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A3STRACT—.—

The mineral wastes from coal preparatiori and mine developn!ent constitute a
major cnviroluncntal pro!)lem. O1/er3-billion tons of these muterials have accu-
mulated in the U.S., and the current annual rate of waste production of 10G-
million tons per year is expected to double within a decade. The total number
of iictivednd ~b211d6nCdcoal waste dulyxi is estini~ted to be between 3000 and
5000. About one-half of tl;c~upose some type of health, environwuntal or safety
problem. Structural wcaknczsbs in coal refuse banks have led t.fJ tragic la!~d-
slides such as those aL Bulfelo Creek, I!Yond Abetftln,Wales. Coal refuse ciu::]ps
are also one of th~ sourLM of highly mineralized, acioic drainoge, which flff~cts
more tll~nlC-thousand miles of streams and watcrwdys, and the 300 or so burning
waste banks are a mjor soui-c~of air pollution. In adciiticm to these problcm,
there is growing concern about possiDle enviroilmental effects from the trace e“l-
:me!Its in the cc:! wuste woterials. In this,paper. w descrilw the variwc
Terms of enviromi;rntdi poiiution from coai minerriiwdstes, ~nu ex~ent antis~ri-
ousnuss of c~c$, and some of the control methods which are being used to alle-
vi~l.eor lesscl]the environ:i~entalimpact.

1.0 INTRODUCTION——— —- ..,..

Coal, ?s mined, contains a great deal of extraneous rock and mineral mat-
ter. Th~ c inorgilnicconstituents usI.iallyconstitute

?Y7
ut 10:’1;0207;of r~w

coa”Is,but they cilnrun as high as 5C:!.fur sGrIecoals. Th(:rock and mirwr:l
mattcl- is expensive to shii],and it dilum the caloric content of the coal,
but, of mo~t importance frolllan environ:ir:ntalviewpoint., these il]ll~~litiespro-
duce Llnclesirnl)leg~~semis~t)dparticuliltc po”llutantgwhen the CCW1 is burned.
Tlleretorc, about one-half of the total coi!lmitlcclin the U.S. 1s prepared or
clcuncd prior to ut,ilizutiolito rnmovc some of thr noncombustihlr materiels. (0

The discr)rdcd rock, minerril and coollyIwittcr frolllcoal c’leaninc),together witl:
other coin mi:;Prefu$c ~ arc the mjnr constituents of the gob piles and cIilI~l
banks, v[iich are scuttcrcclover thnusnnds of acres in coal-producing regions.



utilitik: to use larger amount~ of ~’nclcancd coal

[7

, it was estimated recently
thzt th? curren ~ ate of w~ste production of 100-milliun tons pcr year will
double b.~19/30.

2.0 THE PROD’JCTION OF REF!ISIZ13YCOAL PRr.PARATION——. — .—. ... —— .—-.. . .—- -..——.. .

Cleaning of raw coals to remove so]: of the unwanted nlineral matter has
b:en dcm for more th~n a half-cc?t)tury.?) Environ:rrcntalccncern ilhoutair pol-
lution frr.msulfur dioxide has focused attention on the relllovalof sulfur frcun
the coal. The newer prq.mration plants c~n rccovcr abou ~ O; of the 13TUcontent
of coals, while reducing sulfur content to less than 1;,H

Coal pr?,lk.
13 i)

-matinn involves a series of crus “n sizing, separating and dry-
ing steps to produce a cleill;erburni[lg product. ‘ 1%-i~rto clci[ning,the raw
coal is generally crushed to at least minus 6-in. pieces. After sizinq, the
coal is separated from the haiivicrmineral matter by various mcclmnical tech-
niques, utilizing for the most part density diff~’renccs as the bazis for scpilrJ-
tion. This is acco:nplished priml]rily by jigs, cycluncs or heavy-r.i::diiibaths.
The clcan~d coal is norniallydried before it is chipp[:d from the I;lant. The re-
ject mi ncml ~aste or refuse from coal preparation is trnnsportcd from the plant
by conveyors or trucks and deposited in nearby dispo~al are;:s. Process water
and suspet~ded fines arc fed into slurry ponds or settling bnsins. Sonlet+mes,
the finer cual (< 1 Nm) is cleaned by froth flotation niethods; the wastes frc:n
this pru:c$~ .lI-0. rl-tn-#-4+-A ;“ Plll!mw.v n-nA-~~~ UIAU UblZUAOUGU III 41UIIJ Pl#IIU+O

