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Reclamation of Mined Lands
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Loose coal waste at the old abandoned Weber mine in Utah. In more than 30 years, except on the north slopes, few
plants have been able to establish themselves on these coal wastes because of high surface temperatures. The
background shows typical mixed pinyon-juniper woodland and sagebrush lands with patches of grassland. The
spoils have been left undisturbed; they lack grading, topsoiling, and seeding characteristics of later surface-
mining operations. October 1978.

Reclamation at the Energy No. 2 mine in Colorado, showing transplanted aspen clumps, rock piles, and contour fur-
rows on 2-year-old grassed slopes. This design aids in establishing a natural diversity of species and speeds up
the reclamation process. November 1978.
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PREFACE

This report is intended to provide readers from Federal, State, and local
governments and the general public with a description of the process of min-
ing and reclamation in the coalfields of the Western United States and some
of the associated environmental problems. Reclamation is complex and in-
volves many technical disciplines. The technical language in this report has
been simplified as much as possible, or defined. The report includes photo-
graphs that illustrate various aspects of reclamation and some of the prob-
lems encountered in the reclamation process and a table that presents an
overview of reclamation at 22 coal mines.

The report is based on 1978 observations by personnel of the Geological
Survey, the Bureau of Land Management, and the Office of Surface Mining
Reclamation and Enforcement of the U.S. Department of the Interior and of
the Forest Service, U.S. Department of Agriculture. Our observations, in-
dividual and collective, have been supplemented by a review of the available
literature.
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English-Metric Conversion

MULTIPLY TO OBTAIN
ENGLISH UNITS BY METRIC UNITS
inches (in.) 254 centimeters (cm)
feet (ft) 3.048 x 101 centimeters (cm)
3.048 x 10— meters (m)
miles (mi) 1.609 kilometers (km)
acres 4.047 x 10-1 hectares (ha)
4.047 x 10-3 square kilometers (km?)
cubic yards (yd® 7.646 x 10~ cubic meters (m?)
pounds (Ib) 4536 x 101 kilograms (kg)
pounds per acre (Ib/acre) 1.12 kilograms per hectare (kg/ha)

degrees Fahrenheit (°F) 59 (°F - 32) degrees Celsius (°C)
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Reclamation of Mined Lands in the Western Coal Region

By Perry F. Narten', Stephen F. Lintner', John W. Allingham?,
Lee Foster?, Daniel M. Larsen?, and Harry C. McWreath lII'

Abstract

In 1978, a group of scientists from several Federal agen-
cies examined reclamation work at 22 coal mines in seven
western States. The results of these examinations were not
used to derive quantitative predictions of the outcome of
reclamation work but rather to determine the general re-
quirements for revegetation success. Locally, reclamation
efforts are affected by climate, especially precipitation; the
landform of the restored surface; the nature of the over-
burden material; the nature of the surface soil; and the na-
tural ecological system. The goals of reclamation efforts
are now broader than ever. Regulations call not only for re-
ducing the steepness of the final surface and establishing a
cover of mostly perennial native vegetation, but for re-
storing the land for specific land uses, achieving diversity
both in types of plants and in number of species, and rein-
troduction of biological and ecological processes. If spe-
cific sites are monitored over a long enough period of time,
quantitative predictions of success for individual mines
may be possible, and such predictions can be included in
environmental impact statements to help in the decision-
making process. The results of this study indicate that
current reclamation objectives can be met when the recla-
mation effort is designed on the basis of site-specific needs
and when existing technology is used.

INTRODUCTION

In October and November of 1978, scientists
from the U.S. Geological Survey, the Bureau of
Land Management, the Office of Surface Mining
Reclamation and Enforcement, and the U.S.
Forest Service visited 22 western coal mines at
17 locations in North Dakota, Montana, Wyo-
ming, Colorado, Utah, Arizona, and New Mexico
(fig. 1) to assess reclamation practices, to find
out what had been accomplished and what was
being done in planned reclamation, and to deter-
mine, if possible, what happens when minimal or

Geological Survey, U.S. Department of the Interior.
2Forest Service, U.S. Department of Agriculture.

no attempts have been made at reclamation.
These visits were made mostly to determine the
outcome of revegetation work in respect to as-
sessing environmental impacts of proposed coal
mine development and forecasting reclamation
success. Some observations were also made on
techniques such as planting-site preparation
and other factors that influence success.

