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ABETRACT

This papsr /mviews 8 wids range of lschnobgles fo combal acidic and metalMerous dainage
(LMD, spanning chamcisrsation, pevention, mith aton nd eatment

In mog cases we am now N the teciing and powing phass of the burst of new approachas
devabped in the 1990 Snce 2000, rmmwmmuﬁa‘d o
teatmant systems whese mﬂmﬁnw-ﬂi lgnnrﬂm:hy:d;;nm:
paved the way for much mom effigent reduction ale. The advent of mpdd alkaibnity
mlzacse agsnit poides jor greaisr miss of nautralication of ackic waler b pamie walsr
tmatmant sysiems and kv the Jewslopmant of efiacihve akalinty genaraing ovevs. Tham
have bsen subsantial adwanmes b dschnical undersianding of the pmoceses nesded lo
ceals susiahable pit lkes, and this knowledge is balng sucoessily appled at an
inor=aging number of siies.

Amuahly Hry cower® dschnobgy for covesny wasle mck and takngs & st in the
devabpmenial phase since the modern applcatons of this aporoach have petio be lesled
aver decadal dme sales Experkence over the past demade srongly suggesis the nead do
buld contingancy inio clasue spsiems kv sulidic shes as one e may no! provide
100% aof the siudon. For exampis, if may he prudent lo consider g a oouer over a

wasls ook dump or 3 lalings stomge facilly with 2 downgadiant parmeahls macke bamer.

Curmndly them am no lechnologies kor the long lemn prodecion of sulidic faces in piis tha!
@nnot ba fooded, and no feidwpmven lechnobgies for sulidic maten! in leels abowe the
#nalfooded level in decommissionad undepround mines.

i INTRODUCTION

The uimate sucess of an Nnowalon i e emimnme ntal management of suido mine
WSS, OOS Winen T Innovalon i sooepted and widelyy imnplesmianied o e s pracane by
nickestry. Broad acceptancs comes. abouf when an Fmovation has been proven o be
fechnically sucoessddl af fleld scle, pacicl o implement, and cost efleclie for the
miagrizude of e potential errrrnme ntal problem i# 5 seskng io remedy.

ﬂl'dl‘hmhhrﬂu‘l}'ﬂcﬂ.ﬂl sefecion of newer INmowalons bl akso o
revaim? "older” innovalions that have become, of are n the pooess of bacoming, Tbest
pnﬂm’.ﬁmlglhh-z:ﬂqgajhuyhpuhl becwse e hoee Deen
subsianSal leamings fom fhese applicatons. Today's best pacice needs to eoke fo
mmﬂnnnmmuﬂmwnndnqmmnnwmm
wars first inroduced to the indusirg. In many warys tis secondary oycle of IPnowa ton cn be
desaibed a5 mnimualimprose ment, and may be just s mpotant as e primany nnoation
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In ermaning the long term sustainabl: application of a given tschnology. Curment bed pracice
becomes aither fomomow’s Sandard periommance berchmark, o worse, subsandard
Prcioe .

ihilst advances. in predidiion meshods. will heip o beSer dedine e natune and exent of e

ot @ peord mbsiantally dange oo abilly o minmBss or contral AMD, onoe a pofenfial
mmhﬂ-ﬂnﬂa’mdﬁmmquﬂ"g mine gt UBimately S
technical research community and indusiryy praciioners should be working fogether o
deneiop and implement integraned and effedive avodance, minimsation o conrol sTateges
fior AMD Mhat apply to all stages Swough e pmiject e ole. An exmpls & e ome of
fermporany Qovers of compacied lyers between 15 on @ wasie rock dump o minimse
ngress of water or en Swough The many pears Sat ofen pass between infial exposue
and final rehabilitation of sulitic material

The Esue of cowers for operafionall and post closure mana gemen of waste will b2 a

focus of this paper given e considerabls importance of sustainable cover systems.

bng term conianenent of sulddic mine waste. Arguably the technology for covenng wasie
mck and failings. espedally so caled "dry” covers, 5 sl in e developmental phass sinoe
the modern applicaions of Tis appmach hae et 10 be bested over demdal ime scals
Perlormance o date suggesis fiat many of ®e nstallsd cowers will require consldenably
greater memedial inerverfion $an was nisaly ervisaged bhased on orignal Teomtcal

madaling predcions.

‘Water covers, for those geographical mgions in which e water balance & fvoumble
fequaionial Fopies and subemp erate laiudes in the Rorhem and southern hemisphees ),
mpresent @ mane mature and dewelbped fechnobgy. Meverthaless, een for water cowers
fhese has boon an ewlulon of e techndogy as mome detaled mowledge and feld
enpenencs has been gained with boh e physcal and geochermical issues associd ed wilh
application B0 a range of difens it cond ions..

Treatment of water duing B opermtonal phase of mining of sufidc matenal & s3l ofen
requined, reaogrising e dfiailty of ersuning an ulSmate kel of profecSon whils fesh mine
faces ame sAl being exposed. Howewer, if active teafmen ! is nesded post closure, and sudh
reatment was nat planned as part of a propery designed closume syategy, then containment
and minimsation hove been 2t Se very beast part plly inefiecte, and af e wors! completely
mefective. Some recendy published compaatee analyss of bong term oosts suggests that
under certain cihoumsances long term acthe eatment may In fact be cost efecha and of
bwer risk compared with the uncertanies associated wilh long fterm perfomnance of

oW oplons, and e need o underiake peflodic Pep A WOk on SUCh Sysiems
Morin and Hum 2008). This rases quessons for reg ulbfors about the lang fem Iab ity and
icnmeerahiin of mine sifes

2 PREDICTION
21 Miaterials Characierisation

Wﬂﬂmhﬂimﬂ#ﬁguhmﬁnﬂ an ongong program of lesteork
esserial for Those fes with an idenfed AMD nsk, mosd of e ourent problemms ascibed o
nadequate” predidion am anguably e resull of not imeesing enough on i%, @ han not
haning good enough tech Thee conclusions. fiom a pecen? comparson between mine
mwwmm’n with aciual cperational and closue cuicomes at
25 major handrock minesiies in e USA proddes saluiary insight info e imporfance of an
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adequate pogram of geochemical characiersafon ai w projed durd:p-u;'s‘:l.un ot
= @l 2005]). In pariodar, e miSgaion s propcsed in e approed o ackdress
mﬂ.lj.il:l':\lu:w-hm I pracice fo be reufident io mest e onginally

water qualty cutcomes. This poo e San d periomnance at many sites may be as
much a msalf of a shorsiall in e applcation of AMD daraciensation besi methods and e
nadequaces of modes ussd o umkmmmmumqﬂy
Impacts, @ much as i repesents 3 shordall in performancs of miligaion fechnologes. That

B, e inoporation of sufident miSgaion messsres no e opealions plan s coningent
on the magniuds of ik idenided by e Iniflial charaderi=fion progeem.

