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Physical And Chemical cCharacteristics Of

Coal Prep Plant Wastes From Southwest virginia1

Barry R. Stewart and W. Lee Daniels?

Abstract. Coal prep plant wastes are difficult to reclaim due to
high potential acidity and coarse fragment content, low water
holding capacity, low fertility, and other problems. Little is
known about their properties, particularly as they relate to
revegetation potential. This study was undertaken to determine
the physical and chemical properties of composite samples from 27
coal waste piles of varying age. Selected physical and chemical
properties varied widely across this sample set. The pH values
varied from 8.3 to 3.0, and the older piles had lower pH values
than the more recent piles. Base saturations ranged from 100% to
1% and, as expected, were highly correlated with pH values. The
saturated paste electrical conductivity (EC) was higher in the
younger coal waste materials, The mean coarse fragment (>2mm)
content of these materials was 60%. The average texture of the
fine (<2mm) fraction was a sandy loam with 15% clay. The mean
water retention difference, between 10.0 J kg and 1500 J kg of
soil moisture tension, in the fine fraction was 0.136 g water/g
so0il. These moisture retention values are very low when compared
with those of natural soils, particularly in light of the wastes'
high coarse fragment content. Double acid extractable P was
generally low, but a few samples had high levels of P. Our results
indicate that some low-S refuse materials would be suitable for
direct seeding, but serious water holding and long term nutrient
availability problems are likely.

Additional Key Words: Coal refuse, reclamation, Appalachian coal

fields.
'pPaper presented at the 1989 Introduction
National Meeting of the Ameri-
can Society for Surface Mining Thousands of ha of coal
and Reclamation, Calgary, Al- prep plant wastes (aka coal
berta, Canada. Publication in refuse, gob, slate,) occur in
this Proceedings does not prec- the eastern United States and
lude the authors from publish- with each ton of coal processed
ing their manuscripts, either this figure increases. In
in whole or part, in other Virginia alone, there are over
publication outlets. 4,000 ha of permitted coal ref-
use disposal areas. The exact
2Barry R. Stewart is a Graduate area of abandoned coal refuse
Research Fellow, and W. Lee piles is not well documented
Daniels is an Associate Profes- but is considerable. Virginia
sor, both with the Department alone has spent over $7 million
of Crop and Scil Environmental on the stabilization and rec-
Sciences, Virginia Polytechnic lamation of abandoned coal ref-
and State University, use piles. This is above and
Blacksburg, VA 24060-0404. -
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beyond what private coal com-
panies have spent to reclaim
active refuse disposal areas,
as required by the Surface Min-
ing control and Reclamation Act
of 1977 (SMCRA). One hundred
and thirty-five million tons of
coal refuse were produced in
the United Sstates in 1983. oOf
this total 79% was coarse (>
0.5 mm) refuse (Khan et al,
1986) which was the subject of
this study.

Improperly reclaimed coal
refuse piles pose an ominous
threat to the quality of the
surrounding environment through
slope failures, surface ero-
sion, and the production of
acidic leachates. These mate-
rials are difficult to reclaim
due to physical problems, high
levels of potential acidity,
high soluble salt levels, low
concentrations of plant nutri-

ents, low water holding capa-
city, and high summer heat
levels. Current requlatory

policies require the use of a
thick topsoil (1m) cover to
reclaim active refuse disposal
areas. This is an expensive
and frequently impractical al-
ternative in the Appalachian
coal fields. Direct seeding of
refuse is allowed only when
long-term monitored trials in-
dicate a high probability of
reclamation success. Little
comprehensive research has been
conducted which would allow
reclamationists to base restor-
ation strategies on actual
waste properties and condi-
tions. There have been few
studies in which the refuse
properties were carefully
evaluated, and then used to
design replicated trials to
evaluate the performance of
different treatments.

The goal of this study has
been to characterize the physi-
cal and chemical properties of
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coal refuse and then to relate
important properties to recla-
mation potential. There have
been a few studies which char-
acterized coal refuse proper-
ties (Bland et al, 1977;
Buttermore et al, 1978), but
they did so from a total elem-
ental, reprocessing standpoint.
These studies do provide useful
data on the range of refuse
properties; however, they make
no mention of reclamation po-
tential. ‘

Coal refuse will obviously
share many characteristics with
the associated coal seams.
Mining, coal <c¢leaning, and
weathering processes also in-
fluence the properties of ref-
use. Criteria for the clas-
sification of mine soils were
developed by Sencindiver (1977)
and used to classify refuse
soils by Delp (1975). In a
study of 26 mine soils
developed in cocal refuse, Delp
observed that the majority of
surface horizons were topped
with coarse fragments, local
pockets of differing materials
were common, and that rooting
depth was dependent on soil pH.
Buttermore and others (1978)
analyzed coal refuse from seven
mining districts in the eastern
and midwestern United States,
and observed that there was
more variability within mining
districts than between dif-
ferent mining districts. They
also concluded that mining and
cleaning methods (rather than
geology) had the greatest in-
fluence on the elemental com-
position of coal refuse. We
were unable to find a study in
which the chemical properties
of coal waste were evaluated
using soil testing procedures,
and then related to reclamation
potential.