The condition of land when it is abandoned
after mining has been a major public concern
and the focus of studies, laws, and regulations
on reclamation. Regulatory agencies and the
mining industry have made varied attempts at
prescribing and implementing reclamation. This
paper describes what is being done and delimits
some predictions about the probable long-term
effectiveness of present-day reclamation efforts
in the western coal region.

To reach environmentally sound decisions on
coal mine development, practical answers are
needed to the following questions: Can self-
sustaining diverse plant communities com-
posed primarily of native species be reestab-
lished? What will be the eventual vegetative
production potentials of reclaimed land?

ACKNOWLEDGMENTS

The Federal team that conducted this study
was assisted and guided by reclamation consult-
ant Ed Nobel, who had participated in a 1976-77
detailed examination of plant and soil relation-
ships on many of the same mines (Packer and
others, 1981; Nobel, 1978a and b). Shirley Lind-
say of the U.S. Office of Surface Mining and
John Lovell of the U.S. Bureau of Land Manage-
ment (now with the Office of Surface Mining),
both with extensive experience in western coal
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Ficure 1.—Locations of 22 western coal mines assessed in the study.



mining reclamation problems, participated in the
mine examinations in Utah, Colorado, New Mex-
ico, and Arizona and contributed to this report in
consultive and review capacities. The technical
advice and logistical assistance of local Federal
officials is gratefully acknowledged. These of-
ficials include Arnie Matilla, John Paul Storrs,
Bill Newby, Vernon Ruill, Douglas Hileman,
Archie Carver, Jim Edward, Bill Clarke, and
Moon Hom of the U.S. Geological Survey, and
James Webb, Richard Enriquez, Bryant Christen-
son, Jim Forest, Bob Black, and Ruby Hartman
of the U.S. Forest Service.

Officials of the mining companies were partic-
ularly helpful in providing on-site guidance and
discussion on their reclamation practices. They
include Nick Bettas, Kemmerer Coal Company;
Jerry Ellis, Rosebud Coal Company; Glen Doss,
Gordon Peters, and Duane Richards, Pacific
Power and Light; John Bradley, Amax Coal Com-
pany; Dave Jennings and Dwight Layton, Decker
Coal Company; Reg Hoff, Walter BeGay, Jan
Macfarlan, and Roy Karo, Peabody Coal Com-
pany; Ralph Moore and Bill Sullivan, Westmore-
land Resources; Joe Mitzel, Jim Brown, and
Terry Dudley, North American Coal Company;
Jack Etherton, Al Czarnosky, Jr., Bill Noud, and
Kent Crofts, Energy Fuels Corporation; Rodney
Gabehart, Western Coal Company; and Sterling
Grogan, Utah International and Midway Coal
Mining Company.

DEFINITION

Planned reclamation, as defined in this report,
is the process of returning mined lands to their
premining productive capability or to a greater
productive capability. It involves reshaping the
disturbed lands into stable landforms and estab-
lishing a self-sustaining vegetative cover.

The majority of western Federal coal lands are
classified as rangelands, which are used and
managed as both wildlife habitats and as stock
grazing areas. If a decision is made to return
such lands to the same use after mining, it is im-
plicit that the final result, the “reclaimed lands,”
will have (1) soil and plants established at about
the same point in the plant succession, and (2) a
plant diversity that is both self-sustaining under
natural extremes of weather and climate and
that provides a habitat for a variety of wildlife.

These goals commonly demand the use of a
large component of native plants. The signifi-
cant criterion of reclamation effectiveness, how-
ever, would be the restored capability and stabil-
ity of the mined area as rangeland rather than the
restoration of the premining ecosystem.

RECLAMATION OBJECTIVES

The objectives of reclamation have been
changed over the years—between regions, be-
tween mines, and even within single mines—as
the need for these changes became apparent to
lawmakers. Contemporary goals in the western
coal region have evolved to include (1) reducing
the steepness of the land slopes on excavated
materials, or “spoils,” that overlay the mined
coalbeds and of the end-of-mining cliff-like
highwalls, and (2) establishing a cover of peren-
nial native vegetation that can provide food and
cover for livestock and wildlife and reduce the
erosion potential. Initial implementation of
these objectives has sometimes resulted in
large areas that are nearly covered by a single
nonnative legume or grass species or at most a
few species. In recent years, because of greater
awareness and concern for wildlife habitat and
the possible long-term instability of monoculture-
like plantings and nonnative plants, postmining
efforts have been directed toward establishment
of much more diverse plant communities and
greater use of native plants, including woody
browse shrubs and trees. The Surface Mining
Control and Reclamation Act of 1977 (Public Law
95-87) has unified and broadened the objectives
of reclamation of surface-mined lands on a na-
tionwide basis.