A-z.u'l i | Mlaesd of ol 3005 summarsed the avallable stafio and kinelo fesi mefhods

comment on e imitalons. Impmodng e reliahilly of e oument
mmdmumﬂmdwmﬂm.mwnmd
samples. provding gres fer resolulion of problematical matenal, especialy at fhe operaions
shage, can be processad by S b rafher than by KIneSe or colmn fess.

Much of $m recen? resssch on predicion hes fooussed on refinng exising siafo fest
mefhods. o accomenodate e ooormnce of minoml phases ol can resulf n false esulis
{psifve or negaiee ) being produosd by MAPP and BS fest mefhads, and with comelaiing
the resalis fom fhese siain fesks with much more Sme consuming and cosily kine o and
colomn leach tests | Stewart of al. 2005) The avalabilty of o edive neuiralsing capacity is
espedally mportant, since ovenssimaton of avallbhle reuralEng capacky has arguably
been fhe key fador leadng o undenesimates of AMD sk Two developments speafiolly
e oz s s

{1} modfoton of the Acid Mewralsing Capadty (8 C) st o aoount for he et of
sicl enfer; and

) inchsion of acid neralsing daractistn CUfve MSEATSTENS &5 pan of e
standard chamctansation et suite, especilly sarly on when S properties of wase
I oftypee s e Ibing determinesd.

i MITIGA TION = OFERATIONS AND CLOSURE
a1 Co-8li xing of Wasis Rock and Tallings

The fundamental problesm with waste ook dumps B Tat ey can contain op o 30% wid
oo = whidh @0ts as & condu? for both water and air. H thess voids wens ahls o be flsd
with a fime-gmined material such as tailngs Then if s possibis hat Se resdtant mdue oold
I prvci e resistant o oxidation and penetration of water Shan wa ss ook alons, with e
taiings being confained withn a more geotechrically sable bulk mamix Laboratory and
small scals fald rials have ind cated ot s methodalogy may haee corsiderabls promiss
{ivilson et al 2006) Howewer, it i sl very much in e devsiopm ental phase and has some
Wy 0 9o o pe being friniled at Sl soals.

12  Paste Tallings
Mbove grade, a5 disinot fom mine backdl, applcatons of paste failngs (> G5% solds)

oment pase, The typical o degnes beach angle can be ingeased 10 fen degeees o mon
with no runo water and minimal syinkage ook development Trough desionafion. Snos
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nmﬂmmmammmudmm-ﬂmmmﬂ
alsn much less sespage of intersisal fsid o ooowr both danng opsrafons: and over e
ferm, during fhe devwdown phase of the phreafio sudace fhat will ooour folowing closere

e ity in the case dnpwmmummmuﬁm:wﬂn
for Frarsport info e geoondvwater Sow Seld.

Loparation of e coame and fines facioms fypicaly oours albng e gradent of e
e formesd in aqueous shary feilings deposfion systems, esuling in oaser materal
dioser o e wal. Lateral sand berses can also be produced as e disdh poEion s
mtated arownd e perphery. As & esult of this parficls sep arafon, pedermed [ T
fior bofth corpg en and water aine producesd, S poben Sally exacerhaling e oxida ion potental
of e highest rek pards of $e sofidc tlings mess. The heferogeneify also adds
mrEderable complexiy fo e applicafion of hydmchemical modelling for asessing S
liedy efiracy of proposed closure options. of sudh impoundments, making reisble predidion
o liomg tesn peeior o Frisch mione ool

In confrast, pasie faiings are deposited a5 an essendally hom ogereous., NON- SegREgAANG
masz Tha long fern befaviowr of such a mass is infirsically moe predictable and will
faclitates more mbus amessment of closrs opions and post doswe performance. In
addion , paste fedhnology radly faclitates e norpoation of a nesralsing resgent such
as aushed limesions or ofer geochemicll modiying agents with life sk of segregation

Paste talngs fus offer o pofentally wer isk patvweary for the operafional and post dosue

t of sulfidic falings material. However, e afent of rsk meduclon will be sie
mmmmmhﬂ'hmdcxﬂm operating requirments of pasts tEilings
will peesd fo be balanced against e geodwmical properfies of Se teings ot e beng
it d.

Erenral shudies are undervay o monitor The short B0 intermed iate femmn beha dour of test aelis
and talings stomgs tacilites mrstruded with pass ailngs. However, the technology & il
o0 young b0 aflord a longer term assemment of s net ben el in maintaining the long e
geachiemical integnty of abdoe-grade Rlings. DOt dECOMImESSianing.

a3 ‘Wasts Segragation
231 Tailings dosuburisation

Onz of the Bsues presented by sufde @ilngs & e reed to prodds an indbraton andiar
corpgenslmiang cover af closwe = § a waler cover i not an opfion. In many cases fne-
grained material souncesd fom sksshere B poposed 2w one of the components of sudh @
e System. Fresuming that such materinl & avalable, his mgores e opening of a
boroe it o o often quite kange wolomes., and e consequent nesd o mehabilkate S
fionfprint of She borow amea. Costs. for sourcing of this mateniall can be wery high if substantal
Fiarlage distan oes ane imoked .

Howewr, falings are, by their very naore, fnegmined and may have many of e
mm mmmmLmhmMummnw
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surry talings system provides the deal ydau ko method for comveying and placing sudh a
a encarmpler, Ducket and OFane 20 D emuiturmed tailings d for

g:;nunmmmmuﬁmmm; u'.:lld.
and desulfuised tailings ﬂﬂlﬂ#p‘qﬂﬂhbﬂu e final cover |

-nfmmumﬁrm md:dn:n_dlﬁ'glm

at Renson was srongly supporfed by detalied geochemical and msacise frsport modsiing
{Flomano of al. A007).

Despite it tednical afmcions, and some examples of fulscale applcation, ydeulio
plarment of a fnegmined cover laper of desulfuised w@ilings is 53l @ rlately novel
appen arch it s et 0 el o the status of acoe phed best pracios in S indosiry.

