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HYDROGEOLOGIC CONDITIONS AND PROJECTIONS
RELATED TO MINING NEAR COLSTRIP,
SOUTHEASTERN MONTANA

by

Wayne A. Van Voast, Robert B. Hedges, and John J. McDermott

ABSTRACT

The Rosebud and McKay coal beds are important aquifers and are the objectsof strip coal mining near
Colstrip, They transmit about 5,000 cu. ft. of ground water per day across areas that will probably be mined.

Hydraulic conductivities and storage coefficients for mine spoils are similar to those of confined coal-
bed aquifers. Implications are that spoils do not act as barriers to ground-water flow and that rubble zones
along the mine floors contain water under pressure greater than atmospheric.

Ground-water quality near Colstrip is diverse. Dissolved-solids concentrations range between about
400 and 6,000 mg/1 and are generally highest in waters from the oldest mine spoils. Sulfate is the predominant
anion; no specific cation is predominant. Dissolved lead is detectable in most waters in the area; concentra-
tions appear somewhat higher in waters associated with mine spoils than in other waters. Mine-cut effluents
are chemical mixtures of ground waters normally discharging along outcrops and subcrops; they have not
caused degradation of water quality.

Water-level measurements since 1974 have detected no mining-related changes around the Rosebud
mine; within 1% miles west of the Big Sky mine, declines have been 1 foot or more. Ultimately, active ‘mine
cuts may physically destroy five reservoirs, four springs, and twenty-six wells; in addition reliabilities of four
reservoirs, three springs, and nine wells may be reduced. Where ground-water supplies are lost, new ones will
be obtainable from wells completed in deeper aquifers.

After mining, ground-water-flow patterns will reestablish in the reclaimed areas and will not differ

greatly from present patterns. Ground waters will be chemically diverse; principal constituents will probably
be magnesium and sulfate, and dissolved lead concentrations may be generally higher than before.

INTRODUCTION

The probability of large-scale development of Fort
Union coal has caused concern for all factors of south-
eastern Montana’s environment. Concerns for water
resources have been particularly great because of the
extreme water dependency of the coal region’s agricul-
tural community. The Montana Bureau of Mines and
Geology is conducting research at several mine sites in
the region to determine hydrologic conditions before

and during mining and to predict conditions after mining
operations are completed. This report describes hydro-
logic research near Colstrip in southeastern Montana
(Fig. 1), where strip coal mines are in operation and
additional mines are planned.

Mining began near Colstrip in 1924 when North-
western Improvement Company, then a subsidiary of
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INTRODUCTION 2

Northern Pacific Railway Company, opened the Rosebud
mine (Fig. 1) and operated it until 1958; Western Energy
Company, a subsidiary of Montana Power Company, re-
opened the mine in 1968 and completed its southern
portion in 1974, By then, about 2,000 acres of land had
been disturbed. Mine cuts have since been opened in
areas A and E, and plans have been made for develop-
ment of areas B, C, and D. Western Energy Company
may disturb 10,000 acres in the Colstrip area. Another
operator, Peabody Coal Company, opened the Big Sky
mine, about 5 miles south of Colstrip, in 1969. Since
then, the mine has gradually been expanded into Peabody
Coal Company’s development area a, which will eventu-
ally affect about 1,000 acres of surface. This report is a
summary of hydrologic data and interpretations that have
been generated in studies of the area since 1973. Hydro-
logic aspects of operations by both companies are de-
scribed, and potential hydrologic changes are discussed.

PREVIOUS INVESTIGATIONS

Several studies have been conducted by the U. S.
Geological Survey to define coal and water resources in
the Colstrip area. From this work, Renick (1929) de-
scribed the geology and ground-water resources of a large
part of Rosebud County, including the areas of coal re-
serves currently proposed for mining. Renick’s descrip-
tion of ground-water resources has special significance
because his information predates any commercial mining
near Colstrip.

Several other reports by the U. 8. Geological Survey
described the coal resources of the area (Dobbin, 1929;
Bass, 1932; Pierce, 1936; and Kepferle, 1954). A more
detailed study by the staff of Burlington Northern, Inc.,
under the direction of V. W. Carmichael (1964) generated
a map of geologic structure and overburden thicknesses
in the area. That photogeologic map provides the geo-
logic framework for this hydrologic study.

Western Energy Company and Peabody Coal Company
provided financial support, access, and imporiant geologic data
for the research. Additional funds for mine-spoils research were
contributed by the Northern Great Plains Resource Program, the
U, 8. Environmental Protection Agency, the Old West Regional
Commisslon, the Office of Water Resources Research, and the
Montana Bureau of Mines and Geology. Many of the baseline
hydrologic data included in this report were collected by the
U. 8. Geological Survey, Water Resources Division, in coopera-
tion with the Montana Bureau of Mines and Geology. The Mon-
tana Highway Department, at the request of the Office of the
Lieutenant Governor, contributed drilling equipment and person-
nel for construction of several shallow observation wells. Area
residents and Burlington Northern, Inc., provided field access
and data on wells and springs.

Special gratitude is owed to the usually innominate staff
of the Montana Bureau of Mines and Geology, Billings office, for
their labors in the collection of data and in the preparation of
this report. Particularly, Michael R. Garverich and Judy L.
McKeehan are acknowledged for their hard work.

Recent hydrologic data from the Colstrip area have
been compiled by Westinghouse Electric Corporation in
a locally distributed environmental analysis (1973), and
by the Montana Bureau of Mines and Geology (Van Voast
and Hedges, 1974) in an open-file report. Data from both
of those reports were used extensively in the current
study.

DATA-POINT NUMBERING SYSTEM

The system of numbering data points is based on
the U. S. Bureau of Land Management system of subdivi-
sion of the public lands. The Colstrip area is in the Mon-
tana Principal Meridian system. The first segment of a
data-point number indicates the township north or south
of the baseline; the second, the range east of the principal
meridian; and the third, the section in which the data
point is located (Fig. 2). The letters A, B, C, and D, fol-
lowing the section number, locate the point within the
section. The first letter denotes the 160-acre tract; the
second, the 40-acre tract; the third, the 10-acre tract; and
the fourth, the 2%-acre tract. The letters are assigned in
a counterclockwise direction, beginning in the northeast
quadrant. If two or more data points are located within
the same 2%-acre tract, numbers are added as suffixes. It
is important to note that the order of quarter-tract desig-
nations is exactly reversed from that commonly used by
surveyors; here the order begins with the largest quarter
and progresses to the smallest. Thus, in Figure 2, the des-
ignation 2 N. 41 E. 13 ABCD identifies the first data
point in the SE% SWi% NW¥% NE% sec. 13,T.2N, R.41 E.

TIN c3ge 39 40 41 |42 a3

bose line

TIS
g \
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Figure 2.—Data-point numbering system.
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PHYSIOGRAPHY

The climate of the Colstrip area can be classified
as semiarid. From 1941 through 1970, the average annual
precipitation was 15.79 inches (U. S. Weather Bureau,
1973), of which about 60 percent fell during the growing
season (May through September). Average annual tem-
perature for those years was 45.9°F. Most of the land sur-
face is characterized by gentle slopes and subdued drain-
age divides; steep slopes and narrow ridges are present in
the uplands in the western part of the area. The highest
land-surface altitude (about 4,800 feet) occurs along the
western drainage divide of East Fork Armells Creek
(Fig. 3); the lowest altitude is about 3,000 feet and occurs
along Rosebud Creek at the northeastern corner of the
project area. Most mining will occur in the drainage basin
of East Fork Armells Creek, which drains directly to the
Yellowstone River approximately 30 miles north of Col-
strip. Other drainages are tributary to Rosebud Creek,
which also flows to the Yellowstone. Small areas have no
apparent external surface drainage; these are the northern
and southern ends of the Rosebud mine where natural

drainages were obstructed by mining activities and were
not restored when mining was completed.

Most streams flow only during periods of snow-
melt and after infrequent events of high-intensity rain-
fall. Rosebud Creek and East Fork Armells Creek down-
stream from Colstrip have perennial flow generated by
continuous ground-water discharge. Downstream from
the project area, parts of the Armells Creek valley are
reportedly “waterlogged” because of a high water table.
Upstream from Colstrip, East Fork Armells Creek is gen-
erally dry except for water holes where its channel locally
penetrates the water table.

Streamflow data are not available to derive direct
values for flood peaks and average annual discharges in
the Colstrip area. A method described by Johnson and
Omang (1976) for estimating magnitudes and frequencies
of floods in Montana was applied to predict peak flow
rates having 10-, 25-, 50-, and 100 -year recurrence inter-
vals (Table 1). The method utilizes drainage area, channel
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Figure 3.—Watercourses and drainage divides in the Colstrip area, southeastern Montana,



GROUND WATER OCCURRENCE ]

slope, channel length, and average annual precipitation,
and was developed empirically through regression analy-
ses of Montana streamflow records. The method is not
very precise, and so the discharge rates in Table 1 are pre-
sented as theoretical ranges within which actual flows
have a 68 percent likelihood of occurrence. Flood peaks
thus predicted for the project area are surprisingly large
considering the usually dry or ponded conditions of the
streams. Average annual discharge rates were also esti-
mated by indirect methods (Table 1). Analyses of data
from Sarpy Creek near Hysham and from Pumpkin Creek
near Miles City (U. S. Geol. Survey, 1974) indicate an
average annual runoff rate of about 0.08 inch per year
for each of those drainages; the same value seems appli-
cable to drainages in the project area. Another estimate

HYDROGEOLOGY,
GROUND-WATER TERMINOLOGY

The uppermost surface below which geologic mate-
rials are saturated under hydrostatic pressure is termed
the “water table”. Water is stored within spaces between
grains or in fractures in the geologic material; the ratio of
volume of pore space to total volume of material, ex-
pressed as a percentage, is known as “porosity”. All geo-
logic materials are porous to some degree. Their ability
to transmit water under field conditions is termed “hy-
draulic conductivity” and depends upon the size of the
pore spaces and the degree of their interconnection. Hy-
draulic conductivity as used in this report is defined as
the flow of water in cubic feet per day through a cross-
sectional area of geologic material 1 foot thick and 1
foot wide under a hydraulic gradient of 1 foot per foot.
“Transmissivity” is used to indicate the ability of an aqui-
fer to transmit water and is equivalent to the hydraulic
conductivity multiplied by the aquifer thickness in feet.
Transmissivity is defined as the flow of water in cubic
feet per day through a section of aquifer 1 foot wide
under a hydraulic gradient of 1 foot per foot. The vol-
ume of water that an aquifer can release from or
take into storage per unit surface area of the aquifer
per unit change in head, is known as “storage co-
efficient”. Storage coefficient and transmissivity are
the main characteristics that determine the worth of
an aquifer as a source of water. Another term, “spe-
cific capacity”, defined as the ratio of the rate of
well discharge to the drawdown of water level, is used
to describe well performance. Under certain assump-
tions the specific capacity of a well can be theoreti-
cally related to the transmissivity of the producing
aquifer.

of average annual runoff was made by applying precipi-
tation and evaporation data to water budgets for stock
reservoirs that apparently have year-round storage and
that lie at a wide range of altitudes in the area; an average
runoff of 0.09 inch per year from contributing drainages
was computed.

Less than a tenth of one percent of the area’s aver-
age annual precipitation leaves the area directly as stream-
flow; almost all of the streamflow occurs during short-
duration floods. Most precipitation returns to the atmo-
sphere through processes of evaporation and transpiration,
and a small remainder enters the geologic materials of the
area to become ground water, a priceless resource and
the subject of this report.

PRESENT CONDITIONS

GROUND-WATER OCCURRENCE

Shallow aquifers that provide water in the Colstrip
area are alluvium (unconsolidated deposits of silt, sand,
and gravel) and consolidated beds of coal, silt, and sand
of the Tongue River and Tullock Members of the Fort
Union Formation (Fig. 4). The most significant deposits
of alluvium occupy the floodplains of East Fork Armells
Creek and Rosebud Creek; consolidated materials are
present beneath the entire area. East Fork Armells Creek
alluvium and the Rosebud and McKay coal beds are the
only significant aquifers that will be disturbed by mining.

