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EXECUTIVE SUMMARY 

T" aid with deci.ion.making on !he fInal decommissioning of the Moon! Nan",,, , ile. rhe 
Wat.r ReSOlll'«s Division of l...:Iian and Nonhem AlTai .. Canada (INAC). Whitehorse, 
approached CANMETIMMSL in September 2001 I<> de.ign" detailed tailing. eharacteri""'on 
program and oooouct ",Ievam field and loboouory te.ting to ~ the chemical stability of II,. 
impounded tailings. CANMETIMMSL , •• poDded willt a proposal iDCOrponuina the f<>llowi"ll 
majOT component< for inv ... igation: 

l. Review of historical monitoring data to identify trer.ds in the evohrtion of Lolling. 
waler cl>emi.try; 

2. Gwcl>emi.a.1 and mifl¢l'8.logical analyses to identify 0) remnanl metal val .... in 1~ 
tailings: b) parameters of concern and their modes of occurrmce: and, cj ",~i...., 
proponioos of various tailings 1yJ>eS. jf pro'~ differ<nt; 

J . Sho'He,mleach!CSt! to identify immediate ,dease. of contaminants upon diMurbing 
the (aililll!": 

4 Column tostina and .. I.",h'. Jeachillll to prediCl the long·\eml behavioor of the 
impoundod wlioS'; 

S. INCO SO;,IAir treatment of sel«led tai linga follo_d by batch I.aching to clarify the 
funclionality o f lhe lreatmml; and, 

6 . lnvesligalioo of the dTcel of IIlulliple freeze..thaw cycle. on the ph~ol and 
chemical properties of the impoondtd tailings. 

The occcpW>C<: of the proposal by INAe in Oc\ober COIJ\JJIcJ'oCed an inl.""iv. field 
sampling campaign in mid·Nov<:mbn. Ninel<;Cn boTrlIol •• ",ere drilled systematically""", .. the 
200m by 200m impoW><\mCflI to sample !ailings for subsequent laboratory teSlini. Based 00 
their obse ... d contraSts in mineralOSY. colour and lex~ during core logging. the tailings w .... 
divided inlo four ""tejon ... namely. oxide ,ill. oxide day, sulfide sill and sulfide clay. The 
drilling program .100 re""aled lICteler1lled thawing of permafrost in Ihc vicinity of !hi; tailinlOS 
oeepage relum located near the unlr. of the tailings dam. 

Geod .. mica1 analysc:, show that the tailil\i' ..,lid .. regardless of detailed type. comain 
anomalous contents of . ilver (Ai. up 10 SO IIWg). anenic (AI. up 10 0.6%). copper (ell. up 10 
0,(16%). lead (Pb. up 10 0.6%), ontimooy (St>, up to 0.1 %J and zinc (Zn. up 10 0.3%) ond they are 
all potentially ocid-gCflc,."ling 10 • "",,11 degree. 'The Ag coolent represents the only remnant 
""'tal "al .... in Iht lailings and the other lrace .lem~ pose poIeeliaJ environmental li!lbiliti.,. 
Depending on the tailil\i' Iype. Iht taitiniS jIOH:",'ater contains 00 ~V<:T:l&. 4_17 mg/L 'trorI8 
acid--di.ooe:i!lblc cyanide (SAD CN or Total eN) and loS mg/L weak. ac:id-dissociable cyanide 
(WAD CN). No.unmcolly thHe are about an orclcr of magnitude Io"'~r than !hi; same ossociated 
with the tailing • ..,lids (with the latter expres.sed in I-'3I'S). 'The I .. .-rage C<llICCntratiom of O.S-
2.3 mgIL Au"" 3.6-6.' mgIL Cu are olso observed in the poTCWIIler o f the fOUl types of tail;"". 
Generally, theTC is a Hood correlation beTween dissoh'ed eu and WAD CN in the porewate",. 

Mineralogical ana1y ... reveal that the taiUngs .... compriW predominantly of q\lllf\Z 
with minor to subordinate amount. of scricitelillite, aJ ltaJi feldspar. jaro,ite. kaolinite, 
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EXECUTIVE SUMMARY 

To aid wilh deci.ion.making on the fInal decommi<sioning of (he Moon! Nansen . ile. the 
11.'01 .. Resource. Divi.ion of Indian and Northern Affairs Canada (INAC). Whitehorse, 
approached CANMETIMMSL in September 2001 I<> de.ign a delailod "';Iing' characterization 
program and oooou<t ",Ievom field and lobofatory testing to =so th", ohemical ,tability of lhe: 
impounded tailing!. CANMEiIMMSL ,cspOT>dcd "illt a proposal iDCOrpOratio.: the followi"ll 
"",jOT componcn" for inv'Sligo!;"'" 

l. R.v; .... ' of hislOrical monitoring data to identify tnllds in the evohnion of ... ;Iing. 
wale, cltemi,lry; 

2. Gwohemica.l and mineralollical analyse>; to identify 0) remnant metal value. in the 
tailings: b) paran;eters of concern and their modes of occurrmcc: and. 0) ",loti •• 
proponion, of various tailings 1yJ>e>. jf pr,,,~ different; 

J. Sho.Henn leach lem to identify immediate ",]cMc. of contamiMnlS upon diMurbing 
the tailill8": 

4. Column (<'Slina and .. Iffij,'. Jeachilli! to prediC1 the Ioog·\mn behaviOUf of Ihc 
impoundod wlio,,; 

5. [NCO So,tAir treatmenl of .. 1«1ed tailing, fullo_d by batch I.aching 10 clarify the 
funclionality of lhe lrealrrc>l; and, 

6. lnvesligatioo of We eff..,t of multiple freeze.thaw cycle. on the physical IIIId 
chemical properties of We impoonded tailina" 

The" acceptanCe of the proposal by INAC in October ~ an inte""iv. field 
sampling campaigo in mid-NovembeT. Nine"",n botclJole. ",en: dri11& systemalically aero .. the 
200m by 200m impouodmtfll to sample tailio~ for subsequent llIboTlllOT)' testing. Based on 
their ot,s. ... d c.:onl1UlS in mineralOSY. colour and t.><lUre during c<>rc logging. the tailing. "-ere 
divided ioto fow cal"!!ori ... namely, o , ide silt, o~ide clay. sulfide Sill ar>d sulfide clay. The 
drilling program .1 ... .."..aled accden1«1 thawin& of permafJOst in the vicinity of the tailinas 
...,page re,um localed near the centr. of the tailing. dam, 

Geochemical lJ'IalY'" slmw that the tailings ..,lid .. regordJ.e .. of detail& type. comain 
anomalous c<m\etl1S of .iI""r (Ag. up 10 SO IIWi). anenie (All, up 10 0.6%). copper (Cu. up 10 
0.06%), lead (Pb. up 10 0.6%), ontimooy (Sb, up 10 0. 1%) and zinc (Zn. up 10 0.3%) and they are 
all potentially oeKl.g .... "'ling 10 • "".11 degree. The" Ag conlenl rql<t:sen" the only remnanl 
.... 1.1 value in the tailing' and the other I"",. e!emtfll$ pO$< poIential Cltvirortmental liabil ities, 
Dqlcndins 011 the tailing. Iype. lhe tai!iniS jlOr"<",.tcr «mtains 00 ~vetqe 4_11 mgIl. WO<lll 
acid-<li,,,,,,iab\c cyanide (SAD CN or TOIal CN) ODd l ·S mlVL weal< acid-diMociable cyanide 
(WAD CN). Numerically thHe are about an order of mqnitudc \o>.o.-er !han the same associated 
with the tailing. ""lids (wiw the Ialler expreo.sed in IIWS). l1Ic average C<lllCCntraliom of O_S· 
2.3 mgIL As and 3.6-6.$ mgIL Cu are olso observed in \he poT.waler o f the fOUl types of tailings. 
G<;nemlly. there isa good c"""lalioR bnWee;I dissoh'ed Cu and WAD CN in the porewaters, 

Mineralogical analY<el .... 'eal that the tailing. ore compriW predominantly of quanz 
with minor 10 subordinate amoum. o f oericitelillite, alkali feldspa:, jllIl>.ite. kaolini!e, 
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montmorillonite> &"",)tile. arid gyps~m. Pyrite is the most common sulfIde m;""",1 01>$<,,·.,. 
A,Stnop)";!. is typiully replaced by s<orodj ~. 

Eight columns have b«n set up to $imula~. in duplicale. the disp<)Sa1 of COIIIK. high_ and 
low-sulfide toilings und...- a <hallow wat<r Cover. a mixture of , ilty olurrie<l toilings .. ,,1...- a waler 
<over and mi~ed tailing' under flow through tond;1ions. While notes of cyanide degradation and 
trace element "'loose!! cannot yet ~ establi,hed due 10 the .hon duration of the ""peti"",nl, the 
<olwnn «sting demoll.OtraI ...... 1 Ihi<><yana!< (L"NS), MlmOnia (N!-4-N), A. and fI"'<!ibly Sb 
may be mobilized in tailing. pore""'" and the ", .. ter co,,,. a! concentrations of con«1I1. If (be 
tailings "'-ere I<> be ",I"""ted 1<> lh. o~n pit. moving the tailings in • relative ly dIy form ,",ould 
likely have a Ie .. significant impact on t~ resultant ""'.r CO"'" quality than mm.ferrinll the 
tailings as a ,Jun)'. 

Sequenlial balCh leach \eSlil\i with cla}'ey roiling. al"" indicates that A, ond Sb ~ the 
only trace . tement. suscq>!ible 10 significant leaching witl1 im~_ perturW.tion of tIu: ttrilingS. 
Althoullh t~ INCO So,/Ai. treauncnt i< dToc!i,,~ in destroyina eN auoc~ed with III~ l.ai~ngs 
solids. simultan«lll! ... leases of eleyated c""""n!rations of Total CN. CNS at!d NH.-N to the 
liquid plwc 1I.1\'e betn observed, The proceM also seerm to affect the leaching of A .. Cu. Sb 
and Zn 1<> various ~:aenu. 

Panial 5«!""ntial ~~m.ction analy ............ oor.ductcd On six l)'pical tailings from 
Mount Nan .... to in"",,stig.t. th. impaCt of a dunaina ttlvitonlt>tnt on tIu: behavio", of the trac. 
d~tn1> occurrinll in anomalous amo",," in the l.ailings, Th. results indicat. that As and Zn = 
su=plibie to ... mobilization onder mildly .cid ic or reducing condition" In w mparison. Cu. Pb 
and Sb arc less l'Qdi ly ... Ieased, Freeze-thow studies witl1 the same six samples indicate that 
multiple freeze thaw events do not significantly afTed the n>cIaI leaclIabilil)' of the test tailing., 
Ho-'-n. an irn:rc..., in ."tr.>ge ~ain size may ""c'" in some sample, resulting from tlte 
aggregation of clay particles in 1he f_:tinll process. 

Overall. tbe impounded tailings appear 10 represent .... Iativel y stobie sy .. em from a 
cbemical perspective. Only lIIe CNS and NH.·N will rcn'Iain panmeten of major concern in the 
medium term. Allllough laboratory testinll SU&llests potential A. and Zn ... 1 • ..., willi changing 
.nv;tonIt>tni.al conditio"" and lailings perturhation. """h has not)'<'. been ob$avc:d to occ'" in 
any significant .)(\eM in the tailings ;mpoundm.n~ Elevated concentratiom of dissolved A. 
have betn found only in tailingS flOR''''cateT (up 10 an ... el'3&e of 2.33 mgll. in the cI~y~ oxiik 
ttrilings). which hi! not .""aped the impoundment. It is recommended tlu.t detailed information 
O<l minm>! distrib..tion, hydmloaY and hYdroi«llogy be colle<:ted from the Brown.McDade open 
pit. Thi< would provide ... l ... 'ant data to critically compare. ~f . .. bly by .... iOK a Ii", ISSessmenl 
approach. the benefits of ... taining til< tailings in the ex.i<tina impoundment ........ us ... I<>ClItion to 
the open pit. Meanwhile, a $CalM model of the impoundment can be consuucte(\ to 11udy water· 
tailings interaclion under simulated field .onditions, Funhet ..... =:h O<l the treatment ofCNS 
and N\-4.N are also desirable , 
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montmorillonit •. goelltit., and iI~ips~m. Pyrite i. the most common sulf,de m;""raJ ol>$er\·td 
Arsenop)'ri" is typiully rq>laced by scorodilC. 

Eight columns ha.'. b«n stt up to ,imulalC. in duplicate. tIu: disp0S3i of <(larK. high- and 
low-sulfide \ailings under a shallow water Cover. a mixtt= of ,illy , Iurried ,oiling< ""d ... a "''''e, 
«w ... and mi.ed tailings under flow through conditions. While rales of cyanide degradation and 
tnlCe clement rd."""" cannot yn ~ cstabli. hed d ... 10 th. "",<tit du~;on of the experlment. the 
column ,.,ting dcmonJtrll!"' ,ha, otU""yanat. (eNS). ommonia (NH.-N), A. and p:><';bly Sb 
may be mobilized in lailil1g.' JlOfC"'<IIer ond the "''''.r e'''"ef II cOflCelluaiions of COO«1II. If tbe 
tailings "'"ere 10 be relocated 1<> lb" <>pOn pit. moving the tailings in • relatively dly fonn would 
likely have a Ie .. significant impact on l~ resul\ll1lt wal.r CO,'cr qUlll;ty than tran.f.rrin8 the 
tailings aJ a ,lulT)'_ 

Sequential balCh leach \eSliIti ",;111 cia)'.,. \ailinS' al"" indicates that A, and Sb ~ .h. 
only trac •• t.menl, 5US<eptibi. 10 significant leaching with 'nl.nse pertwblltion <>f tltc tllilingS. 
Allh<>uQ.h lhe INCO SO,IAi. ,~atm<nt i< ofT.."i". in duuuyinj CN asooc;"led with the tailings 
solids. simultaneous releues of elevaled concentrations of Total CN. CNS and NH..N to lbe 
liquid plw<: have been observed. "The procus also..ems 10 a/TCCllbe I.aching of As. Cu. Sb 
and Zn to various eKlents. 

Panial 5Cl!uenlial . ' traclion analyse> w .... c<mductcd On six I)'pica! Laili!l/i;1 from 
Mounl Nan""n 10 in"""ig". lb. impaCt of l dunaina tIlvitollJntnt on tltc behavioLU of the trace 
elemem. occurrina in anomalous amo",," in the tllilings. Th. results indical. thaI A. and Zn ..... 
,u=P'ible to remobilization under mildly ""i die or ... ducing condition .. In comparison. en. Pb 
""" Sb are Ie .. rudi ly ret.ased. Freeze·,how .. udies with the same .ix sampl .. i<>diale thaI 
multiple frce~ thaw evcnts d<> 001 .ignificontly affect the mdalleachobiJity of the Ie" wlioSS. 
Howe"er . an increase in a"nag< arlin ,iv; may occ"' in some sample, resulti"ll from the 
aggregotion of day partid • • in th. r ..... :tina proc .... 

Overall, the impounded LlilinSS appear 10 repr=m . ... Iativoly .... bl •• yru:m from a 
cbemical pcrs"""tiv •. Only the CNS and NH,·N win mnain panmete .. of major concern in the 
medium tmn. Although laboraIOI)IlCStina SU&ie:ru potential AJ and Zn ... lease with ch3IIginK 
environmental condili""" and lailinSS pcrturhAtion. """h bas 001)'<'1 ~ oboaved to """w- in 
any significant extent in lhe tailings ;mpoundmenl EI ...... ..! <;OIIC<1ltrati""" of dissolved A. 
h,,·. been found only in tailing.! """'''''"Itt (up to on a\'"""e of 2.33 '"ilL in the cI~yey oxi<:le 
tailingS). ",'hieh hal not e..,aped the impoundment. It i. """"""",nded thaI d"";l..! infonnllion 
on mineral distribution, hydmloar and hydrogeology be coUCCled from the Brown.McDade opcn 
pit. This would provide relevanl dal. 10 critically compare. pref.",bly by .... io& • fin ISSessmenl 
approach. the benefits of retaining the tailings in the ex.i<tina impoundment ........ us ,..,I<>ClItion 10 
me opcn pit. Mean .... hile. a scaled model of the impoundmenl can be constnICIed 10 sludy waler· 
tailing. interaction under .imul.oted field conditions. Further .... "",h on the treatmenl of CNS 
and NH.·N ..... also desirable . 
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DISCLAIMER 

CA., ... MF.1" mK., no '.prnoo!ltation Dr WMnnIy ~ng th. ~IS ";';"11 /ivm thr 
Wort. C'ilber expras.ly or implied by law or otherv.iK, .... rudin' buI not limited 10 implied 
,,_ies or condj.ion. or rnen:lw>lability or fitness for. particular purpose. 

'''''" •• "" .... ,''', .. ,.,', ...... '"'R'o.'''--------------------------------------. 
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INTRODUCTION 

n.e Moun! Nansen Min., hosting gold mineraliza!;on, "' ... optra!ed by BYG Natural 
Resource< In.:. betw"." No,-emb<, 1997""" February 1999. Tbc operalOr wenl bankrupt and 
abandoned ,he mine sit. in July 1m. leaving , ignificonl environrnenlalliabihties. Of partkular 
concern i. the cbemic. 1 and physic.1 .lability of approximaldy 2.$(1,000 ''''III", of impound<d. 
.yanid .... and ..... nic·bearing tailinp. Since mine abandonment, the Waler R.soun:cs Division 
nf Indion and NOrthern Mfai .. Canada ([NAC). Whilehor:5e. has maintained operation of the 
.muenl treatment sY'tom aI tbe ,ite to =lure the potential for ..,ri.".. envimnmen\al impacts 
",sulling from tailings impoundment fail"", Or WlCo"trolled dj:IC!wgc: from the emergency 
.pill"'ay. 

T" facilitate <kci,;on.making willi ""ard 10 long-term maintenance or de<ommi .. ioninll 
nfthe $ite, INAC ~ui"'. the [01l0"'n2 information-

1. Metal. ODd other contaminants occurring in \he tailings and tbei, rnpons. 10 long
term water conta<t ""d <w<ated wetting-<bying eyel .. ; 

2. lon2-term prognosi. for treatability " fthiocyanate ,.".rated by tht modified INCO 
so,tAir wal<'r treatment syst.m; 

3. CIUse of accel.rated .yanide rei .... from panially or complet.ly drained tailings 
after a rainstorm .v.rn; 

4. I'ropon;"n o f sulfide vorws oxide tailings in the impoundment and itt impaCt on the 
long_h:flJllI.a/.!lbility of pOTe,.,.,I1.r which migrateS to the co llection pond; &>d. 

5. Implications of moving the tailings and deJlMiting them ;n the B","n·McDade Open 
Pit and the pref.rred m.ans of uarupon. 

To address the above i"lICs. INAC "IlPf'JOChed CANMETIMMSl in ~w 2001 to 
design a detailed tailings cbalilcteriwion program and conduct .... l.vant fLold and laboratory 
testing to acqoi .... 1h< nece$53Ty data. A draft ..-arth propo$al """ submitted to INAC in mid
~be,- AIkr. prelimiTl3J)' vi.it to the Mount Nansen ';te follo,,~ by & meeting "'th lNAC 
officia l< in early OclOber. I fOflJlol JXOI>OSI.l "' ... prepared and approved by INAC in mid· 
Octobet 2001. This started an intensive field and labom\Ory investigation program. on the 
chemical stability of tailings impounded !II the Mount Nansen \lliling. pond. 1h< results of which 
are detailed in this report. 

Scope of W ork 

All field and labora«>ry investigations "'ere designed for complcUon by the et>d of 
Marth 2002. Because o f Ihe ,hort time frame .Ilo",~ for the .. searth project. il is onderstood 
that not all of th. questions raised by lNAC may be fully answered at the et>d of the Study_ 
Howe>'cr .• compreben,;ve banery of test wort< has been incorporated to ",nder . o mcient data to 
reveal key i" .... relaled to the short· and 10ng-teflJl chemical stability of thc impounded tailing. 
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INTRODUCTIOl'i 

P .... jrcl Bu kuouDd 

The Moun! Nansen Mine, hosting gold mineralizat;on, WM optrru<d by BYG Natural 
~. hx:. btl"' ... " No'-emb<. 1'197""" February 1999. n.. operalOr ..... enl bankrupl and 
ahandOlled the min< S;I. in July 1m. leaving . ignificanl eTIvironrnenlalliabm,ies. Of partkular 
concern i. the cbemical and phy.kal .to!>; I;,)' o f approxirnotdy 2S{1.000 tonn", of impound<d. 
cyanide- and ..... nic·!>earing tailings. Since mine abandonment, the Waler Re$l.lun:e, Divisi()1l 
of Indi"" and NOrtllem Aff.'" Can.oda ([NAC). WJtjl'honc. has maintained operation o f the 
.muenl tr-.alIn<ot or'tom at the , ite '" =lure tho poI",,'ial for .. rious environm""\al impact' 
resulling from lailings impoundment failW'C: Or """ontrOlied dillChargc: from tbe emergency 
.pillway, 

T" f""il i la~ ~i.;on·mal:inl\ ",ilb "'gord to Iong.term mai ntenan« or de<ommissioning 
of the , il., iNAC I'fil uire, the [0110",';02 information: 

1. Metal . and ,,'her cootaminants <,«wring in tbe tailings ond their respon •• 1<> long
term walof COQtact ""d rq>n1ed welting-<lrying crd .. ; 

2. lon2·tem\ prognosis for trtaUtbility oflhiQ<yanate gentrated by the modified INCO 
so,!Ai, wal<'r tr.atment .y.t.m; 

3. Couse or accel.rated cyanide "'I .... from parti"Uy 0' complet.ly drained tail ings 
afle, a rainslOrm .v.m; 

4. Proportion of sulfide vorws oxide tailings in the impoundment and i" impaC' on the 
lon~-"'rm treat.obi lity of PO"'''"ato, which migrn.~ tQ the: COU...,lio!t pond; aM. 

5. Implicalions of moving the !ailings and tkJlMiting Ihtm in the Brown·McDade Open 
Pi! and the prt"f. rred m • .". of Iran.pon. 

To addrns the above i ...... . INAC approached CANMETIMMSL in s"ptemw 2001 t() 

~ign a detailed llliling. ,,""""'Im .. ,i ... program ond conduct ",1.vlll1' f,oId and labora,ory 
~ing 10 _ui", the nec<$$3ry data. A dntft r=an:h prnpo:sal,..,... ,ubmiued to lNAC in mid
Squmber. After" p",liminary vi$i! 10 the MoUll! 1'1= ,ile follo"N by. rnffiing willi lNAC 
officiat. in early Octobef •• formal proposaJ ..... prepared and approved by INAC in mid· 
Oc!obet 2001. Thi. starIed 1111 im.noi"" liold and laboralOT)" inH 5!igation program on 1M 
chemical stability of tail ings imj)Ollllded at the Mount Nansen tailinas pond. the resuhs of which 
are delailt<i in this report. 

S<o.,. ofWork 

All field and labonllory invesligations ""efe deslgr>e<l rOT compl~OD by the end of 
Marth 2002. 8«:ause of the ,hon Ii"", frail>< .lIo",N for the tesean:h projecl. il i. undenlOOd 
that not al l of the q\le!;tion. ,,"sed by INAC may be fully answered 01 the end of the 5!udy. 
Howe'·or •• contprt"bensive banery of tesl wort< has been incorporated to ",nde, . umoi."t data to 
reveal key iss""" ",]ated to tile shon· and long-term chemical stability of the impounded tailings 
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Juno 2002 

.1Id 10 .,'.Juale the ad,-anl"llC$ and pi.falls of all~li,'c <kcommi»ion;ng Slr;Ueg~, fOf the ,i'e. 
Major compo"",,., of lite in'-e<tigation ;"" jude: the foU"""ng: 

I. Rev;ew "fhistorical monitoring data for trend idomifiation; 
2. lkL1i lM tailing. characterization 10 idcmify: 

0) ifth • .., art remnant metal .8h .. , in II,. tailings; 
b) parameters of CoDCem and lbei' modes of occurn:nce ",he", appropriate; and. 
c) relative proponion. of "arious tailings I)'pes i f pro,-ed different: 

3. Shan'le"" \each test. to identify immed iate ",lease, of contaminant. if any. upon 
diSlurbing the lIIilifliS; 

4. Column 1."ing and ~I"",ivc I....,bing '" predict the IlHIg.,erm hehaviout of the 
impounded tailings: 

5. INCO SOll'A ir Itealmen, of Kle<ted tailing. follo~ by batch leaching 10 darify lhe 
flmctionality of lb. treatment; and 

6. CUffilry inve'lli&alion of the eff",,! of mulliple.f=>:t.thaw cyde, on the physical and 
chemical properties of II,. impounded tailing .. 

Ropo!1 S'nluun: 

lbi. report contain. {en sect;" .... Section 1 briefly deseribes the project b&ckgoWld. the 
!CO!'" of wort and the o!'ianization of the subject report. SectiO<l 2 outli_ the _ ing and 
gO""/"II.1 geolollY of tlv; study , i\e. Section 3 ""'$ailS the physical dwacteri.cics of the toiling. 
impowtdmcnt as revealed in the drilling program conductod 10 sample Ulilintls fo, labo......,.,. 
'oSling. HislOric 5ile monitoring data based on coml""'Y and government m:oms are al$O 
summarized. SectiO<l 4 doals ",ilb tailing' chemistry and mi""ra!ogy. Vario..s dat-o including 
solids and "'"310' anal)" .... rendered by i""uctively coupled plasma otomic "",i'-$ion $p<'Cwmtlty 
(ICPAES) and mass speclJOmet:}" (lCPMS). acid·\.>a$<:«rounting (ABA) dUJ"Ilcter:istics and 
result. of mineralog ical analy.i, by pttrog,apily. X_ray diffraction (XRD) and scanning electron 
microscop}" (SEM) ,upplemented ",ilb tne!"&y-disptrsive X-ray (EDX) analysis are described. 
The analyses of iJ"aI> samples from lhe Brown·McDade open pit. which i. a candidate for long_ 
ttml disposal of the tailing •. are also inc luded in this section. 

Section< 5 through 7 document the ",."lL, of various ItsIS completed with the collected 
uilinK" n..s. include oolwnn \eSllni of the co~, tails (Section 5) ...... uenti.1 hal<h testing of 
the fi". tails. wbich 01.., incorporates INCO SO,JAir Ileatlllent in ooe of the t<S1S (Section 6). 
and other lCSI wort .... illl various leach medi . as "ell .. lite in,·estig_tion of freel.t_thaw effec" 
(Section 7). The Itst ",suits, .speci.lIy with regard to th.i, implications on 1M long'ltml 
chr;mical $lability of the impoundeJ tailing' and appropria\e deeommissioni ng strategies. are 
disc",<ed in Section 8. Section 9 summarizes cond u. io'" drawn in the study and =nded 
fu:the, wo,k i, out!ir.ed in Section II) 
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_____________ Juroe 2002 

.1Id 10 •• '.lua'e the ad,'anlage' lind pi,fall$ of AII~li,'c d<commi"i",,;ng slr.Uogie. (Of the ,;te. 
M.;or compo ... n .. of the ;n,'est;s.t;"" ;""hld. the foU""'ng' 

1. Rev;.w ofhiSlorical monil<>ring data for trend idcmification: 
2. I)ctoilM tailing, oharacterization 10 idcmil'y: 

oj ifther. are rcmnant metal ,.h .. , in me toiling<; 
b) parameters of cancern and Ill.;, modes of OCCUf'l't1'lCC ",he", appropriate: and. 
c) relative proponion. of \'aJ1OUS tailing' I)'pes i f pro,'ed different; 

3. Sho<Herm leach leSt, 10 ;<!entify immediate rei . .... ' of contaminant. if any. upon 
di5lurbing the mililli'; 

4. Cnlumn , .. ting and .el..,,;vc I"",,rung to predict the long.,etnl hehaviopr of the 
impounded ,ailing<: 

5. INCO S(hIAir \tealmem of KI..,ted t.oiling. ("nowed by t.\l<h leaching 10 daIify the 
flmctionality of the treatment; and 

6. CutllOry inve!li&'lion of the elf",,! of muhipje.f=~t.thaw cydt' on the phYlical lind 
chemical propcnies of II,. impounded tai lings. 

Rcpo!1 St",<lU~ 

Th;. report .""lains ten sections. Section 1 briefly deseribes the project backgowld. ,ho 
"""I'" of wort and the organiwion of the . ubject report. Sec,i"" 2 outline! the $filing and 
g .... ral geology of ,Iv; study , il<. Settion 3 !,«,""nlS!he physical characteristic. of !he toiling' 
impowtdmenl ... ",veiled in the drilli03 progtam conduct.d to sample Ulilintls fo, labo"""", 
l .. t;03. Historic ,ire morulonnll data based 00 company and govemm ... ' record, are 31", 

swnmarized. Settioo 4 d.a1s with taili"i" chemistry and mineralogy. Vinal'S dat.o iDCluding 
",lids and ", .. ,., analy ... rendered by illductively coupled plasma .tomie .,.,iS$i"" :JP"C1rOmttry 
(ICPAES) and mass spe<:tromelfy (ICPMS). acid-ba$e-accounting (ABA) characteristics and 
'Coulll of minerological ...wysi, by petrography, X-ray diffr..,tion (XRD) and scanning electron 
micr<>SC<)py (SEM) .upplcmrnte<l "'ith o:ne!'&y-di'persivc X_ray (EDX) .... Iy';' are de",,;ooL 
The analy ... of sral> samples from !he Brown-McDade open pit. which is a candidate for long_ 
t..." di'po5IlI of the "'iling .. arc also induded in ,hi, """ion-

S«tious 5 through 7 documenl !he ..... UILS of various 1<S1S completed witll the colloc' od 
llili03l. Tb<$e indLlde wlwnn teslilti of the CO"""" tails (Section 5). sequenli.l bal<h ... ting of 
the fi"" llils. ""hicb """ incorpo""e, INCa SO,JAir treatmenl in "". of lb. 1t'S1S (Stct;"n 6). 
and olhc-r lCSI wort .... ith variou, leach medi .... "'ell as Ibe in"estiga,ion of liuzc_thaw effec,. 
(Secli"" 7). The test ",suits, copeci.lIy witll 'GIard 10 thei, implicali01t.'! on ,'''' long-' ''''' 
c""mica! <Labilily of the impounded LaiJio8' and oppropri:ne de<X>mm;S$ioning ,tratogic .. arc 
discus5ed in Section 8. Setlion 9 summon",. conelusio", drawn in the ,(udy and recommended 
fu:the, wo,k i, oullir.cd in Section 10 
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S ITE SLrTl NG AND GF.NERAL GEOLOGY 

Sit. L<:>c.tion and Genn,,] Soiling 

Th. abandon~ Moon! Nanserl Mine previously op<r.!ed by IIYG Natural Resource. Inc. 
i. located about 60 km "'.>1 ofCumacks IUld ISO km oonh ofWllitohorst (FiguTt 1. ln~)_ The 
mine site liO$ in the Da~" Range consisting of rounded ridges and shallow valleys ",ilh 
elevations ranging from 945 to IS2S Ill. Dnti""se from the property flow. through 
Na .... n Creek to the west and Victoria C<ttl to the cast (F ill"'" 1) to the Nisling River. "mch in 
!urn <iToin, into lhe Yukon River .ystem. Dome Cred:. a IriblllatY of Victoria Creck, is directly 
impacted by the Moont N3fl$en mine site. especially by historical underground mi ... "",TkingS. 
the mill f""i li ty and the tailings impound_nl 

The av .. ~ monlhly temperature in \he Mount Naruen area rail'" from a hiib of abo'" 
IS"C in July to • low of abolll · 1 SoC in January, 'The average annual precipiwion, which oo:un 
moody"" nUn in the surruru:r monlhs, i •• bout 25 em. Tho winter snow pack is l)'pically)O to 
40 em. Discolllinoous pennafrost rangin3 from 30 to 60 m thick occurs .1 a depth varying from 
0.4 to 5 m depending ",,!he nature of ground cover. The ac1iv<: lay.,. i. up lO 1.5 m lhick. 

