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SUMMAR<

The Solbec tailings pond was active from 1962 to 1977. Over 2.5M cubic meters of sulfide waste were

deposited at the site, and sporadic sampling performed between 1972 and 1980 confirmed the presence of acid
mine drainage (AMD). A 1987 characterization report of the tailings pond tabled proposed flooding of the

tailings as the most appropriate solution to the problem. It was at this time that Cambior became involved

through its acquisition of the Sullivan Group, owner of the Solbec mine.

A series of experiments and studies followed from 1989 to 1993 to test the efficiency and viability of the flooding

as a solution. The work required to achieve flooding was carried out in 1994. Since then, as part of the MEND

program, a project has been conducted to monitor the quality of the water cover and groundwater associated

with the tailings pond. The monitoring program also includes an evaluation of the oxydizing micro-organisms

viability, their activity level activity in the flooded pond and of the hydrology and wave impact on site.

After twelve sampling and analysis campaigns of over 50 samples and ten parameters each, the solution now

seems to be effective. The pH is now near neutral and the anomalous concentrations of iron, zinc and copper are

resorbing. In addition, the basin retains enough water to keep the tailings submerged and thus prevent harmful
wave action consequences.

The effectiveness of the solution is supported by a decrease in the oxidizing microbial population, the cessation of

its oxidizing activity and especially the appearance of sulfate-reducing bacteria. These bacteria contribute to the
inverse oxidation process by reducing sulfate ions to sulfide ions, which reprecipitate metals in the more stable

form of metal sulfides.

INTRODUCTION

The Solbec site is located in Qupbec, about two hundred kilometres east of Montrpal (Figure  1), between Lake
Aylmer and Lake St-François. The closest village is named Stratford.

The Solbec mine was operated from 1962 to 1970 by the Sullivan Group, and over 1.9M tonnes of copper, zinc

and lead sulfide ores were mined in a sericite schist gangue. The on-site concentrator operated from 1962 to
1977, processing not only the Solbec ore but also more than 2.9M tonnes of similar ores from the Cupra,

Weedon and Clinton mines, all located in the same area. A total of 4.8M tonnes of massive sulfides consisting of
chalcopyrite, sphalerite, galena, pyrrhotite and pyrite were processed in the concentrator.

The mine tailings were deposited in a 66-hectare site located in a swampy basin one kilometre north of the
concentrator. The tailings contain residual values of the various ores, quartz, chlorite, sericite, plagioclases and

minor fractions of calcite, dolomite, jarosite, magnetite and limonite. The total tailings volume is estimated at
2.5M cubic meters, or 4.2M tonnes. At closure, about 20 hectares of the pond were submerged in the north,

and the water had a pH ranging between 3.0 and 3.5. In 1987, metal concentrations in this water were in the
order of 3 mg/l for zinc, 1 mg/l for copper and 10 mg/l for iron; the other metals were not problematic. The

tailings were oxidized only on the emerged surface, ranging from a few millimetres, in the north close, to the
water pond to a depth of 50 centimetres in the south end of the tailings pond.
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FIGURE 1: MAP SHO:ING LOCATION OF SOLBEC SITE

ACID MINE DRAINAGE

In 1983, a panel from the Qupbec's Ministry of Environment (now the Ministry of Environment and Wildlife)
undertook an inventory of all sites that may have received hazardous waste in Qupbec, and a report was
published in 1985 (GERLED, 1985). In the context of this study, the ministry compiled various samplings of the

tailings pond water taken since 1972. The results indicated that sulfide oxidation and production of acid mine
drainage (AMD) were probably ongoing. Like many other old AMD-generating mine sites, the Solbec tailings

pond was classified with a potential high risk to the environment. It was then necessary to take measures for the
characterization and the reclamation of the site. In 1986, Qupbec's Ministry of Energy and Resources (now the

Ministry of Natural Resources) sponsored a study on the characterization and various reclamation options for the

Solbec tailings pond. The study report published in June 1987 presents flooding as the optimal solution both from
an economic and environmental perspective. It recommends that field and laboratory experiments be performed

to test the efficiency and viability of this option (Centre de Recherches Minprales, 1987).

Cambior Inc. became involved in October 1987, as it merged with the Sullivan mining group. The work on
characterization and reclamation of the mine and concentrator site began in 1988. The various experiments aimed

at testing the flooding option to attenuate the DMA from the tailings pond began the following year.

