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Abstract

Knelson concentrators are the most widely used-semtinuous centrifuge separators
for the recovery of gold and platinum minerals brawity methods. Bench scale
characterization studies on these units providerination about the occurrence of gold
in ore samples (e.g. gold particle size distributiamount of gold recoverable by
gravity) but not about the effect of operating aates for full-scale units such as top
size of particle, feed rate, fluidization flow raé@d rotation speed. Such work is not
easily performed online on full-scale units owir the inevitable variations in feed
quality and to the impossibility of varying operagi parameters systematically in the
face of production requirements. To attack the @b a pilot plant comprising a 12-in
CD Knelson concentrator, a feed screen and taiiomp-pump arrangement was
installed in the grinding-B circuit of Dome Minepiupine Joint Venture (PJV), now
Porcupine mine, Goldcorp Inc. Timmins, Ontario. Hilet plant received a bleed from
the feed to the full-scale units. The pilot fagilivas extensively sampled in two
campaigns. Fifteen tests were conducted in thedaspaign and another sixteen in the
second. In all 31 pilot tests, twenty six 30-minuéeovery cycle tests, called “short
tests” and five, 90-minute recovery cycle testshlmrd “long tests”, were conducted.
Measuring recovery was the focus of the “shortstesheasuring the deterioration of
recovery over time was the focus of the “long test$ie sampling protocols were

designed accordingly.

Detailed metallurgical balances were made to aeatlye effect of operating and design
variables on the performance of 12-in pilot Knelsdancentrator as a step towards
understanding full-size units and to study the naadm of concentrate bed erosion. To
gain some fundamental information about the regoveechanism of the Knelson

concentrator, percolation of dense particles inraagge bed was investigated using a

fluidized bed column in the gravitational field.
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Metallurgical results indicate that operating cdiotis including feed rate, rotation
velocity, fluidization water flow rates and top feparticle size have little impact on the
shape of the recovery compared to feed size disioir. A particle size hypothesis was
tested using relevant industrial Knelson conceaotrdata. The analysis showed that a
relatively coarse feed would impact negatively ba tecovery between 106 and 425
pum. On the other hand, it would make it easieretmyer particles between 25 and 106
um. A finer feed would have a bigger impact on weryg around 25 to 106 um and
would yield a GRG recovery that decreases monoatigiovith the decreasing of
particle size. This would be linked to the naturesistance offered by the gangue
particles to the percolation of gold particles, evhis significant at a particle size where
the gangue is most abundant. The flowing slurry tmagompared to a dynamic screen,
with openings roughly the order of magnitude of dleeninant particle size. This finding
is useful for the simulation of the Knelson unitdiich uses the typical recovery curve
“decreasing recovery with decreasing particle sine’estimating gravity recovery and
it was thought that the shape of the curve hadmmmact on the estimation. Now, with
this finding, either the fine or coarse recoveryveuwill be used depending on the size
distribution of the gravity circuit feed. For exalmpfor a coarse target grind, the coarse

curve could be used and, for a fine target grind,fine curve could be used.

Settling tests in the gravitational field were cootd in coarse and fine gangue beds.
For the coarse gangue bed, dense particles rece/bigh for coarser fractions (600 to
150 um) when the bed is partially fluidized, inding that these particles intruded the
gangue bed due to their mass and the high momemiimareas, for the fine bed, most
of the dense mineral percolated through the fimegga bed easily, indicating that the
resistance of the gangue bed to the percolatiotlente particles is a function of bed

voidage, particle size and density of the ganguke be



Résumé

Les concentrateurs Knelson sont les séparateursifagas semi-continus les plus
utilisés pour la récupération par gravité des n@ngrd’or et de platine. Des études de
caractérisation par banc d'essai sur ces unitésniksent de [I'information sur
I'occurrence d’or dans les échantillons de minéeai la distribution de dimension des
particules d’or, la quantité d’or récupérable paavgé) mais non sur l'effet des
variables opérationnelles sur les unités a pletielée, comme la dimension supérieure,
la vitesse d’alimentation, le débit de fluidisatieinla vitesse de rotation. Ces travaux ne
sont pas faciles a effectuer en ligne sur des siratépleine échelle en raison des
inévitables variations dans la qualité de lalinsioin et I'impossibilité de varier les
parametres d’opération a cause des contraintes rddugiion. Pour résoudre le
probléeme, une usine pilote comprenant un concentrd€nelson avec un diameétre du
cbne (DC) de 12 pouces, un tamis d’alimentatiaimet pompe a résidus ont été installés
sur le circuit de broyage-B de Dome Mine, Porcuplomt Venture (PJV), maintenant
Porcupine mine, Goldcorp Inc., Timmins, Ontariaudihe pilote recevait une purge de
l'alimentation desunités a pleine échelle. L'installation pilote & @chantillonnée de
facon intensive lors de deux campagnes. Quinzes test été effectués durant la
premiere campagne et seize autres dans la deuxigmteut 31 tests, soit vingt-six tests
ayant un cycle de récupération de 30 minutes (@ppeltests courts »), et cing tests
ayant un cycle de récupération de 90 minutes (éppeltests longs ») ont été faits. Le
focus était mis sur la mesure de la récupératiam fEs tests courts, le focus était mis
sur la détérioration du temps de récupération pimws les tests. Le protocole

d’échantillonnage a été congu conséquemment.

Des bilans métallurgiques détaillés ont été efiextpour analyser I'effet des variables
opérationnelles et conceptuelles sur la performalceoncentrateur pilote Knelson de
12 pouces dans le but d’approfondir la compréhensies unités pleine échelle et

d’étudier le mécanisme d’érosion du lit de conaanfour obtenir des informations
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fondamentales a propos du mécanisme de récupémtiotoncentrateur Knelson, la
percolation de particules denses dans un lit dga@a été investiguée en utilisant une

colonne de lit fluidisée opérant dans le champ itggaiwnnel.

Les résultants métallurgiques indiquent que lesditimms l'opération telles que la
vitesse d’alimentation, la vélocité de rotation,débit de I'eau de fluidisation et la
dimension des particules grossieres ont eu de donhpsur la récupération
comparativement a la distribution des dimensionsl/'a@enentation. Une hypothése
quant a la dimension des particules a été testéatiksant les données industrielles
reliées au concentrateur Knelson. L'analyse a réogirune alimentation relativement
grossiere aurait un impact négatif sur la récup@rate particules entre 106 et 425 pum.
D’un autre cote, elle faciliterait la récupératides particules entre 25 et 106 um. Une
alimentation plus fine aurait un plus grand impsaat la récupération de partie autour de
25 a 106 um et apporterait une récupération pavitgrale l'or (« GRG ») qui
diminuerait de fagon monotone avec la diminutioriaddimension des particules. Ceci
serait lié a la résistance naturelle des particdéegangue a la percolation des particules
d’or, ce qui est significatif & une dimension dertipales ou la gangue est plus
abondante. Le liquide chargé s’coulant peut étraparé a un tamis dynamique, avec
des ouvertures environ de I'ordre de grandeur denleension dominante des particules.
Cette découverte est utile a la simulation desésritnelson, qu’utilise habituellement
une courbe de récupération dans laquelle « la &atipn diminue avec la diminution
de la dimension des particules », pour permettstithation de la récupération par
gravité; il était industriel de penser que la fordesla courbe n’avait pas d’'impact sur
I'estimation. Avec cette découverte, dorénavantcéarbe de récupération, fine ou
grossiere, sera utilisée en fonction de la distitioudes dimensions de l'alimentation du

circuit gravitationnel.

Des tests de décantation dans le champ gravitatiam été effectués dans des lits de
gangue grossiére ou fine. Pour les lits de gangussigre, la récupération des particules
dense est élevée pour les fractions grossieres 6AbHO pum) quand le lit est

partiellement fluidisé indiquant que ces particugspietent dans le lit de gangue a
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cause de leur masse et le grand dynamisme. Poguioest du lit fin, la majorité du
minéral dense percolait facilement a travers lentifiquant que la résistance du lit de
gangue a la percolation de particules denses dégend fraction vide du lit, de la

dimension des particules et de la densité du lgategue.
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Chapter 1 Introduction

1.1 Gold gravity concentration

Concentration of gold by gravity method has beemroon since antiquity due to its
simplicity, large processing capacity, low opergtoost and most importantly, because
it does not use any chemicals. Gold’s high spegjfiavity (19.3 g/cri when pure)
compared to the typical low density gangue minef2ls g/ cni to 5.0 g/ crm) makes
the concentration process by gravity methods aiveicHowever, properties such as
particle shape, porosity and hydrophobicity candowecovery (Spiller 1983, Burt,
1984). The main drawback of gravity processesl&ed to the recovery of fine gold (<
75 um) and that of gold associated with sulfide erats (Laplante and Shu, 1992).
Advances in cyanidation and flotation processes fedthe decline of gravity
concentration. For example, in the 1980s about 20%he South African gold was
produced from gravity concentration whereas in #aly 1990s, gravity recovery
disappeared from most gold plants. Carbon adsorgi@ned widespread acceptance in
the 1990s and, in a typical CIP plant, gravity atcation was not seen as beneficial for
reasons of security, installation costs and becafidéficult sampling and metallurgical
accounting procedures. These drawbacks were cothhiitle the perception that gravity
did not increase overall recovery particularly whprocessing free milling ores
(Laplante, 1987).

This decline prevailed for some time until the ¢d®80s when gravity concentration
regained attention with the invention of centriflugeavity concentrators (Knelson and
Edwards, 1990, Knelson, 1992). Gold, because ohabeability (i.e. it does not readily
break) and density, accumulates in the grindingudircirculating load (Banisi, 1991).
Due to this, a part of the ball mill discharge gclone underflow is typically processed
by gravity to recover coarse gold prior to flotatiand/or cyanidation. Users of gravity

concentration maintain the following:
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1- The earlier the gold is extracted, the sooner ffkaly) it can be smelted, refined

and sold, thus maximizing net smelter return (NSR);

2- Overall cyanidation plant recovery could be impmb® extracting coarse gold

prior to leaching where it may have insufficienttact for dissolution;

3- Overall flotation plant recoveries could be imprdJ®/ removing gold that is too

coarse to float;

4- The high gold circulating load in grinding circuiteuld be reduced to minimize
gold accumulation, thus reducing the buildup andseguent flattening and

overgrinding of the gold;

5- Low gravity plant installation costs (less than 8fthe total) are possible (Wells
and Patel 1991).

It is clear that gravity cannot replace flotationayanidation, but it can reduce circuit
size, reagent usage and their resulting environmh@npacts. Centrifugal concentrators,
particularly the Knelson concentrator, were essilgld as the choice over the other
gravity concentrators for the recovery of gold frgnnding circuits thanks to their
mechanical and operational simplicity, their apitd achieve good gold recoveries over
a wide size range (2000-20 um) and for the fadt iy can be readily retrofitted in

existing circuits.

1.2 Knelson concentrator

Knelson concentrators are the most widely used-semtinuous centrifugal gravity for
recovering gold and platinum group minerals fronm@ng circuits. Patented by Byron
Knelson (Patent: CA2271958, 1998) in Canada in @hdy 1980s, these machines
received wide acceptance replacing non-centrifuggavity concentrators from gold
grinding circuits around the world. Initially dewgled for processing alluvial gold, these
machines proved beneficial for hard rock and goddnvapplications (Knelson and
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Edwards, 1990; Suttill, 1990; Laplante et al., 1.9P0ulter et al., 1994; Meza et al.,
1994; Darton et al., 1995; Cloutt, 1995; Hart et H995).

In most applications, Knelson concentrator (KC)suaecentrifugal force of 60 Gs to
recover gold particles as fine as 20 um. The sé@paranechanism is the same for all
models. It is based on the difference in the ckrgal force applied on gold and
associated gangue minerals and the fluidizatioth@fconcentrate in the riffles (Figure
1). It combines the advantages of a simple stracgmall footprint, high capacity, wide
particle size range recoverability and most impufya the ability to yield very high

enrichment ratios up to (1000:1) in a single stage.

(=]
o]
0,0 o
Fo O\
Tails / Tails
Rifﬂesé -
Fluidization ho'lgs/’ Concentrate
® gold
O gangue

Fluidizing water

Figure 1: Separation mechanism in a KC

Most of the research on Knelson concentrators wased out at McGill University. It

includes the characterization of gold ore typeg(&ate, 1993; Woodcock and Laplante,
1993; Laplante et al., 1995; Laplante et al., 198valuation of plant performance (Putz
et al., 1993; Laplante et al., 1996b; Zhang, 1988)damentals of semi-batch centrifuge
operation (Buonvino, 1993; Huang, 1996; Ling, 1298 Xiao, 1998) and the study of
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concentration mechanisms with a laboratory Knelsoncentrator (Laplante and Shu,
1992, Laplante et al.,1994, 1995, 1996, 19964, iP96

Despite these works, no comprehensive study ofirttpact of operating variables on
KC performance reflecting realistic full-scale ogténg practice have been produced.
Laboratory-scale tests or bench-scale exercisesotaneet this need and, as Knelson-
based gravity circuits are typically difficult tarsple due to high volumetric flow rates
and operating conditions that cannot be variedesyatically in the face of production

constraints, full-scale work is necessarily limited

The present research aims to remedy this deficidrycperforming a comprehensive
study of the effect of operating variables on atpKnelson (KC CD12) concentrator
installed in a gold grinding circuit parallel toetloperating Knelson concentrators. The
study aims to help better understanding of thecef operating variables in order to

improve the performance of full-scale Knelson canicors.

1.3 Background of research

Gravity recoverable gold (GRG) refers to the partod gold in ores or mill streams that
can be recovered by gravity into a small conceatnaass (typically less than 1% of the
feed). GRG includes gold that is fully liberated, well as gold that is locked in high
density composite particles that report to the eatrate. Photographic evidence shows
that the coarser gold fractions (> 300 um) recavere concentrates are not fully
liberated. On the other hand, fine fully liberaigald at < 20 um is not recovered by

gravity because of mass and shape effects.

The gold gravity research group at McGill Univeysdeveloped a methodology to
model the recovery of gold from the circulatingdaat grinding circuits. It was applied
mostly to the gravity recovery of gold. The methiody relies on the following three

elements (Laplante and Staunton, 2005):
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. A test to characterize gravity recoverable gold G3R
. A description of the behavior of GRG patrticles himding and classification
units;

. A measure of the performance of gravity recovenysun

The test to characterize the GRG content of goés gLaplante, Woodcock and Huang
2000) is performed with a laboratory Knelson cotiaor (LKC). The methodology
was used for characterizing more than 200 ore szsvgilMcGill University (Huang and
Koppalkar, 2007). Research on the second elemesdjgtion of the behavior of GRG
in cyclones and grinding, was carried out under #uspices of AMIRA P420B
(Laplante and Staunton, 2005). For the third eldm@&mRG unit characterization, the
most commonly used gravity recovery unit is the IKae concentrator (KC), and three

types of characterization methods are availablgl@érde, 2001).

Under the first type of characterization, an exten$aboratory database was generated
both with synthetic (Huang, 1996) and natural ditesplante, Shu and Marois 1996).
Although this database proved beneficial in idemti trends on the impact of operating
variables, it failed to predict full-scale unit mery largely because the feed rate per
concentrating surface area, or specific surfaca, asetypically 10 to 20 times higher in
full-scale units than for laboratory test work. étipts to achieve typical industrial
specific feed rates at laboratory-scale meet witth the geometric constraints of
feeding large quantities of material in a small eGatration volume and the practical
constraints of feeding large masses of materiakctoeve a feed rate and recovery cycle
time similar to that an industrial unit. The resdaron laboratory-scale Knelson
concentrators, demonstrated that it is impractmattempt to mimic the performance of
the full-scale units. For example, a 30-inch cdrdrecharge Knelson concentrator (KC
CD30) typically treats 60 t/h over a 1-hour recgveycle, achieving a recovery of 25 to
35 kg of concentrate. For a 3-inch laboratory Kaelsoncentrator (LKC) to achieve the
same yield at the same specific feed rate (defiaedhe feed rate divided by the

concentrating surface area), a total feed mas9@kg and a feed rate of 10 kg/min are
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needed. Not only is the feed mass impracticallgdathe downcomer geometry of the

LKC precludes such a high feed rate.

In the second type of characterization a databas&lbscale Knelson concentrators
was developed at McGill University by careful samgl of operating Knelson
concentrator. The collection of samples over aredlovery cycle typically includes the
sampling of the feed and tailings streams durimgrédtovery cycle and the collection of
all or part of the concentrate at the end of thedecyime. The feed and tailings samples
are processed with the GRG protocol to estimate tBRG content (Woodcock and
Laplante, 1993; Laplante and Shu, 1992) from wihictoverall gold and GRG recovery
is calculated. The concentrate data is then usedass balance each size fraction for
gold and GRG to estimate recovery by size. Thig@ah yielded useful data and has
identified clear size-by-size GRG relationships.wduwer, it suffered from drawbacks
such as the uncertainty associated with the esinohtweight recovery or vyield.
Although this approach makes it possible to ese@RG recovery accurately for a
given set of operating conditions, it cannot beduse identify the effect of operating
variables such as feed rate, feed top size, flaidia flow, length of recovery cycle,

source of feed for the unit or feed percent solids.

The third type of characterization uses a pilottcimge unit or a small plant scale unit,
for which feed rate can be measured accuratelycalcentrate can be recovered to
estimate yield and feed as well as tailings flo@s be measured. It is this type of unit

characterization that is pursued in this research.

1.4 Objectives of research

The main objective is to generate detailed and rateuGRG metallurgical balances to
measure the performance of a pilot Knelson conatnt(KC CD12) as a step towards

understanding full-size units. The study aimedrateustanding the following:
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1- The effect of operating variables on concentrat@rfggmance such as
concentrator feed rate and rotation velocity;

2

3- To determine how to maximize fine GRG recovery;

4

5

The effect of feed particle size and feed rate mimoum fluidization water flow;

To identify the role of feed percent solids on camtcator performance;

To determine what the maximum concentrator recougcle time is.

So far, comprehensive data on the effect of fullsf@perating parameters on full-scale
Knelson units is limited and many are availabléaaglits” for a typical set of operating

parameters. There is one data set covering whalgeraof operating conditions,

published on a KC XD20 (Charest, 2001). The tegkvem the KC XD20 identified the

effect of rotation velocity and fluidization flownoGRG recovery. However, the high
feed rate made impossible to change the naturkeofeted, which was much finer than
typical centrifuge unit feeds. Nevertheless, thi®reise demonstrated the utility of
operating a Knelson unit under controlled condgiolt is this type of concentrator unit
characterization that was taken up in this resedncbupport, gravitational settling tests
were also carried out on binary mineral mixturagygien (surrogate for gold) and silica
to understand separation mechanisms in a Knelsoceotrator because of the obvious

similarities between gravitational and centrifugettling.

1.5 Thesis structure

The thesis comprises seven chapters. Chapter 2dpsoa review of the literature on
various centrifugal gravity concentrators includihg Knelson concentrator. Chapter 3
reports experimental design of the pilot tests cotedd mainly in two sampling

campaigns and presents metallurgical results aswisision of the test work. Chapter 4
presents the detailed metallurgical results andlysisaof the fifteen pilot tests

conducted during campaign 1. The metallurgical ltesaf another sixteen tests at high
feed rates, coarse top size and high percent sotidduced in campaign 2 are also

discussed. In Chapter 4, test work of all thirty gmlot tests with metallurgical results
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in a global perspective is discussed along with GREvery modeling and detailed
analysis of the effect of operating variables. Imagter 5, test work on gravitational
settling and its correlation to centrifugal setjlirs discussed. In Chapter 6, general
conclusions based on the pilot tests are presemeédlaims to original knowledge and

suggestions for future work are also included.
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Chapter 2 Literature review

2.1  Gravity concentration

Gravity concentration, the oldest form of minerabgessing operation, remained as a
primary tool along with hand picking for most ofetthast 2000 years. Because of its
simplicity, this ancient inexpensive and environta#ig-friendly process not only
survived but continued to play an important rolemodern mineral processing plants.
Gravity concentration was the process of choicemiall and remote artisan plants and it
is literally used for the concentration of minerélem A (Andelusite) toZ (Zircon)
(Burt, 1999).

Sluices are the simplest form of gravity conceptralhese separators have a sloped
design with a narrowing sluice deck. Separatioresaglace by the settling of fine
heavies to the bottom of the flowing film and thevement of coarse light minerals to
the top. The main drawback of sluices is their apacity per unit width, which is less
than 10 t/h/meter.

Reichert cone is a high capacity sluice capablpro€essing up to 350 t/h (Abols and
Grady, 2005). These machines separate at high geisities (60-65% solids by
weight). However, due to the low upgrading ratiypjcally in the range of 3 to 1, their
concentrates need further cleaning. Headroom s alproblem for these machines in

circulating load applications.

Spirals are film concentrators where slurry flonmvd a helical spiral surface and
particles of different specific gravities stratiertically and horizontally. The denser
particles concentrate in a band along the innex sidthe stream and are split off and
discharged at different points of the path. Typie&d size is between 3 mm to 75 pum.
The main problem of the use of spirals in circulgtioad application is the requirement

of low feed density (15-45 % solids). As a resultyoa part of circulating load can be
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treated yielding poor performance. The main linntatof spirals is that particles below

105um are not efficiently recovered.

Jigging is one of the oldest gravity separation hods used to recover gold from
grinding circuits. Separation of minerals of diffat specific gravity by jigging occurs in
a fluidized bed by a pulsating current of water,ickhproduces stratification. The
purpose of jigging is to dilate the bed of mineratgl control the penetration of heavier,
smaller particles into the interstices of the bed aeparate the stratified layers into two
discrete products (Burt, 1984). The main drawbaaieshigh water consumption, low
availability (high down time), high operator depende, low upgradeability and poor

security, especially for gold applications.

The Wilfley table is a shaking table that has based for over 100 years. Deister and
Holman tables are the other commercial shakingegalidbue to low capacity, shaking
tables are typically used for cleaning duties ocoseary upgrading of gravity
concentrates produced from centrifugal gravity emiators, jigs or spirals typically
yielding smeltable concentrates. Performance rarfgesn recoveries ~80% with
conventional tables to mid 90% with a Gemeni tafllee main drawbacks of these

machines are high operator dependency and poorityeiougold applications.

2.2  Centrifugal gravity concentrators

Centrifugal concentrators, also referred to as eod gravity concentrators, employ
centrifugal force to improve the settling rate afficles. This approach has been applied
for many years in size classification by hydrocyas and for heavy media separation.
Patents were granted on centrifugal concentratorsaaly as 1920s. There are at least
seven different types of centrifugal gravity sepaism commercially available and new
types are still being developed. The better-knowpasators are: the Knudsen bowl,
Knelson, Falcon SB, Falcon C, Kelsey Jig and thezlBlyo multigravity separator. The

Knudsen, Knelson, Falcon SB and Falcon C machinesofithe same generic type.
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Except for the Knudsen, all other concentrators arailable in different sizes and

higher capacities. These machines are best suitdddds containing a small percentage
of high density material. They can be used eitberdughing, scavenging or cleaning.
Generally, a smaller machine would be used fornttgpon a batch scale. Their main
application is for the recovery of gold, but thegvl potential to recover any mineral
that has significantly higher density than the koifiikhe feed.

Two centrifugal concentrators of Canadian origim Knelson Concentrator and the
Falcon Concentrator, have gained widespread apiplicalrhey are mainly grouped as
semi-continuous and continuous types. Conventigratity separation devices need a
minimum relative density differential of at leasteobetween the light and heavy phases
for an effective separation whereas for the cargeaf machines, the minimum required
density difference is even low. However, the bigtper density differences the better for

the separation.

Knelson continuous variable discharge (CVD), Fal€orKelsey Jig and Mozley Multi-
Gravity Separator (MGS) are continuous centrifugyavity separators suitable for the
recovery of minerals at finer sizes. The Knelsonticmous variable discharge (CVD)
concentrator has a solenoid valve mechanism fotiraowus extraction of concentrate
from the riffles (McLeavey et al., 2001). KnelsoWIZ can process up to 300 t/h,
recovering particles as fine as 25 um. Falcon Cceotnators (C for continuous) have
similar extraction manifolds for handling concetesa(Honaker et al., 1996a). These
units have been used on pilot scale on differeatscim the United States (Luttrel et al.,
1995; Honaker et al., 1996b). Falcon Concentrattaisn that Falcon C machines are
capable of processing 100 t/h of solids, recoverpagticles as fine as 10 pum.
Continuous machines like Knelson CVDs have beed usenany gold plants targeting
the recovery of gold in sulphides. However, the okthese units for preconcentrating

gold from grinding circuits replacing semi-contimusoconcentrators is yet to be seen.
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The Kelsey Jig can handle feeds up to 100 tphdoovering particles as fine as 20 um.
The Kelsey Jig is limited by its capacity to disgf@concentrate and is best suited for
feeds containing small amount of heavies (up t&4dlmaximum). Recovery of ragging,
cost of ragging pre-screening and feed preparatavesthe drawbacks of this unit
(Malvik et al., 1997). With the development of dyetic ragging materials, wider
applications are found for the Kelsey Jig. The Mgzbravity separator (MGS) can
generate centrifugal forces ranging from 8 to 22 (Gerdingley, 1997) and handle
throughputs up to 5 t/h with a particle size rabgéveen 75 and 5 um (Chan et al.,
1991). Burt commented that the MGS is capable cbvering ultra fine particles
effectively down to 10 um (Burt et al., 1995). Rbe MGS, the rotation speed and
inclination angle of the drums need to be adjusteslit the ore. The main drawback is
its low capacity. However, the new twin drum desgeapable of processing 25 t/h and

is claimed to effectively recover particles rangfragm 200 pm to 2 pm.