14 Enginsered Covers
141 “Dry" coves

The msue of whether an infifmion mitng cover alone wil sufice or whether Infiation
Irmitation s ta e aormbinesd with an oeygen-Imian g layer s sbe s afc and will depend
an e sulfide content, e macivdty of the sifides, and e edent of preoxidafion paar o
o g

For welboddised wasts, an inflTatondimiing cower B e pimary opfion et would be
mrmdered. The of an irdirafondimiing cover is o reducs e anmual load of soldes
ending e domp. The exdend fo wihich Shis is able 0 be achewesd depends on the balanoe
betveser infifaion and e Imigng soluhbiley of auodafion products. What s certain, o weer,
B hat s simbegy alone will nol mduce e oncenTations of sobfes in ssepage and B
lioaly fo corsierably efend the duation of fe washo! period fom S cowensd dump.
Howe ey, e anmual reducion in boad may make e délenenos b etwesen being abls fo wses @
passne eatmend opion such a5 a weland or parmeable reaciie harmer o manage S
situafion, rather than having 1o instalian adive neafme nt systen.

In resm gniion of the abose Imitaton, fyieid ndivasondimiing alkalrnizy podu

m-mmp:pm&mmwmmm-cpnlulmmmﬂl;?jntl
Mgty P of e wastes o be matcied by fhe mass of alkalnity = ond
in the cower. The basis for tis fpe of cower design is hal water perclating frough e
alfaline materinl produces a weakly akaline sohion that gemerates  nouTalisdon
prmcipita tees winen i comes into contact with acid saits. While such relafively inert precipates
mary oochude porosty i microp ones, wishin waste mck: piles, She neal benedt s prodded by e
progressiee Ining {passivation) of $e surisoes of configuous ma The peex
mwmmm‘-mmmnrﬁ‘lgmhlﬁq
alkiingy in e peroolaing water s consUmed at progressiely greater deptths: within he ple
@ suriaon passiralon extends dowrmard. Low cost imestons has been employesd for tis
pupose in e pasi Howener, under mos! mindall endmonments, $e rate of delvery of
alfalingy is o0 low reatve o e @ie of acd generation for an appeciable improreTEn? o
bt pecondisd 0wer demdes o even conmies. A notable excepion o i has Do e
smessiil mplementaton of a limestone mver and a Imesione- blended waste rock dump
n e ey high mindall ermvimonme nt &t e Feosport mine (Miller of all, 2003).

onoept of akalinty delwery covers has been proposed of al
mmmﬂmnmﬁﬁu&n-mmwmmn
hope of generating mMorovements in e wa ter qua ity deschaning from sither new or exising
waste ok ples wihin a few yoars, rather fan decades. Thess oowers noopomte
podaieed akaine mateiak Tat ofer enhanoed solbily and dssoluion e
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dharactensacs. Camefuly prepared camsic magnesa and a specialsed form of magnesum

preapitaed caldum carbonans curendy being fested in feld Wals at e
h-u-g:mmm-mmqﬁ;-: 1} Eady demonstmion resudts bok very
PO g. Addtonal work has been conducted by Solid Enengy using feash as the akalins
Gpping Material (iveber of al. F008).

1. Setup of fedd test 1o h i cover
o nupsamnrq:f:::nm e A v

Mluwmmd:lmmﬁ-mmmhmhmp--ﬁdmlﬂ

n:r_'l.ﬂ:n diflerent types of covers, and the shod o diate ferrn peric of
In Tis context it & ospecialy extant Fat e rae of Ind@on s messoeed

Iljh Mlean Armuall PFrecipitaion) has ofen been found o mm&mnh oo

orders of magnitude ina few shor yoars afer onsrucion (Fyaart ot al. 2

message hat s staring o emerge & hat aoeers should not be reganded as n

vl vy solfons and hat ongoing eatment of surieos waler or groundwater may reed

%0 b comibined wilh @ ooer Sysiem 0 mest o ngoing eminnmental dschame per iomman o

tamets. To quote R joaart of all {2006)

ﬁu#ﬂrﬁnwah“lmﬂdﬁp#mﬂzmmdmw
adencs hne bem made v wres of mmerkal moddllieg, or oxample. There b a great
Wmudm_.ﬁrkfwhﬂvmbwmﬂcmuﬂ and she sdowce of
uﬂqhhﬂmdmﬂsyﬂm{”ﬂ]smﬂdﬂ@dﬂrhﬂh

el . dlere app o b oad b, shese biphh

L
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sophistioned desipe philosoph ks eed the precically of conmrwacing coners shal o
arperied 1o perform i acordance with the decigr, Er wade s ned dme periads.

Much of fe fallof N perormance of cower sysiems cn be afrbufed o vnanddpated
changss In matenal properfes and physcal poblems n e shuctre o o sl of
nappeope i e corsSrucion e dolog ¥ or poce quality aonil

AAZ Walr oovers

The thooretal bass of water covers & That the rate of dfusion of Thmough water is
appodmately 10,000 Smes siower fan fyough ar The onoept of water ones as a
fschnically acceptables method for tilngs rehablitaion ofginated fom feld obserations and
mesrsumene s of histonic sulinio talings deposis in Canada that had besn partly oovensd by
s dge wegetation. This st conrastsd markedly with ofver shes whens e tilngs had died
ot and stongly addic and metalifeos condiions. hiad developsd. B was deducsd ot this
ime it mavenance of saborated condfiors had meducsd e rate of osdafion. Ths
ciservaion ied o an extensive laboratory and feld test program between 1989 and 1995,
The work was spomsomsd by S Canadion MEND progam and e Briish Columbla Acid
l:tm Task Fonoe (MEND, 1997, 1938) The mesults fom this program of woris confimmed
e Al Mﬂu!\dlﬂdhhemnd e firs? s of design principles. for a water
. Al This Sme i was recognised Thiat e depth of e water layer and Tat the potenial
fior neen inmend of T suriecos ryer of tallngs N e water collmn wene IMmportant tactons.
afiecing bng e perormance. Subsequent testwork and fiod Sak in impoundments:
msuited in recommendatons for minimum depth and e iy length o minimse e efed of
warednduced enirain ment.