The mine ,ire lie, within !be Dawson Range Eco,ystem. Open stand. of black spruce and 
while spruce """Ill" in valley botto"" and b.nchlando ncar Dome Creek. While upper . 1<tpeS are 
generally devoid of trees. lower slopes host stunled blKk spruce and lrembling aspen From 
H.lley bonom. 10 obo'"e the treeline. birch and " illow .mubs fonn an e><!erui,'e co,'cr while 
Labrador tea i. the <lorni"""t unde"""'ey and mosses and lieheM cOMtitute the common ground 
vegetation. Nalunti "".Ihering of geologic material, incl\ldi"ll bedrock and surface sedimen15 
generales unstable "W'" ' lopes and secondary surficial sedimen15 along !be ,'alley bottoms. 
Whe.., surface and subsurface wealhering i. intense. bedrock can bo>come friable and \lIlSlable 

Gem .... 1 GtololY 

The Mount Nanscn area lie. wilhin the Yukon·TaMna TerraDe. the regional geology of 
which has re«ntly been described in detail by Carlson (1987). Han and Langdon (1997) as ""ell 
as AndelKll and StroShein (1997) funher discu"ed the local geology and mineral deposito of the 
Mount Namen camp. A bri~ acoount of the property geology i, furnished below. providing the 
badground information against which lakT mincmlogical MalystS can be compared and 
discussed , 

The MOWll Nansen property i. located in the easlem pan of the Yukon Crystalline 
Terr.me botween the Coo.st Plll1O<Iic Complex to the "",thWO'S! and lhe Yukon Cataclaslic Terane 
to the northeast. The oldest """k, oocurring in the"""" are PaI.wi.: (early Mi"is,ippianj meta· 
sedim .... wy ..,hi.IS and gr.eisse •• which ,,~ intruded by early Cret.aceous pluton, ranging from 
diorite. monzonite 10 ,yenite in compo.o;ition. These rel,ic plutonic rocks w<:re in lurn intruded 
by and host young ... mid·Cretaceou, molic to ;ntetmedi.le VOicMic rocks of the Mount Nansen 
Volcanic Suite. 
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S ITE SElTIl"G AND GENERAl.. GEOLOGY 

Site Loclt;on and G.n ...... Sellin g 

~ abandon~ Moun, Nansm Mine previously "I"'ro!C<i by RYe Nlllu",1 Re30Urc •• Inc. 
i. locat<d about 60 km "'oS! of Corm ad. and IW Un IIOnh ofWhitehorst (FiguTt I.I~)_ The 
mine <it<: Ii .. in tho Daw>o" Range consisting of rounded ridges and shallow Vlllky, ",ilb 
elevation. ranging from 945 to IS2Sm. om""Se from the property flows through 
No .... " Creek to the west and Victoria Cr.d, to tbe ust (F igIII'< 1) to the Ni.ling River. " .. hich in 
tum <iToin, into 1be Yukon River .ySlem. Dome Creet. a lributary of Victoria Creek , is directly 
impacted by tho Mount Nans<:n mine . i'e, """",i . lly by historical underground m;"" "",TlingS. 
the mill (""ilily and the tailing. impound_nl 

The a"<"'Ile monlhly temperature in \he Mount Naruen area rani" /'l1)m a hiel1 of about 
I S"C in July to • low of .bolll · 1 SoC in January. The .'-crage annual precipiwion, wruoh ~un 
mosllyas ..m in the summer mont4 is about 25 em. The winter SIlOW pack ;, l)'pically)O to 
40 om. Discolllinoous permafrost ranging from 30 10 60 III Ihlck occurs at a depth varying from 
0.4105 m depo:,.;il\il on 1M l\a1U/'C ofground cover, TIle "",iv. lay ... is up 10 1.5 m lItick. 

TIle mine ,ile lies within !be Dawson Range Eco,y"em. Open stand. ofbl""k spruc. and 
whil' spruce OCCur in valley 00tt0"" and henchlands near Dom. Ccuk, While upper . 1<tpeS .re 
generally devoid of trees, lower slopes hoM stunled bta.:k "I"""" and lrembling aspen. From 
"Illey botto"" \0 .b'''"e the treeline. birch and " illow shrubs form an e"'ensi.'. co.'er while 
Labrador lea is the dominanl un<lers1O<ey and mosses and lithe ... con.titute \be commoo ground 
wgewion, Naluntl we",herin~ of geologic material. inciudillll bedrock and surf""e sediment' 
genel3le. unstable uppeI ' hJpes :.nd ~nda:y surficial sediments along !be .'alley oono"". 
Where . urf...,e and , ub$llfface wealhering i. inlen$e. bedrod can bo>come Friable ... d unstable 

Ge .. "",1 GoololD' 

TIle ),JOWlt N""",n "",a Hes within \be Yukon·Tanana TerraDe, 1M regional geology of 
which has re«nlly been <Ie,,';bc<! in detail by Carlson ( 1987). Han and Langdon (1997) as well 
as Andenen and Stn>shein (1997) funlKr discwsed the loxal geology and min .... 1 deposia of \be 
Mounl Nonsen camp. A brief """""'nI of lhe propert}' geology i. furnished helow. pn>vid;ng the 
background infonnation against which laler mineralogic.1 .ualysn can be compared and 
di"usscd, 

The MOWIt Nansen property i, lox.ted in the eastem pan of the Yukon CI)'$IlIlline 
Te"""e botween the COIlS! Ploto<I'c Complex to the "",thW<Sl and 1M Yukon Catac lastic Teran< 
10 the northeast. TIle oldom <ock. oc<:umng in the om."" PaI.wi< ( . ... Iy Mississippian) mela· 
.. dimenwy "hi.IS and gr.eis .. " which ,,~ intruded by early C~"" plulOn. ranging from 
diorite. monzonite 10 ,yenite in composition. These fe!sk plutonic ro<:ks were in lum intruded. 
by and host youngeT mid·Creli>Coo"" "",fie 10 intermediate voleMic ro<:lts of me Motlttl Nanse-n 
Volcanic Suite. 
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FilP'n I. LocaliOlt map of Ih~ MOlml NaIlS"" property. (Scal~: each grid - I km) 
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Prior 10 abandoning the minc .itc, BVG Natural Resoorces Inc. had identifiod nine 
epithermal deposits al the Mounl Nansen property (Figure 1). The three most westerly 
mineralized zooes (i.e., Webber, Huesti, and Flex) arc bostod by older Paleozoic roc" 
dcminalCd by strongly rolialed, inter_layemd quar!Z.r.ldsp.,....,hlorite gneiss, qowtzit •. minor 
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Prior 10 abandoning the mine . ile, BVG NaruraJ R .... u"' ... Inc. had id""tifiod nine 
epithermal depaoLI. at the Mounl N= property (Figure 1). The thn:c most weslcrly 
mineralized zoo<s (i.e., Webber, Huestil aro:I Flex) an: basted by older Paleozoic rocks 
dominalcd by 5trongly roli.ted, int.r.~~red qu&/tZ.feldspar-chlorite gnoi.s, qlWtZite, minor 
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F'rojod:602J.<5·_ Nan.,~~,_,·,· ~.",_~~ ______________ c-~~,~= 
ampruboli!e and .ugen gne;$S. Further ilQulhe.1$t. "'" main mineralized zone named the 810"" · 
McDade deposit is hosted by I""ally foliatrd, mid-Crtu.ceoll$ g;aoo:Iiorite. quaIU dio,;,e and 
quart2 monzonite . Occurrinll in !be !\(Inb.rn ponion of th!: property i, a 101]1;< quam· feldspar 
potphyry intrusive complex (the Mount Nan .. " porphyry c"",plexj .... i!h tlankinll andesiti. flow 
and tuff units. Within thi. jnINS;'-. complex, ZOfIC. of small and silicifIed breeda pipes OCCUf, 
locally ",iv. associated gold valu<>_ r",!,ylitic altera.i"". cbaracteri»«i by "'" replacement of 
hornblende by epidote, calcile. pyrite and magnetite, is widespread peripheral to !he 
MouD! Nansen porphyry complex and has affected most rock! in tbe property. 

StlU(lurally, fault ing is ,t.. main r •• ture occurring in the )..101m' Name" propeny. Two 
faLll! set> arc pl'Q/tli""nt One sc, trench oorth_oonhweS! with dips varyini from SO to 70 clegrees 
to the southwcO!. Thl. faul! set i. paral lel to the main vein direction at the Brown-McDO<k 
deJll>Sit and locally mir>erali~. The Ollter set \relld, southeast with su\>vertical dips aIld locally 
ClIIS """'" Olf the mineralized Wile>, Tho .. faullS fOl'l'll part of the larger ~iOlnai 9trutturt 
known .. the Mt, N.,...". Trend (Ibrt ond langdOln, 1997). 

The property has DOt been affected Iry «<em gl""ial achviti"" CoueqU<'IIUy, weathering 
can reach depllu in u~sa Olf 70 m from the $Wf""". Oenendly, the depth. Olf OlxidatiOln as 
ovidcll<:e<l by aJt~ra\ion ohulfidO$tOl limonite i. variable throuiMuttM prope1ty. 

A. reviewed by Sttathcona Mine",l Servi= Ltd (2000). tW1l forms Olf mineralization 
occur in the Mount Nan .. n property . The mOlre common fOl'l'll occw's as structurally controlled 
planar vein. consisting Olf qu.utl:, carbonate and varying amounts Olf .ulfIdcJ, The vein sy,\(rn, 
can QC<:ur "" .irnple yeins like tho<e obse,,,,d II the Huesli. and Webbe, l<>l\O$ or .. a complex 
anastOlmosin& series Olf ,'eins and veinlets prominent at the BrowII_McDade deposit. Ben .. g<>ld 
"<>lues are generally ",meted 10 slcq>ly plunging $l\oQts .... ith • stronger ~rticaJ rath .. than 
h<>rizontal CO!1tinuity The 1m common form of rni.......Jiwion """UfO as ,ili~U$ pip¢_lil:. 
W\OCturts., v.-hich may he .ulfide·riclt .. Dbsoe,,"ed attM north eDd of the Brown_MoDade open 
pit Ol' ""I/ide-poor as _ed at the PPBX .bowing. 

Sulfide mineTals occurring ill mineralization zonO$ II the MOlunt N ..... " property indude 
pyrite, arsenopyrite and le$$ef amounts Olf galena. sphalerite. chalcopyrite, stibnite and variOlUS 
. ulfOlw". Gold occurs ... min",e inclusions (S to 40 j.UTI acrosa) in early pyrite and arsenopyrite . 
.. peripheral infiltrations in oeveJal sulfide mineral, and .. "free gold'" interyown with gale .... , 
freibergite ."d ot~ .. sulfOl&allS. Sil, .. occurs mostly .. inclusiOl" in gal.".. and .plullerite mil 
freibergite and mi3Ii)'rite h ... e been i<!enlified from the property, Silver/gold l3Iios '"afY from 
111 in lhe planar vein mineralization to 3/1 in the Ixooci. pipe mineralizalion. The ,ilve.- oontenl 
appears to '"al)' di,ec(ly with the ~ meW oon(0111 Olf the ore material (Strathcona MiDeral 
Services Ltd .. 2000), 

In the MOunl N ...... o camp. Hart and Langdon (1 997) recognized two types of epithermal 
vein. The~ are (I) an e • • ly, cherty quartz-oulfide vein with fine·grained pyri(e and 
8!$eJ1Opyrite; and. (2) a laler coarse·grained quartz·sulfide ""in with pyrile. galena and sphaleril. 
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Projtc(602J.05·r.IourII Nao1 .... ~'"_~. ·" ••• ,'"t~~L ______________ ~~'~' 

amphibolite and augen gnei$S. Further southeast. thc main mineralized zone named the 810"''''· 
McDade deposit js hosted by I""ally folialrd. mid-Crtlal:eOllS ~ril •. q .... rtz diorite and 
qllillt2 """"""i1c , Occurrini in !be northern jl(Inion of thr: property i, a l..-ge quartz-fcldsp>r 
porphyry intlU'livc complex ithe Moonl Nan .. " porphyry clHt\plex) .... jlb tlankini and .. itic How 
01><1 tuff units, Within thi. in1NS;". complc~, 1:011<. of ""all and ,ilicif",d breeda pipes """ .... 
IQClllly ",iv. associated gold ,-alues. Propyliti. alteration, char .. ~rivc:d by the replacement of 
hornblende by epidote, calcite, pyrite and magnetite. is .... id .. pread peripheral to !he 
Mount Nansen porphyry complex and has affected moSl rock! in the property. 

Structurally, foulting is III< maio realure occurring in lb. Mounl Namen propeny. T .... " 
fau.1! sets arc pmmincnL One set trench OOrtlHIOfthwe5! "lib dip. varyini from SO to 70 clegrces 
to the southwest Ths faul! .. , i. parallel to the main vein direction al II ... Brown-MoDodo' 
deposit and locaUy minen'hzed. The mher ... ueDd, southeast with ... !>vertical dips IUld ,«oily 
cuts some of the mineralized zones, Tltese faull. form par! of the large< ",gionai structure 
known .. the Mt_ N"""", Tr.nd (Ibn and I..ar>gdon, 1997). 

The: property has DOl been affe<ted b}' =.m glocial achviti..,. O>uequtntly. wtOlh<:ring 
CM reaeb deplho in ex"" .. of 70 m from the rurf""". (;en<ndly, the depth of ox;dation as 
evidenced by .lteration of ",I/ideo to limonite i. variable througllout !be property. 

Mod •• ofMino ... lizat iG .. 

A. ""'i • .......:1 by Strathcona Mine",l S.mc ... Ltd. (2000), two fo""" of mineralization 
ooc"" in the Mount Nan .. n property _ n.e mOre common form occurs .. structwal!y controlled 
planar vein. COllSi$ling of q~ carbonate and varying amounts of .ul flde. , n.e vein symm, 
can occur as .imp!< v<illS like thMe ob5e"'ed at the J[t>eS(i> and Webber vme. or Q a cnmplex 
anastomo,i"i series of veins and veinlets promille"t at the BrowII_McDade dtposit. Better gold 
values .... generally ",.meted 10 ''''''ply plunging $hoots with. SIronge< ~nical rather than 
horizontal COIltinuity l1>e le"l common form of minera1ization occurs as .;Ii"""us p;peAil:e 
''''"'~ .. which may be sulfide_rich .. OMe"-"d at the north etld of the Brown_McDade open 
pit Or ,ul/ide-poor as _ed at the PPBX .bowing. 

Sulfide mir>eTals ,",cuning iII min.,,-,.lization lOll ... at the Mount Nan .. n property include 
pyrite, arsenopyrite and 1_ amounts of galena. sphalerite, chalcopyrite, stibnite and various 
>ul(osal,,_ Gold occurs as minute incl u,ions (S to 40 I-'m aero .. ) in early pyrite and arsenopyrite. 
Q peripheral infiltrations in several sulfide millerah and Q"free gol"" intersrown with gale ..... 
rreibergite and other rulfo!-al,,_ Silver occurs mostly Q inclu,;ons in gal ..... and .pbaJerite but 
freibergit< and mi"'i)-'rite have beerI identified from the propeny. Silver/gold ratios ,-at}" from 
711 in the planar ~in milleralizatioo to 311 in tho bo-oocia pipe mi""",li"'tion. The .i (vc::r t:(Intenl 
appears to vary dire<tly with the ~ m<llll t:(InteJtt of the ore material (Strathcona Milleral 
Services Ltd .. 2000). 

In the Mount N ...... n camp. Han and Langdon (1 997) I\'<ogoizcd tWO types ofepithcrmal 
vein. The.e are (I) an e.rly. cherty quanz-.ulfide v.in with /ine-grained pyritc and 
at.eIIOI'yrire; oDd. (2) a later """",,·grained quartz-sulfide win with pyrite.salena and sphaIerit. 
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June 2002 

and higher pre";"", metal "&lues. II js not okor if both Yoin 'Yp" arc prevalent in II>< two form, 
of mineralization described aM., 

Mill .... ]iz.,ion u d AI,e"'lion ' l the Brown-Mdhd. 0 .... Pic 

A. lite bull; of the tailings impoW>ded at lhe Moon! Nanscn tailings pond is presumably 
derived from the processing of 0 ... materi&ls from m. Brown-McDook open pit. it ;. inscruct;>'. 
to w.'iew \he mineralogy and olkrat;"n Qf the Ofe deposil. MOTeO"", II1n$f ... of impoundtd 
tailing. 10 [be Bro"n-McDad. opt" pit has been ooMi<iered as a l""i-term decommissioning 
option [Of the mine ,ile (Strathcona M;""ral Services Ltd .• 2000). A bener approdat;on of 
alt ..... tion pallcms prevailing a, the open pit will aid "ith d. ".lo;>pin8 proper s\:alesi •• f.". .i", 
d",,=. 

In Ogreemtlll with the general forms of mineraliza!io .... vie~ obove for the emi ... 
Mount Nansen camp. Co"", Pacifi< Environrn"11Ial TechnoIOi;'" Inc . (2000) abo "'polled thai 
open-pit mining of\he B",,,,,,·McDado dqlo$il .. , ..... I.d lwo $<Jl8l1Ile "'" mineralization typeo, 
Thc~ .. e (I) gold·silver vein minerali:eation formina a complex ... in.warm. bo.ted in a m .... i"" 
fddspar pOrphyry dike, and (2) a silic ......... sulfide-rich and ilo1d.,il, ... mincn.lized In<:<:ia in a 
pipe·like structure. The two mineralizati"" types ...... parated by a complex. steeply diWng 
ood n<>rtJ>..oasterly trending f.ult tllll1 C"'"""<ItS tlte open pit nonh of tlte Pony C .... k adiL The: 
gold·silver veins ..... fllch are i"'llely planar in S1n>Cture ....... posed in the southern two·third, of 
the pit while the mi""",lized br<:<;cia ""ne i, expOsed in the: O(Irthcm one-third of the open pit. 
The latte, i. rqX>nedly hosted by re..:rystallized lime,tone. "hlcb bas O(It been COIlfirmed in the 
• ..nory e~aminalion of the open_pit dUl'ini the course of this !ltUdy, 

Three main I}'pes of hydrothermal alteration. namely. , ilicif",at;"n. argillic and phyllic 
alterations. ha"e been reported by Conor Pacific EnvironmtrltaJ Technolo&ies Inc. (2000) in lhe 
Brown·Md)ade open pit_ Silicification and bloached dlY (argillic) ahenui"" ""n,,. .... 
commonly 1- 3 m wid., Adjacem «) veins and breccia ""!>eli. 'iliciflCation usually oo::curs in 
"""iY form .... ith yellow weathering and dnIsy quartz lining in the fine ""i cavities. The: 
si licified wne is uswlly enclosed by. phyllic a ltrnrtion zon •• in .... flich the dis ..... inatcd pyrite 
c()flt.m itlCre .... ....... y from the ,·cil\$. Tbe phyllic alte •• ,ion coruiSlin3 of .. ridte. pyrite and 
carbonat •• i. in tum enveloped by argillic a1t.ration .... fllch, within the feldspar pOrphyry. can be 
idtrllifitd by the pl'e$CllC<! ofkaolinit. and m()fltmorillonite. The orgillic .1tt:r8.1ion can locally he 
SO int ..... along , .. in COfItacts ncar the surface that the accumulotion of clay has caused .. vere 
kandling problems in the mining of tlte upper 1.",,1. of tlte Bro .... n ·McDaok deposil (Suatbcona 
Mineral Savio .. Ltd. 2000) , 

Accordin3 1<> CO"", Pacific Envirornnental Technologies Inc. (2000). ne .. ·.urf...., oxide 
gold enrichmtrll i, Mll develop!Od in 1h< Brown·McDade minenolization. Within 1h< oxide zone. 
gold has b=l liberated by 1h< o xidation of sul fide minmll. and cal3Cll$is. In lite .ubjactrlt 
sulfide """". gold. and , ilver.bearing ,u1fides include pyrite. a:$<nop~rite. sphalerite. galena. 
$ulfos.all$, lIomi,e, .tibnite and dwcopyrile, Gold i. "I'Pamltly petically related 10 on "",Iy 
plwe or pyrite mineralization. occuning 1$ S-40 11m i"" llUions ",ithin pyrite, 
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Juno 2002 

and higher pre";"", metal nlue.. II is "'" ol~ ... if both ,-,in types arc pr." ... l<nt in .1>< TWO funn, 
of miDeralizalion described abo"., 

MiD ..... ]iz.,ion u d AI ...... tion 11th. Brown-MeI>-d. 0 .... Pil 

A. the bull; of the tailings impounded .t the Moon. Nanscn tailing. pond is prc:rumably 
dmved from the processing of 0 ... material. from tho Brown-),1cDode "poen pit. it ;. insuuctive 
to ~'i.w the mi".mlogy and olwation of the 0 .. deposit_ MOTcOvor, II1n$f ... of impour.ded 
oailing. to lht Bro .. n-McDade opt" pi. has been ""Midtred .. a IOOi-l<1m decommi,,;onina 
option fOf !he mine ,ile (Strathcona Milleral Services Ltd .• 2000). A belte, appre<ia,;on of 
alt ..... tion pan ...... prevailing It Ill. open pit will aid with d. ".lo;>ping proP<'< sua/ogi •• fDr , ile 
cI.,.=. 

In a~1 with the ge .... ra1 forms of mineralization .. vie~ abo,-, for the entire 
Moun. Nansen camp. eo"", Pacifi< Ellviro""""'tat Tech""IOi;"1 Inc. (2000) al$<I rq><>n"" thaI 
open-pi, mini"3 of the Brown-MoDad< dtpo$;' .. ,'.aI.d two ~,. Of 0 mineralization tyJlC"!. 
Th.~ .... (l) gold-. ilver , -t in mi......-aJi:talion forming a romplex , .. in .warm. booted in a musive 
feldspar pOrphyry dike, and (2) a siliceous. sulfide-ricb and gold.silyc mineralized ~ia in a 
p;pt.like structun:. 11>0 lW<> mintraiization types ore .. parated by • complex. steeply dipping 
ODd nonJ>..eastcly trending fault that crosscuts t!le open pi! norlb of the Pony C.""k adit. l1>c 
gold· silver Vc1ns, ... 'hkh .e lorgely plaJW in wuct\I1'O, ore expooed in the ""utbem lwo-thirdS of 
t!le pi! while t!le mi""",lized bn:ccio ~"" i. <xpow! in the nonhcm "",,-third ofth. open pit, 
The laU.r i. rq>ortodly hosted by re..:rystallized lime.tone. whicb bas DOt been confirmod in the 
c..noT)' examination of the open_pi! duri"i the course of this study, 

'11Iree main types of hydrothemtal alteration. n3mely . • ilicif",ation, argillic and ph)'llk 
al!eratiom. Ita"e been reported by Conor Pacific Envimnmtrltal Technolo&ies In<:. (2000) in the 
Brown·Mco.de optn pit. Silicification and bl<a<he<! oilY (&rgillic) alte .. tion .." .... "". 
commonly 1-3 m wide, Adjacenl to y.i .... and breccia lOl>eS. silicification usu.olly <XC"'" in 
""illY form "'ith yeno", weathering and drusy quart< lining in the fine .'ug .Ivilies. l1>c 
silicified lOne is usually .nclosed by. phyllic II""",ion zon •• in which the disseminated pyrite 
content ioe ...... ...... y from the ... il\$. The phyl1ic alteration consistill3 or .. ricite. pyrite and 
carbonate. i. in lurn en"eloped by argillic al!eration ",'hiel .. within the reldspar porphyry. can be 
idtrllified by the p<e$C1>CC "fkaolinite ODd monlmoril1Oflite. l1>c ll1!illic alltralion can IocIlly be 
SO in!e,,"" along .... in con!acts ...... the . urface thai the accumul.~on or day has caused "v,,", 
l\andling problems in the mini ng of the u~ 1 ..... 1. of the Bro"'n·McDaok deposit (StJalhc:ona 
Mineral Scrvi ... Ltd. 2000) , 

According 1<> Cono' Pacific Envinlnmcntal Technologies Inc. (2000). "" .. ·sud .... oxide 
gold enricluntrl( is wen deve loped in the Brown·McDade mineralization. Within the oxide zone. 
Bold hu been libenu.d by !be oxidation of sulfide minerols and ""taol .. ;'. In the .ubjoccnt 
sulfide :ron<. gold. and silver.bearing sulfIdes include pyrite • ..senopyrite. sphalerite. galena, 
$ulfosalts. bornite, stibnite and chalcopyrit., Gold i. "!'P .. enily gtrletically .. Iated to an =Iy 
phase or pyrite minentlizalioo. ""clUTing as S-40 11m inc lUJions ... ithin pyrite, 
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CHARACTERIZATION OF TIlE MOUNT SANSES TAIU NGS POi'i !) 

Field InVHriplion .od Sampling 

The primary PlJIJ>05C of the field ~ram is to acqu.ire adequate sampl .. lO determine It.: 
storage or 1ftJlf\IUl\ cyanide and p<>tentially deleterious metals/1Iac< oiemulS in !he toiling$ 
impoundment and for .ubseq....u cletailed charncterization and ""tor_tai ling. interaction studi ... 
Tn plan field activitie., • preliminary oile ...;.il "' .... c,,!>dueled on OclOber 3, 2001 with lNAC 
personnel to aehi.".the following I!<>aio: 

I) As;ess .ite ."rulil;"'" and flnali", the fitld pro&r3m, 
2) Assess the nature and ex,en, of chemical weathering in exposed tailing . .. wen .. 

geologic material in lhe pi,,,,.<\; and, 
3) Sample pi ..... leT. tailing. pQnd wa'er and :sttpage for preliminary analy.;". 

The main sampling campaign took pi"". on November 13·21. 2001. Assisre<l by IW<I 
staff members each from Ace DriUings Sc,,'ices L«I. and Laberge EnvirollH\efltal Service .. 
191101e, varyina from 2.4 to 9.7m d«p "'ere drilled Uli"i I sonic drill (Vibra·Corc.) for 
systematic sampli!\i of taili ng. in the impoundmrnl (Fig= 2). The ""rue drill operate. on the 
principle of drill·string "",illation_ Th< drill b .. d, ..... hich ....... poWC'l't<! by. 9·HP Honda engine. 
prOOLlCed .iMliom lha, _ lransfe~ 10 lh< drill string. Th< impaned vibrations .~mially 

liqucfted the surrounding material . allo"';"i lh< drin rods to penetm!e lh< taHilliS aided by lh< 
weight of the drill head and rod_ A c<>nlinuo..s tailini' COT< WM fed into the centre oflh< drill 
rod for lotor ",",overy_ The drill cores we~ IOSged immediately upon relricval and subdivided 
and sampled !lC<:Ording to visibl~ diITcrtII<'<$ in composilion and lexlure (Appendix A). A lOIal 
of 132 samplu including se ... .,,1 ovtrlying wal ..... "'.,,.., collected. To aid classifying various 
types of uilini' and 10 alleviate the complication of po .. ible cyanide okgradation during sample 
transport, lh< CANMETIMMSL team conducted 98 weak acid dissociabk cyanide: (WAD eN). 
97 thiocyanate (CNS). 85 ommoni • . 72 ",trite and 9 nitrate anaIyS<"S on lailinS' po"" and 
overlying water during the fiold <am""iiI' 

While lh< field sampling eITon mainly focused on the tailings impoundment, the Broy,n· 
McDade open pit ..... as .1"" briefly examined. Aboul 120 L of pil water was collected through the 
k. oo"e, for sulnequcnt column Ie" work_ PromiD<J\t altnat;"n products "'.,,.., collected from 
lh< pit walls and two adits f<>< minoralogio.ol and geochemical analyses. An attempt ..... as al$O 
made: to sec"", a .ampl. of the ,.,,''''. scJim.n .. dqlosiled allh< bottom of the pit 

Based on lh<i, al'J"lI"nt contrasts in mitll::r8logy, colour and tc><ture o","rved during fteld 
COT< logging. tailings impotmdcd at Mount N= can be divided into four main rypct. These 
are (I) oxide·ri<'h silt; (2) oxide.ri<'h cI&)"Y silt; (3) sulfide·rich ,ilt; ond (4) $Ulf>(k.ric:b clayey 
sil!_ The oxide·rich vari.ti., rana' from y.IIo ..... ·brown to light greyish brown in colour "'hile tIt.e 
",lfide.rich ~aritri<$ .... Iypically gte)'isb broy,n. Th< distribution of these four u ilina' IypC> in 
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Prqect802:J.<5· Moun! __ T"*'IIo ~ ___________ _ 

CHARACTERIZATION DFTlIE MOUNT NANSES TAILINGS ro;>m 

Fi.ld lav .. ripliou .. d S.mpling 

The primary JIOIJ>05C of the field PfOKraID is to acquire adequate samples Ie determine (tie 
storage of TftnnllJlI cyanide and pOtentially delet"";"", metals/1nc< .lemulS in the toiling$ 
impoundment and for .ubseq....u cletailed oharacterization and water.IaiHogs imeraclion "udies. 
To pi.., field activities, • preliminary site ...;.i. "' .... coDducted "" OcIObc. 3, 2001 with INAC 
JIC1'SOnnellO ""m •• ,.lh. following g<>lllo: 

I) Assess oit •• ondil;"", 3/ld flnaliu: the fiold program; 
2) Assess lb. nature and eXlent of chemical weathering in exposed tailings as wen as 

Seolog,ic material in the pit arco; and, 
3) Sampk pi. ""''''T, toiling$ pond wat .. and seepage for pICliminaty anal)'o;", 

The main samplin~ campaign tool: plac. "" November 13·21. 2001. Assisted by lWQ 
staff members each from Ace DriUings Sc,,'ices L«I. and Laberse EnvimllH\eflw Savitt$. 
191101e. varying from 2.4 10 9.7m d«p "ere drilled "'ing I sonic drill (Vibra·Core.) fOf 
systematic sampling of !aili'il' in the impo ... mlmrnl (Figure 2). The ..,ni. drill "penile, on the 
prindple of drill'$!ring o:l(:ilhttion. The drill heod, which woo po.......! by. 9 ·HP Honda engine. 
pn)(h",ed .-ibratioR<!hat wn-e transferred to !he drill string. "The impaned vibmion. e~i.lly 
liquefied !he surrounding mate.ial. allo .... ;IIjI the drill rods to pene=e !he tailinas aided by !he 
weight of the drill head ond rod. A <X>R(inuo<>s tailin!!. con: "'"' fed into !he centre ofme drill 
rod for loter "",,overy. The drill"""," wen: logged immediately upon retrieval and ,ubdivided 
and sampled !lC<:ording to visible JiITerenctS in compo,ition and texture (Apper>dix A). A lOtal 
of 132 sampln including St".raI overlying ...... t ......... en: collected. To aid cI .... ifying v.now; 
type; of tailing. and to allevi.le the complic.tion of po .. ible cyanide okgraJation during sample 
tranllpon, the CAN METIMMSL team conducted 98 "",ak acid disso<iabk "yanide (WAD CN). 
97 lhiocyanate (eNS). 8S ammonia. 72 ",!rite ond 9 ni=e analySt< on !ailing' pon: and 
overlying water during \he field campaign. 