2.2.3 Force balance in centrifugal concentrators

The earliest attempt to model centrifugal sepanaticas made by Ferrara (1960).
Performing a series of tests on pure galena anestiome, Ferrara derived an equation

for a spherical particle under viscous conditiop$aiows:
4 (DY av 4 (DY D
— _P D _V:—_ _P — a)z r —
3 2
1 (D 1 (D D
-18ku—Q —* | +24ku—Q —= | —6rkmv —=
7] w7 ol )

Where i is the inside radius of the tube; is its angular velocity, Pis the particle

(2.1)

diameter,ps andp are the densities of the particle and the flyids the non-sphericity
coefficient of the particley is the viscosity of the fluid and Q is the flowftfid in the

tube, v is the velocity of the particle along thd wall and k is the coefficient of non-
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sphericity of the particle. On the right side oé thquation 2.1, the first term represents
the frictional force between the particle and twadl, the second, third and fourth terms
express the thrust of the fluid. Equation 2.1 isdshon Gaudin’s (1939) analysis of
particle motion in a flowing film concentrator. Fara’s analysis shows that applying
conventional fluid mechanical analysis; the optimaanditions for the separation of

different minerals in a centrifugal separator carebtimated.

The centrifugal separation of minerals is compigkerein all particles are subjected to
forces including centrifugal, drag, buoyancy andeiiparticle collision. Particle
separation mainly takes place during the radial entent. The radial movement of a
particle in a Knelson concentrator may be dividedo i centrifugal settling and
percolation. Based on Newton’s second law, the ma&ve of a spherical particle in a
fluid under the action of centrifugal field and tli@rces acting on settling can be
incorporated in (Kelly and Spottiswood 1982):

F.-F -F, =M (2.2)

X

where k isthe centrifugal force, fis the drag force,HAs the buoyancy force, M is the
mass of the particle and dv/dt is the resultingebaration of the particle.

The terms of equation 2.2 can be expressed intafogal field as follows.

The external centrifugal force:
7\ 13 2
F, = (E)d o Xe%; (2.3)

where r is the radial position of the particle @fesd, ps its specific gravity andv the
angular velocity.

According to the Stokes sphere-drag formula, tlag dorce can be:
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- dr
F, = 37zud( dtj (2.4)

where l is the viscosity of the water and dr/dt is thetansaneous radial velocity of

the particle.

The buoyancy force in a centrifugal filed is given

F, =(%)d3,0r W (2.5)

wherep is the density of water.

The inertial term on the right hand side of theadoun 2.2:
dv, 71 d’r
M (—) =) d’o, (— 2.6
(dt) (6) ps(dtz) (2.6)

Substituting equations 2.3, 2.4, 2.5 and 2.6 im&qno 2.2, one can write the equation of
motion of a spherical particle settling radiallytire Knelson concentrator as:

(. - pyr e —3med () =(Fyaep. (AT
(4 (0.~ p)r & =3mud () =()d () (2.7)

The inertial term on the right hand side of equati®.7) can be neglected or when the
instantaneous velocity is close to the terminallisgt velocity, the magnitude of the

instantaneous velocity (dr/dt) will be:

dar _d*(p-p)re

2.8
dt 18u (2.8)
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_ e -pgre _
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(2.9)

where r is the radial position of a particle, di&lits instantaneous velocity awglis the
terminal settling velocity of the same particle time gravitational field. Thus the
instantaneous velocity (dr/dt) in a centrifugalldies equal to the terminal settling
velocity vy in gravitational field multiplied by a factowf/g (Coulson and Richardson,
1990). The relation between the centrifugal segtiamd gravitational settling can be
expressed as:

V= Gy (2.10)

where vy is the settling velocity of a particle under gtational field and G is the
relative centrifugal force, defined as the raticehtrifugal force and gravitational force.

The analysis is valid only for the Stokes region.

Through a detailed analysis, Hsu (1981) proposed ftflowing correlation for the

terminal velocity under centrifugal force and gtational force:

v=G"y; 0.4<Re<500 (2.11)
v=G"a, 500<Re<2x10 (2.12)

where G is the relative centrifugal force, as quation (2.1). Comparing equations
(2.10), (2.11) and (2.12), it can be seen that dbetrifugal effect becomes more
dominant over the particle settling velocity as piagticle size becomes smaller. This is

illustrated in Figure 2.
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Figure 2: Effect of centrifugal force on particleetting velocities for various

accelerations of 1 and 200 Gs and particle spegifigities SG (Luttrell et al., 1995)

Figure 2 shows the theoretical settling velocibéspherical particles of coal, shale and
pyrite with specific gravities of 1.3, 2.5 and 4t8spectively, as a function of
acceleration. It can be seen that the separatipanicles of coal and pyrite of less than
1 mm may not be possible under 1 G due to the nahohfference in their relative
settling velocities, even though there is a sulisthdifference in their specific gravities.
However, the difference in their settling velogstiis greatly enhanced by a centrifugal

gravitational field of 200 G even for particlesdgban 0.1 mm (Majumder, 2002).

Most of the published literature on centrifugal @epion describe the settling behavior
of a single particle in the flowing fluid utilizingxpressions for fluid drag force that
consider the motion of a single particle in isaatiHowever, in mineral processing all
the separators operate at high particle volumetifnacin slurry. Therefore, if the

principle of centrifugation is applied for the segdgon of fine particles, it becomes

imperative to consider the effect of particle iagrons.



Chapter 2 Literature review 17

2.2.4 Particle percolation in the gravitational field

For dry and cohesionless particles, Bridgwater @anavorkers (Bridgwater et al., 1983)
have defined interparticle percolation as the drgénof one species through a particle
array under shear. When strain is applied to aayaof particles, relative particle
movement takes place and is referred to as stnaineed percolation. Particles smaller
than the bed are normally prevented from enteripghle underlying particles. These
underlying particles are shuffled with respect &xhe other due to the strain applied.
Eventually the movement of large particles yielgace for small particles to enter, or
percolate. On the other hand, the motion of largeiges through an array of small
particles is called particle migration.

For bulk materials immersed in a fluid, Bridgwagtral (1983) proposed a relation for

the percolation velocity, u, as,

(2.13)

u f{dbwz ds’Zg”Z(pp—p.)}
g H

where d is the bed particle diamete, id the percolating particle diameterjs the rate
of strain,p, the percolating particle density,the fluid density and the fluid viscosity.
The significance of the two dimensionless groupstlan right hand side of equation
(2.13) is as follows:

1. dp ®*/ g is a measure of the ratio of the time for dipe to fall through a gap to

the life time of the gap.
) {dﬁ’z 9"’ (0,-9))
Y7,

} is the ratio of the net gravitational force to thiscous

force acting on the percolating particle.
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Table 1 shows the dimensionless percolation veldeibsolute velocity =u) of particles

of diameter gdin a media of particles of diametgywhder a sheas.

Table 1: Percolation characteristics of cuboidipis (Bridgewater, Cook and Drahun,
1983)

] Density | Dimensions )
Material u/wd, D,/wd, Pg
(g/cnt) (mm)
Acrylic Resin 1.19 8x8x4 0.87 0.042 2.4
Brass 8.37 8x4x4 1.43 0.084 1.3
Brass 8.37 8x8x2 2.18 0.140 1.6

The authors found that the dimensionless percalatelocity varied with the particle
diameter ratio gld, and hence the percolating velocity of the smadbaticle was higher
than that of a larger particle under the same loedliions. Table 1 also shows that the
particle shape has significant effect on both patammn velocity and dispersion
coefficient. What is more surprising is that théeef of density is limited (increase in
density from 1 to 8 results in only a two-fold iease in percolation velocity).
Percolation is also referred to as interstitialckiing. Consolidation trickling or
interstitial trickling is one of the three mechangresponsible for separation in jigging
processes (Gaudin, 1939). Separation takes plabe @&nd of pulse stroke when the jig
bed begins to compact and larger particles interlatmder the influence of fluid drag
and gravity, smaller particles continue to move daards through the interstices of
larger ones, thus completing the interstitial pescdespite its complexity, Burt (1984)
has shown that the maximum size of a partigletiiat can pass or percolate between
four equal equisized light spheres of diametgcén be estimated as:

Dy’ = (2d, %)%> d, = 0.41g) (2.14)

The separation mechanism in centrifugal concenBatwolves interstitial trickling. The
literature on interstitial trickling in a centrifagfield is limited, compared to interstitial
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trickling in the gravitation field. In view of thaimilarities, the knowledge from
gravitational trickling will be useful in undersiding and interpreting the trickling

process in centrifugal concentrators.

2.2.5 Particle percolation in the centrifugal field

In Knelson concentrators, the combined action oidization water, centrifugal force
and a shear-induced dispersive force caused bwpkeard moving slurry (Bagnold
1954) creates interstitial trickling that can beng@ared to percolation. The main forces

acting on particles inside the Knelson bowl aretriieigal and drag as shown in Figure 3

Centrifugal
force

A, Forces acting on a particle

(8%

C. Percolation or consolidated trickling

Figure 3: The mechanism of concentration in a K@&lfdluang, 1996)

Fluidization water that enters tangentially, couctierent to bowl rotation, penetrates
the voids between particles and channels the bedoprinantly along the paths of the
fluidization water streams. Hence, there is lititeno mass transfer between the solids
already recovered in the inner portion of the riraggd the material subsequently

recovered.
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Thus, the inner portions of the rings retain tharse fractions. The gold grade of this
material could be lower than the feed (Huang, 199&)a constant rotation, particles
with higher terminal velocity settle faster thar thnes with lower terminal velocities.
Capture of both coarse gangue and fine gold pestici a KC bowl cannot be explained
by terminal settling velocity alone. This phenomene explained by consolidation
trickling or percolation. Consolidated trickling mormally associated with a short phase
(in the jigging cycle), but can be sustained ovéorayer periods of time if the bed of
coarser particles is dilated, as in the case ofldome by the combined action of
fluidizing water and a shear-induced dispersiveedocreated by the upward moving
slurry (Bagnold, 1954; Holtham, 1992).

Ling (1998) analyzed ring—by-ring recoveries anavsbd that the fast percolating
(coarser) gold particles report to the lowest rimdgereas most other size classes are
recovered in the intermediate rings. Fine goldiplag reported to the top most ring.
Huang (1996) conducted studies on the distributibmaterial in the Knelson rings by
using a vertically sectionable bowl. The photogsaphthe concentrate cakes recovered
from each ring demonstrated that most of the depkases were recovered on the
surface of the concentrate bed due to partial itattbon. He concluded that the
separation of target particles from gangue tookelat the surface of the rings and
depended mainly on the competing forces, on thelaation of the mineral (during

consolidation trickling) and the high density oétheparation zone.

For the Falcon concentrator model B, Buonvino (3988posed two different recovery

mechanisms: coarse patrticles are captured by lutiigmselves in the concentrate bed
and the fine particles are captured by lodging $edues between the interstices on the
surface of the bed, hence these two mechanismeaagarded as particle migration

and percolation and take place in a two step pso¢esplante et al., 1994). He also

suggested that the first step of migration and gdation is a function of feed rate and

the second step of capture of dense particlesercdmcentrate bed is unaffected by the
feed rate.
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2.3 Knelson CD/XD concentrator

The Knelson CD or XD concentrator is a semi-cordumicentrifuge machine designed
to recover low-grade high density particles fronsagsated gangue minerals by
operating at high accelerations of 60 to 180 Gssfraaits are operated at 60 Gs). These
machines slowly replaced jigs, spirals and coneplamts around the world and thus
established themselves as the workhorse for preotrating gold from grinding
circuits. The operating mechanism of all model&pé&lson concentrator is the same. It
consists of a conical riffled bowl fitted concenddly in a cylindrical stainless steel outer
bowl. Feed slurry is introduced by gravity to thettom of the bowl through a
downcomer. As soon as the slurry hits the bottonthef bowl, it is propelled to the
periphery of the spinning bowl. Clear water at hpgassure is injected tangentially into
the fluidization holes (as shown in Figure 1); cemrcurrent to the rotation of the bowl,
prevents compaction creating a fluidized conceettsd (Harris, 1984). The heavies
acted upon by centrifugal force report to the edflas concentrate and the lighter gangue
minerals are transported to the outer rim by thevard flow of slurry as tailings as
shown in Figure 4. The water injected does noy/ffillidize the material in the grooves
themselves but controls the material that flowsamof this compacted bed and indeed,
the slurry flow itself (Huang, 1996). The water trois the growth of this bed until the
end of the recovery cycle when the machine is sd@md the concentrate automatically
removed by slowing down rotation and purging theoges with two flushes of wash
water, a process that takes from 1 to 2 minutes. cimcentrate drops to the bottom of
the bowl and is evacuated via a Y-shaped tubirigeatentre of the bowl (hence the CD
brand, for central discharge) as shown in Figuréh& XD model (for extended duty) is
a more robust (stainless steel wetted parts) uitlit the same geometry as the CD. The
CD and XD models are available at diameters varpieigveen 10 inches and 70 inches,
processing up to 1000 t/h for the XD70 unit. Fag thb and pilot scale units (MD3 to
MD30), the concentrate is manually discharged atehd of the test, hence the MD

denomination.
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Figure 4: Cross section of KC CD30 Knelson con@atr(Knelson and Jones, 1994)

The concentrating cone of the Knelson concentratmierwent evolution from its
inception in the eighties. A wedge shape profiles wecorporated to the inner rings of
the cone in 1984 to overcome the non-uniform cotmagon of material in the earlier
square designed rings. A rib profile was desigreedinit the mass of material at the

back wall of the rings. This design is referrecasothe generation 4 (G4) cone (Knelson
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and Jones 1994). The G4 cone produces high maks yaad uses more water than
other Knelson cones. It is particularly suited wiogerating in primary grinding circuits
with high sulfide ores, particularly if large amasiof pyrite are present. The generation
5 (G5) cone (Figure 5) was developed for primanpding circuit applications where
less water use is required or less concentrate massbe produced. In this bowl, only
every second concentrating ring is fluidized redgdboth concentrate mass and water
consumption by nearly 50%. The regular fluidizedhatrating rings recover gold
particles in all size classes, while the smallefluiized concentrating rings recover

mainly the fine particles at high-grade.

Figure 5: The G5 low mass yield, low flow cone G@ghhmass yield, low flow cone

(www.Knelsongravitysolutions.com

Figure 5 also shows the image of the G6 cone. Hmemtion 6 (G6) cone is a fully
fluidized cone designed for primary grinding citsufor producing high concentrate

masses, for which an Acacia Consep leach reastow(consep.com.gwcould be used

to intensively leach the Knelson concentrate. TifedBne uses a mix of fluidization

flow rings of the standard cone and reduced flowsito produce maximum concentrate
in all size classes. Compared to the G5 cone, titerwequirements are slightly more
for the G6, but not as high as for the G4 cone. [ahest development is the G7 cone,
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originally developed for the Kemess Mine in BC, @da for recovery of fine gold in a
flotation regrind circuit application (Froehling et., 2007). The G7 cone is fully
fluidized but designed especially for recoveringefigold. Water requirements are low
and the G7 cone is normally operated at high Gefardhe Kemess Mine test work
showed that more than 50% of the gold recoveredswedler than 25 pum.

2.4 Falcon SB concentrator

Falcon SB concentrators are also semi-continuoungiftege units targeting the same
applications as the Knelson CD and XD, but geng@erating at a relatively higher G
forces, 120 to 180 G. These units were initiallyaleped for recovering fine gold, for
example from flash flotation concentrates. Theyehaince been used to recover gold
from grinding circuit streams. Falcon SBs are maatured in different sizes, from
laboratory-scale to high capacity models, with endted or manual discharge
mechanisms. The manual discharge lab unit, SB48, eh@oncentrating surface of
roughly 40 square inches, and a diameter of 4 mchke largest unit, the SB5200, is
capable of treating up to 400 t/h. The bowl istiatain a vertical axis, like the Knelson,

but its geometry is different, as shown in Figure 6

Its lower part is smooth and tapered inwards asdufiper part consists of a certain
number of fluidized riffles (two for the SB40 arute¢e for the SB5200) for concentrate
collection. The grooves are evenly perforated facksinjection water to fluidize the
concentrate bed and they have the same diameteratiym cycles are much like those
of the Knelson units. For industrial scale unitdult-in spray manifold extracts the

concentrate.

Besides processing a bleed of cyclone underflolgoRaSB concentrators are also used
to treat cyclone feeds in some plants. However,attheantage of processing cyclone
feeds over processing a bleed of cyclone underflewnot significant from a

metallurgical point of view.
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Figure 6: Cross section of a Falcon SB Concenti&alcon Concentrator Web site)

A superficial comparison of the Knelson CD/XD ahé Falcon SB suggests that:

* The generally higher rotation velocities of thedeal will make it possible to
recover finer gold but may hinder coarser gold vecy;

e The Falcon bowl has a limited fluidized groove auod at the top circular portion
and a large conical non-fluidized section at thédm. These grooves have the
same theoretical accelerations, which may not kanap for a wide range of
particle sizes;

* The Falcon’s large unfluidized section and lackviiration dampening system
makes it more susceptible to vibration problems. sgesult, the Falcon

generally requires more dilute feeds than the korels
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* The Falcon has an impeller that accelerates theeyslypon feeding. This may
assist the slurry in accelerating to the same ingtavelocity as the bowl,
particularly at high feed rates and low retentiomes.

Only comparative testing of both units could vatethe above points.

2.5 Laboratory Knelson concentrator

The Laboratory Knelson concentrator (LKC) has a@hi(7.5 cm) concentrating cone
and hence is also referred to as KC MD3 (MD ref@rsmanual discharge - the
mechanism of concentrate removal). Significant redfthave been made to understand
the operating principles of the LKC. Meza et aB94) used a LKC to study the effect of
fluidization flow rate and feed pulp dilution onetliecovery of fine alluvial gold and
reported recoveries over 98% at a water pressutd td 20 kPa from a three-stage test.
Luttrell et al. (1995) evaluated the performancdscentrifugal gravity separators
including Knelson concentrator for fine coal praieg and found that these units were
capable of recoveries above 80% with good rejeabbash and sulphur. Ancia et al.
(1997) compared the performance of Knelson andoRatmncentrators and reported
decreased recoveries with decreasing particlefeizeéhe KC unit. They also explored
the utilization of these units for the concentmataf less dense minerals like galena and
iimenite. Harris (1984) presented results of testsa 12-inch (30 cm) Knelson
concentrator in both field and laboratory applicas. Results from these tests indicate
the versatility and efficiency of Knelson concendra for recovering fine free gold for

both alluvial and hard rock applications.

Forssberg and Nordquist (1987) reported on pilanplest work using flattened lead
shot as a model “heavy”. The operation was atyp€dahe Knelson units as they were
aimed at achieving unusually high concentrate grged0%). Recently, Coutler and
Subasinghe (2005) developed a model for optimizimg performance of operating
Knelson concentrators using a laboratory Knelsarcentrator. Extensive research work

was conducted at McGill University on a laborat#hyelson concentrator (LKC) both
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analyzing the fundamental aspects and industripliGggions. The work will now be

summarized.

2.6 Experimental characterization of a laboratory Knelson
concentrator

Research work conducted at McGill University shovieat the 3-inch (7.5 cm) LKC
unit is a valuable tool to determine the gravityaeerable gold (GRG) content of an ore
sample and also for characterizing plant KC pertoroe (Banisi et al., 1991; Laplante
and Shu 1992; Laplante et al., 2000). The testywmesl reliable and reproducible results
within £5% for representative samples from the sawnigin, typically a mill feed
sample, extracted even years apart (Laplante et2@00). Thus the GRG test has
become an industry standard for assessing the dmhgnaf gold ores for gravity
recovery (Huang and Koppalkar 2007). Evaluatingadternative to the GRG test,
Subasinghe (2007) considered it as a material cterzation test that provides
information on the degree of liberation of the otbe influence of breakage
characteristics on liberation and amenability ¢f tw centrifugal gravity concentration,
which are useful for the design of gravity circuitte further questioned the use of the
GRG test for evaluating the performance of existifigelson concentrators on the
ground that the material fed to an industrial K®idifferent size and the separating
forces acting on the particle are different frorogh of LKC, leading to different GRG
content in different machines. Based on the macluharacteristics, Sargent and
Subasinghe (2006) and Subasinghe (2008) proposextrfmrmance criterion for

determining material recovery in a KC.

A systematic study was conducted to show the efféaiperating parameters on the
performance of a laboratory Knelson concentratar issability to match gold recovery
by amalgamation (Laplante et al., 1996). Primarglamye underflow samples assaying
150 g/t Au, 8% sulphides with a density of 3.2 glédrom Golden Giant Mine of Hemlo
Gold Mines was characterized by processing themh vat laboratory Knelson
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concentrator (Laplante et al., 1996b). The effdcgangue density was simulated by
diluting the feed sample at 1:4 either with silgand or hematite/magnetite to achieve a
range of overall densities. The effect of feed @iegold recovery was studied at three
different gangue densities 2.8, 3.2 and 4.0 §/cBvld recovery decreased with an
increasing feed rate above 0.7 kg/min, reaching @6% feed rate of 2.1 kg/min for a
gangue density of 4.0 g/énSize-by-size gold recovery showed that highestveries
were achieved at low feed rate and low feed denBityes (-3am) recovery dropped
significantly at high feed rate but not at highdedensity. The recovery of particles
between 75 and 300m was most affected by high-density gangue; it pastulated
that this is caused by a transition from more dphkparticles at fine size to more
lamellar particles at coarse size. The effect of ttansition would have more impact at
higher percent solids, which decreases the poradithe bed in the KC, making the
percolation of the finer flakes (75-3@@n) more difficult, whereas the finer spheres (-37
um) do not experience these problems. When fluidieatler pressure was lowered,
sphere recovery was less affected but the recowérffakes suffered due to poor
percolation. The larger flakes, because of theim@atum, were less affected. This
resulted in a drop in recovery at an intermediae f.e., “a trough” in the size by size
recovery). A similar recovery dip (trough) was alveel when a magnetite-silica feed
was processed with a Falcon B6 concentrator (Bumnvi993), which ruled out an
effect of particle shape (magnetite is not lamgkeard identified particle size as the main
factor responsible for the recovery trough. Thedgton a Hemlo gold sample also
provided some important insights for plant Knelsoncentrator operation such as:

* Feeding a wide size range reduces KC efficiencppaisnum fluidization cannot

be achieved over the full size range;

« Coarse gangue particles decrease efficiency;

« Removal of oversize is warranted when gold is Abedl at a fine size;

e Secondary treatment in a smaller KC unit shoulghdxdormed at low feed rates

to minimize losses.
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2.7 Use of laboratory Knelson concentrator

The laboratory Knelson concentrator (LKC) is a taol characterize ores and for
evaluating the performance of industrial gravitscaits (Putz et al., 1993; Laplante et
al., 1994, Laplante et al., 1996b; Laplante etl&l97).

271 Ore characterization studies

Gravity recoverable gold (GRG) can be defined dd goan ore that can be recovered
by gravity at a low yield (less than 1%) (Laplaeteal., 1995). The McGill University
GRG test (Woodcock and Laplante, 1993; Laplantal.et2000) is a method used to
determine the gravity recovery potential of a gotd. Use of GRG test to estimate gold
content in ores has become an industry standace #in

4.1 Provides the quantity of GRG, its size distributéord liberation size
4.1Uses a sample large enough to ensure statistgrafisance and selectivity
4.1 The GRG is assayed size by size to eliminate aggetueffect

4.1 Avoids the usual pitfalls of other approaches sasmon-GRG recovery, loss of
natural size distribution, gold traps, nugget dffead high yields

4.1Produces reliable values and provides information the design of gravity
circuits (Laplante and Shu 1992; Laplante et &94t Laplante and Xiao 2001).

2.7.2 GRG test and the gravity circuit design

The amount of GRG in an ore can be estimated uba@RG test/LKC methodology,
which is useful for both green field (feasibility gravity recovery in a grinding circuit
and selection of gravity unit) and retrofit (replag the existing units for improved
performance) applications. The test uses a repsen sample as small as 30 kg for
high-grade fine gold and as large as 150 kg for-dpade coarse gold. The GRG test
consists of three sequential liberation and regowtages with a LKC, first stage at

100% finer than 850 um. A second stage conductd®-&0% passing 75 um with part
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of the tailing of stage 1(typically 27 kg) as fed@dhe third stage performed, typically at
final grind of 80% -75 um using most of stage dings. Progressive grinding (as
opposed to testing at final grind) limits smearofgcoarse gold present in the crushed
feed sample. The test simulates the progressieedlilon and recovery of gold normally
achieved in grinding circuits and provides a GR@&ediistribution. (Laplante, 2002,
Laplante and Xiao, 2001). Figure 7 shows the promedor measuring GRG content

with a 3-in (7.5 cm) laboratory Knelson concentrato

For characterizing the Gravity Recoverable PlatiGroup Minerals (GRGPGMs), the

GRG protocol developed for gold is adapted withadditional stage of grinding (fourth

stage) and processing at a higher rotating velaiiige most PGMs tend to report to
finer size classes and have a lower specific grdak@n native gold (Xiao and Laplante,
2004).

The test also provides information for the desifjgravity circuits (Laplante and Shu,
1992; Laplante et al.,, 1993; Woodcock, 1994, angdldrte et al., 1994). The main
advantage of processing a sample with a LKC is ithatoduces a concentrate of low
mass, which can be fully assayed size-by-sizedlude any “nugget effect” (the nugget
effect is a result of the low concentration of \&ile minerals coupled with a small
number of particles that make up this concentratioereby making it difficult to obtain
a representative sample). This GRG protocol has bBpplied to some 200 samples with
GRG content varying from 3 to 97% (Huang and KokaaP007).