The East Fork Armells Creek alluvium has a total
thickness as great as 40 feet and consists of beds of silt
and clay overlying beds of sand and gravel. The sand and
gravel beds have a maximum combined thickness of 20
feet and directly overlie consolidated Fort Union materi-
als. Thinner deposits of alluvium occupy bottoms of the
smaller drainages (Fig. 3); those in Miller Coulee and its
tributaries will be disturbed by mining. Materials in them
are probably much finer grained than those in alluvium
along East Fork Armells Creek.

The Rosebud and McKay coal beds have thick-
nesses of about 25 feet and 10 feet, respectively, and are
separated by clay, silt, and sand beds of extremely vari-
able local thicknesses. Total thickness of materials, here
termed Rosebud-McKay “interburden”, ranges between
about 3 and 60 feet. The interburden thickness is not
predictable at any location and has no apparent areal
trend. The thickest interburden strata seemingly contain
the greatest thicknesses of sandstone; at these locales, the
sandstone beds are aquifers of probably only local extent.
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WATER USE il

GEOLOGIC STRUCTURE

The project area lies on the northeast flank of a
broad shallow northwest-trending syncline or struc-
tural trough originally described by Dobbin (1929).
The axis of the syncline plunges southeastward and
crosses the western end of the area (Pl. 1). The syn-
cline is a probable extension of one contoured by
Rogers and Lee (1923, PL. 10) in the Tullock Creek
coal field, 20 miles west of Colstrip. Structural gradi-
ents of the Rosebud coal (Pl. 1) trend mostly south-
ward, and are greatest in the western half of the area,
where they locally exceed 100 feet per mile. In the
area of current mining activity, attitude of the Rose-
bud coal bed is relatively subdued. There the predomi-
nant southward gradient is interrupted by a gentle
anticline or structural ridge centered along Lee Cou-
lee near the southern boundary of T. 1 N., R.41 E. All
of the active mine areas lie in a very shallow eastward-
dipping geologic basin north of the Lee Coulee anti-
cline.

Contours on Plate 1 are based upon subsurface
data from drill holes and do not acknowledge the
many faults mapped on the surface by Carmichael
(1964). Faults of small stratigraphic displacement are
certainly present in the area, and their cumulative dis-
placements probably account for much of the gener-
alized structural configuration.

WATER USE

Most water supplies for municipal and industrial
uses at Colstrip are imported from the Yellowstone
River, about 30 miles away; waters for rural-domestic
and agricultural uses are obtained from within the
project area.

Montana Power Company imports water from
the Yellowstone River by way of a newly constructed
26-inch-diameter pipeline about 30 miles long. Most
of the designed average inflow of 1.5 million cubic
feet per day will be utilized by two coal-fired steam
generation plants recently constructed at Colstrip.
About 60 thousand cubic feet of river water per day
is delivered by the pipeline to the town of Colstrip for
municipal supply. Before completion of the pipeline,
the municipal water supply was obtained from seven
wells that drew water from sandstone aquifers 100 to
1,500 feet below the McKay coal bed and from one
well completed in a limestone aquifer more than
7,500 feet below land surface. Outside of Colstrip,
water users rely upon locally obtained surface water
for stock and irrigation supplies and upon ground

water for domestic, stock, and mining-related needs.
Inventories conducted by the U. 8. Geological Survey
and the Montana Bureau of Mines and Geology have
documented most of the existing water-use locations
for the area (Pl. 2; Tables 2, 3).

Most supplies of surface water are obtained from
small reservoirs impounded by earthen dams on inter-
mittent watercourses. The reservoirs receive runoff
during the spring and early summer months and store
water for use during drier periods. The distribution of
reservoirs believed to provide perennial storage within
the area is fairly uniform (Pl 2) and is about one res-
ervoir per 5 square miles of area. Although perennial
reservoirs provide very dependable water supplies, their
distribution is too sparse to serve all of the ranching
needs of the area.

Additional livestock water is obtained from
springs. The discharges from many springs vary season-
ally; some of them flow only during parts of each
year. Geologic sources of the spring waters, interpreted
in Table 2, are the surficial materials at each spring
location and are referenced to the stratigraphic section
to be disturbed by mining: from 150 feet above the
Rosebud coal to the base of the McKay coal. Most
springs in the project area occur above the 150 feet of
overburden or below the McKay coal. Several of them
discharge water from alluvium, probably recharged by
subcrops of Fort Union aquifers. Most of the springs
that discharge from coal or strippable overburden are
in the western half of the project area along the beds’
northern outcrops. Average density of springs is about
one per 4 square miles. They are reported to be reli-
able sources for water supplies except during periods
of extended drought.

Many wells have been drilled in the Colstrip area
to obtain water for stock and rural-domestic needs.
Most of the wells are less than about 200 feet deep
(Table 3) and are drilled to the shallowest sources of
ground water. When pumped, few of the wells produce
more than about 1 cubic foot of water per minute;
most of them are adequate for stock and domestic
needs. Source aquifers for well waters have been inter-
preted on Table 3 wherever information was adequate.
The diversity of well depths and stratigraphic positions
of aquifers exemplify the number of sandstone beds
in the Tongue River and Tullock Members of the Fort
Union Formation. Significant coal beds, the Rosebud
and McKay, are utilized only where they lie within
about 200 feet below land surface. Logically, these
areas nearly coincide with areas where the coal beds
are economically mineable. Density of water wells in
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Table 2.—Spring data for the Colstrip area, southeastern Montana.

Location: See text for explanation of well-numbering system. Aquifer: Interpretations by MBMG. Coded sources — RO+, more

Altitude: Altitude of land surface at spring, estimated from than 150 feet above Rosebud ceal; RO, overburden, 0-150
U.S. Geological Survey 7%-minute topographic maps; feet above Rosebud coal; Sub Mc, unspecified aquifers
accurate to 10 feet. stratigraphically below McKay coal.

Specific conductance: Field electrical conductance of water, Water analysis: See water-quality table for chemical analyses
in micromhos per centimeter 25°C ;“L" indicates of water.

laboratory conductance.

Estimated
discharge
Altitude Date Specific (gallons per Water Water
Location (feet) examined  conductance minute) use Aquifer analysis
2N 38E 03ABBB 3600 - 613 - Stock Rosebud coal
2N 38E 03BAAA 3615 6-73 - 3 Stock Rosebud coal
2N 38E 03CCAD 3520 o 952 2 Stock Rosebud coal
2N 38E 10DCDC 3520 - - - Stock RO
2N 38E 11ABBD 3520 - - - Stock RO
2N 38E 11ADBC 3500 - - - Stock RO
2N 38E 11DAAC 3480 - - - Stock RO
2N 38E 11DCCA 3680 - - - Stock RO+
2N 38E 12CADB 3460 6-73 - 6 Stock Rosebud coal
2N 38E 13ABBD 3400 - - 3 Stock Rosebud coal
2N 38E 34ABBC 3630 7-73 - 1 Stock RO+
2N 38E 35ACAD 3700 - = - Stock RO+
2N 38 E 36BBEBC 3670 7-73 - - Stock RO+
2N 38E 36DCDC 3760 7-73 - 0.5 Stock RO+
2N 39E 02CABB 3115 — - - Stock Sub Mc
2N 39E 07BDCB 3380 7-73 - - Stock Sub Mc
2N 39E 08CBAD 3230 7-73 - - Stock Sub Me
2N 39E 12CCCD 3140 - - - Stock Sub Mc
2N 39E 14BDBB 3180 = = 10 Stock Alluvium
2N 39E 18ABDC 3300 7-73 - o Stock Sub Mc
2N 39E 19DBDA 3435 7-73 - - Stock Sub Me
2N 39E 24BDAB 3210 7-73 - - Stock Sub Mc
2N 39E 26DDAA 3295 - - o Stock Alluvium
2N 39E 31ABAA 3500 10-72 3550 8 Stock Rosebud coal yes
2N 39E 31CBCD 3620 10-72 - 8 Stock RO
2N 39E 31CDCC 3620 10-72 - - Stock RO+
2N 39E 31CDCD 3620 10-72 — - Stock RO+
2N 39E 36CBAC 3395 - - - Stock McKay coal
2N 39E 36CBBD 3390 - - - Stock McKay coal
2N 39E 36CDDB 3400 7-73 - 0.5 Stock McKay coal
2N 40E 17CCBC 3255 - - o Stock Sub Mc
2N 40E 17CDBA 3305 o - - Stock Sub Me
2N 40 E 18DAAC 3235 — - - Stock Sub Me
2N 40E 18DADC 3240 10-72 3550 3.2 Stock Sub Me yes
2N 40E 28CCBB 3420 7-75 - 5 Stock Alluvium
2N 40E 32BBAA 3380 - — — Stock Rosebud coal
2N 40E 33CCDD 3415 - - - Stock Alluvium
2N 41E 13BBCD 3200 - - - Stock Alluvium
2N 41 E 17ADAD 3120 10-73 2798L - Stock Sub Me ves
2N 42 E 30CCCA 3225 - - - Stock Rosebud clinker
2N 42 E 31CBDC 3160 - - - Stock Alluvium
1N 38E 02DADD 3920 - - - Stock RO+
1N 38E 03AACC 3710 - - Stock RO+

1N 38E 03ACDC 3660 8-73 4320 - Stock RO+



Table 2.—-Continued

Location

1N 38E 03ADCC
1N 38 E 10BBDC
1N 38E 11CCDD
1N 38E 11DBBC
1N 38E 12CDCA
1N 38E 13AADA
1N 38E 13BABB
1N 38E 13BCBA
1N 38E 14CBCB
1IN 38 E 15BBDA
1N 38E 15BCCD
1N 38E 15DAAD
1N 39E 06ADDA
1N 39 E 08CDDA
1N 39E 09DDAA
1N 39E 10BABB
1N 39E 11BBDD
1N 39E 14BBAB
1N 39E 17AACB
1N 39E 18ADCC
1N 39E 18ADDD
1N 39E 18BDEC
1N 39E 18BDCB
1N 39E 23CCBB
1N 39E 24ABCC
1N 40 E 02BABD
1N 40 E 02BBDD
1N 40 E 02BDAB
1N 40 E 04CAAA
1N 40E 19DCCD
1N 40 E 20DADC
1N 40 E 27DCDD
1IN 40 E 30ABBC
1N 40 E 30ACDC
1N 40 E 31DBDA
1N 40E 32ADDB
1N 41 E 24CCAA

15 40 E 03BBAD
15 40 E 06BEDB
15 40 E 07CBCD
18 40 E 08AADB
15 40E 09DADC
15 40E 12DDDA

SPRING DATA

Estimated
discharge

Altitude Date Specific (gallonis per Water
(feet) examined  conductance minute) uge
3680 - - - Stock
3540 - 2050 1 Stock
3660 8-73 - - Stock
3743 8-73 5840 0.1 Stock
3850 - - - Stock
3830 8-73 1860 0.5 Stock
3820 - - - Stock
3755 - - - Stock
3540 - - - Stock
3550 8-73 2830L 0.1 Stock
3415 8-73 7320 - Stock
3460 - - - Stock
3690 7-73 - - Stock
4160 7-73 - - Stock
3920 7-73 — - Stock
3790 - - - Stock
3940 - - - Stock
3820 10-73 - - Stock
4260 10-73 - - Stock
4175 10-73 - - Stock
4330 10-73 - - Stock
4020 - - - Stock
4000 8-73 - 2 Stock
3990 - - - Stock
3780 - - = Stock
3440 7-73 2930L 0.6 Stock
3450 7-73 - - Stock
3450 7-73 - - Stock
3435 - - - Stock
3630 9-73 2090L 1 Stock
3515 9-73 - 0.3 Stock
3350 - - - Stock
3610 9-73 - 3 Stock
3610 9-73 - 3 Stock
3610 7-73 = 1 Stock
3490 - - - Stock
3130 = - - Stock
3510 - - - Stock
3890 9-73 1640 0.2 Stock
3675 9-73 - 0.2 Stock
3600 9-73 2400 2 Stock
3475 - - - Stock
3480 7-73 692L 0.5 Stock

_Aquifer

RO+

RO

RO+

RO+

RO+

RO+

RO+

RO+

RO+
Rosebud coal
Sub Mec

RO

RO+

RO+

RO+

RO+

RO+

RO+

RO+

RO+

RO+

RO+

RO+

RO+

RO+
Rosebud coal
Rosebud coal
Rosebud coal
Rosebud coal
RO+

RO

RO

RO+

RO+

RO+

RO+
Alluvium
RO+

RO+

RO+

RO+

RO+

RO+

yes

yes

yes

yes

ves

yes



10 HYDROGEOLOGIC CONDITIONS RELATED TO MINING NEAR COLSTRIP

Table 3.—Water-well data for the Colstrip area, southeastern Montana.

