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Allan Thomas

Slurry SysLens ryr U-Ti!sL- f?t$t.

'! INTRODIJ|TION

Tlrq* coriverrtional nethcld of disposing of qolrl Lai-lirig:s general.ly i.rirrrl_,;r*s
silnnlv puinpi-riq t,hen tr a tailings dan at the.ierrsi.Ly aL r*hi,:h t,h*y exi"t Lhe
pro*ess plarit. This density is often ertibe 1,cw. {Jpon d'i-scharge ?rcr-trr,l the
perimeter of the rlan the eoarser, qrarinular parti-i:les r"lpiil y so:qregate froin
the flr:w, forninq a beach. The finer rrarticles f'l-o'.r bc the eenLre ,;rf ihe Catr
.vl:ere l,hey slowly conscliCat,e, Clear water is q*nerall-y ,lr:*ariLe -1 f-i*c':r thr L)p
cf bh'; da,n arrC pumor:d back t,o the planb. Bscausq cf tha l-ar:,qe srir"{*,.":e ar:r. ?
l..arqe pr',oocrL,icn clf the water is lcst Cue to evapcrei;ilr1 .

Ihe eeritre pcrLi.cn cf the dano containing Lh* f ir.esL par|ieles i"s ,'lorLLi rir;al-Iy
under waber. The se'ctled scliris can Lherefor* rroL lr:se wai;er by ::,;i:fa3e
liva.$cratiorr. The settted scIiCs eoneen*rat,icri corr only inereasa blr "lr:'Li-rraEe
cf tolsture inLo the sulrsoil anC by corrscli,laLi.orr. The degr:er* or
rorisoliCabicn larqel,tr depende on the height f t,h'a dan.

1{i:.err t,he rni-rre,eventr:ally ceases oroduet,ion Lhe l;ailin.gs Cr-:crsit. ror,::isLs of e
ret,ang::.tr-ar shap:d :nass with coarser, gr'rFrriul,ar parLi*les ?.por-itr i r;h:* p'rri,n:ter
':Cges and firie, near eolloidal sized particles tn the crilntre. [i/an]raLi:n c?.ri
r'ow beo;i.rr froin the bop surface of bhe eenLre pi:rlicn of the rJ:l.Tl. 'l'ris rrnidly
results iri 'e crusL fcr:nirrq which then hinders further evapor.at.irrL, Crsnrl-el,e
Cryiriq Inay tak: [en cn twent,y years. Durirrq this perit:d rr:habilit,,rLicn i.s
c if ficul. t since inactiinery eannot operaLe on Lhe surface .

iln al uerriaLive Cispr:sal netlrod is the hiqh jen sity s)-i:pe liso::;al syste-n.
Ti'ti:s irLvoLves t,?rickeni-ng the baili.rrgs tc a higher"lensiLg'Lharr rior'11?1.. Iinon
Cispos.li fhey fcrm a homogeneous, slopirig deposi-t. 'l'hi-s CIrpqr lj-s:u:t$?s
!rari'r'rs asoects of this apprcac!: includirrg eccrromic anC envircnqlerrt,aL
advarii;:iqes.

)-" STITTE OT' THE ,1.RT OF lilGq DENSITY DISP?SAL

The colicq:pt and dervel-opmenL cf tailinqs .lispnsal hy f,he thickerr,t.'l Ci.;:i1-anae
tethoti wts f irsL CerelapeC arrd t,est,erl by E. i" Hr:binsl<y, Canecla. ('l,rhi-n.sky
1978) " Ib has sinee been applieC in numetrous trL,lus;ries, e.g, H::b1riskv ( 1981),
',food a].riC l,lcDonald ( I q*'+ ) arld yoeinans ( 1 q85 ) .