Materials and Methods

Sampled refuse piles were
selected on the basis of coal

seam, age of the pile, acces-
sibility, c¢coal company co-
operation, and other factors.

At least eight of the major
coal producing seams of south-
west Virginia were included in
this sample set. Twenty-seven
coal waste piles were sampled
during the summers of 1986 and
1987. Large bulk samples
(usually about 4kg) were ob-
tained by combining several
subsamples from each sampling
site. The subsamples were
taken at random across the
walkable surface of each pile.
On the larger piles one or two
different representative areas
were sampled. Erosional gul-
lies, burned areas, toeslope
positions, disturbed areas, and
other nonrepresentative fea-
tures were avoided during sam-
pling. When possible, stable,
noneroded positions were chosen
for sampling. All samples were
taken from the upper 10 cm of
refuse. All coarse fragments
larger than 15 cm were excluded
at the time of collection. In
addition to the refuse sample,
information on the slope,
aspect, age, and seam compo-
sition was recorded at each
site. After collection, the
bulk samples of refuse were
taken to the laboratory for
preparation and analysis.

All samples were air
dried, sieved, and the percen-
tage retained on a 2mm sieve
recorded. A subsample of the
coarse fragments (> 2mm) was
retained for future analysis.
The entire < 2mm fraction was
retained for detailed analyses.
Moisture desorption
determinations at 10, 33, 100,
300, and 1500 J/kg soil mois-
ture tension were performed on
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the < 2mm fraction of each
sample using porous ceramic
plates and pressure vessels.
Refuse samples were placed in
metal rings on the ceranic
plates and were allowed to
saturate by the procedure des-
cribed by Richards (1965).
Since most coal refuse shows
limited development of soil
structure, sample disturbance
errors should be minimal. The
soil moisture retention at each
tension was then adjusted to
reflect the entire refuse sam-
Ple including coarse fragments.
Particle size analysis by the
hydrometer method of Day (1965)
was performed on all samples.
Weight loss at 923K, an estim-
ator of carbon content, was
determined by heating 5g of
coal refuse for 3hr in a muffle
furnace.

Soil pH was determined in
a 1:1 soil:water slurry with a

combination glass—-calomel
electrode and a pH nmeter
(McLean, 1982). Electrical

conductivities were determined
from a saturated paste extract
using a conductivity cell ref-
erenced to standard 0.01 N KC1
(Rhoades, 1982). Extractable
Ca, Mg, and K were determined
by atomic absorbance spectro-
photometry (AAS) after extrac-
tion with N NH,OAc buffered at
PH 7 (Thomas, 1982). Extrac-
table Al was extracted with N
KCl (Barnhisel and Bertsch,
1982). cCation exchange capa-
city was estimated by the sum-
mation of the extractable cat-
ions (Ca+Mg+K+Al) (Chapman,
1965). Percent base saturation
was determined by dividing the
sum of the basic cations by the
total CEC.

Available P was extracted
using a double acid solution,
(0.05N HCl and 0.025N H,SO,,
with subsequent colorimetric
analysis as described by Olsen



and Dean, 1965. Sodium di-
thionite-citrate~bicarbonate
(DCB) was used to extract free-
Fe (Holmgren, 1967) which was
then determined using AAS.
Total-Fe was determined using
ion coupled plasma emission
spectroscopy (ICPES)
total digest using HF in a
pressure bomb (Bernas, 1968)
Total-S was determined using a
LECO furnace S—analyzer.

Results and Discussion

For the purpose of limit-
ing table size, six represen-
tative refuse materials were
selected to 1illustrate the
range of properties that are
displayed by the 27 pile sample
set for the tested parameters.
The sample set mean is also
presented for each parameter
tested. These 6 samples repre-
sent 3 different ages of coal
refuse. Locations MRP and KRP
represent refuse that is ap-
proximately 60 years old, while
locations PTH and RRP represent
30 year old material, and loca-
tions BMR and RRA represent
active refuse disposal areas.
The exact ages and the seam
composition of each pile are
given in Table 1.