While !he fi.ld samplina eITon mainly f""used on the lailings impoundmtn~!he Bm"'n· 
McDade open pit ....... also briefly e""",ined. Aboul 120 L of pil water W3.J collected through !he 
ice oove. for subsequent column tul work. Promi""n, alta81;"n prod""ts .... en: collected from 
the pil walls and two adila for mineralogical and geochemical analyses. An altempt ..... a. 01"" 
made 10 Sl:"ClIIl' • """'pl. of the :1(:""" sediments d..,....;ted at the bonom of the pil. 

Based on !heir apparent contrastS in mi".,,-alor,y, colour and te!OUr<: observed duri"ll fi.ld 
core logging. tailing' impour.ded at Mounl 1'1......", Call he divided UlIO four main lyptI. "These 
an: (I) oxide·rieh silt; (2) oxide-rich oI&)'.y sill; (3) sulllde·rich ,ill; ond (4) $Ulf.dt.rich clayey 
sill. Th. o xide·rich vari.tie, f3l1g. from y.IIo ...... brown 10 lighl greyish bro",n in colour "hile the 
",lfide..rieh ~arieti." on: typically gle)'isl1 bro"'n. The distribution of these four tailina. Iypn in 
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the t.m .... impoundment arc depicted ia (JON sectionJ (Appendix 8), two or which on: 
(Ihmnl"" in fiaure J. 
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the llil ..... ~ .... lIcpIcIed in auM Krtions (Al'P"""'ix B), r.... 01' ",1udI Ire 

illullnled ;8 Fl .... J 
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PII?ject 0023015 • MOlIn! Hansen r.....,. ,"'","'0· "-______________ c-"''"''""O, 

Est imated from summing <:On' l~ngths of similar maleri,..", the impounded tailings are 
comprised of3s.el% oKid •• i l ~ 29.W. ""ide day, 16.S% sulfidic ' ill and 18.7% sulfidic day. A 
perusal o f .. total of eight ""clions acrru.s the impouDdmen\ (Appwdi" H) leods to \he f<>llo"lng 
obsav1lU.,.,s: 

l. Sulfid .... rich tailings are more wi<ies1"ead in tbe wes\em half (panicularly the 
southwestern quadran.) oflho impoundment. 

2. The fi"" taiUngs (silty day instead of sandy si lt) acrount for nearly half ofllle impounded 
tailings by volwnc. They are utriquiLoLU but _ tQr>e<:ntrat.d in lho middle PAn of the 
tail i"", pond where a "'aleJ c,wer usually exi"" . 

1 C.,.,trary 10 ""peWltion. depth to permafrost is shallower to .... :ards the n<>rlh <tide (3-4 m) 
instead <>r the ..,uth :<ide (_ 7 m) o f Ihe impoundment. H"",,,"er. the greatest deplh 10 
permafrost i. apparttldy near the seepage return to the JXlod such \ha( '" Hole Localion 
B 13 (Figure, 2 and 3), no frottn ground """ b=l dnt<1Cd at the drilled dcpeh of 8.8 m, 

To qualllilat;vely measure {he grain size dislribution of the impounded tailing-. $Oven 
.. lected samples including roo, com,"""i!. and three individual """'pies .... = analyzed ",ing • 
la.cr !CM\cring particle , i,.., ""ol~r (lioriba LA·300). n.e detailed resulls are shown in 
Appendix C. The coarser tail. (oxide and sulfide silts) typicolly .how • trimodal distribution 
(Figure 4A) with mean particle s ize ranging from 30 to 1191"" and modes varying from SS.1 42, 
6-7 and 0.4·05 J.'ffi, 'especti""ly. The fine tail' (oxide and ""Jfide clayey silts) typically exhibit 
a bimodal di<1riootion (Figure 49) ",ilb meaIl grain ,;'" rangi ng f""", 4.8 to 13 I"" and modes 
IIlI1')'ing from 4·8 I'm and 0.3-0.4 I'm. =pectively. 

A) .. ,"". 

" " " .• " ••••• " "n' 
" ) 

""' .. 

..... ,,_ .. ..... ., 
Figur. 4. 1).pical grail! .11;, djSfribuJloII III CfJ<lFS • .. ii, laUi"K' (A) and filii! cI~y .iI, laUing. 

(8) ai''''' Mount Nans£n lailings impormdm.lII. 
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I'!I?jea 0023015 . Moun! Hansen TaiIinqs~"'''''''''''-____________ c_''''''''''''' 

Estimated from .wnmin!: "''''' i'"glhs of . imilor materials, the impounded \ailin!!" are 
comprised ofH.W. oKid<: ,ill, 29.W. ""ide day, 16.S% sulfidic . ilt and 18.7% sulfidic day. A 
p<rusai of .. total of .ighl seclions acrru.s tho impoundment (Appo<>dix H) l<ods 10 \he f"' lowing 
ohscrvoti""" 

l. Sulfide-ricb I1lilings "'" more widespread in the wes\em half (panicularly the 
""uthwestern quadrant) of tho impOUndment. 

2. The fine toiUngs (silty day instead o f oandy si lt) """"""1 for """,Iy half of the impoUJlded 
t.ilings by ,·olwn<. They are ubiquil<ms but mon: conc<:nnatcd in Ihe middlo pan of Ill. 
tailings pond where a ",.ICT <,,,,or usually exi'ts. 

3. C.,.,trary to ""p.':lalion. depth 10 pmnafrosl i. """lower to ..... ards the north oide (3-4 ml 
instead of the ""uth :<ide (_7 m) of the impoooomenl. U"",..,,'.r. the greatest deplh 10 
permafrost i. app3lftltly near the Sttpag< return W the pond such thai .1 Hole Location 
B 13 (Figur •• 2 and ), no ftoZ<'II ground has b«:n dne<1td at the drilled dq>lb of 8.g m. 

To quwlli\a!;vely measure the grain oize dimibution of Ih< impounded lailings, scven 
.. lected samples including fOOT composite and three individual """'pies ,,= analyzed using. 
I""" ""'lcring partK:k , ;'" ... ol )'2lO' (lioriba LA·300). 'The detailed rcs~11S are shown in 
Appendix C. The C<WStT l4i1. (oxide and sulfide .iILs) Iypically sh<:>w • lrimodal distribution 
(Filll"" 4A) with mean particle size ran&ing from )0 to 119 11'" and modes varying from 5~- 142, 
6-7 and 0.4_05 1"". r<;>p<c(ively. The fin< !ail' (oxide and sulfide clayey sills) typically exhibit 
a bimodal di<lribmion (Figur<: 4B) "ith m...., grain ,;'" rangi ng r""", 4.8 to 1311'" and modes 
varying from 4-8]1m and 0.3-0.4]1111. rcs~tivel y. 

A) .. ~". 

" " 

" • '""'1 
" 

".". 

J 
...... ,-_ ....... , 

Fig",. 4. T>pical gr"il! size distribution /n coors< ,ii, ,oiling' (A) OM fi"" dayt!y .iI, ,,,mng' 
(B) (1/ ,"" Mo~m Nansen ,oUings impoundm.n'. 
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P~iou, Monitor ing Work a t th. Mount Nan .... Tailing. PODd and Dro .. n _Mdlod. 
O~n Pi, 

Tailing, imJ'O<lIldrd at Mount Nansrn or<: presumably dtrived lar&ely from Iht 
ptoCO$Sing. by oyanidat;Oo. of Q~idi;:cd o~ originally conrainini IOld.silver mineralization 
a""",iated ..... ith pyrite and arsenopyrite. The tailing< are thus relath .. ly enriched in ..... nic and 
cyanide. Since the comm.n<emenl of mining opoMion in 1997, the tailing. pond wale, and 
seepage return ha,-. been closely monitor«! by both the mine OpmllOl on<! govemm<nt agene;", 
Sin~ mine abandonment in 1999, lNAC has continued the m""i!Mini 10 ensure the d isehar!le of 
effluents mm all waler qutJity criteria stipulated in the expired BVG Natural ReSOlll'CC' lne. 
water Ii«""o , demonstrating INAC, commiunent to the staJ\dard, imposed on licensee, . The 
monitoring data are useful in revealing trends in the .,,,Iution of ",-ale, chemi.uy in the tailing< 
impoundment ~ Of<' thus revieW«! 10 help di=:t the focus of inveSligation in the subsequent 
laborawry leS! ...-OII<. 

Figures S to 8 .how lime series plots of parameter, of interest ba;ed on tho revi.w of • 
da.abase containing monitoring data CQII..,ttd by INAC. $alien. obotrVa.ions include the 
follo,,;ng 

I. Since the cessa.ion of mining O! Moun. Nonsen. TOIlll CN (SAD CN) and WAD CN 
(Figure S) os w.1I as Total Cu (Fig,,", 8) COtIcentratiQ,," in both the tailings pond w.oter 

and ocepage return h/lvc con.inued to decrease with .ime but then: appe .... to be 
irulignificanl ""cn","ion so far for thiocyoMlc and ammonia (Fig=s 6 and 7). 

2. Although both the O)""""to (Fill"'" 6) and TotaJ As (Fig,,", 7) concentraliont in the 
.. ilinp pond "' .... , appear to follow a de<:reasiOi I=d "'ith time, minor cYaMle and A, 
remobilizalion i, suSS"1Cd if the 2001 lnIIiY'e' are aoeurate. 

3. 11 i. ullrigwng to DOle thaI the Tola! Fe concen.ration in the seq,age return Iw remained 
hi&htt than thai of the taiJin!!, pond wale. by an order of magnitude mO$I of the lime 
,inee mine opera1ion (Fig,,", 8). 

In com,asl to the large number o f waleT monitoring data colk<:led at the tailinp 
impoundment. ~ery few data are available 10 revcalthe lemponl evolution in compo.ition for 
water accumulated in the Brown·McDade open pit ,ince mine abandonment. Cu and Zn appear 
to he the maiD palometen of co~m . Three samples coJl<cted by INAC personnel bm<<<n 
March and Aug",1 2001 gave 0.06-0. I 2 mgIL 10la1 Cu. 1.6-3.7 mgIL lola! In and pH 7.2·7.8. A 
samplc coJleclCd by Cono, Pacific Environmental Technologic. Inc. in September 1999 gave 
0 .08 mgll. total Cu. IS mgll. IOIaI Zn and pH 7.S. In oon\t1>Sl .• sample co llected by .he 
Environmental l'Toteaion Service of Bnvironment Canada in May the """'" yea: :It pl"e$umably 
\be same location rende~ 4.9 mgIL di""I"ed Cu. 49 mgIL dissolved Zn and. pH value of 4,8. 
In all """". "",.,.,..er, the Zn analyse, appear to ~late "ilh dissolved Mn contenlS. The 
.., ..... data available 01"" ,ugges. that lhere "'" significant KUOnal varialions in the pit water 

chemUuy. 
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P~io~, M ODito.ing Work at th. Mouat Nan .... T ailing' PODd and Brown_McD.d. 
O~n Pif 

Tailings irnpaomdro at Mount Nansrn m pKSumably derived jar&~ly from <lit 
pro<ossing. by ~yanid.ttion. of o. idi7.Cd o~ or;ginal ly conlainin& IJOld-silver mineralization 
a,,,,,,iated .... i!h pyri{~ and arsenopyrite. The tailing< ar~ thus relal;"el), enriched in ..... nic and 
cyanide. SI"". the comm.""ement of mining operalion in 1991. the tailing. pond wale, and 
seepage retwn have been closely monito~ by both the mine <>per.>l<>l ond government 1genci", 
Since mine abandonme ... in 1m, INAC has continued the mOll;lorin& 10 en""", the dischar!le of 
.m .... nts m(Ct all wOl<T q..ruity .riteria OIipulated in tbe expired BYG Nillural RcSOlll'CC' Inc . 
...... fer Ike""e, demonstratill8 INAe'. comm;anenl to the .tandard, imposed on li~., The 
monitoring data are ~fu! in r.vealing trends in the .V<llution of ",ale, chemi,uy in th< {ailings 
impoundment. ~ or<: thus ='ic......,d 10 help di=:llhe focus of investigation in the subsequent 
t.bonw>ry test ,.-orlc. 

Figures S to 8 . how lime .. ries plots of """""ner. of interest t...ed on the Inic", of a 
database containing monitoring dat.o ooll..,ted by [NAC. Salient obotrVltions include !be 
follo,,;ng 

1. Since !be """sation ofminill8 O! Mount Non .. n. Total CN (SAD CN) and WAD CN 
(Figure S) os well .. Total Cu ( Figure 8) coru'entrano .... in both !be tailings pond WO!C1 

and seepage retum have rontinUfd to decfUS< with time bot !11m: appears to be 
insignificant aneollll!ion so far for thioo:y",,"'" and ammonia. (Figures 6 and 7). 

2. Although bo'" \he o:y''''''. (Fii .... 6) and Total As (Figure 7) concentrations in \he 
tailiop pond ""ate, oppear to follow a <l«reasill8 trend with time, min<>r cyanale and A, 
remobilization i. suggested if tile 2001 onaIy_~ ooeurate. 

3. It i. ullrigl1ill8 to DOte that !he Total Fe ooncentranon in the $Oq>lIge return Iw remained 
hi&Mr tbazI that of the taiJiO!!' pond wale, by an ord .. of magnitude most of the time 
, ince mine operalion (Figure 8). 

In coot,,,,,t to !be large number of WlI"" monitoring data oolle<:ted at the tIIiling' 
impoundm.n~ v.ry f~w daIa "'. available to reveal the temporal evolution in compo.ition for 
""aI(:r """"",ulated in the Browo·Md )a,:!e open pit ,ince mine abondorun ... t. CII and Zo appear 
to be: the main parameters of co~m. Thee samples co!l«;ted by lNAC per50Mel bel\lo«n 
March and Aug""2001 pvc 0.06-0. 12 m&IL total Cu. 1.6-3.7 ms'L .otlllln and pH 7.2·7.8. A 
sample collected by Cono, Pacific Environm ... tal Technologie, Inc. in September 1999 gave 
0.08 ms'L total Cu. IS mgfL lOtalln and pH 7.S. In C<)1\!taSI •• """'pie co llected by tho 
Environm ... tall'roteaion S ... .,1<e of Bnvironmcn. Canada in MlY the same year a. prerumably 
!be sam. Ia<:ation .... dcred 4.9 mWL di...."I.·ed Cu. 49 mgIL di...."I'·.d Zn and " pH value of 4.S. 
In oli case • . "" .. .." ..... , \he Zn analy'" appear to correlate ,,;tI1 di...."lved Mn C<lDtenlS. The 
'P"",e data ",·ailable al.., ,uggeslthat there are ,ignificant &eaSOOal variations in the pit WllkT 
cbemisuy. 
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P .. r .. io~, M ODi'oring wort. alth. M ount Nan .... Tailing' PODd and Bro .. ,,·Mdlod. 
O~n Pil 

Tailings im]lQ\lIl<lro at Mount Nansrn m p~umably derived lar&~ly ftOm tilt 
pW<O$Si ng. by oyanidation. of o. idiztd "r<; original ly oonlainin& IJOld.$i1ver mineralization 
a,,,,,,iated with pyri{~ and anenopyri'c. Th< tailing< are thus relath'ely enriched in ..... nic and 
cyani~. SI"". the comme""emen' of mining operation in 1997, the tailing. pond wale, and 
seepage return ha,-c be ... do .. ly monito~ by both d", mine Oper.uol and govemmcnlo>genci", 
Since mine abandonment in 1999, INAC has continued the mOllitorin& 10 en""", the dischar!le of 
.m .... nl' m(Ct all wOl<T q.wity criteria Slipulated in the expired 8YG Natural ReSOlll'CCs lne . 
...... , ... Ikence. demonstrating INAC', comm;lment to ,he .taJ1danh imposed on li~., The 
monitoring data are useful in r.vealing trends in the .,'Olution of .... 1'IIe, ohemi.uy in the {ailings 
impoundment. Th<y or<: thus rcvic......,d 10 help di=:1 the focus of investigation in the subsequent 
lilIxmu<>ry test ,.-orlc. 

Figures S to 8 . how time .. ries plots of """""ner. of interest t...ed on the .nicw of • 
dotabase contai ning moni1<><ing do .... ooll..,ted by [NAC. Salien. obotrVI.ions include the 
following 

1. Since the ce!lsation ofminins ot Moun. Nansen. TOIlll CN (SAD CN) and WAD CN 
(Figure S) os well os Total eu (Fi g,,", 8) concenuatio,," in both the tailings pond w.I1n 

and seepage return have CO!1.inUfd '0 dccfU$C with .ime bot ill...., appears 10 be 
insignificant onenllllli"" so far for thiocy2lJU"" and ammonia. (Fig=- 6 and 7). 

2. Although bo'" \he ~yo",,,. (Fig .... 6) and Total As (Fig,,",7) ooncenualions in tbe 
.... ilings pond ""a!e, oppear to follow a decreasil\i \m1d with .i me, mi"'" cyanale and A, 
rcmobilization i. 5Ugi!ested if me 2001 onaly.ses are """urate. 

3. It i$ intrigl1ing 10 DOle that the Total F. concentration in the ~g. Telum Iw remained 
hi&Mr than that of the tailing' poDd wale. by an oro .. of magni.ude 1M$! of the .im. 
linc. mine operation (Fig"'" 8). 

In contr",. 10 the l"'1Ie number of wa~ monilOring do ... collc<:.ed 211 the tailing. 
impoundm.n~ very f~w daIa "'. available 10 .. veal the .emporal cvolu.ion in composition f01" 
,,"a!(:I" accumulated in the Brown·McDade open pil ,inc. mine abondon:nent CII and Zn appear 
10 be the main patWIIeteI"lI of c,,,,ce m. Thee samples ...,Uoc:!ed by [NAC pcrsoMel bel\V«n 
M"",h and AU2",t2001 ga". 0.06-0.12 m&IL!OII! Cu. 1.6-3.7 m&IL total Zn and pH 7.2· 7. 8. A 
sampl. coUected by COIlO' Pacific Environmental Technologic, Inc. in September 1999 gave 
0.08 mgll. rota! Cu. IS mgIL IOIaI Zn and pH 7.S. In CQ1I\nSI •• sample co llected by lIN! 
Environmental Prot<:<:tion S . .. .,1<. of Bovironmcnt Canada in May !he same year at preswnably 
the same I""ahon ...,de~ 4 .9 mgIL diMol.·ed Cu. 49 rngIL dissol,·ed Zn and a pH val,," of 4.8. 
In oli case •. "" .. .." .(:1", the Zn analyse, appear 10 """",,late "ill1 dissolved Mn MotenU. The 
sp ..... da ... ",·ailable a l50 ,uggest t~at the .. m ,ignifiCWlt &easonal variations in the pit WllkT 
cbemisuy. 
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Temporal variat;"" of lOla I eN (upp"" plot) alU! WAD eN (lower pIOl);~ rh~ 'aj/ings 
poNi ",<lie, and seepage rtll/l'Pll>ased OIl {NAC """';I<>ring 1i<>1a. 
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Figure 5. Temporal wuiation a/rOldl eN (~pper p/Olj aM WAD eN (lower p/OI) j~ '~e 'ailing. 
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Figu~ 6. T~mporall'arialjon of cyana" (CNO. "PP'" p/ol) aNl rhiOC)"lllale (eNS, lower plot) 
ill 1M Ulilings po,", "",1.,,- and .upo~ r-e/Uf7I NsM on INAC ""'~il()l'ing tkda. 
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Figun: 6. Temporal variation of cyanme (eND, "PP"r pkJI) and 'Ml>C)'fll'''~ (eNS, /l>Wer plot) 
iJr IN lIlirings po"", _I~r and Jupoge .-e/urn 1Hif~ "n IHAC _.jloring tkdo. 
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Figu'~ 7. Temparal varialirm of diuo/ved ammOlJia (NH .. N, "PJHr P/Ol) ~nd 
tOl~1 ~rsen", (T0I<l1 11" 10000r plot) j~ ,A .. 'ai/mg. pond water and JHp<lge mum 
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G EOCHB IISTR Y AND MI N£RALOG Y 

A. described in the pt'ev;ous "",,lion. based on cot<: logging in the field, tailings 
impoullded at Mount Nanxn can be divided into four categories """"NiDi I<> apparent sulfide 
content and grain size variations. TIl""" .... o~ide silt (:I: sand). oxide day (:I: siit), , ulfidic silt 
(:I: sand) alId sulfidic clay (:I: silO. To mertain thoi, mineralogical comp".ition, 38 poli'hM lItin 
""'ion. _ re pTeparW from individual Or compoSite sampl .. and examined with a petrographic 
micr()$CQpe_ T _h'. of these W.r •• d~{ed for further detailed analysis includi"i poinl C"uminl: 
under a 5Canning electron miclmGOJlC (SEM) equipped wilh an .""rw-<li.persive X-ray (EDX) 
analyzer. In addition. 36 samples wc'" analyzed by X·ray powder diffra<~ (XRD). For 
geod'"mi,trr. 38 individual Or com~il' samples ... = analyutl for ABA cMnoct",j.{ic. al 
Be Research Inc, and 110 for lOIal metal. conlCnl usi"3 four-acid dig ... ;on artd ICp·AES scan al 
boIh CANMETIMMSL and Be Research Inc. Grab sample!; from the Brown·McDade pit w<Te 

a1!!O ""bjected 10 similar aNI1Y!Iel!. In oddition. 58 tailing' solids tuul!ing tfom the 1i~ld anaIysi. 
program were analyzed for Total eN. A Ius"" numbtr of pond and portwal"" sample. were al'lO 
aNIl)-:zed for various cyanide-relalOd SpeCi., and di • ..,lved metal,. Solient results and 
observations are preSented below. 

R~.idua1 "...tal. and para_I~"s 0/ ~~'·II"O_ttlal co""er~: The results of goo<htm;"ol 
onalysi. of tailings solid. from the impoundment and a rew Snob ro<:k oampl •• from the Brown_ 
McDade opon pit an: tabulated in Apprnd.ix C. Gfn""a1ly, the tail/nis are beterogeneous in 
composition ",ith """malo ... co(nenl> of As (up to 0.6%). Cu (up to 0.06% and higher if 
contamina1t<l by """""" chemical.). Pb (up '" 0.6%), Sb (up to 0. 1 %) &nd z.n (up to 0 .3%). 1"be 
Ag content ,wies from 10 10 80 j.lJlg bul Au is g~ly not <ktec1Od (i.e" <4 j.lg!g), The Total 
CN content of seleclOd wnple. anaI}'1%d ranges from 5 to 16S)I8/1 with most high val .... 
associated with the fine tail.. From a geo<:hernicol pot<pe",ive, the tailing. can readily be 
difTeremiated from the W>derlying native sedimtrllS by.., enrichment in As. As. Cu. Fe. MH. Pb. 
Sb. Zn and Total S as wen .. ~ rel"'ive dcpktion in No. Sr..,d. to a Ie .. extem. Ct and Mg, The 
con""" i. best illt1$lr31ed by comparing the chemical analyse, of composite sampl .. of the four 
tailings t)'pe' with those of the native >e<iimenl> (Table 1). 

Nine individnal native sediment. sampled in the tailing. coring prognrn were anal}'1%d to 
arrive .t the B,'erage composition given in Table 1. A rew other ,ampl .. collected ne.T the 
tailings contact and thu, contaminated by the tailing, to • varied extent were <leliberatcly 
excluded. The four tailinglr composite sampl" "'ere comprised of ""eral .amples (S to 10) of 
the same type mixed rogetber and . ubse<tuen!ly homoli:cnized to give a l"'lle bulk sample fo< 
various laboratory t .. ting_ For two "'0$(I<t$, the cla)'ey composil" w= analytcd mon: often. 
Fim. the clayey tailings .... = more difficul1 to mix than the oilt}' tailingS. multiple analy ... ore 
requirnllo drnlonsttlUC their OOmO£Oneity. Second. the twO SI:U of sample, hav. ~n used os 
inter.laboratoTy check samples. TIle mean and otandard deviati"" sboWTI in Tabl. 1 file derived 
tfom anal)"", prod""ed by both the CANMET·MMSl Analytical Services and 
Be Research Inc. 
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Proje<:l602lo15 • M<KInI N .... n T~ StabOlity __________ _ __ _ 

GEOC HEM ISTR Y AND MIN£RA I.OGY 

Ai; described in the pt'eviou. se<lion. based on c<>t<: logging in the field, tailings 
impoullded a1 Mount Nansen can be di"idt<i imo four cateSari .. acoording 10 apparent sulfLde 
content and grain size vanatio .... These are o~ide .ill (t sand). oxide day (t siit). sulfidic silt 
(i WId) and . ulfidic clay (:I: .ihj. To ;tS<ertain thoi, mineral"llical compo,ition. '8 poli<hM lhin 
section, ""re prcpan:d from individual '" com~\c .>ampl .. and ""amint<! with a petrographic 
microlOOp". T "",I". of th~ "1". Stl~{ed for funn., detailM analysis indudi"i poinl coumina 
und .. a scanning electron micomcopc (SEM) equipped wilh on energy-di'peDive X-ray (EDX) 
analyzer. In addition. 36 samples we", analyzed by X·",y powder diffrac~ (XRD). For 
geocllemi.try. 18 iodi~idual or coml'O"ile samples w= analyzed for ABA CMnocieti,(ic. at 
Be Re .. ...,h Inc:, and 110 for lOIal metal. content ... ing four-ac id digeslion and ICp·AES scan at 
bo!h CANMETIMMSL and Be Resean;h IIIC. Grab ,ampl .. from the Brown·Mc Dade pit wtte 

abo .ubjecled In 'imilar analy..". In addition. 58 tailings iIOlids rC$u.hing from the fi~ld anaIy~is 
program were analyzed for Total CN. A 1C$$I'r numbtt of pond and poreWII .. samples were al'" 
OIIIII)~ for vano,", cyanide-related $pOCi<'$ and dissolved metals. Sol ient resullS and 
oboervatioos ...., presented below. 

Tamn" G .... ~~mim)" 

R~.ld",,1 _tal, and p<Ua_lers of .~;·ironmelllal co""er~: T1Ie resul13 of g .... h<m;.,a! 
lI0II1)"'';. of tailings iIOlid. &om the impoundment and a rew grab ro<:k samplco from the Brown_ 
McDade open pit an: tabuilled in Apprndix C. ~ .. a!ly,!he tailiJlis are beterogeneous in 
compooition "ith """malo", cor .. enlO of A.o (up to 0.6%). Cu (up to 0.06% and higher if 
c<>rn"minated. by pr<lU$S cbemle ...... ). Pb (up 10 0.6%). Sb (up to 0. 1 %) ond L;n (up '0 0 .)%). Tb< 

Ag conlCnl van." from 10 to 80 1-'&1& but Au is getKrally not detf(;ted (i.e" <4 j1gIg), The Total 

CN content of selected wnple. anaIy>:ed ""'8'" from j 10 16S ~I with most hi~ val"". 
associated with the fine tail., From a geochetn;"a! peropecti .... , the tailings can readily be 
diff .... ntiated. from Ille W>derlying native sedim"'ts by M enrichment in Ag, As. Cu. Fe. Mn. Pb. 
Sb. Zn and Total S as well asa rela'ive dcpk'io" in No. Sr Md.. to a Ie .. exten!. C. and Ma. The 
conlnlSt i. best illustrated by comparing the chemica! analyses of oompooilt samples of \he four 
tailings type. with those of the utive sedimen13 (Tobl. I), 

Nine individualll&lin sediments sampled in the tailing. coring Pf"iI8IIl were analy>:ed to 
arrive 01 the av~ compooilion 8 iY", in Tobie 1. A fewothCf .. mples collected ""at the 
tailins. contact and thu, contamin.ted by the tailing. 10 • v.ned cxltnl were tlclibmllc1y 
excluded. The four tailing!; composilt samples "'me comprised of se"eraJ ,","ples (S \(l 10) of 
the same type mixed togclher and subse<jucntly homoli:cnized to gi" . a h"ie bulk sample fOl" 
various laboratory testing. For two ~8$OrI$, \he clayey compooiles were Maly>ed more OfteD. 