Rcbirrsl<y i-rrvesLigaLed the relnt,i:nship beLweeri percenl; :,roliCg :f -r Laj.Li.rig
pu"nperi atiC Lhe resull:irr6 dispasal behav"icr. CcrrvenLi-,:rral Lai-LirLq slilt"r.;
derisit,-Les resulted irr s'eqreqation of sol-ids orr:ti-soosat an.l t,h-.l resrrlLirig'Low
s.i-cpes requireC hi.gh contairrment embankr:ients. '[ncreasi-rr4 Lhr ';'l.rr-r-y j.:rrsitv
bo a*hLr:ve a threshcl-d slope ilf 2 Der"cerrL anC abn,re resr:l-Le{ ir r,ori*
ll*gr*q3tiorr.n wiLh si-,griific?.rrt i-morovemerrb irr t,he envirorr,nerr';al :;rial- !-L,i i r Lhe
Ci.sposal cf t,l'le tail"i-rLg.
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R.:i;rrrsk'1r iirv,tqLi,gateC. t,he reIaLi:'rrship ]:ebweerr per*en L soli"ds of I tailirrg
rrrt,upeC 'irrC 1"n,-'r resutLirLq disncsai l;ehavi-ar. Conven[i:rra.L bailirrg slurry
:Lrlr;sit 1.t:Fi r''*t:;iLteC iri seqr"egaLi.-:n of scl i"Cs orr Ci-sBr:sal- arrd t,he resulttriq 1or,*
:-1")i:,ls r"tqui.r'eC high c*nLainrnent enbarrknents. Increasirig t,he slurry deristty
t-"i.) a,:liie""'e a 'i;hresh*l,C slope of ? pei"cent &rrd above resulte,l iri rion-
:i:!rei;rLi.r:rru wit,h signl"flj-earrt, inrp-ove,RoriL in the erivir"ori.ment,al quality nf th,*
'i i,'',D3s:r 1 t f i,h,: f ail l-rrq "

Rr:ri-n.s'.1../ '* nl':ne*rirrq w.:rk Dr"crideC the j-roet,us for dcuelonnenL of processiriq
+.tr4 i:u'nni-riq, .l.i-teirrralj-ves L* €cclrr$il-ically achi.erre t.he desireC trigh densit,y
''eiiiriq sl.rirt"ie$ irrrrl ro *:Labliski e*r,:elaticrrs arid uncierstarrding tc preC.LcL
si.on* p:r"f*y,rn:inte f'rorn pilob plant. best sanples.

Slltrr'/ SysLens in 3ss/)eie.tiorr with Robinsky ronCurted extensive pilot r'i-arri
t ecLs ?tiC e:;t,ab Li.sheJ t echniral f'easibil ity of high density d ispos.al by
cr:.nbinL,g qsarse arLd firie disposal sbreaas flor dieposal ofl ccanse botbom as'l arrj
t-'ly as-:h i rr t he Drlwetr qeria:labicn iridustr:y arrd disposal of 3oarse arid f'lne
i:ef'113r) i.r, Lhe eoal, xi.riirr*; iridur;Lr.y" Ti:is work al.lowed correlati-cn tc oreCi,:i,
$1,-']p,: ,:f d*nnsit,s frcrn t"esLiriq of smatrl (Z libres) represeriLative sanples r fl
te.l.l- i-rrgs,

L,ablraLr-:rv t,estinq cf sanples provides -1 basis for estilnlishirrg bot,h Leehrririll"
f*a"si-bil-i"1;y aIiC rie:igri of the disposal sl*pe as wall es fhe punping and
r:i t---.,:lir:,e r':qLii-l'r:"itenfs f'rlp ?riy ::ysLem
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'iluj,.t ni grr rlen.si.Ly ,lisposal. sctre'ile irrvolves bhickening of the taili-r,gs pricr tn
iii.',ipos,r-L. 'Ii':r: Lnickener overflow water is returneC irtmeCiateLy Lo the plarit,
Ar t"he 'Ji"tposa1" sibe Lhe bhickened Lailings do nob segreqat,e buL forn a
ii: nogerieclls. ,rLoned <1ep6siL, [c tuaLer separaLes froro t,he rleposiL. If
rj j''ch:.r''3it i:r ft'?r'n a sirrgle soi-,4oL Llre tailiriqs wil-1 for,u a eorricaL shaped
ilencsil. ])tposit slopes deperLtr on bhe rheology of the slur"ry anC t,he
,.1i-*etrilrgr* {'al,::} from Lhe snigot," Typiealiy slopes wt11 be frorn 2 to 5q{"