FLOODING E;PERIMENTS
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TKH ILUVW H[SHULPHQWV WR WHVW IORRGLQJ RI WKH R[LGL]HG WDLOLQJV DV D PHDQV RI UHFODLPLQJ WKH SROEHF WDLOLQJV VLWH ZHUH
FRQGXFWHG LQ 1989. THQ-FHQWLPHWUH GLDPHWHU FROXPQV WHVWLQJ YDULRXV GHSWKV RI ZDWHU FRYHU ZHUH PRQLWRUHG LQ

WKH ODERUDWRU\ IRU D SHULRG RI HLJKW ZHHNV. OQ-VLWH, 1.22-PHWHU F\OLQGHUV ZHUH VXQN LQWR WKH WDLOLQJV WR WKH OHYHO

RI WKH ZDWHU WDEOH WR VLPXODWH LQ VLWX IORRGLQJ. TKHVH ZHUH PRQLWRUHG IRU 17 ZHHNV. TKH UHVXOWV KDYH VKRZQ WKDW

DFLGLILFDWLRQ FDQ EH VWRSSHG E\ IORRGLQJ RQFH WKH LQWHUVWLWLDO ZDWHU LV UHSODFHG.

1��0

IQ 1990, D 3P [ 3P WHVW EDVLQ ZDV EXLOW ZLWK SLH]RPHWHUV ORFDWHG LQ WKH YDULRXV OD\HUV WR VLPXODWH DQG VWXG\ IORZ
FRQGLWLRQV LQ WKH SRQG DQG FRQILUP WKDW WKH FLUFXODWLRQ RI LQWHUVWLWLDO ZDWHU ZDV DQ LPSRUWDQW HOHPHQW LQ LQKLELWLQJ

DFLG JHQHUDWLRQ. AORQJ ZLWK D WHFKQLFDO-HFRQRPLF IHDVLELOLW\ VWXG\, PRQLWRULQJ WRRN SODFH RYHU D 15-ZHHN SHULRG.

TKH JHRORJLFDO DQG JHRWHFKQLFDO FKDUDFWHULVWLFV RI WKH VLWH ZHUH GHWHUPLQHG DV EHLQJ IDYRXUDEOH WR WKH

FRQVWUXFWLRQ RI GDPV DQG ORQJ-WHUP ZDWHU UHWHQWLRQ. TKH JURXQG EHDULQJ FDSDFLW\ ZDV UHSRUWHG DV JRRG, DQG
VLQFH LW ZDV GHPRQVWUDWHG WKDW WKH WDLOLQJV OLH RQ D EHG RI SHDW ZKLFK RYHUOD\V DQ LPSHUPHDEOH WLOO ]RQH, WKH ORQJ-

WHUP ZDWHU UHWHQWLRQ FDSDFLW\ VHHPHG UHDOLVWLF.

1��1

IQ 1991, D WKLUG SKDVH RI H[SHULPHQWV ZDV FRQGXFWHG WR GHWHUPLQH WKH HIILFLHQF\ DQG WKH WHFKQLFDO IHDVLELOLW\ RI

IORRGLQJ DV D PHDQ RI UHFODLPLQJ WKH SROEHF WDLOLQJV VLWH. IQ RWKHU ZRUGV, WKLV FRQVLVWHG LQ HQVXULQJ WKDW WKH ZDWHU
FRYHU FRXOG EH PDLQWDLQHG LQ WKH ORQJ WHUP, L.H. HVWDEOLVKLQJ D SRWHQWLDO ZDWHU EDODQFH, WHVWLQJ WKH EHDULQJ FDSDFLW\

RI WKH JURXQG XQGHU WKH GDPV, LGHQWLI\LQJ ERUURZ SLWV ZLWK SRWHQWLDO ILOO PDWHULDO RI ORZ K\GUDXOLF FRQGXFWLYLW\, DV

ZHOO DV REVHUYLQJ WKH SK\VLFDO-FKHPLFDO DQG PLFURELRORJLFDO HYROXWLRQ RI WKH LQWHUVWLWLDO ZDWHU LQ WKH WDLOLQJV. TKH

IORRGLQJ RSWLRQ ZDV WKHQ PDLQWDLQHG DQG FRQILUPHG. WLWK WKH FRQVWUXFWLRQ RI WZR GDPV, WKH ZDWHU ZRXOG

DFFXPXODWH IURP D 5 NP2 ZDWHUVKHG LQ D 1.2 NP2 EDVLQ IRU 18 PRQWKV EHIRUH DQ\ RYHUIORZ RFFXUV.

SXEVHTXHQWO\, DQ DQQXDO ZDWHU VXUSOXV RI DSSUR[LPDWHO\ 3 MP3 ZDV DQWLFLSDWHG. HRZHYHU, WKH UHVXOWV IURP WKH

WHVWLQJ EDVLQV ZHUH XQH[SHFWHG; WKH DFLGLILFDWLRQ SURFHVV ZDV VWLOO RQJRLQJ LQ WKH R[\GL]HG WDLOLQJV. TKXV,
R[LGDWLRQ SURGXFW OHDFKLQJ DURVH DV D FRQVHTXHQFH RI IORRGLQJ WKH R[LGL]HG WDLOLQJV.

