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RECLAMATION OF COAL WASTES WITH REDUCED SOIL

DEPTH AND OTHER AHENDHEI\‘TS1

D. C. Dove, W. Lee Daniels and Jay Bell2

Abstract. - -~ Current regulations require the establishment of a
permanent, self-sustzining vegetative commnity on coal refuse
materials. The development of reclamation practices suitable for
establishing vegetation directly on coal wastes is complicated by a
number of factors. Chief among these characteristics are extreves in
soil pH, high potential acidity, low water retention and high

surface terpersatures.

Practices designed to address each of these

troublesome characteristics were used in & field study. The additiom
of straw, mulech and/or & thin s0il cover in combination with lime

and fertilizer

wag tested over three growing seasons.

While so0il

cover treatments produced highest dry matter yield in the first
year; straw mulch treatments produced comparable yields in the
second year. Both mulch and soil trestments maintained vegetative

cover for 3 growing seasons.

Physical and chemical changes were

observed in coal wastes which suggest that the formation of &
"refuse s0il" could occur in short period. ‘

INTRODUCTION

The reclamation and subsequent establishment
of vegetstion on coal refuse is difficulr but
necessary. Current law requires the establishemnt
of a permanent, self-sustaining vegetative
community, just as on reclaimed surface mines. The
reclamation process for coal waste entails the
placement and stabilization of the refuse in
either a valley fill or other suitable area. The
primary environmentral hazards of this process sre
contamination of surface and groundwaters,
sedimentstion in nearby watersheds, &nd property
damage from landslides should large slope failures
occur. Several, if not all, of these problems can
be reduced by the meintenance of a viable plant
cover. A vigorous plant cormunity can reduce
water and oxygen leaching down into the fill,
thereby limiring the production of acidic
leachstes. Of course, the establishment of a
permanent cover will also reduce sedimwent loss and
atabilize the fill surface. The establishment of
vegetation, however, is complicated by a number of
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physical, minereslogical and chemical factors.

Pyrites are common in coal refuse materisls
and upon oxidation produce soil and leachate
acidity and associated problems. (Carruccio,
1968; Van Breemen, 1982). This reserve or
potential ecidity causes extreme problems in
vegetation establishment, As theae materials
become oxidized,soil pH is depressed, soluble zalt
concentration in the root zone increzses, end
heavy metels may reach toxic concentrations.
(Bland, 1977; Joost, 1983; Van Breemen, 1982;
Wagner, 1982; Williams, 1977). Chemical treatments
used in coal processing, particularly flotation
separation, make the surface of the refuse
particles hydrophobie, complicating water
retention. Cationic and anionic surfactents,
polymer flocculants, fuel oil, and strong bases
are all commonly used in coal processing, end
little is known about there final concentrations
end phytotoxicities in the refuse.

Several physical problems associsted with coal
refuse pile surfaces limit vegetative success as
well. Coazl refuse is often coarse in texture,
with a corresponding low water-holding capacity.
Refuse may contein from 47 to 957 coarse (>2mm
dismeter) fragments depending on length of
exposure to weathering (Moultom, 1974). Most
refuse materials are also dark and absorb large
amounts of solar energy. This energy is then
re-radiocted in the form of heat. On a warm
cloudless day the surface temperature may exceed
160°F (Schramm, 1966; Thompson, 1971). Surface
temperatures in this range are lethal to most
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plants (Maguire, 1955). Legume seedlings are
particvlerly susceptible to heat kill, and their
estgblishment is critical to long-term
revegetation success.

The method of placerent used in refuse pile
construction may also be detrimental to
establishment of vegetation. Typically refuse is
transferred from the cleaning plant to disposal
site by overhead trsm, conveyor or overland
hauling. Once on site materisls are leveled and
compected to meet regulatory guidelines. Tf care
ie not taken when the final layers of refuse ere
added, the resultant surfeace is highly compacted.
Attempts to vegetaste this surface layer arve
usually fruitless because plent roots cannot
penetrate this layer. PRefuse piles which are
highly compacted et the surface are also prone to
ponding of surface water. This water is umsble to
percolste downward and may drown existing plant
cover.

