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Acid Miae Draiaage Curatteriulioa aacl TruhDeat at La Miae Doyoa 

Pllitipp< J. Poirie<, La MJne Doyon, Baniek Gold CO<p and Cambior Inc. 
Mlrbn Roy, GREGL Dept. ofGooiOSY and G<olosical ~ Universite Lavol, Q..Cbe< 

The South Waste Dump at La Mine Doyon. Rouyn·Noranda. Qu&et, has been genen.ting 
acidic: drain:aae since 1985, rNO years after dwnp c.onstruerion was staned. BetWeen 1991 and 
1994, the South Waste Dump has been the subject of extensive studi« carried out throuJh the 
MEND program primarily by Groupe de R.echc:rche tn Environntment et Cito-lnamierie. 
(GR.EGI). Lava.! Uni\'U'Sity, Quebec: City. One of the objectives of the srudy wa.s to measure 
physical and chemical propen:ies of an acid aenerati.ng waste roc:k ciump and to identify and model 
the key processes contn"buting to the generation of acid mine drainage (AMD). The site 
investiption included gooc:hcmical, mineralopc&l and microbiological characterization of che 
waste rock dump, ehemical analysis of porewater and surface run-oft: hydrology and water 
baluee SNdits. t~ analysis of thermal prooes.ses,. and modeling. 

AMD from the South Waste Dump ;, eharaderiud as 1\a.;ng very low pH (2.S), high 
.add)' (60 000 "'I CaCO,II) and hi&JI ~on (IS 000 msll) and sul&tes (62 000 msll) 
conuntntions. Runo«' &om the add seneratina waste dump is coUected and treated throu_ah a 
11iaJ1 Dcouily Solids (HDS) water tmllmall plant. The HDS process_ developed by T<~n 
T~ogies.. is an irnprcwed neutralization technique which reduces the J.vge volumes of sludge 
produced by conventional lime ueatment of AMI>. Currently, some 3 million m, of AMD .ue 
treated anm&Uy on the propetty at a.n average lime consumption of2,42 kg ofCaO/m_,. 

Keywords : Addie Dniaace, Waste Rock O..mp. Cbanetrriutioa and Moaicorinc. AMD 
Trutmcat. Rip O.,.sity SoiWs 

ll'I11IODUcnON 

La Mine Doyon is a joint wnture buwten &trick Gold Corpontion and C&mbior Inc. 
£ad. partner has a SO'/t interest in the property, a.nd B.arriok is the mine openaor. Produc • .on at 
LaMJne Doyon bepn in 1910, with the main..,.,. surfaee pit From 1980 to 1989. 7.S million of 
comes of ore and 47 miJ.1ion tonnes of ovctburden and wute rock wuc placm in two waste 
clwnps. daignatod as the Soulh Waste Dump and the North Waste Dump (shown on Figun: I ) . 
Jlesuh.s fi'om exploration programs wue very encourqing, and a dtciston was taken 10 sink a 6SO 
meut deep shaft. which wu complded in l916. In l919. the open pit production S1oppcd, and 
lite mill feed of 3 300 toMOSid•y has sine<: been p....;dod by the underJJound mine. Cunerll 
r~ (l991) at La Mine Doyon are sufficient for at. lc:ut thineen years of additional 
production. 
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1n J91S, acidic: runotr wu observed for the 6nt time from the North and SOUlh Wastt 
Dumps. (Fitione et al., 1991). The initiallreatmem S)'Siem in-collection oflcicl Nnofl'from 
the wute dumpJ in mattg;eaiJy located ponds, conventional lime neutralization and manaccment 
of the muloina sludae. IJ> 1919, an .,.....,_ was reached with Groupe de 1\oehetl:he en 
EnYiroMement et G6o-lnJCnierie (GREG[, Laval University) to undertake A lona term project on 
the charaete:riation of the South Waste Dump at La Mine Doyon through the ~ Envitonmenta.l 
Neuual Dninaae (MEND) Pro.,.,.. The resuks of the studies have been incorporated in eiaht 
rq>ons that have been published by MEND and are available from the MEND Secretarial. 

This paper prescn11 a seneral synthesis of some of the physieal and chemieal prousses 
observed by GREGJ and docwnented in MEND reports and does not intend to tdlect the mire 
worlc und<rtal<en undc< MEND 11 La Mine Doyon between 1991 and 1994. A>pocU of AMD 
tre1:tma11. are described with OV« six years of data related to the operation of Hi&h Densicy Solids 
(HDS) _., ........... teehnolo&Y presented. 