Fim. the cla}'<), tailings ~rc more difficult to mix than the .i lty tailings. multiple anaJy~"" 
required 10 demollStnlle their homoseneity. Second. the twO SC1S of ..",ple, havc ~n UK<! .. 
inter-l.boratory check """pies, llIe """'" and Standard deyilli"" .hown in Table 1 Ole derived 
from anaJ}-= produccd by both the CANMET·MMSL Analytical Scrvkes and 
Be R"starch Inc. 
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Table l. A COOlpari5Ol\ of chemiruy of the four lailing$ 
",di"'~nlll at \he Mount N ..... n tailings imp;>Undment ,-- .?xilkS,lt Sulfidic Si t , 

" Composite Cnmposil< Compo$i~ 

(MNOM1X) (MJ>lSMIX) (BATCHO) 
Sample. onaIyoed , , , 

Al,\(lIlVgJ " " S6 ± 3 
As (llila) 2800 2270 49)0 t 383 
Ca (~.) 0.77 1.43 1.04 t O.OS 
Cu (1JiI'1iI) 20" ,0. 483 ± 225 
Fe(%) 4.85 5.02 6.66 ± 0.04 

"'" 1.79 2.02 2.49:t 009 
MaW·) 0.24 0.37 0.27 tOOl 
Mn (",gig) 13)0 2380 1680 t 94 
Na (%) 0. )0 0.16 0.13±0,01 
Pb(l'gig) 1470 '"00 4510:1: 149 
Sb (,..gig) '"' m S47 t 104 
s, (Ili"g) .. m III ± 2 
Zn (lIg1g) ''''. ''''' 1590:1;120 
Total S (%1 230 2" l.J8:t MS 

u o " '" Notive 
Compos;t. S<din><n1$ 
(BATCHS) (9sam. Its) , I (.",,_h) 

"" " , 
3S90 t 166 .,," 
l.36±O.IO BO ± O.~ 

356 t 20 42 ±62 
6 .06:1:0. 17 2.1 :1:0.4 
2.28:1:0.15 l.70iO.1 8 
OJ3:t 0.(11 1).7()tO.18 
22S0tlSS SlOtlOO 
0.13 ±Cl.Ol 2,]OtO.20 

2750:1:% 49± )7 

443 ± S5 '" 127:t l 441±41 

1920 t S6 92 ± 53 
1.96:1:0.16 005 :1; 0.1>4 

In addition to demonstrating the ""mpositional differences helWeen the tailings and the 
lUItive <t:diments, the d.tl mown in Table 1 lead to the following obscrvatiOlU with "Son! 10 the 
geochemistry of1lle fow tailings Iypes: 

1. lbc clayey tailings arc moM eNiched in As. Mn. Pb.ln and, to a lesser extent, in Fe and 
K os well os slightly impovrn:lhed in Total S than the 'ill)' varieties. 

2. lbc :lUlfidic tailin"..., only margilUllly higher in ToW S content than the o><ide ailings 
reganlless of grain Ii..,. 

3. lbc o xide clayey tailings appear to he Jll"ft:rentially enriched in Ag, A .. Pb and Sb while 
the oxide 'ilt !ailing' an apparen~y depicted in ln and, 10 a he •• e" extont. in C. and Sr. 

4. Regardless of grain ,i2>e and sulfide ""tllent. Mn oppeMi 10 correlate with In. 

An odd oboorvation regon!ing th" tail inv anaIysell is thot the variation of Cu is 
signi f>eanUy higher th.m those of the oth ... Inn..,ts. A, expl.ir.ed late •. this appears to he 
.. Iated to 1:>0111 the mode of occurrt1lCe of the prevalent Cu<ontaining minerili and 
oonlamiruUion fmm process cbernicII .. especially during water treatment using the {NCO
so,iAir process. 

ABA Cloara"'n;Jllc" Fony .. I""ted samples we .. analyzed for various ABA parameters 
usinll the modified ABA pmccdure (MEND, 2001) al BC Researeh Inc. lbc detailed data 
""quircd ore given in Appendix C. A brier perusal of the appended data ",adily :eve.ls that the 
impounded tailings are potentially a<id"i\meratiO$. H<w<ner, the sulflde-sulfur content does I>O! 
exceed 4 WI.% in MY of the analyzed samples. ThuI, the ... <>rS\ net ""ulraii .. ti"" potential 
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Table l. A COOlpariOO" of chemiruy of tile four tailings types lind tile underlying nali,'. 
",dime.1Ii on 1M M<>Wlt N ..... n tailings imp;>lllldmen, 

,- Oxi"" S,II gul ,di" S, 1 ;& ., II , Ie ., Notive 
Composite Compo$ilc ComP'>'itc Composite: S<dimonll 

(MNOM1X) (MNSM1X) (BATCHO) (BATCHS) (9 sam los) 
I sampk'~Y"ed , , , , I (.""_h) 

Ag ()ltVlI) " " 56:1: 3 «U '" As (llila) 2800 2270 49)0 t 383 lS90 t 166 .,,~ 

Ca W· ) 0.77 1.43 1.04 ± 0.05 J.36±0.IO 2.S0±O.M 
ell (~Ii) ''''' 3M 483 :1: 225 3S6:1: 20 42 :1:62 
Fc(%) 4.85 5.02 6.66 ± 0.04 6.06:1:0.17 2.1 :1:0.4 

"'" 1.79 2.02 2.49:1: 0,O'J 2.28 tO.l5 1.7010_1 8 
Mg(%) 0.24 0.31 0.27:1: 0.01 OJ3:1: 0.01 0.70tO.1 8 
Mn (",gig) 1330 2380 1680:1: 94 22S0±ISS SIO±IOO 
Na W. ) 0 .1 0 0.16 0.1310,01 0.B 1 0,01 2.3010.20 
Pb(j.lgig) 1470 '"00 4~IO~ 1 49 2750t'16 49:1: )7 

Sb ( .. sill) '"' m S47 ± IIl'1 oWl t 55 '" s, (1Ig1,) % '" III ± 2 127± I oUl:t41 

Zn (1Ig1g) 1020 , ... 1$90:t120 1920 ± 56 92 ± 53 
ToUI S (%) 2)0 '" \.38:t 0.05 I'J6:tO_1 6 0,05 t O_1)4 

In addition to demon<tr.uing the «>mpo,ilionaJ diff~rcn ... between the \ailing. and the 
rwive $t:dimenlS, the d3!a shown in Table I 1....:1 to the followi"ll obMrv"ioJU with regw to the 
geochemistry of the fow tailings tyJlCll: 

1. lbc clayey tailings are more mrichtd in As, Mn, Ph, Zn ""d, 10 a I .... r extenl, in Fe and 
K os well os .Iightly irnpovcri:\bed in Total S than !he .illy vancti .. , 

2. lbc :lUlfidic railin' • ..., only marginally higher in ToW S contenl than the o>tiM tailing. 
regardless of grain lize. 

3. lbc o~idc clayey toiling. appear to be preferentially enricbed in Ag, As, Pb and Sb while 
the oxide .ilt wlings ate appareo~y depleted in Zn and. 10 a he •• .,,, ""lenl, in C. and Sr. 

4. Regardless of grain size and .ulfide contenl, Mn appears 10 correlate with Zo. 

An odd obMrvalion "'swing th" wl ings !IIl!.ly"", is thol the variation of Cu i • 
• ignif\COllUy higher than tho.., of the oth ... 1"",..,... A. expl.ined late. , this appears to be 
related 10 both the n>O<Ic of occl1l"tC1lCe of tile prevalenl Cu-wnlainins minerals and 
contamination from proc ... chemical .. especially duri"ll water trc:aIIIlenl ""iog the {NCO
SO,IAir proc ... . 

ABA CloaracltrlJllcJ: Fony .. I""ted samples were analyzed for various ABA paramele", 
""inll the modified ABA procedure (MEND, 2001) at BC Rese=h Jnc. lbc detailed data 
acquired .... given in Appendix C. A brief perusal of lIIe appended data ",adily reve.l. thaI !he 
impounded lailings are potcnlially a<id-gmcrating. H"",n<r, the sulflde .. ulfur content does 001 
",,=<1 4 WI.% in my of the anaIyttd sample,. Thu., the worst nel neuttali ... tion pOtenlial 
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J ... 2002 

(l>.'NP) measured is only ·82 kg c aCO,l!onnc. A llhouah the i!l(l'iani~ ~arbon analy&e$ indicate 
the presence of carbona!. mineral, in most tailings. the fact !hal the Carbonale NP is often lower 
than the sample neutralization poIcntial (NP. Mtermined by back tiustion) suggests ,hi' """'" of 
, .... carbonate. arc Fe- or Mn·bearing. Table 2 swnmarizes .. 1«1ed ABA parome\ers of lhe 
impoomdtd .... ilings md til. undeTl)'ing ""'ive sediments. n.. .. data dtmoIl$\Ia!c that t/u:K are 
["'it varia,;o,," in ABA properties wilhin each tailings grouping ruch !hal the foW" types of 
tailinll" ore not, SlaliSlically .".aking. significantly diff....,m. Ho_ver. i, is _nl thot the 
oxide tailingS, rngordleM of grain .itt. arc n:lalivdy depleted of carbonllleO while the fill< tail., 
especially the o xide day tailir.gs, are relllively impoverished in sulfide-S. 

In cootrasl to \he tailing', na,ive .. dimenll underlying the impoundment app"ar to havo 
some inherent acid oofferiJli capacity. Thi' i. ",ne<ted by the pJ$i,i,. NNP values (up 10 20 kg 
C..co,llonno) of the few samples analyzed. 

Table 2. Swnnwy ABA c!wacleTi$tic. of tailing, and !IIIlive sedim<nts II8IIIplod from the 
Mouru N."..n "';lings impound ..... nt. 

, 
C"mposite 
. ~. , 

Toilin g\' M ln .... logy 

70S :10.8 12,2:t 10,S 0.4 :t 0 ,6 

, , 

Too delermine tllo tailiIIl!' mil'l<raio&y, polished dUn sections we.., """"" from ,6 .elected 
indi"i<I ... l and compo';le lailing' 5&II1ple. fo< petrosraPhic exami""ti,,", Ponions of the 5&II1e 
samples were also analyzed by XRD. Based 011 the mulls obtail'l<d, 12 ,elected polished thi n 
"cliol19 were examined in detail under a SEM equipped with an EDX analyzer to ..,veal the 
mineral association, ""d compo.ilion. Salient OMer\ ... OOru an: presented below. 

P~'rogr'apIry: Lariely due to the fine go.in .i, .. of tllo I3ilings ...",ples. nol ntuch detailNi 
mineraloikal identification and decipher "r tutural ..,latiOMhips can be a<hicvod by 
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(NNP) measured is only ·82 kg C.cO,!tonnc. A llhouah!h~ i!l(l'ianic carbon analY$ts indicate 
the presence of carbona,. miner.ls in mOSl (ailings. the f8(t!ha. the CarboMle NP is often lower 
than lh. sample nculralizalion poIential (NP. dtlermiDtd by back (itralion) . usgcsts that some of 
, .... carbona,., arc Fe· or Mn·bearing. Table 2 swnmarizes scle<ted ABA parome1e .. of the 
impo<lrldtd toiling. &/ld til. """""lying '\lu;v. sedilMn\$. llIese data demon$tr;tt. thot "'= 10K 
lOCi" varialioll5 in ABA properties wilhin each tailings grouping ruch lhal the four types of 
"';Ii0ll" ore not, statistically .".akinK .• ignificamly diff=m. Ho_ver. i1 is IIWI"'<'nt thot the 
oxide tailing< .... gordJ . .. of grain . itt. an: reialivc\y depicted of carbonaleo wIIile!he fill< tail., 
especially the nride day tailings. are reilliv.ly impoverished in sulfide·S. 

In contrast 10 !he tailing •• naliv ... dimenu IIIKkrlying 111< impoWidmerlt appear to have 
some inherent acid buffering capacity. Thi. is ",netled by the poSitive NNP val"", (up to 20 kg 
CaCo,Il0nnc) of the few samples analyL.Cd. 

Table 2. Swnnwy ABA clwa<ttTistie. of tailing. and native sedim<nt. """'plo:! from the 
Moun. Nansen tailings ;rnpoun<immt. 

" Composite 
.~. , 

Toiling< Mint .... logy 

7.S:t 0.8 12.2 t 10.S 0.4 t 0.6 

, , 

To determine the toiling. mincralo&y, po~shod thin """,ions "'" .. ' mad< &om 16 oeleded 
indivKlual and compo.; •• lailing> wnple. for petrographic c><aminali"". I'onions of lhe ~ 
samples were also analyzed by XRD. Based 00 tbe mults obtaincd, 12 ,elected polished thin 
"clio"," were examined in detail under • SEM equipped with an EDX analyzer to reveal the 
mineral associations ""d composilion. Satienl OMervations are presenled below. 

P~trography: Lariely due to lhe fine gr.;n .i"" of the tailings """'Pies., not much delailo<! 
mineraloiical idcmification and dc.,ipher Qf tntural relationships can be o<hinO<! by 
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e><Am;nat;on ull<ler the peU<>i!'Pruc microscope. Ho"",..,r, tven from a cUr<Ory u amination of 
the polished thin sectiOTU. it i. evWem thaI quanz is (he dominant mineral in a ll of the tailing. 
samples. Alkali feldspar "ppo= to be a subordinate phase in many sections but il i. ofieo 
inlensiYcly replaced by sme;l< = carbonate: t day i epidote . GypSum Or a .imilar sulfate 
appears to be a common accessory mineral. Pyrite, genttally amounting!O less than ~ modal %. 
i. \lie dominant sul fide i<ientified . ""hile many of !he pyrile grains .how an oxide tim. 1M 
majority of them arc fresh. fully liberated grain, up to about 10011'" across. In contrast. 
aIXnopyritc: i. only I1Il'Oly obsem,d, mostly embedded in larger quartz lP"'ins. 

XRD results: The ana.Iysis of the 36 .. I...,te<! tailin&. """pies confirms that q"""z is the 
dominant mt""",1 in all four uoiling'l}1><5. In oddilio •. muscov;lC:!: illite. gypsum. Ioaolinile and 
jarosite are the ubiquitous ae«ss<>l)' m;nonls. Montmorillonite ""d small amounts of pyrite. 
alkali foldspal' and calcite ore also posith"ely iden,ifi«i in son>< of the sample,. Larstly due '" 
overlopping reflection peaks. mineral. occurring in Ie .. !han about 5 W1,% cannot be alway. 
confirmed by XRD. Based on the XRD analy.is. the clayey tail. can readil)' he diff .. entiated 
from the silty tail. by the prnence of a greater abundance of clay mi".".l, (Figure 9) . The o~idc 
and lulfide "arietiC$ of the same iJ'Iin liz<: iJ1)up, bo",,,, .. r, canno! be diffcrentioted ba$ed on 
XRD e.idence alOI ... Additional X-ray diff~ ofrepre:s.enlalive samplC$ in each Iaili!ljls 
type are oppended (Appendix [)'1 ), 

S£MJ£DX aM/y.i$. With the lupplnnentary capability of an EDX anal)'7tf for chemical 
analy<is in situ, minemJ identificotion can he performed in the examination of polimed thin 
sections of tailinp sample, un<lcr • SEM. By ..,ni!ljl up a vid across the: thin 5ecIiolL, the 
!raditional poinl cowning technique can be applied 10 ascertain mineral abundan<e. Thi. 
procedure ....... opplied in me examinotion of 12 selected polished thin secl;on,. The ..... 11$ 
(Appendi~ [)'2) .how thai •• imilar to bulk ~hemis!ry. the tailings "'" heI=genrott!l in 
minemJogical make·up. However. the c,""""r tail' generally contain more quart~ (58.69 .enm 
41·51 modal %) and Ins $OTicite (>20 Vct$U$ <16 modal %) Ih.m 1he fine tail. , Alkali feld"par 
oecurs in subordinate """,wlls (up 10 17 modal t'. ). which teDds!O he moo: <o"""ntrated in tbe 
sulfidic tails. The moS! abundant sulfide min ... l observed in lhe tai li"$' is pyritoe (0.2·5 rn<I<ial 
%). Most lmenopyrite Iw bee .. altered '0 sooroditoe (Figure 10) &cau .. of the common 
oecwtence of encapwlation of .... Ifi<lc. in coarse quartz panicles in all the w linp types (e.g., 
Figw-<. 10 and II) Ihe lulfidic tai ling. show only ll\ariinally more sulfides Ih.m the oxide tail., 
In addition to iron oxyhydroxidc (3-6 modal %). a common secondary m;tleral found in tbe 
tailings i, jarosile (1 _7 mDdal %), Other mitIOr to !race mineral. identified in the tailingS include 
kaol inite, ~m. calcite. ankeri,e, Mn-rich carbonate. mangll1<O<: oxide, albite. sphalerite. 
galen", chlllcOpyrilc, CQvdli te, ""gentile, boumonile, rutile. ilmenite. apatite. epidote. monazite. 
zircon and a couple ohulfosalu enrk hed in Fe and Sb ond Ph ond 51>. =POclively, 

AlthOUgh amorphoos iron oxyh)'drox;<Ic, loosely called goethite in Ilti. repOrt. CQn,tilUles 
only a minor componenl of the tailing ",lids. it play< a significon\ role in a\tcnualini, the 
transport of ",me potentially deleteriou. metal . and trau elem""u. The sorption of Zn in 
goethile enriched in Mn i. demonstrated by a ..ne. of X-ray m~", in FigUK I I. Other examples 
of lextural features of inloreS! observed dwing the: 5EM """Iy,il .. ""II as chemical analy ... of 
""" mine",,, ar. ilhutrated in App .... dix [)"2. 
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examimuion ur.der the pcrrograph.k microKOpe. HO,","e,'.r. tven from. 00"""'1 exam;""t;oo of 
Ihc polished thin 5ec1ioTlll, it i. evidenllhat quartz is the dominant mineral in all of til< tailing. 
samples. AI""'; f •• bp;u ~ppcars to be a subordinate phase in many sections but il i. oft"" 
intensively replaced by $fiicil< =- carbonat< t day i epidote . GypSwn or a .imilor ,,,Ifal< 
appears to be a common acce,,,,,ry miner.l. Pyrite, g.n<:rally amountini!O 1<$$ than ~ modal %. 
i. Ihe dominant sulfide identified . While many of the pyrite grains .how on oxide tim. lhe 
majority of them arc freoh. fully liberated grain, up to about 10011'" across. In contnlSt, 
IIIXtlOPYri\e i. only """Iy <>b, .. ,,,",, mostly embedded in larger quartz ""ins. 

XRD ,u ults: The analy.i. of the 36 .. I..,ted wHo,. """pies confirms thaI quartz i. the 
dominant mi""raJ in all four tailing. ~1><". In oddili"n. mu"""vile:!: illite. gypsum. bolinit. and 
jarosite ..... the ubiqrnlOUS oc<:e$$Ory m;nrnU.. MonlmOrilionite and small amounts of pyrite. 
alkali feldspar and calci", are 01"" "",i(hoely id<ntifi«i in """" "ftllt sample •. L"'itly dut '" 
o'erlopping refleclion peaks. minerals occurring in Ie .. lh.uI Obool 5 "'1.% cannol be alway. 
confirmed by XRD. Based on the XRD "".Iy.is. lbe clayey tail. can readil)' be diff""enlia1ed 
from Iht .ilty 1.oils by Iht prntnce of a greate, aburodaIIce of clay miDer1l. (F igure 9). The o~idc 
and sulfide varicti .. of the oamc i'1'in sizr &roup. no"'''''o,. Cannol be difforcn,illled ba<ed on 
XRD t,idt"". a1o"., Additional X-ray diff~ ofrepre:s.tn1.olivt ..."ples in tach tailings 
t)'pe ore appended (Appendix [)'l ), 

S£MJ£DX aN11y,i., With the supplementary capabilily af ... EDX analyzer for chemical 
analysis in silU. minaaJ idenlificalion elll be performed in Iht examinalioo of polished thin 
seclions of taHinp sample. under • SEM. By ..,ning up a i;rid across Iht thin section. the 
lraditional poinl COWlling technique can be applied 10 asctr'lain miDeral abuOOarl<e. 1111. 
procedure ""ao applied in lhe examination of 12 ..,1ec1ed polished 'hin section., The ..... 110 
(Appendix [)'2) .now thai. simiw to bulk ~hemi'try. the tailings are beI.rog.""" ... in 
mincnlogical make·up. However. tbe Co:>aBtl' 1.oil. g"""flIl1y contain mon: quart~ (S8-69 .. enus 
41·S1 modal %) and less ...-ricite (>20 "C"Wi <16 modal % )!han the fine tails, Alkali reld.par 
"""W'S in .ubordinate "mowlIs (up to 17 modal V. ). ",-hich te!lds to be more CODCentrated in thoe 
sulfidic tails. The moS! abundant sulfide min"".1 ob!;er.-ed in lbe tailill$$ is pyrit< (0.2-5 rnOOaI 
%). MOSI a=nopyrite bas been allered to scorod;te (figure 10) s.""Ust of the common 
"""urn""e of e"""P"ulation of sulfide. in COUJe quart>: panicl .. in all the w linp I)".. (e.g .. 
figu .... 10 and II) Iht sulfidi<: tailing. sho,,' ""Iy ltUriinally more sulfide. !han the oxide tail., 
In addilion to iron o ><yhydmxide (3-6 modal %). " common stCOndary mineral found in the 
tailings is jaro.;le (1_7 modal %J. Other mioor to trace mineral. i<kn'ified in the tailings include 
kaolinite. 8YJ>SWlI. calcite. ankerite. Mn·rich corbooalc. mangon<s<: oxide. albite. sphalerite. 
galena.. cbolcopyrilc. CQvdlite. arilentite, bournonit., rutile. ilmenite. apOlite. cpidott. rnona;.;te. 
zircon and a couple ohu1fosalts enriched in Fe and Sb and Ph and Sb. rnpoolively , 

AlthOUl!h amorphO<l$ iron o~yh)'dmxidc. 1""",ly called goethite in !hi. report. constilutes 
only 3 minor oomponen' of the tailing ""lid .. it plays a significont role in altenuatini/. lhe 
transport of ""me potentially dtleteriou. metal. ond trace el<"""'tJ. The ooIplion of Zn in 
goethitt enriched in Mn is demonstrated by • ...-rie. of X·roy ma", in Figure II. Other example, 
of textural fealllrtS ofinl<reS! <>bserved during the SEM """lysis "" "",II .os chemical "".Iy ... of 
""" minerals ar. ilh.,uared in Apprndix D-2, 
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Figure 9. A pa;~ t>f X -ray JijfrlU'logram.J Illustrating IMI da)"ey lalling; (abow:) Jiff~T i""" . illy 

Ulili'W' (below) by the am"",,1 of rilly mjnerau p",.enl nga,dle.u of '~lfid~ ron/err/. 
Reference XRD pallU1l.li of "'/n,,"1 m/""",I.< are !"(,,,"Jed bt!Jow ""''''' dijJraclOg,"m /0 
demonslrai~ pool/iv.: IJenlifiC<J111NL 
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Figurt: 10. A bacbrnller"d e/ecmm phQ/pmicrogral!h iIIuS/raling complete "'pku:<i-mt:nl oj 
ars£tOopyrj/e (angulur grains ,.,iln app.m,,,, roid. in Ihe ct"Iln and e ... ~ed ;" a lX>mf'O'il~ 
groin of quam) by scorOilile, A suMedral ",.-ire groin (Iighl grey, left edge 0/ pic<urt:) i3 
lota/ly dl!IDid of aileralio". The ."",1/ " 'nile groin iMide .M€ of the weathered..,.., 
arsenopyrite i. /Jour"()fIilC, a Icad anr",,,,.,y SUlfide, 
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Figure 10. A bacbctlllc",d e!ec/ron pJoQ/pmicrogroph iII~>lroli"g COntple,,, .-ep~mem 0/ 
ammop),,'le fanlJUl~r graiM "'ilk apparent mid. in 'he am,.., and e"'kMed in a """'f'O'il~ 
groin of q""m) by srorodi''', A s~M.-Jral p)Tite groin (Iighl gr<')'. I~fi Mg<! of piClUff) i3 
lotally d<!IDid of (1/1"'(11;1)11, no .. • "",1/ ,,'hile groin iMide {me of 'he ... _/11 .. ",,1_, 
arSeMpplte .. /Jou.rn()fli'e. a lead anruM"Y sulfide. 
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Figurt: II . Top: &rondory electron pltotomicrogroph of ~M aggregaled g,."in of f(Qelhit€ 
(FeO,OIl) willt included quam (dark gnry). BOI/om." X.roy mup. of Fe, Zn and Mn oflhe 
agg"lf"lM grain above ill",'",'ing 'he sorption 0/0. ""tit lhe iron (}xylt}d,oxitk e"rided in 
Mn oon/en/. N()/e al.o rhe f'<1"iai enCt1{!SI'iati()l! of pyrite in quam (upper left comer in Ihe 
.eronJary electron pirotomicrt>grop/l) tha, h", hO"'{HTed its oxidelK," to g<>eIMle. 
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Figure II. Top: &ro~dar)' dectron photomicrogroph of~" ogxffgowj grallt of g<>elhile 
(FeD, 011) wilh /"r/udro quam (dark gnry). 8<1110"''" X_roy mop. if Fe. Zit and Mit of Ihe 
aggN!go/M grui" ubQ,,, iII"",,,,,/,,!: 'he sQI]>Iiolt olln ... ith lite iron o:(yhydroxiJe cltrid",d in 
M" comen/. N()/e aha Ih~ partial ~nC(1{!SI'latj()n of pyrite '" quam (upper left corner in Ihe 
secondary electro" photomicrograph) tha, iw3 hampered its wddalKm to goe/hire. 
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JIJ .... 2002 

T.iliDI' Po ...... , .. Chemin", 

Most of !he co,. samples ""qUiTe<! in ,lit drill rrogrom _ .. satumed tai ling.. U""" 
uanspon from the tailings pond to the field l. boratory, compact ion oft .... led 10 th. bleeding of 
porewaler to tlte surface of the tailings in a sampic bag. Such portWllC. was cartfully decanted 
and filtered (0.45~) f"r various analyses. For clayey taihng. thai did 1\(1' rc3dily bleed wator. 
centrifuging " .... ~ui~ lO extract any pore"'.t ..... Frozen tailing. we .. a1lo ..... ed 10 thaw bofa,,", 
po .. ""lIor o=ion. For sample, ,hat did 1>01 yield any porev. ... 'er. leaching with de-ionized 
distilled water 01 a 1.1 liquid l(> ..,Iid "'Iio ".,.. conducted 1<> provide. koch \'ill~r (simulated 
port", .. ! •• ) for field analy,;, of cyanidt.",I.led 'pteie. only. 

The POTe"""'" ~pl •• we", anaJ)'Ud (or pH. weok add di..ociabl •• yonide (WAD eN). 
lhlOfyanate (CNS). ammonia (NH, .N). nitrile (NQ,.N) and rutr.tc (NO,·N). In Ihe f,.ld, WAD 
CN was measured using a P<niOrp anal)'"lt"' obuined from !NAC. l1Ic anaIysi. of NII,.N, NO,_ 
N. NQ,.N and CNS """ cond",,!ed using a Hach DR 2(}10 analyze •. Upon complelion of llIe 
field analyse .. exces, poteWllle. samples were pre .. rved and shipped 10 CANMETfMMSL. 
Onawa for furthe. anaiy5i.. An ali<jUOl of each sample (- 25 mL) WM pc<S<'l"Ved ,..illt 
""DCeJ\lJ1ued nitric ..,id (<>ne drop per 20 mL of .ample) f". ICPIMS me\al ",an and sulfale. The 
remainder was p....,rved using 1.0M NaOH (10 pH >12) f.". Ihe anaIyoi, ohanous CN .peci ... 

The detailed porewalet analy ... on each """pie and • swnmary of lbe CN-relll1ed 
parameters aM .. I""IM metal. are tabulated in Appendix C·3 on. bole·by·hole basi •. Briefly. 
!he pote",me. Total·CN cOIICCnualion ranged from 0 .1 to 6S.3 mgIL whil. the Total CN conlent 
oflaiJin&! solids rallied from 53 10 14S !,glg. The maximwn porevo"ale. WAD CN ~tralion 
measured. wbicb appeared to be strongly related 10 dissolved Cu. was 38.3 mgIL. The Wtal CN 
and WAD CN concentrations increased with deplh in 1I0re Hoi ... 2. 3 and 4 while in !he majority 
of om... hoi., lhey did """ follow My ,pecifio palt"'" "lth tithe. ine:reMing o. decreasing 
depths. For nine: pore,,-aler $3J\\pl.s the WAD CN v.I .... obtain.d in fI.1d were higher than the 
Total-CN conc.nuations determin.d at the CANMETfMMSL la bor;tlOlY_ The ToW CN 
cOIICCnuation in lhe majority of tho .. >ampl ......... lower than I mgIL, The total CN analysis 
was condlXlCd in Otta_ aboul ,wo "WKs die' !he field program. Givt11 the low inilial 
oon«nlnl1.ions. the I;"", delay and the impacl of NaOH addilion (fM sample preservotion) on a 
van"\}' of m&1·CN complex •• may hay. contribuled 10 !he ob .. rved diKrepanci .... 

Whil. the sulfidic clays ""ntailled I highe •• "."'ge """"",I of Total CN (72.7 " gig), !he 
oxide tailingS. regardl .. , of llrain siu, we'. mOre enriched in bolh porewalet Total CN and 
WAD CN (Fill"'" 12), Incidentally, the oxide tailings (both silt and clay) "'..,re a l>o ob$e,,'ed 10 
have tho bigher .""rage dissolved Cu and F. """c.,,tr.tion, in lheir pOrewatef "",pi ... 

Pore"""" CNS concenlnltions rallied from <2 mgIL 10 I maximum of 315 mgIL_ They 
generally did not .oow any relationship with eith .. porcwater Total CN .,., WAD CN. TIte CNS 
""1ICCIItt;Ui"" reached lOOmgIL even for porewalet "",pies with Total CN and WAD CN 
~o"""ntration' of 1."" than I mJI'L. The ,vernll" CNS ""nc"'!ration for .ulflde clay. sulfide silt. 
oxide clay aM oxide si lt sampl.s w .... 168. 104, 118 and 140 mgIL. respectively (Figure 12). 
ThIlS .ulfide clay tailings an: awarenlly moM enriched in CNS, 
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T.ilinp Po ..... ·. , .. Chernu,.,. 

Mos' o f the <;ore samples acquired in ,he drill prog,om "' ..... satul3led tailing.. Upon 
transpon from the tailingS """d to the field l. bora,<>IY. """,paction often led 10 the bleeding of 
port" ... 'er to the surface of the tailings in a somple bag. Su<h port .... "tcr " .. carefully de<;an,ed 
and filtered (0.45~) ro, various analyses. FOT clayey tailings thai did MI rMdily ~Ieed W8ler. 
centrifuging w .. requi~ 10 exUa,! any pore .... t ..... Frozen tailing. ~'" allo ..... ed 10 thaw bef= 
p"","'lIIe, .;<traction. r"" >ample. ,hat did not yield any porev. ... ter. 1"",lUng .... ,lh de·ionized 
di<1illtd water al a 1,1 liquid'" ",lid ",lio ""3$ «,,>due!cd to provide a leach \',3.,., (,;mulated 
port","".r) for field analy,;, of cyanid..,,,I.ted 'peci •• only. 

