sagewort,
cudweed sagewort, and broom snakeweed. The annual grass subtype oceurs where
overg:razing or disturbance has teken place and the area is invaded by the annual
grasses. Often these areas are neer drainages and creek bottoms. Perennial grasses
may still be present. Invader grasses are usually Japanese brome and cheatgrass.

The Ponderosa—pine badlands community type are on uplands having rocky soils.
Some pine and juniper stands are dense enough to qualify as forests, but usually they
are limited to widely spaced savanna-like canepies or individual trescs. Understory
species vary according to soll and grazing conditions. Mildly grazed nonsaline sites
exhibit an association of grasses similar to the mid-short-grass prairie community,
dominated by little bluestem, sideoats grama, red three-awn, and bluebunch
wheatgrass. Severely used areas or areas with substrates derived from eclinker or
shale produce an understory dominated by annual bromes, various thistles, and
eurlycup gumweed. Certain sites possess a well-developed browse-shrub ecommunity
: consisting of skunkbush sumae, western snowberry, Wood's wildrose, western

chokecherry, re< wiidplum, and prickly currant. They form thickets on deep soils
along ephemeral sireams.

The deciduous riparian type is located near major stream courses offering a mesic
environment. The diverse plant composition contains plants which could not survive
under more xeric conditions on upland sites in semiarid regions. The overstory is
typieally dominated by broadleaved trees and large shrubs, which include plains
cottonwood, box elder, green ash, western chokecherry, and hawthorn. Major
understory shrubs and grasses inelude snowberry, Wood's rose, Kentueky bluegrass,

giant wildrye, streambank wheatgrass, end smooth brome. In marshy sites, cattail
and wiregrass beeome abundant.

Agrieuitural communities are divided into three types according to irrigation
methods. Dryland eroplands prevail on benchlands and hilltops. Crops are limited to
dryland hay meadows or drought-resistant small grains (erested wheatgrass, Russian
wildrye, sweet clover, trefoil, winter wheat, and winter barley). The irrigated lands
( produce alfalfa and mixed-grass hay. Common grass mixtures inelude timothy,
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orchard grass, smooth brome, Kentucky bluegrass, intermediate wheatgrass, and big
bluestem. Common legumes in hay production inelude alfalfa, soinfoin, sweet clover,

and trefoil. Areas that are flood-irrigated produce alfalfa, alsike and sweet clover,
sainfoin, trefoil, and various other grasses. Corn silage may be grown under these
conditions.

4.1.6 Wildlife Resources

4.1.6.1 Site 1 (Including Ancillaries and Right-of-Ways)

Information on the wildlife resources within the proposed areas of impact (Figure
4.1.6-1) is limited to winter aerial surveys conducted by the U.S. Fish and Wildlife
Service since 1979. Although verious off-reservation studies of wildlife resources
have been econduveted, primarily on Westmoreland Resource's lands (Traets I, 1, and
I), no site-specifie studies for the proposed area of impact have been conducted,
Therefore, information presented can, at best, be considered preliminary pending

future site-specific studies to document the extent of wildlife resources within the
proposed area of impact.

Large Mammals

Antelope. Pronghorn antelope are typical inhabitants of the plains end grassland
regions of Montana. The largest concentration of antelope (over 100 animals)
reported during the winter of 1981 were located in the extreme northern portion of
the reservation near Fly Creek (USFWS 1981) which is just west of the proposed area
of impaet. Grasslend habitat appears to be the preferred year-round habitat as
evident by the fact that 71 percent of all antelope sightings on Westmoreland's Tract
IH in 1975 occurred in grassland habitat which is typical of the proposed area of
impact. Although documentation on the status of antelope (i.e., seasonal occurrence,
population) within the proposed area is limited, available information suggests that
concentration and peopulation densities are highest during winter months. The
important winter range of antelope is illystrated in Figure 4.1.6-2. (Reference 74).
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