The refuse froi]lcoal cleaning is discharged from the prcpilration plant as il
wet aggregate-like wrtcrial. It is heterog~rlcous in both size an(!composition.
Coal clcaninq wdstes nre cumposed principi~lly of rock findminerdl matter (80’.or
more), but they also contzin a sI:tiIllamount of rmidual coal. Tlicmajor mincrill
cons S‘} urltsof these w~ste matcriills arc clays, quart;:, pyritcs, and carbon -

u:;;; “ i This rcjert mal,urial represents, on the averagu, about 20~1of the raw
. .

3.0 ENVIRO!HIHITAL FRORIENS ASUOC1.4TEIIWITtl03A1.MINERAL NASTES—— ...— .--------------.----.-..—-- ---—----— -— .-.--—---.-,-------—, ------

Coal refuse du;llpscan cover from onc to over one-hi Ilred acres, and miiy

range from 20 to Irru~12 than 300 I%rt in height or depth. (lJ\ Mo:itr~fuse pilc:i
are smull~ less thilt~500,0L)0cubic yarclr. hut thr bulk of thr rf!f ‘ resides in
tlm very larqe piles, IJU:;Ugr~’attqrth~l:ll.!i-lllillioncubic ya~”ds~y>j The tota1

M
Ilulnl)c“ f sizmblc oc(,”ivcor illwncloned r-cfusc piles or iwpounamnt.> is 3000-
rj(’Joo. Of the !361rufut~cpiles studied IJ.Ythu Ilepart.nt!?lof illl.t’riorin l~fi~~,
over one-hdlt pcisrd 51.JIW hform of Imalth w safety Imznrd. . Ttw major environ-
n~tltillIJroI)lem:,as:;oci~td with discardud ccml cl~wning rnfusu aru: wdstc bank
instid]ilitics. contaminiltcd dl’dillil~c.nId rc~xiousemission!; from burnin:lwastc~.
-.--...—......

*
Althwgh it is tho pl~llcyof Lo> Alcmm Scinnlific Lillmrdtwy to report n]~il~-
urrnmnl.’lin W inll:)vl~jti(llml5.Y:,[cm or mulll’i(:uni 1~. I“ot”Clili’i I,Y 01’prr:;Cll!.ll-
tinn, the unit? Usl:[lin this lJ[lllC1’ iIrc rrlmtcd d irw lly i.rs thr,y irplJc!arin thr)
~(,f(!),,lll(:{l~.



3.1 Waste DrinkInstabilities

COCI1refuse disposal sites have been cho~en more often for conveni.~nce than
iIsapppopriat.o places to safely dlli:lpand store the waste materials. Areas fre-
quently u~ed for refusr?disposal include vallrys, hillsid?s, swiumpsand settling
basins. [L) ~’!dLtf?S have tJ(?&n piled on vegetation and top soil, near streams and
residential arws. Sometimes these materials ate clumped on inclinm, in which
cme the lar:lm-rocks roll to the bottom and thi finer refuse stays at the top,

producing a ~c~]reqotcdHKJ%S. These conditions, coupled wil.h the fact that most
cool waztc~ are p.tiererlgincefing matcriuls to b~gin with, occasionally produce
stru~tl,ral ~rl~tabilitic~ in the waste piles th~t result in tragic consequences.
A flood cau~cd by the C1311iI[Jseof a refuse retaining damat Buffalo Cr[:ek,WV in
1972, killed 116 people, and a waste bank slide i.rtAberfan, Wales in 1966 resull-
ed in the c!c~thsof 144 people, 109 of the