LOCATION 

La. Mine Doyon iJ I04:atecl in the western part of the Province of Quebee. Canada, a1onJ, 
hishway 117, 40)cil0tnelcn east of the town ofRouyn-Noranda (JO 000 population) and 70 lcrn 
wat of the town of Val d'Or (JO 000 population). 

Figure 2 · Loeation of La ~e Doyon 

REGIONAL TEMPERA11JRI: AND PRECIPITATION 

Tempen~Ure ranacs from a mean low of · 16.1 •c in January to a mea.n hi&h of ll,l -c in 
July. To<al .,..ap;tation averqes 933,1.., wtich includes 623,4 rnm rainfall and 310,4 mm 
(-.. equMient) snowfall. The evapotTIIISpitation f<>< the period of May throush Septeml>er 
·-- SIO~m~. resuJtinsin a net positive-or balance of424 mm per yar. The montha with 
the .,.....,. .,..ap;tation .,. &om July to Septeml>er, with approximately 100 mm. Snow&ll 
typ;caUy becins ,_ the end or O<toher and continueS throush to the beaiMin8 or April, with 
pen;..... - cover throush mot< of this period. The averaae number of &ost-&ee days is 97. 
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CIIARACITIUZA TION OF T1IE SOUTll WAST£ DUMP 

MiuratocY o(tbe South Du•p 

The South Wasce Dump coven a r~lar area of approxim.atcJy 600 m x 900 m and 
extends JO to 40 m above the sunoundin;g grou.nd surf.lc:e. The touJ ""'" of the dump, taken 
from the mine records. is about 2 1 million comes and o«upies an estimated volume of II,S 
millions wbic meters. Therefore, the dry density value is estimated at I 826 kg/m,. 

Three mai.n rock twes have been idemi6ed i.n the South Waste Dump: sericitic schisu, 
intermediate tuffs and felsic voleanodasties. Tbe sericitic schists constitute about SO"/o of the 
waste rock volume. They are composed of quuu and muscovite with up to 30"/o weathend 
alumino--silicates. Sec:ondaty mi.nera.ls are pyrite (7'/o), rutile and some chlorite. The incermediatc: 
tuB"s account for about Jot/e of the pile and have a &ow pyrite content (~/e). The fdsK: 
volcanoc:lastics have a pyrite content of S,S% and account for lS% of the dwnp. Sulfides in the 
waste rock dump consi.st mainly of pyrite, with minor amounts of chalcopyrite and sphalerite (less 
than l% of the sulfides). The total mass of pyrite in the South Waste Dun1p is estimated at I ,OS 
miUion tOMes. which translates to an average pyrite content of 4,S %. 

The net neutraJiution potential (NNP) of the unweathered wute roclc hu been eaJcWated 
&om chemical anaJysis. The sericitie schists and felsi~ volcanodutics ate net acid produc:ft's with 
NNP values of·IOO kg CaCO,ft and -7 1 kg CaCO,ft respectively. The intermecli.ue tuffs: showed 
a NNP or +2S q CaCO/t. Given the rdatively low pyrite content of the waste rode. the 

·tuetivity and high oxidation rates are attributed to the 6i.able nature of the seri<.it.ic xmts. 
McdwUcal resistance and abrasion testing showed rapid breakdown of the sc._sts in tht pre:senc:e 
of water (slaking) and the exposure of the tint grained pyrite coverins the planes of schistosity. 

1n order co gather more data on the oxidatton conditions prevailing ir»ide the South Wasce 
Dump, field instNmemation was inscalled i.n J 990 a.nd 1991 and a monitoring program wu put in 
place. A total of 6 borehof.ts were driUed through the South Waste Dump. Each borehole wu 
equipped with rwo monitoring wells, a string of thtnnistors (11 in a typical borehole) and 
~yethylene gu sampling tubet (at I different depths). Twelve gra~ry lysimeten were installed 
in two S meter deep excav"ions and l SJOUpJ of sua ion tysimeten wue added tater. R.unoft' 
!rom the South Waste Dump is collected in three sun-ounding ditches and directed to sto"'C 
pond$, Three war stations were ins.aJI.ed at the di.sch&rge of the ditches co record the Oownte and 
the c:onduc:ti~ry of the acidic: runoff. Figure ) shows the location of the field instrumentation. 