Tlre hitr.t f"r:r;l*C by bhe depcsib uni-fornnly spreads erry runoff cause,i by rairi
failiriq crr tfie Ceposil. The n:noff dces noL chanriel. tc fcrm qul-lys si.rree Lhe
Elope ot' Lh* riep,:siLs is Less t}:an i 0 pereent. Rain fallirig on freshly
C*po$j.tre:t hiqn densiLy tailings rsil1. rurroff wibh litLle r*nLrairinent of soli'ls"
Tlt: $turry irr"rtp.'-lrt,ies precl-uCe neady mixirig of the scli.ds "rid the rairi waler.

4. s:nall, 1 t,c 2 meLre per"ineter enbanknent on the downsLreaa si-Ce of Lhe
Lail,ir,qt Cen,1$i"t, is insf,alled to corr.tain only low densi-by cff-specificaLion
sl-urrv 

"I,"d 
L'"t stcr'o r*irif"alL runoff . The peri-'neter embankment. volr:me is sn,l11-

?ri'i c&ri bt: corlsiru:t,eC a.L miriirrua.l- cost.

iite:iqn i*rLsi.i;Y Ciepos'1l" *oncepL relies on t,here beir.rq suffic1ent a.rea such
LhaL, stt,lce$sii'* l.av*ns part,i-aL1,,, 1ry ouL i.;efore Lhe nexL Iayer is riepcsited
c'\ror i;he i.op" Diseharge fro:n a sirigle soigct or rrumber of spi-gots in the
cerii";r"e cf bh* t-ail-irrg* 4rea will aehieve thi-s auLornatically. This ?ccur.s
:-:irice li:e fll-o-r^r uerids tc flora ir:. cri€ sector until the heighc irrcreases
sllfficier',t [c rliverL f,he flow Lo another. sectnr anC so on.



'l'hr:: iiepth ,;f I'reslrt 0ail-'i-rrgs ,leposited bet'orr the flour Ci-verbs i;o ariot,her
s*:t,,-rr i-:: L:fpi:al ly a::.ound 'i C0mm. 0noe Lhe flow ceases, evapora,r,iorr h*gins.
Carri-l-larir r:ise iri Lhi-s relabively Lhiri l'*yer aids bhe ,{ryi-nq process "tri,1
e,r.ables rtn"i.fl:r'n m":isitur* CCrrrLeri,[ tO be aChieVel .

f,:c slurrt ilerisit,y ,.-l(rC soigoU floi* rates ape desigrieC so t,hab suffieient Lirnt:
rlcci..lrs irr wir:"l.er" r".'itnths fcr t,he denosit,ert layer to aehieve a reastnable slrep.r
sLreriqth bef"one frr:sh slr;rry is CecrosiLed over Lhat Lay:r. Fr:rLh+:r" ,noisLrrr*
r',:1.l:ct,i:r, takes pla*,:: by consol i-d.:.Lion.

3n,:rLIy aft,er ni"rii.rig ceases the.iepcsil is suffieienLly.-1ry te er,rbl.e
rr'r'lhirrcr\r Lc r:perlt.* on Lhe surfage.

ite evaplr';*.ti,:r"L rales riurin.q th* vrj-nLer,ronths Ciebat,e Lh* arees rieeded.
3as:d ori r:il-ot plariL rlaLa [he areas requined in bhe Kalgoorlie regitn witi. be
:i'ni-lar ti) Lhose cilFperiLly eoeupieC by converrtional tai-liriqs da'ns 

"At t.h* c{}ssaEi.orr of niriing a conical shaped deposit tadll cover an area sini.l-ar
t? the r$rrveriticnal deposi b.