Location: See text for explanation of well-numbering Specific conductance: Field electrical conductance of
system. water, in micromhos per centimeter at 25°¢; “L”
Altitude: Altitude of land surface at well, estimated indicates laboratory conductance.
from U.S. Geological Survey 7%-minute topographic Aquifer: Interpretations by MBMG. Coded sources—RO+,
maps; accurate to 10 feet. more than 150 feet above Rosebud coal; RO, overburden,
Depth to water: Depths to nearest 0.1 foot measured; 0-150 feet above Rosebud coal; Sub Mc, unspecified
depths to nearest 1.0 foot reported; “F” indicates aquifers stratigraphically below McKay coal.
flowing well. Water analysis: See water-quality table for chemical

analysis of water.

Well Depth to

Altitude depth  water Date Specific Tempera- Water
Location (feet) (feet)  (feet) examined conductance ture(°C) Water use Aquifer analysis
2N 38E 15ADDA 3540 - - 7-73 1840 - Stock Sub Mc
2N 38E 15CCDC 3500 - - 773 1232L - Stock Sub Mc yes
2N 38 E 24BCBC 3530 - - - 1290 - Stock Alluvium
2N 38E 25CDDC 3640 - 150 - - - Stock Roscbud coal
2N 38E 26AABA 3650 226 166.8 10-73 = - Stock Sub Mc
2N 38E 36CDBD 3766 - 60 - - - Stock RO+
2N 39 E 03CDBB 3195 113 61.0 9-73 = - Stock Sub Mc
2N 39 E 05BCBA 3205 57 - 9-73 2400 11.0 Stock Sub Mc yes
2N 39E 05DDDC 3170 16 15.2 9-73 6638L 13.3 Stock Alluvium or Sub Mc yes
2N 39 E 06CBBB 3320 - - - - - Stock Sub Mc
2N 39E 0BAABB 3170 - - - - - Stock Sub Mc
2N 39 E 10BBCA 3245 130 75 - - - Stock Sub Me
2N 39 E 12CCCy 3160 555 - 11-72 1200 13.5 House Tullock yes
2N 39E 12CCC, 3150 71 35 - . - Stock Sub Mc
2N 39E 12CCDB 3130 20 17 - - - Stock Alluvium
2N 39 E 14BDBB 3180 240 o 7-15 3150 = House Sub Mc
2N 39E 16ACDD 3260 100 35 - - - Stock Sub Mc
2N 39E 17DCAA 3320 - - 8-75 - - Stock Sub Me
2N 39E 19CACB 3468 - - - - - Stock Unknown
2N 39 E 20DBCB 3457 ~ - 875 - - Stock Unknown
2N 39E 23CAAB 3350 - 98.7 7-73 1450 27.0 Stock Sub Mc yes
2N 39E 24CDAB 3250 140 50 7-73 3030L - Stock Sub Mc yes
2N 39E 24CDDD 3240 46 18.1 7-73 - - Unused  Sub Mc
2N 39E 25ACDC 3280 136 58 7-73 5060L - Stock Sub Mc yes
2 N 39 E 27CCCC 3430 262 127.6 7-73 - - Stock Sub Mc
2N 39E 28CABD 3375 - - 8-75 - - Unused Unknown
2N 39 E 29BCCC 3456 - - 8-75 - - - Unknown
2N 39 E 30CBAA 3555 = - - - - Stock Unknown
2N 39 E 31CBAA 3550 128 35.9 7-75 - - Stock Rosebud coal or RO
2N 39E 31CDBA 3625 220 73.1 7-75 - - Stock Rosebud coal
2N 39E 32DDDD 3520 - - 7-73 3500 12.5 Stock Unknown yes
2N 39E 34ADBB 3435 60 27 11-72 2940L = House Rosebud coal yes
2N 39E 34DADB 3470 80 26.9 7-73 2050L 16.0 Stock Rosebud coal yes
2N 40E 0lAAAA 3145 117 93 8-75 - - Stock Tullock
2N 40 E 02DACB 3205 69 29.3 875 - - Unused Sub Mc
2N 40 E 04BBAA 3270 84 30 - - - Stock Sub Mc
2N 40 E 06ABAB 3190 86 70 - - - Stock Sub Mc
2N 40 E 06ABAC 3200 143 84 - - = Stock Sub Mc
2N 40 E 06ABBA 3190 = 40 = 2400 - House Sub Mc
2N 40 E 06CBCB 3160 104 84 7-73 3000 10.5 Stock Sub Mec yes
2N 40E 07BDCC 3210 128 80 7-73 - - Stock Sub Me

2N 40E 10BBCD 3282 210 145 - - - Stock Sub Mc
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Table 3.—Continued

Well Depth to
Altitude depth  water Date Specific Tempera- Water
Location (feet)  (feet) (feet) examined conductance ature (°C) Water use Aquifer analysis
2N 40E 11AABA 3241 130 60 - - - Stock Sub Mc
2N 40E 12AAAB 3260 165 30 - - - House Sub Mc
2N 40E 17AACA 3440 184 165 - - - Stock Sub Mc
2N 40E 17ABDD 3480 185 80 - - - Stock Sub Mec
2N 40E 24DBDC 3220 85 60 - - - House Sub Mc
2N 40E 24DCBA 3220 30 22 - - = Stock Alluvium
2N 40 E 25BABA 3245 80 60 - - - Stock Sub Mc
2N 40E 26BADB 3274 - - - - - Stock Sub Me
2N 40E 28AADD 3370 146 75.7 7-75 3510 12.0 Stock Sub Mc
2N 40E 29CCDC 3380 - F 7-15 2820 16.0 Stock Sub Mc
2N 40 E 30BAAD 3275 246 72 7-73 3500 14.0 Stock Sub Me yes
2N 40E 31DCCD 3530 165 113.6 11-72 1750 13.0 Stock Rosebud coal and yes
McKay coal
2N 40 E 32BBAB 3390 - - 7-73 950 - House Sub Mc yes
2N 40E 32BBDA 3430 67 23.3 7-73 - - Unused  Rosebud clinker
2N 40 E 33ADDD 3360 140 100 - - - Stock Sub Mc
2N 40E 35DDCD 3425 250 148.2 7-73 2800 11.5 Stock Sub M¢ yes
2N 41 E 0IDBBA 3140 - 61.7 8-73 878L 11.5 Stock Sub Mc yes
2N 41 E 02ACDC 3160 10 3 8-73 - - Stock Alluvium
2N 41 E 02DBBA 3170 220 - 11-72 3290L - House Sub Mc yes
2N 41 E 0BACCD 3182 - o 10-73 - - Stock Sub Me
2N 41 E 10BCBC 3175 150 100 7-73 182 13.0 Stock Sub Mc yes
2N 41 E 12CCAD 3178 — = - - - Stock Sub Mc
2N 41 E 17ADAA 3121 110 - 10-73 239 L 12.0 House Sub Mc yes
2N 41 E 20DDCD 3224 70 22.6 8-75 - - Stock Sub Mc
2N 41 E 21CADA 3185 122 29.7 11-72 3460L 10.0 Public Sub Mc yes
2N 41 E 21CDDD 3240 120 40.3 8-75 3830 11.0 Stock Sub Mc
2N 41 E 22BAAB 3260 68 57 - - — Stock Sub Me
2N 41 E 24CAAC 3450 27 23.6 7-73 - - Stock RO
2N 41 E 24CABA 3460 18 = 7-73 - - House RO
2N 41 E 27CCBC 3219 - n - - - Stock Alluvium or Sub Mc
2N 41 E 30DDAA 3360 - - 10-73 307 L 13.0 Stock Unknown yes
2N 41 E 32DABB 3420 300 140 - - - Stock Sub Mc
2N 41 E 33DAAA 3270 519 315 - - - Public Tullock
2N 41 E 33DAAD,; 3270 1520 60 - — - Public Hell Creek
2N 41 E 33DAAD,; 3270 596 203 - - - Public Tullock
2N 41 E 34BADC 3120 9336 - - - — Public Madison
2N 41 E 34BCBB 3260 614 - - - - Public Tullock
2N 42 E 04DACA 3003 102 60 8-73 205 L 11.5 Stock Sub Me yes
2N 42 E 05CABB 3077 - 56.5 8-73 207 k 11.0 Stock Sub Mc yes
2N 42 E 06CBDC 3140 120 87.3 11-72 1850 120 Stock Sub Mc yes
2N 42E 07DCAD 3135 - - - - - - Sub Mc
2N 42 E 09CCBA 3087 - - - - - - Sub Mc
2N 42E 20CDAD 3195 115 - 11-72 - - Stock Sub Mc
2N 42 E 30CDCB 3245 200 - - - - Stock Sub Mc
2N 42 E 32DBCC 3130 100 - - - - Stock Sub Mc
1N 38E 10ADCA 3679 - - - - - Stock RO+
1N 38 E 11BBCB 3740 - 34.7 8-73 5040 - Stock RO+
1N 38E 13CDCC 3660 - - - - - Stock RO+
1N 39E 01BBBA; 3460 84 30 - - - Stock Sub Mec

1N 39E 01BBBA; 3476 96 39.9 7-73 - - Stock Sub Mc
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Table 3.—Continued

Location

1N 39 E 02BBEB
1N 39 E 04AABC
1N 39 E 04DBCC
1N 39 E05CBBA

1N 39 E 05CBBB
1N 39 E 10BBEB
1N 39 E 11ADAD
1N 39 E 12CCCC
1N 39 E 15BDAD
1N 39 E 23CAAA
1N 39 E 24BBBC
1N 39E 26ABBC
1N 40 E 01CCCD
1N 40 E 02BBDC
1N 40 E 02CDCC
1N 40 E 04DADD
1N 40 E 04DBBA
1N 40 E 05CCCB