1��2/1��3

IQ 1992, D IRXUWK SKDVH ZDV XQGHUWDNHQ. TR RIIVHW WKH OHDFKLQJ RI WKH R[\GDWLRQ SURGXFWV IURP WKH R[LGL]HG

WDLOLQJV, OLPHVWRQH ZDV DGGHG LQ WKH WHVWLQJ EDVLQV DV DQ DWWHPSW WR QHXWUDOL]H DQG VWDELOL]H WKH SUHYLRXVO\ DFLGLILHG

ZDWHU. IQ DHFHPEHU 1993, IORRGLQJ RI WKH SRQG DIWHU DGGLWLRQ RI OLPH ZDV UHFRPPHQGHG DV WKH UHFODPDWLRQ

PHWKRG. OWKHU VWXGLHV ZHUH FRQGXFWHG WR UHILQH WKH FORVXUH SURMHFW.

TKH ILUVW VWXG\ (MFGLOO, 1993) VHHNV WR DVVHVV WKH GHSWK RI ZDWHU UHTXLUHG WR LQKLELW DFLG JHQHUDWLRQ JLYHQ ZDYH

DFWLRQ DQG WKH SRVVLEOH UHVXVSHQVLRQ RI SDUWLFOHV. BXW WKH PRGHO XVHG KDG EHHQ GHVLJQHG IRU ORQJHU IHWFK DQG

KLJKHU ZLQG VSHHG. IQ DGGLWLRQ, WKH WDLOLQJV JUDLQ VL]H FRQVLGHUHG ZDV RQO\ W\SLFDO RI SRQG FHQWUDO ]RQH WKDW LV ILQHU
WKDQ WKH DYHUDJH. TKHUHIRUH WKH UHVXOWV ZHUH WDNHQ DV D JXLGHOLQH. TKH VWXG\ KDG UHFRPPHQGHG D PLQLPXP ZDWHU

KHLJKW DERYH WKH UHDFWLYH WDLOLQJV RI 1,34 P RU 0,74 P LI WKH WDLOLQJV ZHUH WR EH FRYHUHG ZLWK VDQG. WLWK GXH

UHJDUG WR WKH WDLOLQJV JUDLQ VL]H, ZKHUH WKH IXWXUH VKDOORZ ZDWHU ]RQHV ZHUH WR EH ORFDWHG, D RQH-PHWHU ZDWHU

FRYHU ZDV GHWHUPLQHG WR EH VXIILFLHQW.

AQRWKHU VWXG\ ZDV DLPHG DW DVVHVVLQJ WKH TXDQWLW\ RI OLPH DQG LWV DSSOLFDWLRQ PHWKRG (KDUDP HW GXD\, 1994).
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The UecommendaWion ZaV Wo appl\ 118 WonneV/ha Wo an aYeUage depWh of 15 cm. The final pUojecW VWXdied ZaV

Whe effecW of flooding on micUobiological acWiYiW\ (KaUam eW GXa\, 1994). In Whe laboUaWoU\ iW ZaV foXnd WhaW

mainWaining Whe non-o[idi]ed WailingV XndeU ZaWeU haV pUeYenWed coloni]aWion b\ Thiobacillus ferroo[idans-W\pe
bacWeUia, Zhile aUWificial flooding of Xno[idi]ed and o[idi]ed WailingV combined ZiWh lime haV inhibiWed micUobial

acWiYiW\ ZiWhoXW deVWUo\ing cell YiabiliW\. The aXWhoU anWicipaWed an effecWiYe decUeaVe in Whe popXlaWionV oYeU Wime,

bXW no fieldZoUk had been condXcWed on WhiV.

The ZoUk condXcWed fUom 1990 Wo 1993 ZaV paUW of Whe MEND pUogUam and Whe deWailed UepoUWV aUe aYailable.

FIGURE 2: :ORKS AND SAMPLING STATIONS

RECLAMATION :ORK

Flooding of Whe WailingV pond, ZiWh a minimXm coYeU of one meWeU of ZaWeU, ZaV poVVible ZiWh Whe conVWUXcWion of

WZo damV: a 396-meWeU long and 9 meWeU high main dam, and a Vecond 192-meWeU long and a 2.5-meWeU high
dam (FigXUe 2).

WoUk began in AXgXVW, 1994 ZiWh Whe cleaUing of 27 hecWaUeV of land. ThiV aUea inclXded acceVV Uoad ViWeV, damV

and a poUWion of Whe aUea Wo be flooded.

