The Biosphere: Problems and Solutions, edited by T.N. Veziroglu 211
Elsevier Science Publishers B.V., Amsterdam, 1984 — Printed in The Netherlands

RESTORATION OF /INATURAL ECOSYSTEMS ON SURFACE COAL MINE LANDS IN
THE NORTHEASTERN UNITED STATES

F.J. Brenner

Biology Department

Grove City College

Grove City, Pennsylvania 16127, U.S.A.

ABSTRACT

Surface mining currently accounts for 50 percent of the
coal mined in the United States and will probably increase in the
future because of the lower operating cost and increased produc-
tion/man-day when compared with deep mining. In the past, recla-
mation of these sites consisted of partial regrading and planting
of grasses and trees, often with only partial success. These
past as well as current reclamation practices did not adequately
restore natural vegetative communities and, for the most part,
lacked the diverse plant communities that existed on the sites
prior to mining. Of the 66 species of grasses, legumes and
forbs currently recommended for reclamation, only 6 are native to
the northeastern United States, whereas 44 of the 52 trees and 14
of the 31 shrub species are native to the region., Natural succes-
sion is essential to the development of diverse and stable flora
and fauna communities on these lands. The restoration of natural
ecosystem cannot be accomplished without restoring the organic and
moisture retention as well as the microflora of the spoil since
these components are essential to restoration of natural grass-—
land and forested ecosystems.

1. INTRODUCTION

Coal was first mined in the United States in 1701, along the
James River near Richmond, Virginia, but commercial mining did not
begin until 1745 (1). Coal was discovered in Kentucky in 1752,
and in Ohio three years later. Shortly thereafter coal was dis-
covered throughout the Appalachian Mountains and as far west as
Illinois. The early mining operations could be classified as sur-
face or strip mining. Exposed coal layers along river banks were
mined with pick and shovel and, in some cases, shallow coal seams
were exposed with hand tools. Mechanized mining began around
1825 when mule-drawn scrapers were introduced into the coal field
fields. This enabled the removal of additional overburden to ex-
pose the caprock over the coal. By the use of explosives, cap-
rocks were fractured and removed by horse and wagon. The Otis
steam shovel was introduced into the mining industry in 1877 near
Pittsburg, Kansas. These early surface mines were still relative-
ly small since the largest shovels only removed a few cubic meters

of overburden.

Following the Second World War, the development of larger drag-
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lines made it feasible to remove between 9 - 21 m (30-70 feet) of
overburden. By 1968, 27 m (90 feet) of overburden could be ex-
posed in high quality coal seams. Geologists once considered that
coals below 30 m (100 ft) could not be recovered by surface mining
but today coal as deep as 60 m (200 ft) is routinely included in
the calculation of minable reserves. The amount of overburden
that can be removed is basically a question of economics. The
quality, depth and thickness of the coal seam determines the
amount of overburden that can be removed economically. In 1946,
the average amount of overburden removed per m coal was 6:1. By
1955, this ratio increased to 8.5:1 (2) and by today, this ratio
varies between 20-~30:1 in the northeastern coal fields.

The amount of coal mined by stripping was one percent in 1917,
increasing to 34 percent by 1968 while today surface mining ac-
counts for over 50 percent of the total United States coal pro-
duction. The primary reasons for the increase in surface mining
are: (1) greater output per man/day (30 tons for surface mining
compared to 12 tons for deep mining), (2) lower median operatin
costs ($18.00/ton in strip mining and $37.00/ton in deep mining),
(3) greater rate of recovery (90 percent in strip mining to 50
percent in deep mining), and (4) the rate of fatalities is five
times lower in surface mining than it is for deep mining.(0.606/
million tons)(3). Surface mining for coal will continue to in-
crease as the United States moves toward energy independence (4).
In 1982, coal accounted for 22.1 percent of the United States
energy supply compared to 17.3 percent in 1972, with the use of
coal increasing during the next two decades (45. The proven coal
reserves of the United States is in excess of 280 billion tons,
of which about 75 percent of the surface minable coal is west of
the Mississippi. Most of the western coal, however, is classified
as subbituminous with a heating value of 5600 Kcal/Kg compared to
©100~7800 Kcal/Kg for eastern coals, Based on caloric value,
about 55 percent of the total reserves of coal are east of the
Mississippi. The 8ulfur content of eastern coals, on the other
hand, may exceed 6 percent, but the usual range is between 2.5-
3.5 percent. It is conceivable, therefore, that stricter air
quality regulations may result in less demand for high sulfur eas=-
tern coals. In the foreseeable future, however, the demand for
eastern surface minable coal should remain constant or increase
with a corresponding decrease in deep mine production.

