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Abstract. - - Current regulations require the establishment of e 
permanent, self-sustaining vegetative community on coal refuse 
materials. The development of reclamation practices suitable for 
establishing vegetation directly on coal wastes is complicated by a 
number of f,actors. Chief among these characteristics are extreD1es in 
soil pH, high potential acidity, low water retention and high 
surface tettperatures. Practices designed to address each of these 
troublesome characteristics ~ere used in a field study. The addition 
of straw. mulch and/or a thin soil cover in combination with lime 
and ferti1izer was tested over three growing seasons. While soil 
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 treatments maintained vegetative 
cover for 3 growing seasons. Physical and chemical changes were 
observed in coal wastes which suggest that the formation of a 
"refuse soil II could occur in short period. 

INTRODUCTION 

The reclamation and subsequent establishment 
of vegetation on coal refuse is difficult 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 environmental hazards of this process are 
contamination of surface and groundwaters, 
sedimentation in nearby watersheds, and property 
damage from landslides should large slope failures 
occur. Several, if not all, of these problems can 
be reduced by the maintenance of a viable plant 
cover. A vigorous plant cotmnunity can reduce 
water and oxygen leaching down into the fill, 
thereby limiting the production of acidic 
leachates. Of course, the establishment of a 
permanent cover will also reduce sediment loss and 
stabilize the fill surface. The establishment of 
vegetation, however, is complicated by a number of 
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physical, mineralogical and chemical factors. 

Pyrites are common in coal refuse materials 
and upon oxidation produce soil and leachate 
acidity and associated problems. (Carruccio, 
1968; Van Breemen 1 1982). This reserve or 
potential acidity causes extreme problems in 
vegetation establishment. As these materials 
become oxidized,soil pH is depressed, soluble salt 
concentration in the root zone increases, and 
heavy metals may reach toxic concentrations. 
(Bland, 1977; Joost, 1983; Van Breernen, 1982; 
Wagner, 1982; Williams, 1977). Cheodcal treatments 
used in coal processing, pa-rticularly flotation 
separation, make the surface of the refuse 
particles hydrophobic, complicating water 
retention. Cationic and anionic surfactants, 
polymer flocculants, fuel oil, and strong bases 
are all commonly used in coal processing, and 
little is known about there final concentrations 
and phytotoxicities in the refuse. 

Several physical problems associated with coal 
refuse pile surfaces limit vegetative success as 
well. Coal r'efuse is often coarse in texture, 
~ith a corresponding low water-holding capacity. 
Refuse may contain from 47 to 95% coarse (>2mm 
diameter) fragments depending on length of 
exposure to weathering (Moulton, 1974). Host 
refuse materials are also dark and absorb large 
amounts of solar energy. This energy is then 
re-radinted in the form of heat. On a warm 
c lo~d less day the surface temperature may excP.ed 
160 F (Schramn1 1 1966; Thompson, 1971). Surface 
temperatures in this range are lethal to most 
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plants (naguire, 1955). Legume seedlings are 
particularly susceptible to heat kill, and their 
establishment is critical to long-term 
revegetDtion success. 

The method of place:ment used in rE·fuse pile 
construction may also be detrimental to 
establish~ent of vegetation. Typically refuse is 
transferred. from the cleaning plant to disposal 
site by overhead tram, conveyor or overland 
hauling. Once on site materials are leveled and 
compacted to meet regulatory guidelines. Jf care 
is not taken when the final layers of refuse are 
added, the resultant surface is highly compacted. 
Attempts to vegetate this surface layer are 
usually fruitless because plant roots cannot 
penetrate this layer. Refuse piles which are· 
highly compacted at the surface are also prone to 
ponding of surface water. This ~ater is unable to 
percolate downward and may drown existing plant 
cover. 

A high degree of variability often exist& in 
coal refuse materials within the same disposal 
area Eince wastes are usually derived from several 
different coal seams. Each aeam may exhibit very 
different minerological, chemical. physical and 
morphological properties (Davidson, 1974). This 
variability makes the development of uniform 
reclamation strategies difficult. Additional 
variability is intioduced through the weathering 
process. Because coal refuse materials are 
primarily fresh unweathered geologic material• 
which have been subjected to severe physical and 
chemical treatment during processing, sharp 
Changes in physical and Chemical properties •re 
common in short periods of time. Potentially, the 
pH of refuse materials could drop fro~ 7 to 4 in a 
single month (Van Breemen, 1982). 

