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SUMMARY

A practical application of nitric acid oxidation of sulphides, bzaszd on the principles of
the Arseno process, has been developed for the Cinolz ore. Development of the process has
been based on testwork conducted by Bacom Donaldson of Vancouvar 2nd Hazen Research of
Denver, and on conceptual engineering performed by Minproc Engingess of Denver,

A comprehensive Stage II report for the preject has boea submitted to the B.C.
permitting agencies, containing provisions for a zero dischugc wiii:gs imr}ou.dmem system
and prevention of acid mine drainnge, Approval in principle in expzcted in early 1983,

A feasibility stedy recently completed by Minproe Engineers and Davy McKee
Corporation demonstrates that this project can be b&oug;.. to procuction for a capita
expenditure of C$120 million and operated at 2 total direct operciing cost of less than
$20/tonne.

INTRODUCTION

The Cinola orebody was discovered in 1570, It is situated app:o imately in the centre
of Graham Island, the largest of the Queen Charlotie Islands. It represents the mid to upper
levels of a hydrothcrmm precious mmetals system, characterized b*' intense brecciation and
silicification. Gold is associated with finely disseminated sulphides In 2 brecciz mairix and in
free form in numerous quartz veins.

Owenership of the property has changed hands 2z number of times, and previous attempts
to bring the property to preduction have failed. Two critical factors have frecucntly been
blamed for difficulty in creating a successful project; pamely process and environment
factors, hence the title of this paper.

City Resources ({Camada) Limited (*City”) sacquired the property in 1985, and
commenced an ageressive campaign to  verify ore reserves, 16 carry out metallurzical
research and to address environmental issues,
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PROJECT OVERVIEW

When the Cinola orcbody was discovered, the signilicance ¢of hydrothermal minergliza-
tion associated with crustal plate boundaries was nol recogaized, aond for several years, the
orebody was considered an uneconomic curicsity. If you were now (o write a specificaticn of
the type and location of orebody sought by many companics ongaged in gold exploration, you
would be writing a description of the Cinola orebody - it is a2 large (grezter thezn 1.5 million
ounce), low guude (2.45 gm/tonne), refractory ore reserve assccitted with the Pacific rim
crustal plate bvllﬂdﬁl‘j The industry appears to have recognized in the past few years that
its future lics in the exploitation of such otrebodies, and is prepared to come to grips with
the technical pioblems associated with such ores. Im this sepse, the Cimola orebody might be
considered to have come of age.

One aspect on which there has been little controversy over the vears is the existenc

[
of the reserve. Numerous reserve estimates have been prepared by various methods, resulting
in estimates of minesble resetves in the range of 22 to 28 millien tonmes at a grads of 2.2
to 2.45 gm/rwonne. The current cstimate used by Cit y m m econoic analveis of the project
vias prepared by Davy Mellee Corporatics, who el Tter detgiled concideration ef
selectivity of wmink :13, isternal wasie and dilution, reserve of 23.8 millisn
tonmes ot ¢ erade of 2.45 pm/tomne exists & & cut off grmde ¢f 130 om/ficnce. Howeves

there 15 & c¢ons dcraLIc tonnaze of material eonly  slightly balow cut of

.
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The orebody is shaped spproximately like an inverted wedge, lying i the hanging wall
of the Spccogna fault, and =ot caoly lends iiself to relatively iow cost open pit mining
methods, but also to sclective mining of higher grade material during the ezrly vears of
production, while lower grade material can be siochpiled. The ovemsll stripping ratio 18
2.45:1, but is much lower in (he early years. The orebody has cnly teen drilled to 300
metres below surface, where it narrows and increases in grade substantizlly, lezding to the
possibility of future undcrground mining potential. A lateral extension was also drilled last
year, but the results have not beza incorporated in the reserve estimate.

The orebody is situated nezr the Yakoun River, a mzjor szlmen spawning 2rea, which is
the reason for many environmentzl concerns about the projest. Fart of City's eavironmental
mitigation micasures has been to select & mill and tailicgs impouandment site soxe 3 km. away
in the separate watershed of the Florence Creek. Ore will be trucked to the mill site. The
basis for the feasibility study’s ccosomic analysis is a daily mill throughput of 6,000 toanes
per day, though throughputs larger and smaller thon this gase curreadly being  evaluated.
While economies of scale clearly plry a part in achieving a successful project, the staging of
capital ecxpenditure, minimization of capital 2t risk aed maximizing the tential for self
financing of deferred capital costs are zn important part of ‘the plant ceanacity seleciion
process.