A high degree of variability often exists in
coal refuse materisls within the same disposal
area since wastes are usually derived from several
different cosl seams. Each seam may exhibit very
different minerological, chemical, physicael end
morphological properties (Davidson, 1974). This
variability makes the development of uniform
reclamation strategies difficult. Additional
varigbility is introduced through the weathering
process. Because coal refuse materials are
primarily fresh unweathered geologic materials
which have been subjected to severe physical and
chemical treatwent during processing, sharp
changes in phyeicel and chemical properties are
common in short periods of time. Potentially, the
pH of refuse materials could drop from 7 to 4 in &
single wonth (Van Breemen, 1982).

Best results in reclamation of coal refuae
piles have been achieved by incorporating lime and
plant nutrients in a suitable soil cover {Jastrow,
1977). In many cases this is not pozsible due to
the lack of available s0il cover materials, or the
expense of transporting esoil materials to remote
sites. Several workers have suggested that
vegetation can be established directly on refuse
after snendment with lime and fertilizers
(Nickeson, 1984; Jooet,:1983). The question
remains whether the refuse surface will remnin
hospitable for plante long enough to establish the
viable, self-austaining plant commnity required
by law (Sutton, 1970). The establishment of a
permanent legume component ie particularly
difficuvlt. Improvement in vegetation
establighment on bare refuse has been reported
with the addition of very high rates of sewage
eludge as well (Jones unpublished; Joost, 1983;
Joost, 1987).

Controversy has arisen as to the depth and/or
necessity of ¢ soil cover when vegetating coal
refuse piles. A soil cover maey be essential for
the prevention of spontaneous combustion in some
high ¢ refuse msterials, however. Current state
regulatory programs require the establishment of a
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permanent, self sustaiming community that persists
for & minimun of five yesis. WMany states requize
8 thick soil cover (>lm) st the final surface to
schieve this goal. The increased costs of
reclaiming these nreas with soil justifies the
need for research to determine whether soil is
necessary and to what depth. Vith these
objectives in nind a study was initipted in 1983.

The specific objectives of this study were to:

1. Determine if vegetation could be
sufficiently established on bare cos)
refuee and maintained for an extended
period of time.

2. Eveluste several amendments for enhancing
vegetation success and longevity,
including a thin topeoil substitute cover.

3. Exanine changee in physical and chegical
characteristics of "refuse moil" over an
extended period of time.

MATERIALS AND METHODS

Study Site

The study site was located in Buchanan
County, Virginia at the Harper“s Branch Refuse
Area of Jewell Smokeless Coal Company. The refuse
ares is approximately 100 acres in size and formed
in a valley fill to a depth of several hundred {
feet. The actual study area was loceted on &
refuse terrace vith a south-facing aspect. Plots
were installed on both the flat terrace floor and
the adjacent slope ( 15%).

Plot Comstruction

Plots were constructed in spring of 1983 with
seeding accomplished in early May. All treatments
were applied by hand. Amendwents were applied at
the following rates where applicable:

Strew mwlch ., 685 kg/he
$0il . . + . 10 cm with lime inceorporated
$0il/lime . . 10 cm with lime at refuse surface

Fefuse Charscteristics

The refuse originated from coal produced in
deep wine operations and was a composite of six
coal sesms all from the Norton formation.
Representative samples of refuse and soil were
taken prior to plot instellation and submitted for
commerical laboratory analysis of chemical and
phyeical characteristics. The cover material
consisted of g wixture of native soil and ripped
overburden from an ad jacent mining cut. We will
tefer to this materisl as "soil™ in this paper.
Results are shown in Tables 1, 2 and 3.