1N 40 E 06ABRBB

1N 40 E O7BCBB

1N 40 E 10DAAB
1N 40 E 11ABBB
1N 40 E 12CBAA
1N 40 E 13ABAA
1N 40 E 14BBBB;
1N 40 E 14BBBB;
1N 40 E 15BBCB

1N 40 E 16DBAA
1N 40 E 17BAAA
1N 40 E 18ABBB
1IN 40 E 18BABA
1N 40 E 18DDDC
1N 40 E 21AAAD
1N 40 E 23BDDB
1N 40 E 24CACB

1N 40 E 26DABB
1N 40 E 28ADDD
1N 40 E 29ACRB

1N 40 E 34DCBB

1N 40 E 35CAAD
1N 40 E 36BACD
1N 41 E 02DACC

1N 41 E 03BBBB
1N 41 E 03CDDD
1N 41 E 04DDEA
1N 41 E 06ACAB
1N 41 E 06DDDB
1N 41 E 07DBBA
1N 41 E 08BBDB

HYDROGEOLOGIC CONDITIONS RELATED TO MINING NEAR COLSTRIP

Well  Depth to

Altitude depth  water Date Specific Tempera- Water
(feet) (feet) (feet) examined conductance ature (°C) Water use Aquifer analysis
3535 - - - — - Stock Unknown
3537 - - = - - Stock Unknown
3643 - - - - - Stock Unknown
3690 300 - - 3000 12.0 Stock RO+ yes
3745 - - - - - Stock Unknown
3770 - - - - - Stock Unknown
3860 - — - - 11.0 Stock Unknown
3735 - - - - 9.0 Stock Unknown
3910 - - - — - Stock Unknown
3890 - - - - - Stock Unknown
3826 122 62 9-73 242 L 12.0 Stock RO+ yes
3978 375 - - - - Stock RO+
3418 80 34.1 7-73 - - Stock RO
3510 44 34.1 7-73 520 9.0 House RO ves
3512 100 42.2 10-73 125 L 11.0 Stock Rosebud coal yes
3505 - - - - s Stock Unknown
3440 200 75 - — - Stock Sub Me
3530 115 85.3 - - - Stock Rosebud coal or RO
3520 128 40 - - - Stock Rosebud coal and

McKay coal
3720 143 84.3 - - - Stock RO+
3470 132 50 - = - Stock McKay coal
3558 - - 10-73 - - - Unknown
3400 40 354 9-73 1700 10.5 Stock Alluvium yes
3426 - - 10-73 229 L 11.0 Stock Unknown yes
3438 - - 10-73 154 L 10.0 Stock Unknown yes
3438 = - 10-73 134 L = House Unknown yes
3480 - - 9-73 1520L 11.0 Stock Unknown yes
3520 - 42.8 9-73 - = Unused Rosebud coal or RO
3560 - #r = - - Stock Unknown
3640 - - 7-73 - - House Unknown
3630 - - - - = Stock Unknown
3654 50 23 9-73 - - Unused RO+
3548 120 106.4 9-73 - - Unused Rosebud coal
3420 100 30 - - - Stock Rosebud coal
3380 66 35.3 973 = - Stock Rosebud coal or RO
3423 - - - - - Stock Unknown
3415 74 35.4 9-73 - - Stock RO
3550 232 80 9-73 275 L 10.5 Stock Sub Mc yes
3595 - - - - - Stock Unknown
3298 = - - - .- Stock Unknown
3440 104 85 9-73 - - Stock RO
3330 141 76 - - ~ Stock Rosebud coal and
McKay coal
3240 55 45 - - - Stock McKay coal
3330 86 67.4 8-73 1600 11.5 Stock RO yes
3330 - - - - - Stock Unknown
3470 - - = = - Stock Unknown
3365 - - - - - Stock Unknown
3360 125 100 10-73 1160L 11.0 Stock Sub Mc yes
3320 50 - - - - Stock Alluvium



Table 3.—Continued

Location

1N 41E
1N 41E

1N 41 E 08CBAB,
1N 41 E 08CBAB;

1N 41E
1N 41E
1N 41E
1N 41E
1N 41E
1N 41E
1N 41E
1N 41E
IN41E
1N 41E
1N 41E
1N 42E
1N 42E
1N 42E
1N 42E
1IN 42E
1N 42E
1N 42E

18 40E
1S 40E
1S 40E
15 40E
1S 40E
1S 40E
158 40E
18 40E
18 41E
158 41E
15 41E
15 41E
18 41E
18 41E
18 41E
15 41E
15 41E
1S 41E
18 41E
18 42E
18 42E
1S 42E
18 42E
15 42E
18 42E
18 42E
15 42E
15 42E

08BBDC
08BBDD

12CBDB
13CDCD
17BBBB
23BCDC
23CCAD
24DDBB
25DDBB
26BCAB
30BBCD
J1AADA
33BCCB
07CBED
19DBBA
28BDDC
31BBBC
32DADD
33ADBC
33BDCA

02CACC
03BACD
05CDAD
06DADA
07DADA
09DADB
14DCBD
16DABD
01DBBA
02AABB
05CADC
06AAAC
09CABC
11DBCC
13ACCB
13BDDD
14CCCB
15DDCA
17DAAD
03BBDC
04DCA
04DCA,
05ADBB
07AACB
08DAAC
09ACDC
16ACCA
17DDDB

WATER-WELL DATA

Well Depth to

Altitude depth water Date Specific Tempera-
(feet) (feet) (feet) examined conductance ature(°C) Water use Aquifer
3320 389 - 3-73 2610L 13.0 House Sub Mc
3320 50 - - - - Stock Alluvium
3357 100 - 10-73 776L 11.0 Stock Rosebud coal
3345 18 - 10-73 - - Unused  Alluvium
3360 51+ - 8-73 3000 15.5 Stock Unknown
3290 200 108.9 11-72 2150 16.0 Irrigation Sub Mc
3390 - - - - - Stock Unknown
3230 T4+ 449 873 254 L 19.0 Industrial Sub Mc
3260 300 190 =70 - - House Sub Mc
3150 30+ 13.8 8-73 - - Stock Sub Mc
3085 60+ 38.3 873 - - Stock Sub Mc
3190 195 23.5 8-73 — - Unused Sub Mc
3328 90 30 9-73 - - Stock Rosebud coal
3255 153 83.3 9-73 - - Stock Sub Mc
3190 65 22.0 9-73 - - Stock Sub Mc
3260 940 - 2-72 - - Fire Hell Creek
3128 67 22.7 8-73 1600 11.0 Stock McKay coal
3010 53 17.8 8-73 190 L 10.0 Stock Sub Mc
3090 - - 8-73 - - Stock Sub Mc
2990 80 33.7 873 - - Stock Sub Mc
2970 42 24.2 9-72 3200 10.0 Stock Sub Mc
2990 91 57 8-73 - - Stock Sub Mc
3415 - - - - -- Stock Unknown
3500 - - - — - Stock Unknown
3660 - - 9-73 - - Stock RO+
3757 150 120 9-73 - - Stock RO+
3580 420 220 7-73 290 L 13.0 Stock RO
3485 44 41.5 7-73 - - Stock RO+
3327 62 50.4 9-73 — - Stock RO+
3410 65 60 7-73 - - Stock RO+
3105 54 38 9-73 - - Stock Sub Mc
3150 81 26.5 7-13 234 L - Stock Sub Mc
3220 150 105 - - - Stock Sub Mc
3250 - - - - - Stock Unknown
3165 - - - - - Stock Unknown
3130 - - - - - Stock Unknown
3060 60 14 - - - Stock Sub Mc
3060 80 14 - - - House Sub Mc
3050 70 26.5 7-73 - - Stock Sub Mc
3091 71 - - - - Stock Sub Mec
3169 45 24 - 2450 10.5 Stock Sub Mc
2290 - - - - - - Alluvium or Sub Mc
3010 38 26.6 8-73 5250 11.5 Irrigation  Alluvium
3010 40 222 8-73 4500 13.0 Irrigation Alluvium
3070 - - - - - - Sub Mc
3040 - - - - - - Alluvium or Sub Mc
3055 - — - - - - Sub Mc
3040 - - - - - - Sub Mc
3090 - - - - - - Sub Mc
3196 - - - - - - Sub Mc

13

Water
analysis

yes
yes

yes
yes

yes

yes
yes

yes

yes

yes

yes

yes
yes
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the area is about one per 2 square miles. About eighty
percent of them provide water for livestock; the others
are utilized for rural-domestic, irrigation, municipal,
and mining-related supplies.

OBSERVATION-WELL SYSTEM

Observation wells in and near existing and pro-
posed mine areas (P1. 3; Table 4) serve multiple objec-
tives. Detailed maps of the well locations can be seen
in Montana Bureau of Mines and Geology offices. Wells
labeled with the prefix “P” (Table 4) form a system of
three profiles installed across East Fork Armells Creek
to determine and observe hydrologic conditions in
alluvium along the stream. Well W-04 is one of six
wells installed during a project by Westinghouse Elec-
tric Corporation (1973) to evaluate hydrologic charac-
teristics of the oldest Rosebud mine spoils; the other
five have since been destroyed during power-plant con-
struction. Wells 5-01 through S-13 and EPA-01 through
EPA-12 provide data in and beneath Western Energy
Company’s mined area; wells S-18 through S-28 are
more pertinent to their proposed mine area. Wells 5-14
through S-17, and BS-15 through BS-25 relate to lands
already mined by Peabody Coal Company; wells BS-01
through BS-14 relate to their existing and future opera-
tions. Because of the close proximity of the two com-
panies’ operations, observations at many of the wells
will provide data pertinent to two or more mine areas.

Each well was constructed with 4-inch inside-
diameter plastic casing and was designed with perfora-
tions and a seal so that data may be obtained for a
specific depth. Selected wells were tested by pumping
or bailing to determine aquifer characteristics. Water
levels in all of them were measured approximately
once a month and were plotted on hydrographs to
distinguish trends of rise or decline. Water samples for
chemical analysis were obtained from selected wells
periodically in order to determine natural or mining-
related changes in water quality. The observation pro-
gram will continue as long as funding is available or as
long as it remains practical.

Measurements in the wells have thus far shown
a variety of trends. Water levels in a series of wells for
observations in, beneath, and very close to the Rose-
bud mine area reacted strongly to recharge during
spring and early summer in 1975 and again in 1976
(Fig. 5). Recharge to the water table, based upon esti-
mated aquifer porosity of 25 percent, ranged between
2 inches and 9 inches in 1975. The aquifers, all shallow
and all sensitive to surface hydrology, received little
or no recharge during 1974. It is evident that optimum

conditions are required to recharge the ground-water
system and that they do not occur every year.

Water levels in observation wells (EPA-O1 through
EPA-12) near an experimental impoundment in the
southern part of the Rosebud mine reacted very
strongly to recharge during 1975 and 1976 (Fig. 6) as
the impoundment filled with rainfall and snowmelt.
Mine spoils beneath the impounded pond are very
sandy and allow enough leakage that they temporarily
become completely saturated. Hydrostatic pressure in
the McKay coal bed there, about 10 feet below the
spoils, also reacts to the leakage, and water levels have
increased by more than 2 feet since January 1975.
Details of the experimental pond and of further ob-
servation will be described in subsequent reports; it
seems that impoundments can provide very substan-
tial recharge to mine spoils and that some of the re-
charge can be transmitted through underlying geologic
materials.

The water table in alluvium along East Fork
Armells Creek received variable amounts of recharge
in 1975 and 1976, partly natural and partly induced
by construction activity. Downstream from Colstrip
at well P-12, the water table rose more than a foot
because of natural recharge in May 1975 (P1.4; Fig.7),
and then rose sharply again in July because of leakage
from Montana Power Company’s reservoir of imported
cooling water. Leakage was at least partly controlled
in August, and the water table then declined to rela-
tively normal levels. One mile upstream from Colstrip,
between proposed mine areas A and B, water levels in
wells along the stream rose 2 to 4 feet each year, indi-
cating 6 to 12 inches of late winter and spring recharge
to alluvium there. Recharge to alluvium in area C, 7
miles upstream from Colstrip, was less pronounced;
water levels in observation wells there rose less than 2
feet. At all monitoring locations along East Fork
Armells Creek (Pl. 4; Fig. 7) water levels declined from
spring and early summer recharge peaks until the end
of the growing seasons, and then began gradual recov-
eries during fall and early winter months.