In the past, surface mining caused the destruction of land
resources, pollution of streams, contamination of ground water
aquifers and dther environmental problems. For over 40 years,
the lack of regulations and concern for the environment by both
the govermment and industry have left thousands of hectares of
unreclaimed mined lands throughout the northeastern coal fields.
Acid and heavy metal discharges from abandoned surface mines have
caused the degradation of aquatic life in receiving streams(5~13).
An increase in the sediment load as a resulit of improperly re-
claimed surface mines is also detrimental to aquatic life (14) as
well as increésing the flooding potential in mountainous water-
sheds (15). Ehrlich and Ehrlich (16) stated that only war caused
more destruction to the environment than surface mining. In view
of current reclamation practices and the advances in the restor-
ation of abandoned mine lands, this may not be an objective evalu-
ation of the surface mining industry. 1In this paper, past and
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current reclamation practices are evaluated as to their effective-
ness in restoring natural ecosystems in the northeastern United

States.

2. PRE-MINING SURVEYS

A reclamation plan for mined land should begin with a pre-
mining geological and ecological survey of the proposed mine site.
The basic geological data should include the contour of the site,
ground water aquifers and surface drainage patterns. The overbur-
den should be analyzed for pH, acid-base balance and heavy metals,
especially iron (Fe), manganese (Mn) and aluminum (Al) to identify
potential problem strata %17,18). Once these strata are identi-
fied, they should be handled to prevent seepage from the site upon
completion of the mine operation. Moreover, an overburden analy-
sis will allow for a more accurate prediction of the spoil charac-
teristics (19), thereby enabling a better selection of the species
to be used in re-vegetating the site.

The ecological evaluation of the site should include the prin-
ciple vegetative associations, chemical and biologicel character-
igtics of streams, and wetlands. All critical, sensitive or en-
dangered species either on the site or that might be impacted by
mining should be identified and precautions made to protect or
re-establish these habitats. This basic ecological information
will be an asset in the re-establishment of a natural ecosystem
on the site once mining is completede.

3. SITE PREPARATION

For over 40 years, only minimum reclamation and partial back
£illing occurred on much of the surface mine lands in the Appa-
lachian coal fields. These abandoned sites are characterized by
a series of short steep slopes, exposed highwalls, often with
water at their base and the spoil as a mixture of all horizons,
accounting for the variations that exist both within and between
mine sites (20-22).

Current state and federal regulations require that the horizons
be. segregated and replaced in the same order as removed during
mining. The affected land has to be returned to the approximate
original contour (AOC) unless site conditions or other circumstan-
ces do not permit this type of re-grading. Then an alternative
reclamation plan is agreed upon by the mine operator, regulatory
agencies and the property owner.

These regulations, however, do not ensure adequate reclamation
and, in some circumstances, may be detrimental. The use of heavy
earth moving equipment often results in compaction, increasing
soil density and causing a decline in available moisture, at least
for a short duration. Regrading to AOC often results in long
slopes that may accelerate erosion. The amount of soil movement
on a site devoid of vegetation is more directly related to the
length of the slope than it is to the degree of the slope. Soil
loss in tons per acre (A) may be calculated by the equation:

A=RKLSCP,
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where R is the rainfall and runoff factor, K is the soil erodabi-
lity factor, L is slope length, S is degree of slope, C is the
cover and management factor and P is the support factor. In gen-
eral, soil loss will be less with a series of short steep slopes
than with a long gentle slope. The installation of water diver-
sions across the slopes (21) or inverted terraces will aid in re-
ducing soil loss (20?. Other factors that affect the final re-
clamation of a site may be a lack of bonding between soil hori-
zons, replacing top soil during excessively wet or dry conditions
and a change in the biological and chemical properties of the top
soil due to extended storage.