The climate of the arez is typical B.C. coastal, with high rzicfall but negligibie
saowf{all, The terrain is not szvere, and the project arez is well ssrved by cxisting logging
roads which wiil require a minimum of upgrading. Infrastructure requirements include a
power plant and a dock for the importation to the island of equipment 2ad materials during
construction and reagents and supplies during operation. A lime burping facility willi ziso bte
required to obviate the high cost of sea transport ¢f burnt lime,

There is an adequate labour supply con the islands for c¢perations labour, while
temporary facilities will be reguired to house zbout threc cuarters ¢f the construction Iabour
force, which 15 expected to peak 2: about 250.

ORE CHARACTERIZATION AND PRCCESS DEVELOPMENT

The Cinola ore may best be described as “deceptively” refractory; it is not very
refractory in that 50 to 70% rccovery may be obiained by direct cyanicztion, albeit at high
cyvanide consumptions. This koes lead researchers to belicve that a simple upgrading by
physical means such as floistion followed by a wunit process to deal with the refractory
natute of the ore in a smeall quantity of ccneontrate would be an appropriate process route.
Unfortunately, this is not the cose; it is possible to recover by flotation a small amount of
free gold ond some that can be ghysically Iibersted from iis associated suiphide by grinding,
but there is .a variable but siznificant gold population that is Iocked in sulphides that are
themselves too finc {down to oze microm) to Te physically liberated by grinding. Corfir-
matory testwork carried out by City showed locses to flotation tails of sulphide locked in
gaogue even after grinding to 90% minvs 325 mesh., Of course, the c¢ffect on rccovery and
ratio of concentration of such a fime grind, even with the addition of desliming agents, was
significant.

Confirmatory f{lotation s formad the first part of City's research program. Ore
samples were categorized by corz type identified by geological criteria, With the exception of
silicified sediments, which form ozly 2 small part of the cre resorve, resuls  were
consistently = dissppointing, showins recoveries of both gold end  sulphur to  {iotation
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Following conflirmation of the fact that an econcmic preconcentraticn step would be
difficult or impossible to achieve, research focusced oz procoss routes for the oxidation of
sulphides in the ore without preconceatration. Sulphide suviphiur levels in the ore average
1.7%, and sulphides are present larﬂeq’ as pyrite and magreasite in varying proportions. Minor
copper, arsenic and mercury report in analysis, but have not o:::.. mingrelogically ideatified.

The testwork program iavestigated oxidation metheds of increasing severity. Early
success was achieved with chicsizatior 2nd caustic ozidaiicon, but at prohibitively high
reagent consumptions; in addition, caustic oxidstion resulied in @ slurry that was so viscous
as to be unmanzgeable. Early testwork with pressure oxidation gave disappointing

etallurgical results, aod although good resulis were ilater achieved, preliminery financi

analysis indiceted that the inberent high capial and operating costs of this method would
be prohibitive. Turning to less conventional oxication rouies, concoursging
obtained in oxidation by aitric zeid, and it was decided to explose this route in greater
detzail.

r

The basic principle of the method is that the oxidizicg agent is regenerated from the

gaseous products of the oxidation reaction; the nliric acld is therefore considered to be 2n
intermediate by means of which oxygen I transferred ¢o sulphides, This coocept forms the
basis of the Atrscno Process, on which early testwork was baosed. If was recognized early in
the test program that, in order for the msthed to be of practical use, very low residual
nitrate levels in solutica would have 10 be cbtained to prevent excessive discharge of

il o
nitrate to the environment and minimize consumpiion of nitric acid.