Hydrostatic-pressure changes in the Rosebud and
McKay coal beds near Western Energy Company’s pro-
posed mine areas have been much less pronounced
(Fig. 8) than those in the alluvium. Water levels in
wells where the coal beds lie 130 to 250 feet below
land surface changed very little during 1975 and 1976.
No pressure or water-level reactions to activities at the
Rosebud mine are evident thus far. Gradually rising
water levels in wells completed in the McKay coal are
unexplainable; there are no corresponding changes of
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OBSERVATION WELLS
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Within mined area

Within mined area
Beneath mined area
Beneath mined area
Within mined area

Spoils
McKay coal
McKay coal
Spoils

20.87
19.00
22.94
15.25
12.17
11.60
11.90

6.83

8.66
14.22

9.73

28.49
27.00
26.33
19.20
19.76
19.49
19.85
23.23
23.68
16.46

20.76

; otherwise estimated from U.S. Geological Survey topographic maps, altitudes generally

11-21-74 12-11-74

12-03-74 12-11-74
12-02-74 12-11-74
12-02-74 12-11-74
11-25-74 12-11-74
11-25-74 12-11-74
11-26-74 12-11-74
11-26-74 12-11-74
11-27-75 01-10-75
11-28-75 12-11-74
11-29-75 12-11-74

accurate to + 0.5 foot

33
31
56
61
27
28
29
27
26
47
24

EPA-12
EPA-10
EPA-09
EPA-01
EPA-02
EPA-03
EPA-04
EPA-05
EPA-06
EPA-O7
EPA-08

Indicated “'s”, surveyed,

3209s
3208s
3209s
3201s
3201s
3201s
3201s
3201s
3202s
3201s

1N 42E 18DAAD 3201s

;datum is mean sea level.
**Depths measured in feet below land surface.

1N 42E 18DABD

1N 42 E 18DAAB
1N 42 E 18DAAC
* Altitude of land surface:

accurate to + i0 feet

OBSERVATION WELLS 17

water levels for the Rosebud coal. The generally con-
sistent hydrostatic pressures in the relatively deep aqui-
fers indicate their positions in a more regional flow
system than that of the shallow aquifers. Pressures are
maintained by long-term average recharge conditions;
periods of many years of excessive or deficient re-
charge would be necessary to generate appreciable
changes of hydrostatic pressures or water levels in
wells.

Water levels in many wells near the Big Sky mine
(Fig. 9) have been more erratic than those in other
parts of the area. Alluvium along Coal Bank Coulee
was recharged in 1976 similarly to shallow aquifers
elsewhere. Water levels in overburden sandstone near
the mine’s high wall did not vary greatly. Hydrostatic
pressures in the Rosebud and McKay coal beds
changed various amounts depending upon distances
and directions from mining operations. The most dra-
matic changes were observed in wells BS-3 and -4
where water levels declined strongly as the active cut
approached them. By the time the cut was within
about % mile of them, water levels had dropped about
6 feet. The wells are currently covered by mine spoils,
so further observations have not been possible. About
1% miles east of the mine, water levels in wells BS-5
and -6 have declined less than a foot since observations
began.

Levels of shallow ground water in Miller Coulee,
closely downstream from the Big Sky mine, have
changed radically since 1973. Particularly dramatic
changes occurred at well S-16 where the water table in
shallow sandstone declined almost 10 feet in 1974,
regained about 2 feet in 1975, and then rose 8 feet in
1976. The steady decline through 1974 must have
been caused by a temporary interruption of flow by
mining. The changes in 1975 and 1976 were probably
due to combinations of mining activities and natural
recharge. In spite of extreme fluctuations, the present
Miller Coulee water table is approximately at its De-
cember 1973 level.

Water levels in wells within the Big Sky mined
area (Fig. 10) have also changed since 1973. The McKay
coal has been mined in some places and has been left
behind in others, thus the Rosebud spoils, McKay
spoils, and McKay coal are hydraulically intercon-
nected. The active mine cut is moving progressively
away from one well (S-14), and the water level has
been rising as ground water reenters the system. A pass
of the mine cut approached and passed the other wells;
water levels declined as the cut approached, and then
began to rise as active operations moved away.
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Figure 5.—Water-level changes in shallow wells in and near the Rosebud mine, southeastern Montana.
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Figure 6.—Water-level changes in wells near an experimental impoundment in the southern end

of the Rosebud mine, southeastern Montana.
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Figure 7.—Water-level changes in shallow wells near East Fork Armells Creek,

southeastern Montana.
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Figure 8.—Water-level changes in deep wells generally upgradient from the

Rosebud mine, southeastern Montana.
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Figure 9.—Water-level changes in wells peripheral to the Big Sky mine,
southeastern Montana.
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Figure 10.—Water-level changes in wells within the Big Sky mined area,
southeastern Montana.

AQUIFER CHARACTERISTICS

Aquifers were tested by pumping or bailing water
from selected wells in mine spoils and in undisturbed
materials. Ranges of transmissivity- and hydraulic-
conductivity values thus determined are very similar
to those found by the Montana Bureau of Mines and
Geology in other southeastern Montana coal fields
(Van Voast, Hedges, and McDermott, 1976, p. 166).
Transmissivities calculated from tests near Colstrip
(Table 5) range from 0.1 sq. ft./day (square feet per
day) to 1,900 sq. ft./day; hydraulic conductivities
range from .04 ft./day (feet per day) to 160 ft./day.
The highest values were found in tests of East Fork
Armells Creek alluvium and are assumed to be repre-
sentative along the entire reach of the creek; aquifer
materials appeared similar in all wells constructed in
the alluvium. Anomalous high values for Rosebud coal
at well S-28 may be attributable to faulting and asso-
ciated fractures at that location. Over most of the area,
transmissivities and hydraulic conductivities of the
Rosebud coal bed are probably less than 10 sq. ft./day
and 0.5 ft./day, respectively. Values found for the
McKay coal bed also have a very broad range and im-
ply extreme variability in the areal distribution of
fractures. In general, the McKay bed probably has
about the same hydraulic conductivity as the Rosebud
bed but has less transmissivity because it is thinner.

Eleven tests of mine spoils (Table 5) generated
values in the same general ranges as those found for
undisturbed coal-bed aquifers. The similar ranges of
hydraulic conductivities imply that the spoils conduct
ground water at about the same rates as did the Rose-
bud coal bed before it was removed by mining. All
evidence indicates that conditions have not occurred
at Colstrip that are feared for mined areas: that spoils

would be conductive enough to act as ground-water
sinks or that spoils would be so poorly conductive that
they would seriously restrict ground-water flow.

Transmissivity and hydraulic conductivity are
adequate parameters for calculations regarding steady-
state or natural long-term flow conditions, An addi-
tional aquifer characteristic, storage coefficient (a di-
mensionless ratio), is needed for calculations predict-
ing non-steady-state flows and water levels during
relatively short periods such as during well production
or inflow to mine pits. Storage coefficients for water-
table aquifers (water surface at atmospheric pressure)
are approximately equivalent to effective porosities
expressed as decimals; they generally range between
0.1 and 0.3. In aquifers where water is confined under
pressure greater than atmospheric pressure, storage
coefficients are much less than effective porosities
and commonly range between .01 and .000001. The
alluvium along East Fork Armells Creek is probably a
water-table aquifer having a range of storage coeffi-
cients between 0.1 and 0.3. Values for the confined
sandstone and coal beds are estimated to be about
.00001 by a method relating storage coefficient to
aquifer thickness (Lohman, 1972, p. 53). Another
method of estimation, based upon water-level re-
sponses to changes in atmospheric pressure (Jacob,
1940), also yielded storage-coefficient values of about
.00001 at wells equipped with continuous water-level
recorders. Examples of the barometric reactions (Fig.
11) show hydrologic similarities between mine spoils
and undisturbed aquifers. Reactions are similar in both
types of aquifers and lead to calculated storage coeffi-
cients indicative of confined conditions. The inference
here is that water is at least partly confined in basal
aquifers in spoils much the same as in coal-bed aquifers.
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AQUIFER CHARACTERISTICS
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Figure 11.—Comparisons of barometric reactions of water levels in mine spoils and in undisturbed aquifers.
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GROUND-WATER FLOW

The aquifer to be most disturbed by mining, the
Rosebud coal bed, transmits water eastward across the
project area (Pl. 5). The flow patterns are controlled
by the structural gradient, variations in transmissivi-
ties, and the outcrop geometry of the aquifer. The
aquifer receives most of its recharge {rom uplands
west of the active mines. Discharge occurs to alluvium
along East Fork Armells Creek and to eastern and
northern outcrops. Discharge from coal and other bed-
rock aquifers also maintains shallow ground-water flow
in thin alluvial deposits along watercourses such as
Lee Coulee, Miller Coulee, and Coal Bank Coulee.
Flow patterns for the Rosebud coal aquifer are gen-
erally applicable to shallower aquifers (excluding allu-
vium) and to deeper ones (as much as 200 feet below
the Rosebud coal). Piezometric surfaces for shallower
aquifers probably have similar trends but are more
localized by outcrop patterns; piezometric surfaces of
the deeper aquifers probably resemble the one illus-
trated in Plate 5 but are more subdued.

Calculations of ground-water flow rates are
somewhat tenuous because of complex flow patterns
and diverse transmissivities. Approximate natural flow
rates into mined and proposed mine areas through the
Rosebud and McKay beds, based upon estimated aver-
age transmissivities of 10 sq. ft./day and 5 sq. ft./day,
respectively, and upon the flow gradients in Plate 5,
are listed below:

Rosebud coal McKay coal

Area (cu. ft./day) (cu. ft./day)
A¥* 450 700
B 600 300
& 2,000 1,000
D* 125 420
E 500 250
existing Rosebud mine 200 100
a 1,000 500
existing Big Sky mine 400 200

Flow of ground water in alluvium along East
Fork Armells Creek is almost parallel to the water-
course. The alluvium is recharged vertically from pre-
cipitation and streamflow, and laterally from subcrops
of bedrock aquifers. Most water in the alluvium is
transmitted within the basal gravel beds. In proposed
mine area C (profile A-A’, Pl. 4), the gravel overlies
Rosebud coal and directly recharges the coal-bed aqui-

*Rosebud coal only partly saturated in areas A and D.

fer. It has little apparent hydrologic relation to the
stream channel. Between areas A and B (profile B-B"),
the gravel is recharged directly by water from the
McKay coal, and indirectly by water from the Rose-
bud coal subcrop and the stream channel. Downstream
from any proposed mine areas, at profile C-C’, ground
water discharges from pravel and bedrock to East Fork
Armells Creek. Transmissivity of the gravel (about
2,000 sq. ft/day) is many times greater than that of
the bedrock aquifers. The average hydrostatic-pressure
gradient within the alluvium is about 25 feet per mile
in the downstream direction of East Fork Armells
Creek, and the implied rate of ground-water flow is
about 10,000 cu. ft./day.

Calculations of ground-water flow rates show
the relative efficiencies of the geologic materials as
aquifers. The estimated average length of Rosebud and
McKay coal outcrops and subcrops within the Rose-
bud Creek drainage (between tributaries Pony Creek
and Richard Coulee, Pl. 5) is about 13 miles. Estimated
total discharge along the outcrops and subcrops, based
upon 10 sq. ft./day and 5 sq. ft./day coal-bed trans-
missivities and upon an average gradient of 25 ft./mi.,
is about 5,000 cu. ft./day from the two coal beds. This
is about half the rate at which ground water leaves the
area by way of East Fork Armells Creek alluvium.
Altogether, the two coal beds and the alluvium trans-
mit an estimated 15,000 cubic feet of water per day
eastward across the project area.

WATER QUALITY; MAJOR CONSTITUENTS

Specific-conductance values for spring and well
waters provide a general overview of the chemical
quality of ground waters being used in the area. Spe-
cific conductance, a measure of electrical conductivity,
is an indicator of degree of mineralization of water;
near Colstrip, the dissolved-solids concentration in
water, in mg/l (milligrams per liter), was found to be
numerically equivalent to about 0.8 times the water’s
specific conductance in pymhos/cm (micromhos per
centimeter). A wide range of specific-conductance
values (520 to 7,320 umhos/cm), indicating a wide
range of dissolved-solids concentrations (420 to 5,860
mg/1), was found for waters from springs and wells
(Tables 2 and 3). Median specific conductance (Fig.
12) was 2,100 gmhos/cm (1,700 mg/1); 50 percent of
the well and spring waters had values between 1,600
and 3,300 umhos/cm (1,280 and 2,640 mg/l). Com-
parisons of degree of ground-water mineralization with
stratigraphic position of aquifers, position in the flow
system, and areal distribution show no specific trends.
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Figure 12,-Statistical distribution of specific-conductance values measured for spring and well
waters near Colstrip, southeastern Montana.