THE RECLAMATION PROCESS

In the western surface coal mine region, recla-
mation is a continuing process, tied into the
mining process, commencing with the initial re-
moval and stockpiling of the topsoils. As mining
progresses, the material above the coal, the
overburden, is sequentially removed and
deposited as ‘““‘spoil piles” in previously mined-
out sections (see frontispiece). Any overburden
materials usable for plant growth media may be
salvaged and stockpiled at this time. The spoil



piles are then graded, and topsoil or other suit-
able growth media are applied. The resulting
surface is prepared for planting and is planted
during the appropriate season. It may be treated
in various ways before or after planting to im-
prove germination and plant growth potentials,
to reduce erosion, and to improve its water
retention characteristics. In many mining oper-
ations, after the initial opening of the mine, the
plant growth media can usually be placed di-
rectly on the graded surfaces without intermedi-
ate stockpiling.

Although the overall approaches to mining
and reclamation are similar, local procedures
will vary with differences in the attitude of the
coalbeds (flat to steeply dipping); the number of
individual beds to be mined; the thickness,
strength, and mechanical and chemical proper-
ties of the materials above and between the coal-
beds; and the types of equipment used. The
costs of coal recovery and of handling over-
burden material directly influence the methods
used. The technical aspects related to earth-
material handling have reached an advanced
state, and computer-assisted planning and deci-
sionmaking models are now available (Scott,
1978; Gibson and others, 1979).

The revegetation process, though dependent
on climate, the availability of suitable thick-
nesses of growing media, and of sources of
plant materials, has been extensively researched
for western coal surface-mined lands in recent
years by the Surface Environment and Mining
Program® and other Federal and State govern-
ment agencies and universities. In general, the
same horticultural principles that are used for
successful farming, home gardening, or land-
scaping, were found to apply in the revegetation
process.

MINING HISTORY

Early western coal mines, which date back to
the late 1800’s, were usually small underground
mines that served local markets and railroads.
Subsidence has occurred over some of these
underground mines creating surfaces that are
hazardous and virtually unreclaimable (fig. 2).

*The Surface Environment and Mining Program (SEAM) was established by the
U.S. Forest Service in 1973 and given a 5-year mission to develop and apply the
most current reclamation and planning technology to western coal mining
operations.

The subsidence is more common over mines
with less overburden. In North Dakota, for ex-
ample, overburdens of 100 feet or less have col-
lapsed over several underground mines; those of
200 feet or more have not (Trimble, 1979, p. 16).

Early surface mining was restricted to a few
large mines generally adjacent to railroads or
powerplants. One of the oldest surface opera-
tions is the Rosebud mine at Colstrip, Montana,
where mining began in 1924. Some of the sur-
face mines in North Dakota are of similar age.
The Indian Head mine, for example, began oper-
ating in 1929.

With the increased demand for electric power
and low-sulfur coals and with the improvement
of surface-mining machinery and transportation
equipment (fig. 3), western coal mining began a
period of major new development in the late
1960’s and early 1970’s. This boom has con-
tinued at a rapid pace, and some new surface
mines are excavating the land surface at a high
rate (fig. 4). For example, the Navajo mine in
northwestern New Mexico disturbed about 4,500
acres (more than 7 mi?) in 14 years (fig. 5). Envi-
ronmental concerns about the reclamation of
mined land have intensified as the rate of mining
and the number of western surface mines has
increased.

RECLAMATION HISTORY

Planned reclamation was not required and
therefore not practiced in early western mining.
Most mines were small and underground, and
thus only a few surface acres were disturbed. In
some areas, postmining debris such as surface
buildings and load-out platforms have been
removed by scavengers or land management
agencies.

Only lump coal was marketable in early min-
ing days, and the fine materials were sifted or
washed out and left at the mine site. At many of
these old abandoned underground mines,
broken timbers and the coal fines and dust that
blacken hillsides near the mine entrances are
the major remaining physical indications of past
mining. These blackened surfaces absorb
enough heat to destroy any germinating seed-
lings and are largely devoid of vegetation (fig. 6).