The poKV>-atef ....... pl •• "'= analyzed (<>r pH. wuk add di..ociablecyonide (WAD Cr.l . 
thiocyanale (CNS). ammonia (NH,.N). nitrite (NQ,.N) and rulnlle (NQ,.N). In tht fIeld, WAD 
eN was m ..... ",ed using I Pe,.to", analyzer obl.3.ined from !NAC. 11Ic anaIysi, of NII •. N, NO,. 
N. NO,.N ond CNS was conduc!ed using a Hach DR 2Cl10 an.alyze •. Upon complelion of Ihe 
field analyse .. exc .. , port"'lIIe. samples were p,.. .. rved and shipped to CANMETfMMS L. 
Onawa fo. furtMr analy5i" An a!;<llIOI of e&<:h sampl. (- 25 ml) WM preS<'T"ed with 
concenlnlted nitric acid (<>n<: drop pc. 20 ml of """'pie) for ICPfMS me\al 5CaIl and ,ulfott. The 
remainder was preserved using I .OM NaOH (10 pH >(2) for \he anaiyoi, of VMOUS CN ,peo;i ... 

n... dc!aiJed po.u. ... tcr anaIy .. , on each """'pie and I swnmary of the CN-reloted 
parameters and .. I~t«i meW, are !abl1laled in Appm:lix C·3 o n a bol.-by-hole basi •. Brieny. 
the port"'''ter Total·CN concenlnllio" ranged from 0.110 6S.l mgIL while the Total CN conlenl 
of tailin&s solids """Bed 110m 53 to 14S .,alg, The maximum 1"'"",,111 .. WAD CN =1raIion 
measured, .... 'hieh appeared 10 be strollJ.ly related to di5S0lved Cu, was 38,) mgIL. The toW CN 
and WAD CN COIlCtnlralions illCl'tased with depth in lIore Hoi .. 2. ) and 4 whil. in 1M majority 
of 0tIt<r hoi., they did "." follow any .pecifi< pal10m .... llb tither increasing or dtcrcasing 
depths. For nine porewatcr wnple.1ht WAD CN v. l .... obta.ined in field were higher than Iht 
Total-CN concentrations determined 81 Iht CANMETfMMSl l~bor.tI"",. Th. TOllll CN 
concenlration in I~ majority of Iht .. sampl .. was lowe< than I mgil, The total CN analysis 
wu conducted in Otta",,, about two ~ .. afler the /i.1d program. Givt1l Iht low initial 
co.-nlra,ions, the time delay and Iht impac1 of NoOH addition (for .ample preservation) on a 
vari<1y of m<'l4J·CN compltxt, may hay. contributed to the ob .. rved d iKreparo:i ... 

While lilt sulfi dic days contained a hight. a"eragt omount of Total CN (72.7 "gig), lilt 
oxide lailings, regardl.,. of Brain . iu ..... '. mOre enriched in bod! porewa ... Total CN and 
WAD CN (Fi21lt<: 12), I""idenlally, the oxide tailings (both silt and day) "'tre al50 ob$t,,'ed to 
bav. lilt higher .""Tage di...,lved Cu and Fe COnCttllf.tion, in tbti, pOrcwater $ampl ... 

Porewattr CNS C(lnceJttnllions rnnged from <2 maJl to I maximum of 31 S maJl. They 
ger>trally did not show any relationship with eim .. portwater Totol CN Of WAD CN. The CNS 
concentration . eached l00mgil even fOf porew,Utl wnpl .. with Total CN and WAD CN 
~oncentration. of 1.", than I mJll. Th. oVflOOlle CNS concentration for sl1lfldt clay, sulfide ,ilt. 
oxide clay and o>tide si lt ..."ple. "''ere 168. 104, 118 and 140 mg/L. respectively (Figure 12). 
Thus sulfide clay tailings are apparently most enriched in CNS. 
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Flgu,.,. J1. 11""",1<' C(HIce~lro.ri()lt ofTQl~1 CN in tailing. ,oIid. and VQn'""" 
CN·nkl,d .~~ aM .<!I"",e,J _'als in porewalo, of ,Ae fOlir lJ'Pf'.' o/wiling. 

identified in l~ Almont NalLfe" UJilings imp<nmd",...". 
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CN·.-.:i<l'~ sped"" aM Ulec'N _'ais in POrY:Wa't!r~ ufl~e fOOir ~ oflililing. 
idenlljibi iIr 1M Moooni Hansen tailings Impmmd",,,,,,. 
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Flgu,.,. J1. 11""",1<' C(HIce~lro.ri()lt ofTQl~1 CN in tailing. ,oIid. and VQn'""" 
CN·nkl,d .~~ aM .<!I"",e,J _'als in porewalo, of ,Ae fOlir lJ'Pf'.' o/wiling. 
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PQTeWa!er rno values in (he MOUDt Nansen tailing. ranged from ) mlil to 1~3 milL 
Pore ...... kT sampl'" witb Tou, eN and WAD eN below I mglL had CNO concentration below 
20 mgIL. The thermody""",ic. of the cyanide~yanate '.""';on indi""lt:$ that cyanate should be 
the "",dominant specie, under nalural condit;"".. I lo"' .. ver only SU()"Il oxidants are capable of 
di",ctly oxidizing cyani<le. Under ""ural condit;"", microbial "'''YmOliC 'eoctions and <alal}1;': 
surf""., o f minerals are able to promote thi, oxidization. Cyanate i. also gen.rata! by the 
hydro1rsi. of !hi""y""""" The a,~ CNO COIlCCtltrations in """"walera ... "",,;ated with!ht 
sulfide d ay, sulfide sil!. oKille clay and oxide silt tailing. an: ,hown in Fig= 12. 

'The ammonia COIICmmotion in m. po~.r samples rr.ogod from I mgIL to 59 mWL· 
Ammonia C<lncenmuiollS in g .... ral wc"' h igher rOT :lampl", CQJlwnin, hiKh<:r amounts of eNS. 
In the leach water samples (mainly on BH S cores thaL yielded DO pore",ater) !he WAD CN, CNS 
and Nll,.N ""'<C1l!rations were <0.2. I 0 and 10 mall. respectively. The analy.i. Qf frozen ice 
samples below 1M"""w cove. g'''~ <0.1 mgil WAD CN but the CNS ""n.:entta!iono wtte 

bnw«n 50 to 6S mgil and ammoni~ in tbt 20 to 25 mgil ranKe. The variation o f l\'efaKe NH.o
N in pOre"'lIIe" of the diff=nt tailings tyl'<' i. al", """,',n in Figure 12. 

As exp«ted, the a'·..-age Total S collCtntt.tion in tbt porewatcn was higbe. in ~ulr.dc 
,ilUclay cor"" than in oxid< clayloilt corel. "The dissolved M conc..,triUion in POm>llltcn rangl!<! 
from ... Inw ... 1)Lgil. to as high as 5.620 ... gIL. "The m""imurn Zn concenlr1llion in tbt 
pom>lllter sample, was 5.77411g1L. The Cu ooDCmlntion ranged from 0.01 mgIL In 27.7 mgIL . 
In g<n<rnl. samples with a hi"",. Cu concentration abo oho,,~ hi"",. WAD CN. "The average 
porewaler Zn concentration was hi"",. for l ulfide silt ~s (figure 12). The a"=ge A. 
concentralion in porewale. sample. was higher for o~ide coTt. than for sulfide cores. "The Cu 
concentration in general was high<T in oxide ",It (6.5 mgIL) and oxide clay (6.4 mgIL) lhan in 
. "lfide';l1 (5 OQ mgil) MtI .. ,Ir.& clAy (1 ~ mell ') Th~ M"""2e f'O~trf Fe CIlnc ... !r.Itinn in 
tbt o:<id< siluclay 00Te$ was higher than thai in tbt sulfide d a y/sik cor .... 

ADaly ... of Grab Samples f ... m the B!"9WD_;\I<D.d. Pit 

Samples collocted during a brief examinalion of alleration ond remnanl mineralizali"" at 
the Bro ... -n._McDade pit and .ubjecll!<! to detailed """Iy, i. include tbt following: 

I . Four grab sample. of in~ altttatiOl1 .1 the two adils and a b~i. zoo. in the <IOrth 
wall near the middle of the pil; 

2. Two pil WIll .. """pies from the top and booom of the pil pond ..... pectively; ..,d 
3. A 5I1l3!1 sample of sedimem, lIIXUIJIul.ted at tbt bonom of the pit. 

The results o f XRD. Sf.MIEDX and geochemical ",,"lyon of the grab alteration wnples 
confirm the pre"""'. of pyrite as tbt dominant sulfide and ilYP'urn, jarosite. m\l5COvitelili ite and 
kaolinite tbt common crystalline a ltcnltion producl$. Two samples submitted for ABA 
dt.Ua"leri2.0tion are sllown 10 be potentially ""id"ie~ing with NNP "a!lICJ o f -92 and -1 474 
CaCO,llOttne. respectively. X-Ray diffraotion analysis of the pit sediment rev •• I. that il diff .... 
f.om tbt impounded tailings by tbt presence of • significant om<>unt of montmorillonite and the 
absence: o f 8YJ'S11"'. Quartz. mUSlCOvitelillite and kaolinite an: the other eonstitucnl$ identified. 

,_",",,,,,""""~,",._,",~~".,,,,,m(O",,,,---------------------,t5 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Po"",.,.'.' CNO v.h .... in the Mount Nansen tailing' rallied from ) mall to I B milL. 
P""'''''l<T """'pi .. with Total eN 000 WAD eN below I mg/L had eNO concentration below 
20 mgIL. The thermody""",ic. of {he cyanide..:)'ana,. ,o"",ion indicateS that cy""'''. iliould be 
the pn:dominanl speci., under nalural «mdition.. I lowever only strong oxida/110 are capable of 
di",ctiy oxidizing cyani<lt. Under ""ural condition. microbial en:<ymOlic ,.oct;""" ond catal)1;, 
surf""., of mineral$ are able to promote thi, oxidiZlltion_ Cyanate i. also generated by the 
hydroly$i. of Ihi""y""""" The " 'trage eNO C<lIICc1Itration. in """"wOle" asMCiated with ,he 
sulfide day, .ulfide ,ill. oxide day and oxide silt tailings an: ,00"'" in Fig= 12. 

The ammonia roncenll1l1ion in the porewator samples ranged from I mgtL to $9 mgIL. 
Ammonia OOl>C<mlrlllions in goneral wcr.: lr.ighor rOT sampl", <:<>ntainillK high<'r amounlJ of Cr.:S. 
In Ibe lexh watel samples (mainly on BH S cores that yielded DO porev."II!er) lite WAD eN, CNS 
or.:I NII •• N ,oocen1ral;""" were <0.2. I 0 and 10 maIL, re.pectively. The analysi. of frozen ice 
sampl .. below 1M .!>OW covor gave <0, 1 mgil WAD CN but 1M CNS "","",nttalioru _re 
brtwttn 50 10 61 mgillllld ammon;.;n 1M 20 to 25 mgil ran&e. The van. tion o f l\'erage NH.o
N ;n P'l"',.,.teB of the different toiling, tyP<' i. also ""',',n in FiaU/'e 12. 

As expe<:le<!, 1M nerag. Total S concernntion in 1M porewalCn"~ higher;n sulr.de 
silt/da y""",. than in oxid< dayfoilt CoreL The di_lv.d A5 coo<entrmion in porewalCn ranaed 
from .. low .. 1)Lgil. to as hiib as 5.620 ... gIL. The ma><imwn Zn concenlntion in the 
porewat .. sample. was 5.77411g1L. Th. Cu oonc=lr1l1iOll rangod from O.ot mgIL 10 27.7 mgIL. 
In g<n<r.tl • .ampl .. with a higher Cu coneentralion al"" sho,,~ higher WAD CN. The avorog. 
porewat .. Zn concentration was hishe' for .ulfide . ilt core. (Fig ,,", 12). The overaae A. 
concentnllion in porewater .ampl .. was higher for oxide ""re' than for sulfide eore •. The Cu 
concentnlliOll in genua! was high<T in oxide :lilt (6.1 mgIL) and oxide clay (6.4 mgIL) than in 
. "lfid.';1\ (I OQ "'rPL) Mol .. oif.&. ~IAy (1 ~ mell .) Th~ AV ..... e. 1"'~1rf Fe concentration in 
the: oxide s ilVday oores was hightt than IMt in the sulfide dayl.ik eOr ... 

Anly ... of Grab Sa mples fro m the B nn.-m_;\!<Dad . Pit 

Sampl" colltettd during 4 brief examination of alteration ond mnnant mineralization at 
the B", ....... ·McOade pit and subjected to de",ilod """Iy. i. include tbe foUowina' 

I . Four grab sample. of inlen$< alttraiiOll ot the two adi" and a brec<:i. zoo. in the: <IQI1/t 
wall near !he middle of the: pit; 

2. Two pit water WIIpl ... from Ihc: top and boo.,." ofth. pit pond. respectively; and 
1. A . man .ample of 5edimcnt. IIIXlIII1uloted 01 the bonom of the: pit. 

The results of XRD. SEMlEDX and aeochemicalllJlalyses of Ih< e:rab aller01ion samples 
confinn the ,,",scnoe of pyrite as the dominant ,ulflde and IlYP' um, jarosite. mU5COvilelillite ""d 
kaolinite Ih< common crystalline ahenuion products. T",." sample' ""bmitted for ABA 
dlar""teri2.0tion Ole shown 10 be potentially add-II • ....,uina with NNP "a!lICi of -92 and -!471:g 
CaCO,.rlOnne ... speaively. X·Ray diffraiOtion analysis of the pit sedimem .. veal, IMt il diff .... 
from the impounded Ilriling. by the presence of • significant omoont of montmorillonM and tho 
absence o f gypsum. Quam .. mU5COvitelillite and kaolinite .... the oth"" constituents id.ntifiod. 

,,-,,,,,,,",;;;;,,""""~,.,._,",,~".,,,,,m,,",,,,-------------------'2·s 
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Jun_ 2002 

lbe analy,;s of (he pi! "'olers by rCPAES ""ul. 1lIc pre""co of chemic. 1 'Ualificalion 
in tho; pit pOnd. lbe sample collected from jusl beneath !be ice co,-.,. which was used in the 
column and [<aching Slodie!, contoint<! signific3:ltly I .... disS(lived metal. than the sample 
co llected Dear the bottom of the pit Norahl. conltUts include 0,04 ".!'SUS 0.35 mgIL AI; 127 
"ersus 426 mgIL Co; 0.05 V.mI. 0 .86 mgIL Fe; 1.25 VC1'SUJ S.99 mgIl. K. 29.0 versus 397 mgIL 
Mg; <0.006 " . .. us oms nJiI'l Mn; 7.99 von ... 15.8 mgIL Na; 81.7 ven ... 899 miVL IOlal $; 
and, 0.82 versus 1.74 mg/L u.. 01:>501,'0<1 Si, """'ever. "'lIS enriched near tht lOpofthc pit (9.84 
verlU$ 3.72 mgIL ). Dissolved At. Cu, Pb and Sb in both cfthe water samples ""C1'e below the 
ICPAES quantification limits (which;" defiDed as lOX the delection limilll) nf 0.55, 0.018. 0.52 
and 0.32 mg/L. """.':lively. SupplcmenlMy lCPM$ Ol'III!yse. !pvc 0,024 mgIL As and 0,060 
mgIL Sb in the: turf"". pit water, 0,014 mgIL As and 0.022 mgIL Sb in the bonom w.Uer and 
<0 .020 mgIL Pb in either waler. The pit surf"". waler gave a neld pH measurement of 7.1 whi le 
!hat of !be pi! 1>ooom waler was pl l 7.S. It !bus appe .... W! bo!h A.;md SI> ore more !IOluble in 
a higher pH medium. 

CANMET MMSL lIepott CHI1 1«(;11) 
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lbe analy.i. or (be pi. " .. Ie .. by [CPAES ",'..al. lIIe presenco of chemical stnuificalwn 
;n the pit pond. ~ sample coU""tW from JUSt beneath lbe ice co,-.,. which was used in ,he 
column and l<aching otodie<, ""n,oined .ignificlUltly I ... di,ao[ved metals than the sample 
to llected <>ear the bottom of the pi!. NOlable conltUts include 0.04 , .. !'SUS 0.35 mgIL AI; 127 
"ersus 426 mgIL Co; 0.05 \ 'em!' 0 .86 mgIL Fe; 1.25 VC1'SUS 5.99 mgIL K. 29.0 venus 397 mgIL 
Mg; <0.006 " • .,us oms mgIL Mn; 7.99 venus 15.8 mg/L No: 81.7 """US 899 mlliL IOtal $; 
arut 0.82 '-. rsus 1,74 mg/L z.n. D1sso"'od Si. how.v .... wus enriched ncar tht lop of the: pit (9.84 
v""", 3.72 mgIL). Di$SOlvcd A., Cu, Pb and Sb in boIh of Ibe ",ater sample< were below the 
ICPAES quantification limi .. (which;" deliDed as lOX the detect;"" limi"') of 0.55, 0.01 8. 0.52 
and 0.32 mgiL. "'spetrivcly. Supplem.nwy lCPMS OtIII!ysn pvc 0,024 mgIL A.< and 0,060 
mgIL Sb in the . urfac. pi' ",.,er, 0,014 mgIL A.< and 0,(122 mgIL Sb in the bonom Wlte. and 
<0,020 mgIL Pb in .itber wale •. The pjl surface water gave a field pH me""urem.nt of7_1 whit. 
that of the pi! booom walOf W,," pl l 7.S. II thus appe .... WI both A. and 51> are rnO'" ",luble in 
a higher pll medium. 
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COLUMN TESTING 

Purl'(* of Study 

To investigale possible imeractions of the impounded tailings with water """"",ulated in 
\he Brown-McDade pi!, eighl colwnns were seI up lO oimu!alc four disposal scenari", in 
dupli"",. (Figure 13). The scenarios are: 

1. High sulfolk tailinp under a water cover; 
2. Low sulfide tailin& under • wl\eT cover; 
3. Mixed (high and low sulfide) Llilings slurried and placed und..- a water cover; and 
4. Mixed wlings under flow-through conditions. 

Scenarios I and 2 simulate \he transfer oflailings with rclalively linl. waler followed by 
placement uOOer. shallow waler cover. Scenario 3 .imulales transfer of mixed wane tailingo .. 
• SILln)'. fOllOw""- by .. Uling under a sIIallow water cov .... Scenario 4 (flow 1luOu(!h) Ilmulales 
J..ching of .,,~ t.liliolP by DIIlID"l.l prt<:ipiWion_ For practicll tea$OTIll (lime and 
permeabili1y of the test soli ... ), only composite sampl .. of the ooarl(:r Uilingll (sulfide and oxide 
situ) were wed in the column testing. The column configuntion and 1<:1 up, 1 .. 1 proccdl1te$ and 
monitoring data acquired to dale are dcuiled in Appendix E. Belween December 2001 and 
February 2002, \be oolwnns with a water cover w .... sampled four times and the flow-throuj:h 
colwnns ten times. For the fonner, wnples of the overlyin/l; waler and porewater at S ern below 
lbe walo:rltailin&s imerlace were collected in addilion lO ODe drawn from !be hue of !be colwnns. 
Fo<!be laUe<. sampli"i w .. clone only from !he base oflhe columns. Salienl observalions on the 
walo:r anal)'ll"'l are ~ and dis<usoed below. 

'''"""""''''""""'"CO..,.Co'",'' '' • .c,'W'O"''''--------------------------------------,, 
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COLUMN T ESTING 

Purpouof Stu dy 

To i~vestigal' poosible inl....ctions of the impounded tailings with wOU:r ,""cumulated in 
Ill. Brown-McDade pi!. eigbl columns ""ere .." up 10 oimu!ale f"W" dii:posal ocenarios in 
duplic;Ue (Figure 13). The scenarios are: 

1. High au1fi1k tailings under l water cover; 
2. Low sulfide tailing under. ""ala cover; 
3. Mixed (high and 10," .sulfldo) LlilingS 1lurried and placed under a water cover; and 
4. Mixed Llilings under flow_through conditions. 

Scenarios I and 2 simulole \he transfer of tailings with rclalively Un,. waler followed by 
placement under. shallow walCr cover. Scenario 3 .imulales transfer of mixed coane tailings .. 
• slurry. [Ollowod by I cUling UJKIer I ohallow water cover. Scenario 4 (flow IluOujlh) limul",,,, 
leaching of ""posed tailings by nalW"lll p~ipiw;on. For practical tU$OII$ (time and 
permeability <If the test oolieb). only composite samples of the COlJ'$(:r tailings (sulfide and oxide 
,illl) were uxd in the column testing. The column coofigwation and lei up, Ie$I proo:edlltes 1!Id 
monitoring dau acquired to dale are detailed in Appendix E. Belween Oooember 2001 and 
February 2002, the oolumns with. waler .""er were sampled [OIU" times and the flow·thmuih 
.olWIlfUl len times. For the fonner, samples "fthe overlyin, water aDd porewater at S em below 
Ibc waterltailinp interface were collocted in addition to ODe drawn from the base of the eohmlDS. 
Fa< the laUe<. "",,,pIing w .. done only from the base oflhc columns. Salient observations on the 
water ..... IY'I"S are ~led ond discussed below. 
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Ju"" 2002 ----

Resu lt •• nd Ob~"".rio • • 

Sillee l~e commencement ofrhe column t ... ing in Dc«mbcr 2001, Total and WAD eN 
have not b«n ~I __ d into the "'"31er to any significant dtgrce in all the dispOSal s<mario. 
studied. Total eN in <""""nlrati""" rangilli from 0.05 10 0.07 mgIL ""ere obsel"'ed in the I .. , 
lwo sampl ing event, .t ,h. base of tbe colnmns willi tailing. undeT ~ walCT 00= (5<."""0. 1 
and 2). The higl ... ulfide column.< had lilt highc.- eNS con=lr31ioJl! in l'O",,",,\eT and .1 the 
base of the column. 'The a'-enge eNS con<enlrations in the porewater and '" tho base of thc 
high·sulAdc column were 39 and !J 1 mgiL. "'peah'ely, at the last ~plin8 eVent conducted on 
February 11.2002 In the I,>w-sulf>do cOlum .... CNS wu <l<tected only al the base of the 
columns during tbe last two sampling "venlO with a C(mo<=<ration range of 9.9 to 12 rnglL 
Ammonia was delt<ted in all columns. The NH..N conO<1ltntion in Ibe high., ulfitle col""",. 
ran~ from a minimum of 3.7S mgIL in the walCT co'-.r to • maximum of 3S m&fL in \he 
porewater, In the low.,nlfi& C(liumns, the NI-to·N cOlI(entralion ranied from a minimum of 
0.54 mgIL in ",.Iet cov .. to • maximum of 24.7 mgIL III II,. base of the colUJrul, The ",.Iet 

co,'er of me mixed slW'l)' columns in general had higher NH..N compared 10 the 10"" and high. 
sulfide colulllll5. with a maximum Nfu·N conceotralion of 21,4 mgIL at the stan of the colUJrul 
study . For the columns with. wale. COVe'. Nfu·N III \he bue of the column. W,," obse,wd 10 
incm.,. with time, whereas pott"'IlI'" Nfu·N wa, observtd 10 dcc,= with time. A similar 
trend was observed for CNS on<! SO, conce''''ati"", in the porewater on<! at \he b .... of the 
columns w ith a ", .. t ... cov ... , The fl .. hing of porewarer from the upper regio,," of !he columns 
through exU'aCtion of "'ate' sample. al the base of the column may ha~ conuibuted 10 \he 
observed inc.fiIS<' in Ille NH,·N aI the bue of the column,. A • .ammonia is a okpadarion 
prodllCl of CN and CNS, ilS pre"""'" indicate, that CNiCNS degmdaiion reactions,,=, taking 
place. SinCe \he oolwnn "'Sling is conduc.w at room temp...-a.~ (considerably higher than !hat 
under field conditions) the C'N/eNS degradation rat" may have bt:en enhanced. Cyanate "'., 
not observed in \he columns with the _Of CO"", durinG \he firsilWO sampling eVents, In \he 
high·sulfide tailings. a maximum CNO concentration of 25 mgIL was observed in \he tailings 
po~, and at the base of the oDium,,", Lo_,CNO concenlrali",", w ..... obsen-ed in the low· 
sulfide. mixed slWTied tailing' BOd flow.thrMgtI columns. The presence of CNO also confums 
that CNICNS degradation reactions were taking place in the columns and possibly Ihe rea<lion. 
rates We'" enhanced to",-ards the 1 ... 1 two sampling events, 11 i. thus desirable 10 contini" the 
column tesling fo, alleas! ~ additional sampling events to cloril'y the evolution ~nd,. The 
oxidation of ammonia 10 niuilC on<! nitrate was not observed to any signifi~t le~l. in any of 
the columns. The only otlICr ammonia ",,"0\'a1 mechanisms from water WO\Ild be by 
volatilization andIor by ion exohange/sorption with the clay panicles in the tailing., Sinee the 
pH in the column. wu generally below 9.5. ammonia removal by v<>lalili .. tion would not be 
sil"ificanr. 

Arsenic wu observed in the wate, COVel. JlOI"""'\er and base flow of all the col""",s, 
n.. dissolved, "",,,,;c concentration in the "'ator oo,-er. pOre"''''''- and at the b .... of the high· 
lulfide and mixed .Iurry tailing. columru increased ",ith time and appeared to have stabilized ot 
COOCetllralions of I.S t 0.2 mglL A maximwn """"'" concentration of 2,S8 rngIL wu observed 
at the base of the low·sulfide columns at the 1051 sampling evem. Dissolved zinc in tho 
porewater and at the base of tile columns decreased with time 10 coIIC<orraUons of Ie,. than 
0,0)8 mg/l III the last I8fI'Iplioil .vent. However. zinc W&$ Ker><:raJly present in highe, 
concentrations (0.08 to 0,62 mgIL) in the water cow, compared to porcwalOf and at the base of 

CA.NIotET MMSL Repon ONI' 1(CR) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

_____ Ju"" 2002 

R .. uU. ond ObK .... '.rioll. 

Sin<e the commencement of the cololtlIl ,<s,ing in D«<m\><r 2001. T"tal and WAD eN 
nave !'\(It ~n ~I._d into the wlter 10 any ,iiJIificanr dtgrtt in all tho disposal s<.....no. 
SlIIdicd. Total eN in cor=ntr.ttiOlU rangi"ll from O.OS 10 0.07 mafl. were o~'ed in the I .. , 
lwo sampling event, 31 rho base of tbe columns willi tailing. ur.deT ~ wa~ cover (s<er>arios 1 
and 2). The higl ... " lfide column.< had !he higher eNS ==,!ralions in P"""""ter and at the 
base of the column. 'The .'-erase eNS concentrations in the per.wale< and a! tho base of tbe 
high-sulfide column w.~ 39 and III mgiL .... pecti .... ly, &1 !he wt ~plin8.v.nl.onduct.d on 
February II, 2002 In the I"w-sulf>de .Olum .... eNS Wall <letected only al the base of the 
column. during the: last lwo II8II1pling ,""ent> with a conc:=rnnion range of \1.9 10 11 mgfL 
AmnlOnia was dele<1ed in all columns. The NH.,.N concentration in Ibe higlHUlfitk col""",. 
ranged from. minimum of 3.75 mgIL in the wam co'-.r to a maximum of J5 m&fL in the 
po ...... Itr. In !he low_,ulfidt C(liumns, the NH.·N concentration ranted from a minimum of 
0.54 mgIL in water CO"" 10 • maximum of 24.7 mgIL III lhe has< or the: eolUJrul. ~ ",!Iter 
eo,'cr of rm mixed ' Iwry columns in general had bigher NH._N compared 1<> the 10 ..... • and high. 
sulfide colurnJI5. with a maximum NH.·N concetllralion of 21 ,4 mgIL aI the: stan of the: colwnn 
study. For the columns with. walc' COVe'. NH.-N aI thc base or rm colwnno....-as o""""'ed I<> 
inc",."" with time ...... hereas pott"''aIe, NH.·N was obsttved 1<> dec'ease wilh lime_ A similar 
l",tId wa.. ob:5ctved fo, CNS ond SO, cOIlcenlrali"", in lhe porewater ond II the b..., of Ihe 
colwnns w ilh a waler cover. ~ /l ... hing or poteWlller from the UppeI' reg;o ... or the colwnn. 
through extracti"" or wlllc' samplc. al thc bose or lhe column rnay ha~ conuiblMd I<> the 
observed inc~ in thc NH.·N al tIlc base or thc colUJrulS. As .ammonia is a degradariOll 
prodllCl or CN ond CNS. it! pro"""'" indicale. thai CNiCNS degnidation mlenons "'= taking 
pi"" •. Since the column ",sling i. conducted III tOOm temper:l~ (considerably higheT than that 
under field condilions) Ih. CN/CNS d'gradalion ",I..s lIlAy have been enhanced. Cyanale ..... as 
001 ob:5crved io the columns with the wate, cove, durina the f"->I lwo sampling cvcnls, In the 
high-:rulfidc tail ings. a maximum CNO COncc-nttatiOll of 25 mgIL wos observed in the tailings 
po~, and aI the base: of til. columns. Lo...." CNO eoncenmuiOll$ wen: OMen-ed in the I"",· 
.ul fkle. mixed ,Iurried tailioi' and now_lhrou.gh colUJru\S. The prose"",,, of CNO oIso confum, 
lhal CNICNS degradation "'''''lions were taking place in lhe columns and pos!libly the tea<lions 
ralc' "' .. '" cnhanced I<>"'ald, the I ... tlwo sampling ..... m., It i. thus desirable I<> COOlin ... lbe 
colwnn l.slinljl ro, alleast thrft additional sampli!lj! ... ·.nts to chuify the . ""Iulion \mld •. The 
oxidation of ""lIlIOni. 1<> niml<' ond nitrate was nol observed 10 any signifiCoUl11.~I. in any of 
the ooiUJ!lM. The only OIlIer antmOlIi. mnoval tmehani,,,,,, from water would be by 
volalilizalion and/or by ion exchange/sorption "'lh the clay panicles in lhe tailing •. Since 1M 
pH in the column. was generally boolow 9.5. ammonia ",,,,,,val by V(llatili""lion would ""I be 
significant. 