Chemical analyses of waters collected from a
wide variety of sources illustrate baseline conditions
and enable comparisons of water quality in mined and
unmined areas. Sources of waters that were sampled
for analyses of major chemical constituents have three
principal categories: springs and water wells (Table
6); observation wells (Table 7); and pits, ponds, and
streams (Table 8). Sources and dissolved-solids con-
centrations of sampled waters are identified on Plate 6.

Waters from the springs and water wells vary
greatly in degree and type of mineralization. No spe-
cific cation is predominant in water from any particu-
lar aquifer, depth, or locale; calcium, magnesium, and
sodium occur in many different proportions regardless
of the total concentrations of dissolved solids. The
predominant anion in most waters is sulfate. Numer-
ous exceptions are the waters containing less than
1,000 mg/l of dissolved solids; in these, bicarbonate
concentrations approach or exceed those of sulfate.

Samples collected from observation wells (Table
7) represent waters from a large number of sources
within and beneath existing and proposed mine areas.
Data in Table 7 and sample-collection locations in
Plate 6 illustrate some general aspects of ground-water
quality:

(1) Dissolved-solids concentrations in water from
the East Fork Armells Creek alluvium are about
50 percent greater downstream from Colstrip
(wells P-11, -12) than upstream from Colstrip
(wells P-01, -02, -03, -04, -05).

(2) Water in alluvium upstream from Colstrip (wells
P-01, -02, -03, -04, -05) is chemically very simi-
lar to water in the adjacent McKay coal bed
(well P-06).

(3) Chemical quality of water in the Rosebud coal
differs greatly at different locations (wells S5-19,
-28).
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(4) Strong differences in chemical type and degree
of mineralization occur in waters from different
depths at the same location (well pairs: 5-27,
-28; 8-23, -24; and S-18, -19).

(5) Spoils in the oldest part of the Rosebud mined
area (northwestern end) contain water that is
generally more mineralized (wells W-02,-03,-04,
-05) than waters in nearby undisturbed aquifers.

(6) Spoils in younger parts of the mined area (wells
S-01, -02) contain waters that are chemically
similar to waters from undisturbed aquifers.

(7) Temporal variations in chemical quality seem to
occur in ground waters in and very close to mine
spoils (wells 8-01, -02, -04, -12, -13).

(8) In those wells where water quality changes are
occurring, the greatest changes are in concentra-
tions of calcium, magnesium, and sulfate.

The few local similarities and general relationships
described above exemplify the striking lack of uni-
formity or predictability of ground-water quality in
the Colstrip area.

Waters in pits, ponds, and streams (Table 8)
have variable dependencies on precipitation, runoff,
and ground-water discharge, so concentrations of their
chemical constituents are probably changing con-
stantly. Water in East Fork Armells Creek is less min-
eralized upstream from Colstrip than it is downstream
from the town. The upstream water is chemically simi-
lar to ground water sampled from nearby wells and
springs; the downstream water chemically resembles
water from ponds in former Rosebud mine pits. The
pits are in the oldest part of the mine and contain the
most mineralized surface water in the area. The least
mineralized waters were found in an impoundment at
the Big Sky mine (probably snowmelt), and in an
active pit at the Rosebud mine being fed by discharge
from the Rosebud coal bed.

WATER QUALITY; TRACE ELEMENTS

Analyses of trace-element concentrations were
conducted on selected water samples collected from
streams, ponds, mine pits, and wells (Table 9). Samples
were collected and preserved in accordance with U. S.
Department of Interior (1972) recommended methods
and were analyzed using procedures recommended by
the U. S. Environmental Protection Agency (1974). A
brief summary of the trace-element concentrations
along with some general comments on their signifi-
cance are outlined below:

Aluminum (Al)—Most concentrations were less
than 0.05 mg/l. The maximum concentration was 0.23
mg/l, not enough to have significance. In a literature
search, Gough and Shacklette (1976) found sugges-
tions that at least 2 mg/l of aluminum is required to
depress the most sensitive vegetation. No quantitative
data are available regarding effects of human con-
sumption.

Antimony (Sb)—Most concentrations were less
than 0.20 mg/l. The maximum concentration was 0.60
mg/l. No information was found describing antimony
toxicity to plants. There is no known effect on humans
from antimony in drinking water (U. S. Environmen-
tal Protection Agency, 1973).

Arsenic (As)—One sample of ground water from
mine spoils contained 4.4 ug/l; all other waters con-
tained less than 2 ug/l. The U. 8. Public Health Service
(1962) has established a limit of 50 ug/l for arsenic
permissible in public drinking water.

Beryllium (Be)—All concentrations were less than
5 ug/l. There are no known effects of beryllium in
water; it is normally insoluble (U. S, Environmental
Protection Agency, 1973).

Boron (B)-The maximum concentration was
2.04 mg/l..Of the ten samples containing more than
1.0 mg/l, all were associated with mined lands or were
from streamflow downstream from Colstrip. Some
plants such as citrus trees are sensitive to waters having
concentrations greater than 1.0 mg/l (Wilcox, 1955),
but crops such as alfalfa are far more tolerant.

Cadmium (Cd)—All concentrations were 0.01
mg/l or lower. Gough and Shacklette (1976) found
reports in the literature describing depressed growth
of plants receiving as little as 0.2 mg/l cadmium in
nutrient solutions. The U. S. Public Health Service
(1962) has established a limit of 0,01 mg/l cadmium
allowable in public drinking water.

Chromium (Cr)=All concentrations were 0.04
mg/l or less. References listed by Gough and Shack-
lette indicated that chromium is one of the least toxic
trace metals to man. The U. S. Public Health Service
permissible limit is 0.05 mg/l chromium in drinking
water.

Copper (Cu)—All concentrations were 0.03 mg/l
or less except one anomalous value (0.13); little sig-
nificance is attributed to the lone high concentration.
The U. S. Public Health Service recommended limit
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WATER QUALITY as

for copper in drinking water is 1.0 mg/l. Copper is far
more toxic to fish than to human beings, and its tox-
icity depends upon other chemical characteristics of
the water.

Lead (Pb)—Most concentrations listed in Table
9 exceed 0.05 mg/l, which is the mandatory public
drinking-water limit established by the U. S. Public
Health Service. Of the higher concentrations (0.1 mg/l
to 0.21 mg/1), most are associable with shallow ground
waters in or very near to mine spoils. Many additional
lead analyses (not listed in Table 9) have been con-
ducted since 1973 on waters from mined and non-
mined areas near Colstrip. In all, 74 values of lead
content have been determined for water samples from
23 locations in and near Rosebud and Big Sky mine
spoils, and 33 values have been determined for waters
from 27 locations not associable with mine spoils.
Using mean values where multiple analyses had been
done at single locations, the following statistical sum-
maries of lead concentrations were made:

Mined areas

Number of sample locations 23
Maximum concentration (mg/l) 0.21
Minimum concentration (mg/1) <0.05
Number of samples containing 0.05

or more mg/l 18
Arithmetic mean of concentrations,

0.05 or more mg/l 0.12
Median of concentrations, 0.05 or

more mg/l 0.12
Standard deviation (mg/l) 0.05

Non-mined areas

Number of sample locations 27
Maximum concentration (mg/1) 0.11
Minimum concentration (mg/1) <0.05
Number of samples containing 0.05

or more mg/l 14
Arithmetic mean of concentrations,

0.05 or more mg/l 0.07
Median of concentrations, 0.05 or

more mg/l 0.06
Standard deviation (mg/1) 0.02

The summaries provide rough indications that there is
detectable lead in most ground waters of the Colstrip
area, that waters associated with Rosebud and Big Sky
mine spoils do contain generally higher concentrations
than do other waters, and that the lead concentrations
are far more diverse in the mined-area waters.

Lithium (Li)—Concentrations ranged between
0.02 mg/l and 0.12 mg/l, and there were no apparent

differences in concentrations between samples from
mined and non-mined areas. The values seem to be far
less than any that may be toxic (discussed by Gough
and Shacklette, 1976) to vegetation or to animals.

Mercury (Hg)—Only one sample had a concen-
tration greater than 0.4 ug/l. The one anomalous con-
centration (1.2 pg/l) was found in a sample from East
Fork Armells Creek, downstream from Colstrip. Mer-
cury, particularly in organic form, can be highly toxic
to all animals. The U. S. Environmental Protection
Agency (1975) has set a maximum permissible con-
centration of 2.0 ug/l for public drinking water.

Nickel (Ni)—The maximum concentration was
0.14 mg/l. A rough positive correlation between con-
centrations of nickel and lead is apparent. Nickel is
not a very toxic trace element; there has been no
known toxicity to human beings from nickel in drink-
ing water (U. S. Environmental Protection Agency,
1973).

Selenium (Se)—Almost all concentrations were
less than 2.0 ug/l. Relatively high selenium contents
were found in the last two samples collected from well
S-04 (8.0 and 28 ug/l, respectively). The apparent
increases in selenium accompany strong increases in
major constituents at that well (Table 7). A manda-
tory concentration limit of 10 pg/l selenium in public
drinking water has been established by the U, S. Pub-
lic Health Service (1962).

Silver (Ag)—Concentrations in all samples were
0.01 mg/l or less. The U. S. Public Health Service limit
is 0.05 mg/l in drinking water.

Strontium (Sr)—Concentrations ranged between
1.77 and 12.2 mg/1. No strontium toxicity to animals
or vegetation is mentioned in the literature.

Tin (Sn)—Tin was detectable in all samples; range
of concentrations was 0.15 to 1.05 mg/1. There are no
substantiated reports in the literature of tin toxicity
of plants; animals are seemingly tolerant of high con-
centrations in food or water (Gough and Shacklette,
1976).

Zinc (Zn)—Most samples contained less than 0.10
mg/l. Higher values, as much as 0.86 mg/l, were found
in waters from old mine spoils (wells W-02, -03, -04,
and -05); concentrations are not so high in waters from
newer spoils. The U. S. Public Health Service recom-
mended limit for zinc content in drinking water is

5.0 mg/l.
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36 HYDROGEOLOGIC CONDITIONS RELATED TO MINING NEAR COLSTRIP

Lead and nickel were the only trace elements
found in generally higher concentrations in mined-
area waters than in other waters. Measurable back-
grounds of both metals were found in most waters of
the area, indicating the presence of soluble lead and
nickel minerals in geologic materials there. It would
seemn that the displacement of the geologic materials

somehow has made the metals more available fordis-
solution. In the pre-mining environment, lead and
nickel compounds may have been present mainly in
dry overburden materials not subjected to leaching.
Placement of the materials near the base of a mine cut
would have made them eventually susceptible toleach-
ing by reentering ground waters.

HYDROGEOLOGY, PRE-MINING CONDITIONS

A hydrologic reconnaissance of central and
southern Rosebud County by the U. 5. Geological Sur-
vey (Renick, 1929) documented some hydrologic data
prior to mining activity near Colstrip. Although of
very limited detail, Renick’s report provides valuable
pre-mining data and dialogue.

In 1923, the town of Colstrip did not exist. The
Northern Pacific Railway was then engaged in building
a short line from the Yellowstone River southward
along Armells Creek to the present site of the town
and Rosebud mine. Ground waters were not so exten-
sively developed then. Most wells had beenhand dug
and were located in topographically low areas where
water could be obtained at the shallowest possible
depths. Locations of wells and springs examined in

1923 (PL. 7) and corresponding water-quality data
(Table 10) have been excerpted directly from Renick’s
report. The historical data indicate that ground-water
conditions in 1923 were similar to those of the pres-
ent. Long before the current study, Renick noted
(p- 59) the diverse chemical character of the waters
and the occurrence of less mineralized waters in some
coal beds than in nearby inorganic geologic materials.
The pre-mining data are not adequate for specific
comparisons between past and present, but statis-
tical tests of variances and means indicate that no
significant changes in water quality have occurred
since 1923. It is very likely that qualities of waters
in materials disturbed by mining have changed, but
there is no evidence of changes outside the mined
areas.