Early attempts at continuous operaiion of the prosess in pilot piant resuited in a
cumbersoms circuit that was bosh difficult to operate and gave disappointing metallurgical
results. Two pipe reactors were usad, separated by a solids liguid separation step; uoreacted
nitrates in the liquid phase after the oxidation rezcior were recycled to a2 catalyst recovery

reactor from which nattic oxide gas was recovered zand reinjected fo the oxidation reactor.
The reactors were operated at temperstures of 102 to 1383 degrees € zand feed pressures
ranging from S0 to over 200 psi. Gasecous oxvgen was iniscited into the oxidation reactor to
oxidize the nitric oxide to nitrogen dioxide which was cbsorbed in the liguid phase of the

slurry to reform nitric acid.

Considerable difficulty wos expericacsd in muzintaizning & consiant fzed to the reactors
due to high wear rates in feed pumps, znd although sulohide exidation in excess of 9:% was

cia
readily uchzeved, results of both batch CIL iests oa slurey f.. wa from intermediate parts of
the circuit and of a continuous CIL test on pilot plant product showed disappoinating gold
recoveries gencrzlily in the range of 75 to 85%.

Consideration of 2 means of simplifying the mochonionl sosslumity of th: pilot p;'_:t
configuration resulted in an appreciation of the fac: czﬁat.:im operating  coaditions cA
pilot plant were dictated not by the conditions reguired "Zor the exidation rcaczio
the regeneration of nitric acid; the oxidaion reacticn c¢scurs ot temparaturss dowa to 75
degrees C, and is not affected by pressure. If the oxidation and miiric acid rege
functions were to be separated, the oxidation reaction cculd be carried out
stirred tanks at atmmospheric pressura, while preduct gzszs could be drawa o‘f o 2 separate
rcgﬂnerat.on plant, which would have the zadded =zcvantese of producing pitric 2eid using
ambient air instexd of gascous oxyzen.
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A now pilot plant was nizpned besed oo
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scale testwork which was aimed pt cefininz 2
number ©f fecters in  the fundomental ok s
understanding of the sulphur chemisity i 3
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interdependencies between some of the process variables. The effect of some process
variables was also found to be exaggerated by the smazll scale of the testworly for example,
in analyzing the effect of particle size, the relatively larg(. amount of elemental iron and
iron oxides added from grinding media in laborato**' scale mills was found to have the effect
of consuming acid and, in some cases, of p:evcntmﬂ the reaction from oor‘g to completion.
It was also found that cow,uic.e oxidation of sulphides dots ast necossarily give the best
subsequent gold recovery, 2pd that the cffu:‘ of ivereascd n.s.dcncc :::‘e to achieve a high
level of suiphide oxidation is more than offset by the deletericus effect of that resideace
time on subsequent gold recovery.

The facters noted in this beach scale testwork were later confirmed in pilot plant
operation. The pilot plant was operated during May and June cf 1988 at 2 rate of 55 Kg/hr,
and resulted in demonstration ¢f the ability of the process to ac heve adequate oxidation of
su!phides to permit subscauent goid rccovery of up to 92% while limiting nitrate levels in
the discharge to acceptable levels. The configuration of the pilot plrm will allow relatively

simple scale up to i‘uil size operztion. The simplicity of the resulting ';E:am :I'-:Eg-l will rgsult
in low capital and operaling cos’s

It appears in retrospect that the disappointing metzlurgical resulis of the
pilot plant tests were due to a lack of appreciztion o¢of the effect of critical process

variables that were later determised in the simpler pilot plant arrangement.

OXIDATION PROCESS DESIGN AND OPERATING PARAMETERS

A

The overall reaction by which pyrite is oxidized by rnitric 2cid may be summarized as:

In practice, this represents the end result of & series of reactions involving the
intermediate products of the reduction of npitric acid, Of these, the most important is
nitrous acid, which is the oxidizing agent of primary importance. The presence of free acid
is essential to the formation and stability of nitrous acid; in practice free acid is supplied
as sulphuric acid. The reaction will not proceed at a pii ia cxcess of 1.7. During testwork,
the sulphuric acid requirement was considerably exagserated by the prasence of clemental
iron from grinding media,

The objective of the process is to adequately oxidize sulphides, making the associated
gold available for cyanidation, while maximizing the recovery of nitric 2¢cid and micimizing
the level of nitrates in solution in the effluent. The proposed plent conficuration is a series
of closed, stirred tanks from which gascous products are drawn off for extermal resemeration
of nitric acid, The process design and control parameters must take iato account the
following process variables:

* Grind X

* Puip density

# Leach reiention time

* Leach temperature

* Stoichiometric ratio of nitric asidisulphuds sulphur
* Extent and rate of reaction

® Sulphuric acid addition

* Neutralizaticn technique

* Cyazidation conditions

ne applicetion of the process to uyialcvc t‘nz objoctivcs is probably bost described by

i
I,y & P RS O 1
examinine each of those variables and ¢ iniesrelationships.
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Grind

The effect of particle size is more than that of simple mechanical liberation; at finer
grinds the effect of :ncrc&ad spocific surface &arca of expeosed sulphidess appears to affect
the rate of reaction, which in turn zffects required lecach retention time and achievable final
nitrate concentrations. Labogatery scale tes:s are offected by the relatively large quantities
of clementz] iron znd iron oxides introduced by grinding. In fests intendsc to remove 25 far
as possible the cousequences of these side effects, it eppears that recovery is  increased
about t!—.rep pe.cenmge poiats batween Pgg's of 180 and 44 microns. Agua regia digestion
tests indicate that a small amount of the conizined gold (2-4%) cannct be cxposed to
cyanide .—ag:udlc:ss of grind due to silica erncapsulation,

A fully autogenous grinding circuit will be used, and a grind of 80% passing 60 microns
has been used ¢s the basis-of evaluztion.

PHIQ E Eng?fv

The rate of reaction increzses with pulp density, while 2 hizher coagcentration of
nitrate per unit volume of effluent is permissible than at lower pulp densitizs to achiceve the
same fioal coffluent level, due to subsequent dilution. The targets sat for neutralization

discharge zre 1.5 am/litre NO. ot 50% solids or 1.0 gm/litre at 40% solids. A high pulp
density also reduces the heat requirement (o mainiin ieach temparature. Pi i
was carried out at 50% sclids, and this has 2!so been used 2s the design criterion for plant
design. Ilowcver, settling datz on the ground ore indicate that in practice higher pulp
densities may be achievable.
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Beach scale testwork indicated and pilot plant cperations verified that subsequent gold
recoveries deteriorated aftcr &c  optimum leach rc*i‘,cn ticae, even if that time 15 not
sufficient to achieve complete szum}:;d" oxidation. Coaflirmatory testwork using perchlorcethy-
lene as 2 solvent for sulphur icdicated that elomontz! sulphur is formed in the 1 ¢r stages
of the leach, z2nd that this "G"!\,..,CE}," affects gold re covcry. The presance of thiosuiphates
have also been =noted, and subsequent cyznide c\,_._ is adversely affected by the
formation of thiocyanate, The optimum leach time appen lie beiween 90 and 120 mioutes
at 85 degrees C, but giver the number of faciors afi‘c ing the rate of the reaction, @
flexible lecch time 20d plant design will be reguired. This is simply achieved by u.aumg
the number of leach tanks im wuwse, with ihe copsbility of discharging to neutrzlizatiom by
pumping from 2oy ak,
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A critieal factor is the achievemen: of accepstable nitzate levels in a comparable leach
residence time as that which will give optimuvm substquent geld recovery. The major
controlling factors are the use of the correct stoichiometsic ratlo of nitric acid to sulphide
sulphur and the use of suiphuric acid to modify reaction rate. Provision is made for the
addition of 2 barren pyrite as a dcni::atiu; agent in the latter stages of the leach, but this
+

is considered to be requiced under upset conditions only,

a

Leach Temrnaratura

The oxidation reaction occurs over ic : e : been
demonstrated at bench or pilst scoles { 0-202 dapres lanrly
configuraticn is simplificd and Deat dnput
temperature, ;ar:.: '1::.;,' g¢ teet wmilows op ; et
factor is the effect of tomneriure on the paecipitaicn of _;'**o.. tes: lowsr tozipesatures
inhibit such pre:ir;-::.:.c:: in the lesch wessels. The rete of miactiss hoso o Tess fousa 1o b



adequate at 85 degress C and may, in practice, be aceeptable at lower temperatures.
Operating at 85 degrees as o;:pc:cj to temperatures closer {0 ambient Uoiling substantially
reduces the heat loss to stcam drawa ¢ff with the reactor gases.