Table 1. Acid~base characteristics of refuse

£ t i
Pyritic sulfur 4.6%
Potential Acidity 52.6 T CaCO3IIOOOT
Neutralization Potential 5.6 T CaCC3/1000T
Net Acidity 47.0 T CaCO3/]000T

Table 2, Initial chemical characteristics of refuse

and topseil apendpents. -
BaCl2
—--- Extractable =-—-- TEA
Materisl pH Ca Mg K Al _Acidity
--------- cmel {p+)/kg-——-s=r-—-=-
Refuse (Flat) 6.75 10.3 2.8 0.3 0.05 0.20
Refuse (Slope) 6.98 10.8 4,7 0.3 0.05 1.58
Soil 7.10 6.9 5.7 0.3 0.10 3.17

Table 3. Initial physical characteristics of

. refuse apd topgoil amendpept
. Coarse
Ma ial F Sand sil C
o — Z - -

Refuse (Flat area) 40.4 5.5 28.3 14.2
Refuse {Slope area) 69.4 60.2  25.7 14.1
Soil 15.3 28,7 54.5 16.8

Experimental Treatwments

Four treatments were selected for use. All
trestments were replicated on both slope and flat
plots (Table 4). Additionally all plots received a
base rate of fertilizer which included B4 kg/he N,
133 kg/ha of P_O, and 253 kg/bha of K,0. Lime was
applied over the refuse area at a ra%e of 27 Mt/ha.
A commor seed mixture was used on all experimental
plots, however the seeding rate was adjusted for
flat and slope plots as shown in Table 5.

Table 4. Experimental treatments.

Trestment Apendments

Code Stray Topseoil So0il/Subliwme
Mulch Yes Ko No
Check No No No
Soil Yes Yes No
Soil/lime Yes Yes Yes
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Tezble 5. Experimental seed wixture.

Rate

Species Slope Flat

----- kg/ka ~——--~
Tall Fescue 56 28
Red top 3 3
Annual Lespedeza¥ 2B 22
Ladino Clover¥ 3 3
Anpual Ryegrass 9 6

*Note: Degree of inoculation unknown.

Data Collection

After ap establishment peried of 9¢ days, all
plots were visually scored for percent total cover
and approximate species composition on September 9,
1984, To ascertein plant litter production, totsel
dry matter was collected from each plot om Msrch
28, 1984, Dry matter production was egain measured
in September 1984 and 1985. Surface soil samples
(0-6 cm) were collected at each dry matter harvest
and analyzed for of standard soil physical and
chemical parameters (USDA-SCS, 1984),

Data was analyzed using a randomized complete
block design with four replications. Relevant data
was exauined statistically using the enalysis of
variance procedure with mean separations by
Fisher“s protected LSD {SAS, 1982).

RESULTS
Ground Cover in 1983

Estimation of totel vegetation ground cover
was highest with soil and soil/lime treatments
(Table 6) on the flat plots. When ground cover was
separated by plant type (gress ve. legume) the
composition varied sharply with treatment, Soil
and 50il/lime treatments had a higher percentage of
legumes present. This contrasted with the muleh
and check treatments where grass was dominant,

Ground cover was nearly complete on the sloping
plots receiving s0il and soil/lime treatments. Both
the check and mulch treated plots had a low percent
ground cover. legume species dominated in so0il and
soil/lime plots with grassy species most prominent
in the check and wulch plots, OGround cover was
similar for both slope and flat plots; as was the
relative species composition.

Plant Litter Production in 1983

Plant litter produced during the establishment
year often serves as an effective mulching agent in
subsequent seasons. For this reason we were
perticulary interested in the amount of litter
produced in each treatment whick revained on the
plots over the first winter. First year litter
production was mot comsistent acrosa flat and slope
plots. On flat plets litter production was highest




with the mulch treatment but did not differ
appreciably from litter production with soil/lime
treatment (Table 7). Lowest levels of litter
production were on check and topsoil treated
plots.

Table 6. Visuml estimation of total ground cover
end species composition on September 9, 1983.