HYDROGEOLOGY, CONDITIONS WITH FUTURE MINING

Capabilities of predicting mining and post-mining
hydrologic conditions with much precision have not
yet been developed. Predictions are currently made
with hesitance because so much is yet to be learned
about the effects of induced physical and chemical
changes in the hydrologic system. Research observa-
tions have thus far established only one certainty:
that water levels or hydrostatic pressures in aquifers
penetrated by mining will decline because of increased,
reversed, or interrupted hydraulic gradients. Such ob-
servations cause no astonishment; the principles of
hydrology demand that they occur. It has also been
shown without surprise that under certain vertical-
flow conditions, hydrostatic pressures in aquifers

Since the writing of this report, some questions have
arisen regarding the dependability of analytical methods for
determining lead and other trace-metal coneentrations in alka-
line or saline waters. The values presented here were found
by conventional flame atomic adsorption methods utilizing
deuterium-arc background corxrections. Other techniques such
as plasma-emission spectrophotometry and chelation extrac-
tions have been indicating very different (generally lower)
eoncentrations in Colstrip-area waters. Laboratories of the
U. S. Environmental Protection Agency and the U. 5. Geo-
logical Survey have also become aware of these discrepancies
and are examining the analytical techniques. The values in this
report are presented because they were determined by a cur-
rently recommended method even though its dependability
has recently become suspect.

below an active mine can decline because of reduced
pressures in above-lying disturbed aquifers. The hy-
draulic reactions to mining are not difficult to under-
stand or to predict but are difficult to quantify spe-
cifically, because of the inhomogeneities of geologic
materials. They can, however, usually be estimated
within ranges of accuracy that at least indicate degrees
of significance.

The relation of mining and water quality or
water chemistry is far more complicated. Because of
the dependency of ground-water quality upon chemi-
cal character of host geologic materials, it seems likely
that replacement of a coal-bed aquifer by other materi-
als (clay, silt, and sand) would generate different chemi-
cal characteristics in post-mining waters; In 1973,
Westinghouse Electric Corp. (p. 2-35, 2-36) reported
the presence of abnormally high concentrations of
major chemical constituents and several trace metals
in waters from spoils in the oldest part of the Rosebud
mine. In 1974, McWhorter, Skogerboe, and Skogerboe
(p. 123-137) reported similar concentrations of major
constituents in water from the Edna mine in north-
western Colorado, although no comparisons with other
local ground waters were made. In April 1975, Rahn



a7

WATER QUALITY

{32011 3d muresBiTEw o) [enba Ajpyeunxosdde) werpmu 12d simed U SUONENUIMEC)
PRNOU SSTMEYI0 sEaEn Loang [eNEopoen 1y £q sEApEIY
SPHOS PRAJOSSIP JO SanfEA PAENNED 4

o)) dempey
oeg waypoy Aq ssApeue
140aD) STRWIY W 2j0Y 292 BOF = L $6T Le¥ = Ll §€ 901 = = +I96 [ e = = 9 20 ITF NT  ETL
"o ArapEy MPIEY
uByo L SsAEIE RS (0D 109 = o1 65T 1173 ~ £51 L8 26 = = +ZOTT £ - = - 0Or Q50 I0F NI IZT
o0y AraTEy JAIR UIIGLION
Aiq steyewe (oo Joj Aoy AL [9T1 3 4] 5 EPEl  9T¥ = 85T 8ET PIL = = »9FFT PE= = = - o8FE TP NT 120
‘o) AmmTey JMPIRg UGN
Ag swATeae a0 1531 pAIOg 9L s = ¥29 LEE - i £01 9El = u #8551 £~ - = - DAt IIF NI 0TI
" Far = g 897 LSE = BE s FIl = - +8IL = = = SBmdg Wiz ITRNT 6T
o) Aempey
APy uBpIoN S EsAEUY 61T 9T 0T S¥OT  OIZI = EET 1 Le - = «6T0T € - = + LT ALl IR NT 81T
0611 14 ot 00ET  LkS 0 96T Tt ¥l OB BT B8YT £T-51-L0 6T- wnianfly  GE art I ST 16
WOSYTRIEO
L £ g {133 {123 61 08e I'6 ¥l ®mL QI 0911 £T-ST-L0 - uotu) 10,4 JO JUCPUES (0T ago AT¥ ST 06
s mdaap yos poe jaarsd eanqre
Jayesm MOTTEYS QIRY 10 3MINII Y [£9 050 [iX 2001 00F 0 e 6 w01 TT £ BRI £T-$1°LO F1-  PUEUDREULOJ wom[) Mo QLT D80 ATF ST 68
0%t WrIL OE & 0ZE 61 91 22 #s =L #l 99¢ £T-TT-LO s - UOLEULIG WO WO 69 azr I NT 98
R ]
03 anp ‘umodq qrEp j9y 701 s o9 95 €9 0 k4 L1 £l 69 8 ¥EE ET-TELO 9 + “ s 290 ITF NI 8
uslyERIo]
¥i6 PED It ¥E9 L15 0 6 SET L S o S 4 IS¢t £T06-LO o - wofuf Wod JoEy  8F 290 J0¥ N1 +8
LT
1901 ETT 81 GLT €89 0 819 LLl L3 M L A4 99%¢ £THIB0 = Mo jo RQuIDR 0ge]  TOT  H90 I6E NI ER
USRI ]
[£4 LUt 81 BT TEL %€ SOE {4 ¥r o 6 TEL £T-0E°LO 1.8 soue] josuospussdol 07z O TT I6ENT 18
(STH) *pums wadorpdy UHELIe
J010p0 PRRS(I00 UM PIQmMI [ Lol 91 9L ¥IL L4 T¥E 9T e weL 0 83 ETFI-80 == UET Jo BQUEN POMNL 0P 290 366 NT 08
By (o) (o) (O)  (tos)  (fcoMd (o) (H+EN) (1] (=2) (e (*os)  D.081 UORA[0D (13a)) SvERIMS o EwIa) (3233) HOfIRO] =quingy
F00®)  wEnm PO MEANS MFEOQUENE JNEUOQRE) wnssmod WnsauSel WNED) UOI  BOMIS  JRspRos poarg () mopq Bnreag-aney, N
2 SUpI| ‘wadoniN PUE INPOS PN ST [E10 L 10 (+) anoqe Jopdag

=eL 1343 1B

(6761 “Yolusy WOI)) BUTIUOH UINSEANOs ‘eare dmsjo) oy w s1ajem (£761) Sunmu-axd jo sosAeue eorway)—-Q[ 2[qeL



38 HYDROGEOLOGIC CONDITIONS RELATED TO MINING NEAR COLSTRIP

(p- 351, 352) reported that his preliminary data from
northeastern Wyoming and southeastern Montana indi-
cate no significant differences between mined-area
waters and waters from nearby undisturbed aquifers.
In December 1975, Van Voast and Hedges (p. 18, 19)
sampled ground water from Decker mine spoils and
found much higher concentrations of dissolved solids
than in waters from the coal-bed aquifers being mined.
When Rahn (1976, p. 54) had completed his study, he
concluded that concentrations of calcium, magnesium,
sulfate, and total dissolved solids were significantly
greater in spoils’ waters than in those from undisturbed
aquifers. And now, we see that spoils in parts of the
Rosebud and Big Sky mines contain relatively highly
mineralized ground water, that other spoils contain
waters chemically similar to those in undisturbed ma-
terials, and that chemical concentrations in the mined-
area waters have temporal variations. There can be
little wonder that researchers and planners hesitate to
make firm predictions and decisions.

Regardless of the current state of knowledge, ad-
ministrators demand predictions of hydrologic changes
that will occur during mining and after reclamation.
Relative to future hydrologic conditions in and near
Western Energy Company’s proposed mine areas A
through E, and Peabody Coal Company’s area a, sev-
eral very general assumptions must be made:

(1) The stratigraphic section to be displaced in all
areas will extend from the base of the McKay
coal bed upward, not exceeding 150 feet of over-
burden above the top of the Rosebud coal bed.
It is assumed here that markets will be found for
McKay coal, which is not being mined by West-
ern Energy Company; Peabody Coal Company
mines both coal beds.

(2) Outside the proposed mine areas, the only wells
and springs to be affected obtain water from
aquifers within the stratigraphic sequence being
disturbed by mining. This assumption implies
that vertical hydraulic conductivities of inter-
aquifer beds are low enough and pressure differ-
entials small enough that vertical flows will not
be significantly changed.

(3) Tobe affected, wells and springs must be located
within 2 miles of the mined area in the upgradi-
ent direction or within a greater but less-definite
distance in the downgradient direction.

(4) Spoils produced by mining will have greater
vertical hydraulic conductivities than the materi-

als they replace and will have approximately the
same horizontal hydraulic conductivities.

(5) The chemical qualities of spoils leachates will be
comparable to those currently known for spoils
waters of the existing mine areas.

GROUND-WATER FLOW

Mining of the Rosebud coal in area A will create
little change in the ground-water system. The bed has
a very small recharge area and is dry or only partly
saturated in much of the proposed mine area. Mine
influent from the Rosebud bed should be negligible;
if the McKay bed is mined, influent rates will not be
significantly greater. Mining of McKay coal along the
southern edge of the area would cause reversal of hy-
draulic gradients and would induce ground-water flow
from storage in the alluvium. It is doubtful that the in-
duced flow would be great because of the McKay bed’s
low hydraulic conductivity, The influent rate would
depend upon the mine’s distance from the McKay sub-
crop and the degree of fracturing created by blasting
of the coal. When mining is completed in Area A, pre-
viously interrupted ground-water flow would resume,
probably at a slightly greater rate because of a greater
recharge capacity of the mine spoils.

Mining of the Rosebud and McKay coal beds in
area B will interrupt a probably negligible volume of
ground water that normally flows to alluvium along
East Fork Armells Creek. Flow eastward to the exist-
ing Rosebud mine and southeastward to Hay, Coal
Bank, and Miller Coulees will also be partly interrupted
during mining. Influent rates to active pits will be
greatest at the eastern end of area B, where the Rose-
bud coal has anomalously high transmissivity and lies
at relatively low altitudes. Inflow there would decrease
rapidly, however, because of the small areal extent of
Rosebud coal. A McKay pit at the bed’s subcrop along
East Fork Armells Creek can induce inflow from allu-
vium near the northern edge of area B. Actual rates
would depend upon the pit length, its distance from
the McKay subcrop, and the degree of fracturing
caused by blasting. Under the assumptions that mine
spoils will have hydraulic conductivities similar to
those of undisturbed aquifers and that no mine cuts
will remain open for permanent drainage, the post-
mining flow system will closely resemble the pre-
mining one.

Mining of area C will intercept eastward ground-
water flow in the coal beds, in sandstone between
them, and in East Fork Armells Creek alluvium. Sig-
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nificant inflow to mine cuts will also be induced from
ground-water storage. The intercepted and induced
flows cannot be estimated without some concept of
pit locations and geometries. Most waters influent to
mine cuts in area C would presumably be pumped into
East Fork Armells Creek downstream from the mine
and would either leave the area as streamflow or would
reenter the ground-water system by way of the allu-
vium. When mining is completed, the resultant ground-
water system will depend greatly upon the location
and treatment of alluvium in the spoils. If gravel has
been replaced in pre-mining locations without mixing
with fine-grained materials, and if it is in good hy-
draulic connection with undisturbed gravel, the flow
system will not have changed greatly. If hydraulic con-
ductivity of the alluvium is decreased significantly, an
abnormally high water table will become established
within and upstream from the mined area.