Although reclamation is a small part of the total mining opera-
tion, it is an extremely important part in terms of future land
use. The cost of reclamation has been estimated at between $4000
and $7000 per acre (23,24) and the majority of the cost is in -
volved.with backfilling and regrading the site. These figures may
be excessive, however, since backfilling and regrading are part of
the continuous mining operation and special equipment is not
brought to the site for this purpose. For this reason, as well
as the amount of variation from site to site, it is difficult to
obtain an exact estimate of the cost of backfilling, regrading
and preparation of the site for seeding.

4, RESTORATION OF THE MINE ECOSYSTEM

Current federal and many state regulations require that the
productivity of the land be returned to the pre-mining conditions.
According to these regulations, if the site has been designated
as prime farm land by the U.S. Soil Conservation Service, then the
land must be reclaimed as hay, pasture or row crops according to
existing agricultural practices. Based on the reclamation cost
of $4000 to $7000 per acre and a return of $325 per acre from
farming (23), it would take from 12-22 years for the income from
this land to equal or exceed the cost of reclamation.

These regulations also state that the natural vegetative com-
munities that existed on the site prior to mining must be re-
established on the site. In many areas of the northeastern United
States, however, the restoration of woodlands is discouraged by
both the industry and the regulatory agencies. This occurs even
though woodlands existed on the site prior to mining. The proper-
ty owner often is encouraged to sign a waiver indicating that the
land be reclaimed as grassland rather than woodlands.

According to Braun (25), the majority of the natural climax
vegetation communities throughout the northeast were comprised of
oak (Quercus)-chestnut §Castanea dentata) associations with local
distribution of maples (Acer spp.), beech (Fagus grandifolia),
hemlocks (Tsuga candensis) or mixed mesophic forest. Lumbering,
disease, agriculture and other land use changes over the past cen-
turies has altered these natural communities. A natural communi-
ty at the time of mining, therefore, may be an old field, shrub
or second growth forest community, often composed of a mixture of
exotic and native species. Many of these exotic species may have
existed in the region since the region was first cleared for agri-
culture and may now be part of the natural flora. The term natur-
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community may not, therefore, be synonymous with native plant com-
munities.

Regradless of the type of plant community to be established on
the land after mining, the organic content and moisture retention
capacity of the spoil will determine the success of these reclama-
tion efforts since both parameters are significantly correlated
with biomass production ?Table 1)(20~22,26). The relationship be-
tween the organic content and moisture is especially important
during periods of reduced rainfall and even excessive rainfall of-
ten will percolate through the spoil (6,14,15) or run off, depen-
ding on the regrading procedures (26). Initial reclamation effects
often fail due to drought and/or high temperatures, even in the
humid northeastern United States.

The chemical characteristics are also important in determining
the microbial composition of mine spoils (Table 2). These micro-
organisms are important not only in determining the success of
initial reclamation but also the rate and pattern of natural suc-
cessione In addition, to their role in mineral and nutrient cy-
cling, micro-organisms are involved in the decomposition of organ-
ic material, thereby increasing the organic content and providing
media for seed germination of both established and invading spe-
cies. Fungi mycorrhiza provides plants with a larger physiologi~
cally active surface area for nutrient and ionic absorption as
well as increasing their resistance to high temperatures, toxins
and extremes of pH (27). The innoculation of trees with fungi
prior to planting has been shown to increase their survival on
surface mines (28,29). Likewise, the field innoculation of es=-
tablished plants by either spores (30), soil (31), or vegetative
mycella (32) has been shown to increase tree survival. Mycorrhiza
also are important in determining the pattern of natural succes-
sion (33) since over 125 species of plants have been shown to be
associated with specific types of mycorrhiza (34). The pattern of
natural succession may to some degree be determined by the pre-
vious land use since fungi spores are either disseminated by wind
or the replacement of the top soil during reclamation.