In the early surface mines the overburden was
left as it was excavated, generally in a series of
small ridges having steep slopes (figs. 7 and 8),



Ficure 2.—Aerial photograph of the surface mine of the Arrowhead Coal Company in North Dakota, showing subsidence over
the old abandoned underground mine workings in the background (Trimble, 1979). The highwall of the surface mine is 15
to 20 feet (foreground). Subsidence over underground room-and-pillar mines creates hazardous surfaces and destroys
agricultural land; it does, however, create a local wildlife habitat. Such areas are difficult or impossible to reclaim.

to which fines from the coal were added. These
ridges, commonly called orphaned spoils, pro-
vide examples of the natural revegetation proc-
ess under the most adverse local conditions of
moisture depletion, temperature stress, and soil
instability.

In North Dakota where adequate moisture is
available, some orphan spoils have, over a period
of 40 years, become naturally revegetated with a
variety of plant forms, mainly perennials. These
plants have formed islands of vegetation in the
mined lands and provide refuges for wildlife,
especially deer (figs. 9 and 10). In some places,
sportsmen and conservation groups have
planted woody vegetation on spoil piles specifi-
cally to create wildlife refuges, and the vegeta-
tion is doing well (fig. 10). Canadian experience
in converting old spoil piles to wildlife refuges
has been similar (Schumacher and others, 1977,
p. 19).

Most steep slopes in western coal mined
areas, however, are generally bare of vegetation.
Elsewhere vegetation is restricted to the most
favorable germination sites, namely those where
the soil surface is flat enough or where benches
allow enough moisture to accumulate to support
seed germination. Except in the more humid
areas, plant cover is sparse even though some
native plants are beginning to colonize (fig. 11).
In some locations, moisture-collecting places
between the spoil piles and at the bases of old
highwalls and ponds are colonized by willows
and cottonwoods which may locally dominate an
otherwise barren landscape (fig. 7).

Some mining companies attempted to stabi-
lize raw spoil piles by aerial seeding with either
grasses or legumes, or both. Some State regula-
tions required the leveling of the ridges (figs. 12
and 13). These newly leveled surfaces were then
partly seeded from the air and, in places, were
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Ficure 3.—A 100-ton truck leaves a box cut at the West Decker mine in Montana. Light-colored sandy overburden, about
90 feet thick, is stripped on two benches (away from the viewer) leaving spoil piles (left). Overburden will be stripped from
the flat plain (center) as far as the distant buttes (background). The 52-foot coalbed is exposed in the box cut. September

1975.

planted with mostly nonnative trees and shrubs
on an experimental basis in cooperation with
State and Federal agencies (Berg, 1975,
p. 82-83). Although evidence of deliberate seed-
ing attempts can be inferred from the existence
of nonnative grasses, the history is incomplete.
Recent reclamation efforts have been guided
by both existing and proposed Federal and State
regulations (Imhoff and others, 1976). In the
1970’s, government agencies, working in part
with the universities, developed much of what is
presently known about western reclamation
technology. The state of the art is now believed
sufficiently established that a major Federal pro-
gram of the U.S. Forest Service, the Surface En-
vironment and Mining Program (SEAM), changed
its emphasis from research and development to
assuring that reclamation technology is avail-
able to users (Scholz, 1978). Much of the result of
the SEAM program and other similar government
and university research work (Burbank, 1978;

Brown, 1977) has been applied at one or more
mines through experimental techniques and
plantings done in cooperation with the mining
companies. The mining companies are doing
some testing and experimenting on their own
(Deveraux, 1978) as new techniques are devel-
oped or as they are mandated by government
regulation.

In 1977, the Surface Mining Control and Recla-
mation Act (SMCRA) was passed by Congress.
This law called for the creation of a new Federal
regulatory agency, The U.S. Office of Surface
Mining Reclamation and Enforcement (OSM),
whose principle duties include (1) administering
the programs for controlling surface coal mining
operations; (2) reviewing and approving or dis-
approving State programs for controlling mining
operations and reclaiming mined lands; (3) in-
specting for regulatory compliance; (4) issuing
cease-and-desist orders; (5) ordering the super-
vision or revocation of any permit that does not



Ficure 4.—Aerial photograph of the West Decker coal mine in Montana, adjacent to the Tongue River Reservoir. Systematic
mining operations proceed radially outward. Regraded grass-covered reclaimed areas near the center are interrupted by
radially oriented haulroads in deep cuts. Spoil is continuously regraded and seeded after the overburden has been stripped
from the 52-foot coalbed. Irrigation is not needed, and grasses are quickly established. Extensive reclamation experiments
have been made here under the SEAM Program of the U.S. Forest Service. Some replanted areas have multiple test plots.
The East Decker Mine is across the reservoir at right center. July 1978.

comply with SMCRA or its regulations; (6) ad-
ministering the program for the purchase and
reclamation of abandoned and unreclaimed
mined areas; and (7) assisting and monitoring
programs for the research and development of
improved surface mining and reclamation tech-
niques designed to reduce adverse environ-
mental and social effects.