Treatwment Plot

Ground FPlapt Compositiop

Code Type Cover Grass Legume
T

Mulch Flat 30 80 20
Check Flat 5 95 5
Soil Flat 80 5 95
Soil/Lime Flat 80 5 95
Mulch " Slope 30 80 20
Check - - Slope - 5 100 (o]
Soil Slope g5 10 - %0
So0il/Lime Slope 95 10 80

Table 7. Plegnt litter production measured prior
to initiation of growth in March 1984,

Treatment w=vee Plot Type ===erm=v
Code Flat Elope
-Kg/ha
Mulch 1635 418
Check 359 2233
Soil 778 1874
SoinLime 1595 678

On sloping plots the results were somewhat
contradictory to the flat plote. Yields were
highest on the check and soil treatments. Lowest
production wes with the mulch treatments; and
aoil/lime treated plote were nesrly aes low.

Dry Matter Production in 1984 and 1985

On flat plots dry matter yielde in 1984 were
highest with soil/lime treatments {Table 8). These
yields were significantly higher than check or
wulch treated plots. A high degree of variability

was observed acrose all plots as indicated by the
high LSD values. In 1985 all treatments produced
similar yields. Apain variability was high within
trestments. Dry matter yields in 1985 were lcwer
than 1984 yields with all treatments except the
check plots where yield incieased.

Table 8. Dry wmatter yields harvested in fall
1984 and 1985 op flat ploks,

YEAR
1984 1085
~=wre~— kpfha —-—-ree

Mulch 1484 1334
Check 578 1216
Soil 1877 1759
Soil/Lime 2434 1001
LSD (0.05) 1627 1129

Soil/lime treatments produced significantly
higher dry matter yields in 1984 on sloping plots
(Table 9), than all other treatments. Check plots
fgiled to produce & meaaursble yield in 1984 gnd
were loweest in 1985 also. Other treatments did
not differ significantly. Yields from so0il and
soil/lime trested plote dropped sharply in 1985
from those observed in 1984 with a 68% and 51%
drop in yield respectively. Yields on emlch plots
did not chenge from 1984 to 1985, and on check
plots & small but measurable yield increase was
observed.

Table %. Dry watter yields harvested in fall 1984
and 1985 on sloping plots.

YEAR
—areatment 1984 1885
----------- kg/hg —-c--e——um

Mulch 1404 1444
Check 0 322
Soil 4361 1408
Soil/Lime 3083 1518
Lsp {0,05) 959 666

During 1984, the flat plots were flooded with
fine coal slurry from a broken pipeline, which may
account for the high variability in production.
Bemarkably, vegetation continued to grow quite
well. In fact, these plots became dominated by
annual lespedeza, while legumes fsiled to survive
the second year on any of the sloping plots.
Whether or not the failure of legumes on the
sloping plots was due to heat kill or lack of




innoculation is unknown. The fact that the
lespedezs did thrive on the flat plots is
encouraging, however.

Soil Physical and Chemical Characteristics

Distinct Boil chemical changes were observed
after one year (Table 10). The surface pH dropped
over 1 unit in all treatments, including the
soiled plots. Extractgble Ca, K and Al
remained fairly constant with time, but Mg
increased in all treaztwents. The drop in pB is
probably due to pyrite oxidation and the
leaching of free salts. Extresctable Al values were
higher in the flat plots, while extractable Ca
and Mg were higher on the slope. Soil acidity
(pK) did not appear to be affected by slope
position.

Table 10. 5o0il chemical analyses on samples
collected September 1984 on flat plots.

