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DISPOSAL OF COAL PREPARATION WASTES: ENVIRONMENTAL COMSIDERATIONS

E. M. Wewerka, J. M. Williams and N. E. Vanderboryh
Los Alamos Scientific Laboratory, University of Califcrnia
Los Alamos, New Mexico 87545

ABSTRACT

The mineral wastes from coal preparation and mine development constitute a
major cnvironmental problem. Over 3-billion tons of these materials have accu-
mulated in the U.S., and the current annual rate of waste production of 100-
million tons per year is expected to double within a decade. The total number
of active and abandoned coal waste dumps is estimated to be between 3000 and
5000. About one-nalf of thesce pose some type of health, environmental or safety
problem. Structural weaknesses in coal refuse banks have led to tragic land-
slides such as those al Buffalo Creek, WV and Aberfan, Wales. Coal refuse dunps
are also one of the sources of highly mineralized, acidic drainage, which affects
more than 10-thousand miles of strecams and waterways, and the 300 or so burning
waste banks are a major source of air pollution. In additicn to these problens,
there is growing concern about possiple environmental effects from the trace el-
emonts in the cozl woste materials. In this paper. we describe the varicus
foriss of environimiontal poiliution from coal mineral wastes, the extent and seri-
ousness of each, and some of the control methods which are being used to alle-
viate or lessen the environiental impact.

1.0 TINTRODUCTTON

Coal, as mined, contains a great deal of extraneous rock and mineral mat-
ter. Thr ¢ inorganic constitluents usually constitute ?P?ut 107 to 20% of raw
coals, but they can run as high as 5G. for scre coals. The rock and miners
matter is expensive to ship, and it dilutes the caloric content of the coal,
but, of most importance from an environiental vicwpoint, these impu 1ties pro-
duce undesirable gaseous and particulate pollutants when the coal is burncd.
Therefore, about one-half of the total coal mined in the U.S. is prepared or,,
cleancd prior to utilizetion to remove some of the noncombustiblc materin]s.(‘)
The discarded rock, mineral and coaly matter from coal cleaning, together with
other coal wmine refuse, are the major constituents of the gob piles and culm
banks, wiiich are scattered over thousands of acres in coal-producing regions.

—

According to recent estimates, nearly three-billion tons of carbonacceous
minaral wastes hafg accumulated in the U.S. as a result of coal preparation and
mine development., 2) Increased coal production, wider use of indiscriminate
mining technigues, improved c¢learing methods, and greater emphasis on clean
fuels will undoubledly increase the rate at which wastes accumulate. A vivid
example of this trend is ¥U$ ten-Told increase in the rate at which wastes have
baen produced since 1940.Y7  Although thore has been a recen. trend by

"Supevior numbers refer Lo similarly-numbered references at the end of this
paper."



utilitie: to use larger amounts of rncleanced coal, it was estimated recently
that tho curren(zsate of waste production of 100-million tons per year will
double Ly 1980.

2.0 THE PRODUCTION OF REFUSE BY COAL PRTPARATION

Cleaning of raw coals to rcmove soge . of the unwanted mineral matter has
basen done for more than a half-century.(3) Environmental concern ahout air pol-
lution from sulfur dioxide has focused attention on the remwoval of sulfur fron
the coal. Tha newer preparation plants can recover abou( ?03 of the BTU content
of coals, while reducing sulfur content to less than 1%, 4

Coal prz2,cratinn involves a series of crus?§n3 sizing, separating and dry-
ing steps to produce a cleaner burning product.‘v? ) Prior to clecaning, the raw
coal is gencrally crushed to at least minus 6-in. pieces.  After sizing, the
coal is separated from the h2avier mineral matter by vorious mechanical tech-
niques, utilizing for the most part density differences as the basis for separa-
tion. This is accomplished primarily by jigs, cyclencs or heavy-rizdia haths.
The cleanzd coal is normally dried before it is shipped from the plant. The re-
ject mineral vaste or refuse from coal preparation is transported from the plant
by conveyors or trucks and deposited in nearby disposal areis. Process water
and suspended fines are fed into slurry ponds or settling basins. Sometimes,
the finer cval (< 1 um) is cleaned by froth flotation methods; the wastes frem

'I-k'In v e . wa 2len Aanaridtad 3m Aalimey nande
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The refuse froin coal cleaning is discharged from the preparation plant as &
wet aggregate-like material. It is heterogencous in hoilh size and composition.
Coal cleaning wastes are composed principally of rock and mineral matter (80. or
more), but they also contain a small amount of residual coal. The major mineral
constjtuents of these waste materials are clays, quart:, pyrites, and carbon-
atei.;gi This reject matlerial represents, on the average, about 20! of the raw
coal.