Table I presents typical chemical analysis of the leachate sampled in the sarunted zone of 
the monitoring wells. lc ean be Sttn that B«eholt 4 is located in a Ins reactive area. Tbe ti&h AJ 
concentrations in Boreholes 2 and l could be the result of extensive reaction of the leachate with 
aluminosiliute minerals present in the sericitic schists. Some borehole water samples have shown a 
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Figurol -PI&oorSoulhWastcDwnp (&omGelinas ctal., 1994) 

slighc inc:rusc in acidity with. time since 1991 , while Fe c:oncentntions have been dec:reuina 
skrMy in most borchola. 

pH ir~l (~ c:m (~ l~l c!!m = Botehole 
2 2 52 93387 14H43 9630 106 419 10 742 2 975 13 717 
3 2_47 134 969 198 575 12 367 130 967 13 950 2 545 16495 
4 4 45 2639 4 425 54 3401 260 0 260 

t~.., ... -TDS 
Table I - Wat..- Qu&lity m 80fd\oles., the But oftbt Soutb Wuto Dwnp (Aprill996) 
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Thermistor values are recorded monthly. 
The fact that pyrite oxidation is exoth.ctmjc 
cauJes temperatures within the w.aste pile to be 
higher chan on surface. Values as high as 6S'C 
have been rec«dcd from inside the dump. 
Seasonal variations haw: been observed in the first 
8 m from the surface. No sisnificant varia1ion c.an 
be seen below that point. 'Through the rode pile, 
temperatures increase rapidly &om the top to the 
upper h~ or the dump then decrease slowly 
toward the ba.sc. Resulu c.ompiJtd over the puc 
6 years clearly sbow a cooling trend in the waste 
pile. Temperature drops of 30 degrees or more 
have been obs.ervtd. Figure .c presenu the 
tempenrure profile for the borehole BH~6 over a 
S·yeat period. 

T- m 
Fisure 4 ·Temperature Profiles in BH· 6. 

Each weir station eonsi.sts of a small dyke with a V -notch weir and is equipped with a 
water conductivity me«et, a flow meter and a datalogina s)'$'tem. Measurements are taken every 
S minutes. N shown in FiJUre S, higher AMI> flowrates have been recorded dur'ina the sprina 
thaw and the higher precipitalion season in the fall. The total drain&Je &om the South Waste 
Dump between 1991 and 1996 avcn.ges 200 000 m' annually. Runoff' is more important at station 
D·S 10. which collects the draina.se from an area covaina 62% oflhe So~.ah Waste Dump surface. 

Mo•l~ly •olu•t ptr tl l lio • 
(• .. "l• fi •H) 

FigureS · Avenge MonchJy Drainage &om tbe South W&Slt Dump at Three Monitorina Stations 
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Rqulat seuonaJ variations have been observed in water qualiry, Jiiaher acidity 
corm:ponds to periods of' low Oow, i.e. during the wintet and the summer dry season. and tower 
acidity values ue observed during periods of' hi&h 6ow, i.e. dwing the sprinc: chaw and hiaf* 
precipitation seuon in •he f'aU. Fiaure 6 shows that when the AMD is diluted. as dul"ing the sprina 
Nnott to•aJ Kid mass produc:lion. expressed in kg CaCO, . is hi&ha'. 

Figure 6 • Acidity and Mass of' Acid Production vs Time 

&rwriaJoctivity 

From the driU aJttings, 4 types: of microorganisms wtte isolated: T1tiobociUIU 
furooridans, uptospirilhmt fvrooridons. TIWol>acillus rmoqxidans and TIWol>aciUus 
acidophilus.. Bacteria 1nps, wllido consisted of ct.lnlcs of loc&J sullidcs, _.. also insencd in !he 
boreholes f'Of a~ period to coUec:1 miaoorpnjsms. From 6eld observations. it hu been 
concluded that inteme ox.ida.tion (driven by bacterial activity) is oocurin&. Thi:S i:S especially true ill 
the upper 10 met:rts of the waste dump where moderate cempen.tures (Jess than )S •c ) prevail 
and OlC)'Ien is av~lable •o bacteria throu:gh a.it convection. 