AW boWh dam ViWeV, Whe oYeUbXUden ZaV VWUipped and Whe bedUock ZaV blaVWed Wo leYel Whe baVe of Whe damV. The

bedUock ZaV When cleaned and fUacWXUeV ZeUe cemenWed. The damV ZeUe bXilW ZiWh an impeUmeable Will coUe. In
Whe XpVWUeam (inWeUioU) Vide, Whe coUe ZaV coYeUed ZiWh an impeUmeable geomembUane, Zhile on Whe doZnVWUeam

(e[WeUnal) Vide, Whe coUe ZaV enWiUel\ coYeUed ZiWh geomembUane and a filWeU bed. The VlopeV ZeUe compleWed

ZiWh gUaYel and ZeUe coYeUed in UipUap.
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At the north end of the main dam, a 4-meter wide concrete spillway, was built to handle the century's flooding

event.

To minimize the height of the dams, about 50,000 m2 of tailings located at the southend of the pond were

smoothed toward the centre of the impoundment.

Before flooding, the whole surface of the tailings was limed. In the water-covered area, hydrated lime (Ca(OH)2)

was dumped in the water. In the uncovered area, the neutralizing agent used was calcite dust and granules

(CaCO3). This was incorporated into the tailings by plowing to a depth of 300 mm. It was found to be a difficult

operation resulting in an irregular distribution and excess of neutralizing agent by reference to Karam et Guay

1994 calculation. On average, 230 tonnes per hectare of material were applied.

Work ended in November 1994. Complete flooding of the tailings to their highest elevation (329 m) was

achieved in September 1995. In February 1996, the 330 m water elevation mark was reached during a mild

period, and the first overflow from the basin occurred.

MONITORING

The environmental monitoring program following the flooding of the tailings pond was developed as part of the

MEND program. Its purpose is to assess the quality of the water cover, the ground and effluent waters, the
water balance, the effect of waves and ice on sediments, bank erosion and beach creation as well as the

evolution of the microbiological populations. The program was initiated in the fall of 1994 and is still ongoing.

Three sampling campaigns took place each year (1995, 1996, 1997), in spring, summer and fall. In 1998, only
two sampling campaigns were conducted.

WaWer CoYer Sampling

In order to determine the quality of the water in the basin, 6 sampling stations were set up with plastic buoys to

collect underneath water at three distinct depths. The stations (A-B-C-D-E-F) are located along two transects

that are oriented more or less perpendicularly to the axis of the main dam (see Figure 2). The samples are taken

on surface, at mid-depth of the water cover and �150 mm above the tailings' surface.

The 18 water cover samples are subjected to the following analysis without being filtered.

In the field: pH, electrical conductivity and Fe+2

In the laboratory: Metals (Fe, As, Cu, Ni, Pb, Zn), sulfates, suspended matter, alkalinity and acidity if

appropriate.

GroXndZaWer Sampling

The water present in each stratigraphic unit are sampled and analysed. The latter include the interstitial water in

the oxidized mine tailings on surface, the interstitial water in the unoxidized tailings below, the groundwater in the

peat, till and bedrock that lie below the mine tailings.

At each sampling campaign, 27 water samples are taken from three platforms (1, 2 and 3) located within the

tailings pond (Figure 2). Each platform has five monitoring wells attached, each extending down to the bedrock
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aQd WR Whe YaUiRXV VWUaWigUaShic ]RQeV. ScUeeQed-headed VaPSOiQg WXbeV aUe SOaced ZiWhiQ aOO Whe ZeOOV, WZR WXbeV
fRU each VWUaWigUaShic XQiW e[ceSW Whe bedURcN, Zhich haV RQO\ RQe WXbe (FigXUe 3). IW iV iPSRUWaQW WR QRWe WhaW

SOaWfRUP 2 cROOaSVed dXUiQg ZiQWeU 1997-98. CRQVeTXeQWO\, QR VaPSOiQg caPSaigQ ZaV cRQdXcWed.

IQ WhiV caVe, Whe ZaWeU VaPSOeV aUe fiOWeUed WhURXgh a 0.45 PicURQ VieYe SUiRU WR each aQaO\ViV. The SaUaPeWeUV

aQaO\]ed iQ Whe fieOd aQd iQ Whe OabRUaWRU\ aUe ideQWicaO WR WhRVe Rf Whe ZaWeU cRYeU, e[ceSW fRU Whe VXVSeQded

PaWWeU, aONaOiQiW\ aQd acidiW\ WhaW aUe QRW SeUfRUPed.