Treatment pH Ca Mg K Al
--------- emol (p+)/kg~-—r——m
Huleh 5.71  9.16 4.75 0.25 0.17
Check 5.53 7.84 3,77 0.24 0.25
Soil . 5.22 8.21 4.15 0.1% 2.17
Soil/Lime 5.59 10.61 5.35 0.27 0.07
Lsp (0.05) 1.65 5.62 2.89 0.17 3.29
Table 11. So0il chemical analyses on samples
¢ollected September, 1984 on slope plots.
Extraftable
Treatment = @ =—ce—e- cationge=v=ro=—==
pB Ca Mg ) 4 Al
---------- cmol (p+) fkg-m=m=-n
Hulch 5.75 11.45 5.10 0.22 0.05
Check 5.75 9.30 4,70 0.24 0.05
Seil 5.43 13.40 6,30 0.25 0.05
Soil/Lime 5.90 14.45 5.65 0.25 0.05

_ 18D €0.05) ©0.40 15.0 4,97 ©,]3 0,00

Soil texture changed over the first year of
this study reflecting harsh physical weathering at
the surface. A drop in percent sand sized (Table
12) particles and en increase in silt size
particles occurred in check and mulch plots from
1983 to 1985. Clay content varied somewhat in the
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first year with an increase in check and soil/lime
plots, but & decrease in mulch and seil plote.
Plots which received seil or eoil/lime had a
gignificantly lower percentage of sand sized
particles and higher percentages of silt in 1985.
Clay content was significantly higher in soil/lime
treated plots only. The s0il &nd s0il/lime plots
were much lower in sand contemt because samples
were taken from the soil cover leyer. Particle
size dats are not given for the flat plots due to
the confounding effects of slurry additions
discussed earlier.

Table 12. FRefuse soil texture on sleping plots.
Samples collected September 1983 and 1985.
— Seprepber 1985,

Soil Fractions

Treatment __ Ssnd ]
1983 1985 1983 1985 1983 1985

_— I3 —

Mulch 57.5 43.9 28.3 42,7 14.2  13.4

Check 60.2 49.7 25.8 35.2 14.1 15.0

Seil 28.7 27.4 54.4 59.7 16.8 12.9

S0il/Lime 28.7 27.7 54.4 53.6 16.8 18.6

18D (0,05) - G.4 o~ 6.1 -- el

Water retention was measured at 5 and 10 kPa
of pressure to simulate potential water
evailability to plants under dry soil conditions.
At 5 kPa water retention was significantly lower
in check and oulch plots than in goil or soil/lime
plots (Table 13). Under 10 kxPa of pressure all
treatments were significantly different on the
slope S0il/lime plots retained the highest
percentage of water (18.7%) and check plots the
lowest (12.9%). On the flat plots, water retentiom
was extremely variable. At 5 kPe all trestments
were significantly different. Contrary to the
slope plots, mulch plots had greater wster
Tetention than topsoil plots. Check and soil/lime
plots were loweest and highest in water retention
respectively.

Table 13. Water holding capacity of flat and alope
plots op September, 1985,
Treatment Slope Fiat
— Code . S5 KPa IO KPa 5 kPs 10 kPg
e ——— )
Mulch 15,60 14,85 18.70 16.03
Check 15.70 12,97 15.13 12,77
So0il 21.90 17.97 16,90 14,25
S0il/Lime 21.85 18.70 23 .85 20.05

—isp (0.05% = 3.52 0,73 . Q.71 0,53




The values given in table 13 reflect water
content in the < 2 pm soil fracticn at e given
pressure, and not “available water" per se. These
values sre low compared to even surface mine soil
materigls, and it oust be reoembered that these
materials are dominated by coarse fragments which
hold even less water than the fine fraction
tested.

DISCUSS10N

Dry wmatter yields were highest in topsoiled
plote. This was the likely resuvlt of better
esteblighment and a higher rate of fertilirer
utilization, However in the second growing season
vields were similar between soiled and
unsoiled plots. In the flat plots this is
understandable because in summer 1984 these plots
were flooded when & nearby slurry pipeline
ruptured negating sny trestment effects. This was
not the case on the slope site however and a
similar leveling of yields was also observed.