An essential feature of the SMCRA was the
call for cooperative development of legislation
and technical organizations at the State level to
support enforcement of Federal Government
regulations. The Office of Surface Mining’s
regulations covering surface coal mining and
reclamation operations were published on
March 13, 1979 (U.S. Office of Surface Mining,
1979).

Although practices at individual mines may
differ, reclamation now follows this basic

scheme: the rough spoil is graded to approx-
imate the original landform conforming to ad-
jacent unmined terrain (fig. 14); the salvaged
topsoil is respread; the surface is prepared as a
seed bed, and measures are taken to supply
whatever is necessary or required for good seed-
ling development; the surface is planted; and
post-planting amendments are made as needed.

At the time of the 1978 examinations of re-
claimed areas, most of the revegetated mined
lands examined were the result of reclamation
initiated a few years earlier (see table 1). Some
revegetation less than 5 years old was done in
accordance with the general goals of recent
legislation. The specific mandates of SMCRA for
diversity of native communities, productivity,
and cover, however, had not yet been met.

Any predictions about meeting current goals
of reclamation are severely hampered by time



Table 1.—Comparisons of key parameters of 22 Western Coal Mines'

[The data are compiled from Evans, Uhlemann, and Ebg, 1978; Nobel, 1978a; Nobel, 1978b; field

Mining Reclamation
Beginning date Beginning date Topography
Mine and location Acres mined Acres reclaimed Land Use Climatic Factors Elevation, in feet
1. INDIAN HEAD MINE 1929 Unknown. Premining: Growing season Hilly with 4- to 6-per-
Beulah, Mercer County, Pasture, hay, (avg frost-free days): 120. cent slopes. Orphaned
central North Dakota 1,082 acres 608 acres through grains. spoils left from older

through 1978. Temperature (°F): mining. Recent spoils
USGS 7%’ maps: 1978. Intended: No mean annual: 41 reshaped to original
Medicine Butte NE Change. range: —40 to 110. forms. Surfaces
Medicine Butte mostly stabilized even
Zap Livestock and Precipitation (inches): on orphaned spoils.
Beulah hunting ex- mean annual: 17
lat 47°15'N.; cluded dur- range: 11 to 22; 1,950-2,000
long 101°52'W, ing reclama- 70 percent from April
secs. 29-33, T.144 N., tion. through August.
R.89 W.
2. ABSALOKA MINE 1974 1974 Premining: Growing season Rolling hills and buttes
Hardin, Big Horn Coun- wildlife and  (avg frost-free days): 125 with 2- to 8-percent
ty, southeastern 516 acres 253 acres graded; livestock mid-May to mid- slopes. Some minor
Montana through 127 acres range. September. rilling and gullying.
1978. seeded.
USGS 7/’ maps: Intended: No Temperature (°F): 3,500
Wolf School change. mean annual: 46
lat 45°48'N.; range: —42 to 100.
long 107°05'W. Livestock and
secs. 23-26, T. 37 N., hunting Precipitation (inches):
R.1E. excluded mean annual: 12
during range: 2 to 15;
reclamation. mostly from May to
June.
. ROSEBUD MINE 1924-58 1969-74 Premining: Growing season Sandstone ridges and
Colstrip, Rosebud Coun- 1,800 acres 1,100 acres Wildlife and  (avg frost-free days): 127 mesas, with 2-percent
ty, southeastern mined by graded and livestock mid-May to mid- slopes separated by
Montana Northern seeded by range; some September. broad valleys having
Pacific RR. Northern hayfields. low relief and numer-
USGS 7' maps: Pacific RR; Temperature (°F): ous drainages and
Colstrip W. 1968-79 350 acres re-  Intended: No mean annual: 47 ephemeral streams;
Colstrip SW. 3,000 total claimed by change. range: —40 to 110. sandstone escarp-
Colstrip SE. acres dis- Western ments adjacent to
Colstrip E. turbed by Energy Co.;  Livestock ex- Precipitation (inches): mined lands. Older
lat 45°52'N.; Western 350 acres cluded dur- mean annual: 15 unreclaimed spoils
long 106°37'W. Energy Co. abandoned. ing reclama- range: 14 to 16; have 35-percent
T.1N., R41-42E. tion. 60 percent from March slopes and some
1975-78 through June. minor rilling and
1,250 acres gullying. Some wind
graded and erosion.
seeded.
3,260-3,340
1979
400 acres graded
in preparation
for seeding.