Gursines for e implamentation of water covers were produced (MEND, 1998) and e
naept wars firs? m plemme nied &t & rumber of sifide tallings dam Stes in Canada duning e
diosure and rehabiitaton of wanium mine talings oontarmen § daclites 0 e Koy Lakes
e of Onfano fLodgate of ol 2003)

n e case of one of the mpoundments, secondary geochemiml reacions
that foliowed the establshment of chemically reducing condiion in e ongaric-
fich bed of e bologicaly mataing lake rsubed in S acodoated relsase of radum fom
e sociments Marin of al 2003). This oooured bemuss of S migobial redudion of e
sufate {io suifide) in e baium sulate precpitate hat had been formed 25 a resuk of e
addion of BxCl, o the oiginal tailngs sheam o remove e dessowed radem fom e
water mhamn. The waler cowr worked wery wall fo presen i oxidafion of fhe solfdc talings
bt i i came e was @ spedfic radome o Esue which esolled in @ ssoondary water
quality probliem. I is ikely That water ineatment may be requinsd for several d ecde s undl e
miease of mdum fom fe suwiace laers of @ilings educes o erdmnmentally acoepiab s
e vamdis

The above case, and several others (Marin of al. 2003) fhustmtes Tat e possbilty of
Ionger e secondary biogeo deemical processe s aflading perormanos msst be comsidensd
n e onoeptual design and planning phase of a water oower system. Addfonal condngency
e, st e incided f this & denided asa signficant sk tador.

‘iWaler cowers baree now been implemenied of mary ocalors ancund S weorid =

mciching
Mupsiralin in Tasmans | Rossbery, Henty, and poposed af Renison Ball) and in Vickora
Banamb )
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i water aover was Te logical dhooe for conrol of AMD fom tailngs ot e abandoned
Benambra base metal mne in Vidora, a5 e dam was fom e Sari o ba a
mmpetent water holding siochuns, mther fan being a “simple” T5F (Saings somge fadlity)
Hemcs there was an already SN g appo priate margn of safety forthe wss of this idliy o
ortan water ower the long term, and & very coslly upgrmde was mot requined for Bhe water
e opfon. When e sie was rehobiliated by the Victotan Govermment [DPIMP) in eary
005, @ mirimum 2m water cover wars e foundafion of fhe rehabiltafon sirategy. The dam
wall was raised and buSmessed 0 sTenghen it agains! sgnifcant earhouakes, and all
sulficic waste frm aross the ste was disposed of iIn e dam (Fgure Z). Full detaiks of e
sumessiul pehabditation program and prelminary results ans paovided by yout @l {2008)

‘il water covers @n be a rdadredy uncomplicated and oost efedive soluion for @ings
dams jenginesred water containng sTudiures), the st majorty of tailings impoundmen s
o comsrucied @5 solids siomge faclites (T5F) that do not povids for sustained water
holding capacity. Waler cowers owr such shudures can be engneered, but require
oredaratly mone efort, epenss and possbly maintenance Ban comenional dams. A
Iyt over system = @ cenfral pamanent pond with & peripheml anmolis of dry® oo
mary (e am opfion o ermore Sl e pheealic su dace s kept sufidenthy low n proxmidy to fe
dam wall The Henty arver sysiem is an eample of fik. § is oifcal fat ftore TSF design
fake amount of the nosd o susanably opimise satumton of e @ilings mass, such that
genchemical integity can be maintaned o r e long term.

Fig.2 Waork in progress to implementa water coverfor 1he Bensmibra | Vicioris)
tailings dam

There is one msiance I Indonesian (e Mo Tindo Helian Mine) where e waler cover
mmmmdmhwﬂumhmuhIMaﬂduﬂum

JONES AND TAYLOR a08



process | MoGuiee 2003) This approadh imeolving @ waste mck dam B & waorld St in this
nstance @ wery krgs water-wtaning dam wall wes consinucied. Solfidic wesie ook was
placesd behind 12, with S placed rodk fo be pemmanendy Sooded af closure. s of K ows miser
2007 the bevel of water in e impoundment had dsen abowe e fnal kel of e oovensd
washe Mok and & CoNSnuUCLS: water Cover establshesd. Omgoing monitonng of this system is in
place o confen T it mests water quallty closune: objecie s,

‘Water cowrs hawe cearly become establshed as indusry bes! pacice for pramaily
unmidised f@iings material when the geo . dimats, catchment and nef water
balance penmi. ‘iVater cowvers ans not rscommen ded for sulidc waste Railings or wearse nock )
fhat s & ppnecia by oxdcsed and contains a Lage had of madly soluble osdation products.
For coicisaed material an infilration imiSng cover would be a mone suitabls oplon.

4 FINAL WEDS
41 Proteciion of Exposed Wall Rocks

Mairfenance of water qua lty in final voids is a ciSical Bsue for those mses where dosune
weater quality objedives mandate some fom of biclogioal compatibility = for example wildids
o sock watening, human dinking qualty or aquaciture. One of e keys o good inisal
mqﬂﬂuumdnp:ﬁmmu-mmummmm
ortaiings- fom cddafon prior to e overing of this matenal with water. Inpif tails or wasie
mck can be aovened with an ntenm profecive layer = in mudh T same way 35 2 oo s
designed for above grade waste rok of failings. However wall mocks ars @ mone dificut
mater and a lengty Gme of contact with air and wiater may ooowr from infal exposae as fhe
open pit dewslops Smugh o fnal overing of e exposed sulfidio wall rocks: with water. As a
mrEsquene, orsidemble offo? hes been devotsd fo e develpment and fesing of
michures of chemical omponents. designed o potect walls fom axidaton . Ths: technoing
E anaingous o the use of possdaing demicals for e nfernediate e proteotnn
ool | of warshe rod, and most of fhe proposed methodologies had Teir aign in eboratory
and field shudies fo develop chemical coaing layers fo passhats sulfides in wasie mok |sss
Olson of al. 2006; MonaeS 20086

Four candidate technologies, of quite diffsrent chemical e o side -
sde cmpamive feld scale (1GTX1Sm panels) tesing by e USEPAS Matonal Risk
t Reseanch labomtony betwessn 2000 and 2003 {U.S Environmental Frobecion

Managemen
igency, 2005). The technologes tesied were

@ pha sphate and metal complesingb asesd product;
3 P M Coocke parsaneaion Bedhn ogys

i et SE i e nganane Sechmoliogy; and

a furfuryl alcahal mesin seakant F 8RS

The demnonsraton was condudted at Golden Sunlight Mines, Inc JG5M) an acive open-pi
gold mire incated nsar iWhitshall, Montana, Tihe four tednology prowdens spay app bed Sheir
materials, which were in a liqud Som, fo a designated 18mhigh by 16mewide ama on the
higiveall Each of She technologies aimed o cresate an inert byer of coating on e suldc

material, redudng comact wWith the aimosphenc ooygenwater

The primany objecive of i 5 demonsTaton was 5o defermine e impact of e Toaiments on
fhe designated piot amas companed 1o the onieated aea of the highwal. To adhieve his
oijedive, the highwal af e project site was geciogicaly, ydraclically, and geochemically

am JOMNES AND TAYLOR

In&RND

chamctenzed pior to fedwology application. The ore edtractsd fom e highvall was
mbhle for appronmately e frsf one mete and contaned numenes  fEchores bo
appo Amately Free mees from the dill faos. B oould fes be assomed hat Tie solde
minsals between 0 and 3 meies im0 e highwall wene being enposed 0 waber and aF and
s abibe o produce AMD . To evaluate and detemmine if e protecion objecies had beon
achiersed, fwo st proceciures. wene wsed - homidity ol | HE) tesang of wall mok samples. in
e laboratory, and a feld mine wall sampling method.