Best results in reclamation of coal refuee 
piles have been achieved by incorporating lime and 
plant nutrients in a auitable soil cover (Jastrow, 
1977). In many caees this ia not possible due to 
the lack of available eoil cover materials 1 or the 
expense o_f transporting soil materials to remote 
eite1. Several workers have suggested that 
vegetation can be established directly on refuse 
after aa,endment with li1ne and fertilizers 
(Nickeson, 1984; Joost,:.1983). The question 
remains whether the ·refuse surface will remBin 
hospitable for plants long enough to establish the 
viable, self-sustaining plant connunity required 
by law (Sutton, 1970). The e1tabliahment of a 
pennanent legume component is particularly 
difficult. I1tprovement in vegetation 
establishment on bare refuse has be.en reported 
with the addition of very high rates of sewage 
aludge as well (Jones unpublished; Jooat 1 1983; 
Joost, 1987). 

Controversy has arisen ae to the depth and/or 
necessity of a soil cover when vegetating coal 
refuse piles. A soil cover may be essential for 
the prevention of spontaneous combustion in some 
high C refuse material1, ·however. Current state 
regulatory programs require the establishment of a 

pertnanent, self sustaining con1munity tl1at persists 
for a niini111ur1 of fjve yeB1E-. Many states requite 
s thick soil cover ( >lm) at the final surface to 
1chieve this goal. The inc1·eased costs of 
reclaitning these areas ,,dth soil justj fies the 
need for reE,f nrch to detE:r11iine 1,,•het}1er soi 1 is 
necessary and to what depth. ~ith t~ese 
objectives in ii,ind a study was ir.itiiJted in 1983. 

The specjfic objectjves of this study were to: 

1. Detennine if vegetation could be 
sufficiently established on bare coa] 
refuse and maintained for an extended 
period of titne. 

2. Evaluate several Btnendu1ents fc,r enhancing 
vegetation success and longevity 1 

including a thin topsoil 1ubstitute cover. 

3. Exaiiiine changes in physical and chen:ical 
characteristics of "refuse soil" over an 
extended period of time. 

MATERIALS AND METHODS 

Study Site 

The etudy site was located in Buchanan 
County, Virginia at the Harper's Branch R~fuse 
Area of Jewell Smokeless Coal Company. The refuse 
•rea ia approxi11,ately 100 acres in size and formed( 
in a valley fill to a depth of several hund1·ed 
feet. The act.ual study area wa, loceted on a 
refuse. terrace witp a south-facing aspect. Plots 
were installed on·both the flat terrace floor and 
the adjacent slope ( 15°). 

Plot Construction 

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

Straw mulch 
Soil 
S0il/li111e • 

685 kg/ha 
10 cm with lime incorporated 
10 cm with lime at refuse surface 

Fefuse Characteristics 

The refuse originated from coal produced in 
deep mine operations and was a composite of six 
coal eeams all from the Norton formation. 
Representative samples of refuse and soil were 
taken prior to plot installation and submitted for 
commerical laboratory analysis of chemical and 
physical characteri1tic1. .The cover material 
ronsisted of e ~ixture of native soil and ripped 
overburden fron1 an adjacent 111:ining cut. We will 
refer to this material as "•oil" in this paper. 
Results are ahown in Tables I. 2 and 3. 
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Tab!~ 1. Acid-base characteristics of refuse 
before treatment aooliration• 

Pyritic sulfur 4.6% 
Potential Acidity 
Neutralization Potential 
Net Acidity 

52.6 T Caco3 /JOOOT 
5.6 T CaC03/JOOOT 

47.0 T CaC03/JOOOT 

Table 2. Initial chemical characteristics of refuse 
and topsoil awendwents.. 

Material 

Refuse (Flat) 
Refuse (Slope) 
Soil 

BaC1
2 --- Extractable --- TEA 

pH Ca Mg K Al Acidity 
--------- cv,cl ( p+) /kg------------

6.75 
6.98 
7 .10 

10.3 
10.S 
6.9 

2.8 
4.7 
5.7 

0.3 
0.3 
0.3 

0.05 
0.05 
0.10 

0.20 
J.58 
3.17 

Table 3. Initial physical characteristics of 
refuse and topsoil amendment 

Material 
Coarse 

Fraa:ments Sand Silt Clay 
-------------- % 

Re,fuse (Flat area) 
Refuse (Slope area) 
Soil 

40.4 
69.4 
15 .3 

57.5 
60.2 
28.7 

28.3 
25.7 
54.5 

Experimental Treatments 

14.2 
14.1 
16.8 

Four treatments were selected for use. All 
treatments were rep.licated on both slope and flat 
plots (Table 4). Additionally all plots received a 
base rate of fertilizer which included 84 kg/ha N, 
133· kg/ha of P2o

5 
and 253 kg/ha of K20. Lime was 

applied over tfie refuse area at a rate of 27 Mt/ha. 
A conrmon seed mixture was used on all experimental 
plots 1 however the seeding rate was adjusted for 
flat and slope plots as shown in Table 5. 