Aircoavection 

'Thmn&1Jy driven eonve<:tion is the key mechanism controllina oxyaen Oow throus;h the 
waste rode dump. FiekS observattons of che Souch Waste Dump durina the ~d seeson showed 
the presence of hoc air chimneys and snow-&ee spots, frequently loe~ced near the edSt$ of the top 
or !he slopes. Ait .utom infived 1hermograpm swvey confirmed 11W impon.,.. air entty oa:un 
ll the base of the dt.rmp and hot air exits at the upptt rim aU around the dump. Pretlu:re 
measurements,. oxysen sampling and tempenrure pro6k:s in the boreho'es all suggest thai air 
eonvcction is playing a major ro~ in the oWal:ion process. nus evidcnc:e tw lad to the 
ckvdopmenc of a conceptual model of the air convection pattern$ within the dump (GCtinu et al., 
1994). AJ; illustrated on Figure 7, two di.fl'erenc convection regimes exist in the dump: a rapid 
COC'r'ieCtion, dose to the surface and slow air rnovernent in the hean of the dump. 
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Fipr~ 7 · Schematic Dia,sram of Air Conveaion Patterns (&om Gelinas et al,, 1994) 

WA T&R MANAGEMENT 

~minas• &om the South and the NOflh Waste Dumps is «>>ected in ct;tches ~ 
the dumps and directed to storaa,~ ponds. £xupt du""a the wincer months, AMI> is pumped &om 
the SCOflie ponds to the tratmmt pond which feeds the water treatment plant. The ttne main 
sourcn of AMD on the property are the South W&Re Dump, the Nonh Wuce Dump and the 
open pit. W•h respect to this laner sou roe, AMD is latgdy caused by the reaction of the South 
Pit Wall whim is predominantly composed of sericitic schists. Mine water, which represacs M 
annual volume of900 000 m'. is slightly acidie &nd is pumped directly to the treatment pond. On a 
yearly buts, l million m, of AMD is eoUec:ted. treated Md disdw:ged to the mvironnenL About 
one third of this volume is produced during the spring thaw in April and May. 

Alt.housh the South Waste Dump drainag~ reponing to collection ditches accounts for only 
IllS ofthe total AMD volum~ coUected and treated, it i.s the princi~ source of acid.icy for tbe 
site. Using three years of c:M:mical ana.lysis raults for the South Waste Dump, it hu been 
cakulaacd that it is respoNitt~ for approximately IS% of the acidiry, sr;. of the iron and 64% of 
the sulfates aenented. R.unotr from the Nonh Waste Dump (similar in qualify co wacer pumped 
&om the open pic) has ktwer c:oncencrations of most p.vamaers than the South Walle Dump 
because it was primarity constructed with overburden and waste rode h,a.,.;ng lower •cid aenenlbon 
poten<i.U. 
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WATER TREATMENT PLANT 

Bttwcen 198.S and I 989, AMD IT om the Nonh and South Waste Dumps. the open pit and 
the underground mine was coll«eed in perimeter ditches and direc~ed to rwo ec>n¥entional lime 
tre:a.unent plants. One plant was located nonh of the propeny and the ocher south or the South 
Waste Dump. In 1988, L& Mine Doyon initiated discusstons with Tetra Technologies Inc. 
rep~din& their patented High D<ns;ty So~ds (HDS) te<Mology. In 1989 it was de<ided to 
construe:~ an HDS pJant to better regulate pH and lime consumption and to significantly rltduce the 
production of iron hydroxide and gypsum sludge (Morrison and Pfeiffer, 1989). 

The yeuty lime consumption &.S.SOciatcd with AMD treatment during the J98S to 1996 
paiod is presented on Figure 8. It shows that in the peciod 1986 to 1989, when the conventional 
lime neuD"&&.&z.uion pl.ants were in operation, &MUll lime consumption rapidly increased from about 
S 000 tOMes per year to about 20 000 tonnes per year in 1988 and 1989. This was due tO a sharp 
increase in the generation or Kidity. Since 1991, the: first fi..ll year or HDS plant operation. lime 
consumption has averaged 8 S90 tOMes per yar. 