FIGURE 3: PLATFORM

Sampling of TailingV foU MicUobiological MoniWoUing

The WaiOiQgV VaPSOeV aUe RbWaiQed b\ cRUiQg aW QiQe VaPSOiQg ORcaWiRQV, Zhich aUe ideQWified ZiWh bXR\ Rf diffeUeQW

cRORXU WhaQ WhRVe XVed aW cRYeUiQg ZaWeU VWaWiRQV (Vee FigXUe 2). The caUefXOO\ cROOecWed VaPSOeV, Rf
aSSUR[iPaWeO\ 250 gUaPV, aUe SOaced iQ VWeUiOe bagV. CXOWXUe Pedia aUe Veeded ZiWh a SRUWiRQ Rf Whe VROid

VaPSOeV WR SeUPiW Whe iVROaWiRQ, ideQWificaWiRQ aQd eQXPeUaWiRQ Rf Whe bacWeUia SUeVeQW. The iQRcXOa aUe aOVR XVed

WR deWeUPiQe Whe R[idi]iQg SRWeQWiaO Rf Whe YaUiRXV PicURbiaO iVROaWeV ZiWh UeVSecW WR iURQ VXOfaWe (R[idi]ed feUURXV

iURQ) aQd eOePeQWaO VXOfXU (SURdXcW Rf VXOfXUic acid aQd a decUeaVed SH).

RESULTS

The UeVXOWV geQeUaWed a daWa baQN iQ Whe fRUP Rf YaUiRXV WabOeV. TR ViPSOif\ WheiU SUeVeQWaWiRQ, WheVe haYe beeQ
gURXSed aV VhRZQ iQ FigXUeV 4, 5, 6 aQd 7 fRU Whe ZaWeU VaPSOeV aQd FigXUeV 8, 9 aQd 10 fRU Whe PicURbiaO

SRSXOaWiRQ.

The ZaWeU TXaOiW\ figXUeV VhRZ Whe VigQificaQW SaUaPeWeUV iQ Whe fRUP Rf a VQaSVhRW iQ each VWUaWigUaShic XQiW, fRU

each VaPSOiQg caPSaigQ. The\ WheUefRUe UeSUeVeQW Whe eYROXWiRQ Rf aYeUage cRQceQWUaWiRQV Rf each Rf WheVe

SaUaPeWeUV RYeU WiPe, iQ each ]RQe. AUVeQic, Oead aQd QicNeO YaOXeV ZeUe SUeVeQW fRU each VaPSOiQg caPSaigQ,

RQO\ iQ YeU\ ORZ cRQceQWUaWiRQV aQd aUe WheUefRUe QRW VhRZQ.
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DISC8SSION

The tailings were completely flooded by the fall of 1995 (to the 329 m mark), and in February 1996, an effluent

was reported at the spillway (the 330 m mark was reached) where covering water used to be sampled before

the flooding. The anticipated fill period of 18 months was as expected. A new equilibrium is now being

established in the pond, and this period is represented by the twelve sampling campaigns that have been

completed to this day. The results of this discussion are intended to reveal trends that lead to this conclusion.

Two important factors must also be considered. The surface area of the reservoir drainage basin is 500 hectares

(5 km2). The total precipitations measured in the region ranged between 1.1 and 1.2 meters per year and had an

average pH around 4.4. The second important factor is the liming of the pond and tailings before flooding.

Limestone dissolves slowly and strongly influences the quality of the water cover.

Furthermore, applying the lime was a difficult step and the depth of the mix with the tailings was erratic, as was
the quantity of lime or limestone added. As a result, selective readings may be influenced by these discrepancies.

To date, several hydraulic, hydrogeological, wave action and ice impact studies confirmed that the risk of tailing

re-emergence or resuspension was not significant. In fact, 210 consecutive days of drought are apparently

needed for evaporation and exfiltration to cause the tailings to re-emerge. On the other hand, 64 km per hour

winds blowing in the basin axis would be required to resuspend the tailings (Consultants S.M. Inc., Mars 1998).

Furthermore, neither the cover nor the semi-solid waters beneath the ice cover reach the tailings.

Figure 4:Water Qualit\, pH

 The covering water rose from a slightly acid pH in the fall of 1994 to very alkaline levels in the spring of 1995

following the thaw, once the lime began to dissolve. It subsequently hovered around neutral.

Following the complete flooding of the tailings in the fall of 1995 and the gradual saturation of the tailings, the

1996 spring campaign detected slightly acid pHs (�6.1) in the layer of oxidized tailings. More neutral pH's were

observed the following summer.