The GRG test is also used to assess the levelapitgmrecovery in a plant, to design
flow sheets and to optimize gravity circuits. Theesdistribution of the GRG and the
specific gravity of the gangue are the two mostangnmt variables used for flow sheet
selection. The specific gravity of gangue beconmegoitant, typically ores with high

sulphide content. For processing ores with highfimgt GRG content, screening at 200

to 600um is suggested.
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Figure 7: Procedure for measuring GRG content withKC (Laplante and Xiao, 2001)

The GRG test not only assesses the amenabilityy afra to gravity recovery but also
produces particularly appropriate “gravity tailinggat could be used for testing
downstream recovery by either flotation or cyanmhat(Laplante and Dunne, 2002).
One recent work showed that the GRG could effelgtibe used to better understand
gold-copper recovery of low-grade gold-copper dépadNesset et al., 2005). A short
version of the GRG test called “simplified test’afilante and Clarke, 2006) was also
developed to meet the typical needs of the industryhe short version, a sample mass
of 20 kg is processed. The sample is processedtlgia the last stage of the three-stage
test. The simplified test can be used when santpld®e tested are in short supply to
perform the three-stage test, large number ofygest needs to be tested and for routine
testing to track changes in ore type and gravityuti performance. The simplified test
produces similar results for non-abrasive ores Umderestimates GRG content for
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abrasive ores. This is due to the smearing of galdo the surface of gangue particles,

caused by the conversion of GRG and increase ifGRG content above 20 pum.

2.8 Studies on industrial gravity circuits

The LKC methodology has been used to charactehee GRG content of stream

samples of a number of grinding circuits for eitherofit or optimization studies.

Table 2: Summary of the gravity circuit studiesdthen GRG test

Mine site Circuit/unit studied Results/suggestions

Les Mines Camchib; 30-in PKCs(2); the Gold recovery improved from 20-40%

Quebec behaviour of gold analyzed

Aur Louvicourt, Quebec 30-in PKC circuit analysis  is@ntinuing of gravity circuit.

Agnico-Eagle Laronde, Low GRG recoveries in 30$  Oversize removal

Quebec

Barrick's Est Malratic, 30-in PKCs ,GRG recovery Operate one PKC for coarse and ong

Quebec 57% for fines recovery

Cambior's Chimo Mine, | 30-in PKC circuit studies Increase feed rate to PKC

Quebec

Snip Operations, BC Gravity circuit studies Replags with PKCs for improved
recovery

Golden Giant, Hemlo, Gravity circuit studies Replace jigs with a PKC

Ontario

Weathered ore, Australia| Circuit studies; fine GRG Flash flotation and gtavecovery

(Flotation) from flash concentrate

Casa Berardi, Quebec Circuit studies; fine GRG Boreening of KC feed at 3Q0n

Table 2 lists some of these studies, describesyte of application and summarizes
some of the outcomes. Performance of gravity wsuth as jigs, spirals, Reichert cones,
and flash flotation cells in a grinding circuit leaglso been assessed using the GRG test
(Putz et al., 1993; Laplante et al., 1994, Laplame Dunne, 2002).

2.9 Upgrading gold concentrates using a laboratory Knelson
concentrator

Further upgrading of gold concentrates is typicalgne using shaking tables, either
Wilfley or Gemeni. Gold recoveries achieved by ¢gbhre operator-sensitive and are

often lower (80-90%) as fine and/or flaky gold peets are lost. As the KC is capable of
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achieving significant recoveries below 37 um, ws@entrate should be upgraded by a

unit capable of recovering fine gold into smeltatteduct.

To address this problem, Huang (1996) investigdteduse of the Knelson concentrator
either to replace or supplement tabling. High-gragethetic feeds designed to mimic
table feeds were used to study and model the psigeeoverloading or concentrate bed
erosion of the Knelson concentrator (Laplante gtl®196a). The test work also clearly
demonstrated that virtually all the material presenthe grooves at the end of the
recovery cycle was coarse gangue recovered at éhe beginning of the cycle. By
comparison, material at the surface of the groonvas high-grade (85 % tungsten).
Additional test work with table tailings samplesioned the ability of the Knelson to
recover a high proportion of the gold lost to tatalés, but removal of the plus 21&n
fraction was found necessary to achieve this. This be explained by the relatively
high sulphide content of most table tailings. hsige cyanidation has since proven to
be a much more effective means of treating pringold gravity concentrates. Putz
(1994) was able to achieve high concentrate gr@06 4z/st (14% gold) with an overall
recovery of 96% processing the plant Knelson comanwith the LKC.

Huang (1996) used low specific feed rates in hiskwavhich could be regarded as
reasonable to mimic the proposed application (eeovery from Knelson concentrates
or table tailings). His findings can only be causty applied to the much higher specific

feed rates used for primary recovery.

2.10 Concentrate bed erosion in centrifugal concentrators

Concentrate bed erosion in centrifuge concentratorsesponds to deterioration of
performance of the unit over the processing timevwkmas concentration cycle time or
recovery cycle time. This phenomenon occurs wheld géready recovered on the
surface of the riffles of the concentrating bowmtesnoved by the scouring action of high

specific gravity particles such as pyrite. Bed egnogs related to cycle time. Recovery
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cycle time is the optimum processing time beyondctvithe performance deteriorates.
Typical recovery cycle time for alluvial operatiorage from 4 to 12 hours whereas for
hard rock applications it ranges from 30 minuted twours, depending on the feed gold
grade, specific gravity of the gangue and desiredcentrate grade. However, cycle
times of 5-10 minutes have been used for a regrpudication (Froehling et al., 2007).
The first systematic attempt to understand the dredion mechanism was made using
metallic tungsten (density 19.3 g/&nthe same as pure gold) to mimic gold content,
with magnetite substituting for sulphides and ailgand for silicates (Laplante et al.,
1995a). The tungsten was mixed with silica to candinary ore experiments at low
bed density and with magnetite for experimentsgtt bed density.

Synthetic feeds of fine and coarse (80% -100 pm-a@D pm) silica and magnetite to
simulate low and high density gangue and fine ttemg$8-75 um) to mimic gold were
used in bed erosion tests on a 3-inch laboratorgldtm concentrator (Laplante et al.,
1996a). Bed erosion was investigated at optimumdiflation water flow rate.
Overloading is defined as a progressive decread€Coperformance when too much
heavy phase is recovered in the bowl (Huang, 1986)as found that the nature of the
gangue dictates how soon in the loading cycle oaerktakes place and how severe it is.
In fact, of the four gangue types tested, only aree (lgp = 600 um) and dense feed
(specific gravity = 5.0) triggered significant cemtrate bed erosion, which took place
almost at the beginning of the recovery cycle. @aat for other gangue types ranged
from non-existent (fine light-gangue), to slighhf dense-gangue), to considerable after
a certain amount of tungsten (5 to 60 g) was beeavered (coarse light-gangue). The
study demonstrated the importance of removing thersize to maximize recovery,
particularly with a high-density gangue. Huang @P#roposed that the concentrate
builds-up until it becomes exposed to the flowihgry, at which point erosion begins.
The model is similar to that proposed for the Falamncentrator (Laplante and
Nickoletopoulos, 1997), the difference being thed tate of capture in the Falcon was

assumed to be proportional to the number of cafiies. The erosion rate constant was
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found to be sensitive to the amount of magnetitdénfeed (varied from 0 to 20%). As a
result, overloading of the Falcon was more seveams with the Knelson. Sargent and
Subasinghe (2006) showed that the segregationasiyhgarticles in the gangue bed is a
first order process. Further on, Subasinghe (2868yed that the saturation volume of
heavy minerals collected as a function of total srfalows a first order process. He also

showed that the volume of heavy mineral colledfetlring an operating timeeis given

by:
V=V (1- exp™) (2.15)

where V* and k are the saturation volume for the species and dtgegation rate

constant respectively (estimated by a least squetbod fit on the experimental data).

Concentrate bedrosion tests were also conducted with a Falcoarig@entrator keeping
the size distribution of the feed constant while thagnetite content in the feed was
varied from 0 to 20% (Laplante and Nickoletopoult397). A model was developed to
describe the observed overloading of the unit &mation of four basic parameters: a
capture rate constant, an erosion bed constantngx@mum mass of heavy material in
the concentrate bed and the mass of material fed tige onset of overloading. Due to
lack of data, only the last parameter was estimatelwas shown to vary between 2 to
8 kg. Visual observation showed that bulk of thegten reported to the bottom of the
concentrate bed where it is exposed to the flovalgry; most of the magnetite was
recovered above the tungsten ring, evenly spreatbprof the full concentrate bed.
Recovery was also affected by increased feed aatgé$igh magnetite content. Size-by-
size recoveries showed that the highest recovense achieved in the finest size class
(-25 um) at 0% magnetite content. At 20% magnetite cdntbe recovery of the finest
size class dropped rapidly with an increase in f@ads. Erosion of the concentrate bed
in a Falcon B6 was attributed to a catastrophic aomtselective bed erosion lowering
recovery of all size classes. Erosion tests comduetith gold ores showed that the
Falcon B6 unit would overload very rapidly whenrsfggant quantities of sulphides
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were present. Lower sulphide contents would yieldregressive overload condition
(Laplante et al., 1994). The proposed model assuthatl at the beginning of the
recovery stage there is a bed-building phase duwhich all of the heavies are

recovered.

More recently, intensive cyanide leaching has beamning popularity to treat

concentrates due to factors such as high gold ezgpgecurity and lower labour costs
compared to using shaking tables whose performaanevary widely and are highly
dependent on operator experience and skills. ltansicipated that the intensive
cyanidation route to process gravity concentratds be adopted by gold producers
(Laplante and Staunton 2005).

2.11 Studies on a variable speed Knelson concentrator

Ling (1998) conducted a comprehensive experimesitaly on a variable speed LKC
using different types of synthetic materials andleated the effect of fluidizing water,
gangue density, feed size distribution and feeé @t performance. The recovery
mechanism of the Knelson concentrator was investibbdy studying the percolation
and migration behavior of dense particles in a ganiged in a gravitational field. To
obtain and analyze ring-by-ring concentrates, lliegd a set of rubber stoppers to block
the rings, to enable the concentrate to be recdvieoen each ring. He concluded that
rotation speed and fluidization flow have signific@ffects on the performance of the
Knelson concentrator. These variables affect bo#ncglation of gold and the
fluidization of the flowing slurry and the conceate bed. He also found that the
rotational velocity, corresponding to an acceleratf 60 G is a reasonable compromise
for most recovery applications. However for, finengty recoverable material, higher
accelerations are recommended. Ling found thatrécevery of tungsten decreased
gradually and linearly with increasing feed ratel alecreasing rotation speed. Loss of
recovery was attributed to the reduction in retantiime in the inner bowl. He found

that the tungsten recoveries decreased from lowegtto top ring, irrespective of
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rotation speed and feed rate. This phenomenon was ptonounced at the lowest feed
rates; at both rotating speeds of 30 and 115 GoWweg in the top ring was almost
negligible at low feed rates. Ling concluded thaiximum recovery of dense particles is
achieved at an optimum dynamic balance betweewrehgifugal force and the drag of
fluidization flow, which maximizes the amount ofrde particles capable of migrating

to the concentrate bed.

Ling also investigated the separation of lower @gmainerals between 4 and 7.5 gftm
from gangue, which are traditionally recovered loptentrifugal gravity methods. He
found that the loss of fine magnetite (-37 um) wagificant, which lowered overall

magnetite recovery.

2.12 Modeling of a Knelson concentrator

Attempts to develop mathematical models for the IBm® concentrator encounter
several problems such as complex particle/parintkraction and the conical shape of
the bowl results in different centrifugal force iagton the particles within each ring.
The effect of fluid drag due to fluidization watat is in turn affected by particle shape
is another factor (Coulter and Subasinghe 2005).

A mechanistic model was developed by Coulter anoaSimghe (2005) to describe the
operation of a KC by considering the main forcesngcon the particles within the

concentrating bowl. They postulated that the depent of particles is dependent on the
dynamic equilibrium between the fluid drag, centgifl and Bagnold’s forces, which are
function of material properties and key operatimgameters such as fluidization flow
rate and rotation speed. For a particle to berrethin the rings, the required centrifugal
force must be provided by drag and Bagnold foreepaticle moving to the periphery
of the bowl encounters particles of the looselynfed bed and experiences a

particle/particle interaction force referred toBegynold’s force):
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Fo=Fp+Fy (2.16)

where Ris drag forcel, the Bagnold force and.Ehe centrifugal force.

Any disturbance to this dynamic equilibrium eithretains the particle in the rings or
rejects it to tailings. Since both; land 5 are related tan (angular velocity), their
combined effect can be represented by a net fafceTRe authors postulated that the
probability of a particle being retained in thegsnmust be dependent on the relative net

force to drag force, suggesting:

x = Fu (2.17)

The magnitude of the drag force depends on thdiflation flow rate and particle size
while the magnitude of the net force, Warieswith rotation speed, particle size and
density A high value of X indicates a high drag force dodluidizing water force that

would eject the particle. On the other hand, a l@alue indicates the net centrifugal
force required for a particle to orbit is not supglby the drag force. This makes the
particles travel toward the periphery of the bolWe parameter X is an indicator of the

relative strength of net centripetal force anddldrag.

Using synthetic materials (combinations of silicadamagnetite) and conducting
experiments in a 3-inch laboratory Knelson cona@atr the recovery at different sizes
and densities was determined as a function ofidlatebn water flow rate and rotational
speed. Coutler and Subasinghe modeled the volunmaaterial collection (Y and the

retention parameter for the mixture composition by:

_ [x T
V,—VO,.f,.exp{ {XJ J (2.18)
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where \4; is the maximum volume of material retained undgiven set of conditions,
fi is the volume fraction of mineral in the feed, ¥ the critical value of X at the
transition between two regions and n is an expongm. \V,; parameter is dependent
mainly on particle density and the interactive efffeetween density and size. Using
equation (2.18) the volume recoveries of minerak lin size and density mixtures were
determined for a range of operating conditions. réate the performance of the
laboratory unit to an industrial size KC, data wgeaerated on a 30-inch plant KC with
volume recovery of gold, sulphides and gangue detexd as a function of X. The
values of X were about two orders of magnitude highan those of a 3-inch LKC.
Higher fluidization water flow rates to the 30-in KCvgarise to a higher drag force
while higher G forces on the mineral particles wer@egated by increased bowl
diameter and rotation speeds. The value of X inectas a function of fluidization

water flow rate and recoveries decreased accordingly.

Because of the very low mass (800 to 1000 g) pemzksiuring the experiments, the
performance reported does not represent realistioop&ration, particularly leading to
bias on GRG (Laplante, 2000a). Furthermore, the wdrikHoang (1996) clearly

demonstrated that a concentrate bed growth mechamaher than replacement, is
responsible for the sustained recovery of the Wégi-grade portion of the concentrate

volume.

2.13 Modelling of gravity recovery circuits

A novel methodology proposed by Laplante et al.9BE) estimates gold recoveries in
the grinding circuits located in the circulatingatb of secondary grinding mills. A
population balance model representing gold liberatibreakage and classification
behavior and using data on GRG the gold recoveryimdimg circuit is predicted. The
link between the GRG content of the ore, F and ovesa#lvity recovery, D (both

column matrices) is given by
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D=C*R*[I-B*C*(I-R)'*F (2.19)

Matrices B, C and R represent size reduction, dleagon and unit recovery of GRG
respectively.for recovery from cyclone underflow.is'imodel was used to check the
performance of gravity circuits at Casa Berardi, AREL (Agnico-Eagle Laronde
Division) and Resources Meston. The method involsee-by-size estimation of
grinding, classification and recovery parametersicviis not trivial. Thus a simplified
approach using multi-linear regressions was develofe predict gold recovery
(Laplante and Xiao, 2001). They attempted to remtesee link between the recovery
effort (defined as the product of the circulatiogd treated by the primary gravity unit,
the recovery of this unit and the gold room recgyethe size distribution of GRG and
the fineness of grind by multilinear regressionsie§e regression equations were
developed to estimate gold recovery in grindinguits based on the population balance
model (Laplante et al., 1995a). Two regressions, foneoarse GRG and another for
fine GRG, were produced. This model was validatedgugndustrial grinding circuit

data from different mines.

For the fine GRG size distribution data set:

R == 23309+17.10* In (Re)+ 3.61 * In (R)*In (1)+60.71*In (Rys,m)-11.92*Ink)
-4.34*In (GRGasum)-57.77*In (GRG75,m)+55.51*In (GRGys0.m) (2.20)

For the coarse data set:
Reere= - 65.4 + 15.59*In (B + 5.49* In (R)* In (7)+37.81* In (R25,m)-17.26* In ()
-30.04*In (GRG75,m)*+12.67* In (GRGy59:m) (2.21)

Ricre and Rgrc are the GRG recoveries of fine and coarse GRG digtgibutions,
respectively.

GRGasum is the cumulative GRG content below 25 pm, in %,
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GRG75,m is the cumulative GRG content below 75 pm, in el a

GRGuisqm is the cumulative GRG content below 150 pm, in %

Re is the recovery effort andis the dimensionless residence time in the bdll mi

R.sm is the proportion of GRG finer than 25 reporting to cyclone underflow, which
Is used to represent the partition curve of GRG.

Factors affecting gravity gold recovery within angling circuit have been incorporated
in an iterative model, KC Mod*Pro developed by kKsmwi Concentrators (Grewal and
Fullam, 2004). Input variables for the model afee tGRG content of the ore, the
fraction of cyclone underflow treated in a graviégovery unit, the stage recovery of the
gravity concentrator, the probability of a GRG paet reporting to the cyclone
underflow and the probability of a GRG particlesuing as gravity recoverable in the
mill. The values of GRG survival in the mill andabgne are based on the ranges
suggested by Laplante et al. in various publicatigng. Laplante et al., 1995; AMIRA-
P420B). It was shown that the recovery of GRG ghlyi dependent on the ability to
prevent conversion of the gold into non-GRG in giiemding circuit and the ability to
maximize the efficiency of the cyclone to direct GR the underflow. As these losses
of GRG are minimized, the proportion of circulatitgad that needs to be treated to
achieve estimated gravity recoveries is reducedifgigntly. Furthermore, inclusion of
recovery by particle size class made the model mobeist. The model is used by
Knelson Concentrators to make predictions of ptmate gravity recovery and to assist
in the design of gravity circuits. The model isiclad capable of predicting GRG
recoveries using various devices such as centtiftgacentrators, shaking tables, jigs
and flash flotation within the grinding circuit. ldg recovery by particle size class

approach minimizes the problem of under or ovanegton of recoveries.
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Chapter 3 Pilot Knelson concentrator KC CD12 test
work at Dome mine

3.1 Introduction

Milling dates back to 1910 at Dome Mine South Ppnea, Ontario, where some form
of gravity concentration was used to recover fraing gold (Chong et al., 2004).

Dome mine was part of the Porcupine Joint Venti?dV), between Placer Dome
Canada and Kinross Gold, subsequently Goldcorp dnquired Porcupine operations.
Kinross Gold owns three mines, Dome, Pamour (reegem 2005), Hoyle Pond and a
central processing plant at Dome mine. PJV prose32¢000 tonnes of ore per day
(Canadian Mining Journal 2007). Gold is found aarse native metal in quartz and
ankerite veins. The ore contains 2-3% sulphidethenform of pyrite and pyrrhotite.

Several varieties of tellurides are present aloritp winor quantites of scheelite and
sparsely disseminated arsenopyrite (Scales, 1@88)ventional crushing and grinding
followed by gravity concentration is used at Domi to recover free milling gold. A

cyanidation/CIP process recovers the remaining gotbe gravity tailings.

A pilot test facility consisting of a Knelson Comteator KC CD12 unit, a vibrating
screen, a dedicated control panel and a sump-purap supplied by Knelson
Concentrators to the Dome Mine (PJV) for the testkw

3.2 Dome mill circuit description

Dome mill receives ore from three main sources: B'snopen pit and underground
mines and Hoyle Pond mine. Dome open pit and umdengl mines were combined and
converted into a “super pit” around 2004. A flowesh of Dome mill is presented in
Figure 8. Ore is crushed in three stages to produg8@% passing ¥2” product. Primary

and secondary crushing is achieved in a 400HP, 5% gyratory and 400HP, 7’
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standard cone crusher, respectively. The dischafrdfee cone crusher is fed to a 20’ x
24’ double deck screen that is in closed circuthve HP700 cone crusher. The screen
undersize reports to two 4,000-tonne fine ore bihereas the oversize is conveyed to a
75-tonne tertiary surge bin that feeds the HP70@ avusher.

The run-of-mine %" material from the crushing planted to a grinding circuit with two
parallel lines. Circuit-A consists of a 10.5" x 1dd mill, 13.5’ x 20’ ball mill and two
KC CD30 Knelson concentrators while circuit-B ohlgs a 16’ x 28’ ball mill and three
KC CD30 Knelson concentrators Both circuits rurciosed circuit with 15”(380 mm)

cyclones.

Ore Sources
Dome U/G
Dome Pit
Hoyle Pond
11,500 TPD
3.5 g/tonne
A 4 — solids
Crushing | process water
A\ 4
> Grinding - Gravity Circuit
"1 47% Au Production
v A4
Cyanidation/CIP ~ Refinery o Gold Dore
53% Au Production v "| 440,000 oz/year
A 4
''''' Tailings | EffluentTreatment| . Environment

Figure 8: Dome mill flowsheet (Chong et al., 2004)

In 2005, a rod mill was included in grinding-B aiit The flow sheet of one of the
grinding circuits is presented in Figure 10. Grawjold is recovered by these five

Knelson CD30 concentrators processing a bleed 8b 3tbm cyclone underflow.
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Knelson concentrates were upgraded using Gemetastall 2002 when they were

replaced by an Acacia Consep CS6000 reactor tnsively leach the concentrates.

With this modification, gravity recovery increasé&bm 38% to 45-50%. Cyclone
overflow reports to a 155’ thickener and the uniderffeeds eight leach tanks in series
that provide about 15 hours of residence time. Lisn@dded to the mill discharge pump
boxes, thickener feed well and leach tank no.1 amtain a pH about 11.5 to 12 during
cyanide leaching. Cyanide is added to the heatteotdach tanks at a concentration of
225 ppm. Oxygen is injected in some of the leaatkdato maintain oxygen level
between 15 and 20 ppm.

After leaching, the slurry is pumped to the CIR@it where dissolved gold is adsorbed
by activated carbon in the CIP tanks. Loaded caibainen removed from tanks and
stripped of gold. The elution stripping processnsfars the gold from carbon into

solution, which is then passed through electrowigrtells where gold deposits at the
stainless steel mesh cathodes. The deposit is emmy power washing the stainless
steel mesh forming a sludge that is dried and edfim an induction furnace. Gold

bullion assaying 80% Au and 15% Ag is cast intcskand shipped to Johnson Matthey
Ltd. for refining (Folinsbee et al., 2005).

3.3 Pilot test work

The pilot plant shown in Figure 9 was installedynimding-B circuit. A bleed valve was
installed on the feed of one of the three Knels@n3D concentrators treating part of the
cyclone underflow. The tailings from the pilot Keeh were discharged to the ball mill
discharge sump. This arrangement was later modijediverting the tailings pipe to a
vertical sump-pump in the grinding bay below thél nai eliminate a sanding problem.

A schematic depicting the pilot plant in grindingeBcuit is presented in Figure 10.
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Figure 9: Pilot Knelson concentrator KC CD12 plant

=———Cyanidation

:_!‘I-IE:G

Tails Conc

Tailings

Intensive cyanidation

Figure 10: Schematic of pilot plant in grinding-Beaiit
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pre-set
screen size
rotation velocity
fluidization flow
feed rate
cycle time

Tails

measure
flow rate
pulp density
sample - weigh
wet and dry

Figure 11: Pilot Knelson test protocol

Concentrate

recover
dry, weigh

gold assay

riffle and screen for

Knelson tail samplg

screen
at 850 ym

- | save 0/s

|
1_'_1

conc. Tails
screen 6 cuts
25-|600 um weigh wet
gold assay weigh dry, 2x300g

wet screen at 25 p

)
dry screen 25-600 p

gold assay

Figure 12: McGill protocol for plant stream sample
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3.4 Experimental methodology

The performance of the pilot Knelson KC CD12 wageduained using different

operating conditions determined by the experimea¢sign discussed in section 3.4.1.
The testing protocol used is shown in Figure 11e NhcGill protocol for a stream

sample, shown in Figure 12, was used to deterntine@RG content of the samples
generated from the pilot tests. Two types of pHoklson tests were conducted: short
tests with a 30-minute recovery cycle time, andyléests with recovery cycles of 90
minutes, to cover the range of cycle time of 45utes at Dome (Chong et al., 2004).
For the short tests, all concentrates were colleatedhe end of the test, whereas tailing
samples were collected during testing. For the lmsgs, samples were collected with
multiple extractions of feed and tailings streamdrack the deterioration of recovery
with increasing cycle time. In all, 31 pilot tesf86 short and 5 long tests) were

conducted in two campaigns.

3.4.1 Experimental design of pilot Knelson KC CD12 tests

Sampling of a pilot Knelson concentrator plant

The experimental design was aimed at providing datathe optimization of the
industrial scale Knelson concentrators. The test®wased on a partial 3-level factorial
of feed rate and size distribution, fluidizationteraflow and top feed size. The factorial
iIs partial, meaning that all variables tested willve three independent variables
investigated one at a time. It was anticipated #@he test conditions may not be
achievable but the nearest approach was acceptedull experimental design were to
be tested, a total of 216 tests (plus repeats)dvoeltested. This is clearly unrealistic, as
each test requires on an average one hour to ctenpled generates 30 assays as well as
one laboratory GRG determination. Thus a partigeexnental design was used with

the objective of completing only about 30 tests.
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Feed rate: low value (-1) of 2 t/h, average valljeof 4-6 t/h, high (+1) value of 10-12
t/h.

Feed size: low value (-1) of 1.0 mm, average vé)ef 2.0 mm, high (+1) value of 3.5

mm.
Flow | 40G | 60G 90 G
low 2.3 2.7 4.1
mid 4.1 45 5.7
high 5.7 6.4 8.0

Fluidization flow (n¥/h): low, average and high values depend on theioot velocity,
as follows:

Rotation velocity: low value of 40 G, average vati®0 G, high value of 90 G.