FtgUre 8 • AM.aal Lime Consumption- 1986 to 1996 

The HDS proeeu is an improved neutralization tedvlique developed to reduce tbe luge 
volumes of sludge produced by the conventionaJ lime uucment. Compared to conventional 
neutralir.ation. the HDS process reduces the volume of sludge requiring disposal by up to a factor 
of a. The principal differences between conventional neutralization and the HDS process are: 

• tceyc:ling of a controlled volume of sen led sludge; and 
• mixina of rec:yded sludge wi_th lime in a reactor prior 10 lhe neutr&liution and Kp&ration 

step~ 

The liDS plant flowsheet or La M;ne Doyon ;, shown on Figure 9. The plant is fed from 
the treaunent pond pumping station through a 40,6 em HDPE ptpdine. Thrtt re-actors are used in 
the ncutnlizalion proee.s.s. The incomina Wiler is met by a recycle stream of thickener underOow 
-.dge in the first reactor (ferric: reactor), where the pH is maint~ned &t 4,3 to prec:ipitate the 
ferric ions u ferric hydroxides. A mixture of hydrated time and recyded sludge is u~ to adjust 
pH to 1.5 in the second and third reactors (fmous reactors). Air is added to the (errou.s reactors 
to aid in the conversion of Fe · l to Fe '1. The neutralization treatment is followed by flo«ulant 
Addition and thickening. When sludge density reaches 2<W. to 2.r4. a bleed pump automatie&lly 
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re:moYes sludge 6-om 1he cireuil and di.sehvges it in a $1udge s1ong~ pond. Operation of the pump 
stops when c.he sludge density decreas.t:S to IS% to 18•.4. 

Figure 9 • HDS Plant Flowsheet 

'The HDS piM't was designed for a rated tapacity of I llS m,Jb The plant feedrate 
avenges 340 m)ih, with pealcs of I 000 mlJh durin& the spring thaw and lows of 1 SO mlJh duriftl 

• the: colder wimer months. Lime consumption varies seasonaly fiom I SO 1onneVmon1h during the 
wintn to I JOO tonncslmonth during 1be spring thaw, Average annual consumptjon tw been 
8 590 lonnes (averaa,e. ovc:r the pa.st 6 yeus) Fisure 10 shows lime consu.mptkm over the p&St S 
years of opc:nlion. Nc:utrali.udon c:fficic:ncy, the ratio of the: acidity of tht HDS planl lnBucnt to 
the annual lime consumption (both c:xpresKd in tonn« CaOiyr), has. avc:r'ied 0,.85 over the p&SI 
)yean. 

Figur-e 10 • HDS ""'t NeutraJiutton Efficicnc:y (acidity / lime consumption) 
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Apptoxima1dy 4S 000 m' of high density sludge. ava-aging 20"1. solid.s, is produced 
tnN.tal.ly and di.sposed of in a scorage pond Typically, the sludge is compos.N of s2•1. gypsum. 
24% ferric hydroxides. I~AI aJumioom hydro,Udes md 6% magnesium hydroxides. Conventional 
sotid wasu: &eachate ttSIS (with acetie acid) and modified leac~e tests (with HaSO, IHNO, • 
60"/J4()-AI) have been conduaed on the sludae. Resulu of both test protocols have shown that the 
Jachatcs comply with the provinc:W requirements for solid was1e. Leachate testl condueted at pH 
&fe:&lbet than S.O showed wry low metal eonc:entrations in the lw::h.ate.. often bdow detection 
limits. In .dd.ition. the sludge was shown to have 1. low neutraliz.:ation potential indieatlng low 
,..;~ lime and good plant dliciency. 

Tbe HDS plant is hi&hly automated and requires only one operator hour per shift, primarily 
to conduct routine inspections and to pedonn neeess.at) mainten~t~ce on the lime sb.ker and pH 
meten.. Final diluent disd\arse provincial limit~ are consistently met. Water qualify before and 
after treatment is presented in Table 2. 

S••plinc poiet pB Atidity Fe total Su.speockd 
(mrCaCO,II) (•&Ill Sol;ds(OII/I) 

HDSPI""Inlluent 2.l l 3SO 77S t · N/A 
liDS Plant Elllu<nt to_potishil1g pond] ... ·22 l .O 2S 

Final Elllum ( ootishit12 oond d;scllan!e 7.S · II 0.87 6 
t . IO%oftbeli'M»fc 

Table 2 • HDS Plant Jn1luent and Effi.uent Water Quality (l996 avenge) 

CONCLUSION 

The South Waste Dump charaaerization and monitoring undertaken by the GRECH a.s a 
MEND projoet contributed signifiandy to the undemanding of the phys.ical, chemical, 
mineralop:,J. hydrologic:aJ and mierobio&ogie&l processes involved in the fonnation of acid mine 
chiftate within a wa.ste.roclc dump. 

Buedon six yars ofoperatina data.. the Tetra Teehno&ogjes HDS process ha.s proven 10 be 
an ~and economic method oftteatina AMD 11 La Mi.ne Doyon. 
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