Friysiml stabilisation of the highwal in e feld was only obsered for the FARS fechnolog y
plot. The ofher Swee fedmnologies provided dhemical pessivation of fhe wal bt not physical
Hahlisfon. Prisical sahisaton = actually an mportant ambute for 3 high wall reatment
because T infminst physical instablity of highwall emdronments mears ol sress
frachuring of the wall @n destmy the inlial condirty and integrity of e appled protecive
iy

Each mine wall stafon was ealuaisd o defermine e pement reducion n e comulae
metal loading per un i area in e rinsates over She monitoning period relafiee o e unreated
onfmolitackground amsa. The concenration of each metal n e drsates was comoened o a
mass loading per unif area based on e wolume of e rinsate and e sudaos ama of e
erire waall stadon. A curmalaties massof eadh metal forea dh mine wall station wes caladated
over the daraton of T test period. Percont neducion was based on e difierncs betweon
e average Mass por unit ara of each metal generated from reated amas relathe o e
FTRESS pe T Lkt anea of metal fom e unines fed coninl s4a%on.

The msults from $he higivall rsidsal wsh samplng indee et n e Sod e
techmoln giess. i miofl periorn a s wisll 3 fhe samplas analysed in e b boratony in @ confrollsd
amvronmment. Thie FARS technolngy was the bes perfomning, redudng e solihls bads of
allof the metaks on e wall by af least T8% and, in some cses, up fo 51% companed o e
urfreated plod. The FARS nat only reduced B fotal metals leadhing fom the highwall, but
pivysically stab limed e fracired wal rodk, an addiSonal mpo rant afriboe.

R was concluded that ad diioral lager smibe and Dnger term field tesing will be reguired
belore pi wall oafing technologies can be moommended a5 being an efiecie contml
fechreolo gy Creer T longer erm.

47 Final Viold Water Cuaiity
471 Open pits

The rpid filing of mine pit lakes hos bsen sdvocated for sorms Bme i minimss e

fior oooumerce of acid condiiors Wa e cedafion of wall mcks, or of sulfidic wase rok or
taiings deposited in e base of the pi. However, e long Serm prognosis for Swese pis may
=il ot b good, parficulay i e s s o W with Squatc
ecosystem protecton o dinking water qually gudelines is e cosure obecive. Whik:
Shene ane wery good computer models je.g. DYREEM) that can predct the pinsial limnolo gy

predict jusing biogeochemicl compter mdes) e ouicome of fe nieracion betwsen
physical, geochemical and hicgicall processes. i ewnlving pit lakes s 550 e saject of
meach aciive ressard.

Fine Grnosk im e Norhern Temory is e Doton of e st Bnge open pit e Eneprse
Fi} in Austialia o be mpidy fooded, via & oneels diversion, o mnimise genemtion of acd
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water folowing decommissioning (Jones of al 1997} The foodway auming Srough o Ane
Cross was ompleted in December 1953, and fio oo erced in e 191 S04 wet
sevason. The pit wiars fully Sied by She micde of e 1 1565 wed sesyson. The Enterprise pi
watertiody & B50m 200-300em wide, and 100-130m deep, and is fypical of e open
i e Imﬁm-ﬂmfm&hw‘dnplmﬁm‘g
amaes of exposed sulfidc material The pit B conne ded ot one and 5o Pine Cessk during the
wiet smaman, and is paraly fushed sach year. This annual fushing B an ineg il component
of the water qualily management stategy. A water quality profle monioring pmgram has
sz i place since e start of e fiooding o peraon in e 19594 wet sessan. Conms

e svolulion of the chemiml sabe of fis water body has besn ressonably
dooumented. Water quality sl mests arifena for imigafion and stock walering afier 1 4y

-1 Pine Creck Minesiie in ust 2000,
it mmmm’ﬁmqﬂhmum-w

1Pil to the township of Pine Cresi

‘Water quality problem s ane mones likely fo ccour § Shene s e avails bie neutalising capacky
i e wall mocks, foo lifle alainity in e waber cobumn, or inputs of acidic and metalifenou s
water from rehabiliated warste mock dumps ling within the catdh ment of the pit. 04 couse e
it ks can b emesd S0 inally e it pi, bt s s onliosly o be a walk-rwary solulan, and
it could be ey eop ensive i repeated dosing s reguinsd. One of e probiem s is hat a newly
oeated lake system is fyprally borefl of sufident nuients and onganic mater o Mok st
e dereeloprment of a kel of bioingical prod udiity $hat would be expecied in a natural b
of similar dimersions. Aocodingly, mulmdwmmmdﬂﬂnm
e an acie area of reseanch ower the past demde .
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mﬂﬂmwﬂﬂnmmhﬂmm:maﬁm
them Is also e need for reseanch o be direded tovards he moe subde

will b nereded to address an rﬂymmﬂmummmduﬂgmm
e water miumn. The mifaton of hiological produdidy in This fype of sysiem has S
o Ses- o) fo provide & crbon souroe o dive s fate mecudion in e Bypolimnion, () o
provide a concenfration of phytoplankion in e water That is suficiendy o absor and
mumﬂnmmdmmtmp}hiﬁnwdn
water MmN byihe process of photoesmtwesis