Stoichiometric Ratio of Nitric Acid-Sainhide Sulbhur

Use of the correct ratic of nitric acid to sulphide sulphur is casentizl to achieve
adequate sulphide oxidation without excess nitrate remaining in so‘.utxon 2 thc leach
effluent. Both bench scale and pilot plant tests show that this ratio should be mainteined at

ctween 92 and 94% of the theoretical stoichiometric requirement of Ditric cxd. Addition
rates above this ronge result in excess residual nitrate, while addiiicn rates below this
result in both unreactzd nitrates znd sulphides, leading to poor gold rcecovery 25 well as
high residual nitrates.

This ratio wili bs used 25 the primary process control. TFilot plont

4 F "
that there was little difficulty iz mazittaining the cotrect ratios, even at the low flow rates
employed. In the full scale plant, slurry will be stored in three tznks of two hours capacity
each, allowing the suipiide sulphur content of szny tank 0 be accurately koown before it is

fed to the leach circuit,

Reate and Extent of Reaction

The rate of reaction is essentially governed by the concentrations of niirate and
sulphide present io the slurry, 2lthough, os we have already seen, a number of factors may
modify that rate. At sioichiometric ratics of nitric acidisulphida %.;,L‘;. in the range used in
practice, the oxidation reaction procceds rapidly for the first thirty munuies, after which the
rate of declinc in both nitmate ood sulphide levels becomes asymptotic. If either becomes
depleted before the othcr the reaction tends to “die.” This s not a sudden cvent, but is
evidenced by a araduzl drop in emf and zredus! rise in residuzl nitrates znd/or sulphides.

Sulphuric Acid Addition

In pilot plant operations, it was found that the rate of additicn of sulphuric acid was
the main mecns of controlling the rate of reacticn to ensure that acc:p*::i: residual nitrate
levels are achieved in the samz leach residence time as that required to achieve adecuate
sulphide oxidation, Determinizg 2 specific addition rate for a full scale plant is difficuit
because of the acid consumers present at the pilot scale plant that would not be present in
a full scale plant, particularly after autogenous grinding, It Is clear that more acid will be
required when treating low sulphur ores, because of the smaller amount of acid produced in
the leach,

In plant design, provision has been made for the addition of & hkigh rate thickener
immediately after the Igach to allow recycle of a2 small amount of free sulphuric acid and
some residual nitrate. In general, sulphuric acid addition must be sufficient to meictain a pH
below 1.7 throughout the leach,

Nautraiizntion Technigue

he technicue used for noutrslizatien techmique proved to be an important {sctor in
both bench scale tests and in pilot plant tests. Ncuxa.r"*uﬂu at ambient temperature weos
found to lsad to low subsequent geold recovery. With recogniticn o¢f the importazce cof
clemental sulphur, it becarme clear thot the reasons f{or propsr neviralizat
centred on the sulphur chemistry thet coccurred 1n the zeutrslization step. L
high temperatures with clemental sulphur to form  polysulphides which preveat the
subsequent occlusion of goid by the slementsl sulphue. Not il of the sulphur &5 taliga wp in

ran b

svlerilid

A Aabn s

OL  adal: «*\l"’uq
™57 4
-~ r e vt -

Ve



neutralization, and improved recoverics can be achieved by taking the final pH to very high
levels with lime and/or caustic. However, improvement in resovery is not sufficient to
overcome the additional reagent cost.

Prior to lime ncutralization, the slurry pE is tzken to zpproximately 3.5 with limestone,
thus making a sigoificant saving in lime. An additions] benefit of this siage of neutralization
is that the intepse gassing that tekes place ¢n addiiion of limestone helps strip residual NO
from the slucry, product gases from the limestone neutmzlization step are therefore added to
the nitric acid plant feed stream.

Cvanidation Corditions

The complexity of the sulphur chemistry coatinues %0 affect the process through to the
cyamidation sicp. Eigh cyanide consumption has beea observed due to  reaction  with
elemental sulphbur to form thiceyanste, & gvolutica &t clevated

is a

gd pomibly due 0 BCON
cted ¢t bz 105 kg/ t

temperatures. Cyanide consumption predi 5580 \Were anpears to
be scope for considerable improvement in this.