H
chool children. Both incidents are

stark testiworry to poor dufilpingpraci.i~es. 2

In the p?st five years, consiclcrfibleeffort has been put forth to
?5!

ine
and : ‘cviatc the condil.iollsrespol~ziblc for rcftisebank instabilities.
EVCli :.!), ,1 Iy of the older, abandoned refuse piles still postiserious structural
piwblenls.]9’)

3.2 14atcrCont~minatim from Coal Refuse Dumps

The weathering and Icachlng ot coal refuse dumps prociuces several Lypes IJ;
These include silt, acids and dissolved minc~-al mat-

:::[1 :Z’O”i ;:n:;: , aho,lt2000 fzj. 1 waste dumps arc thcrught “LObe contributing
to stream or waterway pollution.

Siltation of the d~.ainage from coal refuse dumps is caused by finely divickci
coal, miner~ls iIncldiscilrcicdsoil. This forlnuf contamination is gencrall.y con-
trullahlc klyl’tilizing impoundment areas where the par ~ Ies settle or are fil-
tered as the waLer passes through n retnining barrier. H

Acid clrzinal.~l~~juw, when iron sulfides (pyrite or marcasite) are exposed
to air ml wfli.cr. lne sulfur is oxidimd to sulfuric acid and the iron is
liberatul us it-onsulfate. Typicilllmy,1.5 to 2 pouncls of acid ~nd 0.5 to 0.7
punrrdsof soluble iron ui.cproduced pcr acre CJlrefuse pcr day, but, irlsome
highly I:linrra~“cd aru;ls,

[H
acid has forrlledat n rate of mor~ th~n 300 pounds ptqr

acre per ddy. ~ Tho .l~ids forlld III tTl”USc’ dU~i,ilS run off into drainage ~rkJs

or pcrcnlate througlo the pile, whrrc consick’ral}lcmincrdl mnttcr is dissolved.
Some of thu flow l-r(uul-CkP (,hmll)s rvunl.lmlly rvirchrs subsurface water SyStClilS.

Acid drain,l[l[?lowors the ptlof liIl:u~and st~.(~illi]s, nmkinq ttw qrowth of ~ atic
life, which rllnctionshcst.under S1 iqhtly Ire:.ic condi Liorls,d~fficul t..(flly The
di:,solvcd iron illrcfurc or mine dr,]illa

?%
forms I“crric h,ydroxidc, “,YQ11OWboy”,

which srtt.1u:,014t on I.IIPstrcwu bottom. QuiLt’c!ffccl.iv~?in snlothc!rll,qlifc-
f(lrnls,“ycll(lwboy” IPIVM il clcsOlilLctci”rainof ycllow-oriingQ strcuwj an(iSOil.



,“

[12) About 70Z of the acid drainage is supplied b.Vconl-mine-relat[:d sources.
(11) co~l preparation plants dnd refuse arcL?5 areintictive, unc!mjround mirlps.

responsible fc~’much of t.lieremainder of the acidic effluents.

In addition to acids, the aqueous drainagu from coal sc use us~iilly c~n-

(~~~ The drainciqu fromtains considerable dissolved min.+ral or inorganic matter.
CCIJ1refuse ciuwpst.ypicilllycontains hiqh concentrations of Fc, Al, Ca, I“lgand
S04 ions, which are clwivud from the nMJor min~r~ls in the waqtc. The highest
concentrations of total dissolved spcr.ies- in tli~ range of 1 to 5 wt 5 - are
found in the l:;orchigtriyacidic solutions. lhny of these dissolved elcxl;i!ctsarc
detrimental to soils and d~structivc to plant and aquatic life in lCVCIS WC1l hc-
low those fould in the effluents frcm coal refuse dumps. For exampie, it has
been reportccltl:atas little as 400 ppm of Fc or Al ions in soils can result in
the mort~lity of plants, and

t!’?h~js’I kills IWIJ,
he caused !~yconcentraliom of

these ions as low as 0.5 pIJIn. The well-documented ~nl~bilityof coal :l]in-
eral wastes to support vcgel-ation is also thought to
anlountsof Fe, Al and Mn present in these materials.