Desspifes the comsid erabls promises that has besn shown by fisld scale work to date, Shene
mernains mudh mone fo be dore fo desslop & fechnical undersfanding sufcent sody that for
@ g it b e v oo cxsesd. eneshodaliogy can be redlesd wipon for e bong ferm mainfenanoe
of water quality. There hares besn several peceni encamples. viere a8 empts io o ted stably
sEmifed sysiems with anoec hypolmnions of @ ppoprat & composiaon haes mot worked @S
was iniflally anfcpated (Fisher and Lowrence 5005 Pak of al. 2006), neessiating
subssquent remedal adion. in paricokr Sere have been ssees of poducion of excess
rpciogen sulides gas in anois b gpolimaons oeated by eifher S addBon of organc maser
hmmﬂmﬁwhmm}ummmdmﬂmﬂ
by e additon of murents. This problem can ooor for Shose sysiems whee thee & an
excess of soluble sulfate reladive o dissolved metals (Fe, Cu, Zn} avalable for precipitation
as metal sulffdes, and henoe eoess Hy S gas @n be generated. Since he cxidaton of pyrite
mmindnlm_ywmd“hlnwwmd
B is not unoommon io haes @ signficant stochiomeyc sxcess of suldate
mlnmhm

4237 Underground mine vokds

For undenground mines, here are arrndy no effecive demonsrated methods to MINIMss
or ontml AMD fom higher levels pos dosue one $he void has fSooded o T
wmmmﬂnum_ are many exampies N Ausialia and owerse as

abandoned mines [ooated in regions of Steep iopo gEpiy continus i poduos
ARD sinoes e higher levels cannot be fooded. The GaRis was dewlopad fo
adde = s o, GaRE stands for Gas Redox and Displacement and oS
the deplacement of air fiom undenground workings with a badtenally gene@ted gas mixns
sy of carbon diocide and metane see Tayior of al s wlme). This fechnology is
=il avaitng a definite fisld Hal o el ts s potenial

5 WATER TREATMENT
Bl Ariive Treatment
B4 Lime-besed processes

The addiion of Ime, with sdge recychs Figare 4), mmars e cear eament dhoices for
lamge scale adine waber peatment o reduce acidty and metal concenTatons., despite he
rumier of other fedhnologies. That have been dewelioped and tested ot pillol scale over e
past decade. This predominance & lkely o remain 5o for e indefinbe fotume. The reason for

his s mobusness. of e e dwology, of nd e non-propietary and
melaivenly low cost of Wn;:hq'lmlllm:

Varlants on #he process, imvoking staged addion of lime, have been used o selecoely
remoee parlcularly probiemnatical comp onenis jog arsenic) at pH values lower Shan wiens
mefal ydmoddes pre dpitate, Teroy edudng the yolume of As-ontaning siudge tat is
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procuced {LLE. Ervinoremental Froted ion Agency 2006). This appaoa dh substantally neduced
e wolome of shudge nesding o be placed N a arardous waste comainment iaclity, fus
mausdy reducing e ovemall aost of the water saiment.

Fig.4. High density sludge lime neutralisation plant at Erulun ga {South Australia)

5132 Suliste reduciion

Mary papers. e been aboratory and Scale proesses hal ke e
mimnllmm’mﬁunwmmmd
aganic carhon or wmwmhummw
separaing ool e ﬂmd meeial predpifates have 0 dafe bmited ndusiny
appicaion of tis appmach. One addSonal fssue o crsider ks hal alhough e metal
sulfice predpitates. produced by such processe s can be atnbutsd a nofional sconomic valus,
e salue may be corsderably s $han based on content of indvidual metak. The resson
for this is $hat fere ks often a financioll pen alty Incumed at smeters for mised metal subfide s,
espedally Those contaminated with As, Cd or Sb. The net economic viabiity of a proposed
sufate-nedu cion freatment pm oess INporating metal recoweny wery misdh depends on e
st specific composiion of e waber Pilofl hals should addmess e insdtable anmual
i ity in compositon of waters io be eated.
i mone peoent sriant on the e of bingenicallygrocduced ydrogen sulfide for meament of
waater wses, ehemental sulbr @ the starfing point in a stand-alone ydrogen
sufide generaior Braty ot al 2006). The amount of slecihon donor {e.g. acefn add or
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suoose| egared o reduce sulfur o sulfide is only one-quarter of et egquied o educe
suliate, heno considerably reducing oporaing oosts. A2 kst e commerdal scale plants
using ihis: techmnolo gy harre besn oomm Bsioned n e USA and Canada.

Sulfate in mne water S eoehing Noersng atenton woridwide a5 a majpr contaminant of
mnem. Theme ame two mosors for his = frdly 25 2 confibution o slindy impacss fom
mines, and sscondy as a modifier of freshwater ssdiment ensmrments 25 3 nesalt of
microhial redudion of suifate o hydogen sufde in e poewater of sediments. containing
TNganic cartan . Slg-m—midnﬂumummqmbnm:ﬁrm
mmmmmmmmm::m calduem.
gﬁ:mmmmuwlnlulﬂndwm
dwd:lrnu'hm mmmwumhmmmm:
with gypsum fouling, but $his technolo gy & 7ot 10 b demonsated at Sl scale in e mining
sy,

The correersion of sulsate o ol mental su B e been immpliermeried of Sull scale o @ rumber
of sibes. This is quibe an expersinve technology That wses methanol, ethanol, or suorss as the
@ibon souce for e sufate-mdudng bacteria (ERE)L Commemial sysems sud as
THIFAL®, developed and mameted by Paques (www.paquesnl), a MNehedands-based
mpration and those developed by Bioted, nﬁmn&ynuﬂ:pﬂm
af siteswith dhemically Savourable AMD. These enginesomes d planis can procuce product
water mntaining <300 mg L™ suifate and ako o 0 wry Dw ivels metals that fomm
msolubls sufides (Cu, Cd, ML Pb 2= wel as fs, S and Mol The technolngy has besn
oper fied ot full scale gnce e mid-1 900 and servera | plamis: Fare besen buplt. Sorme of 5 ese
planfs ans now o nomcally sabls businesses bassd on metal roovery from AMD s ms.
alires.

62 Passive Treatmant
521 Suliste reduction

The most subsiandye oot advances N pasiee atment iednologes have oome fom
obtaining a much beflor understanding of e prooess of bactonal suliate mduction, and he
dependencoe of This prooess on supphed onganic @ oon. Reducion of suliate gemerates both
sufice {10 precipiate metals | and allalingy #o neuralise addity).

In pariculr, S akalinity conrboied by sufale redudion can edend the ldeime of
Imnesaone thaf s fpicaly added o pasge acid mine water Weafmen? syse ms. Friorio work.
mnduded ower e past decads key ssues such o predicing cakon substate longeviy,
fsquancy of meplacemant of sobsrate and asessng pobahilty of meatnent fElre wens
harmpering the appicaton of passive eatment for acido mine water - from bofh Sednical
] ORI S e s

Reseamhers in Eumope and South Ml haee shown Sal e key siep limiing Teatment
efidency & e rate ot which ceflulose can be comnesed 50 low mobscular weight compoun ds.