Upset Conditions

The two main anticipated upset conditions arc a dying reaction or excess nitrates io
leach effluent, both of which are functions of the extent ¢f reaction, Considerable
test work has been carried out 10 ensure that these conditions c¢a2n be dezlt with ia
practice. EXxcess nitrates can be reduced by the addition of borren sulphide in the form of
pyrite coaceotraies which should to added stagewise in substoichismetsic quantities: excess
pyrite addition or addition of pyrite coacentrates that result in excess ferrous iron in
solution will lead to the rcaction dying. The zddition ¢f sulphuric acid =lso assists in the
denitration reaction.

The rate of reaction may slow to a point that it may be cozmsidered to be “dying” as 2
result of 2 deficiency of either nitrate or sulphide or after addition ¢f 2 stoichiometric
excess of pyrite. The key to restarting the reactior is to imsreass the level of gitrous acid
in the slurry, which may be scchieved by adding a2dditiopal ritric and y
diverting vigorousiy reacting slurry zndfor NO gas from the fisst rea
latter stzges of toe leach.

Summary

it is clcar that the chemisiry of the system is complex, in {2rms of both nitrogem and
sulphur specics. It might appear at first sight thot this would lead to a complex process
plant. In fact -the reverse is true: clthough the f{esivwork prezsamy that bas czllowed us to
understand the interdependencies between the process variabies has been very cormeplex, the
plant itself will be extraordinarily simple. Qur undersstanding of the chemistry is sufficient
to indicate process conditions that should be avoided to preveat deleterious effects on
subsequent goid recovery, and to indicate the process varicbles that mzy be used for process
control. Qur understandinz &t this stage enables us &0 predict cold recoverics in .- excess of
90% at wvery low operating costs; the poteatial enists to improve on beoth recovery and cost
by means of testwork currently planned to exploze ia more detzll! the icterdependencies
Detween procass varizbles over a broader rance of conditicns.

FROCESS. PLANT FLOWSHEET AND FACIUITIES

A simplified flowskeet of the whole procsss vient is shown io fisuse I With ihe
exception of the oxidation circuit, it is esseaticlly coaveptionzl., Ore will be crusked by 2
- H R, P Toem $. ~ntem? ~t— o wrpfl L. ..

gyratory crushor apd stored it cn opse stochpile. Trome the stochicfle roglessn 5t wall B8 NIGY
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to an autogenous primary mill followed by two pebble secondary mills. The ore is both
extremely hard and abrasive, with a work index approz ch;::g 20 kwh/tonne and an abrasion
index of 0.85, characteristics which lend :ems&.lves to this type of grinding circuit. After
thickening to 50% sclids, slurry will be held in three hoiding tanks for sulphide sulphur
determination before being fed to the oxidation circuit, which will consist of four stainless

“! . !

steel agitated tanks. Fifty per ceat nitrie zcid will be metered frox the nitric zcid plant.

Leach discharge will be diluted 2nd rethickened to 40% solids, with the thickener
overflow reporting to leach feed. Thickener underflow will report to 2 neutralizaticn circuit
where limestone and iime slurry will be added to bring the pH to 105 prior to & hybrid
leach/CIL ecircuit consisting of two leach fanks and seven CIL tenks. Carbon loadings in
excess of 6 kg/tonme have boen demonsirated, Carbon will be stripped in a conventiondi
Zagra system, and gold wvalues recovered by clestrowinnming. Cethodes will U2 retorted for
mercury removal prior to maltinz.

Leach discharge will be trecated by either sulphur dioxide or hydrogen peroxide for
removal of remaining cyanide, and any mercury remezizing in solution will bz precipitated by
addition of scdium sulphide.