Table 4. Experimental treatments. 

Treatment 
Code 

Mulch 
Check 
Soil 
Soil/Lime 

Straw 

Yes 
No 
Yes 
Yes 

Amendment~ 
Topeoi 1 Soil/Sublime 

No 
No 
Yes 
Yes 

No 
No 
No 
Yes 
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Table 5. Experimental seed mixture. 

t 
St>ecies Slope Flat 

kg/ha 
Tal 1 Fescue 56 28 
Red top 3 3 
Annual Lespedeza* 28 22 
Lael ino Clover* 3 3 
Annual Ryegrass 9 6 

*NotE: Degree of inoculation unknown. 

Data Collection 

After an establishment period of 90 days, all 
plots were visually scored for percent total cover 
and approximate species composition on September 9 > 

1984. To ascertein plant litter production, total 
dry matter was collected from each plot on March 
28 1 1984. Dry matter production was again 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 rando1r1ized complete 
block design with four replications. Relevant data 
was exatuined statistically using the analysis of 
variance procedure with mean separations by 
Fisher's protected LSD (SAS, 1982). 

RESULTS 

Ground Cover in 1983 

Estimation of total vegetation ground cover 
was highe·St with soil and soil/lime treiltments 
(Table 6) on the flat plots. When ground cover was 
separated by plant type (grass vs. legume) the 
composition varied sharply with treatment. Soil 
and soil/lime treatments had a higher percentage of 
legumes present. This contrasted with the ~ulch 
and check treatn1ents where grass was dominant. 

Ground cover was nearly complete on the sloping 
plots receiving soil and soil/lime treattnents. Both 
the check and mulch treated plots had a low percent 
ground cover. Legume species dominated in soil and 
soil/lime plots ,,,ri th grassy species most prominent 
in the check and mulch plots. Ground cover was 
similar for both slope and flat plots; as was the 
relative species composition. 

Plant l,itter Production in 1983 

Plant litter produced during the establishment 
year often serves as an effective mulching agent in 
subE.equent seasons. For this reason we were 
particulary interested in the amount of litter 
produced in each treatment which ren·Ained on the 
plots over the first winter. First year litter 
production was not consistent across flat and slope 
plots. On flat plots litter production was highest 



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

Table 6. Visual estimation of total ground cover 
and species composition on September 9, 1983. 

Treatment 
Code 

Plot 
Type 

Mulch Flat 

Che.ck Flat 

Soil Flat 

Soil/Lime Flat 

Ground Plant Composition 
Cover Grass Legume 

------ -- ---%-------- --·-
30 80 20 

5 95 5 

80 5 95 

80 5 95 

-----------------------------------------------
Mulch Slope 30 80 20 

Check Slope 5 100 0 

Soil Slope 95 10 90 

Soil/Lime Slope 95 10 90 

Table 7. Plant litter production ~eaaured prior 
to initiation of growth in March 1984. 

Treatment 
Code 

Mulch 

Check 

Soil 

Soil/Lime 

----- Plot Type--------
Fl•t Slope 

---------r;g/ha----------

1635 418 

359 2233 

778 1874 

1595 678 

On sloping plots the results vere •01newhat 
contradictory to the flat plots. Yield-s were 
highest on the check and •oil treatu~nt•· Lowest 
production was with the mulch treatments; and 
aoil/lime treated plots were nearly as low. 

Dry Matter Production in 1984 and 1985 

On flat plota dry matter yields in 1984 were 
highest with aoil/lime treatments (Table 8). These 
yields were aignificantly higher than check or 
mulch treated plot,. A high degree of variability 

was observed acro&E all plots as indicated by the 
high LSD v~lucs. In 1985 all treatments produced 
similar yields. lgain variability was high within 
treatments. Dry matter yields in 1985 were lcwer 
than 1984 yields with all treat111ents except the 
check plots where yield inc1eased. 