No anomalies were seen in the pHs measured in the water for any of the other stratigraphic units.
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Figure 5: Water Qualit\, Iron (mg/l)

 WiWh Whe e[cepWion of Whe 1994 fall campaign, Whe iUon concenWUaWion of Whe coYeUing ZaWeUV haYe neYeU been

aboYe Whe leYel VeW b\ Whe MiniVWU\ of EnYiUonmenW and Wildlife (RegXlaWion 019). FUom Whe Wime Whe WailingV had
begXn Wo be flooded, i.e. afWeU Whe 1994 fall campaign, Whe iUon concenWUaWion ZiWhin Whe coYeUing ZaWeU decUeaVed

and noZ VeemV Wo haYe Ueached a VWable leYel.

HoZeYeU, iW VhoXld be noWed WhaW in Whe o[idi]ed WailingV la\eU, iUon concenWUaWionV ZeUe in Whe oUdeU of 100 ppm

and oYeU fUom Whe oXWVeW. WiWh pUogUeVViYe flooding, Whe diVVolXWion of VXUface pUecipiWaWed maWeUial and Whe

gUadXal VaWXUaWion of Whe o[idi]ed WailingV WhaW enhanced WheiU leaching, Whe obVeUYed concenWUaWionV incUeaVed Wo a

peak of 373 ppm in Whe fall of 1995, When fell back Wo 100 ppm in Whe VXmmeU of 1997.

Once Whe WailingV pond ZaV compleWel\ flooded, WhiV migUaWion of iUon conWinXed aW concenWUaWionV in Whe oUdeU of

50 ppm in Whe Xno[idi]ed la\eU and 10 ppm in Whe peaW ]one (VpUing 1996). B\ Whe VXmmeU of 1996, iUon

concenWUaWionV in Whe Xno[idi]ed ]one had UegUeVVed Wo WUace leYelV Zhile WhoVe in Whe peaW ]one haYe alVo

Ueached loZ concenWUaWion in VXmmeU 1997.

To daWe, Whe moVW abXndanW meWal, namel\ iUon, WendV Wo be UeVoUbed inWo Whe XppeU la\eUV and doeV noW appeaU

beloZ Whe peaW hoUi]on, Zhich ZaV Wo be e[pecWed in WhiV W\pe of maWeUial. The pUeVence of peaW and Will
XndeUl\ing Whe WailingV ZaV in facW one of Whe chaUacWeUiVWicV of Whe Solbec WailingV pond WhaW led Wo Whe VelecWion of

flooding aV a cloVe-oXW opWion Wo conWUol AMD.

Figure 6: Water Qualit\, Zinc (mg/l)
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ZLQF KDV DQ HYHQ PRUH SURQRXQFHG EHKDYLRU WKDQ LURQ, DOEHLW LQ ORZHU FRQFHQWUDWLRQV. SLQFH WKH IDOO RI 1994,

SULRU WR IORRGLQJ RI WKH VLWH, WKH SUHVHQFH RI ]LQF ZDV QRWHG LQ WKH VXUIDFH ZDWHU DW WKH RULJLQDO VSLOOJDWH, LQ WKH

LQWHUVWLWLDO ZDWHU RI R[LGL]HG DQG XQR[LGL]HG WDLOLQJV, DQG LQ WKH ZDWHU LQ WKH SHDW ]RQH, DOO LQ FRQFHQWUDWLRQV LQ WKH

RUGHU RI 0.5-2 PJ/O.

WLWK WKH JUDGXDO ILOOLQJ RI WKH SRQG DQG VXEVHTXHQW VDWXUDWLRQ RI WKH WDLOLQJV, FRQFHQWUDWLRQV LQ WKH R[LGL]HG WDLOLQJV

]RQH URVH WR D PD[LPXP RI 24 PJ/O LQ WKH VSULQJ RI 1996 DQG GHFUHDVHG DJDLQ WR 10 PJ/O D IHZ PRQWKV ODWHU

(VXPPHU 1996). SLQFH WKHQ, WKH ]LQF FRQFHQWUDWLRQ LQ WKH R[LGLVHG WDLOLQJ KDV EHHQ UHVRUELQJ.

TKH KLJK PRELOLW\ RI ]LQF ZDV VXFK WKDW LQ 1994, LW ZDV SUHVHQW GRZQ WR WKH SHDW OD\HU. TKH FRQFHQWUDWLRQV LQ WKH

SHDW DQG XQR[LGL]HG WDLOLQJV ]RQHV GURSSHG WR DURXQG 0.3-0.1 PJ/O E\ WKH VXPPHU DQG IDOO RI 1995, URVH LQ 1996

DQG WKHQ IHOO DJDLQ WR 0.1 PJ/O LQ WKH IDOO RI 1996. TKLV SKHQRPHQRQ ZLOO SUREDEO\ FRQWLQXH DV ORQJ DV WKH OD\HU RI

R[LGL]HG WDLOLQJV KDV QRW EHHQ SXUJHG RI LWV WUDFH YDOXHV, D WHQGHQF\ WKDW QRZ DSSHDUV WR EH HPHUJLQJ.