Arsenic was obse"'ed in the wale, co~,. poteW\lle? and base flow of all tho colomns, 
The dissolved 8I$enic concentration in lhe waler co,...-. pOte".-3ter and a\ the b..., of Ihe rugh. 
. ulfidc and mixed .Iwry tailing. oolUJ1lJl$ increa$Cd ",;th Ii"", and appeared to havc stabilized.1 
oonccntralions of L5 ± 0.2 mglL A maximum arsenic concentralion of 2,58 mgIL was ooserved 
at the base of lhe low·.uJfidc col= al thc 1051 samplina e'-cnt. Dissolved zinc in the 
por-cwater ond at the base of the colUllUlJ deo",,,,,,,d with time 1<> concentrations of 10M than 
0,0)8 mgll at the lasl samplioS evenL Ho""v". zj,.., was Ke...-rally prcs.cnl in highe, 
<oncentealion, 10.08 to 0,62 mgIL) in lhe water c"'" .. compared to JIOlCwal .. and at lhe has< of 
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the column<, Thi. eM readily k explained by the higher Zn cODCen,.O(ion (0.74 rnWl) in the pi! 
...... ler. ",hich was used in the column '«ling. Lo"", di,soI,-«1 Zn in lloe porew.ller and 011he 
bas. of Ille column. ""88<'15 !hat Zn "'-as removed by ~ipil"'ion/$OIp1ion on milleral surface, 
as overlying wat¢T was dra"n oown .... -an:I during sample ooU..";,,,,_ A """,;mum dissolved Cu 
coDCenll'8.6on of 0.194 mwL ""as observed .11be sun of the testing in the now.thn>ugh <"lurnll$. 
Generally. the diilSOjv<d Cu cO~I,..tions in lhe waler co\'er, po"'wale, and at !he N.s. of th. 
col"""" hI"" decreased to 1 ..... 1. ranging from 0.03 10 0.05 mgfl. by the las, ...."plina ."ent 
Di, solved Cu al much higher ron< ... tra~on, "'" obs<"~ in p,>rCWJt.r sampl .. collected from 
the tailings porod. Here the p"'ewater .. ",It, IOOicate • ,trong relruiono;hip bctWfftl Cu and 
WAD CN concentrations. Dj_lve<! Cu, Total and WAD eN w ..... not found in the column 
<ampl .. al co"".nlral;On, e<>mp.nblc to the Illilinp po"" pore""".' ...,sul ... It i, p" .. ibie thaI 
WAD eN (p<.domi....,dy as copper-<:yanid< oomplex) dogradod bttWttn tho: time ..... CQrt 

sampl .. ~'" exlr.tCted from tt.. lailing porod and W SC1 up of ..... colUl1U>'l. n.. Cu released 
from WAD CN d~io" could hI''' precipitated or sorbed onlO miDC:rol surfac .. and the CN 
could have ei!hot \"olatilitt<!. degraded Or fonned complexe. wilb fe and al", precipitate<! 
among lht tailing. ",lid •. II is also possible that "'dox.potential changes and other secondary 
",..,.ions may ha"" led 10 W fonnati"" of a variety of predpilales '''''h as Cu (I, II) and 
rerriffcrro cyanide complex ....... hich OK highly insoluble and COIl remain iDC:" (Smith and 
Mudda. I !l91). Compo .... d> ,uch as heJlacyaoofernles OK ",ually tighdy bound \0 W lailings 
solids. Thty OK lbermodynamically .table and do T\OI diS$OCial< readily. In.., iron.rich rn«lium 
conla.ining excess ferric. ferrous and copper ions. an inoolublc mela.i btxacyanoferrale often 
forms and precipilates oUl from ..,IUIion. This could also expl.in why lOW CN ...... 001 released 
10 any . ignificanl deg.rec in tbt column les1ing. 

While lht column leSt WOI"k: \0 dale indicated lltat tailings miaht DOl release sianificanl 
amOWlIJ! of TOIaJ CN and WAD CN 10 W water co .. e. aM ba.se flow. _page w.1<1" colltcltd 
during the drilling program had Total CN and WAD CN conlenl, of approximately 0.3 ms'L. 
n.. la.iling. seepage at W .ile h .. been cominuoosly pumped bad 10 the tailing pond. The 
CNS and NH.·N concenlrations in ..... la.iling> pond seepage waleT .... ...., 60 mgIL and 17 mglL. 
respecti,,,ly. The avcrage eNS and NH.o-N concenuation. observed in the lUI samp1ina ",'<I1t at 
the ba.se of tt.. mixed slurried tailing oolunms wm: 58 mg/l aM 21.7 maIL. rcspec1ively. 
HowettT. in the Row.thrQugt. colUl1U>'l (simulatin& a storm acceleraled Rushing oceoario) CNS 
...... no longer dtt«lable.1 the ba.se approximately two Vo'eeks after the column..,t up. Instead. 
ilS degradalion prodUCI NII .. -N ...... observed at an .""rage concen11ation of IS.S mg/L during 
the t~ samplinll"'-'WI. Thiocyanate was pn'$Ienl in the ba.se !\ow "fthe colwnns with a wale. 
cover at lht 1 .. 1 samplina event The " ''''''ie CNS cGOCetltratio .... '""ged from 1l.S mgIl. in the 
low·sulfide column, 10 131 ms'L in tt.. high-sulfide columns. Figure 14 show. time·sen". plots 
of CNS. NH.o-N. SO •. A. and Sb observed at the ba.se of tho: 110w.~ columns. The 110w
through ootumn n:$u tts 10 dale sho .... that the n:ttA$e of NH.-N from the la.ilings VoiU likely 
contin ... 10 dcc.cO$C with time in concenn'lion . n.. COJ>Cetlwlioo of As initially increased and 
no .... appears 10 have .tabiliu<! al a coru:cnuation of approximately 0.9 mgIl.. The leacbina of 
Cu. Zn and Sb appears 10 have >labiliu<! ot approximately <om mVl.-. 0.03 mgIL ..,d 
0 .08 mgfl.. respecti""ly. n.. .'·"rage diS$Ot .. ed A. concentration in Ihe ba.se 110w sampl .. of 
colwnns wilh a water cover was 'pproximalely 1.6 maIL in the high-sutr.de and mixed .Iorry 
tailing. col"""" and 2.SS mgIl. in tt..low-sulf,de cotum .... 
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the column<. This ,,all readily b< explained by llIe higher Zn CODCenlJOIion (0.74 mWl) in the pi' 
..... a~r. which was used in the column ... ting. Lo"." di,solved Zn in tbe pore"""., and at tho 
base of Ill. columns sugge.1S !hat Zn was ",mewed by pre<:ipiratio";soJptioo "" mille"'] SIllf""., 
as m -triyinll wattT was drawn down,,-ard during sample 001l""'ion. A m.tXirnwn d ,_ lved eu 
coDCenll'a6on of 0.194 rnWl ",as observed .1 the .WI "fthe testing in me now_lhmugh columns. 
<k.....,.ruly. the d;"",]ved en ~ooc~1r.tiOlU in the ,,-.Ier cover, porewaler and at the bAs< of the 
""hmn" ba.'. decreased to level' ranging from 0,0) to 0.05 mgll. by \be lasl sampling ."ent 
Di.sol~ eu al much higher colI<entralion. was obs<r.-ed in PO'"""'" sampl .. collected from 
Ill. tailings porod. He .. the JIOI'ewaler , .. " It. indica,e •• trong relationship b<1Wfft1 en and 
WAD CN concentrations. Dj.,.,I,-ed ell. Total and WAD eN wen: not found in lhe column 
"""pi .. al co"".ntralion. oomp"uble t<) the tailing> pOnd porew;tlor ,,"sull • . It is p" .. ible that 
WAD eN (predomilWldy as copper-<:yanidc ""mpl.x) degraded bet"...,n tho: rime the CQTt: 

sampl ... ~re extr.tetw from tho: tailing porod and the "" up of Lho: col"""",. The Cu released 
from WAD CN degn>da!ion could have p=ipiw<:<l or sorbed onlO mineral surfaces and the CN 
CQwd have either volalilitt<!. degraded OJ fanned comple,e. witlt Fe and also precipitated 
among the tailing' solid •. It ;. also possible w.t rtdQ.·polCtltiai clIanges and other secondary 
reaccio", may ha"" led 10 the fonnali"" of a variely of precipitates ' ''''h as Cu (I, II) and 
ferri/fetro cyanide complexes, whicb are highly insoluble and CM remain inert (Smith and 
Muddn. I~I). Compounds such as h""acyaoofe"" ... ...., ",ually tighdy bound to the tailings 
Kllids. Th<-y.,.., lhennodynamico.lly .table and do n<>l diS$OCiatc: rtadi[y. In an iron·rich medium 
containing excess ferric. ftrTOllS and copper ions. an inllOlubic metal ltexacyaoofemote often 
forms and precipitates oul from ""[Ulion. Thi. could also explain "tty total CN was DOl released 
to any significant degree in lite column testing. 

While lI>e CQlumn teSt work to dale indicated that tailill&' mil/hI DOl release sianificanl 
amowllJ! of Tolal CN and WAD eN to the waler cover and ba<e flow. seepage water collected 
during the drilling I'f"'liNRl had TOOtI CN and WAD CN conlen" of a""",ximately 0.3 ms'L. 
The taili"i' seepage al the site has been continuoosly pumped back 10 lite tailing pond. The 
CNS one! N!-U·N «><I'::erttra\ions in \he tailings pond ...-page ", .. leT wen: 60 mgIL and 17 mg/L. 
respe«h-.ly. The .v.rage CNS and N!-U·N concentration. Observed in lhe 1J$t sampling evenl al 
lb. base of lhe mixed slurried tailing columns wm S8 mg/L and 21.7 milL, respectively. 
Howe\.."., in lI>e now·through CQlwnns (simwalinK a ",onn aceelenued flushing scenario) CNS 
was no longer delectable al \he ba<e approximalely 1""0 weeks after \he column sel up. I", .. ad. 
its degradalion prodUCI NII .. ·N was observ<:<l at an .""'age ooncenmtion of IS.S mgIL <luring 
lite last sampling <"VCnl Thiocyanate was p1\\Se1l\ in tIte base flow of the colwnns with a water 
co,..". at lite lasl samplina "vent The aVer&jje CNS cnocentralio", '""ged from 1 J.S mg/L in the 
low·sulfide column, 10 131 mBIL in \1Ie higlt·.ulflde columns. Fig,.,.. 14 sho ..... lime·"";cs plots 
of eNS. NH.,·N. so ... A. and Sb observed at lite base oftlte now.Lhrougb col"""",. The flow· 
through .olumn results 10 da .. ohow lilat the ",I"ase of N!-U-N from Lho: tailings wiU likely 
conlin"" 10 decn: ... with lime iII cOllCCnlJOhon. The concenmtino of As inilially i""lUSed and 
now appears 10 have stabililbd al a concentration of approximately 0.'1 mWL. T1>e leaching of 
Cu, Zn and Sb appears 10 have Slabililbd 01 approxima\ely <0.03 rnVL. 0 .03 mgIL Md 
0.08 mgil... """",:ri""ly. The "'aage diSSOlved AI collCCntralion in Ihe base now samples of 
colW1lll1l wilh a wa leT cover "'as approximalely 1.6 mglJ.. in lite biglt·sulfia. and mixed .Iurry 
tailing. colwnns and 2.58 mgIL in lite low·sulftde col""",,,. 
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Juoe2002 

Based on observations made lO date in the column .<tudy, the method used for mO'o'ing the 
tIIil in&, from II>< 1"" .. 111 I""alion 10 the pit could 0100 impact the water quality of the ""ultan\ 
waler COve. and S«~K. wam. The Li\iling>. if , lWTied and then pumped to the pit. win initially 
go"""'!. ~igber conct:JllTIltioR$ of CNS. SO •. NH.-N, As and Sb in the ", .. ter cover. M""ing!he 
tailin", in a ",lali~ly dry ronn may not have OS signifioanl an impact on the water "'w .... quality, 
At the time of the field """piing campaign. the l2Iiline poDd ""'page ".,..leI" had diosolved As. Cu. 
Sb """ Zn concentr.tions of 0,037. 0.389. 0.004 and 0.643 mgIL .. ~iv.ly. In the flow_ 
through columns after aP?WXim.tely three months of pit "lIkT 'PS'l;c.alion the ave"'Ke 
CO""""""';,,,,, of dissolved As. Cu. SI:>, and Zn ill !he e<>liecled ..... ples were 0.969 mglL . 
0.029 mgIL, 0.0&4 and 0,01) mVL, respectively. In all of the columns, !he base flow samples in 
jIeI1<ra1 had higller cor>eenIrat;OIl5 of d;,,,,h'¢d A5 and SI:> and lower concentration' of di sst*ed 
eu on<! Zn than thox rneas~ in th. tailing. pond soepag" ~ ..... t ... , The column testing to 
date sl>ow$ thaI, with the uc:cption of o" .. I)'ing water in the low_sulfide colurn/lll, dissolved A, 
~".I. in most samples ,,= higher than the 0,5 mgIL limit of maximum """.pt.able monthly 
mean ~a1"" indicated in llIe En";ro""",nt CO/IIda', Metal Mininll: l iquid Em...,.1 Rci..wio"," 
and Guidelines (1977), Total eN""d WAD CN Wfft! btlow the detection limi! ofO,05 mgIL in 
!he majority of sample. coll..:1«1 TIle maximum Toea! CN and WAD CN concentrations 
"*,"",,.d in the «>Iumn srudy ,,= 0,10 and 0,17 mWL. respectively, II appear.i thaI 10 date 
Totol CN auoo:;i31ed with the tailing< in the «>lurn/IlI did nocleach imo lhe ""'leT,.. Total CN '" 
WAD CN to any ,ignificant d<glft, 
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Based on ob .. ,,'atiom made «> date in til. column .<tudy, the method used for tnO'o'ing!he 
1/I;linJ!S from II>< ~ .. nt 1"<olion to the pit could .1"" impact the water quality of the ""ull.." 
waler """" on<! >«~g. wa","" The Loihng .. if . IWTi.d ood then pumped to tho pit. wi!! initi.lly 
go"""'l. higher Cl)IICtIllt3tioR$ of CNS. SO •. NH,·N, A. ond Sb in the wal...- ""vor. Moving !he 
taili"", in a ",18livdy dry fonn may not ha,.., .. significant &II impact on the: water co ..... quality, 
At the lime of the field """piing campaign. the wlina pood ""'paj!c ",aiel" had di...,lvcd As. Cu, 
Sb """ Zn cOIlcentrotiOM of 0,037. 0.389, 0.004 and 0.643 ms'L respectively. In ,he f1_
through columns aft.r approximately three months of pit "'ala lP$ll;eation the aVc"'Ke 
""""."tnltions of dissolved As, Cu. Sb, and Zn in !he ""lIee,cd samples were 0.969 mglL. 
0.029 mgiL. 0.084 and 0.013 tnVI-, .......,...1iv.ly. [n all "f!he coIumns,!he base flow sample. in 
IICneral had higher cODCenuat;ons of di,sol~ A5 and Sb and lower concentranonJ of diss<>h-cd 
Co and Zn than those m • .,urN in lIoe !.Oiling! p:>nd UepIIgc ~ ", .. ter. The colwnn Le<ling 10 
date , 110,,-, lhaI, with !he .><ttpIion of o" .. I)'ing water in the low·sulfide columns, di...,lved .... 
~"el. in most samp~ .....,'" rughor than the 0,5 mgIL limil of maximum "",eptabl. monthly 
mean ~aluc iOOk,11ed in Ill. Envirorunc:nl Conada' . MOlal Minin& liquid Emuent Ik&u.i&tions 
and Guidelines (1977), Total CN and WAD CN were bdow the detection limit of 0.05 milL in 
lbe mlljority of lMlpl .. coll<C1«l. Tho maximum Total CN and WAD CN cOllCOntrations 
observed in W column srudy wen: 0,]0 and 0,]7 milL . respec1ivoly, II appears thaI to date 
Total CN auo<iated with the tailinp in the colwtlllS did DOl leach imo tbe water .. Total CN Or 
WAD CN to any significant deglft. 
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SEQUENTIAl. BATCH LEAC H TFSTS 

Beea""" of lh. fine grain size of the clsyey tailings and consequently their inherently low 
pmntability, il is 1101 practical to run column 1esling wi1h them. Instead. the sequential batch 
(est as dtseribed by F iHpe~ (1999) is adopted 10 investigate lbe impac\ of varying wme, to solid 
ralio. on the leaching behaviour of the fine lailing', Two 1 •• " "-'''' e<>nduct<d, one on untr'<llted 
tailings and \he otheT on IIlling. ~ft.r treatment with the (NCO-SO, process. The focus of the 
fom><TW31 on mdal tdeast. and the latter on the bebaviourofCN· .. laled specie •. 

The {est procedurt is schermuically illustrated in Figure 15. The ""periJlJ(nl was $IMIed 
with 100 g of fine tailings shaken overnight "'1h 100 mt orllle Brown_McDade pit water .. tbe 
leach medium. An aliquot of the fiI~ leochate was advar.:od :IUOct$lIi,..,ly through a new, 
.maller bolCh of fresh tailings from left to ri"" while kccping the <ame liquid to solid nuio. 
From top to bonom. tbe ",sid"" from the previoos leachinll step was .ueceosively iell<bed ",; !h 
an ;"" .. asin& amount of pit water. In other "",,<Is, going from left 10 right. the same balOh of pit 
"''1.1<1 enc<>W1tered m""e and mo~ f..,sh tailings while from lOp to bollOnt. the same balOh of 
tailing. wos .ubjected 10 repeated leaching by DeW MlOhes of pit _1<1. Consequently. olthoui/l 
the bquid 10 solid ratio was maintained the same along. horizontal sen., of batch leaching, tho 
effecti,e liqujd I<> solid ratio at each teacb step varied. 11>0 IlIIt"' ....... calculated and sIIo"'n in 
each box pertaining to an iDdividual step in lile batch lest pr~ure, Note thaI there are built-in 
~dundancie, in the test pl'<leedure ..... h that U!achatC1 A I and BJ have the same effecliv. liquid 
to ",lid ratio and so do Leachate, B I and C2. The agreement betvo ..... tile analyses of a 
paIlicular colI>litucnl in these COTte'poDding leachates indicate. if sorption and rapid di...,lution 
conl",1 tho behaviour of the cOlI>titllOm. or if errors lIa, .. beeD made in the test work or in the 
subseqllOnl chemical analysis. 

The ICP-AES ""alyoes of Ihe leachate .ampl., show Wt As and Sb are m. only trace 
elemcDIS IlIal W<'~ signiflClln~y leached frnm the tailing •. The teSl ~ .... 11S are illU$D'8.led in a plot 
of amount of dcmc:nt' ~leO$oOd vcrsus the effective liquid to solid ratio in each ~ .. h 5lep 
(Figw-e 16). The major catio .... K and Co. are .Iso included in the diagJam I<> illUSlrate the 
differenll'f"'CC'MC" Ihat could have a<:<urred duri ng tho batch leadl testing. 

Of the four ekm ..... depiOled, K <l\o"" the mos\ significanl and COO$i$IeJII decrease in 
con«llIratiOll with int:~ .. ing effective liquid to solid ratio. Thi, ~fleclS thaI the ~Iease of K 
iOI<> the leachal« w .. indeed controlled by sorplion or rapid dissolution reaclions, The dissolved 
Co con«nll'8.lion in the leachate, does IIQ( appear I<> vary III all with the effective liquid 10 solid 
ratio excepl for the leaching of Ihe o~ili< da~ tai ling. al high dilution Thi, ,unest, a 
",Iubilily contrOl on the Co release throughout most of lb. sequential batcb testing, Gi,.." the 
noIable pr<:sence of gypsum in the tailings. it is likely that rapid dissolution of gypsum had 
maintained a collSlanl C. COr«ntrntion in the kachates until il was totally depleted. In otll ... 
words. lbe leachate, _'" in cquilibriwn with gypsum excepl at ,"cry high dilutioru. A perota.l of 
the a$$O<iated sulfate data (Appendix F) provid., additional suppot! for \he gypsum dissolution 
hypothesis. Sir« the oxili< tailings contain less gypsum 1Iw1 the sulfili< tail .. il is logical 10 
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expec1 thal gypsum will be depleled 500 ..... in the former, leading to tbc oboerved drop in 
di....,lved C. concentration whoen the efT"",ive liGuid to ..,lid ratio approached 6 (Figure 16). 

,00. 
'" . 

• 
" i200n 

• 

................. _" ............ ,...."",.. 

'00, ., 

., ' .. , '00. SlOp 7. •• """ , " , 

"';"J ".~-~-- .. SIop. ----
Figure I j_ A scitemark diag""'" s/towing lhe les' prr><:edure for Ihe sequential Nlci! lui. 

I ~MET MMSL Report ON', l(CR) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

e, J>C<! thai gypsum will be deplelcd sooner in the fonner. 1eadioS to !be observed drop in 
diMOlved Co concentration whoen the .rr"",ivc liGuid to solid "'00 opproacb«l6 (Figure 16). 
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Figoue 16. Varia,j"" of elemnl. 1'f!1~ wUh .ff"",i .... liquid to .olid ro#o ill a seqoulnl",i 
balch leach of c/ayry tailing. ",Uk 1M Brok'n-McDaik pil ""',.,. (0 in lhe l"8"nJ refe,. II> 
mide 'ail. aM S 10 sulfide tails.) 

The leaching of Al; and Sb opparen!ly followed. different path depending on the 
composition of the tai lings tesled. With the clayey sulfide tailings, bolh the As and Sb 
OOJI«IltmliolUl in the leachale5 slightly de<:reue.J with an increasing dfoctive liquid (0 ""lid "";0 
in llIe leaching pnxe ... With the clayey o,ide Uliliogs. howeyer, the leaelLate Sb conceDh'alion 
showed • slight incmosing trend at higher dilution. The leachate As concemnuion fiB! decreued 
and then increased with an inCTeaSing liquid 10 ..,Iid raI;o. 1llesc OOservali(m5 .uuest thai tht 
leaching of A. and Sb from the ",Jfide tails w"" oontroll...! by .Iow desorption and dilulion 
reactions. [n conlJUl. ionic excbange probably dominated the As and Sb release from the oxide 
tailings. eSpecially under high dilution conditions. 

TOil "jib INCO SQ,/Alr n ... ted T ailinl' 

'I1Ie INCO So,rAir treatmenl process i. commonly used for the removal of free and 
compl •• ed cya>lido from waler and lailings. The process uses a combination of Sa, pi .. oxygen 
in air 0$ an oxidi.ing agent in the presenc<: of cower as • catalysl. 'I1Ie ruction i. normally 
complcted in 510 60 minutes. This process has been widely used in !he gold mining industry. 
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Figun! 16. V,""",i"" of e/nIWIlJ rt!Jeas.ul .. Wh ejJ""'i ..... /iqwid 10 MAid ratio ill a s""IlUln/wl 
balch leach of clayey tailing' ",Un 1M Brok'II-McIXuk pit _Ier. (0 ;11 1M legend NIl"" 10 
oxide tails and S to .wlfid~ ,aiis.) 

The leaching of All and Sb apparently followed. different path d<palding On the 
compo';!;"n of (he tailings leSled. With the o1o)'<y ... Ifide tailings, both the As and Sb 
COI>ttIllrllliOlU in the leachl.IeI51ighdy decreased with an illC""'-'ing effective liquid to ...,Iid nu;" 
in the leaching process. With the cI~yey oxide uilings. """" e\'or. the leacha\e Sb coDCentralion 
showed • • light i""",,,,ing IreIId at higher dilution. The leoehate As collCenlnllio:n fiB1 de<:reased 
and then increa..ed with "" i"""""ing liquid 10 oolid ratio. TI>ese OOservaliQIlO ouggesllh;tl u.. 
leaching of A. and Sb fro", !he IlUlfid. tails ... "" oonlnlllal by olow d"""'Plion and dilution 
ructi ons. In conlJaSl. ionic exchange probably dominated the A!J and Sb "'lease from !he oxide 
l.lilings. especially under higb dilution condilions. 

T"I,,'lth INCO so,IAlr T ..... led Tailing. 

"The !NCO SD,lAir treatment proc"" is commonly used for !he removal of flU and 
CQIllpl • • ed c)'3ftidc: from wale. and wlings. The proc ... uses • """,bilW;on of So, pi ... oxygen 
in air 0$ .... oxidi.ing agent in !he preseoc<: of copper as I calaly.!. Tho mIC!ion i, oormally 
romp]"''''' in 510 60 minu! .... Thi. """'""" hao been widely used in !he gold mining industry. 
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The INCO SO:/Air Ir<atmenl of the f"'" .~Ir.d. and ""ide Ltiling. was eondllCled 
separately in a 2 L ",,,,,,ion '-essel Prim to ,reatmenl, the tailings were ,·"",uwn_fih.ml to 
remove lb. ossociated portWlllo<. On. kg of tailing. were lhoroug.hJy mixed with 1.5 L of 
deioniud waler using. magn~i. stirrer Mr. On. hUJl(lnd mg of copper sulfate was al50 odded 
10 the reactor. Sulfur dioxide and air "'<ore then inlrOd"",td in10 the tailing> $lurry at a flow 'ale 
of 2{) mUmin ond 11 I) mUmin, ""pe<:1ively. lbe sturry w.., eonlinUoO\J,ly mixed and lime was 
added to maintoin lilt pH at 9.5_ Tb.1<$1$ were 'OIId~ fQT4S minut"". In lotal, SO g of lime 
was added during the treatmenl of the tailing •. 

The tolal eN of 63 ~glg in the sulfide laili"is ",hd, was reduced 10 les, than 0.2 )lslg 
after the tmllmcnt The total CN in the 0";00 tailing. ",lid, was reduced from 47 "gig to 
<0.2 )1818. Thus the INCO SO,JAir treatment wndToctive in romoving the Total CN &Uo<iat«l 
"jth 11 .. tailing • . TIle TOlar CN concentration in the INCO SD,/Air p~ .. water was del..,led 
at 4,1)5 and 1.0 mgIL fOT the . ulfide and oxide tailing .. re""""Ii""ly. lbe WAD CN. CNS. NIto· 
N and SO. CQ~1I;>tions in th< ~$ wAt<r fOT Ibe sulfide t"ilings ~ «I.OS. IS. 10,4 and 
1.630 mgfl. rt$pt:di'-cly , The COt'Te$JXlnding values for tho oxide tailings ,,= <0.05. 22. 6.3 
and 494mg/L. <esp«:ti,'ely, The di....,I.'ed Ail, Cu. lJI and Sb cOncelltratio,," in the INCa 
So,tAir process wat<r for the oxide tailitlj!s were 1.34, 0,043 , 0,016, aDd 0.260 mg/L. 
respecth'e1y. For the sulfide tailings. the corresponding analyses w .... 0.438 mgll As. 
0,043 mgfl CII. 0.052 mg/L lJI. aDd 0,123 mgll. Sb, Higher concentration. of A. aDd Sb ".-ere 
released during !be INCO SOyAir treallTlent ohhe oxide tailing. compared to treating the .ulfide 
tailings. 

The !ailing' aftc-r INCa SOyAl, treatment "'ere subjected 10 the K<I~"tial bau:h test. 
The results &K shown in Table 3 for the sulfide tailings and in Table 4 for thr; QX;W: !ailioi' 
=oming to .IT'~liv<: liquid to JQlid ratios. A high dtptt of variability in !be concentralion of 
the m'''tSklttd paramet<n w ... observed, In the leacrutlj! of thr; two tailings: composites. the 
maximum <o<>«n"",io1\5 of Total CN. WAD CN. CNS. ond 1'111.,·1'1 ",k:&>cd into the ...... ,er WCT< 

J,S, O'{J9, 1 aDd 9,S mg/L. re,!,<cli""ly, Arsellic, Cu, Zn and Sb released into water <It maximum 
concenlra{iOM of 3.S6. 0.069. 0.1 87 and OA03 mgIL. respecti""ly. we .. also ob$crved. 

Table J, Re,,,l,. of sequenti. 1 batch test conducted for sulfide tailings after INCO So,tAir 
treatment. 

--
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"["M INCO so,/Air treatment of the fin< ,,,Ifide and ""ide tailing, W;tS .ondUCle<l 
oeparately in a 2 L ",,,,,!ion ' -'$00 1. !"riot 10 treatmenl, the w linp were ,·a.cuwn_fil!cml to 
remove the ",""",i" ted pore"""t::r. One kg of tailio8' were 10000uBhly mixed with 1.5 L of 
deionized water usina. magnffic stirr..r Mr. On. h~ mil of copper .ul falC was a loo odded 
to the reactor. Sulfur dioxide IlIId air "'e .. Ih<n inlJOduttd into the tailing> olwry"\ a flow ra\e 
of 20 mUmin ond 110 mUmin, rnpe<:tively. lbc '[wry""'''' continuously mixed and lim< was 
added to maintain tilt pH at 9.$_ The l<$I$ were conducted for4S minllles. [n loW. 50 H of lime 
....... added durinJ! the treatmenl of {he tailings. 

The rotal eN of 63 !.Ill'g in the IRllfide rai ling. ""hd, was reduced lO Ics. than 0.21'&18 
after the tmllm~1 The total CN in the oxide tailing • ..,lid, was reduced from 47 "gig 10 
<0.2 flW8. Thul the INCO So,IAir trealm<nl wnefTtotive in «moving the ToW CN &Uo<i. '«1 
with the tailings. 'The Tolal CN CODCC1llr.tion in the INCO so,lAi. P"""''' waltr "' .. dttected 
at 4.05 and 1.0 mgIL roo the .ulfide and oxide tailing .. re'I>.':li""ly. lbe WAD CN. CNS. NIl.· 
N and SO. oo_nl1'lnions in tho ~$ wator fOT lb. $ulfid< I<tiling l weK <O.OS. IS. 10,4 and 
1.630 mWl. r"tSptttively , The ~<>rre$p<)ndi ng ,aJues for tbo oxide reilings W(T¢ <iI.OS. 22. 6.3 
and 494mg/L. te9p«:ti,'ely, The diMOI.'ed Ail. Cu. Z1I and Sb eonoen!l'8.tions in !he INCa 
So,tAi. prt:JCeSS waler for tho oxide tailinlls ""ere 1.34 . 0.043. 0 ,016, ar>d 0 .260 mg/L. 
respectively. For tho , ulfide tailings. !he corresponding analyses w .... 0.438 mgll. As. 
0.043 mWl CLl, 0.052 mgIL Zn. ar>d 0 .1 23 mgIL Sb, Higher coocC1ltration. of A, and Sb ".-ere 
released durinll the !NCO SO,rAi. treatment of the oxid< tailing. compared 10 treating the .ulfide 
tailinll'_ 

The taili"is after INCa SO,rAi. treatment "I .... subjected to !he se<j~"tioJ batth test_ 
The results .... shown in Table 3 for the sulfide tailing. ar>d in Tobl. 4 f<>< tho oxide: tailini' 
=ording to .ffe~ti~ liquid to ..,lid ratios. A hillh dope< of variability in the ~"""en!l'8.tion of 
the me",,,,",,,, parameterS was ohoe .... ed. In !he leac:hi"ll of the two tailings composites. the 
""",imum <0<1«0""';0'" of Total CN. WAD CN, CNS. ODd NI L,·N rck:axd into ,n.: ..... 'cr "'=< 

),8. 0 .09, 1 and 9,8 mg/L. respectively, Arseruc, Cu, Zn and Sb released into water <It maximum 
cO!ICC1Itra{ioru; of 3.86, 0.069, 0.1 87 and 0.403 mg/L. r"tSptttively. we", abo o hoe,ved. 