Domestic sewage sludge has been recommended as a procedure to
increase the organic and nitrogen content of surface coal mines.
The addition of sludge has been shown to increase the establish-
ment and growth of both herbaceous and woody vegetation (26). The
use of sludge should, however, be carefully monitored for heavy
metals that may be detrimental to both plants (35-37) and animals

Table 1. Correlation coefficients between soil parameters and
total biomass on 82 surface coal mine sites in Pennsyl-

vaniae.
Parameters pH Organic Moisture Biomgss
Matter Capaaity g/m
PH 1.000 0.791 0.89% 0.319
Organic Matter 0.791 1.000 0.870 0.654
Moisture Capcity 0.894 0870 1.000 0.745

Biomass 06319 0.654 0.745 1.000
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Table 2., Correlation coefficiences between three spoil parameters
and micro-organisms on 82 surface cosl mines in Pennsyl-

vania.
Bactgria . pH Organic Content Moisture Capacity
Nitrogen-Fixing
Bacteria 0.60 0.58 0.77
Iron Bacteria 0.75 0.73 0.94
Sulfur Bacterisa 0.77 0.75 0.50
Carbohydrate-Digesting
Bacteria 0,50 0,40 0.69
Carbohydrate-Digesting
Pungi 0.42 0.59 0.66

(38,39). A single application of sludge is generally sufficient
to establish vegetation (20) and will prevent the concemtration of
heavy metal.in the food chain. Spoil pH should be maintained at
6.5 or greater to prevent the uptake of heavy metals by plants.

5« CURRENT RE-VEGETATION PRACTICES

Abandoned and active mine sites as well as refuse piles are
visable throughout the Appalachian coal fields. The establishment
of vegetation on many of these sites is difficult because of low
pH, lack of organic matter, course rock fragments and other ad-
verse biological and chemical factors. A variety of trees and
shrubs have been planted on these sites with varying success.
These species include red pine (Pinus resinosa)(30,31,40), white
pine (P. strobus), Jack pine (P. banksiana), pitch pine (P.
rigida), Virginia pine (P. virginia), yellow pine (B. echinata),
white spruce (Picea glauca), eastern red cedar (Juniperus virgin-
iana)(41,42), wﬁlfe-élrcﬁ (Betula papyrifera), black cherry

unus serotina), bur oak {QuUercus macrocarpa), green ash (Fraxi-
nus pennsylvanicus), sycamore (pPlatanus occidentalis), black wal-
nut (Robina pseudoacacia)(43-46) and indigo bush (Amorphora fruti-
cosa)(227. n addition, exotic species such as European larch
(Tarix decidua), Japanese larch (L. leptolepis), Scotch pine (P.
sylvestris), ponderosa pine (P. ponderosa), Austrian pine (P.
nigra), loblolly pine (P. taeda)!EI:EB5, autumn olive (Elaeagnus
umEeIlata) and amur honeysuckle (lLonicera maachii)(47). Of the 52
ey —— = .
species of trees recommended for planting on surface coal mine
sites, 41 are native to the eastern United States whereas only 14
of the 31 shrub species are native to the region (Table 3). Brist-
ley locust (Robina fertilis), a species native to the southern
Appalachian region, has been used extensively for mine reclamation
in the northeast because of its ability to become established un-
der harsh conditions and nitrogen fixation.

Although the majority of the tree species and approximately
45 percent of the shrubs recommended for surface mine reclamation
are native to the eastern United States (47), this has not been
the case with grasses and legumes. Of the 6é species of grasses,
lepumes and forbs surrently used in surface mine reclamation,
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Table 3. Origin of grasses, legumes and forbs commonly used in
surface mine reclamation in the northeastern United

States.
Species East. U.S; Cent.-West., Cent. & ©Eurasia Total
U.S. S. Amer.
Grasses 4 9 3 21 37
Legumes 2 1 0 22 25
Forbs 0 2 0 2 4
Conifers 12 3 0 4 19
Hardwoods 29 2 0 2 33
Shrubs kL 4 0 5 31
Total 6l 19 3 66 149

only 6 are native to the northeast (Table 3).(47). Species such
as crown vetch (Coronilla varia)(48), birdsfoot trefoil (Lotus
corniculata), lespedeza (Lespedeza Spp.), clovers (Trifolium
SpP.), tall fescue K-31 (Fesguca arundinacea), and perennial rye
grass (Lolium perenne) have been used successfully throughout the
northeastern United States. Generally, the reclamation of surface
coal mines as grasslands consists of seeding one or several spe-
cies of grasses and legumes, none of which are part of the native

flora.