Product gases from the niirate oxidation leach and limestone neutralization tanks will
be ducted to the nitric acid plau.t. The techuology used in uitric acid rcgeneration has been
developed by Minproc Engineers, and is substantially simpler than conventional aitric acid
technology. Nitric oxide is oxicized to nitrogen dioxide by ambient air and absorbed in three
consecutive cbsorption columns at ambicnt pressure, Absorption in water of nitrogen dioxide
produces one mole of nitric oxide for three moles of nmitrogen dioxide absorbed. In
conventional aitric acid pleat practice, this leads to a reguirement for multistage oxidaticn
and absorption of gases thet are produced o5 a result of sbsorption. In this plant, residual
gases will be absorbed in sulphuric acid to forme nitrosyl sulphuric acid. Since both sulphuric
acid and nitric acid are required ia the process, the nitrosyl sulphuric acid will be only
partiaily stripped, and 2 blecl of nitrosyl sulphuric acid fed to the process. The process will
produce nitric acid of sufficient strcngth cperating at ambient pressure and requiring
relatively simple materials of ccostruction. Make up nitric acid will 2lso be produced in the
plant by oxidizing ammonia.
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Pawer will be generated on site, with process heat requirements satisfied by waste heat
boilers. The projected average eclectrical de .;...‘ is 17 MW, A 25 MW power station is
planned, with 20 MW on liae ané one standby urit.

PROIECTED CAPITAL AND OPTRATING COSTS

The cazpitil cost of a 6,000 toane/dzy .,‘:n‘ is estimated at C351 miilion, Of this, some
C3$10 million is attributed to the oxidation circuit (leach &ircuit plus nitric acid plant). Total
project preproduction capital costs are estimated at C$120 milion, iocluding contingency,
with an additional C$52 million in capital costs over the twelve year life of the property,
mostly in ongoing tailings impoundment consiructioa.

Operating costs are summarized in figure 2. Total opcrating costs, including mining, are .
a little- under CS20/tonne with 2n ownar operaied power plant. Purchase of power from a
contractor operated power plant would I1acicose costs by mp: ximztely £S51.50/tonne. Of the
total costs, C312.29/topnc 2are direct operating costs of the oprocess plant, of which
CS$2.75/tonne are attributeble to the oxidation circuis,
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FIGURE 2:

DIRECT

OPERATING COSTS

YUEAR YEAR 2 YEAR 3 YEARS 4.7 YEARS $-12

COSY CENTAE YR FITONHE 2IYR STONHE $1¥n SITOHHE 3irn GITOHNE $IYR SAYOHNE
LIHING
Sublotel 5,368,000 4.08 8,820,000 4.20 0,156,000 4,28 9,723,000 4.83 10,122,000 4,82
FRROCESS PLANT
Labor

Staif 1,350,000 0.04 1,350,000 0.04 1,350,000 0.84 1,350,000 0.84 1,350,000 0.84

Cparaling 2,227,804 1,08 2,227,601 1,08 2,227,801 1.08 2,227,801 1,08 2,227,601 1.08

asalsnsncg 1,093,574 .52 1,005,974 0.52 1,095,374 0.52 1,085,374 0.52 1,095,374 0.52
Cocntenabics

Cperalag Matoiats 14,474,811 8.04 14,574,311 6.04 14,874,011 6.04 14,674,919 8.94 $4,574,844 6.04

Malnteraaca Malerials 1,073,700 0.69 1,979,700 0.80 1,370,700 0.88 1,379,400 0.08 1,379,700 0.88
Powar (wsludlag ralnzsite) 4,008,047 2,92 4,805,547 2,02 4,265,847 2.32 4,805,947 2.92 4,808,947 2.92
Laboraiory Consumables 020,392 0.13 920,800 0.16 320,800 .18 320,800 0.18 329,500 0.18
Sublola) 26,014,233 12.20 25,814,233 12.29 25,814,203 12.29 25,814,233 12.29 25,314,200 12.20
TRAHSPORTATION
Tianspen & Fraght 2,408,000 1,10 2,498,000 1.19 2,499,000 1.19 2,493,050 1.19 2,495,000 119
Lknostons _9§15.139 Q.48 oys5,4350 D43 9135.150 0,44 973150 248 878,140 o4 |
Gublolal 3,473,150 1.63 3,473,150 1.65 3,473,159 1.5 3,473,150 1.45 9,473,120 1.88
ADKINISTRATION
Labor 999,818 0.48 999,818 0.48 g59,618 0.48 969,618 0.48 PP2,018 0.48
Gereral 1,058,000 0.79 1,056,000 Q.79 1,855,000 0.7% 1.853,0¢0 0.72 1,645,000 9.237
sudblo1al 2,854,818 .20 2,854,818 1.26 2,654,010 1.20 2,654,618 1.26 2,654,818 1.26