Table), Re""\1i of se<jucntiaJ botch test conducted for sulfide tailings after !NCO SOYAi, 
treatment. 
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Table 4. Results of sequential baloh ,ts, oond\lCted for ""ide taili"i' alttr !NCO So,JAir 
trcarmenl. 

n..s. ""ul" show thol ~3tin8 the I4iling< willi the !NCO So,JAi. process could remoVe 
the Tow eN associated ",illt tbt tailings. However. CNS, NH.,.N and sulfate ""II be geDml10d 
during the process. Anenic and antimony "'ill also be "'leased from lhe tailing< in'o the w:l.1Cf 

during the INCO SOVAir trea\mern. M""h of tbe ToW eN rclca.<cd into \he pro«ss water 
durina the treatment could have b«n furth .. eliminated by increasing the reaction lime from 
45 minuteS to 60 minute,. 
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Ju"" 2002 

Tobie 4. ResullS of """l""n,ial balch ,." cond<>Cted for ""ide taililtjl. alkr INCO So,IAir 
lIearmonl. 

~s. ""wI> show th,,, tKltins the tailing< with the INCO So,JAi. process coold remove 
the To!al eN associal«l with the tailings. Howev ..... CNS, NH •. N and ",,[faIC "'i[l be geDml1cd 
during the process. Anenic 0lId antimony "'ill also be "'leased from the tailings imo the w.l.1Cf 

during Ill. INCO SWAir treatment M""h of tbe T<l<&I eN ,d.a.<cd inlo the pr<>«U walt! 

durinii; lhe treatment could have b«n funhe, eliminated by incfelL'ling !be reaction lime from 
45 minImS to 60 minutes, 
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_____________ Ju~._,_"' __ 
SE LECTIVE LEAC HING AND FREEZE THAW STUDI ES 

To oomplement tile colllllln testing and Stqu<n.ial batch lolC'h ttSI .... ork. customi:<nl 
koch k5l. and free ... thaw .rudie. were coDd""ted (III sampk. rqm:scnta!iv. of tho; four tailings 
type, 10 elucidale the imp",,! of changUti en>'il'Oltlt>C11w <ondi';"n. on the wlinp cbemical 
sta!);lily _ Sail.", mmlt, and oi>scrvation, ore Pf'<'l"n!ed below, 

0) Partial "q"'IrIHai alracUo~ aMly,,.: The poIential for rtmobilization and hence the 
bioa,-ailabi )ily of trace elemem. associated ... ;tb geologic m.lCrial, like tailing. depend, on how 
the elements are distributed among lbe different comp<m .... t> in a typ ical sampk. Hall et al. 
(1997) ha.e furnished a seq .... ntial n traolion S(h.,.,. involving . stri", of soe<:euive cbemical 
trealmeots or. sample, each being more drastic in nature than the prevlOWlStq>, 10 detenninc the 
relative mobility of uacc .Iemenw associated with five common components of. geological 
sample. E xchangeabk and adsorbed trace ekmonlS and those coprecipilalCd with carbonates 
(collectively known as the AEC compo""nl) can Ttadily be le",,1Ied by subtle dung($ in the 
oomposition ora circulating Ouid. Trac •• Iements aMGCiated with hydf"OUS oxideo of MIl and Fe 
(ablmvi3led as the amorphous FeO 1"Taction) can reodily be remobilized under mildly reducing 
conditions. T~ elements .. "",iat.d with the other components Illat c .. be released with 
increasill3 difficulty indude thos. bound by cT)'.tallin. FeO. sulfid ($ and OrgMi<S. and ~ 
residlllli fraction usually lock.d in ,iticate mineral,. The AEC Md amGJ1)bous FeO bound I~ 
elements thus n:"))T<~1 the """" modily rmIQbilizod and biO/lvai18blc fmctio ... in a geologic 
.....,pl. whil. Iho.e bound in otiltt COOlponcnt. eM only be leached ""de, conditi"", oot readily 
rcacl>ed in a nalural ,.ning. 

To determine tbe mobile rncuI. and lIai;e elemenl$ O$$OCiated with !he imp<lW1ded 
tailill&" at MO""t Nanscn, a partial ...,"""Iia! em aclion procedure of Hall.1 aI . (1997) was 
adopted. The AEC fmc!ion ....... det.rminc:d by extn>ction with a oodium accIat. oolUlion 
buff.red at pH S.O. Metals and 1Iai; •• I.ments asso<ialed with amorphous and hydrol1S F. and 
Mn oxides (i. • .• the amorpho"" FeO fra<tion) "ere extracted with • WIUlion of 0.2S M 
NH,oH.HCl in O.OS M HCI. Six samples of differt"n. tailinil' typu "'= lested. The raw data 
.... t"""18ted in Appetldix F and the derived fractionation results are summarized in Table 5 

Scvernl observations can rnodily be made fi"om a peru$8.l of the data ,boWl! in Table 5. 
Thc.e include the followioll' 

l. AInorphous F.:L'fu oxyhydroxide ..... a significant host for Cu. Ph. Zn and. 10 a 
Ie,,,,, .,. .. nt. A .. in the Moont N",,_ wlill&'. 

2. With about 40% of tbe toIaI ooncenlt3tion "-,"",,ialed with the AEC and amo'Pbo", 
Fe·Mn oxyhydroxid($. Zn is undemandably Ill. metal most lusctplibl. to 
remobitiZalion in the impounded tai1inllS· 

3. A relatively hiib ptOp;>rIion ("''t1"8i. about 20%) of Cu and Ph in the tailing .. 
regardless of iJain ,ize and compo,ition. al", oc<ur in readily ... Ioasablc forms. 
Ho" .. ' ·.,. the 1O!aI Cu coro:.ntrat;on in the tailiDB' ",lids is relatively low and th ... 
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SELECTIVE LEAC HING AND FREEZE THAW STUDIES 

To oomplement tile colUlltl1 testing and ICllu<nlial bluch loliC'h lt$I "'''fl, customizcl 
koch ~ns and free ... thaw ,rudie, ......... COI>chlCted <>n $!JIIpi<s n;'J)r<stnta!;v. of tho: fO\lI tailings 
ly"". to oloxidate the imp""! of changinj; en>'ironmcnlal condiuon. on the toiHnp cbemical 
$lability. Sali.", _ul" and oi>scrvation, art prescn!ed below, 

a) P<vUal " qUlMliai UlrUt:lio~ ~nuly'il: The poIenlia] for «mobilization and benee the 
bi",,'ailabilil,. of lnIee elements associated ... ith geologic material. like tailing' depends on how 
!he dements .,.. distributed omong tho diffemu compon .... " in a typ ical sampk. Hall et .1. 
(1997) have fum~ a ",quential ulrlIClion S(h.,.". involving a seri~ of ~$$i". cbemical 
treatments ofa sample, each being more drastic in narurelluu! the previ"""stq>, 10 detenninc the 
rela,i". mobility of trace elemenlS associ.1ed willi five common compo""nts of. 8eological 
sampl •. Exchangeable and adsorbed ttac:e ekmena and ~ COJIf<'Cipilated "'ith carbonateS 
(collectivdy irnov,n 8.1 the Ate compo ... nl) can readily be lea.:bcd by ",bile dun~ in the 
composition ora eir<ulaling Ouid. Trace .lements owocialed with bydrous oxides of Mn and Fe 
(a~vi'led "" Ihe amorphous FeO fraction) can readily be remobilized under mildly reducing 
conditions. T~ dements .,,,,><i3l.d with the other compon."ts that can be released wilh 
increasi"1l diffieul1y in<lude 1110 •• bound by <TY,talline FeO. sulfides and olll""its., and • 
residll/ll fraction usually lock.d in silicate minerals. The AEC and amorpltous FeO bound lrace 
elements thus ~t the """" readily fmiobilize<! and bi""v";l.o.bl. fraotio ... in a geologic 
sampl. while those bound in olbn .ompontn ... can only be leacl>ed ""de< condilions 001 readily 
reached in a natural sening, 

To d",.rminc: the mobil. metals and """ •• lement.< _illt.d with the impow1<kd 
taili,,&" at Mo""t Nonstn, a partial oeq"""tial eXll'aclion procedure of Hall et at . (1997) was 
adopted. Tnt AEC fraction WIS oktermined by extraction with a oodium acelat. ""IUlion 
buff.red at pH 5.0. Metals and trac •• I.m."ts .,~ociated with amorphouo and hydro", F. and 
Mn ox>des (i.e .. the amorphous FeO fraction) w<:re extracted with • solulion of 0.25 M 
NH,oH.HCI in 0.05 M HCI. Six sampl.s of different tailinKS typo. were tested. The raw d.ta 
an: tabullllO'd in Appetldix F and the derived fractionation resullS are wmmorize<! in Tobie 5. 

S~ observations = readily be made tmm a peru$al of the data 'OOWl! in Table 5. 
n..se include the foUowi0K: 

I. Amorphous F.i:Mn oxyhydroxiok. are a .ignificant 1\0$\ fOf Cu. Pb. Zo and. to a 
Ie,,,,, exlent. A .. in the Mount Nonsen tailing<. 

2. With about 40% of the lOla! conctntralion lUSOCialed with lhe AEC and amorphous 
Fe·Mn oxyhydroxidts. Zn is understandably Ill. metal moSI 5Usceplibl. to 
remobiliUllion in the impounded tailinllS_ 

3. A relatively hi jOh proportion ("''et'8iI. about 20%) of Cu and Pb in the tailings., 
~gardless of grain ,i", and composilion. also occur in readily reloasable fonns. 
Ilow.~ ••. the IOta! Cu concentralion in lhe tailings solids ;s relativdy low and th'" 
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will not give ri", to highly co""cntr.lt<tl IC""bal'$. For Pb, • gre310 propOnion of th. 
releasable compo".n! i • ...""iated with the amorpllou.'S oxyhydroxidc:. It can be 
remobilized only under red..:;ng conditions ",tie", \he """hydroxides are 110 longer 
slable. 

4, 1n.. clayey tailings apparently 1\0' 1 more AEC As than llIcir silty coWllerparts. The 
r,{ali"ely low plOporIion of omorphous oxide-bound As in tho silty oxide toil$ 
$UUO$I!I thai sorption ,,;Ih day m;I'I<ral$ is an iml'Ortaot meobani"" for a ttenuating 
transport of As in the impoundment 

S. Witb I ... tban S% of the IOtal oo~nlnUion occurring in rtodily releasable f"""il. 
10051 Sb in tile MOOfl{ "'""sen IlIilinglo i. likely k>cked up in sulfoMlts .. "b:<er'i.d 
during SEM oxamination of ",I«ted tailings. 

Table 5. Proponion of casily releasable As, Cu. Pb. Sb and z" in the Mount Nonsen tailings a. 
derived from scq...."tial exlTllClioo analy,i. _ 

"" , 

-" .. , 
'" . " ,., 

,d~~!!~5!~:r.~----t---~;--j--- ' 201) 312 
\.4 1.0 '" 0 .' 

" . ILl 
2H 

U21 
12.1 

"' 

It should be ""ted that the 0.=1;00 ""a1ysis WI\! COOO\ll:Led with vigorous agitation and 
aggressive dig"OIion. lbe analyse> w<>~ld thus ,<:fleet the WOfSC-cue rcm<>bili:eorion for the 
elcmenu analyzed. Under normal field conditions. the .. I ..... of these dem.nt. i •• xpecced to 
occur to a mu<;h smaller extent. l .achat .. obtained at each step of the 5e<lucotial c:«raction 
analY$i$ were also analyzed for Total eN. flo' ..... '· .... 11 analyses ",e .. below the detection lim it 
of 0.05 mgIL. "Therefo .. WAD CN was nol analyttd for these <ampl ... 
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will no! give ri ... to highly <oncentr.lted I,,..,hal,,, For Pb .• gruler "",portion "r tho: 
releasable compo""n! is """"iated with the amorpho ... oxyhydroxide. It oan be 
remobilized only under re<iuoeing conditions ,,-he,.., the oxyhydroxides are no longer 
stable. 

4. "JlK, clayey tailings apparently 00" more AEC As than \heir , illy coWl'e'l"'rts. Th. 
relative'y low proportion of "",orphan' o~ide·bound A. in the .ilty oxide toil$ 
$UUO$I!I tb.u sorption with clay mincral$ i, an iml'Ortarlt mechanism for anenuatiog 
Ir3n$pon of As in the impoundment 

S. Witb I . .. than S% of the IOtal <x>~nlnUion occurring in ,.",dily releasable f""" .. 
100" Sb in !he Moo!l\ N",,= llIilingo i. li • • ly k>cked up in sulfo$8.l!S .. observ.d 
during SEM .".,.,inM;on of ",1""ltd taili np. 

Table 5. Proponioo of easily releasable As, Cu. n. Sb and Zn in the Moon\ N~ toiling. as 
derived from !ICqlIO'Iltiil exlrOClioo analy.;'. 

m. ill 
II .~ H .. , •• 
"" n o , 
_w 
.. , 
'" ." m ow M ". 
" " " II.! 

, , 
l.n m ,~ '" 1m ,. ••• " 0.' 1!.1 

27. J 

It ,I>onld be DOted thaI the exll'llClion IUI.lysis""lIS cooou.:Led with vi80"'''' agitation ond 
aggressive digeSlion. lbe analyses ",,~ld !h~s ",neet !h. worst..,.... rem,,\>iliZlllioo for the 
elemenu an.aIyzed. Under normal field conditions, the "'I ..... of thne dem.nts i. expected to 
occur to a mw:h small ... "tent. l.achates obtained at each step of !he oequeotial .KtnlCtion 
"""ly.i. weI. also analyzed for Total eN. flow.v.r . • 11 analyses "no below !he detection limit 
ofO.OS mgIL. Therefo", WAD CN WU not analyzed for the!;. samples. 
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~) Comrolled Ii"", leach: Since both As and eN are pat3meters of """Cern at 
Mount N3II$<n and the mobil ity of",hi.h ore knoWTIIO "ary with pll. it was de<:ide<110 ~"'h the 
'"""" ~Io<;ted tailingS sample$ used in the sequen'i.1 e><traclion analysis wilh a O. l M lime 
solution. A slAJldard I • ...,h pro!<)OO1 with ~ mooified liq~id l(> solid ratio of 5 I was used as!n. 
tt$1 procedure. A controlled expori"",n, was a lso C<lnductM with distilled water as the le.ch 
mediwn. The le,t ,.sullO arc ,ummarized in Table 6 . 

A perusal of the data shown in T .ble 6 reveal, • few surprises Arseni. and antimony 
were nolleacl>od by tho lin>< solution in all wnpleo but were released allow concentration with 
lhe diOliUed WIller ltao<h. In contrast, the lime leach appeared to "",,, mobilized Pb. Zn and eN 
in most sampl .. while the ",Duol showed insignificant leaching of the .. speci •• by di stilled 
water. Thc leaduIli of eNS i, ."""",mly independont of leoch mt'di. but <X\nlrolied by the 
compo.ition of tailing.. The mobili.ati"" of I'b and l.n ~ to be: related 10 the instabil ity o f 
iron o ><),hydroxide at very high pH . Fwthn W<Irk "ill be required to fully explain tile observed 
bellaviour of the other species analyzed. 

I Table: 6 A comparison of the r .. ul" of leacbing selected tailings with • lime soh .. ion and 
distilled water (cootrol) 
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The objoctive of tbe freeze..thaw study was to assess the effects of repealod Iitt2ins ..,d 
thawing 011 the physical and chemical p1'O~rti .. (especially grain si .. distribution and chemical 
Ieachab;!ity) of the tailings impounded ot Mount Nansen. For the study, five diff ..... nt tailing. 
samples or composites representative of the range of tailing:'l fOWld at the site ~ subjected 10 
~ cycles of f"",ring and thawin& from ·2ife to 2O"C and >ice v",," ot a rate of 2"Cibour. 
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~) ComTo/led Ii"", leach: Since both As and CN are parameter' of '''''Oern at 
Mount Nanson and the m<>bil ity of ",hi.b ore !cno1'iTl W "ary ",ib pfl. it ........ de<:ide<lw I.""" II", 
"""" $el.cted tailingS samples used in Ill<' seq .... nti.1 extraction analysi. with a O,lM lime 
solution. A ,tandard leach prot<)C{ll with. rnodifi..:t liquid l(> solid ratio of j I ",3S used 3$ II>< 
tt<, J>fO<<<Iur<:_ A .,..,troI!«I expo:rirnenl .... ,.. also e<>nductM with distilled water as the: leach 
mediwn. 'The (e,t ,.""](. an: ,ummarized in Table 6. 

A perusal of the data show,., in T.bl. 6 reveal, a row surprise, Arsenio:md ""timonr 
were nO\ leacbod by the Ii .... solution in all wnpleo but were released al low concentration with 
the di,tilled W1lItr leach. In contraSt, the lim. leach appeared!<> t..'"e mobilized Pb, Zn and eN 
in most samples while the conuol showed insignificant leaching of the,. speci •• by distilled 
water. 'Thc leachini of eNS is _war.ndy indepcnOoll1 of le""h mtdi. bot ronlrolled by the 
compo.ition "ftailing. . The mobili..ui"" of Pb and Zn appeat$ 10 be re]aled 10 the in.tability o f 
iron oxyhydroxide a\ very high pH. FW'Ihtt work wHi be required 10 fully explain the observed 
behaviour of the other sp«ios analyzed. 

I Tablc: 6, A comparillOn of the: resulll of l.aching ".lected tailings with • Ii .... iIOluti(>!l and 
distilled water (cOIltrol) 
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FJ"ftR T b .... Stud y 

The objocth·. of !be freeze-thaw study """" to _ !be .ffects of repealed frurins ""d 
tbawin3 on the physical and chern;"'] propm;" (especially grain size distribution and cMmical 
leachability) of thc: tailings impounded .t Mount N ..... n. For \he .<tuay. five different tailings 
sample< or composites ..",.. .. ntath·. of the rango of tailing'! found III the site w= subjected 10 
~ cycl.s of f"",zing and thawin& from ·2ife to 20'C and vice versa III a mi. of 2'Cibour. 
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Lca<:h leSIins of the taili"35 with distilled ...... 1<1 was conducted bolh prior 10 and al'kr t .... f=",,· 
thaw ~ydcs, The de!.Oiled melltod of inve.tigation ond data acquired or<: described in 
Appendix O. Salient obs« ... alionu~ swnmariud as foil"",,, 

In the study. DO trends or major difftrenees .... nc 001«1 in !he sample. with rtganf to 
metal mobility, The liquid to "'lid rotio used for lhe leaching teSI prior to and posl_free7e.d",,,, 
w~ ~:I and the sampl .. ,,= agitatod at ISO rpm for 24h to al lowlhe tailings to equilib<ate with 
the leach medium. Aftc.- the frtt",,·lhaw eydos, the ar<cnic ,du .. sliKhtly dec .. ~ for all the 
sampl... Leaching of C ... Mg and Na was oi>se,nd but varied in exlent amooli: Ihe sampl ... 
(hml. lh. rnelalleachability .. mai.cd more or less the same before and afler lhe freeze·thaw 

"'" 
Cyanide co"".."ra1;ons measured we ... ",ually below the limit of quantification cKeep! 

for !he clayey oxide tailings ,ample (BalchO). A. the final leachate pH was below 9 .0 after the 
1eachi"ll!eSl. cyanide may have been leached !rom II,. "'lid and \hen convened into the gaseous 
fonn (i .• .• HeN). Thi. hypolhe.is is suppo>ned by the \eSt results obIained using a lime solution 
as Ihe kachant. A. described .b,,",' •• tbe lime kach ga"" ri", to) mcasorro cyanide c"",,<ntrations 
ofbetwe.n 1.0and 3.0 mill in the leachate, 

The initial concentration of cyanid. (Total CN) in the sample BaIChO was 4711g/11 and 
only ~ small fraction of the cyanide was leached from the sampk. Ekf"", Ihe t'rtt~.thaw 5rudy. 
the leachate pH wu above 9.0. ~u<tttly all the oyanide leached from the .ample would 
ha"" rem.;1>ed in sol ution. The total oyanide o"""entralioo in !he le""bate oflhe cJa~y o~ide 
lAil ........ red"".d b)' mon: than SO% after the freeze·thaw step. However. the final leachate pH 
measured then was below 9,0. Pan of the cyanide released could ha"" been converted to HCN . 
Thu. the reduction in the I...,!!ate cyanide concentmion i. probably not directly related to the 
effect of freeze-th.w but is most P<Obobty pH-dcpcndcnt For the other sampl"". no cyanide ....... 
measumJ in the I.achate probably bee ..... e the leachate pH ........ below9.0. 

The panicle size di'tribution ""'" diff.,..nt after Ihe fT.,.ze..!haw treatment fOf the cla yey 
",lfide tails (BaIChS) and tho silly oxide lAib (MN I401), The mean diameter increased from 
6.21 to n.n,..... for BatohS and from 29. 14 to 64.10,..... fOf MN1401. ~...,u rexarcllon 
(Ahuluiclt$ and White, t 962; Anderson and lIoekstra. 1965; Ro" .. l1 and Dillon. 1972) found that 
clay awepte. were produced d uring freezing. resulting in an increase in overall l"8in size. 
Further mineralogical analy,i. should provide more information about the C01\.I(Ilidation or the 
BatchS and MNI401 sample., 

Overall, the freeze-thaw c~le> did not .ipifi=,tly change the metal leaohabiUty of the 
test >ample.. The main !'aeror conlrOUinjl metal leacltability appealed ro be the pH of tho 
leachate. Sample. collected from Mount Nan",n mi&ht have already been subjected to many 
r...eze·thaw C}'cle$. Con""!",,ntly. the impact of incremental f .... zing ""tion i, e xpt'Cted to be 
,..,.,. <mall. Result< may have been different if f .... h tail ing~ that ha .... n.ver been ,ubjected to 
cold climate. were tested. Multiple freeze·tna ..... cycl., ",.mod to modifY Ihe fmalleacbate pH. 
All.,. freezing and thawing, Ihe pH wu sy.tematically lo .... tt. The pH decrease could be r~lAted 
ro F",U) oxidation; the hydroty,i. of the F<:(III) ion produced could depress the pH of the 
oolution. 
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Lca<:h teslin& of !he taili"3' with diSliliN water was .o!>dueled bollt prior 10 and aflco. tho f~~ .. · 
thaw cydes. The <Iet.oiled method of investigation ond data acquired are d....,ribcd in 
Appendix G. Salient obser ... ationu~ sununariud <IS fOllow •. 

In the study. DO tn:fIds or major difTtrenC .. "' .... 001«1 in !he sampl .. with rtgar<! to 
metal mobility, The liquid to ..,Iid rotio used for (he leaching ltSI prior to and posl.freelNha .... 
wa, 5:1 and the sampl .. ,,= agitalod at ISO rpm for 24h to 01 10'" \he tailings to equilib .. ,. wilh 
the: leach mediwn. Afttr the frtt~_thaw c~d ••• the ar<cni. rtk .... slightly <Iec .. ~ for allm. 
sampl.... uaching of Ca.. Mil and Na was oi>se,nd but varied io exlent amonK the samples. 
0>=11, lhe melalleachability ",maincd more Or less!he """'" before and afler the free"' Hhaw 
study. 

Cyanide ooncentralions meu"",d ",etc ""ually below the limil of quantification excepl 
for llu: clayey oxide tailings ,ample (BalcbOl. As the final leachate pH Wll.'I below 9.0 after the 
leaching!eOl. cyanide may have been leached ITom II,. "'lid and then convened in10 the gaseous 
fonn (i .• .• HeN). Thi. hypo!he.is i. suppomd by the test results obtained U$ing a lime solUlion 
as Ihe leachanl. A. de>cribed above. the lime leach gave rise to measured cyanide c""""ntr.!.tiono 
of between I .Oand 3.0 m~ in the luchate, 

The initial concentration of cyanide (Total eN) in the >ample BaIChO WlIS 47 1Ig/, and 
only ~ small fraction of lb. cyanide was leached from the sample. Ikfo'" the r.--e.,~_thaw study. 
the leachate pH was above 9.0. C<nt<tqu<tttly all the cyanide I...,hed from the ,ample would 
have ","";I>ed in $(Ilution. The total cyanide concentration in the leachate of the cl.~y o~ide 
tail' "'0$ reduc.d by more than 50% after the freeze·thaw step. lIowe"er. the finalleochat. pH 
measured then was below 9,0. Part of tho cyanide ",leased could have been coo,'ened to HCN. 
Thu. the reduction in the leachate cyanide conccntralion i. probably not directly ",lated to the 
.ffecl of freeze-thaw 001 i. !nOS! ]WObobly pH-dq>c!ndtnt Fot the other """'pI ... no cyanide "'lIS 
mo:asur<:d, in the l"",!tate probably bee ..... the leachate pfl was below 9.0. 

The panicle size distribution WlIS diffe-.-.nt aftor the fi-e<zHhaw treatmenl fOf the dayey 
",Ifide \aib (Bakh$) and the lilly oxide taib (MNI401), The m""" diameter in<reased from 
6.21 to 17.32 "'" for BatchS and from 29. 14 to 64.10"", fOf MN1401. S."er.Uruearch<n 
(Abukricll$ and WIlite. 1962; Anderson and lIoekstra. 1965; Ro"'-.U and Dillon. 1972) foomd thaI 
clay awepte. we", pmduced during freczi"ll. ",.ulting in WI incn:aso in ovnall ItfBin size. 
Further mineralOj,icaJ analy.is should provide roo", information about the colUOlioiation of the 
BatcitS and MNI401 sample •. 

Overall. the freeze-thaw c~les did not significantly change the metal leachabiUty of the 
test sample.. The main factor conlrOlling me\al leachability appeared to be the pH of the 
l...,hate. Sampl •• collected from Mount Nansen mi&ht have already been subjected to many 
fi-e<ze-thaw C}'des. Consequently, the impact of incremental flftzinll ... Uon is up<'Ctcd 10 be 
'~smalL Resull$ may han been different if f .... h tailings thalbav¢ never been ,ubjected to 
cold climate. we", tested. Multiple ooze-thaw cydcs _mod to modifY the ftrllllleachate pH
After freezing and thawing, the pH was systematitally lo",n. The pfl decrease could be ",Iatcd 
to Fe(ll) oxidation; the hydrolysi. of the F<illl) ion produced could depress the pH of the 
",lmion. 
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DISCUSSION 

In response to the ~ueSl from lNAC. the comprth<n$;'-e !aiI,lIi' chara<terization and 
,e.ting program des<:ribdl in earlier """ions was de,isne<i to ""hi.". the follo",;ng.WI) prim",}" 
objective.: 

I, ({I evah .. te the slIon.. and IOIli·,.nn ohemical stability of the impoundod taililli' at 
Mount Nan ..... ; and, 

2. to provK!o ""ientifi. data '" aid with makiJIi appropriate deci.ion. for the pcrrnan<nl 
di.pow of the problema.ic tlilings. 

The ensuing diSCU$SiQn intend. to reflect on \be implication. of the .. >e"",h f""'ina. willi 
l'ejIard to the ch....,icaJ , tability of the impounded unlinSS and to sugges! how the acquired 
infonnatin" may help 10 develop a proper strategy ror Ii"'" decommi$Sioning of the site. 

T.iliDp Cb .... i<al Stability 

Geochemical analyse, o f the tailinS' ",lid. ",,'UI <bei, anornalOI1$ O<)men", of Ai> A" 
Cu. Pb. Sb, Zn ond a few eN·related species. The average Ag content of about 45 ",gig 
"'prt$C1l1$ the: only metal value mnlinil\i in the l&ililli', The o!h er anomalous trace oltmen", 
and chtmical compounds PO" pOtrntial short- and IoIli-tOnn habi.i,; ... some of which are well 
reflected by the poor wat« quali(y obsmoed in the (ailing' poDd water, tailings p;>reWll1er and 
le"",,"1eO of varlo ... I.boratory te.ting. The extent of en,·inmmtntai implll:ts that the ... iling. 
may potentially exen on the local """'y"e", depend" in the short term, on tho concentration. 
and rateo of release of the COfIwninants identified and, in the long tenn, on the modt of 
occ~""" and quantity of tbe contami!lallts in the sy.tern as well. These are brietly discll<Sed 
below, talin, the ~d ~r>ds of chemical evolution into consideration, 

Although neitber tbe tailings poDd water DOT the SttpItge wa(er currently $hoW$ exces.ive 
dissolved As. both the field porewater chemistry and laboratory leacl>ate ..... Iy ... ougge<t 
potential A. mobility, HOWe>'er, the As contellt in the Mount Nan.." taiUngs is relathelr low 
(on the <mkr of tenths of • per cent) oompared to many other gold ",ines with similar 
mineralization. With only 10 to 20 peT C<:J\t of the arsenic oe<:urring in readily .. I ..... bl. fonn. 
and the 10'" Det ""id'geDerating potential of the impounded tailings. il appears that the threat for 
long-tenn As hazard is not significant if the \ailing' are properly contained, Geo<h.mically, 
antimony bcha~e< in a similar way .. ;mo:nic. In the Moun( Nan .. n Llilin,,, the Sb content i$ an 
order of magnitude: lower than that of As. Dissolved Sb is rarely dete<:tcd in the tailing' pond 
"'ater and potewruer. Results of the I.achinjj .xperim .... ts suggest thol it may be released only at 
a limiled range of liquid to solid ratio. CODSequenlly. Sb leaching is unlikely 10 beeome a 
.ignificanl . nvironm .... tai i ...... ru Mounl Nansen. 