For short tests, GRG was determined by samplingditiegs incrementally through out
the test and collecting entire concentrate at titea# recovery cycle time. The tailing of
the pilot unit were then processed on a LKC to meitee the GRG lost in the tailings
(proportional to the gold recovered in the LKC)r ang tests, concentrate bed erosion
was measured. Two methods can be used. The quithocthés to sample feed and
tailings streams incrementally (0-15 min, 15-30 n80-60 min and 60-90 min) and
recover the final concentrate at the end of théecyme. This method assumes that the
differences in recovery are such that they can lemasored accurately from the
difference in feed and tailings assays. The secoathod is to perform four separate
tests with the different recovery cycles. For biguhe first approach was chosen in this
research. If the differences in recovery are sollstimat they cannot be picked up from
samples, the indication is that concentrate besi@nds relatively minor, which in itself
would be valuable information. Tests were randochize blocks (Table 3) that

minimize changes in feed rate and feed size, @ tbleanges require time.
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Table 3: Randomization of the tests

Block # | Feed Rate¢ Feed Size
1 0 0
2 0 -1
3 0 +1
4 -1 +1
5 -1 -1
6 -1 0
7 0
8 -1
9 +1

Part 1: Varying each variable individually

In Tables 4 to 10, operating conditions are giverc@ded variables and the first column
as the “blind” test number; the sixth column indesathe order in which the test was
performed. The last column shows the actual testbeu and type Long (L), Short(S)
and campaign (C1/C2).

Table 4: Operating condition codes and test numbers

Test # Feed rate Feed size Fluid flow Rotation Vel Test # /Campaign
1 0 0 0 0 11L-C1
2 0 -1 0 0 15L-C1
3 0 +1 0 0 18L-C1
4 0 0 -1 0 2S-C1
5 0 0 1 4S-C1
6 0 0 +1 1S-C1

Note that 3 of the 6 tests are long tests of 90utemto evaluate the effect of feed rate
and top size on concentrate bed erosion. Benck sbadlies suggest that both variables

affect concentrate bed erosion rates significaantly synergistically.
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Part 2: Measuring concentrate bed erosion

Concentrate bed erosion was measured for the extcenditions: low feed rate and fine
top size, and high feed rate and coarse top sizEuver a normal range of conditions. It
may lead to a strategy, at Dome, of screening ding using long recovery cycles on
some machines, and of screening coarse to maxithipeighput at shorter recovery

cycles with other units.

Table 5: Concentrate bed erosion tests

Test # Feed rat¢ Feedsife Fluid. ljw Rotatioh e Test #
7 -1 -1 0 0 5L-C2
8 +1 +1 0 0 12L-C2

Part 3: What is a truly optimal fluidization flow?
The minimum flow should still fluidize all rings drthe maximum is defined as 50%

more than the minimum. The following tests weranpled:

Table 6: Tests to determine fluidization flow rates

Test#| Feed Rate Feed Sige Fluid. Flpw Rotating Vélest #
9 0 0 -1 -1 10S-C1
10 0 0 +1 +1 1S-C1

Part 4: Do feed size and rate affect optimal fluidiation flow?
Does feeding more (or less) of a fine (or coarsefifmean that the optimal fluidization

flow will change?

Table 7: Effect of feed rate and feed top size

Test#| Feed Rate¢ Feed Size Fluid. Flow Rotation VeTest #
11 0 -1 -1 0 16S-C1
12 0 +1 +1 0 17S-C1
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Part 6: Can we maximize fine GRG recovery?
This should be achievable at high flow rate of ree ffeed. Would increased rotation

velocity help? The following tests were plannegtovide an answer.

Table 8: Maximizing fine GRG recovery

Test#| Feed Rate Feed Sige Fluid. Flow Rotation Vdlest #

13 0 0 0 0 14S-C]
14 +1 -1 0 0 2S5-C2
15 +1 -1 0 +1 4S-C2

Part 7: Exploring the very coarse feed size of PJV
Because the PJV feed top size is coarse (-6.0 mth)average to high feed rate, we
need to explore this.

Table 9: Effect of coarse top size

Test#| Feed Rate Feed Sige Fluid. Flow Rotating Vélest #
16 0 +1 0 0 19S-C1
17 +1 +1 -1 0 7S-C2
18 +1 +1 +1 0 9S-C2
19 +1 +1 0 -1 10S-C2
20 +1 +1 -1 -1 6S-C2

Part 8: Would a more dilute feed (% solids) help?
Table 10 shows the tests designed to measure thet eff diluting the feed with
additional water. For purposes of reproducibilityese tests were performed in pairs,

rather than being fully randomized.

Table 10: Effect of dilute feed (% Solids)

Test#| Feed Rate Feed Sige Fluid. Flpw Rotating Vélest #
21 0 0 -1 -1 10S-C1
22 0 0 0 14S-C1
23 1 0 0 0 26S-C1
24 0 0 1 0 3S-C1
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Table 11 shows the test design of the pilot tebthetwo campaigns. Test numbers in
the first column indicate the actual number of tests (not the serial number). High
levels of feed rate (+1) proved impractical durcagnpaign 1 because of the coarse top
feed size, 6.0 mm, fed to the Knelson concentratfferts to perform tests at high feed
rate resulted in screen overflowing, sanding oftdikngs sump-pump and the tailings
pipe line. However, during the second campaigris teere performed at high feed rates

because of the finer feed used.

Table 11: Pilot tests design

Test# Test type Design levels
(S/L) |Feed rate |Scree size|Fluid. flow |Rotating vel.
1 Short 0 0 0 1
2 Short 0 0 1 0
3 Short 0 0 1 0
4 Short 0 0 0 -1
5 Short 0 0 1 1
7 Short 0 0 0 0
10 Short 0 0 1 -1
11 Long 0 0 0 0
14 Short 0 0 0 0
15 Long 0 -1 0 0
16 Short 0 -1 1 0
17 Short 0 1 1 0
18 Long 0 1 0 0
19 Short 0 1 0 0
26 Short 1 0 0 0
1 Short 1 1 0 0
2 Short 1 -1 0 0
3 Short 1 -1 0 -1
4 Short 1 -1 0 1
5 Long 1 -1 0 0
6 Short 1 1 1 -1
7 Short 1 1 1 0
8 Short 1 1 1 1
9 Short 1 1 1 0
10 Short 1 1 0 -1
11 Short 1 1 0 0
12 Long 1 1 0 0
13 Short 1 1 1 -1
14 Short 1 1 0 0
15 Short 1 1 0 0
16 Short 1 1 0 0
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The following aspects were analyzed systematically:
* The effect of each variable varied individually;
* The extent of concentrate bed erosion;
* The determination of optimal fluidization flow;
* The effect of feed size and rate;
* The determination of operating parameters to maearfine GRG recovery;
» Assessment of the effect of very coarse (-6.0 ne®)l fsize;

» The effect of a more dilute feed (low % solids)adficiency of the unit.

Sampling strategies for gravity recoverable gold

Gravity concentration circuits have historicallyebedifficult to evaluate for a number of

reasons:

» Large samples are required for making the assessofiggold content statistically
sound, especially if coarse free gold is present

« In addition, a laboratory concentration step igfieeded to produce an appropriate
sample mass for fire assaying

e Duplicate samples are routinely assayed to redwee@bility caused by nugget
effect

When sampling any process stream care must be talatain a representative sample.
For the evaluation of streams containing free gphtticles, sampling precision

(repeatability) and accuracy (lack of bias) areeesly difficult to achieve due to the

low concentration of gold particles (nugget effe€y (1979) has developed a semi-
empirical relationship to estimate the fundamesgahpling error (relative variance) or
the minimum mass required for a certain samplinguexry. When the element of the
interest is in low concentration and the samplesmsisnuch smaller than the sampled

mass, Gy’'s equation can be written as:



Chapter 3 Pilot Knelson concentrator KC CD12 test wrk at Dome

mine 54
DS
o? =CLFGM— (3.1)

Where

C: composition factor, the mass of ore per volurhgpecies sampled (g/én

L: liberation factor; can be approximated by L=/(0)°> where D; is the
maximum grain size of the species investigated

F: particle shape factor; usually adjusted to (L5pr spherical shapes and less
than 0.2 for flakes)

G: size distribution factor; (1 for monosized materand 0.25 for unsized
products)

D: maximum particle size; §g (cm)

Mg sample mass ()

o°: Fundamental sampling error

Gy’'s equation, when applied for gold ores has mih Wmited success due to the
inadequacy of its sampling variance and minimumpamass determination formulae.
Application of these formulae often leads to unstighlly large minimum sample
masses (Bongarcon, 1991). This is largely due ¢oagsumption (Gy’'s) that minimum
mass should be estimated based on librated migpegies, corrected with a liberation
factor L. This factor is low in equation (3.1) henlaigh estimation of either> or M.
For studying gravity gold circuits where gold ibrated this problem is not so critical.
Gy’s equation overestimates required sample mégsarticle shape factor F, is over
estimated. Banisi (1991) has weighed a large nurobegold flakes in coarser size
classes where sampling problems are severe. Thkesnia possible to reduce Gy’s
formula as the relative sampling variance for aegigize class is equal to the inverse of
the number the gold flakes in that size class & shmple. The overall sampling
variance becomes a weighted average of the variaiheach size class (Laplante and
Shu, 1992).



Chapter 3 Pilot Knelson concentrator KC CD12 test wrk at Dome
mine 55

The large masses required to estimate gold gracleately in the coarsest size classes
are illustrated by Banisi (1991). For the 840-130@ class, gold flakes weigh an
average 5 mg. For a grade of 10 g/t, the massrezjto estimate grade with a relative
standard deviation of 10% (x 1 g/t) is equal tokg3If a stream contains 5% weight in
the 840-1200 um fraction, approximately 600 kg medimaterial must be extracted. In
the 300-420 um gold flakes average 0.5 mg (BahB91); to achieve the same 10%
relative standard deviation a mass of 5 kg mustsémpled. Below 210 um, pure
sampling errors become negligible and errors ofeung, assaying, and stream

fluctuations in grade become predominant (Laplatez and Huang, 1993).
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Figure 13: Relative error (standard deviation) oldgontent as a function of the

sample mass and grade, and flake weight (Lapl&utiz, and Huang, 1993)
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Figure 13 offers useful guidelines for sample maskection and realistic sample
accuracy expectations. Generally, if the gold thistion is below 840 um (0.5 mg gold
particles) and the grade is > 3 g/t, a sample m&a$s20 kg would be representative.
This sample size would also yield good size by-gifermation (relative error < 10%)
when grades are at 20 g/t or higher. Clearly, irstntases it is difficult to generate
acceptable information above 840 um (5 mg goldigas) and alternatives, such as the

use of tracers (Walsh and Rao, 1986, Clarkson,)28608uld be sought for sampling.

The next important step is assaying all of the fggdd in large samples. The
representative sample acquired in the plant mush the prepared to produce a
representative sub-sample of a suitable size feayaslt has been shown that small
sample size or large gold particle size invalidateassay of small samples (Putz, 1993).
Pre-concentration of samples would help to elingriats problem by assaying the entire
smaller mass. KC recovers gold that is GRG, agiélsl or mass recovery is typically
<1%, and therefore the probability of recoveringngicant locked gold is low. To
verify this, Laplante, Putz and Huang (1993) showed when feeds known to contain
little gravity recoverable gold are fed to the Kgold recovery is particularly low, even

if the gold content is high.

Processing of the pilot plant products to determine GRG recovery

The second step was processing of the samplexedrin determine the GRG content
size by size. The Pilot test concentrates wereddaied split to retain a quarter of the
mass for determining size by size gold content e&®rthe tailings were processed as
per the sampling procedure of extraction of large@les, 5-20 kg and their processing
with a LKC, to characterize size by size perfornenthe procedure yielded reliable
estimates of overall gold assays. The rationaleéHigrapproach is discussed in Laplante
and Shu (1992) Laplante (1993). The concentratetahidg fractions were screened on
two different set of screens to minimize contamoratFifty GRG determinations were

carried out on a LKC requiring a total of aroundQ4yold assays.
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Material balance and analysis of the metallurgical data

The pilot KC concentrate had coarser size fract{@@®0 to 850 pum) having significant
gold content with no corresponding mass in thengisample (the general practice is to
screen both the concentrate and tailings at thee saoreen top size). The coarser size
fractions are assayed and then combined matheihatioathe concentrate size class
(600 um) corresponding to the coarsest size ckssyad for the KC tailings to calculate
the metallurgical balance (otherwise the calculasvery of the coarsest size class is
100%) Laplante (1993). The sample on a LKC is psed in such a way that GRG
recovery is maximized (i.e., 95 "9 the rationale for this approach is discussed in
Laplante, Putz and Huang, (1993). It was also shihahbelow a § of 400 um and a
gangue minerals density of 3.2 gicthe recovery obtained by KC are equal to 95% of
amalgamation recovery (Spillers, 1982, Banisi, J9%ince in most gravity circuits
recovery typically takes place below 850 um orittiermation is sought below 850 pum,
the size limitation is not critical and if it issan alternative approach is the use of
radioactive tracers (Laplante, Putz and Huang, 199Bus, all pilot tailing samples
were screened on 850 pum prior to processing on & LKigure 12). Detailed
metallurgical balance was carried out for all test$ using the equation (3.2). The data
will be used to evaluate the performance of thetpgilnelson concentrator as a step

towards understanding the full scale Knelson peréorce.

3.5 Pilot sampling and sample processing

The pilot test work was carried out over two cargpai However, the pilot plant could
not handle the very coarse feed size (-6.0 mm)ndutthe first campaign. After some
modifications to the screen discharge chute, amditif water jets in the tailings pipe
line and boosting of the power of the tailings mipfdteen tests (12 short and 3 long
tests), were conducted. High feed rate tests (lagél) could not be conducted due to
frequent sanding of the tailings pump. At the bagig of 2005, a rod mill was added to
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grinding circuit-B circuit (Figure 10), producingfiaer feed size. The second campaign
ran smoothly and all remaining tests were compldtedas anticipated that the results
of campaigns 1 and 2 would yield different datas de¢cause of the changed feed

conditions.

At the beginning of each test, the required scpaTel was installed and other operating
parameters like the rotation speed, fluidizatiortewdlow rate and recovery cycle time
were set at the beginning of the recovery cycleedF& the pilot unit was then

introduced by opening the 4-inch bleed valve itsthbn the feed pipe to one of the
Knelson concentrators. Concentrates, dischargeohaiically at the end of the test
were fully recovered. KC tailings were sampled nadlyuat timed intervals throughout

the recovery cycle using a specially designed @almple cutter. A Marcy scale was
used to check the pulp density of the tailingsastreduring the test. Flow rates were
measured using a calibrated container and a stocpw&amples collected during the
pilot testing were weighed wet and filtered at thél site. The wet cakes of feed,

tailings and concentrates were then shipped to Mtiversity for further processing.

The samples received from pilot testing were ouwaedd Tramp iron was separated with
hand magnets from the concentrate samples. Theeotate samples were then cut
twice on a Jones riffle. Three-quarters of eactceatrates were directly returned to the
Dome mine. The last quarter was dry screened dowZbtpum and each size fraction
returned to the Dome/Musselwhite assay laboratoryfife assay. Grinding of the

samples prior to analysis is not necessary as iieeesample mass was used for

determining gold content.

The tailing samples were dried, weighed and sceah&50um and the minus 85@m,
varying between 11 and 27 kg in mass were procesglda 3-in laboratory Knelson
concentrator to asses the GRG present in the lgietson tailings. The LKC tailings

were sampled during processing and 600 g (six sssnpl about 100 g each) were
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collected. These tailing samples were then driethiined, and split into two 300 g
samples for screen analysis. Each sample wassfirstened wet at 2Em and dry
screened from 25 to 6Q@m. The -25 um sample (pan fraction) was thus obthiony
combining the wet and dry portions .First six cear®ctions from 600 pm to 106 pum
were pulverized since their mass was greater thanassay ton (29 g) prior to assaying
and remaining fractions from 75 pm down to -25 pemtsfor assaying without
pulverizing. LKC concentrate and tailing size frans were shipped to PJV for
assaying. The concentrate fractions both from pi#sts and laboratory Knelson tests
were “assayed to extinction” using total sample srtasminimize fundamental sampling
error (known as the nugget effect), whereas tHengafractions were assayed using a

maximum mass of an assay-tonne (29 g) sample.

Knelson performance was calculated size-by-sizeetbasn the total gold in the
concentrate (assumed to be 100% GRG) and the GRfailings (assumed to be
proportion of gold recovered by LKC). Feed gradesenback calculated to minimize
error associated with sampling feed to the Knelsoncentrator (recirculating stream
with fluctuating gold grade) in all metallurgicaallances presented in appendix 2.Thus
the recovery calculations were made using raw datagentrate and tailings assays as
shown in equation (3.2).

GRG recovery Rfor size fraction i is:

M C X ‘C
R = °0X m & t cror <100 (32)
M, xm’xG’ +1000x§)xwat xmt xGit x_— 1
60 100% 100%
where M: mass of dry concentrate (kg)
m;: % mass of concentrate in size fraction i

G gold grade of concentrate size fraction i (g/t)
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%-850p Nt % of the Knelson CD12 tailings finer than 850 um

Q: dry flow rate of Knelson CD 12 tailings (t/h)

m;" % mass of tailings in size fraction i (based-850 Lm)

G": gold grade of tailings size fraction i (g/t)

GRG": % of gold that is GRG in size fraction i of CR2 tailings

The above equation is based on a recovery cy@@ afinutes (hence the 30/60 term).

The error associated with the size by size recowalgulations using the recovery
formula is about 12%. This is on the higher sidentgebecause of the errors associated
with: i) ore grade variations, ii) sampling and géenprocessing errors and iii) errors
associated with assaying at different mine sitdge $amples of first campaign were
entirely assayed at the Dome mine assay laborandy the samples of the second
campaign were partly assayed at the Musselwhiteenaind IPL assay laboratory
arranged by Knelson Concentrators. Recovery respfmom any two GRG tests may
have identical overall GRG or bulk GRG value butyrhave different size distributions.

This difference in recovery by size impacts the awetr of the GRG within the

grinding-gravity circuit and ultimately on gold gity recovery. Moreover, when fine

particle recovery (< 850 um) is targeted, gold vecy is invariably analyzed on a size
by size basis. Thus the results of the GRG tesgsrgported and analyzed on a gold

particle size by size basis in this work.
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Chapter 4 Results and discussion

4.1 Metallurgical results of campaignl

Detailed metallurgical balances for the fifteentdesere calculated using the recovery
by size fraction equation (3.2) presented in Chapt&irst a GRG metallurgical balance
for the pilot test tail sample processed on a LK&s warried out and then using this
information, the metallurgical balance of the pikdbelson test was calculated. The
operating conditions for the twelve short testss(¥el to 26) of 30 minutes recovery
cycle and three long tests (Test 11 to 18) of 9Qutei cycle time are presented in
Appendix 2 (Table 22). The overall results are @nésd in Table 12. Test numbers are
actual numbers (not the serial number) from theearpental design and they are

performed randomly to minimize bias.

Table 12: Overall metallurgical results of campdign

Screen | Fluidization Feed Concentrate Tails Feed
Test # Size flowrate G-force rate % GRG Grade GRG on-GRG gold
(mm) (m®/hr) (t/hr) Rec. Au, glt glt git glt

1 2.0 5.7 90 8.8 76.06 5653 3.22 2.45 13.45
2 2.0 2.3 60 9.7 68.39 10275 3.77 3.34 11.91
3 2.0 3.6 60 9.6 76.09 11941 3.14 2.4 13.13
4 2.0 4.1 45 11.3 67.40 11538 3.87 2.14 11.85
5 2.0 4.1 90 10.8 62.63 7768 3.94 3.78 10.53
7 2.0 45 60 13.6 48.99 5379 3.24 2.52 6.35
10 2.0 2.7 45 9.3 62.62 4694 2.39 2.27 6.40
14 2.0 2.5 60 14.1 61.47 3044 1.89 2.07 491
16 1.0 2.7 60 6.6 81.58 3983 1.07 2.35 5.78
17 3.5 6.4 60 7.8 55.77 1334 2.35 2.89 5.31
19 35 45 60 13.3 40.03 1463 2.84 2.42 4.73
26 2.0 45 60 13.1 51.47 8140 3.92 3.02 8.07
11 2.0 4.5 60 7.75 69.75 11318 1.66 2.68 5.44
15 1.0 5.4 60 7.59 76.79 12891 1.45 1.94 6.23
18 3.5 4.5 60 8.17 54.45 3080 2.21 1.71 4.84
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Detailed metallurgical balances of the LKC and tpkmelson tests are presented in

Appendix 2 (Table 23-Table 67).

It can be seen that GRG recoveries ranged fronwadl@?o to a high of 81% mainly
because of the fluctuating feed rates from 6.64td /h. Test 19 performed at coarse top
size coupled with high feed rate produced lowesbvery, 40% whereas Test 16
performed at fine top size coupled with low fluigiion water flow rate produced

highest recovery, 81.6%.

4.1.1 Effect of feed rate and top size

Overall GRG recoveries for the 15 tests have béetteg in Figure 14 as a function of
feed rate for the three feed top sizes. It canea®m shat much of the variations in GRG

recovery are due to feed rate with top particle sigso being a significant contributor.
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Figure 14: GRG Recoveries as a function of feeel fiatthe three top sizes

Coarse feed size produced lowest recoveries amuomgeists indicating clearly that
coarse top size is deleterious for improving recpvEiner top size (1.0 mm) produced
highest recovery among the tests, however theteffadd not be verified as only two
tests were conducted at low feed rate. Laboratargis0On tests on a high grade cyclone

underflow sample indicate that high feed rate apdsize synergistically affect recovery
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(Laplante et al., 1996). The effect of feed ratd &p size on GRG recovery can be

fitted to the equation:
Rere =1105-283%xQ — 989x X (4.1)

where Q is the dry feed rate in t/h and X is thp feed size in millimeters. The
regression has lack of fit of 5.8% and a signif@aonf 99.7%. The two coefficients for
Q and X are significant at the 95% level. Given Huatter of data, the correlation

coefficient is low, 0.81.

4.1.2 Effect of fluidization flow rate

Figure 15 shows size by size GRG recovery for ®@gist one at low fluidization flow
rate and another at high flow rate to understamdetifect of fluidization flow rate on
size by size recovery. Test 2, conducted at lovidiftation flow rate (2.3 rih)
produced high recoveries in all sizes with an oVeezovery of 68% whereas Test 19
performed at a high fluidization flow rate (4.5%h) produced low size by size

recoveries and an overall recovery of 40%.
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Figure 15: GRG recovery as a function of fluidiaatflow rate
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The low recoveries for Test 19 are attributed ® ¢bmbined effect of coarse top size,
3.5 mm and high fluidization flow rate, 4.5%#m, which act synergistically to erode the

concentrate collected in the riffles.

In Figure 16, the effect of fluidization water floas a function feed top size is shown.
Test 16 was performed with the combination of fiog@ size (1.0 mm) and low
fluidization flow rate (2.7 rilh), whereas Test 17 at a coarse top size of 3.8marhigh
fluidization flow rate (6.4 rifh).
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Figure 16: Effect of fluidization flow rate as furan of top size

It can be seen that the combination of fine tope sand low fluidization flow rate
produced relatively high recoveries in all sizessks. It can also be seen that the
recovery of fine size classes (75 to -25 um) iantyebetter for fine top size. Thus feed
rate and top feed size affect synergistically thgnoum fluidization flow rate. The dip
at 300 pm is (shown in section 4.3) due to thestasce to the flow of 300 um gold

particles offered by the maximum feed mass prestetiat size.

GRG recoveries for all fifteen tests, averaged sdply for low fluidization and high
fluidization flow rates are presented in Figure Tihe recovery trend is consistent for
both high and low fluidization flow rates, howeutie averaged test results for low

fluidization flow rates produced higher size byesi@RG recoveries. Typically for an
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operating Knelson, low recoveries at the intermedsaizes have been reported due to
the suboptimal fluidization water flow rates (Vimte1997). However, the low size by

size recovery trend is consistent for both high lamdfluidization water flow rates.
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Figure 17: Size by size recoveries as a functidituafization flow rate
4.1.3 Effect of dilute feed

Four tests, Test 2, 4, 10 and 26 were performenheasure the effect of feed solid
concentration by diluting the feed. The measuredl f& solids were 41%, 44%, 39%
and 35% respectively. Test 10 and 26 were condudtieding the feed. Figure 18

presents the size by size recoveries of these tests
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Figure 18: Effect of dilution of feed (% solids) size by size GRG recoveries
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It seems that diluting the feed did not produce discernible effect on recovery.
However, overall recoveries ranged from 51% to 68%st 2 performed at 41% solids

without dilution produced high overall recovery {(ifior all size classes).

4.2 Concentrate bed erosion tests-campaign 1

Concentrates from the operating Knelson concemgatd Dome are flushed and

collected at about every 45 minutes (Chong e2@D4). Three tests, Test 11, 15 and 18
represent the long recovery cycle tests of 90 mmbb evaluate the effect of feed rate
and top size on concentrate bed erosion. Studieducted by Huang (1996) on a LKC

suggest that the combined effect of these two blasaproduce significant erosion of the

concentrate accumulated in the Knelson concengyatome. Feed rate to the pilot unit

could not be varied due to the coarse feed siz8,nn during campaign-1, however,

feed top sizes were varied from 1.0 mm to 3.5 man.tRese tests, samples of the pilot
feed and tailing streams were collected incrembntiatoughout the cycle time coupled

with recovering the entire concentrate at the ehdyale time. These samples were

processed separately on LKC applying the McGilltgeol for stream samples (Figure

12). The results of the laboratory Knelson tests$ @ilot tests are presented in Appendix
2 (Table 47-Table 67).