{ .
TOTAL $40,610,001 $19.29 $40,762,001 $10.41 $41,000,004 $10.57 $41,085,001 $10.84 §42,064,001 $20.03

HOTE: Avecngd mining conts vssd kot yoan 4-7 and 312,
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ENVIRONMENTAL MITIGATION

The development of the project has raised numercus environmental concerns in  the
local community, and City has adopted an “open door™ philosophy to encourage discussion
and resolution of the issues.

The major environmental impacts that are perceived 25 critical are:

* The effect of acid mine drainage
* The effect of mill effluent
* The effect of eclevated levels of mercury and other heavy matals due to both mizing
znd milling
* Protection of facilities from scismic activity
Other conceras include protaction of the eavircament from spiils of reagents in
transport, reduction in stream flow due to fresh water and tailinzs impoupdments and air
pollution due to particulate and gaseous effiuvents.

The main emphasis in City's epproach huas been to assure both local communitics aid
regulatory agencies that the environment can be protected both during OpexthD" and after
closure by measures carefully pl:mm.c. at an early stage of development. The two major
measures proposed are a zero discharge tailings impoundment system, desigoed to minimize
impact of mill effluent on the environment, and the treatment of .acui generating mine waste
during the life of the mine by addition of iimestone, and the eventua!l backfilling of the pit
with waste material to prevent generation of acid both in it and in the pit walls. During the
life of the pit, mine drainage will be treated for acidity and precipitatiorn ¢f heavy metals,
A small amount of argiflically zitered waste material, which has beecn found to gemerate acid
unusually quickly, will be trucked {o the taiiings dam and stored under water.

The tailings impoundment systema will take the forma of a setics of impoundments that
will be activated sequentially, with each active impoundment protected from inflow of
precipitation from its catchment area by diversion ditches. The water balance will be
maintained by careful minimization of fresh water usase in the mill and maximum use of
return water. Discharge of mill efflucct to the eavircament can be avoided by tnis method
even under extremely wet condilions. After ciosu:.,, there will e a small but ¢ontinuous
discharge of tailings pore water due to rising ground water flow., For this reason, effluent
will be treated to ensure that eventual discl-..:ge alfter closure will meet receiving water
standards. Cyanide will be destroyed by either the sulphur dioxide or hyéregen peroxide
methods and heavy metals precipitated by sodizm s:..xp;;Ace. Pilot plast testwork included the
testing of these processes and demonstration of their effectivencess

These measures have been presented to the B.C. permitibg ageocies in July 1988 in a
Stage II report. The review process is mearing completion, and the first formal comments
have been reccived. While these com:iuents request a considerable amount of clarification of
data, and in some cases additionz! data, there is po comment that might constitute a fatal
flaw in the propcsed environmenial mitigation measures. Alkhough ths costs of many of the
proposed measures may seem high, they are not prehibitive in the context of the project
cash {low.

Approval in pri for the project to proceed is expectad in the first half of 1989.



This paper has presented some of the more critical aspects of the Cinola project. It
should be stressed that the solutions presented in  this paper {0 motallurgical and
environmental problems are project and site specific. It is felt that the nitrate oxidation
process has potential in treating other ores and sulphide concesntrates; nevertheless, the
particular application described here is an answer to the specific problems of the Cingla ore.
QOther plant configurations and methods of applying the same basic chemistry could well be
more appropriate to other ores. The environmental mitigation measures adepted by City are
also specific to the particular problems of the site and to particular local concerns; the
same measures may be totzally inappropriate at other sites.

The conclusions presented in this paper are drawn from a feasibility study prepared by
Mioproc Engineers and Davy McXKee Corporation, based om testwork carried out by Bacon
Donzldson of Vancouver and Hazen Research of Denver, The Stage II report was prepared by
Norecol Environmental Consultants and Steffan, Robertson and Kirsten of Vancouver. City
believes that the two reports together demonstrate nof only the viability but the
profitability of this challenging project, and it is anticipated that project engineering and
construction will commence in the suramer of [989.
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