Table 8. Dry 111atter yields harvested in fall 
1984 end ]QBS on flat plot§, 

:Xt~R 
4 

---·--·-- kg/ha -------
Mulch 1484 133h 

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 
failed to produce a measurable yield in 1984 and 
were lowest in 1985 also. Other treatments did 
not differ significantly. Yields from soil and 
aoil/lime treated plots dropped aharply in 1985 
from those observed in 1984 with a 68% and 51% I 
drop in yield respectively. Yields· on r:rulch plots , 
did not change from 1984 to 1985, •nd on check 
plots a small but measurable yield increase was 
observed. 

Table 9. Dry matter yields harvested in fall 1984 
and 1985 on 1loping plot,. 

I~.6:B 
6x1:.1tm1:.I1t 12B~ l!!B~ 

----------- kg/ha ----------Mulch 1404 1444 

Check 0 322 

Soil 4361 1408 

Soil/Lime 3083 1518 

LSD (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. 
Remarkably, vegetation continued to grow quite 
well. In fact, these plots bec·ame dominated by 
annual lespedeza, while legumea f•iled to survive 
the second year on any of the eloping plots. 
Whether or not the failure of legumes on the 
sloping plots ~&6 due to heat kill or lack of 
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innoculation is unknown. The fact that the 
lespedeza did thrive on the flat plots is 
encouraging, however. 

Soil Physical and Chemical Characteristics 

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

Table IO. Soil chemical analyses on samples 
collected September 1984 on flat plots. 

Treatment pH Ca Mg K Al 

---------cmol (p+)/kg---------

Mulch 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 0.19 2.17 

Soil/Lime 5.59 10.61 5.35 0.27 0.07 

LSD (0,05) 1.65 5.62 2.89 0.17 3.29 

Table 11. Soil chemical analyses on samples 
collected September. 1984 on slope plots. 

Extractable 
Treatment ------- cations----------

pH Ca Mg K Al 

----------cmol (p+)/kg-------

Mulch 5.75 11.45 5 .10 0.22 0.05 

Check 5,75 9.30 4.70 0.24 0,05 

Soil 5.43 13.40 6 .30 0.25 0.05 

Soil/Lime 5.90 14.45 5.65 0.25 0.05 

LSD (0.05) 0,40 15.0 4.97 0.13 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 an increase in silt size 
particles occurred in check and mulch plots from 
1983 to 1985. Clay content varied somewhat in the 

first year with an increase in check and soil/lime 
plots. but B decrease in mulch and soil plott .• 
Plots which received soil or Eoil/lime had a 
significantly lower percentage of Eand sized 
particles and higher percentages of siJt in 1985. 
Clay content was significantly higher in soil/lime 
tre.Elted plots only. The soil and soil/lime plots 
were nmch lower in sand content because sal!lples 
were taken from the soil cover layer. Particle 
size data are not given for the flat plot£. due to 
the confounding effects of slurry additions 
djscussed earlier. 

Table 12. Fefuse soil textur~ on sloping plots. 
Samples collected September 1983 and 1985. 
September 198?. 

Soil Fractions 
Treatment Saud Silt Clay 

1983 1985 1983 1985 l 983 1985 

-----------------%------------------
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 

Soil 28.7 27.4 54.4 59. 7 16.8 12.9 

Soil/Lime 28.7 27.7 54.4 53 ,6 16.8 18.6 

LSD (0,05) 6.4 6.1 5.4 

Water retention was measured at 5 and 10 kPa 
of pressure to simulate potential wster 
availability to plants under dry soil conditions. 
At 5 kPa water retention was significantly lower 
in check and mulch plots than in soil or soil/lime 
plots (Table 13). Under 10 kPa of pressure all 
treatments were significantly different on the 
slope Soil/li111e plots retained the highest 
percentage of water (18.7%) and check plots the 
lowest (12.9%). On the flat plots, water retention 
was extremely variable. At 5 kPa all treatu~nts 
were significantly different. Contrary to the 
slope plots, mulch plots had greater water 
retention than topsoil plots. Check and soil/lime 
plots were lowest and highest in water retention 
respectively. 