6. NATURAL SUCCESSION AND MINE RECLAMATION

6.1 Grasslands

Natural succession of both native and exotic *species is an im-
portant component in the development of a diverse and stable eco-
system on mined lands (220. Although opportunistic species such
as the ox-eye daisy (Chrysanthemum leucanthemum), coltsfoot (Tus-
silago farfara) and foxtail (Setaria italica) were introduced from
kurope 1nto North America, localized populations or demes may be
genetically distinct and, therefore, might be considered native
to the region.

In Pennsylvania, of the total of 28 species found on 82 mine
sites, 82.1 percent were volunteer species and 80.0 percent of
these were native to the region (22). The importance value of
each of the 28 species was calculated on the basis of their per-
centage of total biomass, chlorophyll a concentration and persis-
tance on the site from year to year.with a maximum importance vale
ue for a single species being 300. Volunteer species comprised
from 0.5 to approximately 82 percent of the biomass from year to
year, wheras the overall importance of volunteer species varied
from 31 to 93 percent. The volunteer species that provided the
greatest contribution to these communities included these native
species - goldenrod (Solidago spp.), ragweed (Ambrosia artemisii-
folia), and dwarf-red raspberry (Rubus pubescens) as well as the
exotic ox-eye daisy and sweet clover (Melilotus alba and Me Offi-
cinalis). The amount of volunteer species but not the total spe-
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cies occurring on the sites was significantly correlated with the
total biomass (r = 0.58, P < 0.05) indicating the importance of
natural selection to mine reclamation (22).

If the ultimate objective of reclamation is to create a di-
verse and stable ecosystem, then initial reclamation should be de-
signed to stabilize the site while providing a suitable habitat
for natural succession. TFor example, the number of volunteer spe-
cies €l2,141 plants) on a site was 50 percent greater when sor-

hum (Sorghum vulgare) was used as a cover crop rather than oats
%Avena sativa) or perennial ryegrass (Lolium perenne)(49). The
development of small terraces along the outer slopes during regra-
ding and backfilling will provide ledges for holding seeds and
fertilizer during the initial reclamation (50) as well as retain
moisture and organic matter, thereby providing a seedbed for inva-
ding species (49).

Natural succession not only provides a greater degree of di-
versity and stability to mined lands, but these plants have also
been shown to have a greater food and cover value for wildlife
(51,54)., It would appear, therefore, that efforts should be un=-
dertaken to encourage the research and development of procedures
to encourage the use of native species in mine land reclamation.
In addition, data should be compiled as to whether these lands
could be reclaimed in a manner that would support rare and endan-
gered plant and animal species (55).

6.2 Woodlands

The development of a diverse forest community is similar in
many respects to that of grasslands. Deciduous species wolunteers
on mine sites provide diversity to what otherwise would be a coni-
ferous or grassland community. Botkin and Miléer (55) and Botkin
et al. (57) indicated that the relationship (d“h = Rla (l-dhygx -
hpax) between the diameter (d), height (h) and leaf area (la) ul-
timately determines the importance of a species to the forest com-
munity. A combination of relative dominance (basal area/ha), re-
lative density (stems/ha), contribution to canopy height and the
R value of the Botkin equation may be a better indication of the
importance of a species to community structure (20-22).

Of the 34 tree species identified on 82 sites in Pennsylvania,
22 were native species that occurred on the sites as a result of
natural succession. Native species comprised 50 percent of both
the relative density and dominance and 63 percent of canopy height
but when all four factors were combined, the contribution of the
native species and those used in reclamation were approximately
equal. In another study of 19 sites 45-60 years of age in north-
eastern, Pennsylvania, conifers produced an average of 5290 board
ft/acre compared to 599 board ft/acre for deciduous species (58).
Generally in the years following mining, the importance of native
deciduous trees in the community increase with a corresponding de-
crease 1in coniferous species. Opportunistic species such as as-
pens (Populus spp.), red maple (Acer rubrum) and black cherry
(Prunus serofinag invade these sIfes within l1-3 years following
mining followed by oaks (Quercus spp.) and hickories (Carya spp.)
and other hardwoods. Brenner (22) reported that the annual growth
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rate was similar for 8 deciduous species. Hence, the importance
of a given species is largely a function of the time of invasion
and the age of the site. Both deciduous (59) and conifers (60)
can be established on-mine sites by direct seeding. This should
be done, however, during initial reclamation since a dense herba~
ceous community inhibits the establishment of tree species either
by natural succession or by direct seeding (22).