Tables 13, 14 and 15 present the results of theerdrate bed erosion Tests 11, 15 and
18 respectively. The GRG in g/t for a stream iswalted from the head gold grade and
the corresponding GRG recovery determined on LK€ingythe calculated GRG values
of the feed and tail streams, pilot Knelson GRGvecy for a particular increment is

calculated as,

GRGRec =100*| 1-FCus (4.2)
GRG,,
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Table 13: Metallurgical balance of pilot Knelsomcentrator for Test 11

(0-15 min) (15-30 min) (30-60 min) (60-90min) Overall
Pilot KC Total Non- | Total Non- | Total Non- | Total Non- | Total Non-
Gold GRG GRG | Gold GRG GRG| Gold GRG GRG | Gold GRG GRG | Gold GRG GRG

Feed, g/t 16.8 | 14.7] 2.1 16.8 | 14.7] 21 9.7 | 75| 22 9.7 7.5 2.2 13.2 | 10.3| 3.0
Tailing, g/t 4.4 1.7 2.6 4.1 1.2 | 29 44 | 19 [ 25 4.4 1.9 2.5 4.3 1.7 2.7
Recovery,%| 74.1 | 88.3 - 75.7 | 92.0 - 54.9 | 75.2 - 54.9 | 75.2 - 67.4 | 83.9 -

Table 14: Metallurgical balance of pilot Knelsomcentrator for Test 15

(0-15 min) (15-30 min) (30-60 min) (60-90min) Overall
Pilot KC Total Non- | Total Non- | Total Non- | Total Non- | Total Non-
Gold GRG GRG | Gold GRG GRG] Gold GRG GRG | Gold GRG GRG | Gold GRG GRG
Feed, g/t 8.7 7.1 1.6 8.7 71 | 1.6 7.4 5.5 1.9 74 | 5.5 1.9 8.1 6.0 2.1
Tailing, g/t 3.8 2.0 1.8 2.7 0.8 | 1.8 3.1 1.5 1.6 40 ] 1.5 2.6 3.4 15 2.0
Recovery,%] 56.8 | 71.9 - 69.3 | 88.1 - 58.6 | 73.0 - 45.6 | 73.3 - 57.3 | 75.4 -

Table 15: Metallurgical balance of pilot Knelsomcentrator for Test 18

0-15 min) (15-30 min) (30-60 min) (60-90min) Overall
Pilot KC Total Non- | Total Non- | Total Non- | Total Non- | Total Non-
Gold GRG GRG | Gold GRG GRG | Gold GRG GRG | Gold GRG GRG | Gold GRG GRG
Feed, g/t 8.0 5.6 2.4 8.0 5.6 24 7.1 5.3 1.8 7.1 5.3 1.8 7.6 5.7 1.9
Tailing, g/t 3.3 1.6 1.8 4.4 2.6 1.8 4.5 2.9 1.6 34 1.8 1.7 3.9 2.2 1.7
Recovery,% | 58.4 72.0 - 45.4 54.0 - 36.6 | 44.5 - 52.0 66.8 - 48.2 60.8 -

Test 11 was performed at an intermediate top €Z&rom) and feed rate (7.7 t/h) and
test 15 at a top size of 1.0 mm and feed ratet(@)6Test 18 was performed at a coarse
top size of 3.5 mm and a feed rate of 8.2 t/h. Hmwedue to the coarse top size of the
operating Knelson concentrator feed, high feedsratere not feasible. Hence the
concentrate bed erosion was insignificant ancelitlosion was observed in the second
and third periods for the test 18. The resultscat that concentrate bed erosion is

relatively minor for the operating Knelson concaturs.

4.3 Overall GRG recovery for the tests of campaignl

The GRG recoveries for the 15 tests have beerepglatt Figure 19. Scatter is significant
but trends are evident, in the sense that GRG ezgaloes not decrease with decreasing

gold particle size as typically seen in many indakKnelson performances.



Chapter 4 Results and discussion 68

100 —e— Test 26
y —a—Test1
S T P\"/ ) // (! —a—Test2
°\_ % i f ’7\"\\\';/( A/ /1 Test3
3 : 4./ \\\6;::‘\\ (v —%— Test4
() T /4 iﬂ—. /
> 60 e BN SR e Tests
3 : 4 = ~‘:7\ e Tew7
5 40 \0/ \d Test 10
(g'? - Test14
© 20 7; Test 16
Test17
0 —a— Test 19
‘ Test11
10 100 1000 Test 15
Particle size, pm Test18

Figure 19: Size by size GRG recoveries for thetpésts of campaign 1

Secondly, there appears to be a high recovery abttee coarser end and a second high
recovery zone at the finer size end. The size by &RG recoveries of 15 tests have
been averaged and plotted in Figure 20 along wighalverage feed size distribution for
the fifteen tests. The averaged GRG recovery coowdirms the observation made from
Figure 19. It can be seen that the shape of theveeg curve that emerged from the
averaged data is unusual, in the sense that timatypend of “decreasing GRG recovery
with decreasing gold particle size” is not observieccan be seen that there is a low
recovery zone corresponding to the mode of the digteibution, which is at a size of
212 um. An averaged particle feed mass, 21% presenhan2d2-300 pm size class

offers resistance to the percolation or flow of ¢fodd particles in that size.
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Figure 20: Size by size GRG recovery with feed disg&ribution
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4.4 Metallurgical results of campaign 2

The introduction of a rod mill in the grinding-Brcuit prior to the second campaign
facilitated testing at high throughputs from 13 th19 t/h at coarse top feed size, as
shown in Table 16.

Table 16: Overall metallurgical results of campaign

Screen | Fluidiz. Feed Concentrate Tails Feed
Test # Size |flowrate | G-force | rate % GRG | Grade GRG non-GRG | gold
(mm) | (m?hr) (t/hr) Rec. | Au, git ght glt glt

1 3.5 4.5 60 13.3 62.9 17614 6.10 3.37 16.4
2 1.0 4.5 60 14.5 51.3 16003 6.66 2.93 13.7
3 1.0 4.1 40 13.9 47.8 12501 6.67 2.54 12.8
4 1.0 5.2 90 13.9 51.7 11944 5.76 2.66 11.9
6 3.5 2.3 40 18.3 45.7 14279 6.72 2.93 12.4
7 3.5 3.2 60 18.9 46.6 11680 5.27 2.51 9.9
8 3.5 5.2 90 17.4 48.4 11363 5.34 2.1 10.4
9 3.5 5.2 60 16.1 45.2 29066 9.51 4.2 17.3
10 3.5 4.1 40 16.2 54.0 20407 8.17 2.59 17.7
11 3.5 4.1 60 16.4 50.1 17241 8.02 2.56 16.0
13 3.5 5.2 40 16.5 49.3 16046 6.29 2.88 12.4
14 3.5 4.5 60 14.7 55.5 11918 5.48 2.88 12.3
15 3.5 4.5 60 15.4 46.4 12742 5.96 2.98 111
16 3.5 4.5 60 15.2 87.2 11819 0.79 3.15 6.2
5 1.0 4.5 60 14.3 61.0 54047 5.87 2.86 15.0
12 3.5 4.5 60 17.9 50.2 52523 6.41 2.8 12.9

In all 16 tests, 14 short and 2 long, were conalidBverall recoveries ranged from 45%
to 87%. An interesting observation is that the tpk& CD12 is capable of achieving
acceptable recoveries at feed rates higher thaethbthe manufacturer recommended,
8 to 12 t/h. This may stem from an incomplete us@rding of performance scale up
from a LKC to a full scale unit. GRG metallurgidadlances for both the pilot test tail
processed on LKC and overall pilot tests were geedr Detailed metallurgical

balances are presented in Appendix 3 (Table 68leTHI).
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4.4.1 Effect of feed rate as function feed top size

Figure 21 presents the effect of feed rate as immaif feed top size on GRG recovery.
All 16 tests were performed at high feed ratesraodt of them at coarse top size of 3.5
mm. Despite high feed rates (13 to 19 t/h), in exce the earlier manufacturer
recommended feed rates of 8-10 t/h (CD12 is noedrap to 20 t/h after this research
work), GRG recoveries are consistent and range #5bt to 63%. Recoveries show a
weak decreasing trend with increasing feed rates. Winclear that a finer top size is

beneficial for improving recovery, since fine tapestests are concentrated in a narrow

feed rate range.
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Figure 21: Effect of feed rate on GRG recoveryusfion of feed top size

4.4.2 Maximizing fine GRG recovery

Fine GRG recovery may be maximized by processifigeafeed material at a high feed
rate. Two tests were conducted to explore this thgmis. Also explored was the
influence of increasing rotation speed on improveinwé fines recovery. Test 2 and 4,
both were conducted at a fine top size of 1.0 mthlagh feed rate of 14.5 t/h and 13.9
t/h, respectively. Figure 22 shows the recovermedHese tests. Test 4 was performed at

high rotating velocity of 90 Gs whereas Test 2 @tG&. It can be seen that recovery
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decreases up to 75 pum but then increases for iieesfze classes, 53 um to -25 pum,

which ranges from 40 and 60%.
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Figure 22: Effect of fine top size as a functiorratating velocity

4.4.3 Exploring the coarse feed size of PJV

Five tests, four in campaign 2 (Test 6, 7, 9 angdl@ test 19 from campaign 1, were
tested to explore the impact of coarse top feeel Sihese five tests were performed at
coarse top size of 3.5 mm. GRG recoveries for evgrarticles, especially larger than
850 um are not shown since gold in the coarsetidrax from 1700 to 850 um were

combined mathematically in the 600 um size clagsesponding to the coarsest size
class (600 um) assayed for tailing for metallurglwaance (as discussed in sampling
strategies for GRG, Chapter 3). Figure 23 presemr@ssize by size GRG recoveries for
tests 6, 7, 9, 10 and 19. GRG recoveries from thests produced lower recoveries
ranging from 40% to 54%. Recoveries for coarsectivas, 600 to 106 um, are lowest
for test 19 due to the coarse grind during campaighhis is reflected in tailing analysis

shown below.
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Figure 23: Effect of coarse top size on size bg s&covery

Figure 24 presents size by size GRG losses indiiags. Test 19 produced lowest
tailing losses in all size fractions, which wasfpened at a feed rate of 13 t/h. Fine
losses are maximum,12 g/t to 32 g/t, especiallyjnfid6 to 25 um, for tests 9 and 10
that were processed at mid fluidization flow rades low rotating velocity, respectively.
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Figure 24: Size by size GRG losses in pilot tatd ta

4.4.4 Effect of high percent solids on GRG recovery

Two tests were conducted at high percent solids, 1 (50% solids) and test 16 (52%),
while keeping other variables the same. The resargspresented in Figure 25. The

result of test 16 seems encouraging; despite legh fate (15 t/h) and coarse top size
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(3.5 mm), recovery of all sizes range from 68 t8094ith an overall recovery of 87%,
the highest among the tests of campaign 2. Howegsult of test 14 does not support
the argument despite similar operating conditiénsther testing at high percent solids

is needed to confirm the benefit.
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Figure 25: Effect high % solids on size by size GRGovery

4.5 Concentrate bed erosion tests-campaign 2

To measure the extent of concentrate bed erosionthHe operating Knelson
concentrators at Dome mine, two tests, 5 and 18 werformed covering the extreme
conditions. The results are presented in Tableantl718. Detailed metallurgical balance
of the LKC of pilot test feed, tails and pilot testre presented in Appendix 2 (Table 97 -
Table 114).

Table 17: Metallurgical performance of pilot Knatsconcentrator for Test 5

(0-15 min) (15-30 min) (30-60 min) (60-90min) Overall
Pilot KC Total Non- | Total Non- | Total Non- | Total Non- | Total Non-
Gold GRG GRG| Gold GRG GRG | Gold GRG GRG | Gold GRG GRG| Gold GRG GRG

Feed, g/t 16.0 | 13.2 | 2.7 | 145 ]| 122 | 23 126 | 104 | 23 | 13.0] 104 | 2.6 ] 136] 11.2| 24
Tailing, g/t 9.4 6.4 | 29 9.6 6.5 3.2 8.3 5.7 2.6 8.4 54 | 3.0] 87 ] 59 2.9
Recovery, %] 41.3 | 51.3 - 33.6 | 47.1 - 34.6 | 45.0 - 35.4 | 48.2 - 35.9 | 47.7 -
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Table 18: Metallurgical performance of the pilotdfson concentrator for Test 12

0-15 min (15-30 min) (30-60 min) (60-90min) Overall
Pilot KC Total Non- | Total Non- | Total Non- | Total Non- | Total Non-
Gold GRG GRG Gold GRG GRG Gold GRG GRG Gold GRG GRG Gold GRG GRG
Feed, g/t 15.6 11.6 4.0 13.1 10.2 2.9 13.7 10.8 3.0 14.0 | 115 2.5 14.0 11.6 25
Tailing, g/t 9.3 6.7 2.6 9.7 6.5 3.2 8.8 6.2 2.6 9.4 6.4 3.0 9.2 6.4 2.8
Recovery,%] 40.6 42.4 - 25.9 36.1 - 36.1 42.3 - 33.0 44.6 - 34.4 44.6 -

Test 5 represents conditions of low feed rate ameltbp size whereas test 12 represents
high feed rate and coarse top size. Both tests Sfuome bed erosion especially during

the second and third periods of recovery cycle.

Overall results of concentrate bed erosion tests

Overall results of the concentrate bed erosiors tas presented in Table 19. During the
first campaign feed rates could not be changedusecaf the coarse feed size to the
Knelson concentrators. Because of this, the thests did not show severe bed erosion
for the top sizes of 1.0 mm and 2.0mm, howevelttiercoarse top size, 3.5 mm some
bed erosion was observed during the second andl pleiiod of the cycle time (Figure
26). The tests conducted during the second camgege shown bed erosion at the
beginning of the cycle time and the overall recmsefor the second campaign are low
despite higher head grades. One important variagdponsible for bed erosion in
Knelson concentrators is the presence high dergatygues having ore density of
4.0 glcm.

Table 19: Result of the concentrate bed erosisis te

Test | Feed rate| Feed top size Feed grade  Overall
number t/h mm g/t recovery, %
11 7.0 1.0 16.83 83.72
15 8.0 2.0 8.70 75.42
18 8.1 3.5 8.03 60.79
5 15.0 1.0 15.96 47.71
12 17.0 3.5 15.62 44.59
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Figure 26: GRG recoveries as a function of cyeteeti

For Knelson concentrators, the presence of higllsewf sulphides in the ore can
produce a phenomena referred to as ‘concentrateelbmsion’ whereby gold already
concentrated on the surface of riffles of the cotreting cone is removed by the
scouring action of the high density gangue pasickich as pyrite. Thus, the
concentration of high specific gravity gangue materin the ore dictates the gold
concentration mechanism. For Dome ores, sulphidestitute a small percentage, 2-3%
(Scales, 1989), offering small or minor erosioresatven at (two times the cycle time of
45 minutes) high recovery cycle time of 90 minufdsis supports the idea of screening
the Knelson feed at coarser top size to maximizeutfhput at shorter cycles. It has
been reported for the operating Knelson concentsatoa regrind application at Kemess
mine, recovery cycle time of 5 minutes were adogteaninimize the effect of high

pyrite gangue (Froehling et al., 2007). The effecttoncentrate bed erosion is more

pronounced on fine gold, as reported in the Kemagisnd application.
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4.6 Overall GRG recovery for the tests of campaign 2

GRG recoveries of 16 tests are presented in F@rét can be seen that the size by size
recoveries of test 16, performed at high feed pdrselids (52%), had produced highest

recoveries among the tests.
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Figure 27: Size by size GRG recoveries for theehst

Figure 28 shows the averaged GRG recovery curvagalath the averaged feed size
distribution curve of the corresponding tests. tesfiner feed to the Knelsons, the

shape of the recovery curve is similar to the recpeurve of campaign 1.
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Figure 28: Average size by size GRG recovery ferl6 tests
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Figure 29 shows the overall recovery for all thietyhone tests as function of feed rate,
for the three top size chosen. From the datadbigous that feed rate explains much of
the variations in GRG recovery, top size also bairgpntributing factor. The benefit of
finer top size is not evident, since recoverieslaneer at higher feed rates. Feed rates of
7-13 t/h coupled with coarse top size, 3.5 mm peceduow recoveries especially for the

tests performed in campaign 1.
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Figure 29: Effect of feed rate as a functionagf size

The averaged GRG recovery curves of campaign 146d)campaign 2 (C2) are plotted
along with their feed size distributions in Fig®@@ The similarity between the curves is
striking, despite finer feed during the second caigm Feed rates of campaign 1 tests
ranged from 6 t/h to 14 t/h, whereas the feed ratdbe campaign 2 are significantly
higher, from 13 t/h 19 t/h, with most of the tesit®, out of 16, performed at the coarse
top size. Overall low recovery during campaign 2yrba the effect of high feed rates.
Lower recoveries of the finer size fractions, 75 jion20 um may be due to the
combined effect of high feed rate and coarse top. Sihe feed size distributions of the

two campaigns are identical, the shapes of theesustrikingly similar.
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Figure 30: Comparison of size by size GRG recoseavfahe two campaigns

4.7 Analysis of the unusual GRG recovery curves

To analyze the unusual recovery performance, tWs¢ale Knelson performances have
been used; a KC CD20 Knelson concentrator, GoldemtGCanada and a KC CD30
Knelson concentrator, Marvel Loch, Australia. Figu8l shows the size by size
performance of a KC CD20 Knelson concentrator dedraat Golden Giant Mine,

Canada (Charest, 2001). Fluidization flow rates @rirce are presented with feed size
distribution (S.D.) in the legend. The feed siz&trthution has a peak at the 75-106 pum
size class. Size by size recoveries decrease munally with decreasing particle size,

except for the -25 um size, since the LKC used ¢asure GRG content in the tailing
stream did not recover all of the GRG below 25 BRG recoveries at different

fluidization flow rate and G-force have a decregdmend with decreasing gold particle

size.
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Figure 31: GRG recoveries for the KC CD20 Knelsonaentrator (Laplante, 2005)

It is apparent from Figure 31 that there is no ificemt impact of either fluidization
flow rate or G force on the shape of the recovenyes, something similar suggested by

the pilot Knelson test data as seen in Figure 30.
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Figure 32: Size by size GRG recovery for KCCD30plaate, 2005)

Figure 32 presents size by size GRG recovery for ®Q@30 Knelson concentrator,
Marvel Loch Plant, Australia (Laplante, 2005). BEncbe seen that the shape of the

recovery curve is similar to the pilot tests curve.

The GRG recovery curves for Dome mill pilot plaktg CD12) and Marvel Loch (KC
CD30) Knelson concentrators are compared in FigdBe(Koppalkar and Laplante
2007). The similarity between these curves is istgk These two curves display an
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unusual shape. Both these curves have a similat $ee distribution, which is

definitely coarser than that of Golden Giant fee.s

100
—e—CD12 —=—CD30
80 —a—S.D. CD12 —<—S.D.CD30
g
= 60 -
3]
>
3 40
Q
@
20
0
10 100 1000
Particle size, pm

Figure 33: Comparison of recoveries of KC CD12 wiite KC CD 30, Marvel Loch

These curves also suggest that operating conditidees feed rate, rotating velocity,
fluidization water flow and screen aperture sizayéhlittle impact on the shape of the
recovery curve compared to the feed size distiioutA coarser feed size distribution,
similar to the pilot test data, will recover palds between 25 and 1Q6n but would
impact negatively on the recovery between 106 &tdidn. On the other hand, a finer
feed like the Golden Giant would produce a monaally decreasing recovery with
decreasing particle size. The low recovery zorniatatmediate sizes would be linked to
the natural resistance to flow or percolation, Whi significant at a particle size where
the gangue is most abundant. The flowing slurryhzn Knelson cone could be thought

as a dynamic screen with openings roughly of tlteoof magnitude of the dominant
particle size.

Other researchers have also observed similar regctnmrighs as observed in this work.
Ling (1998) conducted tests on a 3-in variable dg€eelson concentrator and observed
a dip in recovery at intermediate sizes. He linket the higher ratio of diameter of

intermediate size tungsten to gangue particles eoadpto the diameters ratio of finer
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tungsten to gangue particles and hence the inteateetlingsten has a lower ability to
percolate through the small voids of a relativebmpact separation zone. Moreover,
intermediate size tungsten particles, unlike caarsggsten particles do not posses mass
large enough to intrude forcibly into the separatione. Laplante et al., (1996)
postulated a particle shape effect to explain gwovery trough. An increase in feed
density decreases the porosity of the bed, and snidleepercolation of fine flakes (75-
300 um) more difficult than fine spheres (-37 pmhich do not experience any
percolation problems. Similar recovery troughs obse in the magnetite and tungsten-
based test work (Buonvino, 1993; Ling 1998; Andiale 1997) ruled out the particle
shape effect (magnetite and tungsten are not lamellhe present results do not support
the effect of particle shape and suggest partizle as the main cause of the recovery

trough.

Based on the observation and data analysis frontwibeindustrial data as above, a
particle size hypothesis is now presented.
The hypothesis: Size by size GRG recoveries arelsknefeed size distribution

dependent.

Assumptions:
1. Finer feed size (@ <150 um) distribution produces decreasing recesgeri
with decreasing gold particle size.
2. Coarser feed size £>150 um) distribution produces unusual shape (bi-

modal) of size by size recovery.

The proposed particle size effect hypothesis vaillvibe examined with the performance

data (Table 20) from different operating Knelsonaantrators.
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Table 20 : Additional data sets for the proposetigla size hypothesis

Source (Plant) Knelson unit Type of feed
Aurbel KC CD30 Coarse
East Malartic KC CD30 Fine
Site 1 KC CD30 Coarse
Site 2 KC CD30 Coarse
Site 3A, 3B KC CD30 Coarse
Kemess Mine KC CD30 Fine
Site 5 KC CD30 Coarse
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Figure 34: Size by size GRG recovery at Aurbel ¢émt, 1997)

Figure 34 shows size by size GRG for the KC CD3@IlKon concentrators at Aurbel,
Canada. Size distribution data are also preseMede of the feed size distribution is at
150-212 pm with modal distribution of 20%, i.e.%2@f particle mass is at 150-212 pm
size class, offering resistance to the flow of gplatticles. Thus recovery of gold
particles between 106 and 212 um sizes is low.wArecovery zone corresponding to
the mode of the feed can be seen. Because of #isecsize distribution of the feed, the

size by size recovery has the unusual shape, asrséee pilot test data.

Figure 35 presents the performance of a KC CD3Q anithe East Malrtic plant
(Vincent, 1997), Canada. The feed size distributofine with a mode at 75-106 pum
size class, with 25% of the feed mass between B340, minimizing the recoverability
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of the finer gold particles. Hence we see a mono#&dly decreasing gold recovery with

decreasing particle size.
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Figure 35: Size by size GRG recovery at East Ma(Mincent, 1997)

The names of the following plant sites are not Ildsed to maintain the requested
confidentiality. Figure 36 shows size by size GRg8awveries for KC CD30 Knelson
concentrator at site 1. Mode of the feed size ibigtion is between 106 and 212 um
with 20% of feed mass between those sizes. Thedgigs recovery, mid size classes

(75-200 um) exhibit no recovery, correspondinghe mode of the coarse feed size

distribution.
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Figure 36: Size by size GRG recovery at site 1
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Figure 37 presents the GRG recovery data fromzitdode of the feed is at 106-212
size with about 22% of feed mass offers resistaocthe flow of gold particles to

produce a shape that has a trough at the interteesize fractions.
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Figure 37: Size by size GRG recovery at site 2

Figure 38 and 39 show two GRG recovery data fer 3i(A, B). Both dip in recovery at
the mode (300-425 um) of coarse feed size distabuR0% of the feed particle mass is

at 300-425 um offering resistance to the recovérmgtermediate size gold particles.
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Figure 38: Size by size GRG recovery at site 3A
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Figure 39: Size by size GRG recovery at site 3B

Data for a KC CD30 Knelson concentrator, from airefjapplication at Kemess mine,
Northgate Minerals Corporation, BC, Canada is presein Figures 40, 41 and 42. The

three data sets produced consistent performannee $ihe data represents fine regrind

application, the size by size GRG recovery curve iss1feed size curve have shifted to

the finer side, i.e., <212 um. However, a low rergvzone corresponding to the middle

part of the feed size distribution between 53 ahdqiih is seen, with about 30% of the

particle mass offering resistance to the flow ofdgparticles at intermediate sizes in

three data sets confirming the particle size hypsith
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Figure 40: Size by size GRG recovery-1 at Kemesgmi
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Figure 41: Size by size GRG recovery-2 at Kemesgmi
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Figure 42: Size by size GRG recovery-3 at Kemesgmi

Figure 43 presents yet another unusual recovemnyeciar the Knelson concentrator at

site 5 and has a low recovery zone at the interatediize classes. The most abundant

classes of the feed size distribution exhibit aidithe recovery.
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Figure 43: Size by size GRG recovery at site 5
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From the analysis of these industrial data, iléacthat the shape of the recovery curve
is linked to the size distribution to the gravigncentration equipment. This finding, the
particle size effect, is useful for the simulatiohthe Knelson units. Simulations are
performed using the typical Knelson recovery cundecreasing recovery with
decreasing gold patrticle size, for estimating gsakecovery and it was thought that the

nature of the curve had no impact on the estimiggavity recovery (Laplante, 2005).

The current recovery models: gravity recovery matialeloped by McGill gold gravity
research group, Knelson Concentrators and Web basedlator developed under
AMIRA P420B use the fine curve- ‘decreasing gold¢awery with decreasing gold
particle size’. For high throughput applicationgsiefson Concentrators, use the de-rated

fine curve, as shown in Figure 44.