MLFURELRORJLFDO DFWLYLW\ LV H[SHFWHG WR KDYH DQ DFFHOHUDWLQJ HIIHFW RQ WKH SUHFLSLWDWLRQ RI PHWDOV OLNH ]LQF, D

VXEMHFW WKDW ZLOO EH GLVFXVVHG ODWHU.

Figure 7: Water Qualit\, Copper (mg/l)

IQ WKH FRYHULQJ ZDWHU, FRSSHU, OLNH LURQ DQG ]LQF, UHDFKHG ORZ DQG VWDEOH FRQFHQWUDWLRQV LQ WKH VSULQJ RI 1995.

IQ WKH JURXQGZDWHU, FRSSHU RQO\ DIIHFWHG WKH R[LGL]HG WDLOLQJV ]RQH. IW URVH WR D PD[LPXP RI 1.4 PJ/O LQ WKH

VSULQJ RI 1995 EXW WKHQ IHOO RQFH DJDLQ WR 1.0 LQ WKDW VXPPHU, DQG WR 0.2 LQ WKH IDOO RI 1995, WR XSKROG DW 0.6-0.5

LQ 1996. IW VWD\HG EHORZ DYHUDJH YDOXHV RI OHVV WKDQ 0.1 PJ/O LQ DOO WKH XQGHUO\LQJ OD\HUV.
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Figure 8: O[idant Microbial Populations in Tailings

 FURP WKH RXWVHW RI WKH SURJUDP, YDULRXV PLFURELDO VSHFLHV SUHSRQGHUDQW LQ WKH SURGXFWLRQ RI AMD ZHUH

LGHQWLILHG LQ WKH WDLOLQJV. VDULRXV VSHFLHV RI WKLREDFLOOXV DQG RWKHU KHWHURWURSKLF DFLGLI\LQJ DQG DFLGRSKLOLF EDFWHULD

ZHUH REVHUYHG.

FLJXUH 8 VKRZV RQO\ WKRVH VSHFLHV WKDW R[LGL]H IHUURXV DQG HOHPHQWDO VXOIXU LRQV, DV WKH VXOIDWH-UHGXFLQJ VSHFLHV

KDYH RQO\ EHHQ HQXPHUDWHG WKLV \HDU.

IW ZDV IRXQG WKDW WKH R[LGL]LQJ PLFURELDO SRSXODWLRQV ZHUH YHU\ KLJK EXW SURJUHVVLYHO\ GHFUHDVLQJ LQ WKH QLQH

VDPSOHV RI R[LGL]HG WDLOLQJ FROOHFWHG LQ WKH SRQG. TKH\ VWRRG DW MXVW RYHU 500,000 LQGLYLGXDOV SHU JUDP RI WDLOLQJV

LQ 1994 DQG 100,000 SHU JUDP E\ WKH VXPPHU RI 1998. IW VKRXOG EH QRWHG WKDW WKHLU UHSURGXFWLRQ LV KLJKO\

VHQVLWLYH WR WHPSHUDWXUH, D SKHQRPHQRQ YLVLEOH LQ WKH VXPPHU RI 1995, ZKHQ WKHLU QXPEHU URVH WR QHDUO\ IRXU

PLOOLRQ LQGLYLGXDOV SHU JUDP RI R[LGL]HG WDLOLQJV. IW DSSHDUV WKDW WKHLU YLDELOLW\ KDV EHHQ GHFUHDVLQJ VLQFH WKH SRQG

ZDV FRPSOHWHO\ ILOOHG LQ WKH IDOO RI 1995.

AQ LPSRUWDQW HOHPHQW WKDW KHOSV H[SODLQ WKH GHFUHDVLQJ WUHQG LQ WKH R[LGDQW PLFURELDO SRSXODWLRQV DV ZHOO DV WKH

UHJUHVVLRQ LQ FRQFHQWUDWLRQV RI PHWDOV VXFK DV LURQ, ]LQF DQG FRSSHU LV

WKH DSSHDUDQFH RI VXOIDWH-UHGXFLQJ EDFWHULD. TKHVH DUH VWULFWO\ DQDHURELF. TKH\ ZHUH ILUVW VHHQ LQ WKH VSULQJ RI

1996, DQG WKHLU SRSXODWLRQ KDV EHHQ HYDOXDWHG DW WKH QLQH VDPSOLQJ VWDWLRQV VLQFH WKH VXPPHU RI 1996 FDPSDLJQ.