~~fi~ult from the toxic

In additior to thecc well recognized problems, another potential cliissof
watrr-borne contaminants is gaini ~ rccognit.ion.

!)
Coal wiIstcs contain a brOiid

array of trace or minor clc];mnts. J Many of these ~’lem?nLs, such as “Ictid,c~d-
nlium,arsenic. ~Plqfilum,mercury, etc. are of consiuerab”lc concern hccctiucof
the low tolcr;.ncesof plants and arlirmlsfor them. Undoubtedly some of t.tl~-c
~paea ~~~llml!~:--- q~p C~~~icd intn the g~wirnnmnnt I.11 ~h~ ~q:Iqfj~~ lnnrhil,(l ~1” rr~f-. -. . ,, .- - . . - , .,..-, , - - 4
use. Altlio(l~tl ths r,slativeamounts of these components pcr unit of w~ste is

!-..-!.....,

usually small, the total absolute awount of each av~ilable it]a Iargc w~stc bank

could cause ~i-i~ve consequences in woter ar soil if they were to be concentrated
in the emvirol~:llcntby natural processes.

3.3 Atmcrsphcric Contamination by Burrling Coal Wastes

Air pollution from burning rcfusu piles is also a mnjor p-oblcm. Fires in
(o) Solller,itstes haV(?refuse dumps hnvc been occurring for over one-hundred ycot-s.

been I.wrnin[!continuously fur ovur H1.ycurs. This particular prOblCl!l!ms re-
cwived ~on~~d~l-d~)l~ attrntiorl in thu last r!ccadc, but it ~>)~~tillmt.edttmt there
arc:still nppro:;iwatulmy300 r.ualwiJrt.upiles I1OIJburning. Eurning coal refusu
is rosll,l:lsihlvfor ~pprr,xiw;ll.ely1’”of the nationwide t~l of air pollution by

(}Y Illlrningwast~? pilescar!mns sulfur, findnit.roqcnoxides and hydrocarhc)ns.
arc ~;cll~rallyiucntnd C1OW to SIIItI .

U)
crJmmunitics, but a fc+ware in arens popu-

lated by more Lhan 1OO,(X)Upuople.

4.0 C(li~l 1{01OF EIJVIRO!WILN~A1.P(II.LUTI(IN[“ROMCOAL PRl”l’Al?AmrIONWASTl S—— .,-.,.......--—.-,------..... ... . .......-—..-.----....---------—.-”--...—---------.-“..

In recrnt ycdrs, attwpts have hmn made to circumvent ~[IIIIC of the c:nviron-
mnt~l prvlI”lPIIIs iI~sociirtcdwith ctisc~idtwlCO,I1~x~fusc. PdrticlllnrilttPlltiOnh,ls
I.mn !)ivf.wLO allcvi~tin!~ w~lste b(~tlkillst.abilitiesand to pruvcnting ~td cnn-
tralllng wid (!)’dindge.

4.1 Prcvunt.ionof Wi~stn Ihnk Structural Insti)hilitics



alleviating w:i:.te b~nk irlztabilitics include: preparation of c proper foundation
fOl-the dUll![J, :.cgrcgationof wastes ~ccordinq 10 physical characteristics, prul~r

[\
gri{dillganf c-l;xrct.ionof wastes ~nd provision of adequ~lw drainage from the

“~ TiIPsc techniques are now being used by a large segm[?rltof theduwl)area. ‘;’ .
coal induqtry to insure “he structur~l integrity of current disposal sites.
Iluwuver,elil]ili;,tinqthe struct~ral weaknesses in abandoned waste duii:p!istill
remains a P~”(jbl~\i:l.This is in no sr.all part dun t the difficulty of cictem]in-