On both flat and sloping plots initiel ground
cover was beat when poil was added. The addition
of s0il also increaced the establishment of legume
species. This may have been related to a better -
seedbed provided by the soil, or potential
phytotoxicity in the bare refuse. The #o0il used
in the cover layer hed better water holding
ability and reduced surface temperatures. The
absence of legumes in bare refuse plots early in
1983 was probosbly an indication of seedling
mortality due to high surface heat. Grass
aeedlings were more resistant to high
temperatures. When small amounts of plsnt litter
accumulated on bare refuse an improvement in dry
matter production was observed. Overall best
establishment was schieved when the refuse wap
covered by mulch or soil. This indicates that
addition of mulch is essential to plant
establishwent on bare refuse.

While surface soil pH did drop appreciably
during the experiment, the drop was not éxtreme,
particulary in light of the high pyritic § content
(4.59 I). Apparently the lime additions were
effective in slowing the pyrite oxidation rate and
neutralizing most of the acidity generated. It is
also possible thet & large portion the pyritic §
was present in large, alowly reactive forms.

The higher levels of Ca and Mg on the sloping
plote were probably the result of accelerated
physical weathering and dissclution of carbonates
which are quite common in theae fresh materisla.
These plots were oriented directly §, and
certzinly went through many more extreme wet/dry
and freeze/thaw cycles than the flat plots below
them. The lower levele of Ca and Mg in the flat
plote could be due to less intenée weathering, or
the complicating effects of the slurry additions.
The latter may also account for the higher
extractable Al levels in the flat plots, even
though pH levels were coneistent between the two
elope positions.
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The observed decrease in sand sized particles
with a concormitant increase in the silt fractiom
indicates a tapid rate of weathering. If this
trend continues, an improvement in water retention
end a more suitable media for plant growth could
result. Regardless of this fact, water holding
in the refuse materials was low, and posed o
severe limitation to long-term plant growth. The
niajor advantage of even thin soil covers may
simply be improved water holding cepacity over
droughts, and reduced surfece temperatures.

The use of & reduced Boil cover to reclaim
coal refuse was successful in this experiment.
When conditions of high surface tempersture, and
low water supply are present this appears to be
the best slternative for establishing e good
vegetative cover. Under less stressful conditione
the addition of a thick wulch, lime and necessary
plant nutrients may permit good plant
establishment. Revegetetion strategies should
plan to provide a quick annuel cover to rapidly
provide shade and natural mulch for perennials.
Plant cover once established by either of these
wethods did persist for three growing seasons.
After three years of growth very little difference
was apparent regardless if mulch or scil was used.

This study provides some basic evidence to

‘support the use of a reduced amount of topsoil’

cover material. Should the use of a soil cover be
impractical or impossible, direct seeding of many
waste materials can be successful provided a
suitable amount of mulch, lime and fertilizer is
used. The critical period in achieving successful
reclamation of coal refuse appears to be the
establishment year. The importance of overcoming
the heat and water holding limitations of bare
refuse cannot be overemphasized.

ACKNOWLEDGEMERTS

The authors wish to thank Mr. Eddie Hannah
and the Jewell Smokeless Cozl Company for their
genercus help and cooperation throughout this
study. Portions of this project were supported by
the Powell River Project and the V,8,.D,.I, Burean
of Mines Mineral Inst. program, grant #G1164151.

LITERATURE CITED

Bland, A. E., T. L. Robl, and J. G. Fose. 1977,
Evaluation of interseam and coal cleaning
effects on the chemical varisbility of past

and present Kentucky coal refuse. Tresns. AIME
262:331-334,

Carruccio, F. T. 1968. An evaluation of factors
affecting acid mine drainage production and
_the ground water interactions in selected
steas of western Pennsylvania. p. 107-151 In
2nd Symp. on Coal-Mine Drainage, Res., Coal
Ind., Advis Coumm., Pittsburgh, Pa. Pitominous
Cosl Ees., Inc., Monroeville, Ps.

<




—~

N
A

- &

-

Davidson, ¥. A, 1974. Reclaiming refuse banks
from underground bituminous mines in
Pennsylvania. Ip Proceedings, First
Symposium on Mine and Preparation Plant
Refuse Disposal. Natl. Ceoal Assn. and
Bituminous Coal EResearch, Inc.