Among the Ihree hue metal, occwring in aooma/o,," amounts in the impounded tailings. 
copper i. the least ~'- Its presence in the tailings pond water. porev.'ll!er and leachale< 
appear 10 correlate with the W AO CN COdtent. Thu .. a.queou. Cu in the impounded tailing. "",y 
ha"" been 1",&<:ly derived from mineral proce$$ing and subec>qucnt (includin& posI.miDe) ",aler 
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DISCUSSION 

In ~n$O 10 ..... request from INAC. tile comp .. honsi,-. !ai1inll> "ho.!a<;lerizalion and 
t •• ting program described in "",Ii.r >e<:tions was de,igned to achieve the ("Um,;ng two prim"')' 
obj«tiv •• : 

I, 10 evah •• te the slIon· and IOIli·,enn "hemic •• .w.ility of the impounded lIi1i"i' at 
Mount Nan ..... ; and. 

2. !O provKlo ..,;cntifio doll If) aid wilh making appropriate deci.ions for d", pcrman<nl 
disposal "fthe problematic tailings. 

The ensuing di..,,,,,,iQn intend. '" refi«"l on the implication. of the research flndinas ..... ith 
regard «> the oh....,icaJ $ubility of the impounded tailings and to l uggesl how the acquired 
infDmlati<>n may help 10 develop a proper Itrattgy for final dOCQffimi",i"ning of tile: site. 

T.iliBI' Ch~mi<.1 Stability 

Geochemical ar.alyse. (If the tailinS' "'lid, ",,-ea) th.i, anomolo", <:<Intents of Ai> A •• 
Cu. Pb. Sb, Zn ond a few CN'rclaled .peci... The overage Ag conttn! of about 4$ .. gig 
rop<=nts th< only metal value remainini in the lailinp. The OIlIer anomalous trace el ..... ents 
and ohemical compounds pose potenlial 01101'1- and Iong-,e"" habiliti ... some of which are well 
reflected by the poor watet """,lilY observed in the tailing. poDd ","ater, tailing. poreWll1er ~ 
leacM\e:S of varlo .. laboratory testing. The exten' of en';r<mmtnw im.,..,,,, IfIIII the tAilingo 
may polentia!ly exert on thc IDCa! ..,.,system dcprnds. in the shoTt term, "" tbe ~o"""nlnl.ti"", 
and raICJ of release of thc contaminants identified and, in the long term, on thc mode of 
DCC~""" and qu.antity of thc contantill3ll15 in the sySTem as well . The.., ~ briefly di""a.sed 
below, tal.iog thc obsefv<>d ~r><b of chc:mical evolution into coMideration. 

Although neither the tailing< poD<! ",,,ter ,"" the OttJlIlge ",,1...- cun-ently $how$ excessive 
d""ol~ As. both lI!e fteld porewater chc:mistry and !aboratory I...,""te """ly ... suggesl 
potenlial As mobility. Howe"", the As content in thc Mowtl Nan"", tailings i, relath'ely low 
(on the <mkr of '""W of a pet c .... t) compared to many other gold mines with .imi lar 
miner.Uzation. Will! only 10 to 20 per cent of thr: ... rnie ooowring in readily releMllble fonru 
and the 10"" Del ocid·generatiJIi potential of the impounded tailings, il appe .... that the threat fOJ 
lons-tmn As Iw.ald is not signiftcant if the tailing' ar. properly contained. Geochemically, 
antimony behave, in a ,imilar way u ;menic_ In the Mount Nan..,,, taili"iJ, the Sb <;<>o,""t is an 
order of magnitude: lower thai! that of AI. DilMlved Sb i. tat<:ly detc<:tcd in the tailings pond 
water and po<Cwal.r. Res"l," ofw ieachinjj experiments suggest tho. il may be released only al 
a limited range of liquid 10 solid ratio. Consequenlly. Sb leaching i, unlikely to l>:<:omc a 
signi ficant rn,irorunental issue .. Mount N ......... 

Among the three hue metals occurring in aoomaIOIIS ILIIlOWlts in the impoUllded tailings. 
<XIppe.r i. the lea$! rrbo.rndant_ 1", preSenCe in the tailings poctd waler, pm-ev.1l!Of and l.adult .. 
appear to corre!ate will! the WAD CN <;Orttem_ ThuJ, aqUl'OUI Cu in the impounded tailing. may 
have been largely derived from mineral pro«$Sing and lUbsequent (i1ldudin& poot. ntinc) ,,-.ler 

CANf"'ET MMSt Re~0:2-Ol1(CRl 41 



 
 
 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PItIjecI 502JA5 • Mount N ..... n T~ StatMlit)o ------
treatment The dtcr~asing trend in di...,l,ed Cu <oncen,,,,,;". in the tailing. pond water and the 
"""PIIg' return sinoe mine do,""" . uppons such 3 hypothe$is. Resulu "f the panial ""lu<nlial 
exlraction analysi. indica~ tMt more than 80% of the eu in the wling, O<:curs in I .. , reallil}' 
I""'''''bl. C""" , (mostly as libttatcJ <ulfides and ... Ilfosalt. o. the same minnal. <:n<:apsulalN in 
quart~)_ Thi. coopled with il5 relatively low .bWldance (a rew hwtdred I'g/g CUI SUUes1,ha' 
copper I • ...,hing is and "'ill nm be a serious thrta! at Moun, Nansen, 

Although lead ""un in comparable """""nlr. ,;ons in the MOWl' Nanson tailing. as 
~nic. dissolve<! Pb has nOl been dt''''''ed in most liquid sample. analyzed, except a! low 
"""emtralio"" (S I mgiL) in the lime: I.""hat ••. Up 10 about 20% of Pb in !he tailings solids au 
.1$9</eiat.d with amorphous <>xyhydroxid... Thc$c art '=p\ible to remobilization with ,he 
di...,lu!ion of oxyhydn>xidos Wlder . ither acidic 01 reducinK conditiOflS. How.ver, this i. 
Wllikely to O«ur if similar .n.iroomental conditions .. cWTCnrly prevailing at Ib~ impoWldm~nl 
"'" maintained. Conscqutnlly,!he likelihood "f Pb leechini is ooMidered IS remote for !he 
impounded taili"lls. 

Fo, zine, about 30% "f!he .~rage conlenl of approximalely 2,000 1'&1& in !he bIilings 
"'" found «> be OS'lI)Cirued ... ilb !he o~~hydroxideo ond anolber 10% IS sorbed iOM and/or 
c.rt""' ....... bound. Resulu of bolb !he gcoobcmicaillftd SilM onaI~ hove demon5U"aled lhe 
dose 8MOeialion of Zn "llh Mn·rich phases. Therefoo:. Zn can be more ~Iy mcbili:tcd than 
Ph wilb slight chang .. in environmental .. ning. Thill is supported in part by the elevated Zn 
«Inlent in water JAmpln of !he Brown·McDade pit. whe", !he", is "'idenee of local ""iJ 
aeDeration during the dry season!. Ho".,~,. resuilS of the ""'Ill",nial batch leach of !he tailings 
... ilb pit water i""icate no signific."" Zn leaching """ tho .. of the «Ilumn srudies mow that the 
lIIilings oervc IS. sink to di_l.....:! Zn in tho overlying wa1<T. The3e observ!l1ions suggest !hal 
Zn i, mbilized in lhe lailings. Unl ... acidic: Ot reducing ccnditions .... gen.,,"led with changes 
in the disp<»al setting$, Zn leaching from the tail ings i. unlikely to be significant 

The occurrence ofCN and ilS d<riv8ti"es (in paniculor eNO. CNS and ammonia) "ften al 
anomalous le~l. in !he tailings pond walet and IItqlO.ge has been l cOne.,." ond oo« .. itatoo 
«Inlinuing ",,"e, "."tm..,t sinee d .. "" .... Iion of mining at Mounl Nmsen (Higg .. 20(0). 
Chemical ""aly ... of pond and porewater and tailings ..,Iids as well IS !he resulu "f!he oohmm 
and olllCT kach lest work suggest strong sorption of the bulk of dtese eN """cies with !he clay 
fraction of the tailin2S. Only a small .,.,..,.ntage of the residUll! CN from milling i. ponilioned 
in10 Ibe liquid phase (i .... porew31<T) in !he b1iling. pond. Varic"" eN-related sp«ie. in the 
po<o""'e. are 'uscep1ible 10 degradalion as is evidenced by \be observed trend of dccrc8<ing 
collCenlI!I1ions of Total ."d WAD eN and \he abundanc. of ommonia in \be tailings pond ..... Ie, 

and seepage rerum. Sorbed CN and .. Iated . peeies wid! the tailings ..,Iids .... 1>0"",,,,,. diffkuh 
I<> "'1IICVe and only decay very .Iowly as i, ""ident from the column and leach tesI ""ullS. Th'" 
il i. e><pected that as long as there i. seepage from the taililli' impoundment. \he .ite will Itt 
ano ...... lo'" eNS and NH,_N umil all lhe eN species in Ihe tailings "",~. Unfornmalely. 
1!Ie 5bon duration of the column le$ling and the: complication of • hig ..... tcmpc:roture $dting in 
rhe laboratory experiments have precluded OIl accurate P=iiction of .... hen the potenti.lIy 
ha2ardoU! prod .... " "f CN degradalion " i ll be red .... ed 10 sufficienlly I"w le~ls 10 allow direc\ 
discharg. of exo ... wator from ,h. tailings impoundment. 
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treatment Tht decreasing !Tend in dissol.td Cu <oncen,,,,,;". in the !.ailing' pond water and the 
"""PIIg' re,urn since mine do!\II"O :mppons such 3 h)'pOlhe$i.. Resulu "f the panlal ""llJ<nliai 
exlrac,;on an.ly,is indicate thaI more than 80% of the Cu in the Lailing, OCCurs in I .. , readily 
leachable C""", (mosdy .. libttated ,ulfid ... and ..,lfosalt. or the $am. min ...... l$ <:n<:apsulaled in 
quartt). Thi. coopled with il.< relatively klw ob""dance (a few hundred l'aJR CUI SUggcs"hat 
copper leac:hing is ond will IlOl be a serious thrta! at Mount Nansen. 

Ahhoogh lead occun in comparable """"enttl ';ons in the MOWl' !'lansen Iailing' a . 
_nie. dissolved Pb has nOi been ",,,,,,,,td in moSl liGu id sample. ana.Iyzed, except al low 
."".mtroti"",, (:10 I ll\il'L1 in the lime I.""hat ... Up 10 abou, 20% "fPb in !he tailillj;i solids ar< 

.ugoei",.d with amorphous <>xyhydroxidO$. Tho"" are .u=ptible to remobiHzation with the 
dissolUlion of o><yhydroxioo Wlder . itheT acidic Of reducinK conditiOflS. However. this i. 
unlikely to oocur if similar en.ironmental conditions .. currently prevailing", the impoWldmcnl 
or<: maintained. Corueq ... nlly,!be lih lihood af Pb I""hina is ooMidered as J"eII\/m for !he 
impounded taili"lls. 

For zinc, about 30% af Ii>< .""rage conlenl of approximalely 2.000 1'&1& in the tailing< 
or<: found !O be .. sodllled ... ilh !he o~)·hydroxide. ond anolller 10% as sorbed io", ondJor 
carl>o.,.., .... bound. Reoulu of bolh !he geoohemkaillftd SEM on:oIyxs hove demonstrated lhe 
d~ u<oc:""ion ofZn wilh Mn·rich phases. Therefor<:. Zn can be more ft'adily mobiliud!han 
Pb wilh ,Iighl chang .. in environmemal .. ning. This is StIpported in part by !he devated Zn 
«Inlem in ... -ak:r JAmpk. of !he Brown·Mdhde pil. where !here is evideDCC of local ""id 
aencration dunna !he dry .. asons. Ho".,,'n. resullS of !he seque,uial balch leach of!he tailing< 
... ilh ph water iDdicate no si",ific."" Zn leachi"ll """ Il10 .. or !he «Ilunm srudie •• bow thaI Ihe 
lailinp """'" as. sinl< to di...,I""" Zo in !he overlying "",ter. These obscrvll1iollS '''iSe'l thai 
Zn il mbilized in !he wlinp. Unless ..,idk or ~ ... inll conditions ..... 1Ienm>!ed wilh ch ... ge. 
in !be disflOW :scuini$, Zn I ..... hing from !he wlinlls i. unlikely 10 be significant 

Thenccurrence ofCN and il.dcri,·ativ., (in panicular CNO. CNS ond ammonia) often at 
anomalous le""l. in the tailiogs pond Waler oDd S<'qlO.lIe has been a cone.", and n""" .. italeo 
ronlinuing "",Ier Ireatm .. l1 .ince lbe « .... tinn of mining o! Mounl Nanxn (HigS" 20(0). 
Chemical analy ... ofpoDd and porewawand tailings solids as wdl 0$ the ~h. of"'" oolumn 
and oilier kach 1.,1 "'''"' suggest strong sorpIion of !be bulk of tIte:5e eN spec;" with the clay 
fraction of the tailings. Only a small percentage of the r<:!Iiduai CN from mill"" is partitioned 
inlo!he liquid phMc (i.e .. f!On'Water) in !he tailings po"". Various CN-relllled speci .. in Ihe 
1'O'C\\"'er are .usceplible 10 degradation as is evidenced by tb. observod trend or dccnruing 
«Ir.:c-n1I1l1io", of Total and WAD CN and tb. abundance of ammonia in the tailings pond waler 
and seepaie relurn. Sorbed CN ond r.la~ .peci .. wilh me tailiD8-' solids are. however. difficult 
!O "'lIIO\Ie WId only decay ,'ery .lowIy ... is evident from the column and leach tnt results. ThU! 
il i. e><pccted that as long as tbcre i. seepage from the taililli' impoundmenl. the .ite will see 
anomalous eNS ond NH,_N until all Ihe eN ,!>"cie. in Ihe tailings or<:~. Unforn",.tely. 
lbe 5bort duralion of the colunut te<1ing ""d the complication of • high<:.- tcmp<:r.t"", .. tti"ll in 
!he laboratory ."pcriments have precluded an accurate prediotion or when !be polenlially 
ha2Ar<\ou$ prod...,!> of CN degradalion "ill be red...,ed 10 sufficienlly low le""l. 10 allow dir<:<1 
diociw&e of exoess water from !he \ailings impoundment. 
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Results of the <"""I)' freeze·thaw Sludy ' ''U''' ,hat multiple <yd • • or freezi"il and 
thawing may lead to ..,me aggregation of fine panicle, in 'he tliling. but gen<rally do not .ff"". 
the rtlta$C of m<><l tra<. elements. Some CN, ooW<:v ..... lias apparently been deoorbed from ,h. 
tailing. particle. in the pnx:.... In many ways. tbe welling and drying proce .. is similar to 
f=ze thaw and can be expected \(> arrtc' eN ",1._ from the tai ling. to. limikd .x'ent. If the 
.. leased CN clld. up in a liquid pIwe with pH <9, it i. 'lISCqlIible I<> 10,," by ,'OI.uili"";on with 
vigo",,", agilalion. Tni. wu OhseTvN in the fru", tha". study. Released CN ende<! up in. 
quiescent sY' ''''' such as impounded "'i ling. will likely ltay in the po .. ,...10.. Thill c<><lld 
. ,plain ,be dete<:led incr .... in eN ool>C<'nlnuio", in (be tailing .... page foIl0",n8 an 
IlIIteceden{ drying period prOducro by drawing do", ... ,be w.ler I.~I in the tai ling. po"",. 

[n shoo. although water ~.tmenl i, currently required for {be discharge of em ... nts from 
the tailings irnp<>wodment .. MoWl' Naruen 1>0<0 ..... of ekvated lewis of CN and ~Iated .ped ... 
the tailings contain relatively low C(l""~mtra!i<m$ of mobik InloI>e elW'ltl'lts. OrIly A. and Zn may 
be susceplible to ~mobili ... lion in onodoera!e """"entratio,," with ohang1! t,,,,ironmental 
settings. Give" the ~Iath'ely small size of the imp",mdm""t (ooout 200x200 m ) and the _n",un! 
of contained tailings (- 250.000 tomes). it i. tempting to devise • o""-lime solulion that will 
eljmi~ the need to mainta;" Ihe .ile for on .x~ peri<>d of time. Implications o f the 
~searth findil\3' to the po>S>ible opti.,... are discu.sed below. 

I>«omm~;on inl OplionJ for the Impou nded Tailin ll" 

A. ~"iewed by Strathcona MiDent! Service. Lid. (2000). dictated by the setting of the 
min .. ite. there are only t",,, JIOS'Iible opti""" for long'lenn disposal of the imJlOU1l<led tailing' al 
Mount Nansen, The .. are (1) ~tain them at the current impoundmen! wilh impr'Ovcmcnts made 
to the f""'ilil)': and. (2) transfer and ~-depo.it !hem in the Brown-McDoo., open pi\. Based on 
the findings orthe field and labonltory in''ffiigatioIU conducted in this SIOOY, the ad'''''laitS and 
d",wbooko of lhe fWI) opliol\1 "'" discu ... d_ Additional mo8SUJ1:. thai moy etthan.oe the 
.,.n"""-""C< Or ftIDeli"""lily of e"",h o f the oplions are also IruU .. ted, 

Rel.nlio~ in lho n.rre>ll impowndme>ll: Largely oontai~ by pormaf..,.t ncept near 
porIions of the tailing. dam. the tailings impoundment i, apparently isolated from the regional 
groundwatCT flow syStem. Contaminani transpon from the impounded tailings i. dominated by 
surf""" runolT, coolJnlled diocha/'ge and limited local ""'1"'8<, Although anomalous level, of 
ommonia and thiocyan.ole in the tailings pond water and seepage cu""ntly JlO'C toxicity 
concerns. historic and on-goi"ll monitori"ll data collecting at the impoundment and the , .. "lis of 
v";ous laboratory testing indicau thai the sY' tem is cbemic.ally illable and improving 
COll<enu-atiO<l$ of ToW and WAD CN OJ "",II os diMOI"ed Cu ~ d""~OJing with time. Fo< the 
lwo relalive!y mobile elements. As and Zn, occurrlni in the tai ling. bOJed Ott the laboralOf)' test 
,,'O,~, elevated diMOlved A!; coll<entra!ions are restricted 10 tailing. porewa1CTS and there is 
insignificant le""bing of Zn in tbe oi. ting impoundmenl. If means can be devised \0 rcd...:e 
ammonia and CNS 10 occcptabl~ lewl, in tho tailings~. le.vi"lllhe impounded I.ilings in 
pl""e lIlAy avoid the risklt of conwninant ~Ieases resulli"ll from e~poSing the tailings 10 
. ignificant cltanj; .. in environmental conditions in I new disposalsctting. 
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'The lwo rna;n concerns ""EO, regard '0 sustaining tho< exiSling impoundment .... tho 
ph)"icol slability of Itle ",;Iing. containment dam ond \he impoocl of ems ion 00 the m.inle"""~ 
of the asso<:ia,ed diversion ditthc. (0. Sh<:~tonc and B. Ma<Alpinr:. po,,.,,,,,1 communiClllion. 
Oclobtt 20(1). 'The tailings dam i •• compacted oatth dam keyed inLo lite I1nderlying frozen 
1ifOO'Id. To ens"", i1' ph)"ical integrity. oriiinal design requirements in<lude: initial placement 
of tailings to pre .. against the low-perme.bilil)' gwmembrane near the centre of the dam. and no 
waler rests directly against the dam structure f<>< SO m upstKam of \he dam (KloimCripf><n 
Consultants LId.> 1995). Both design ~ritcri. " .. ere "I'par<n,ly ignored "'hen the wJinss "'e •• 
fir.;1 disposed in \he impow>dmenl, lea.dinK 10 partial thawing of permafrost bcnealh the dam. 
NonaholeH, =en1 aootechnioal reas"",men\S of lhe conditions of the tailings dam have 
Sllgge<ted thal1be tailings dam is Slill safe .•• cept """ibly dwing "",'ere .. ismie ~''''!$. if the 
designed width of the tailing heath i. mAintained (EBA Engin.:rnng C"MullanlS Ltd .. 1999; 
Klohn Crip~n Consultant> Ltd., 20(0). Stratbc<lna MiDera) Services Ltd. (2000) sugg.sted 
",distribution of tailinp within the impoW\dmeot to acrue"" the purpose. which might possibty 
all.viate the utrnt of diversion ditch mainlenaDCC. 11 may be worthwhile to investigate if the 
physical integri.y of the dam oat1 be impro'"Cd by in.lallilli some 110ft of ",i"fore"",."t stru<ture 
at the downstream b..., of the dam. 

If decisions ",ere made to retain the tailinll' in the ui,ting impoundmem. restoring 
permafroSl in the impoundm.,,' u..,. should ~rhaps he considered to further emure the chemical 
,tability of the impouncIM tailing" and the physical stability of the impourolment infraslnlCture. 
Adminedly. given the jXUlially tha",ed. .. la'i""ly "..ann" pennaftoSi apparently occurrlni at the 
.ite at presen\, il may nol be e .. y.o kick start the ~rmafrost progradation pmc .... Howevcr. if 
il can be done al all, i"" .... in& the permafrost deptb in the tailini!' pond will not only prevent 
tJace clement Itachina. il may a/!IO slo"" down the CN degndalion process and th"" the 
production of ammonia and CNS at l«"l'Iable 1.,'<1. . Relocating the _page return pi~ farther 
up<tt=n of the containm ... 1 dam may al!lO help to arttSt lhawina at it' base. lbc ~'enlual 
conversion of \be tailings pond to OJ\ oxic. boTCal wrtland by incorpontin& lllltive sand and local 
growtd cover into the impoundm.nt may l'urthcr ."""""e botIt the chemical and physical stabilily 
of the .yst.m. 

Tran.;ftr of jMpou"""d /aj/intls 10 lhe BrOK"n·McDatk OfHn pi,: R.lo<atin& the 
impoWlded tailings with fonal <lepoSition in the Open pil will obvio""ly eliminate the probltm of 
a poIentially unsafe tailing. contairunem dam. The tran!ferred tailings may cover !lOme of the 
.xposed mineraliwion and. alteration in the pit floor aDd pit wall .. thereby ted""ing the extern of 
mnaI \eaehiol: (e.g .• z., mobilization) """ local acid iener,,,ion. During tam"", uampon, 
agitation and exposure of the tailings to • """" oxidizing en,·;",nm ... t may enhance 
volatiliwion and <legndation of """". of the CN and related 'J'«ie •. Otherlhan Iha\, placement 
of wli"", in the open pil will ceminly be beset with dullenge .. !lOme of which .... briefly 
discussed helow. 

Roth the column IDldies ""jth coarse tailings and batch leach tests ""ilt fo ... dayey tails 
have drnIonstrated potential mobiliwion of As. Sb and selected sorbed CN 'J'«ie. with 
disturbance of the tailings and interaction with Ihe pil water. While oome free eN """ WAD CN 
may be eliminated during tailings transpon. odditional loads of CNS ond NHo-N .... ~kely to he 
iI .... raled at the same tim •. If the transport mediurn i. eventually contaminated with exc=ive 
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lT3CC clement> and potentially hozardous CN· .. lowl .ompound. and their <kriva';"." the 
mcdiwn bas \0 be impoW'llkd and Il'ta!td before <,Iischarie. Transfer ofl. • .iHnil.' in a rel31;"ol)' 
dry f<>rm will impose a less significant impact on the quality of the subsequent waler CO"", i f 
one dewhlps. H""·..,.,,,,_ given 1M fine grain size of the tailings and elevat;"n d iffcn:ncc 
be1ween the tailings impoundment and lI1e open pi~ trnnspon of tailings by lnl<k may be 
chaUmging. 

In !he aMtr>Ce of detailed infonn.tion "" the local hydrology and hyd""""logy of the 
open pit. 1M poSl-deposilion eovironm""ti1 _ing ro< the tran1!f.rred tailings i. 1~ly 

unknowD. If. deep walOr coyor cvcnru.o.Jly form< 00 tilt lAili"lls, reducing conditions "ill 
develop in the IailinK" Icadina 10 potential di .. olulion of omorpbous F. &lid Mn o><),hydroxidu 
and the release of the associated trace . Iemm a , If unsaturated conditions (\<velop. o,,;dalion nf 
the remnant sulfides may occur, le&ding 10 acid g<nentlion ""d m~ leldUni/.. In contrast to the 
toilingo impoundment. the open pit oppe;m 10 be COllll«tod 10 the agio ... 1 grnundw"cr flow 
.ystem . llIc ~d seasonal variation in the monitored pit wal .. chemistry appears 10 hov~ 
derived from a floJC!UOIin& water wI<. Unless major conduiu "'" somehow bloc ked, 
<onlamination of GJVUndwate, with ~ metals and CN·",latcd sped .. in the tailinliS po",water 
i. highly probabl., The Total CN occuning in the tailings can .fftttively be destroyed using the 
/NCO S0,/Ai. process prior to transfer to the open pit. Howe"er, as meotioncd befo""!hi. will 
",suit io a simultarleOus "'lease of .i lll'ificant do~ of As, Sb and ammoniL The ""!"iT<ment for 
~.nl orlM resulllllll.m"""t occms inevillble. 

A variation in 1M IMme ofltarlSfertilljllhe tai~IIjIS to the 6rown·Mdhde pit is to mix 
the tailings with cement and dispose of them in I paste form that does no! bleed wate •. "fbi. "'ill 
elimiMte tbe problem of pot.otial flushilljl or contaminated tailings porew;u •• to tbe regioMI 
vmUldwa1C1 system ond also bell' to mlu« the likelihood or acid g .... ration_ Howe-.'er. ,i"". 
bo!h .....rue and antimony"'" mobile under both acidic and alkali"" conditions, the elTe<:t of 
lime odditi"" (in the form of cement) OIl tbe long·term chemic.al stability of As· and Sb
C(m1Aining minerals i. uncertain. Although the O,-emilllu leach tcstini with a limo solwion 
con,h>etcd in the cum:nt Sludy did not yiold evi&n<e of significom arsenic leaching. there are 
ind ications from other minc .it<:$ that elevated calcium, bicarbonate ..m lime cootenlll in a 
tailings systml reduce the Ionj..terrn stability of As-<:ontainiRll mi".,.,,[s (Kwong et 01.. 2000; 
Soprovich. 2000). In addition. the same leach teSl with • lime solution gave ti .. 11) cylll'lKi<: 
rei...... The results of the freezc·thaw exporiments aI ... <uggestM alkali"" condition would 
enhance the ...... ister>ee of CN. Furthermore, whether or flO! the enti", tailinlt'l mas. can be .... d 
in paste makilljl with <;<:menl is 001 kno .... lI. Th .. eror •. much ... St"",h remains to be done if the 
pute option il to be pumIOd further, 

Concluding ,e...",b: From ohe pot$JlCC1i.,. of tailinlt'l chemical $labilil)', among the two 
opIio", considered fo: petrnaJ>eDl disposal of the problematic tailin$S. tttainin& the tailing. in tl>o
aiSling impoW>dment _m to be associ.ted with fewer lUlknown fleU"," tlwI tnmsf..-ring the 
taili~ to !he Bro .. -".McDad. open pi\. To fully ."aJUIIl~ the li n .. option. a <ktailed 'tudy of 
the pit hydrology and hydTO\!eolollY .. ",.,11 .. the distribution of mineral, and alteratioo aloni 
the pit walls should'" condU<led. Thi. will provide the nec:<:..ary infortruotion to compm: and 
contr.ut lhe tW<l optiom, iDCluding their vari.tions. usin~ a risk assessment opproaolt Based OIl 

i"~'"'.'ITn •• ~""""_m;"~iU.""""E,.),------------------,, 
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RECOMMIi:NDATlO;';S f"OR FURTHER WORK 

Constrained by (he limited lime frame allowed for !hi, projo<~ b<xh field and laboratory 
inve.{igalioJl$ have b«-n de,igood '" ",!lder the mos, useful do ... in tM mom" tim< i><>S,ibk to 
oid dec;.;on making o n d .. ·.lopi ng on appropriate ""leg)' for the !ong.term dispo ... 1 of the 
ors<n;c- and cyanide-bearing lliUns' II Mount Nanscn. Detail • .,.., ofien .... rific¢d for variety 
and informat,,," gaps .,.., f~uendy identi fied upon in,erpn:lin, the ""quircd data. To fully 
oddrcs.o the iss"", mi>ed by [NAC ,,;th regard 10 the wImp behaviour and disposal options. 
further worl< in the fnHowing ""'" is recommended. 

l. Three months of colWtlll testing have "",,,cd to be inadequate \0 render suffident d .... to 
eSiablish the .... te! nf metal leacbilli and cyanide deiradalion. Dependi", Qn the .dcclion 
of the preferred long-term d,>p<>sal opl;"", the =pondinQ; columns, if IlOl \he ","ire 
colwnn , .. , work, should be run for IIn<IIh<T three to .ix moroth. 10 ",;qui", !he ",levant --

2. n... column te,t work hu been conductN al room ,empenture; therefore the rate data 
oblaioed may 1\01 be Iruly rcp~ntaliv. <>f those takina: pi"". in !be field. If it is decided 
to n:t.oin tilt tailingS in oJ... ~~isting impoundm",,~ it will be instru<!i,-. 10 e~perimem 
.... 1th a ocaIed model of the impoW>dmcnt constructed wim tho remaind..- of tho toilings 
and native ....:limenlJ collected. The model would incorporate a fro"," 10)'Cf ot depth and 
a panially tha .... 'N lIIilings dam on one .ide. The model would be closely monilOred for a 
year fo, tho tran,fer of moee e!emelllJ and CN spe<i .. across the porewlIIer-toilings solids 
intcrfoce .. well .. tho generalio" and mo'-emen! of IIIIIIIIOni. and thio<)'&nale in me 
toilings por=.~_ Such a moo.l ."periment will give . more realistic picture of lite 
water.tailings interoction. occurring under rLeI<! colXiitio ... 

3. Regardl ... of the fmal option chosen for IO"i-lerm disposal of the problematic tailing,. 
the g~tion of arnmoni~ ond thio<yanate is likely to conti""" fOf some time. It i. 
W<IIthwhile to ...... iew an<I &,,-.1"1' ,,",w t""hnol"!!i,,, fOT lIU!ing waitt contoining 
exee .. i"" amounts "huch potentially toxic. CN dc:~lllion products. 

4, l....,ffident infonnlllion on tbe detailed distribution of miner:o.l .. hydrology and 
hydrogeology of the Brown-McDade pit is cwrently .vailable to fully pre<ikt the 
potential co_que""e. of Ji<pM~ the irnpotlllded tailings the-rc, ElTon. should be 
made to acquire such information and then • risk .......... nt can be performed and the 
proced"", applied to se\eet the moSt .ppo:optist. long_l<m\ disposal opIiom for tho 
impotmded. tailings. 

'''"'''"'''''"'""''''' •• ~"'"''''.'"''~<'"'''<-------------------------------------", 
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