Mining of area D will have little effect on ground-
water flow. The coal beds are present over a very small
and deeply dissected area. Part of the ground-water
flow to the older Rosebud mine will be intercepted,
but influent rates will probably be negligible in most
cuts. Inflow may enter cuts in the southern end of
area D, where the coal beds are structurally lowest and
are bounded by old mine spoils containing relatively
large volumes of ground water in transient storage.
High inflow rates there will be temporary because of
the small area to be dewatered. Post-mining ground-
water flow in area D will follow the southward struc-
tural gradient as does the existing flow. Section 35,
T.2 N, R. 41 E., is an area of converging ground-
water flow from areas D and E (Pl. 5), and thereisa
relatively high water table in the center of the section.
After mining, both areas will likely accept greater re-
charge, which will ultimately raise the water table
where the flow systems converge.

Mining of the Rosebud coal in the southern end
of area E began in December 1974. Mine cuts have
thus far encountered very little water, so little that no
need to discharge the influent has arisen. Considerably
more water would be encountered if the McKay bed is
mined there, and influent would certainly have to be
discharged from mine cuts. Because of the low trans-
missivity of the McKay coal, there is no reason to ex-
pect excessive volumes of mine influent and effluent.

Mining in Peabody Coal Company’s area a will
be an extension of current operations northward and
eastward along the outcrops of Rosebud and McKay
coal beds. Inflow rates to mine cuts have thus far been
variable. The greatest rates occurred during 1976 when

influent to a mine cut increased to a reported average
rate of about 40,000 cu. ft./day as the existing opera-
tion approached the Miller Coulee watercourse. Inflow
was induced from thin alluvial deposits, from other
overburden, and from the coal beds. Similar inflow
rates will probably be encountered as mine cuts cross
Coal Bank Coulee. Effluents are now being pumped
to sediment ponds downstream in Miller Coulee and
to an experimental impoundment in the mined area.
All effluents reenter the shallow ground-water system
or are lost to evaporation and transpiration.

Effluents from active cuts in areas A, B, C, and
E will likely be discharged to the East Fork Armells
Creek drainage; effluent from area D will probably
enter the North Fork Cow Creek drainage. That from
area a will enter the Miller Coulee drainage. Addition
of the mine waters will create increased but unpredic-
table rates of flow in water-table aquifers along the
watercourses.

Some possibility exists of increased ‘‘water-
logging” in already affected areas along Armells Creek
downstream from the project area. No such condition
is known, and no such possibility is expected in any
of the other drainages.

WATER AVAILABILITY

Depending upon sizes of actual mine areas, as
many as five perennial reservoirs, four springs, and
twenty-six water wells might be physically destroyed
during future operations (Table 11). Also, storage in
four other reservoirs may be diminished because of
reduced drainage areas; an additional three springs
and nine wells are in positions where some diversions
of ground-water flow patterns may diminish yields.
The most obvious changes in water availability will be
the physical losses of reservoirs, springs, and wells
within the mine areas. These losses will probably be
preceded by diminished water needs as land surface is
gradually transferred from agricultural use to non-use
prior to mining. The effects of mining on water sup-
plies outside the probable mine areas are less obvious
and are more difficult to predict; none of those listed
in Table 11 is judged to be extremely vulnerable, They
are listed because of theoretical possibilities that under
certain conditions their reliability may be reduced
during mining. The extensive ground-water observa-
tion system will provide advance notice if any of these
water supplies are actually threatened.

Areas or locations of reduced ground-water avail-
ability will depend upon locations of drained mine
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HYDROGEOLOGIC CONDITIONS RELATED TO MINING NEAR COLSTRIP

Table 11.—Reservoirs, springs, and wells that may be physically removed or otherwise
affected by proposed mining operations near Colstrip, southeastern Montana.

Physical removal Possible reduced storage or yield Affecting mine area(s)*
Reservoirs containing perennial storage

2N 40 E 36AD A
2N 41 E 15CA D
N 41 E 29DC A
2N 41 E 30CA A
N 41 E 31AC A
2N 42 E 19CA D
N 41 E 10BA B
N 41 E 24AB A
N 41 E 24BA A
Springs
2N 42 E 30CCCA D
2N 42 E 31CBDC D, E
N 40 E 02BABD C
N 40 E 02BBDD C
N 40 E 02BDAB C
N 40 E 04CAAA B
1 N 41 E 24CCAA B,A
Wells
N 41 E 24CAAC D
N 41 E 24CABA D
N 41 E 30DDAA A
N 41 E 32DABB A
N 40 E 01CCCD C
N 40 E 02BBDC C
N 40 E 02CDCC C
N 40 E 04DADD C
N 40 E 04DBBA C
1 N 40 E 05CCCB C
N 40 E 10DAAB C
N 40 E 11ABBB C
1N 40 E 12CBAA C
N 40 E 13ABAA C
N 40 E 14BBBB, C
N 40 E 14BBBB, C
N 40 E 15BBCB C
N 40 E 16DBAA C
1N 40E 21AAAD C
1 N 40 E 23BDDB C
1N 40 E 24CACB C
N 41 E 02DACC E
N 41 E 03CDDD B
1N 41 E 03BBBB A, B
N 41 E 04DDBA B
N 41 E 06ACAB A
N 41 E 06DDDB A
N 41 E 07DBBA B
1 N 41 E 08BBDB B
1 N 41 E 08BBDC B
1 N 41 E 08BBDD B
N 41 E 08CBAB, B
N 41 E 08CBAB, B
N 41 E 13CDCD A
N 41 E 17BBBEB B
A, B, C, D, E, Western Energy areas; A, Peabody area A
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cuts. As cuts are filled with spoils, flows will resume
and will be augmented by rainfall and snowmelt, and
productivities of wells and springs outside the mined
areas should be restored. Within mined areas, it is
likely that the final surface can be manipulated to re-
create reservoirs to store surface water for livestock.
Ground water will be obtainable from mine cuts left
without external drainage (except in parts of areas A
and D), and from wells drilled to aquifers below the
disturbed materials. Wells completed in mine spoils
will also produce some water, but completions may
be considerably more difficult than in undisturbed
aquifers because the spoils will be fine grained, poorly
sorted, and unconsolidated.

WATER QUALITY

During mining, effluents from active cuts will
be mixtures of waters from the disturbed aquifers.
Under non-mining conditions these waters discharge
naturally to the watercourses; at most places, discharge
rates are less than evapotranspirative demands. No sig-
nificant changes in the chemical system can be ex-
pected because natural ground-water discharge will be
augmented by mine effluent having the same chemical
quality. Dissolved-solids concentrations in effluents

from most of the mine areas will be less than 2,000
mg/l. Concentrations may be greater in effluents from
the northeast end of area B, the south end of area D,
and the north end of area E because of induced flow
from spoils of the old Rosebud mine; in these places
the dissolved-solids concentrations may approach
3,000 mg/l. Effluents not used for dust control or
other mining-related purposes will be discharged to
watercourses and will be chemically similar to waters
outside the mine areas.

Quality of ground water in spoils left by future
operations will probably be as variable as the quality
of water in the areas already mined. Based upon pres-
ent conditions, it can be expected that post-mining
waters will have dissolved-solids concentrations be-
tween 1,000 and 5,000 mg/l; that principal constituents
will be magnesium and sulfate; and that concentrations
of some trace elements will be higher than in pre-
mining waters. The overall chemical differences be-
tween pre-mining and post-mining ground waters
should ultimately be relatable to the final geochemical
differences in aquifer materials. The coal beds and
their waters will be stratigraphically replaced by inor-
ganic spoils and by waters chemically more similar to
waters in other non-coal aquifers.

SUMMARY

Approximately 2,000 acres of land has been sub-
jected to strip mining of coal near Colstrip since 1924;
Western Energy Company has mining plans that may
involve 10,000 acres more; Peabody Coal Company
has developed plans to mine an additional 1,000 acres.
The area is semiarid and most streams are intermittent;
average annual precipitation is about 15.8 inches, and
average annual temperature is about 45.9°F. The scar-
city of surface water necessitates heavy dependence
upon ground water for livestock and domestic uses.
The most significant aquifers to be disturbed by min-
ing are the Rosebud and McKay coal beds and the
hydrologically associated alluvium along East Fork
Armells Creek.

The area of mining intent is part of a gentle
southeastward-plunging structural trough compounded
by numerous faults, most of which have less than 50
feet of displacement. In areas where the coal beds lie
within about 200 feet below surface they are heavily
used for water supplies; these are also areas where
they are economically mineable.

An extensive system of observation wells has
been installed to enable periodic measurements of

water levels and periodic samplings for water-quality
determinations. During 1974 the aquifers received
little or no recharge. In 1975 and again in 1976
as much as 12 inches of recharge entered shallow,
undisturbed aquifers at some locations, and even
greater recharge entered mine spoils beneath an ex-
perimental impoundment at the Rosepud mine. No
water-level changes in wells have been attributable
to activities at the Rosebud mine, but strong water-
level changes have occurred within about a quarter
mile of the Big Sky mine. Beyond 1% miles from
the mine, water levels have dropped less than one
foot.

Field tests of aquifer transmissivities and hy-
draulic conductivities generated similar ranges of val-
ues for undisturbed Fort Union aquifers and for mine
spoils. The similarities imply that post-mining flow
rates are not greatly different from those before min-
ing began. Ground waters in the alluvium and the
Rosebud and McKay coal beds flow generally eastward
across the project area at an estimated rate of 15,000
cu. ft./day. Conductive alluvium along East Fork Ar-
mells Creek transmits about two-thirds of the total
flow.
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Chemical characteristics of the ground waters
differ greatly between different locations and differ-
ent depths. Dissolved-solids concentrations range from
about 400 to 6,000 mg/l. In general, waters from coal
beds are less mineralized than waters from inorganic
materials. The cations calcium, magnesium, and sodi-
um are present in a wide range of concentrations and
proportions; no relations to aquifers, depth, or loca-
tion are obvious. Sulfate is the predominant anion in
most waters; those having less than about 1,000 mg/l
of dissolved solids contain relatively more bicarbonate.
Spoils in the oldest part of the Rosebud mine contain
waters that are more mineralized than those in younger
spoils or in nearby undisturbed aquifers. Occurrences
and concentrations of trace elements are very diverse,
but lead and nickel concentrations do appear some-
what greater in waters from mined areas. Data col-
lected before mining began in 1924 give no indications
that changes in water quality have occurred since then,
but the data are too sparse for specific comparisons.

Future mining will induce ground-water flow
temporarily to active mine cuts and permanently to
any abandoned cuts having external drainage. Influent
rates to most of them will be too insignificant to re-
quire pumping. Mine cuts near East Fork Armells
Creek and near existing mine spoils will probably in-
duce influent that must be discharged to surface water-

courses. Such additions to East Fork Armells Creek
may somewhat increase “waterlogging” downstream
from Colstrip.

Depending upon sizes of actual mine areas, as
many as five perennial reservoirs, four springs, and
twenty-six wells may be physically destroyed during
future operations. Also, storage in four other reservoirs
may be reduced, and productions from three springs
and nine wells may be reduced while mine cuts are
active. Where ground-water supplies are lost, new ones
can be obtained by drilling to deeper aquifers. Because
of apparently similar aquifer coefficients of coal beds
and mine spoils, it can be expected that future ground-
water flow rates and patterns in reclaimed areas will
not differ greatly from those now occurring in the
coal beds.

Chemical qualities of active-mine effluents will
be similar to those of other area waters; dissolved-
solids concentrations will range between 500 and
3,000 mg/l. Leachates from spoils will probably have
dissolved-solids concentrations ranging between 1,000
and 5,000 mg/l, of which the principal constituents
will be magnesium and sulfate, and the general quality
of ground water in the mined areas will ultimately
alter to become more representative of waters in other
non-coal aquifers.
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