Considerables reseanch n Soudh Sdica has been camed ot 0 dewslop a pasave Teatment
process usng plant biDmass a5 2 carbon soarce (Fulles el al 2003 The Snal produd of this
prooess is elemental suldor (Figune 5] Desple infally wry promsing indcations for s
fechmoio g, furt ey fesSng appears fo hanve nOf nesolved the issee of Moomplets oormersion
of sulfide fo sulfr, and the Fesuling hazard posed by rydrogen sulfice . Mo fwithstanding this
problam i the sacond stage, the major breakivough Tial was made in acelerating
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Ignocaiuiose degradation in e irst stage of e process. - o rebease mdh of e previousky
wravalable crbon o mstain high rates of bactenal suiafe reducion = mawq
promising e for much more and higher mite i treatmient of

reduction

Utilising DPBR VF s ”—”"“‘-l

Fig. 5 Schematic fiow sheot for South African ﬂ'l'pmwhllrlﬂ.ldnn
technology | couresy of Pulles Howasd and Delange inc)

522 Anoxic imestone drains

Anoic imestone drans were oiginaly deweioped @s a passive ea iment methodology for
mmgﬂumnwm the Fernsylanian malfdeids in e United States.

afracte technology has in many cases been applied N
mmlhrﬂm and Fere have been many falores. = as a nesit of
Frycraslic plugging by aluminuem and feric hydroside peeciptates. n oo mses whene s
tecimokn gy & applcabls {dissolved orygen < 1mg L fema imon <1mg L”; aminium <= 1mg
L'} £ works wel (Soousen and femkiewicz 2005), bt these sBuafions are limited n
ooarmence, &specialy in e Ausralion oonbes. In add Bon, practcal limitaions on e soke

of sudh sysiems genemily places an upper daly addity bad limé of doss o 150 kg of Cal0y
acchiy.

6§23 Passive alicalinfly delivwery sysisns

hﬁmmdmmlmqﬂ-uumnkmdlm-hd
suriace passvaton of ragents Than compls be reagen | onsumpion. This cbseraion means
ﬂnpmmhhmmﬂmmmmmuﬂya
Important as e mass of reagent N passie Meatment systems, in terms of g Thedr
gty Tnmwhmnqum I-.uuul:p-wl'l
Infermcion betwesn acid and metaliderous. water and the noutmlsing ragen L. This can only
be achireed In situaiors whem unpoluted water can pass hrough allaline matornk and

tarsport dissolved alkalnity mio the AMD afected water.
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This technique & only used nfrequentdy as & ofioy s limbed by Te low soubity and siow
dissolution mbe of natuml catona te minemis in near newral water. §iish S development of
mmpounds that haee beon prepared for @pid akalinity mierse (for e n akindy
produdng covers; Tayor ef ol S005), Shems ane now opporiunilies 5o deploy such matesials in
s et ment spstenns That uilse inferadion with un polutsd water. Clsan water that is in

mortad with spacilly prepared caREC Magnesia have gererated akalingy valiess
o up B0 200300 mg L Cal0y wihin mimes. ey s cn b
emsaged that ulise Tess compounds 0 passkely delker substantal o AMD

afiscted waters. Satumton pH alues of 510 oan be e sdsd wilh These oemp cunds.
54 Perma ahls Rescive B arrers for Groundwaier Tnesbmant

Given the dficuites sssociated with e fcdtonal pump and e sl appraad = especilly for
the iss of low peldng fmciesd rock aquiers - a new generaton of i sku reatmend
mesthods have been develioped. The Teatment process. may rwvole abicosc and bological
processes ading indvidualy o in syegisic combinalon. These systems ane bemmed
‘permeable readive barners” by wirtue of the fact that e goundwaler & reated as it passes
Shrough the readive rone. Thess sysbems amr “barmens” 0 e tngel soltes and not o e
fiow of water. FREs ame subjed o smibr Imitions as passve Deaiment sysioms for
suriacs water. That is, they are besl suited o mialvely low load bt long dumdon
appiications = for example downgradient interepton of a broady d spersed plume.

Marry papers and meview s on PRE techmnolo gies have been produced fior example, Vidio
2001, 'Wiright ard Conca 2006). In summary, This dass of tedno bgies comprses

@) bariers n which sufate s mduced o sulfde and metals am predpifated as
irsouble sifdes Because e hamer s Doated below Te groundwater tabls T
s minimal risk of futume reecxidafion of e preciptated metal sulfides. This fpe of
barmer may need fo be supplemented with addiSonal neutralising mpacity je.g. Ime
or Imesions| depending on T total acid bad;

o) barmers n which metals are precipitated s irsoluble foms (o exampls te e of
crushed apaibe o precip Bxte mistal p hasph ates);

i) barmers in which morganic {eg. Or (W), Se V), LW ) | ions are mduced 5o irsolo bis
forms; and

i} barvers in which nmde and omanic compounds ane degreded by micmobial or
brenga ric e 3. recuc@ion by metallic non) processes.

I general, zercwalent ion (saap ron or ron flings} appeans to be e most wrsatle and
by efle dive of the inonganic matenials $af can be used in S reacis bamer, prodded
it e pH is not aodic. The mason for ©is is ot chemiol redudion is a major process:
diving the detoxification of many metals and onganic compounds. (N pariadlan, arsenic has
besen shown fo be wery eficiend'y remoned by mevowalent Fe to hess than 5 pg L fom staing
leands of 10mg L {Bain of al. 2003 ) In e case of an addic plume a neuralant {Imestons

alone or i comibinalion wih onganc mafer o dive sullate medudion) would noed o be
@ddesd bn comnbimadon with e inon.