3.0 _ENVIRORHTHTAL FROBLENS ASSOCIATED WITH COM. MINERAL WASTES

Coal refuse duiips can cover frrom one to over one-h?glred acres, and may
range from 20 to morc than 300 feot in height or depth. Most refuse piles
are small, less than 500,000 cubic vards. but the bulk of the rof?§$ resides in
tho very large piles, those greater thau 1.5-million cubic yards. The total
numbef ?f sizeable active or abondoned refuse piles o~ impounduents is 3000-
5000.12) Of the 961 refusc piles studied by the Departnm?ﬁ)of interior in 1963,
over onc-half posed somo Form of health or safety hazard.'“? The major environ-
mental problems associated with discarded coal cleaning refuse are: waste bank
instabilities, contaminated drainage ard roxious emissions from burning wastes.

*Althcugh it 1s the pollcy of Los Alamos Scientific Laboratory to report meas-
urcments in the international system of wetvic units, for clarily ol presenta-
tion, the units uscd in this paper are reported divectly as they appear in the
references.



3.1 HWaste Cank Instabilities

Coal refuse disposal sites have been chosen more often for convenio-nce than
as appropriatns places to safely duup and store the waste materials. Areas fre-
quently used for refuse disposal include valleys, hillsides, swamps and settiing
basins. &) dastes have been piled on vegetation and top soil, near streams and
residential arcas. Sometimes these materials a.o dumped on inclines, in which
case the larqger rocks roll to the bottom and th: finer refuse stays at the top,
producing a seyreqated inass. Thase conditions, coupled with the fact that most
coal waste: are puor engineering miterials to b:gin with, occasionally produce
struclural ipstabilitics in Lhe waste piles that result in tragic consequences.
A Tlood caused by the collapse of a refuse retaining dam at Buffalo Creek, WV in
1972, killed 116 people, and a waste bank siide at Aberfan, Wales in 1966 result-
ed in the dcaths of 144 people, 109 of theT 3choo] children. Both incidents are
stark testiwony to poor dumping practlices. 2

In the past five years, considerable effort has been put forth to ?S$1ne
and : ‘'evialc the conditions responzible for refuse bank instabilities.

Even o, Tgyy of the older, abandoned refuse piles still pose serious structurcl
problens.

3.2 Hater Contamination from Coal Refusc Dumps

The weathering and lcaching ot coal refuse dumps produces several iypes of
waterlcgng?minants. These include s5ilt, acids and dissolved mincral mat-
ter.} ' In ali, about 2000 fgil waste durps are thought 1o be contribuling
to stream or waterway pollution.

Siltation of the dvrainage from coal refuse dumps is caused by finely divided
coal, mineruls and discarded soil. This form of contamination is generally con-
trollable by viiiizing fwpoundment areas where the parthIQS seltle or are fil-
tered as the waier passes through a retaining barrier.\2

Acid drainajg o§$urs when iron sulfides (pyrite or marcasite) are exposed
to air and water. 1*) The sulfur is oxidired to sulfuric acid and the iron is
liberated as iron nulfate. Typically, 1.5 to 2 pounds of acid and 0.5 to 0.7
pounds of soluble iron are produced per acre of rcfuse per day, but, in some
highly mineral;scd arceas, acid has formed at a rate of morc than 300 pounds per
acre per day.\"/ The acids formed in refuse duips run off into drainage areas
or percolate throuuk the pile, where considerahle mineral matter is dissolved.
Some of the flow from refuse dumps eventually reaches subsurface water systens.
Acid drainaye lowers the pH of lakes and streams, making the growth of TB atic
life, which functions best under slightly basic conditions, difficu]t.( The
dissolved iron in refuse or mine draina?s forms forric hydroxide, "yellow hoy",
which scettles out on the stream bottom, ) Quile effective in smotherng life-
forms, "yellow boy" leaves a desolate terrain of yellow-orange streams and soil.

Acid diainage is one of the wost serious water pollution problews in many
parts of the U.S.  In Appalachia alone, more than 1?'?90 miles of stireams are
affected by acids Trom coal mines ond refuse dumps, 1t is estimated that
J h=million tons of sullfuric acid cittered the inland watervays in 1962 from



coal-mine-related sources.(]‘%] About 707 of the acid drainage is supplicd by
inactive, underground mines.( ) Coz1 preparation plants and refuse areds are
responsible for much of the remainder of the acidic effluents.

In addition to acids, the aqueous drainage from coal YQ use usuilly con-
tains considerable dissolved minaral or inarganic matter.( 2} The drainage from
coal refuse dumps typically contains high concentrations of Fe, Al, Ca, Mg and
504 ions, which are derived from the major mirerals in the waste. The highest
concentrations of total dissolved species - in the range of 1 to 5 wt . - are
found in the nore highiy acidic solucions. Many of these dissolved elemonts are
detrimental to soils and destructive to plant and aquatic life in levels well be-
low those found in the effluents frcm coal refuse dumps. For exampice, it has
been reported that as little as 400 ppm of Fe or Al ions in soils can result in
the niortality of plants, and t?gtlgjsh kills may be caused hy concentralions of
these ions as low as 0.5 ppm. ? The well-documented inability of coal win-
eral wastes to support vegetation is also thouyht to(fﬁiult from the toxic
amounts of Fe, Al and Mn present in these materials.