The results of the sieve
analysis and the particle size
analysis on the <2mm fraction
are presented in Table 2. The
sample set mean of 59% >2mm is
similar to the coarse fragment
content reported by Buttermore
et al. (1978) and Delp (1975)
for refuse piles in this
region. The majority of these
materials had a sandy loam
texture (<2mm), with a few
being loamy sands and loams.

The coarse textured nature
of these materials results in
their having very low water
holding capacities. This

from a
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problem is compounded by the
hydrophobicity of the carbon-
aceous surfaces in these ma-
terials. The relationship be-
tween soil moisture tension and
water content for the six
selected materials is shown in
Figure 1. Site BMR has an ex-
ceedingly 1low water holding
capacity. It is generated by a
cleaning process in which the
fines are removed and not re-
combined with the coarser ma-
terial after processing. Re-
combination of some fines with
the coarse at such sites would
result in a particle size dis-
tribution with a higher water
holding capacity.
Obviously, these materials
will pose severe drought stress
problems if 1left unamended.
This drought stress would be
most pronounced on south facing
slopes, and on narrow flat tops
of refuse piles. This large
potential for drought stress
underscores the need for amend-
ments which raise the water
holding capacity of these mate-
rials. Mulch and topsocil
covers would bring immediate
improvement in water holding
capacity. Cover crops would
shade the surface and provide
mulch, which would facilitate

the establishment of other
species of plants, especially
legumes. Physical weathering

with time will also reduce the
particle size of these mate-
rials which will in turn im-
prove water holding. Any
measure taken to improve the
amount of available water in
these materials will markedly
improve the probability of
reclamation success.

The percent weight loss of
these materials at 923k is also
presented in table 2.
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Table 1. Pile ages, and major seams for six selected refuse
sites.
Location age seams in pile
MRP 1930's Pochahantas
KRP 1927 Wilson
PTH 1954 Imboden
RRP 1953 Imboden
BMR active Dorchester, Imboden, Parsons
RRA active 75% Dorchester + Norton
25% Clintwood
Table 2. Percent coarse fragments (>2mm), percent fine

fraction, particle size analysis, and weight loss at 923K
of six selected sites and the 27 pile sample set mean.

Sample % >2mm % <2mm % Sand % Silt % Clay % Wt. loss

MRP 40 60 77.0 0.2 22.8 43.4

KRP 65 35 44.3 20.4 35.3 28.0

PTH 66 34 75.9 15.7 8.4 62.6

RRP 45 55 65.4 25.2 9.4 53.8

BMR 66 66 78.0 13.5 8.5 36.9

RRA 56 44 53.6 26.7 19.7 30.8
Mean™?" 59 41 61.8 22.5 15.6 32.4
This parameter is being used as varied widely, while older

an estimate of the amount of
carbon or coal present in these
samples. There may be errors
due to de-hydroxylation

of the 1:1 clay minerals and
weight losses due to carbon-
ates, but this parameter does
provide a rough estimate of the
carbon content. A trend of
increasing coal cleaning ef-
ficiency with time can be seen
in these data.

Soil pH is probably the
most commonly tested soil
chemical parameter. The pH of
a material directly influences
the availability of many plant
macro- and micro-nutrients.
The mean pH value for the sam-
ple set was 4.7 (Table 3).
This value was skewed upward by
a few high pH values; the
median pH value was 4.2. The
pH of fresh refuse samples

weathered samples were gener-
ally strongly to very strongly
acidic.

The fresh refuse at site
RRA had a near neutral pH,
while the material from BMR had
a pH of 4.2. This suggests
that the pyrite in the latter
sample had started to oxidize.
Total-S values are also
presented in Table 3. 1In gen-
eral, these values are low and
are within the range reported
by others who have examined
refuse in the East (Buttermore
1975, Williams 1976). There is
an obvious relationship between
total-S content, extractable Al
content, and pH within the
three age groups represented
(Table 3), and in the sample
set as a whole.
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Table 3.
extractable Al,

613

The pH, cation exchange capacity (CEZ), N KCl
% base saturation,

Total-S, and double acid

extractable P for six selected sites and the 27 pile sample

set mean.

Sample pH Conduct. CEC ext Al % BS % Tot-S
ds/em ————cmol fkg=~=="
MRP 5.6 0.148 5.1 0.34 93.3 0.27
KRP 3.6 0.328 8.1 7.03 13.2 1.04
PTH 4.0 0.200 6.7 6.40 4.5 0.53
RRP 6.4 0.438 7.4 0.10 98.6 0.28
BMR 4.2 5.510 17.4" 1.36 92.0 1.43 |
RRA 7.1 3.580 7.9 0.20 97.5 0.54
Mean"™%"” 4.7 0.923% 8.0 3.33 51.9 0.42

* deciSieman/cm.
+ value affected by soluble salts
@ mean for 3 active piles 4.203 dSs/cm.