This research has shown that the feed size disibaffects size by size recoveries of
the Knelson concentrator. Now with this findingy firavity recovery simulation, either
the fine or coarse recovery curve (Figure 44) bélused depending on the nature of the
feed to gravity circuit. For example, for a targend size, B of 105 um, the fine curve

and for a coarse grindgddf 175 um, the coarse curve could be used resgdgctiv
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Figure 44: Knelson recovery data used for simutatibgravity recovery
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4.8 Modeling size by size GRG recovery

An empirical relationship linking the feed sizetdisution and specific feed rate to the
GRG recovery was developed. Averaged data frorf@lapilot CD12 tests (Dome mine)
was considered for modeling since the size by zevery from individual test showed
significant scatter. Feed rate to the tests waserded into specific feed rates. The
relationship yielded the following regression. Trexovery for size fraction, ;Yis

calculated as:

Y, = 61.5+0.028* size— 248* Secific feedrate+ 1.34* feed wt% (4.3)
where Yi: Recovery of size fraction i (%)

Size: size fraction i (microns)
Specific feed rate:  t/h/m

The regression has a significance of 99% and adatik of 5% as a result of the scatter,

the correlation coefficient is low at 0.8.
Actual and calculated size by size recoveries lidha pilot Knelson concentrator tests

are compared in Figure 45.
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Figure 45: Comparison of actual and predicted GBsavery
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Chapter 5 Settling of dense particles in the gravit  ational
field

5.1 Introduction

Settling of dense particles into the bulk matebad is a common phenomenon in
gravity processing. It takes place in all gravigvites whether they be a jig, sluice,
shaking table or centrifugal concentrator. The pimeenon of settling of dense particles
can also be observed in unit operations like sengergrinding, feeding, mixing and

during transportation of materials either wet oy.dFor the Knelson concentrator,
centrifugal settling of gold into the concentraedls particularly important because it
largely determines the performance. The fundamerdhlsettling in the gravitational

field have many similarities to centrifugal settjinGravitational settling is more easily
observed and measured than centrifugal settlingesine movement of particles in a
bulk bed can be created in a stationary transpaud@ To gain some insight into the
settling behavior of dense particles into the inbewl of a KC, experiments on the
settling of dense particles in the gravitation&ldi were conducted. A simple binary
mineral system of gold and silicates was mimicksth@ tungsten as a surrogate for

gold and silica representing the gangue material.

5.2 Experimental methodology

5.2.1 Materials and apparatus

Gray polyhedral tungsten particles with a tungstentent of 99.9% and a density of
19.3 g/cni, obtained from GTE Sylvania Products CorporationS.A, was used to
mimic gold. The sample was screened into sizeitmast Appendix 3 presents images of
the sized tungsten particles. From these photograptan be seen that the particles are

irregular in shape and have submetallic lustréc&iand with a density of 2.65 gftm
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was used to represent a low density gangue matéhnar to testing, it was cleaned

using a hand magnet to remove magnetic and otlaetyhmpurities.

The apparatus used for the settling tests wasciled at McGill University. It consists
of a cylindrical vertical settling column made de¥glas. The design is based on the
original design described by Couderc (1985). Theimygent fabricated at McGill
University was further modified such that the esti@n of the concentrate was easy and
consistent. Figure 46 is a picture of the setti@ggipment (76 mm x 590 mm). It is
composed of three sections, upper circumferentiahder, middle cylindrical section
and lower conical section filled with glass balisstabilize the flow of water. A flange
arrangement connects the lower cone with the midgiedrical column. A distributor
plate made of an evenly perforated Plexiglas ptateered by 38 um screen was fixed
on the lower conical section by a stainless siegl so that the distributor together with
the conical section can be taken out as a singte un

Figure 46: Settling test equipment
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5.2.2 Testing methodology

At the beginning of each test the equipment waseoted to a water line through a
flow meter. Two hundred grams of silica of singleesclass (425-600 um, 212-300 pum,
106-150 um) was added to the column and fluidinati@ater was introduced at the
bottom of the column at high flow rate (4.0 I/m) @ minutes to remove any entrapped
air bubbles. Fluidization rate was adjusted todésired reading. Five grams of tungsten
was loaded in the feeding tube with water. Figufés4an image of the feeding tube. It
has a conical rubber cork which seals the bottorth@ftube until the piston is pressed.
The piston shaft is spring loaded to facilitatetansaneous release of dense particles.
The feeding tube was introduced into the settliomn and was positioned 4.0-4.50
cm above the surface of the fluidized gangue bexhsP particles were then introduced
by pressing the spring loaded piston for instaraaeeaelease of all particles. Time was
clocked the moment the dense particles touchedahgue bed and the test was run for
20 seconds. The test was stopped by closing tidiZation valve. Water in the column

was slowly discharged by opening the bottom valve.

Figure 47: Feeding tube arrangement for introdutiregdense particles
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Picture B Picture C

Figure 48: Sequence of extraction of the settleti(Be B and C)

Figure 48 shows three pictures, which depict tlgpuepece of extraction of the settled
bed. After the water is drained off from the draalve at the bottom, the PVC piston
(picture A) is gently introduced into the settlioglumn up to the top of the settled bed
and the column placed upside down, as shown inn@ds. The PVC piston is machined
to the inner diameter of the settling equipmentdatight fit and is fitted with a soft

rubber ring at the bottom for proper sealing of $kéled bed. The six flange bolts were
removed to take out the conical section. The sktikd of known height (picture C) was
then gently pushed by a jack screw (as shown itug@cB- inserted in the inversed
column) fitted on the hollow shaft of the pistorhel material was collected in three
portions and each portion was then subjected tmipgrto extract the dense patrticles.
Panning was preferred over use of the Mozley t&blminimize the time required for

the separation of heavy particles from the gangue.
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5.3 Results and discussion

5.3.1 Relation between superficial velocity and the gangue bed

The relation between the height of gangue bed lmdl ¥elocity was estimated and the
results are presented in Figure 49. The relatignbbiween height of the gangue bed
and the superficial velocity for the two sizes géstcoarse silica 600 um and fine silica
212 um is shown. It can be seen that the heigtlteofjangue bed increases as the fluid
velocity is increased. However, the expansion efgangue bed is different for fine and
coarse beds; the expansion for the fine bed vémes 8.5 cm to 12 cm, whereas the
expansion is from 9.0 cm to 10.5 cm for the codmsd. Generally, fine gangue beds

could be more easily fluidized than coarse gangasb
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Figure 49: Height of the gangue bed as functioftuod velocity

Bed voidage is a function of bed expansion. Fracliooidage ¢) of the particle bed is

calculated as,

9 = : (7.1)
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where \4is thevolume of solids, Yis the volume of the bed, i.e., volume of waterspl
solids. Fractional voidage for the coarse and fya@gue beds was calculated as a

function of superficial fluid velocity.

Figure 50 shows the relationship. The fractionatlage of fine gangue is more easily
increased compared to the coarse bed. The frattorgage for the coarse gangue was
0.02 at a fluid flow of 0.25 cm/s, whereas at tams fluid flow the fine gangue bed had
a fractional voidage of 0.12. These curves do tart st the origin since there will be

minimum voidage even at zero fluid velocity.
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Figure 50: Relation between voidage of the gangukand fluid velocity

5.3.2 Effect of particle size on the settling of dense particles

Settling of dense particles in the coarse gangue bed

Figure 51 presents the recovery of tungsten forcterse silica bed of 425-600 pm.
Tungsten percolated well at a fluid velocity of4.@n/s (voidage of 0.5) for the coarser
fractions, but the recovery of the finer sizes, 28,and 20 um, drops as the settling
velocities of these sizes are less than the fletbarty, this coupled with the low

voidage. Table 21 presents the settling velocidied Figure 55 depicts the graphical
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representation. High tungsten recovery of the @dirsactions is mainly related to the
low density of the gangue resulting in low resistto the settling of tungsten particles.
It can be seen that the recovery of coarse dendeles is high, and these tungsten
particles were recovered by intruding the gangud because of their mass and

momentum.
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Figure 51: Tungsten recovery in a coarse gangue bed

Settling of dense particles in the fine gangue bed

Figure 52 shows the settling (recovery) of tungstarticles in the 212-300 um gangue
bed. The fluid velocity was 0.83 cm/s (voidage d@3). The low settling velocity of
particles of the finer size class, 25 um and 20 @62 and 0.4 cm/s respectively

resulted in low recovery despite a higher voidage.
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Figure 52: Tungsten recovery in a fine gangue bed



Chapter 5 Settling of dense patrticles in the gravational field 96

Recovery of tungsten for the finest gangue bed- @B um) is presented in Figure 53.
The gangue bed had a fractional voidage of 0.7 fand velocity of 0.32 cm/s. The

recovery of finest size class is high at 60% ass#tding velocity 0.42 cm/s, is higher
than the fluid velocity, 0.32 cm/s, and secondhg increase in voidage helps the

percolation of these particles offering least tasise.
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Figure 53: Tungsten recovery in a fine gangue bed

High tungsten recovery is mainly related to the ensity and small particle size of the
gangue bed resulting in low resistance to theisgtthf the tungsten particles. This
indicates that the resistance of the gangue pestid the movement of tungsten is not
only a function of voidage but also a function afesand density of the gangue. This is
an important observation for the centrifugal setflof dense particles in the Knelson

concentrator.

5.3.3 Particle settling velocity calculations

Settling velocities of particles under lamilar flogonditions were calculated using

Stokes’ equation for a particle settling under gedional field.

2 —
V= gd (ps pl) (51)
18u
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Where v= terminal velocity, cm/s
g= acceleration due gravity, 981 cm/s
d= particle diameter, cm
K= viscosity of liquid, poise (viscosity of waiatr20°C = 0.010 poise)
P, p, = density of solid particle and liquid, respectivaycnT

In order to determine whether the flow is lamilbor Stokes’ law to be valid, it is
necessary to calculate the Reynolds Number. Itdgrensionless number that can be
used to predict the transition from lamilar to widnt flow for a variety of flow
situations. In the case where a particle is motimgugh a fluid, the flow is lamilar and
Stokes’ Law is valid when Reynolds Number is lésstabout 0.2.

When Reynolds Number is higher than about 1000,tbie'® Law is valid for settling of

spherical patrticles:

. _39d(p, - p) 5.2)
P

However, for the most common sizes of particleantered in mineral processing, the

Vv

Reynolds number for settling under gravity in wafalls into the transition region,
where the flow is neither fully turbulent or fullgmilar. The resistance to flow changes
non-linearly with velocity. In such cases, NewtoittiRger equation is used to calculate

settling velocities of particles (Kelly and Spotisod, 1982).

2_ A [Psh 5.3
! BQ( p jg >

Where Q is coefficient of resistance, which vamath Reynolds Number as shown in
Figure 54.
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Figure 54: Variation of the coefficient of resistamas a function of Reynolds number

The Newton-Rittinger equation is solved using anaitive method, as:

1. Calculate terminal settling velocity using eithéol&s’ or Newton’s equation.

2. Calculate the corresponding Reynolds number wilh Rlocity.

3. Using Figure 54, calculate coefficient resistan€ that corresponds to the
Reynolds number.

4. Substituting this value of Q into the Newton-Rigfer equation (5.3) for
recalculating the settling velocity.

5. Repeating step3 and continue until the value ofs@dun the equation (5.3) is

same as found from Figure 54 when Reynolds nunsbeaiculated.

Table 21 shows the settling velocities calculatedtfingsten and silica particles. The
relationship between settling velocity and partisiee is shown in Figure 55. Stokes’
equation was used for tungsten particles of 252ehdm as their Reynolds numbers are
<0.2, whereas for all other sizes, settling velesitwere calculated using Newton-
Rittinger equation. Similarly for quartz particl&dokes’ equation was used for particles
from 53 um to 20 um and Newton-Rittinger equaticaswsed for calculating settling

velocities.
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Table 21: Settling velocities of particles, cm/s

Size Tungsten Silica
pm v, cm/s Re, v, cm/s Re,
1700 97.28 1653.7 23.40 397.82
1180 75.18 887.1 17.49 206.33
850 59.48 505.6 12.36 105.10
600 45.11 270.6 8.65 51.92
425 33.16 140.9 5.91 25.12
300 23.45 70.3 3.62 10.86
212 16.02 34.0 2.66 5.63
150 10.94 16.4 1.55 2.33
106 6.88 7.3 0.90 0.96
75 4.40 33 0.46 0.35
53 2.45 1.3 0.25 0.13
38 1.36 0.5 0.13 0.05
25 0.62 0.2 0.06 0.01
20 0.40 0.1 0.04 0.01
100
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Figure 55: Settling velocity as a function of peldisize

Two important observations useful for centrifugattlng in a Knelson concentrator can

be summarized as:

Coarse dense patrticles settling by gravity, inve-diensity gangue, like silica, are

recovered mainly by a mechanism of intrusion dgr tthass and momentum.

Fine dense particles recovery is high for the fyamgue bed, due to the low

resistance offered by the low density coupled Wiitke size of the gangue. This

indicates that the resistance of the gangue pestid the movement of tungsten

is not only a function of voidage but also a fuantiof size and density of the

gangue.
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Chapter 6 General conclusions

6.1 Summary of the pilot test work

A pilot facility consisting of a KC CD12 Knelson meentrator, a vibrating screen and a
sump-pump with an integrated control panel suppbgdknelson Concentrators was
installed in one of the grinding circuits at Doméa) Porcupine Joint Venture (PJV).
The pilot plant was extensively sampled in two caigps, the first prior to the grinding
circuit modification and the second, after the cdssioning of a rod mill in grinding-B
circuit. The main bottleneck during campaign 1 e coarse feed size (-6.0 mm) that
resulted in frequent pipeline blockages. In all, t&bts were conducted, 26 short
recovery tests of 30 minutes and 5 long tests omftute cycle. From the data
generated, detailed metallurgical balances werdymed for all the tests (Appendices 2
and 3).

Based on the test work and data generated, thefméings of this research work may

be summarized as follows:

1. The KC CD12 Pilot Knelson tests yielded higher xex@s than expected for the
feed rates employed. The feed rates maintained signéficantly higher (6 -19 t/h)
than the manufacturer recommended rates of 8 R10 t/

2. Recoveries were affected by feed rate and top peaticle size. Coarse top size
affected GRG recovery.

3. Rotation speed and fluidization flow had no deteletampact on recovery. The
effect of fluidization flow was consistent for estne conditions.

4. The size-by-size GRG recovery for both the shod &ng cycle time shows a
maximum between 25 pm to 75 um and a second maxiatwoarse size above 600
um. This is atypical of Knelson performance, sineeoveries commonly decrease

with decreasing gold patrticle size.
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5.

The test work indicated that operating conditionsluding feed rate, rotation
velocity, fluidization flow and screen aperture hrathor impact on the shape of the
recovery curve compared to the feed size distiiouti

A particle size effect hypothesis was proposedtasted. The findings confirm that
the shape of the recovery curve is dependent orfeb@ size distribution to the
Knelson concentrator.

The effect of feed particle size needs to be inm@t@d in gravity recovery models
for simulations.

The settling of dense particles in a fluidized gandped, in the gravitational field,
was found dependent on the density and size of ¢partigue and dense particles and
fluidization velocity. These findings are usefuldrplain the recovery mechanisms

of fluidized centrifugal concentrators.

6.2 Claims for original contribution

1

The first comprehensive study of the effect of &alés on the performance of a pilot
KC CD12 relevant to full-scale operating practicesveompleted.

The first systematic industrial-scale concentragel lerosion tests relevant to full

scale operating practice was performed.

Gravity Recoverable Gold (GRG) recovery was showhé dependent on feed size
distribution.

The shape of the size-by-size recovery curve weé®dl for the first time to the feed

size distribution: a coarse feed size distributrah produce a recovery-size curve

that has low recoveries at intermediate particdesi However, when the feed size
distribution is fine, the recovery will have a deasing trend with decreasing particle

size.

6.3 Suggestions for future work

1.

The pilot test work produced recoveries compartivegher than the full-scale

unit. It appears that the size-by-size recoverresdependent on the cone diameter.
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The effect of cone diameter of the Knelson Conedotron GRG recovery needs to
be explored. This would prove useful for both basmerstanding and industrial
operations.

2. Effect of different cones (cone configurations)sire by size recoveries.

3. Scale up of Knelson performance from laboratorytsuo full-scale units still
requires research.

4. Test work at high feed density, which has shownmsong results, needs to be

explored further to confirm the benefits.
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Appendix 1 Operating conditions of the pilot Knelso n
KC CD12 test
Table 22: Operating conditions of the pilot tests
Pilot Knelson KCCD12 test conditions
S.No Test # Test Feedrate $creen size Hluidiz flow %pBolid s | G-force [Cycletime
Type (t/hr) (mm) m3/hr (USGPM) (min)
1 1 Short 8.8 2.0 5.7 (25) 34 90 30
2 2 Short 9.7 2.0 2.7 (12) 41 60 30
3 3 Short 9.6 2.0 3.6 (16) 40 60 30
4 4 Short 11.3 2.0 4.1 (18) 44 40 30
5 5 Short 10.8 2.0 4.1 (18) 41 90 30
6 7 Short 13.6 2.0 4.5 (20) 44 60 30
7 10 Short 9.3 2.0 2.7 (12) 39 40 30
8 14 Short 14.1 2.0 2.7 (12) 38 60 30
9 16 Short 6.6 1.0 2.7 (12) 34 60 30
10 17 Short 7.8 35 6.4 (28) 33 60 30
11 19 Short 13.3 35 4.5 (20) 40 60 30
12 26 Short 13.1 2.0 4.5 (20) 35 60 30
13 11 Long 7.7 2.0 4.5 (20) 32 60 90
14 15 Long 7.7 1.0 4.5 (20) 32 60 90
15 18 Long 8 3.5 4.5 (20) 38 60 90
16 1 Short 13.3 35 4.5 (20) a1 60 30
17 2 Short 14.5 1.0 4.5 (20) 44 60 30
18 3 Short 13.9 1.0 4.1 (18) 42 40 30
19 4 Short 13.9 1.0 4.5 (20) a4 90 30
20 6 Short 18.3 35 3.2 (14) 49 40 30
21 7 Short 18.9 35 2.3 (10) 45 60 30
22 8 Short 17.4 35 5.2 (23) 45 90 30
23 9 Short 16.1 35 5.2 (23) 46 60 30
24 10 Short 16.2 35 4.1 (18) 48 40 30
25 11 Short 16.4 35 4.1 (18) 48 60 30
26 13 Short 16.5 35 5.2 (23) 50 40 30
27 14 Short 14.7 35 4.5 (20) 55 60 30
28 15 Short 15.4 35 4.5 (20) a7 60 30
29 16 Short 15.2 35 4.5 (20) 55 60 30
30 5 Long 14.3 1.0 4.5 (20) a4 60 90
31 12 Long 17.9 35 4.5 (20) 49 60 90
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Table 23: Metallurgical balance of laboratory Kmelsoncentrator (Test 1)

CONCENTRATE TAILS FEED (Pilot Knelson tails)
Size Weight % Grade Rec. Weight % Grade Rec. Weight % Grade Dist'n
(Hm) (@  Weight (g/t) (%) (@  Weight  (g/t) (%) (@  Weight (g/t) (%)
600 9.37 9.68 76 13.65 1728 7.29 2.60 86.35 1738 7.30 2.99 3.85
425 13.38 13.83 204 49.99 2736 11.53 1.00 50.01 2750 11.54 199 4.05
300 18.21 18.82 469 51.86 3548 14.95 2.23 48.14 3566 14.97 4.62 12.19
212 20.66 21.35 630 56.61 5072 21.38 1.97 43.39 5093 21.38 451 17.03
150 17.68 18.27 921 66.83 3911 16.48 2.07 33.17 3928 1649 6.20 18.05
106 9.87 10.20 1475 65.92 2376 10.02 3.17 34.08 2386  10.02 9.26 16.35
75 4.29 4.43 2107 56.60 1276 5.38 5.43 43.40 1280 537 1248 11.83
53 1.93 1.99 2786 51.65 884 3.73 5.69 48.35 886 3.72 1175 7.71
37 0.81 0.84 3116 69.48 387 1.63 2.88 30.52 388 1.63 9.41 2.70
25 0.347 0.36 5363 90.91 302 1.27 0.62 9.09 303 1.27 6.76 151
-25 0.224 0.23 9631 33.92 1503 6.34 2.80 66.08 1503 6.31 4.24 4.72
Total 96.77 100 794 56.89 |[ 23723 100 2.45 43.11 || 23820 100 5.67 100

Table 24: Metallurgical balance of pilot Knelsomcentrator (Test 1)

CONCENTRATE TAILS FEED
Size Weight % Grade Rec. [[Weight % Grade Rec. [| Weight % Grade Dist'n
(Hm) (Tons) Weight (g/t) (%) (Tons) Weight (g/t) (%) (Tons) Weight (g/t) (%)
600 |[[0.00060 8.63 2725 93.47 || 0.28 7.30 0.41 6.53 0.28 7.30 6.24 3.39
425 [ 0.00091 13.14 1881 79.59 || 0.44 1154 0.99 20.41 || 0.44 1155 4.86 4.18
300 [[0.00120 17.37 1855 61.98 || 0.57 14.97 2.39 38.02 || 0.57 14.97 6.28 7.00
212 [[0.00136 19.66 2371 60.73 || 0.82 21.38 2.56 39.27 || 0.82 21.38 6.50 10.33
150 | 0.00105 15.15 3740 60.04 || 0.63 16.49 4.15 39.96 || 0.63 16.49 10.36 12.70
106 | 0.00077 11.06 6184 66.98 | 0.38 10.02 6.10 33.02 || 0.38 10.02 18.44 13.74
75 0.00036 5.25 10146 71.79 || 0.21 5.37 7.06 28.21 || 0.21 537 2499 9.99
53 0.00030 4.36 32106 91.84 || 0.14 3.72 6.07 8.16 0.14 3.72 74.16 20.52
37 0.00012 1.73 50303 93.69 || 0.06 1.63 6.54 6.31 0.06 1.63 103.36 12.52
25 0.00019 2.75 10236 86.75 || 0.05 1.27 6.14 13.25 || 0.05 1.27 46.16 4.37
-25 | 0.00006 0.89 5017 47.14 || 0.24 6.31 1.44 52.86 || 0.24 6.30 2.72 1.27
Total [[0.00693 100 5653 76.06 || 3.82 100 3.22 23.94 || 3.83 100  13.45 100

Table 25: Metallurgical balance of laboratory Kmmgisoncentrator (Test 2)

CONCENTRATE TAILS FEED (Pilot Knleson tails)
Size Weight % Grade Rec. Weight % Grade Rec. Weight % Grade Dist'n
(k) (@ Weight (g/t) (%) (@  Weight (g/t) (%) (@  Weight (g/t) (%)
600 10.30 11.48 45 7.33 2325 8.78 250 92.67 2335 8.79 2.69 3.32
425 1349 15.03 414 27.78 3568 13.48 4.07 7222 3582 13.49 5.61 10.64
300 17.10 19.05 387 24.07 4501 17.00 4.63 75.93 4518 17.01 6.08 14.54
212 18.86 21.01 680 58.34 5977 2258 153 41.66 5995 22.57 3.67 11.64
150 15.78 17.58 1454 62.73 4215 1592 323 37.27 4231 15.93 8.64 19.35
106 8.45 9.41 2138 67.84 2379 8.99 3.60 32.16 2387 8.99 11.15 14.10
75 3.48 3.88 3659 62.72 1224 4.62 6.19 37.28 1227 4.62 16.54 10.75
53 1.48 1.65 6650 66.82 779 2.94 6.27  33.18 781 2.94 18.87 7.80
37 0.48 0.53 8774 88.60 324 1.23 1.65 11.40 325 1.22 1449 249
25 0.204 0.23 13033 94.78 246 0.93 0.59 5.22 246 0.93 11.37 148
-25 0.140 0.16 30208 57.15 933 3.52 3.39 4285 933 3.51 7.91 3.91
Total |[ 89.76 100 1115 52.98 |[ 26470 100 3.36 47.02 || 26560 100 7.11 100
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Table 26: Metallurgical balance of pilot Knelsomcentrator (Test 2)

CONCENTRATE TAILS FEED

Size Weight % Grade Rec. Weight % Grade Rec. Weight % Grade Distn
(um) (Tons) Weight  (g/t) (%) (Tons) Weight  (g/t) (%) (Tons)  Weight (g/t) (%)
600 0.00029 8.69 7431 96.73 0.37 8.79 0.20 3.27 0.37 8.79 6.02 4.44
425 0.00042 12.75 4001 65.83 0.57 13.49 1.56 34.17 0.57 13.48 4.56 5.16
300 0.00055 16.55 8037 80.92 0.71 17.01 1.46 19.08 0.71 17.01 7.66 10.94
212 0.00063 18.82 5589 63.35 0.95 22.57 2.14 36.65 0.95 22.57 5.83 11.05
150 0.00052 15.50 10418 59.74 0.67 15.93 5.42 40.26 0.67 15.93 13.46 17.99
106 0.00037 11.23 11913 60.96 0.38 8.99 7.57 39.04 0.38 8.99 19.36 14.61
75 0.00019 5.78 14984 58.89 0.19 4.62 10.38 41.11 0.19 4.62 25.22 9.78

53 0.00018 545 23701 73.46 0.12 2.94 12.61 26.54 0.12 2.94 47.44 11.71
37 0.00007 2.23 33115 78.88 0.05 1.22 12.84 21.12 0.05 1.22 60.70 6.24

25 [|0.00003 0.81 56852 7854 0.04 093 10.78 21.46 0.04 0.93 50.19 391
-25 0.00007 2.19 19507 68.06 0.15 3.51 4.52 31.94 0.15 3.51 14.15 4.17
Total |{0.00333 100 10275 68.39 4.19 100 3.77 31.61 4.20 100 11.91 100

Table 27: Metallurgical balance of laboratory Kmm@isoncentrator (Test 3)
CONCENTRATE TAILS FEED (Pilot Knleson tails)