In additior to thesc wall recognized problews, another potential class of
watcr-borne contaninants is gaini?p rccognition. Coal wastcs contain a broad
array of trace or winor elemcnts. 5) Many of these r~lemenls, such as lcad, cad-
mium, arsenic. seleprium, mercury, etc. are of consicerable concerr because of
the Tow tolerinces of plants and animals for them. Undoubtodly some of thezc
trace elementy arp carried into the environment hy tha aguoous Teaching of pef-
use. Although the relative amounts of these cowponents per unit of waste is
usually small, the total absolute amount of each available in a large waste bank
could cause grave consequences in waler or soil if they were to be concentrated
in the enviromnent by natural processes.

3.3 Atmospheric Contamination by Burning Coal Wastes

Air pollution from burning refuse piles is also a major psob]nm. Fires in
refuse dumps have been occurring for over ane-hundred years.(° Some wastes have
been burning continuously for over 20 years. This particular problem has re-
ceived considerable attention in the last decade, but it iﬁ)estinmted that there
are still approximately 200 cval wasie piles nov burning. Burning coal refusc
is respessible Tor approximalely 17 of the naticnwide }?tu1 of air pollution by
carbon, sulfur, ancd nitrogen oxides and hydrocarhons.( Burning waste piles

arce geurrally iocated close 1o sma } communities, but a few are in arcas popu-
lated by more Lhan 100,000 pcople. )

4.0 _CONTROL_OF ENVIRONMENTAL POLLUTION FROM_COAL PRIPARATION WASTLS

In recent ycars, attompts have been made to circumvent some of the environ-
mental problouns assoclated with discerded coal vefuse. Particular attention has
been given to alleviating waste bank instabilities and to preventing and con-
trolling acid drainage.

4.1 Provention of Waste Bunk Structural Instabilitices

Refuse bhank instabilities result from inadequale atlention to malerials pa-
rame Lers and failure Lo Tollow sound disposal praclices,  Recommended methods for



alleviating wiste bank instabilitics include: preparation of @ preper foundation
for the dump, wcgregation of wastes according to physical characteristics, proper
griading an?”c?'paction of wastes and provision of adequate drainage from the

duinp arca. V%) These techniques are now being used by a large segnent of the
coal industry to insure “he structural inteqgrity of current disposal sites.
However, elininating the structural weaknesses in abandonced waste dumps still
remains a probiein,  This is in no snall part due t? the difficulty of dctermin-
ing legal respensibility for these disposal arcas. 2

4.2 Prevention and Control of Water Contamination from Waste Dumps

Much attention has heen given to the prevention and treatment of contami-
nated drainage from coal refuse dumps. Most of the effort has centered on the
acid drainaye problem, but controlling the larqe quantities of dissolved mineral
matter is also hecoming increasingly importani. Dasically, there are two ap-
proaches for contrailing water contaminants from coal refuse dumps. One is to
prevent the initial buildup of pollutants in drainage wailers, and the other is
to treat conteinination after it has been formed.

The most effective means of preventing water contamination from coal refus?
materials is to restrict the influx of air and water through the waste pile.\¢: 6)
This is done by grading and compacting the wasic to reduce permeability or by
sealing the edowes of the duip with clav or uviher avents. Covering ol wasiles
with topsuil und revegelating also helps to prevent the entrance of air and
wate:.

By far the most widely used method for treating contaminated drainage from
coal wastes is to neutralize the water wit? 9;kaline agents and effect the pre-
cipitation of some of the dissolved salts. 1 There are now about 300 plants
in operation in the U.S. for treatiny drainage from coal rcfuse dumps or coal
mines with neutralizing ayonts. For some applications, particularly wvhen dis-
solved salts are of major concern, ion exchange, reverse osmosis or flash vapur?—
zation may be economically cffective ways of treating contaminated waste watersi !/
Several pilol scale treatmont plants, based on these methods, have been con-
structed and tested.

4.3 Control of Cuntamnation from Burning Wastes

Measures to prevent waste dump burning center around proper grading and
compactiny or sualén? 7( the waste=pile perimetiers to reduce the flow of air
through the bank, \Y» G With care and attention, waste fires can be almost cn-
tirely prevented. 1o control or extinguish refuse fires once they have begun is
another matter.  Success in this arca has been rather limited. The most effec-
tive method tor extinquishing these fires has been to dig out the burning maler-
ials and allow them to cool at the surface. Olher methods of waste fire control
include scaling the piles with soil or other malerials to control air circulation
or injecting slurries, usually of waler and fincly H;Vidcd incombustible mater
1als, to essentially smother the burning waste, (0410



5.0 SUTHRY

The purpose of this paper has been to review tine causes, consequences and

available solutions for some of the major cnvironmental problems cauvsed by dis-
carded coal preparation wastes. The predeminant problems were scen to be waste
bink structural instabilities, burning refuse duwps, ecid drainace and the con-
tamination of aqueous discharges with mineral matter. These problcis result
parily as a consequence of the chemical and physical nature of the waste maier-
ials, and partly because of inadequate attention to proper disposal practices.
Correctivc measures are available for sow2 of the more highly recognized foris
of coal refuse contaiinalion, but difficulties are certain to increasc as the
national usage of cleaned coals multiplies over the next decade or two.
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