Natural succession of trees and shrubs on surface mines also
provides food and cover for wildlife. In both Pennsylvania (61)
and West Virginia (62), surface mines supported abundant ruffed
grouse (Bonasa umbellus) populations. Throughout the range of
this species, preferred food species such as aspens, dogwoods
(Cornus spp.s, crabapple (Pyrus coronaria), hawthornes (Crataegus
spp.) and greenbrier (Smilax spp.) volunteer on surface mines,
thereby enhancing these areas as ruffed grouse habitat. Likewise,
in Pennsylvania, white-tailed deer (Qdocdileus virginianus) fed on
red maple, aspens, hawthornes and crabapple to a greater degree
than they did on other native species or those used in the initial
reclamation (63). The planting of trees and shrubs as food and
cover for wildlife along the contours, water diversions, and ter-
races as hedgerows between strips of grasses and legumes would en-
hance these areas for wildlife without increasing the cost of re-
clamation (22).

7+ WETLANDS

The development of both shallow and deep water habitats on
surface coal mines should be encouraged by regulatory agencies.
These areas have been shown to provide habitat for both migratory
and nesting waterfowl (45, 64,65) and the placement of artificial
nesting structures (64) and the planting of food species along the
shorelines (45) will enhance the wildlife benefits of these areas.
These wetlands also support furbearer populations as well as a
variety of shorebirds (45).

Over 99 different phytoplankton and zooplankton taxa have been
identified in surface mine lakes (21) and these deep mine lakes
also support populations of sunfish (Lepomis spp.), yellow perch
(Perca flavescens), largemouth bass (Micropterus salmonides), wall-
eye pike (otazostedion vitreum), northern pike (Esox lucius) and
tiger muskelunge (L. musquinongy X E. lucius)(21). 1In addition to
the wildlife and fishery benefits, these wetlands also function as
sediment traps, allow for the recharge and release of ground water
and provide a basis for future water supplies and recreation (66).
Wetlands, if constructed properly, should be developed on mined
lands wherever site conditions, property owner and water quality
permit their inclusion in the reclamation of the site.

8. CONCLUSIONS AND RECOMMENDATIONS

Surface mining for coal will continue to increase in the fu-
ture as the United States moves toward energy independence. Cur-
rent reclamation practices on these lands include backfilling, re-
grading to the approximate original contour (AOC), replacement of
top soil, and seeding with a mixture of grasses and legumes.
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These procedures, however, do not insure-adequate reclamation nor
do they restore a diverse and stable ecosystem. Current regula-
tions require that if a site is not being reclaimed for agricul-
ture, that the natural plant community that existed on the site
prior to mining be restored. In practice, however, generally
grasses and legumes that are not part of the native flora of the
region are seeded during reclamation. Moreover, there is little
effort to establish tree and shrub species that are beneficial as
food and cover for wildlife,

Natural succession is a vital force in the establishment of a
diverse and stable ecosystem. Reclamation should be designed to
increase the organic and moisture content of the spoil, develop a
microbial communlty as well as stabilize the site and encourage
natural succession. Whenever possible, water diversions and small
terraces should be installed for erosion contrel and retention of
moisture and organic matter, thereby serving as seed beds for in-
vading species. The planting of trees and shrubs along diversions
and terraces or contours will provide hedgerows for wildlife. The
construction of both shallow and deep water wetlands should be en-
couraged by the regulatory agencies. In addition to the ecologi-
cal benefits of these wetlands, they also function as sediment
traps, allow for the recharge and release of ground water and as
sites for future water supplies and recreation. Future reclama-
tion should be designed to restore diverse natural ecosystems
rather than create grassland monocultures throughout the north-
eastern United States,
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