!See Gleason (1979) for published reclamation data on specific mines.



observations by the authors; topographic maps; and written correspondence with the mines ]

Growing Media

Vegetation

Species Diversity Productivity

Premining: No data.

Postmining: In older recla-
mation, fine-textured
spoils with high sodium
content usually mixed in
handling; some highly
sodic spoils still exposed;
topsoil not used. Recent
reclamation, including
reworking of older areas,
has involved up to 21 in.
of topsoil.

Premining: Mostly grasses (wheatgrass-needlegrass).

Postmining: Successful seeding of native grasses and
grain crops achieved on shallow, nontoxic spoils
or on topsoiled surfaces. Little success in
rehabilitating raw spoils having high sodium con-
tent. Western and crested wheatgrasses, green
needlegrass, slender wheatgrass, yellow
sweetclover, and Sudan grass cover. Planted and
self-sown trees and shrubs on old spoil piles.

Premining: Mostly

No data.
mixed grasses.

Postmining: Mostly

grasses. Experimental
plantings of exotic
trees and shrubs on
rougher ground.
Cottonwood, willow,
and common reed
volunteers in wetter
areas.

Premining: Clay loam to
cobbly loam soils, 10 to
40 in. deep, moderate
permeability; pH 7.2-8.0.

Postmining: Smoothed sur-
face, generally 6 to 12 in.
topsoil, but as much as
36 in. on highly sodic
spoils; fertilized.

Premining: Ponderosa pine forests on ridges and
buttes, shrub-grassland on slopes, and wheat-
grass-needlegrass in bottom lands.

Postmining: Vegetation cover variable (4 to 22 per-
cent). Slender wheatgrass and associated
wheatgrasses -dominant. Lesser amounts of
yellow sweetclover and winter wheat. Preliminary
results from ponderosa pine revegetation show
80-percent survival of transplanted containerized
trees and 33-percent survival of transplanted
bare-rooted trees.

Premining: About 20

Postmining: Mostly

Premining: No data.

species.

Postmining: 320-900 Ibs/acre for
ponderosa pine area; 3,000

grasses; diversity in- Ibs/acre for shrub grass area.

creased by trans-

planting local pon-

derosa pines and

associated vegeta-

tion. Eight species of

shrubs and two

species of deciduous

trees planted.

Premining: Sandy loam over
parent sandstone and
shale; pH 7.0-8.2; toxic
materials absent in sur-
face zones.

Postmining: Selective salvage
and redistribution of top-
soil and subsoil; stockpil-
ing avoided. Straw mulch
incorporated.

Premining: Mixed prairie (wheatgrasses, needlegrass,
grama, sedge, silver sagebrush, big sagebrush,
fringed sagebrush, broom snakeweed) with scat-
tered woodland of ponderosa pine and juniper;
intrusions of riparian plants (cottonwood, box-
elder, chokecherry, snowberry).

Postmining: 40-percent cover and litter accumulation
in basins; cover of needleandthread; bluebunch
wheatgrass; threadleaf sedge; tall, crested, west-
ern, slender, and thickspike wheatgrasses; blue
grama; prairie sandreed, cheatgrass; bluegrass;
and bluestem. Upland areas covered by tall and
crested wheatgrasses, Indian ricegrass, and
others; cover 25 percent. Research plots moni-
tored by Montana State University. Early recla-
mation by broadcast, drill, and aerial seeding
with crested wheatgrass, thickspike wheatgrass,
western wheatgrass, smooth brome, orchard-
grass, alfalfa, sainfoin, fourwing saltbush, and
similar plants.

Premining: Over 200

Postmining: 1972 seed

Premining: 250-800 Ibs/acre;
500-1,600 lbs/acre potential
for wetter areas.

species on rangeland
sites.

Postmining: 3,000 lbs/acre for
mix contained 16 introduced stands.
species. After 1973,
refined seed mix of
14 major perennial

species was used.




Table 1.—Comparisons of key parameters of 22 Western Coal Mines'—Continued

Mining Reclamation
Beginning date Beginning date Topography
Mine and location Acres mined Acres reclaimed Land Use Climatic Factors Elevation, in feet
4. BIG SKY MINE 1969 1970 Premining: Growing season Rolling hills, sandstone

Colstrip, Rosebud Coun- Wildlife and  (avg frost-free days): 127 mesas with 6- to

ty, southeastern 674 acres 521 acres graded, livestock mid-May to mid- 8-percent s