Size || Weight % Grade Rec. Weight % Grade Rec. Weight % Grade Dist'n
(Hm) (@  Weight (g/t) (%) (@  Weight (g/t) (%) (@  Weight (g/t) (%)
600 10.51 11.19 121 68.18 1268 5.31 0.47 31.82 1279 5.34 1.46 1.40
425 14.45 15.38 214 66.60 1938 8.12 0.80 33.40 1952 8.15 2.38 3.50
300 18.19 19.36 535 45.22 2762 11.57 4.27 54.78 2780 11.60 7.74 16.21
212 19.59 20.85 649 73.07 4538 19.01 1.03 26.93 4557 19.02 3.82 1311
150 16.16 17.20 802 50.82 4091 17.14 3.07 49.18 4107 17.14 6.21 19.22
106 8.78 9.35 1321 62.73 2683 11.24 257 37.27 2692 1124 6.87 13.93
75 3.66 3.90 2156  56.08 1545 6.47 4.00 4392 1549 6.46 9.09 10.60
53 157 1.67 3907  52.08 1105 4.63 511  47.92 1107 462 10.64 8.87

37 0.66 0.70 5705  73.24 551 231 2.49 26.76 551 2.30 9.30 3.86

25 0.240 0.26 11153 70.27 456 191 2.49 29.73 456 191 8.36 2.87
-25 0.134 0.14 25850 40.49 2929 12.27 173 59.51 2929 1223 291 6.43
Total || 93.94 100 801 56.71 || 23866 100 241  43.29 | 23960 100 5.54 100

Table 28: Metallurgical balance of pilot Knelsomcentrator (Test 3)
CONCENTRATE TAILS FEED

Size Weight % Grade Rec. Weight % Grade Rec. || Weight % Grade  Dist'n
(um) (Tons)  Weight  (g/t) (%) (Tons) Weight (g/t) (%) (Tons) Weight  (g/t) (%)
600 0.00029 8.39 4868 86.59 0.22 5.34 0.99 13.41 0.22 5.34 7.39 3.01
425 0.00043 1257 4397 78.19 0.34 8.15 1.58 21.81 0.34 8.15 7.25 4.50
300 0.00057 16.41 4245 58.96 0.48 11.60 3.50 41.04 0.48 11.61 8.52 7.53
212 0.00064 18.62 3422 50.13 0.79 19.02 2.79 49.87 0.79 19.02 5.59 8.10
150 0.00054 15.65 10946 72.62 0.71 17.14 3.16 27.38 0.71 17.14 11.52 15.04
106 0.00041  11.83 9353 65.69 0.46 11.24 4.31 34.31 0.46 11.24 12.54 10.73
75 0.00021 6.09 63798 90.81 0.27 6.46 5.10 9.19 0.27 6.46 55.42 27.28
53 0.00019 5.46 18128 76.41 0.19 4.62 5.54 23.59 0.19 4.62 23.47 8.26
37 0.00007 1.94 16938 63.74 0.10 2.30 6.81 36.26 0.10 2.30 18.77 3.29
25 0.00003 0.79 29868 63.96 0.08 191 5.87 36.04 0.08 1.90 16.29 2.36
-25 0.00008 2.23 62033 88.92 0.51 12.23 1.18 11.08 0.51 12.22 10.64 9.90
Total 0.003460 100 11941 76.09 4.13  100.00 3.14 23.91 4.14 100 13.13 100
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Table 29: Metallurgical balance of laboratory Kmm@lsoncentrator (Test 4)
CONCENTRATE TAILS FEED (Pilot Knelson tails)
Size Weight % Grade Rec. || Weight % Grade Rec. || Weight % Grade  Distn
@m | @ Wweight (@) @) | (@ Weight (%) (%) | (@ Weight (@) (%)
600 8.23 8.63 18 3.66 1936 7.21 2.00 96.34 1944 7.22 2.07 2.49
425 | 13.08 13.72 1902 90.63 |[ 2968 11.06 0.87 9.37 | 2981 11.06 921  16.97
300 17.79 18.65 417 52.07 3867 1441 1.77 47.93 3885 14.42 3.67 8.82
212 20.15 21.13 502 48.86 5476 2040 1.93 51.14 5496 20.40 3.77 12.80
150 18.06 18.94 712 59.14 4298 16.01 2.07 40.86 4316 16.02 5.04 13.44
106 || 10.45 10.96 1270 63.97 | 2607 9.71 287 36.03 || 2618 9.72 7.92 12.83
75 4.50 4.72 2105 59.44 1436 5.35 4.50 40.56 1440 5.35 11.06 9.85
53 1.96 2.06 4086  65.45 1012 3.77 4.18 34.55 1013 3.76 12.07 7.57
37 0.76 0.80 8013 87.83 || 471 176 179 1217 | 472 1.75 1471 429
25 0.252 0.26 20233 92.20 373 1.39 1.16 7.80 374 1.39 14.80 3.42
-25 0.133 0.14 51283 55.90 2401 8.94 2.23 44.10 2401 8.91 5.06 7.52
Total 95.37 100 1092 64.41 || 26845 100 2.14 35.59 |[ 26940 100 6.00 100
Table 30: Metallurgical balance of pilot Knelsomcentrator (Test 4)
CONCENTRATE TAILS FEED
Size Weight % Grade Rec. Weight % Grade Rec. Weight % Grade Dist'n
(um) (Tons)  Weight  (g/t) (%) (Tons)  Weight (a/t) (%) (Tons)  Weight (a/t) (%)
600 0.00034 9.92 6237 98.74 0.35 7.22 0.08 1.26 0.35 7.22 6.01 3.66
425 0.00046  13.62 3086 23.98 0.54 11.06 8.35 76.02 0.54 11.07 10.97 10.24
300 0.00057 16.73 4786 66.80 0.71 14.42 191 33.20 0.71 14.42 5.75 7.00
212 0.00064 18.84 3626 55.77 1.00 20.40 1.84 44.23 1.00 20.40 4.16 7.16
150 0.00053 15.61 5903 57.23 0.79 16.02 2.98 42.77 0.79 16.02 6.96 9.41
106 0.00039 1152 20122 76.52 0.48 9.72 5.07 23.48 0.48 9.72 21.58 17.69
75 0.00018 5.23 19131 66.34 0.26 5.35 6.58 33.66 0.26 5.35 19.52 8.81
53 0.00014 3.99 72399 87.05 0.18 3.76 7.90 12.95 0.18 3.76 61.00 19.36
37 0.00005 1.58 72841 77.84 0.09 1.75 12.92 22.16 0.09 1.75 58.25 8.61
25 0.00003 0.74 57185 60.63 0.07 1.39 13.64 39.37 0.07 1.39 34.64 4.05
-25 0.00008 2.24 14427 47.00 0.44 8.91 2.83 53.00 0.44 8.91 5.34 4.01
Total 0.00340 100 11538 67.40 4.91 100 3.87 32.60 4.91 100 11.85 100
Table 31: Metallurgical balance of laboratory Kmmgisoncentrator (Test 5)
CONCENTRATE TAILS FEED (Pilot Knelson Tails)
Size Weight % Grade Rec. Weight % Grade Rec. Weight % Grade Dist'n
(um) (@  Weight (g% &) | (@ Weight (@ () | (@  Weight (@) (%)
600 7.99 8.55 18 5.80 964 6.96 243 94.20 972 6.97 2.56 231
425 12.69 13.58 212 46.63 1487 10.74 2.07 53.37 1500 10.76 3.84 5.35
300 17.23 18.44 354 64.93 1977 14.28 1.67 35.07 1994 14.30 4.71 8.73
212 19.40 20.77 439 46.29 2847 20.56 3.47 5371 2866 20.56 6.41 17.08
150 17.30 18.52 689 52.84 2232 16.12 477  47.16 2250 16.14 10.03 20.97
106 10.70 11.45 934 61.98 1373 9.92 4.47  38.02 1384 9.93 11.66 14.99
75 4.82 5.16 1411 56.87 781 5.64 6.60 43.13 786 5.64 15.21 11.12
53 2.10 2.25 1856 47.52 558 4.03 7.72 5248 560 4.02 14.65 7.62
37 0.78 0.83 2734 52.45 263 1.90 7.34 4755 264 1.89 15.39 3.78
25 0.259 0.28 3644 38.43 207 1.50 7.28 6157 208 1.49 11.81 2.28
-25 0.158 0.17 11125 28.41 1156 8.35 3.83 7159 1156 8.29 5.35 5.75
Total 93.43 100 588 51.02 13846 100 3.81 48.98 13939 100 7.72 100
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Table 32: Metallurgical balance of pilot Knelsomcentrator (Test 5)

CONCENTRATE TAILS FEED
Size Weight % Grade Rec. Weight % Grade Rec. Weight % Grade  Dist'n
(um) (Tons)  Weight  (g/t) (%) (Tons)  Weight (glt) (%) (Tons)  Weight (gt (%)
600 | 0.00029 7.32 4726 96.59 0.33 6.97 0.15 3.41 0.33 6.97 4.36 2.89
425 | 0.00046 11.40 3467 63.55 0.51 10.76 1.79 36.45 0.51 10.76 4.91 5.02
300 0.00063 15.63 3427 50.98 0.67 14.30 3.06 49.02 0.67 14.31 6.24 8.47
212 0.00075 18.80 2506 39.60 0.97 20.56 297 60.40 0.97 20.56 4.91 9.59
150 0.00062 15.57 7911 55.02 0.76 16.14 5.30 44.98 0.76 16.14 11.77 18.05
106 | 0.00048 11.87 11876  62.55 0.47 9.93 7.22 37.45 0.47 9.93 19.27  18.18
75 0.00025 6.24 14811  61.67 0.27 5.64 8.65 38.33 0.27 5.64 2254  12.08
53 0.00024 5.93 20666 78.83 0.19 4.02 6.96 21.17 0.19 4.02 32.84 12.54
37 0.00010 2.43 29444 79.88 0.09 1.89 8.07 20.12 0.09 1.89 40.09 7.21
25 0.00014 3.46 12526 84.48 0.07 1.49 4.54 15.52 0.07 1.49 29.18 4.13
-25 0.00005 1.34 5967 35.03 0.39 8.29 1.52 64.97 0.39 8.29 2.34 1.84
Total || 0.00400 100 7768 62.63 471 100 3.94 37.37 4.71 100 10.53 100

Table 33: Metallurgical balance of laboratory Kieglsoncentrator (Test

7)

CONCENTRATE TAILS FEED (Pilot Knelson tails)
Size || Weight % Grade Rec. Weight % Grade  Rec. | Weight % Grade Distn
(Hm) (@  Weight (g/t) (%) (@)  Weight (gt (%) (@  Weight (gft) (%)
600 7.30 7.76 39 16.84 1264 6.90 1.10 83.16 | 1271 690 1.32 1.58
425 12.69 13.49 276 55.08 1995 10.88 1.43 44.92 2007 1090 3.17 6.00
300 18.06 19.20 400 62.60 2643 14.42 1.63 37.40 2661 1444  4.34 10.88
212 | 20.16 21.44 427 57.19 3722 2031 173 4281 || 3742 2031 4.03 14.20
150 || 17.71 18.83 540 57.00 2813 1535 257 43.00 | 2830 1536 593 15.83
106 | 10.40 11.06 951 63.29 1639 8.94 350 36.71 || 1650 896  9.47 14.73
75 4.63 4.92 1556 61.67 898 4.90 4.99 38.33 903 4.90 1294 11.01
53 2.01 2.14 3131 61.86 628 3.42 6.18 38.14 630 3.42 16.16 9.59
37 0.65 0.69 4710 61.82 326 1.78 5.80 38.18 327 178 1515 4.67
25 0.275  0.29 8023  62.86 279 1.52 469 37.14 || 279 151 1260 3.31
-25 0.160 0.17 11520 21.20 2122 11.58 3.23 78.80 2122 1152 4.10 8.21
Total || 94.05 100 635 56.28 || 18328 100 253  43.72 | 18422 100 5.76 100

Table 34: Metallurgical balance of pilot Knelsomcentrator (Test 7)

CONCENTRATE TAILS FEED
Size Weight % Grade Rec. |[ Weight % Grade Rec. Weight % Grade  Distn
(um) (Tons)  Weight (gt (%) (Tons) Weight  (g/t) (%) (Tons)  Weight (alt) (%)
600 0.00033  9.62 2725 90.85 0.41 6.90 0.22 9.15 0.41 6.90 2.42 2.63
425 0.00047 13.75 1881 44.03 0.65 10.90 1.75 55.97 0.65 10.90 3.12 5.35
300 0.00059 17.14 1855 31.94 0.86 14.44 2.71 68.06 0.86 14.45 3.99 9.07
212 0.00066 19.17 2371 36.00 121 20.31 2.30 64.00 121 20.31 3.60 11.50
150 0.00054 15.67 3740 39.50 0.91 15.36 3.38 60.50 0.91 15.36 5.59 13.52
106 0.00039 11.25 6184 42.85 0.53 8.96 6.00 57.15 0.53 8.96 10.49 14.79
75 0.00018 5.34 10146 44.48 0.29 4.90 7.98 55.52 0.29 4.90 14.36 11.09
53 0.00014 4.8 32106 69.44 0.20 3.42 10.00 30.56 0.20 3.42 32.68 17.59
37 0.00005 1.53 50303 72.78 0.11 1.78 9.37 27.22 0.11 1.77 34.39 9.61
25 0.00002  0.66 10236 24.61 0.09 151 7.92 75.39 0.09 151 10.51 2.50
-25 0.00006  1.69 5016.6  32.88 0.68 11.52 0.87 67.12 0.68 1151 1.30 2.35
Total [[0.003438 100 5379 48.99 5.94 100 3.24 51.01 5.95 100 6.35 100
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Table 35: Metallurgical balance of laboratory Kmelsoncentrator (Test 10)

CONCENTRATE TAILS FEED (Pilot Knelson tails)
Size || Weight % Grade Rec. Weight % Grade Rec. || Weight % Grade Dist'n
(Hm) (@  Weight (g/t) (%) (@ Weight (g/t) (%) (@  Weight (git) (%)
600 7.04 7.62 20 6.77 903 6.90 210 93.23 910 6.90 2.24 3.31
425 12,52 1355 132 45.06 1439 11.00 1.40 54.94 1452 11.01 253 5.97
300 17.69 19.15 166 51.01 1927 1473 1.47 48.99 1945 1476 297 9.39
212 19.84 2147 260 55.77 2790 21.32 1.47 4423 2810 21.32 329 15.06
150 1792 19.39 337 60.83 2159 16.50 1.80 39.17 2177 1652 456 16.15
106 10.14 10.97 507 57.74 1268 9.69 297 42.26 1278 9.70 6.97 14.49
75 4.27 4.62 865 53.66 667 5.09 478 46.34 671 5.09 10.25 11.20
53 1.80 1.95 1603 52.51 460 3.52 5.67 47.49 462 351 11.89 8.95
37 0.69 0.74 2322 55.06 227 1.74 571 4494 228 1.73 1268 4.71
25 0.263 0.28 4280 53.61 199 152 490 46.39 199 151 1054 341
-25 0.228 0.25 5252 26.52 1049 8.01 3.17 73.48 1049 7.96 4.31 7.36
Total || 92.40 100 342 51.38 13088 100 2.28 48.62 | 13180 100 4.66 100

Table 36: Metallurgical balance of pilot Knelsomcentrator (Test 10)

CONCENTRATE TAILS FEED
Size Weight % Grade Rec. Weight % Grade Rec. Weight % Grade Distn
(um) (Tons)  Weight  (g/t) (%) (Tons) Weight (g/t) (%) (Tons) Weight  (g/t) (%)
600 0.00031 9.04 2151 94.09 028 690 015 591 0.28 6.90 2.56 2.76
425 0.00046 13.42 2023 64.93 0.44 11.01 1.14 35.07 0.44 11.02 3.24 5.58
300 0.00057 16.59 1749 52.62 0.59 1476 151 47.38 0.59 14.76 3.19 7.36
212 0.00063 18.38 2789 52.80 0.85 21.32 1.84 47.20 0.85 21.32 3.89 12.95
150 0.00052 15.20 4304 54.97 066 1652 277 4503 (| 066 1652 6.15 15.87
106 0.00040 11.82 5060 56.73 039 970 402 4327 || 0.39 9.70 9.28  14.07
75 0.00021 6.10 8724 61.89 020 509 550 3811 | 0.20 5.09 1442 1147
53 0.00017 4.94 16062 75.60 0.14 351 6.25 24.40 0.14 3.51 2556  14.01
37 0.00006 1.82 26521 77.32 0.07 1.73 6.98 22.68 0.07 1.73 30.74 8.31
25 0.00002 0.73 19968 59.44 0.06 151 5.65 40.56 0.06 151 13.93 3.28
25 0.00007 195 11187  67.20 032 796 114 3280 | 0.32 7.95 348 433
Total 0.00341 100 4694 62.62 3.99 100 2.39 37.38 4.00 100 6.40 100

Table 37: Metallurgical balance of laboratory Kmelsoncentrator (Test 14)

CONCENTRATE TAILS FEED (Pilot Knelson tails)
Size |[Weight %  Grade Rec. || Weight % Grade Rec. | Weight %  Grade Dist'n
mm) | (@ Weight (@) (%) | (@ Weight (@) (%) | (& Weight (gh) (%)
600 8.57 9.36 10 4.82 1194 753 140 95.18 1203 754 146 278
425 13.39 14.62 133 37.61 1852 11.67 1.60 62.39 1865 11.69 255 7.52
300 | 17.89 19.53 193 4597 | 2436 15.36 1.67 54.03 || 2454 1538 3.06 11.90
212 | 19.80 21.61 244 47.48 || 3405 21.46 157 5252 | 3424 2146 297 16.09
150 16.96 18.51 351 60.50 2536 1599 153 39.50 2553 16.00 3.85 15.59
106 9.26 10.11 544 54.07 1426 8.99 3.00 45.93 1435 8.99 6.49 14.75
75 365 398 857 47.22 732 461 478 5278 736 461 9.01 10.50
53 142 155 1726 51.73 485 3.06 4.72 4827 486 3.05 975 751
37 0.45 0.50 3127 56.94 239 151 450 43.06 240 1.50 1042 3.96
25 0.139 0.15 6829 50.12 206 1.30 4.60 49.88 206 1.29 9.21 3.01
-25 0.070 0.08 15783 27.34 1355 854 217 72.66 1355 8.49 298 6.40
Total || 91.60 100 330 47.83 ||15865 100 2.08 52.17 | 15957 100 3.96 100




Appendix 2 LKC and pilot Knelson concentrator metalurgical
balances: campaign 1

118

Table 38: Metallurgical balance of pilot Knelsomcentrator (Test 14)

CONCENTRATE TAILS FEED

Size | Weight % Grade Rec. | Weight % Grade Rec. || Weight % Grade Distn
(um) (Tons) Weight (g/t) (%) |l (Tons) Weight (g/t) (%) (Tons) Weight (g/t) (%)

600 0.0006 10.10 2146 97.59 || 0.46 7.54 0.07 241 0.46 7.54 2.92 4.48
425 0.0009 14.63 1001 56.48 | 0.71  11.69 0.96 43.52 0.71 1169 2.20 5.24
300 0.0011 18.01 1378 53.21 | 0.94 15.38 1.41 46.79 0.94 1538 3.01 9.42
212 0.0012 19.96 1948 56.07 || 1.31  21.46 141 43.93 131 2146 320 14.01
150 0.0009 1555 3453 58.81 | 0.98 16.00 2.33 41.19 0.98 16.00 566 18.44
106 0.0006 10.37 4200 57.78 || 0.55 8.99 3.51 42.22 0.55 8.99 830 15.22
75 0.0003 439 6316 58.38 | 0.28 4.61 4.25 41.62 0.28 461 1021 9.60
53 0.0002 3.21 11846 71.05 || 0.19 3.05 5.04 28.95 0.19 3.05 17.40 10.81
37 0.0001 1.25 18733 72.24| 0.09 1.50 5.93 27.76 0.09 150 2135 6.54
25 0.0000 0.69 13772 61.41 | 0.08 1.29 4.62 38.59 0.08 129 1195 3.5
-25 0.0001 1.83 4569 54.49 | 0.52 8.49 0.82 45,51 0.52 8.48 1.79 3.10
Total || 0.0060 100 3044 6147 || 6.10 100 1.89 38.53 6.10 100 4.91 100

Table 39: Metallurgical balance of laboratory Kmelsoncentrator (Test 16)

CONCENTRATE TAILS FEED (Pilot Knelson tails)
Size |[[Weight % Grade Rec. || Weight % Grade Rec. || Weight % Grade Distn
m) | @ Weight (@) (6 | (@ Weight @y (6 | (@ Weight (@) (%)
600 [ 9.41 10.19 24 5.18 896 6.66 4.70 94.82 906 6.68 4.91 9.57
425 | 13.58 14.71 49 2584 || 1436 10.67 133 74.16 || 1450 10.70 1.78 5.56
300 |[18.20 19.71 64 36.56 || 1956 1453 1.03 63.44 1974 14.56 1.61 6.86
212 [[20.09 21.76 149 27.74| 2860 21.24 273 7226 | 2880 2125 3.76 23.30
150 || 16.70 18.08 182 38.82 || 2244 16.67 2.13 61.18 2261 16.68 3.46 16.85
106 || 890 9.64 242 4258 | 1302 9.67 223 5742 |[ 1311 9.67 3.86 10.91
75 3.27 3.54 453  37.60 658 489 373 6240 662 4.88 5.95 8.48
53 129 140 827 38.62| 430 320 394 61.38 432 3.18 6.40 5.95
37 051 056 1284 33.95| 213 158 6.03 66.05 214 1.58 9.11 4.20
25 0.192 0.21 2344 42.79 185 1.38 325 57.21 185 1.37 5.67 2.27
-25 [[0.197 021 2778 19.44 | 1281 952 177 8056 || 1282 9.45 2.19 6.05
Total || 92.34 100 157 3115 13464 100 2.37 68.85 [13556 100 3.42 100

Table 40: Metallurgical balance of pilot Knelsomcentrator (Test 16)

CONCENTRATE TAILS FEED
Size || Weight % Grade Rec. || Weight % Grade Rec. | Weight % Grade Dist'n
(pum) (Tons) Weight  (g/t) (%) || (Tons) Weight (g/t) (%) || (Tons) Weight (g/t) (%)
600 0.0003  7.78 1434 88.62 | 0.19 6.68 025 11.38] 0.19 6.68 223 258
425 0.0004 11.93 2251 86.62| 0.31 1070 0.46 13.38f 0.31 10.70 3.43 6.35
300 0.0005 16.03 872 65.87 || 0.42 1456 059 34.13| 042 1456 173 4.35
212 0.0007 18.98 1218 5533 | 0.61 2125 1.04 4467 062 21.25 233 8.56
150 0.0006 16.25 4977 81.06| 048 16.68 1.34 18.94( 048 16.68 7.09 20.43
106 0.0004 12.10 5558 83.37 | 0.28 9.67 1.64 16.63| 0.28 9.67 9.88 16.52
75 0.0002 5.98 8201 8419 0.14 488 224 1581 0.14 488 14.14 11.93
53 0.0002 535 12849 91.19| 0.09 3.18 247 881 0.09 3.19 28.01 1543
37 0.0001 2.12 14759 88.38| 0.05 158 3.09 11.62( 0.05 158 2656 7.25
25 0.0000 0.87 13377 80.65| 0.04 137 243 1935( 0.04 1.37 1253 296
-25 0.0001 2.61 5523 8093 || 0.27 945 043 19.07| 0.27 945 224 3.65
Total || 0.0034 100 3983 8158 | 2.89 100 1.07 18.42{ 2.90 100 5.78 100
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Table 41: Metallurgical balance of laboratory Kmelsoncentrator (Test 17)

CONCENTRATE TAILS FEED (Pilot Knelson tails)
Size ||Weight % Grade Rec. |[Weight % Grade Rec. || Weight %  Grade Distn|

(wm) || (@) Weight (g/) (%) (| (9) Weight (gt) (%) (@) weight (g/t) (%)

600 7.81 8.63 270 7139 |[ 768 6.94 1.10 2861 775 6.95 381 5.05
425 || 12.63 13.95 213 68.05 || 1225 11.07 1.03 31.95 | 1237 11.09 3.20 6.77
300 |17.22 19.03 187 58.06 |[1625 14.68 1.43 4194 | 1642 1472 3.38 9.49
212 ||19.95 22.04 191 43.24 [[2351 21.25 213 56.76 [ 2371 21.25 3.73 15.11
150 ||17.19 18.99 252 48.39 || 1848 16.69 250 51.61 | 1865 16.71 4.80 15.30
106 935 10.33 393 2753 [[1075 9.72 9.00 72.47 [ 1085 9.72 1231 22.84
75 3.60 3.98 589 46.20 |[ 557 5.04 4.43 53.80 561 5.03 819 7.85
53 1.53 1.69 1073 4884 || 369 3.34 4.66 51.16 371 3.32 9.07 5.75
37 0.69 0.77 1631 5596 |[ 177 1.60 5.03 44.04 178 159 11.37 3.46
25 0.286 0.32 2493 4594 || 152 1.38 551 54.06 153 1.37 10.17 2.66
-25 10245 0.27 3291 24.10 ([ 919 830 277 75.90 919 8.24 364 573

Total || 90.51 100 290 4492 ||11066 100 291 55.08 | 11157 100 _5.24 100

Table 42: Metallurgical balance of pilot Knelsomcentrator (Test 17)

CONCENTRATE TAILS FEED

Size Weight % Grade Rec. || Weight % Grade Rec. || Weight % Grade Distn
(um) (Tons) Weight (g/t) (%) || (Tons) Weight (g/t) (%) (Tons) Weight (g/t) (%)

600 0.0004 6.30 1371 5045]| 0.21 6.95 272 49.55 0.21 6.95 5.47 7.16
425 0.0006 9.44 1004 46.63| 0.33 11.09 218 53.37 0.33 11.09 4.07 8.50
300 0.0008 12.72 434 29.83| 0.44 1472 196 70.17 044 1471 279 7.73
212 0.0011 16.27 715 43.06| 0.63 2125 161 56.94 0.64 2124 282 1130
150 0.0011 1594 873 4437| 050 16.71 232 55.63 050 1671 417 1311
106 0.0009 14.10 1442 57.85| 0.29 9.72 3.39 42.15 0.29 9.73 8.02 14.69
75 0.0005 7.73 1329 5459 0.15 5.03 3.78 45.41 0.15 5.03 8.30 7.87
53 0.0005 7.98 3837 8224 0.10 3.32 4.43 17.76 0.10 3.33 2479 1557
37 0.0002 3.47 3889 74.77| 0.05 1.59 6.36 25.23 0.05 160 2510 755
25 0.0001  2.23 2777 68.31( 0.04 1.37 4.67 31.69 0.04 137 1469 3.79
-25 0.0003 3.82 856 50.17| 0.25 8.24 0.88 49.83 0.25 8.23 1.76 2.73