TKLV SKHQRPHQRQ UDLVHV YHU\ LQWHUHVWLQJ SRVVLELOLWLHV, DV WKH LQYHUVH SURFHVV WR PLFURELDO R[LGDWLRQ RI PHWDO

VXOILGHV LV WDNLQJ SODFH, WKDW LV, WKH UHGXFWLRQ RI VXOIDWHV DYDLODEOH LQ VXOILGH LRQV DQG WKH UHSUHFLSLWDWLRQ RI WKH
REVHUYHG PHWDOV LQ WKH PRUH VWDEOH IRUP RI PHWDO VXOILGHV. SLQFH WKH IORRGLQJ, WKH RUJDQLF FDUERQ VXSSO\, ZKLFK LV

DQ HVVHQWLDO HOHPHQW WR WKH YLDELOLW\ RI WKH EDFWHULD, KDV EHHQ OLPLWHG WR VRPH VPDOO YHJHWDWLRQ. TKXV, LW LV WKRXJKW

WKDW WKH QDWXUDO VXSSO\ LQ RUJDQLF FDUERQ PLJKW QRW EH VXIILFLHQW WR VXSSRUW DQ LQFUHPHQW ZLWKLQ WKH EDFWHULDO

SRSXODWLRQ.

 CONCL8SIONS

TKH WZHOYH VDPSOLQJ FDPSDLJQV WKDW IROORZHG WKH IORRGLQJ RI WKH SROEHF WDLOLQJV DOORZHG WR VNHWFK D SRUWUDLW RI
WKH FRYHULQJ ZDWHU DQG JURXQGZDWHU, LQFOXGLQJ WKH LQWHUVWLWLDO ZDWHU LQ WKH R[LGL]HG DQG XQR[LGL]HG WDLOLQJV. RHVXOWV

KDYH GHPRQVWUDWHG WKDW WKH FRYHULQJ ZDWHUV PHW DOO UHTXLUHPHQWV RXWOLQHG LQ RHJXODWLRQ 019 (MLQLVWU\ RI

EQYLURQPHQW DQG WLOGOLIH) DQG HYHQ WKRVH RI WKH GULQNDEOH ZDWHU UHJXODWLRQ.

WLWK UHJDUG WR WKH LQWHUVWLWLDO ZDWHU DQG JURXQGZDWHU, WKH RQO\ SDUDPHWHUV WKDW PHULW DWWHQWLRQ DUH LURQ, ]LQF DQG

FRSSHU. WLWK WKH JUDGXDO VDWXUDWLRQ RI WKH WDLOLQJV IROORZLQJ WKH SURJUHVVLYH IORRGLQJ RI WKH SRQG, WKHVH PHWDOV LQ

VROXWLRQ PLJUDWHG IURP WKH R[LGL]HG WDLOLQJV OD\HU WR WKH XQGHUO\LQJ XQR[LGL]HG WDLOLQJV OD\HU DQG, LQ WKH FDVH RI LURQ
DQG ]LQF, HYHQ WR WKH SHDW OD\HU WKDW FRPSULVHV WKH ILUVW QDWXUDO VWUDWLJUDSKLF XQLW EHORZ WKH WDLOLQJV. NR RWKHU

VWUDWLJUDSKLF ]RQH ZDV DIIHFWHG DQG WKH SKHQRPHQRQ LV QRZ UHJUHVVLQJ. TKLV WHQGV WR LQGLFDWH WKDW R[LGDWLRQ ZDV

LQKLELWHG GXULQJ IORRGLQJ RI WKH WDLOLQJV.

TKH PRQLWRULQJ RI WKH PLFURELRORJLFDO SRSXODWLRQV DQG WKHLU R[LGL]LQJ DFWLYLW\ VXSSRUWV WKLV WUHQG. IQ IDFW, WKH

SRSXODWLRQV VKRZ OHVV YLDELOLW\, DQG WKHLU R[LGL]LQJ DFWLYLW\, ERWK RQ LURQ VXOIDWH DQG HOHPHQWDO VXOIXU, LV LQ ODWHQF\

IROORZLQJ D ULVH LQ ZDWHU SH WRZDUG QHXWUDO. IQ DGGLWLRQ, FKDQJHV LQ HQYLURQPHQWDO FRQGLWLRQV IDYRUHG WKH JURZWK

RI VXOIDWH-UHGXFLQJ EDFWHULD ZKRVH DFWLYLW\ LV RSSRVLWH WR WKRVH LQLWLDOO\ SUHVHQW LQ WKH R[LGL]HG WDLOLQJV. IQ IDFW,
WKH\ DOORZ IRU WKH UH-SUHFLSLWDWLRQ RI PHWDOV LQ WKH PRUH VWDEOH IRUP RI PHWDO VXOILGHV.
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All the results to date therefore show that flooding was effective in attenuating the generation of AMD at the

Solbec tailings site.
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