Ccri:,iJtlr f,:r exanpl-e t,he par"i;icular case of 5.41,1t,. Df tailings. {.ssu,ne Lhe
r'esi'dua1 Cerrsi-Ly i-rr Lhre dan wfie*,ui.ning ceases is 55f6 arrd bhe rat,i: of Ca'n
i+alL h,ligi:L 'bo wi-Cth is 0.3. For wall heights ranging fron 1?- tc 1B m*l,'r"esl
1;h': anea c*r,'ererl rariqes from 5c heetares tr 40 hectares.

i"ii.Lh hiqrL dBnsit,lr Cisposal. the r",:sidlial- deristty is higher, arourL,i \\'s,, Tlre
r.r''ea:ccr.ipied by,1 corie shap*.d cleposit, witl deperrd cri Lhe averaqe slr.:p*. Frr
Li't': :i3"'n* 5.J4 r{'L t.he f'cl1-owirig areas an,J eori€ heiqhts wi,11 appl-y:

![*pe ({,) 6 ,'"} 3

trea (t'ra) tC.4 T2.8 6V.g

ii,:i.qlrt, (l:) ?1 ,,-. 16.4 13"5

Tne slop,*s attairialrl"e will- deoenC on thE particular bailings, the deqree of
f itickerri"rr4 lrrC t,he scigot,[irrq rnethod. They are sinilar to Lhe ereas i-nvolyed
r.ri- th iirrivreriLiorial dispos:.1, .

dt.4(r exisLing mrrre high Cerrsify,Jisposal csri lre us,:rl to exlenC t.he li,fe of
t'he eonvenLiorial taili.nqs Ca'n " Cverlaving the exisLing tailinqs 'si11.
consoli,:1at,e ariC rer$*ve water frorn Lhem. In some eases the high clensi.t,y
ta:,]-irigs sari be alioweC [o spili ouer the Cam iEalls. By this:acLiori t,he
,+xisf;:-r.r4. tailirrgs da'n i.s errgulfed and converbeC lo a oorre shaped depcsit.
Ttis ray :;uii f as?s iuhere arr existirrq mirie is unCergoiri.g '.na 

jor exp"rlstor"i.

'fne slet"i-li"r:raticn of uai.r"rable'ninerals by olaeernent of uailirr.gs.'nay he a 1.*nq
t,3I"111 corr$'li-d*r'aLi-tn, iri Lne sane rnanner as retreatmerrL cf bailinqs i-s e IonE
Lerin opLi-'rri as Lec'nrrr:logias eLranqe. The high densiLy tailinqs disnosal sy:tLem
al.i-oi^l:: f')1" ranoval or reclaim f')r retr"eato:nenb of the tailinqs usirrq
corluenti.:r.r.rl l"ow tosfl nini-nq equipment. This is Ln eonbrasL tc th*
rlotivent.i:rrial tail"i.rrqs dam, wYrieh cannot be removel for rany years 1r reqr;.i_res
a rlr',lrlgirrq cperat,i':n.



F",;rLtler, f,i'.it small quanti"l,ies *round the shal-Iow e{,ges of e slope deposit :an
be t1ea*.iLy re'ucveil " F"or" exa"nple, by reinoving just, 5 "5q, of the tr:tal 'rragerial
fr:,:,r *r,]i:ri.t th: peri.neLer Lhe i:r?a can be reduee,l by orie Lhirc.

u. rl'{Pl,qtul.Thlr&Trcr{

To i'pl'.],ncr;.i-. f,he,1isn.:sel schen: a noethcd of thiekerririq bo hiqh densi-'rles is
i"*qr;{red. Teble i il,lustnates the capabilites of rJorrv€n.tiorr.al equipuent.
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Tt* 'ncst cCI"rimon process for rliiber recCIVery from a .rlurry i_s by sLal,tc set t,lirLq
r-irid 3r hi.r:r,lCIr'ed s: Lf,l i-r,g corrditioris irr a thickerier.