Oreer the pas domde pomeables psaciee bamier fechrology has evolved fom pilo? saaks
fists fo matu e ol scale applications in many locafors. FRES hae been applied fo pumes
ariginating from kot waste ook dumps and tailings dams.

i wariation on e FRE conoept that has boen esigated wilh enouraging reswls af he

labovatory and pilo? feld scale, is e inooporaton of onganic mater with tailngs as e noar
fnal layers are being deposiisd §Hulshol o al. 2006). The objpctiee of e approach is o
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promote s Kate reducion and generate alkalingy at source, Tus minimising e gen emftion of
a metabdch plume Tat wil be pogestvely suriated though he Salings mass and
uiimately impact gooun dwater beneath e talings dam. This is an example of a posbie
perEnon measure for the dose ot of a subidic talings dam.

i FRE could poterdaly be mplemented a5 & cningenoy measwue, of a5 a fnal polishing
it en?, flor seepage from a Bndiorn $al hes been capped by an enginesnsd cover
systemn. This scenano especially apphes io waste that has undemo ne a subvslansal degres of
mhﬂntﬂgm in TS si9ualon T is nediable ot some sespage contaning
elenated metal concentratons will ind &5 way 10 the groundwater, espedally durng abone
average wet seasors. Howeser, gven e observation hat e

Systems often deferiomtes from nital expectatons, Nstalbion of adowngadent FRE may
poterially be a lower cost iMvesSment han having 1o cTy cut POS CoNSYCion remedial
works ona coversd landiomn. Limited aailable data suggests that many FREs ane dealng
with acidity ipads of no mon: Tan 100 tonmes Cal Oy per year, and genemilly a lof bess.

- EDUCATION AND TECHNOLDGY TRANSFER

Discumsion of fechnology mnovafion and implementaton would nof Be complete wishow
referencs 10 manuals and guidehooks Tat are produced i both eduate and assEt with e
uptaioe of new best pracics tednologes. Thess materials bridge e mons technicl content
prowided by foa such as this conference and pRCIToNoTs on e gound. | has been e
authors’ expenieros that they ame of wiue o smal 0 nlomediate sie mining
ompanies, which do not haee B of decicated technical serices. personnel. Ideally
e oo sSudes presented in such matedals should provide balanoed ooverage of both
simesshul and not-so-sucesshul applcations of echnologes, 50 Tat e eaming from past
IPnplemne niatoins can be cheary e unicated frough e besacth of e indusry

Wiost of the major recent natonal and intematonal poblications am Isted on e ACMER
eesifter P AweaLa oner_ug o ipuiblicain . Sorne of Tese are available
for irmensdiate downio ad whils? we bdinks ane provided Sor e locafions of She rest.

i recend years in Susiraha S foliowing ety o silable poblcatons hare been poduced:

1} TEA NT; Technologies for She Erdmnmental Acancement of mining in e Mo hem
ermitory = Tookd {2004} This publicaton arcss ot of & Northesrn Teriiony Mnemals Council
o project funded by Ausindusiry and managed by e Norhern Terdtory Gowermment.
Topics oovensd include ool gy of amenc, cover Sysiems, water beatment fechnologes
for mriace and groundwater and the benefits of adequate Ask assessment and planning.
This publation contairs pracical information of reeance for minng exscules, mning
engineers and errdironm et sta
WACITE. o lanachments/ TEAMM TT

ﬁ.’mmmdm:anmmm

pubicaton represents a suistantal updatng of fie Managing Sulfdc Mine Wastes and
mnmhmmmwmmmmmm1mam of e
wnlEmes in the Best Practios Ermdronment Man sgement series. Thas new handbo ok B part of
e La Pracioe Susainable Dew bpment seies [P0 chuosd e
Correncrvi of Fecumces Enrgy md Toumsin. & shouid be wad i
oorgancion wish B offesr wolumes in e new senes ot addess mine nerabditaBon, mine
diosure and completion, tillngs: management and mine water mana gement. In o mmon W
e salber senes, poducsd by Envimonment Austala, these new bookiets o being
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ransiated im0 many owerseas Bnguages and provdes an espedally valuable esouroe for
MINNG COMpan B Wit OVerseds. Operaions.

FiEr b e 88 00 S eONS S s Cesan JEn ey /P a0es eading Sraca ceSustananke Deve
[T e e T T e T =

On fhe infemaional scene, INGP {intermatonal Network for Acd Preveniion) is curendy
maraging producion of e Gobal Acdd Fod Dminege (GARD) Guids. This wil cntan
detaiied descripiions of fhe curment state of the a in predidion, preenion and miSgaton

fechnolo gies: accompanied by case shudes fom aound fe wold. The GARD Guide will
mepresen e most compoeh ensve o mpdation of AMD-elated matenial o date.

7 CONCLUSIONS

& wide mnge of wdrologies o cmbat AMD have boen cowered in s paper. in mos
@I We are now N e lesing and proding phase of e burst of new approades
deweinped in She 19508, WWhat we have seon is e implementation of sudh ap pmaches a5
nerw best pracice, only o decower Tat not all e issues ol nesdsd fo be addnessed had
been acooumted for. | has been idendied ot some of Tese technoibgies. peguine anofher
phiase of evoluionary development. For example, our heoretol undersianding and abiliy o
srmulats T perlormance of oy Sysiem s has been fempered by e paltes

posesd by chamges in matenal propesies over B longer ferm, by e nesd B0 pay much
greafer afienfion fo corsfuciion qualty conral and methods of comsiudion, and by S
mpads of biology. Tre nemplay betwsen biogeodemical and physcal processes has aso
posed chalenges for S afarment of reqursd water qualty i pi lakes, and for e

mduﬂm

B & impostant hat new approadhes condnue B0 be tesed and, i parioular, hat Sose
approaches. wiich don't yield e pequined outoomes. be rapidy comen unicated &0 e rest of
e industry. R n bsmme apparent wery quickly i a walter reatment process s mot
periomming, bt it @n ke years or decades for peformance probiems to be deeded for a
0SS0 i @ semkand area. = especilly i here & s ficlent monitoing in place.

mnmhggmbpmumnmdmnmmmhmuamd

o clomure systems for sulfidio sites, and acoept that ons techrolagy may rot

of e soluion ower periods of decades. For example, it may be prudent io

mmmammnmmupaaﬂgh‘;ﬂhﬂyuha
dhorwrigradien? penn sables reacBe barner.

Srce 2000, major Inmovations have appsaned in e fed of possive eatment systerms
wiers overcoming e rate Imisng step of lgnocelilose degradafion has paeed e wary for
much mone effichent redudion of suliate. The adwnt of mpid alkalnity rels ass agents has
apered e wary for geeater mites of neuralsation of addic water in passie water reatment
sysiems and for The development of efiectre alkalinity genemiing covers.

Currently them ame no technologies for e long-temmn protecion of sulfidio faces in pits Sat
@ nnot be fooded, and no fisld-proven fechnoiogies: for sulfidic material 0 bewels aboe e
final fionded lewel uncenmround mines.
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