?2ing legal rc:.pcnsibility for tllcsedi~posal areas. ~

4.2 preV~nti{Jlland Control ofW~ter Contamination from Waste Dumps

Much att~ntinn has !wen given to the prevention and treatment of contami-
nated drainage .~r~~lc~~l refuse dlll;;i~s. Fhst of the effort hns centered on the
acicldrainage problcm, but contrullill[]the large quantities of dissolved mineral
matter is al~o lwxo:l~illgiwrcasingly Important. Basically, there are two ap-
pronchcs f’orccmtm;ling wat.cr-cent.illllinarltsfrcwlcoal refuse
prevent the irlitialhuild:ipof pollut~nts in dr~inage waters
to trt?dtcent.i:illin~tionafter it has been furmcct.

The mort effective means of pruvcnting water contamin~t-
materials is to restrict the influx of dir and water through

dumps. One is-to
and the other is

This is dolw I)ygrirdingatlclcol;lpactiligthe waste to reduce-permeabilityor - by
S(?iiling t~nePfigi’;of tiu (illli:~with clav or uttlcrilucllts. C(Jvel”ill~/Uf wd~i~~
with topsuil ~lldrevugc?tdtingalso helps to prevent the entrance of air and
Watci’.

By far the most widely used method for treating contaminated drainage from
coal wastes is to neutralize the wat~r wit

? ~!
kaline agents and effect the pre-

cipitation of sme of the dissolved salts. ‘ Tllercare now about 300 plants
in operation in the U.S. for treating drainage from coal rcl’usedumps or coal
mines with n~utrulizin{! agctlts. For some applications, particularly when dis-
solved salts are of major concern, ion exchange+, reverse osmosis or flash viipur”-

{zatiollIllily Ix! economicirlly [Iffcctivi!ways of tr~lting contaminated wdstc waters 17)
Scvcri~ltiilot,scale treoimrlt ~lill)~s, based on these methuds, have beet]con.
structnd and tcstul.

4.3 Control of CuntillnltiJtiOnfrom Burning Waslxs

Measures to prevent w,lstedump burninq center around proper grading and

Ii!?
compacting or sud “rl f i.ll(! \#nsLc-pile pcrinlctf’rsto mluce the flow of air
throuqh t.hcImrlk. s 6 Mith care aIIci attention, waste firm ciinbe almost en-

tirely prwrnlcd, 10 control or cxt.inguish rcfu:.c fires O)lCCthey have begun is
anotlm= matter. SUCC1*T.Sillthis nrm h~s bccII r,lt,her limited, The most effec-
tive m(!thod I“oruxtinguiilling thcsu fires has bocn to dig out the llui-ningmalcr-
inls ~nd allow Ltm to c.orrlat,tho surface. 01.hcrmethods of wdste fire control
includ[~sc,llin!lt!~rpilllswith soil or other m,llrrials to control air circulalivll
or inject.in!lslur~’ies. IISIIdllmy IJf \#iilcr ,Ind fin(’l,y

tj
‘vidcd incombustible mater

~als, to cs~(vltially smcrt.hurthe burllirrgwdstc.(ql~l)



.“

5.0 S1!HMRY—.. . . ..

The purpose of this paper h~s been to review ti]ccauses. conseqlu”nccs and
ava~lable solutions fGr some of tnc major cnviron:ncrrtalproblems c~irscdby di~,-
carded coal prepdr~tion wartes. The predominant problems wrrc seen to be w~lstc
k:[lkstructural inst,lbilities, burning refuse dumps, acid drainage and the Coli-

tar!rinationof aquecm discharges with mineral matter. Tileseproblui;,sresult
partly as a consequence of the ctmical and physical nature of t.huwaste mri~cr-
ials, and partly bcci!uscof in:,dcquatcattention to proper disposal prirctic~z.
Corrective measures are available for sow of tl)emore highly recognized fGrws
Of coal refuse contai’iinat.ion,buL difficulties are certain to incrcasc as t!)!?
nationdl us~ge of cleaned coals multiplies over the next decade or two.
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