Table 13. Water holding capacity of flat and slope 
plots on Sentemhex, 1985, 

Treatment 
Code 

Mulch 

Check 

Soil 

Soil/Lime 

LSD (0.05l 

Slope Elat 
5 kPa 10 kPe 5 kPa IO kPa 
------------- kg/kg ------------
15.60 14.85 18.70 16.03 

15,70 12.97 15.13 12 .77 

21.90 17 .97 16.90 14.25 

21,85 18.70 23 .85 20.05 

3,52 0,73 0,71 0.55 



The values given in table 13 reflect water 
content in the< 2 mm soil fracticn ate given 
pressure, end not 11available water" per se. These 
values are low compared to even surface uiille soil 
materie.ls, and it urust be retuembered that these 
materials are dominated by coarse fragments which 
hold even less water than the fine fraction 
tested. 

DISCUSSION 

Dry matter yields were highest in topsoiled 
plots. This was the likely result of better 
establishment and a higher rate of fertilizer 
utilization. However in the second growing season 
yields were similar between soiled and 
unsoiled plots. In the flat plots this is 
understandable because in sunnuer 1984 these plots 
were flooded when a nearby slurry pipeline 
ruptured negating· any treatment effects. This was 
not the case on the slope site however and a 
similar leveling of yields was also observed. 

On both flat and eloping plots initial ground 
cover was best when eoil was added. The addition 
of soil also increased the establishu~nt of legume 
1pecies. This may have been related to a bette.r 
seedbed provided by the soil, or potential 
phytotoxicity in the bare refuse. The -eoil used 
in the cover layer had better water holding 
ability and reduced surface temperatures. The 
absence of legumes in bare refuse plots early in 
1983 was proboably an indication of aeedling 
mortality due to high aurface heat. Graaa 
seedlings were more reaistant to high 
temperatures. When small amounts of plant litter 
accumulated on bare refuse an improvement in dry 
SL8tter.production was observed. Overall best 
establishment was 1chieved when the refuse waa 
covered by mulch or soil. Thia indicates that 
addition of mulch ia essential to plant 
establishment on hare refuse. 

While surface aoil pH did drop appreciably 
during the experiment. the drop va1 not txtreme 1 

particulary in light of the high pyritic S content 
(4.59 %). Apparently the lime additions were 
effective in slowing the pyrite oxidation rate and 
neutralizing most of the acidity generated. It is 
also possible that a large portion the pyritic S 
was present in large 1 alowly reactive forms. 

The higher levels of Ca and Kg on the aloping 
plots were probably the result of accelerated 
physic1l weathering and dissolution of carbonates 
which are quite common in these fresh materials. 
These plots were oriented directly 6 1 and 
certainly went through many more extreme vet/dry 
and freeze/thaw cycles than the flat plots below 
them. The lower levels of Ca and Kg in the flat 
plots could be due to less intenie weathering 1 or 
the complicating effects of the slurry additions. 
The latter may also account for the highe_r 
extractable Al levels in the flat plots, even 
though.~R levels were consistent between the two 
slope positions. 
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The observed decrease in sand sized particles 
with a concotnmitant increase in the silt fraction 
indicates a rapid rate of weathering. If this 
trend continues 1 an improve~ent in water retention 
and a more suitable aiedia for plant trowth could 
result. Regardless of this fact, water holding 
i~ the refuse materials was low, and posed a 
severe limitation to long-term plant growth. The 
~1ajor advantage of even thin soil covers ~ay 
simply be improved water holding capacity over 
droughts, and reduced surface temperat~res. 

The use of a reduced soil cover to reclaim 
coal refuse was successful in this e:r.periu:ent. 
When conditions of high surface temperature, and 
low water supply are present this appesrs to be 
the best alternative for establishing a good 
vegetative cover. Under less stressful conditions 
the addition of a thick mulch 1 lime and necessary 
plant nutrients may permit good plant 
establishment. ltevegetation strategies should 
plan to provide a quick annual cover to rapidly 
provide shade and natural mulch fer perennials. 
Plant cover once established by either of these 
methods did peraist for three growing seasons. 
After three years of growth very little difference 
was apparent regardlesa if _mulch or aoil was used. 

Thi, atudy provides So111e basic evidence to 
au"pport the use of a reduced amount of topsoil 
cover witerial. Should the u,e ·of a aoil cover be 
impractical or impoaaible, direct 1eeding of many 
waste materials can be aucceasful provided a 
suitable amount of mulch. lime 1nd fertilizer is , 
used. The critical period in achieving auccess:ful \ 
reclamation of coal refuse appears to be the 
eatabliahment year. The importance of overcoming 
the heat and water holding limitations of bare 
refuse cannot be overemphasized. 
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