# mean for rest of sample set excluding active piles 0.496 dS/cm.

Table 4. Percent dithionite-citrate bicarbonate extractable
Fe, percent total-Fe, and double acid extractable P of six
selected sites and the 27 pile sample set mean.

Sample % DCB ext Fe % Tot. Fe DA ext. P
. ppm [
MRP 0.85 3.00 24.8
KRP 4.49 6.66 5.1
PTH 0.53 4.27 1.1
RRP 0.38 3.38 2.7
BMR 0.54 5.00 24.0
RRA 2.76 4.76 26.8
Mean‘™?" 1.45 3.95 17.8

The piles with the higher sul-
fur contents have lower pH
values and larger amounts of
extractable Al. This is due to
the acidity generated by pyrite
oxidation, which attacks the
alumino-silicate mineral struc-
tures and releases Al. The CEC
values of these materials are
generally low, and those piles
with pH values <5 are heavily
saturated with al (Table 3).
The exception to this trend is
the BMR refuse which contains
a 1large amount of soluble
salts. The reported CEC and
base saturation for BMR are

probably high, due to soluble
salt errors. The low CEC val-
ues in these materials results
in a low nutrient holding ca-
pacity and the possibility of
surface and ground water pol~-
lution through runoff.

Salt solutions used in
coal cleaning, and the salts
generated by acid sulfate

weathering processes frequently
lead to elevated 1levels of
soluble salts in refuse mater-
ials. Electrical conductivity
provides an indirect way to
measure the amount of scluble
salts in a material. Conduc-
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tivities of > 2 dS/cm have been
shown to be detrimental for
the growth of some plants
(Bower and Wilcox, 1965). The
sample set mean conductivity is
skewed upward, due to the high
conductivities of the three
active refuse piles in the sam-
ple set (Table 3). The mean
for the three active piles is
4.2 ds/cm, while the mean for
the 24 older piles is 0.49
ds/cm. The conductivity of the
three active piles is above the
2 dS/cm value, which has been
reported to be toxic to some
plants. No other piles had a
conductivity greater than 2.0
ds/cm. As fresh refuse
weathers, many salts are gener-
ated, and with time these salts
are leached. It may be bene-
ficial to allow the conducti-
vity to decrease through weath-
ering and leaching before a
reclamation effort is attemp-
ted.

An easily determined pa-
rameter that could be used to
quantify the amount of weath-
ering with time in refuse would
be beneficial. "Free" (DCB
extractable) Fe/total-Fe values
were evaluated to see if this
parameter correlated well with
time. DCB-Fe and total-Fe data
are presented in Table 4. The
27 pile sample set mean DCB-
Fe:total-Fe ratio is 35%, how-
ever there is a large variation
within the sample set. No
clear relationship between DCB
extractable Fe and total-Fe
with time was observed. This
could be due to the weather-
ability of different sizes of
iron pyrite grains. Very fine
grained pyrite will weather
much faster than large grained
pyrite (Caruccio, 1970).

There is a large amount of
variability in the amount and
availability of plant nutrients
in coal refuse. This varia-

bility is illustrated by the
nutrient P. The sample set
mean of 17.9 ppm (Table 4) is
skewed by a few very high
values. The sample set median
value is 7.6 ppm. Fourteen of
the 27 samples extracted had
double-acid-extractable-P val-
ues that fell into the low
category on the plant availa-
bility index of Olsen and Dean
(1965). One probable sink for
P in refuse are Fe and Al
phosphate compounds that form,
especially in the more acidic
materials. The wide variabil-
ity in available P illustrates
the need for testing of each
pile instead of relying on a
blanket recommendation for a
region.

Conclusions

It appears that some
refuse materials should be
suitable for direct seeding if
the proper surface amendments
are applied. Adverse physical
properties (low water holding
capacity) must be addressed
with amendments such as mulch

or topsoil, if long-term
reclamation success is to be
achieved. In fresh refuse

piles, sulfate salts may be a
problem until oxidation slows
and the salts are leached. Low
pH and infertility can be rec-
tified through liming and fer-
tilization, but long-term nu-
trient retention and fixation
problems are likely.
Variability of cocal refuse
properties, microclimate, and
other soil/site conditions make
the development of uniform rec-
lamation strategies difficult.
Reclamation planning is also
further complicated by the fact
that the physical and chemical
properties of refuse will
change considerably with time.
An integrated refuse clas~




B i ! i .

615

sification/ reclamation system
is needed, along with dedicated
trials to document the response
of various types of refuse to
various reclamation treatments.
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