Al; l;he etit*r exLrene the slurry can be dewatereC usinq mechanical equiprnent
s*r:h as f"i Ltuns aril eentrifuEes" These produee sol-id eakes wibfr moisLure
uor,l,eri'l,s i-ri Lhe rarrqe of 10 ?5 oercent. These cakes are handl,,*C bv coriveye]:
f :r: spr,.*ia"ltr,g a.ric c*posiLirrq using mecharricar equiD,nenL.

Tne j-C*ai'l{*i'rsiby *eqr:ireterrt,s fr:r slope disoosal are Seen bo lie interme{iate'beLi^r,:eri Inr]se i;ypi:aLly achierrel in thickeners and filters. The converii:icnal
arii ili.Slt ra[re Lhickerrers zari produce a slurrv suifalrle fcr slope dispnsal at
[he ]-3inr*r' r*ri3r] of" slopes. i"r, 2 fo 3 %.To obtain hiqher sl-opes t.har:, t,h:se
:lD-jcizl :qui.prerit, is rrecessary. Scme opticrrs are as f:llows:

!tt"lg*:-:_ ir, I?:"Etttu- lleg
A L,lt'g'er tilickener Lharr ncrnral will allor,{ higher CensiLies Lo be ar:hieved"
Ittrit,h ?or:verrLierial t'hi*keners this neeeessaril-y oeerrrs a propor;ioriatr. irrcr.ease
ir,. er:sf it4c;t cf this r:osL is i-n bhe vessel itself ?.rrC [he rake ,Bechat'iis,n. A

far cli;;.tp;r'anprr:acir is 1,c build a snrall dam or uLiliz: an existirig Iai-1.irrg::
dan as i,he set,l"Lirrq "*rira., An unmar:.ned float,ing barge carr theri be used t:
r*?cv{ir [he Lhiek*rreC slurr:y f'cr high density slope dispcsal-" SSPL has
lesiqrreC si.tctr svst,efls f':r bhe dia';-ond arr,C coal inCustries.

i-':t r:-*g LqL*:*"-% q*$
Arr j-rierea.se in fhe ept,lr of 4 Lhiekerrer eauses greater coinpressiori ari,C herice
hi:Eher ,rriCiErflow densities. Tnis aoproact: is the basiE of the Deep Cr:rre
Lhi.",:kerier"s derrelope.l in th"e IJK coal indusLrv and the ,]amaicarr aluniriiun
iridustry ( gi:nct *L 3l , 1 g?3 ; Akers , 1gT 5)



Speciai F lIt,er Thiekeners

E,I. Robirrsky is deve'l.cpinq a speeial f ilter thickerier irr Cariaria purposely
d.esigrred bt a:nieve the irrler,tediabe ranqc of densit,ies requireC. { prototype
is currr:riily being f,ested.

lombirring liry Maferial wi.Lh Tailinqs

Tqis ani:r'oach is being inpternented for tailings disposal in the coal- anC
"nirreral- sarids inCusLries. Tlre nirreral sands iridustry nixes Cny sand with
tl:iek*l:ier uncerflcw slimes to aehieve a high density slurry" In Lhe coaL
i"r.lustry iL is econonically atLracLive to purposelv erush Lhe coars? reject,s
for nixirrg wibh firre tailinqs thickerrer underflow bo aehieve Lhe hiqh,Jerrsity
:o'ntlirieC caj-Iiriqs. Tri soae eases iri the qold industry it may be f'rasrble tc
mix overburderr mat,erj-al wit,h Lhe tailirrgs Lo achieve a hiqh densi-Ly slurry,

Tliis aptiorr involves sprit,ting the t,ailings stream and uising coriverrt,iorral
filters i,rr cent"rifuqes to proCuee a lor+ moisture eake. This is Ltren
recornbirreC l'ri';h Lhe low derrsity sLream to proCuce bhe desired high densiLy
s Lr.rry,