Jastrow, J. D., Zimmerman, C. A., Dvorak, A. l.
and Hinchman, R. R. 1879. Comparison of Lime
and Fly Ash as Amendments to Acidic Coal Mine
Refuse: Growth Responses and Trace—element
Uptake of Two Grasses. AWL/LRP-6. Argonne
National Lsboratories Report. Argonne, Il.

Jastrow, J. D., Dvorak, A. J., Knight, M. J. and
Mueller, B, K. 1981. Revegetation of Acidic
Coal Refuse: Effects of Soil Cover Material
Depth and Liming Rate on Initial
Establisbhment. ANL/LRP-3, Argomnne Natiomal
Laboratory Report, Argonne, I1.

Jones, J. H., Olsen, F. 5. and Raafet, §. 1980.
Physical and Chemical Properties of Coal
Refuse as Affected by Deep Incorporation of
Sewsge Sludge and/or Limestome. Unpublished.

Joost, R. E., Olsen, F. J., Jones, J. B. and
Stiles, D. 1983. Revegetsting Acid Coal
Mining Sites. BioCvgle, Jan./Feb.

p- 47-50.

Joost, R. E.; Olgen, F. J. and Jones, J. H. 1987,
Revegetation and Mineaoil Development of Coal
Refuse Amended with Sewage Sludge and
Limestone. J. Environ. Qual. Vol 16
(1Y:1-94,

Smith, R. M. 1971. Properties of coal overburden
that influence revegetation and economic use
of mine speils. p. 5~6. Ipn D, M. Bondurant
(ed.) Revegetation and economic use of
surface mined land and mine refuse. West
Virginia University, Morgantown.

Sutton, P. 1970,
spoilbanks.

Reclemation of toxic coal mine
Ohie Report, 55 (5): ¢9-10l.

Thowmpson, D. 1971. Environmental characteristics
affecting plant growth on deep-mine coal
refuse banks. M.5. Thesis. The Pennsylvania
State University. 8l pp.

USDA-SC8., 1984. Procedures for Collecting Seoil
Semples and Methods of Analysis for Soil
Survey. Soil Survey Inves. Beport No.l
Wash. D.C., 68pp.

Van Breemen, N. 1982. Genesis, morphology and
classification of acid sulfate soil in
" coastsl plains. Ign J. A. FKittrieck, D. §.
Faoning and L. R. Hoesmer (ed.) Acid sulfate
vegthering. SSA Spec. Publ. 10 American
Society of Agronomy, Madison, WI.

Wagner, D. P., D. S. Fanning, J. E. Foss, M. S.
Patterson, and P. A. Snow., 1982.
Morphological and mineralogical features
related to eulfide oxidation under matural
and disturbed land surfeces in Maryland. In
J. A. Kittrick, D. 5. Fanning end L. R.
Hossner (ed.) Acid sulfate weathering. SSA
Spec. Publ. 10 American Society of Agronomy,
Madigon, WI.

lhtto://dx.

doi.ora/10.2134/iea1987.00472425001600010013x |

Maguire, W. P. 1955. Radiation, surface
temperature and seedling survival.
Sci. 1:277-285.

Forest

Rickeson, F. H, 1984, Vegetative cover grows
directly on acidic mine refuse pile. Coal

Mining & Processing, February 1984,
ps 39-43.

Schremm, J. R. 1966. Plant colonization studies
on black wastes from anthracite mining in
Pennsylvania. Amer. Phil. Soc. 56:1-194.

367

William, J. M., E. K, Werweka; N, E. Vanderborgh,
P. Wagner, P. L. Wanek and J, D. Olsen.
1977. Environmental pollution by trace
elements in coal preparation wastes. 1In
Preprints, Seventh Symposium on Coal Mine
Drainage Research. Natl. Coal Assn. and
Bituminous Cosl Research, Inc.



Richard
Text Box
http://dx.doi.org/10.2134/jeq1987.00472425001600010013x

http://dx.doi.org/10.2134/jeq1987.00472425001600010013x