{tsg.l:-*i lrset:lg',L

ACditiori of line 0r eaustic fo adjust pH cortmorily resr.llts in a. thirini-rrq of t,he
slurl''y" The converse is also Lrue if the pH of t,he teilings is lcwere:i by
a:id a,lrlj-t i-ori lhe slurny r.rill ttricken. pH is noL the orrly facLor wttich
irifluerrces Lhe slurry viscosity. The BcCdingtorr mine wiLl rely on si:ecial
lheinicaL ftririrring aqenLs. Simitarly cherriiea[ thickerrirrg agents are available,
By t,his approaeh a simple chemieal dosirrg planL could aehieve Lhe required
derisity 'rli-Lhoub e thickener beirrg requir"ed.

5. SIII4M&RISII{G 'II{H ADVANTAGES OF I{IGH DENSITY DISPOSAL

Scme erivircrimeribal aCvanta es of this rnethod of disposal are:

. Elinir,aL'i-orr of larqe Lailirrgs dams visually oleasing cone shape.l
hills i-nstead.

b. { fe'*l torrLhs after iniriing eeases the deposi-t is compleLe'Ly {ny ?.rid
rehab"Llit,aticrr carr begin.

c. Cyarride dispersal Cepends on contact with the at'oosphere. The cor:e
shaped depcsi-t bogeLhen with the faet th.at rio area is submerged nean
naxinum contact with t,he aLmosphere and theref*re maxinnr:,n raLe of
cyaniCe dispersal.

d. Tne conl,inueus sl,:pe orr the depcsib rneans that sub surface,lrainaqe
after reiri will leach salts fron the top Layer leaving an i"ieal
surface for reveget,abi-orr. The salt will appear arcund Lhe perimeter
but t,his area could be eoveneC by seraping a thin, salt free layer
flr,oin the depcsit.



e.

9ror: ::j.rr

31;eep Lailinqs dan walls, with their susceptibilitv Lo ercsion ari,l
fallurB, ere avoideC.

economi,: iriewpr:irit, fhe advanLaqes are:

*'lo Lai L i-rig.s da:ns wa L ls reqr_iined .

\itl water resovery svst,em, pumps zrid pineline r-equired. Coris*qr.iently
no potrin is r"eqr:ired at the disposal site

Less ;"lrpe blockages du* to the inherarrtly norr-settlirrq puln. Tfyi-s
r"edu:*:s labcur requirernenLs fcr t,aiiinqs disposal ryrarraqemenf,.

The grr:trnd beneat,h the Lailirrgs area is riot permanerrgly st,erj-l- 
'z,,d,since.l;he [ai,lings cen be rnove,C if neeess?.ry. i,{ibh renoval of" orily I

snnalt proporLiorr of the riiaLerial arounC the perimet,er the area
rr:r;uine',l can i:e less than t,hat, required for a. convenLicnal Ca,rt.

-c.?N::L-q1L?-f

2
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Tite hiqh lensiby slop* disposal method of tailings disoosal is arr at,tr"ecLive
alt,errraf ive Lc the conventicnal tai.lings dam. It has obvious enrrironnerrtal
adva.rrLages. There eari ai-sc be signifiearrL econonic advarrLages.

Thi: conceirt has beeri sueeessfullv applied irr tnany othen iridustries includ1nq
alunirri-un, eoal , copper, ,nineral sanCs, power qeneration an.l unaniurn
iridustries" fn hiesberri Australia it is being used by Aleoa, Arqyle DianionC
l4iries ani Associabec I'lineral-s consoli-datec.

i

The Lechriology exists now to irnplement this scherne in the gold irrCusgry.
Desigrr 'nebhods developeC iri ot,her industries can be utillzeC, Conventional
thickerr.iriq neLhods c?.rr be userl Lo achieve the required high CensiLv slurries.
There ar'* al-sc e. nunber of other nethods available which have been ut,ilizeil iri
oLner irrdr:sLr"'i.es' Tnese should be considereC in any evaluatiol of the
techrrclcEy t"or gold applieabi n"
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