Total | 0.0066 100 1334 55.77| 2.98 100 2.35 44.23 2.99 100 5.31 100

Table 43: Metallurgical balance of laboratory Kmelsoncentrator (Test 19)

CONCENTRATE TAILS FEED (Pilot Knelson tails)
Size [[Weight % Grade Rec. | Weight % Grade Rec.| Weight %  Grade Dist'n

(um) | (@) Weight (g/) (%) || (@) Weight (a/) (%) (@ Weight (g/t) (%)

600 ([ 8.42 882 259 6192|1006 7.05 133 38.08| 1014 7.06 3.47 4.66
425 |13.18 13.81 136 46.17 | 1605 11.25 1.30 53.83 || 1618 11.26 2.40 5.13
300 ||18.56 19.44 264 55.78 | 2155 15.10 1.80 44.22 |[ 2173 15.13 4.04 1161
212 ||20.90 21.89 328 44.64 | 3073 21.54 277 5536 [[ 3094 2154 4.96 20.32
150 |[17.74 1858 349 5548 | 2327 16.30 2.13 4452 | 2344 16.32 4.75 1475
106 |[10.26 10.75 632 6252 1296 9.08 3.00 37.48 | 1306 9.09 7.94 13.72
75 || 410 430 1028 62.64 | 658 461 3.82 37.36| 662 461 10.16 8.90
53 || 1.48 155 2286 5855| 443 3.11 540 4145 445 310 1299 7.65
37 ]| 050 052 4100 6593 ( 211 1.48 5.01 34.07 || 212 148 1467 4.12
25 ]|0.167 0.17 7656 57.05( 189 1.32 5.09 4295 | 189 132 1184 296
-25 ||0.152 0.16 9817 31.99 | 1307 9.16 243 68.01 || 1308 9.10 3.58 6.19

Total |95.46 100 428 53.99 ||14271 100 _2.44 46.01 || 14366 100 5.26 100
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Table 44: Metallurgical balance of pilot Knelsomcentrator (Test 19)

Size
(Hm)

CONCENTRATE TAILS FEED

Weight % Grade Rec. || Weight % Grade Rec. || Weight % Grade Dist'n
(Tons) Weight (g/t) (%) (Tons) Weight (g/t) (%) (Tons) Weight  (g/t) (%)

600
425
300
212
150
106
75
53
37
25
-25

Total

0.0004 6.23 838 30.85| 0.36 7.06 215 69.15| 0.36 7.06 3.10 4.63
0.0006 9.47 726 4171 | 058 1126 111 5829 | 058 11.26 1.90 451
0.0009 12.97 1047 34.08 | 0.78 1513 225 6592 | 0.78 1513 341 1091
0.0011 16.44 1121 3336 | 1.10 2154 222 66.64| 111 2153 332 1512
0.0010 15.66 1542 4210 | 0.84 1632 264 5790 | 0.84 16.32 455 1569
0.0009 13.99 834 25.09 | 0.47 9.09 496 7491 | 0.47 9.10 6.61 1272
0.0005 7.93 2500 46.71 || 0.24 4.61 6.37 5329 | 0.24 461 1192 11.62
0.0005 8.15 2867 56.25 | 0.16 3.10 7.61 4375 | 0.16 3.10 1733 11.37
0.0002 3.63 3921 56.36 || 0.08 1.48 9.67 43.64 | 0.08 148 2210 691
0.0002 2.44 2344 45.42 | 0.07 1.32 6.76  54.58 | 0.07 132 1235 344
0.0002 3.08 1049 28.66 || 0.47 9.10 114 7134 || 0.47 9.09 1.60 3.08

0.0066 100 1463 40.03 || 5.13 100 284 5997 | 5.13 100 4.73 100

Table 45: Metallurgical balance of laboratory Kieglsoncentrator (Test 26)

Size
(um)

CONCENTRATE TAILS FEED (Pilot Knelson tails)

Weight % Grade Rec. ||Weight % Grade Rec. || Weight % Grade Dist'n
(@ Wweight (g/t) (%) (@ Weight (g/t) (%) (@ Weight (g/it) (%)

600

Total

8.88 9.89 16 17.29 |[ 628 756 111 8271 637 758 133 145
13.27 1478 15 7.52 928 11.17 271 9248 941 11.20 289 4.65
17.20 19.16 190 60.93 ([ 1175 14.14 178 39.07 | 1192 1420 450 9.18
18.79 20.93 255 5497 | 1661 19.99 237 4503 | 1680 20.00 5.20 14.94
16.28 18.14 335 5514 (1298 1562 3.41 4486 | 1315 15.65 7.51 16.91
947 1055 615 60.11 793 954 4.87 39.89 802 9,55 12.06 16.57
3,57 398 1120 57.76 | 412 496 7.10 4224 415 495 16.66 11.85
143 159 2534 69.14 | 288 346 562 30.86 289 3.44 18.14 897
0.54 0.60 4301 87.46 131 158 254 1254 132 157 20.16 455
0.220 0.25 7829 87.70 117 141 206 12.30 118 140 16.70 3.36
0.110 0.12 14320 35.62 879 1057 3.24 64.38 879 10.46 5.03 7.57

89.76 100 367 56.36 | 8310 100 3.07 43.64 |[8400 100 6.95 100

Table 46: Metallurgical balance of pilot Knelsomcentrator (Test 26)

Size
(Hm)

CONCENTRATE TAILS FEED

Weight % Grade Rec. [|[Weight % Grade Rec. [ Weight % Grade Dist'n
(Tons) Weight (g/t) (%) |[(Tons) Weight (g/t) (%) (Tons) Weight (g/t) (%)

600
425
300
212
150
106
75
53
37
25
-25

Total

0.0003 13.12 4634 94.69| 0.39 7.58 0.23 5.31 0.39 759 432 4.06
0.0004 15.68 4575 93.77 | 0.58 11.20 0.22 6.23 0.58 11.21 3.49 484
0.0005 18.53 4846 54.10( 0.73 1420 274 4590 | 0.73 14.20 5.97 10.50
0.0005 18.60 4947 45.13| 1.03 20.00 2.86 54.87 1.03 20.00 5.20 12.89
0.0004 15.78 6604 45.09( 0.80 15.65 4.14 5491 | 0.80 15.65 7.54 14.62
0.0003 9.77 10097 42.11| 0.49 9.55 7.25 57.89| 0.49 9.55 1252 14.82
0.0001 4.68 22834 5341 0.25 4.95 9.62 46.59 | 0.25 4.95 20.64 12.65
0.0001 2.10 35351 46.79| 0.18 3.44 1254 5321( 0.18 3.44 23.56 10.04
0.0000 0.90 63869 51.40| 0.08 157 17.63 48.60( 0.08 1.57 36.26 7.04
0.0000 0.38 84584 44.79 | 0.07 140 14.64 55.21| 0.07 1.40 26.51 4.60
0.0000 0.45 57463 41.39| 0.54 1046 1.79 58.61( 0.54 10.45 3.06 3.96

0.0026 100 8140 51.47| 5.14 100 3.92 4853 | 5.14 100 8.07 100




Appendix 2 LKC and pilot Knelson concentrator metalurgical
balances: campaign 1

121

Table 47: Metallurgical balance of laboratory Kmelsoncentrator (Test 11T1)

CONCENTRATE TAILS FEED (Pilot Knelson tails-1)
Size [[Weight % Grade Rec. |[[Weight %  Grade Rec.| Weight %  Grade Dist'n
(m) Jf (g) Weight (git) (%) || (@) Weight (g/t) (%) || (9 Weight (g/t) (%)
600 || 9.31 10.02 182 69.38 |[[ 960 8.08 0.78 30.62 || 969 8.10 252 4.68
425 (|12.84 13.83 27 1351 | 1396 11.75 1.59 86.49 |[[ 1409 11.77 1.82 4.92
300 (|16.84 18.13 118 19.56 || 1748 1471 4.66 80.44 || 1765 1474 574 19.40
212 (|18.84 20.29 231 41.40 || 2404 20.24 256 58.60 || 2423 20.24 4.33 20.13
150 ||16.66 17.94 235 56.83 | 1845 1554 1.61 43.17 [[ 1862 15.55 3.70 13.19
106 ||10.34 11.13 224 4526 1081 9.10 259 5474 | 1091 9.11 4.69 9.80
75 437 471 341 4103 | 577 486 3.71 5897 | 581 486 6.24 6.96
53 2,01 216 698 43.21 | 394 3.32 468 56.79 || 396 331 820 6.23
37 0.90 0.97 1246 57.74 | 188 158 436 42.26| 188 157 1027 371
25 0.34 037 2167 46.11 |[ 186 157 465 53.89| 186 156 861 3.08
-25 || 042 045 2800 28.63 | 1100 9.26 2.68 71.37 ([ 1101 9.19 3.75 7.92
Total ||92.87 100 221 39.34 [[11879 100 2.66 60.66 [[11972 100 4.36 100

CONCENTRATE TAILS FEED (Pilot Knelson tails-2)
Size [[Weight % Grade Rec. || Weight % Grade Rec. || Weight % Grade Dist'n
(um) || (@ Weight (g/t) (%) (@) Weight (g/t) (%) (@ Weight (g/t) (%)
600 [10.12 11.04 11 2.50 900 7.91 4.7 97.50 |[ 910 793 481 9.34
425 |113.01 14.19 17 5.40 1378 12.11 2.8 94.60 || 1391 12.13 2.94 8.74
300 ||16.21 17.68 110 18.30 || 1722 1513 4.6 81.70 || 1738 15.15 5.61 20.83
212 ||17.87 19.49 119 37.88 || 2329 20.47 1.5 62.12 || 2347 20.46 2.40 12.00
150 [(15.71 17.14 138 33.81 1741 15.30 2.4 66.19 || 1757 15.32 3.64 13.64
106 | 9.98 10.89 187 43.39 992 8.72 25 56.61 | 1002 8.73 430 9.20
75 454 4.95 311 4257 532 4.68 3.6 57.43 537 4.68 6.18 7.08
53 219 239 511 4311 374 329 4.0 56.89 |[ 376 3.28 6.90 5.54
37 1.06 1.15 880 59.69 183 1.61 3.4 4031 | 184 1.61 846 3.32
25 0.453 0.49 1495 50.55 173 1.52 3.8 49.45 173 1.51 7.72 2.86
-25 ]10.535 0.58 2023 30.96 [ 1054 9.26 2.3 69.04 || 1054 9.19 3.32 7.46
Total [91.67 100 147 28.81 ||11378 100 2.93 71.19 ||11470 100 _4.09 100

CONCENTRATE TAILS FEED (Pilot Knleson tails-3)
Size ||Weight % Grade Rec. || Weight % Grade Rec. || Weight % Grade Dist'n
(Um) | (@ Weight (1) (%) [ (@) Weight (gf) (%) | (g) Weight (a/t) (%)
600 9.40 10.15 10 2.94 867 7.33 3.68 97.06 877 7.35 3.75 6.31
425 |112.86 13.88 96 32,52 || 1311 11.08 1.95 67.48 (1324 11.10 286 7.27
300 |[16.51 17.82 131 37.51 1663 14.05 2.16 62.49 || 1680 14.08 3.42 11.03
212 |([18.32 19.78 152 46.87 || 2338 19.75 1.35 53.13 | 2357 19.75 2.52 11.40
150 ||16.19 17.48 197 36.72 1847 15.60 2.97 63.28 || 1863 15.62 4.65 16.64
106 ||10.30 11.12 364 60.19 || 1097 9.27 2.26 39.81 || 1107 9.28 5.62 11.95
75 486 5.25 550 59.63 598 5.05 3.03 40.37 603 5.05 7.45 8.61
53 219 236 1121 49.74 438 3.70 5.66 50.26 441 3.69 11.20 9.48
37 1.01 1.09 1657 6553 | 216 1.83 4.07 3447 | 217 1.82 11.75 4.90
25 0.433 0.47 2331 57.32 193 1.63 3.90 42.68 193 1.62 9.12 3.38
-25 [[0.565 0.61 2248 26.96 || 1269 10.72 2.71 73.04 || 1269 10.64 3.71 9.03
Total |[92.64 100 241  42.76 ||11837 100 2.52 57.24 [[11930 100 4.37 100

Table 48: Metallurgical balance of laboratory Kmmelsoncentrator (Test 11T2)

Table 49: Metallurgical balance of laboratory Kmmelconcentrator (Test 11T3)
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Table 50: Metallurgical balance of laboratory Kmelsoncentrator (Test 11T4)

CONCENTRATE TAILS FEED (Pilot Knleson tails-4)
Size ||Weight % Grade Rec. || Weight % Grade Rec. || Weight % Grade Dist'n
(um) (@) Weight (g/t) (%) (@ Weight (g9/t) (%) (@ Weight (g/t) (%)
600 9.42 10.17 10 2.94 867 7.33 3.68 97.06 || 877 7.35 3.75 6.31
425 |112.86 13.88 96 3252 | 1311 11.08 195 67.48 | 1324 11.10 286 7.27
300 [[16.51 17.82 131 3751 | 1663 14.05 2.16 62.49 | 1680 14.08 3.42 11.03
212 |((18.32 19.78 152 46.87 || 2338 19.75 1.35 53.13 | 2357 19.75 252 11.40
150 ||16.19 17.48 197 36.72 || 1847 15.60 2.97 63.28 || 1863 1562 4.65 16.64
106 [(10.30 11.12 364 60.19 || 1097 9.27 2.26 39.81 ([ 1107 9.28 5.62 11.95
75 4.86 5.25 550 59.63 598 5.05 3.03 40.37 || 603 5.05 745 8.61
53 |[ 224 242 1121 5030 438 370 566 4970 441 369 11.33 9.58
37 1.01 1.09 1657 65.53 216 1.83 4.07 34.47 | 217 1.82 11.75 4.90
25 0.433 0.47 2331 57.32 193 1.63 3.90 42.68 193 1.62 9.12 3.38
-25 |[0.565 0.61 2248 26.96 || 1269 10.72 2.71 73.04 | 1269 10.64 3.71 9.03
Total [|92.71 100 _241 42.82 [[11837 100 _252 57.18 [|11930 100 4.37 100
Table 51: Metallurgical balance of laboratory Km@lsoncentrator (Test 11F1+F2)
CONCENTRATE TAILS FEED (Pilot Knelson feed-1
Size [[Weight % Grade Rec. || Weight % Grade Rec. || Weight % Grade Dist'n
(um) (@) Weight (g/t) (%) (@ Weight (g/t) (%) (@ Weight (git) (%)
600 7.83 8.18 19 13.69 988 6.85 0.9 86.31 || 996 6.86 1.07 0.83
425 [|12.26 1281 420 69.95| 1638 11.37 1.4 30.05 || 1651 11.37 4.46 5.73
300 ||17.07 17.83 650 71.54 | 2186 15.16 2.0 28.46 || 2203 15.18 7.04 12.08
212 ||20.06 20.95 306 60.95 | 3099 21.50 1.3 39.05 || 3119 21.49 3.23 7.85
150 ||18.38 19.20 664 77.10 || 2324 16.12 1.6 2290 || 2342 16.14 6.76 12.33
106 |11.70 12.22 1311 76.12 || 1322 9.17 3.6 23.88 || 1334 9.19 15.11 15.69
75 510 5.33 4879 88.31 708 491 4.7 11.69 || 713 4.92 3950 21.94
53 222 232 4534 85.45 487 3.38 3.5 14.55 489 3.37 24.08 9.17
37 0.79 0.82 8360 84.49 229 1.59 5.3 15.51 230 158 33.93 6.06
25 0.202 0.21 14653 72.27 193 1.34 5.9 27.73 193 1.33 21.19 3.18
-25 ||0.134 0.14 22136 44.90 || 1242 8.62 2.9 55.10 || 1242 8.56 532 514
Total |95.74 100 _1019 75.94 ||14415 100 _2.14 24.06 ||14511 100 _8.85 100
Table 52: Metallurgical balance of laboratory Kmmelsoncentrator (Test 11F3+F4)
CONCENTRATE TAILS FEED (Pilot Knleson feed-2
Size ||Weight % Grade Rec. | Weight % Grade Rec.| Weight %  Grade Distn
(um) | (@) Weight (g/t) (%) || (@) Weight (9/) (%) [ (@ Weight (g/) (%)
600 (| 8.08 863 181 76.19 672 6.47 0.7 2381 | 680 6.48 282 234
425 |[12.57 1343 301 70.26 | 1098 1056 1.5 29.74| 1110 10.58 4.85 6.57
300 (16.73 17.88 130 49.71 | 1491 1434 15 50.29 || 1508 14.38 291 5.35
212 [|19.45 20.78 313 6140 | 2164 20.81 1.8 38.60 | 2183 20.81 4.54 12.10
150 ||17.68 18.89 587 78.72 || 1669 16.05 1.7 21.28 |[[ 1686 16.07 7.81 16.06
106 ||11.22 11.99 1015 79.84 968 9.31 3.0 20.16 | 979 9.33 1457 17.39
75 483 516 1799 82.05 517 4.97 3.7 1795 | 521 497 2031 12091
53 205 219 3306 76.08 354 3.40 6.0 2392 | 356 3.39 25.03 10.86
37 0.67 0.72 6482 80.93 173 1.66 6.0 19.07 || 173 1.65 31.08 6.57
25 |[(0.170 0.18 12463 67.94 155 1.49 6.5 32.06 || 155 148 20.13 3.81
-25 ((0.129 0.14 14864 38.67 || 1138 10.94 2.7 61.33 ] 1138 10.85 4.35 6.04
Total [[93.58 100 632 72.11 ||10397 100 2.20 27.89 ||10491 100 7.82 100
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Table 53: Metallurgical balance of pilot Knelsomcentrator (Test 11)

CONCENTRATE TAILS FEED
Size Weight % Grade Rec. [[Weight % Grade Rec. || Weight % Grade Dist'n
(Hm) (Tons) Weight (g/t) (%) || (Tons) Weight (g/t) (%) || (Tons) Weight (g/t) (%)
600 0.0003 9.21 5792 80.05( 0.78 8.10 0.55 19.95|( 0.78 8.10 2.76 4.11
425 0.0004 13.23 5670 79.35( 1.14 11.77 0.56 20.65| 1.14 11.77 2.69 5.83
300 0.0005 16.22 8832 7345 142 1474 118 26.55( 142 14.74 4.43 12.02
212 0.0006 18.44 5953 5886 | 1.95 20.24 127 41.14| 195 20.24 3.09 11.49
150 0.0006 18.25 14858 77.52( 1.50 1555 1.69 2248 |( 1.50 15.55 7.53 21.56
106 0.0003 10.23 8240 53.32( 0.88 9.11 2.71 46.68| 0.88 9.11 5.81 9.74
75 0.0002 5.46 19592 67.48|( 0.47 4.86 355 3252 0.47 4.86 10.92 9.76
53 0.0002 5.37 24199 74.36| 0.32 331 453 2564 0.32 3.31 17.67 10.76
37 0.0001 1.61 60240 75.51| 0.15 1.57 6.69 24.49| 0.15 1.57 27.29 7.90
25 0.0000 0.71 44056 59.36 | 0.15 156 4.61 40.64| 0.15 1.56 11.33 3.25
-25 0.0000 1.28 23523 51.77( 0.89 9.19 1.02 48.23| 0.89 9.19 2.12 3.59
Total 0.0032 100 11318 69.75| 9.65 100 1.66 30.25]| 9.65 100 5.44 100

Table 54: Metallurgical balance of laboratory Kmmelsoncentrator (Test 15T1)

CONCENTRATE TAILS FEED (Pilot Knleson tails-1)
Size Weight % Grade Rec. Weight % Grade Rec. Weight % Grade Dist'n
(1) (@ Weight  (g/t) (%) (@ Weight  (9/t) (%) (@ Weight  (g/) (%)
600 8.28 8.66 347 86.78 797 6.20 0.55 13.22 805 6.22 4.12 6.81
425 12.86  13.45 174 46.73 1383  10.76  1.84 53.27 1396 10.78 3.42 9.82
300 17.34  18.14 127 55.57 1928 1501 0.91 44.43 1946 15.03 2.03 8.12
212 20.00 20.92 179 60.75 2824 21.97 0.82 39.25 2844 21.97 2.07 12.12
150 18.23 19.07 189 40.70 2263 17.61 2.22 59.30 2282 17.62 3.71 17.41
106 1120 1172 334 51.63 1257 9.78 2.79 48.37 1268 9.79 5.72 14.90
75 4.56 4.77 593 51.19 624 4.85 4.13 48.81 628 4.85 8.40 10.85
53 1.77 1.85 1102 50.67 415 3.23 4.57 49.33 417 3.22 9.23 7.91
37 0.70 0.74 1797 68.38 187 1.46 3.12 31.62 188 1.45 9.83 3.79
25 0.290 0.30 2614  60.06 175 1.36 2.88 39.94 175 1.35 7.20 2.59
-25 0.357 0.37 2908  37.53 998 7.76 1.73 62.47 998 7.71 2.77 5.68
Total | 95.59 100 270 53.00 | 12851 100 1.78 47.00 12947 100 3.76 100
Table 55: Metallurgical balance of laboratory Kimglsoncentrator (Test 15T2)
CONCENTRATE TAILS FEED (Pilot Knelson tails-2)

Size Weight % Grade Rec. |Weight % Grade Rec. || Weight % Grade Dist'n
(Hm) (@  Weight (g/t) (%) (@) Weight (g/t) (%) (@ Weight (g/t) (%)

600 8.37 8.79 116 30.87 882 692 25 69.13 891 6.93 353 915

425 12.44 13.06 68 14.41 1369 10.73 3.7 85.59 1382 10.75 4.24 17.05

300 16.72 17.56 67 3195 | 1830 14.34 1.3 68.05 |[ 1846 1437 1.89 10.18

212 19.79 20.78 58 32.56 2681 2101 09 67.44 ([ 2701 21.01 1.31 10.30

150 1842 19.34 75 31.85 2132 16.71 14 68.15 |[ 2151 16.73 2.02 12.67

106 11.21 1177 132 40.51 | 1231 965 1.8 59.49 |[ 1242 966 293 10.61

75 4.70 493 236 37.18 626 490 3.0 62.82 631 491 472 8.68

53 2.03 2.13 413 35.13 414 324 3.7 64.87 416 3.24 5.74 6.95

37 0.85 089 767 50.80 199 156 3.2 49.20 199 155 6.44 374

25 0.331 0.35 1444 43.66 171 1.34 3.6 56.34 171 1.33 6.40 3.19

-25 0.378 0.40 2137 31.41 | 1224 959 1.4 6859 | 1224 953 210 7.49
Total 95.24 100 114 31.53 [|12759 100 1.84 68.47 || 12854 100 2.67 100
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Table 56: Metallurgical balance of laboratory Kmmelconcentrator (Test 15T3)

CONCENTRATE TAILS FEED (Pilot Knleson tails-3)
Size || Weight % Grade Rec. ||Weight % Grade Rec. [ Weight % Grade Dist'n
(Hm) (9) Weight (g/t) (%) (@ Weight (g/t) (%) (@) Weight (9/t) (%)
600 8.88 9.49 8 23.23 729 650 033 76.77 738 6.53 0.42 0.90
425 12.15 12.99 17 18.41 1172 1045 0.79 81.59 1184 10.47 0.96 3.26
300 16.12 17.23 115 51.30 1555 13.86 1.13 48.70 1571 13.89 230 10.37
212 18.94 20.24 109 56.00 || 2284 20.37 0.71 44.00 || 2303 20.37 1.60 10.59
150 17.87 19.10 114 44.49 1856 16.55 1.37 55.51 1873 16.57 2.44 13.16
106 11.39 12.17 236 50.70 1111 991 235 49.30 1123 9.93 4.72 15.22
75 4.81 5.14 509 56.75 || 573 5.11 3.26 43.25 578 511 747 1241
53 1.93 2.06 1088 52.11 390 3.48 4.95 47.89 392 3.46 10.28 11.58
37 0.75 0.80 1901 72.42 160 143 3.38 27.58 161 1.42 12.20 5.64
25 0.30 0.32 2732 51.87 196 175 3.87 48.13 197 1.74 803 454
-25 0.43 0.46 2591 25.84 1188 10.59 2.68 74.16 1188 1051 361 12.34
Total 93.57 100 180 48.33 | 11214 100 1.60 51.67 || 11308 100 3.08 100

CONCENTRATE TAILS FEED (Pilot Knleson tails-4)
Size ||[Weight % Grade Rec. [[Weight % Grade Rec. || Weight %  Grade Dist'n
(em) || (@) Weight (g/t) (%) (9) Weight (g/t) (%) (@) Weight (g/it)y (%)
600 9.11 9.76 11 16.57 756 6.09 0.68 8343 765 6.11 0.81 1.22
425 |[|13.06 13.99 76 41.57 1320 10.63 1.06 58.43 1333 10.65 1.80 4.73
300 ||16.85 18.06 187 46.12 1917 1544 1.92 53.88 1934 15.46 3.53 13.50
212 |(19.30 20.68 107 20.70 2327 18.74 3.40 79.30 2347 18.76 4.25 19.72
150 |([17.52 18.77 204 29.76 2231 1797 3.78 70.24 2249 1797 5.34 23.73
106 ((10.38 11.12 282 36.51 1287 10.37 3.96 63.49 1298 10.37 6.19 15.87
75 4.11 440 462 43.36 645 5.19 3.85 56.64 649 5.18 6.75 8.66
53 1.64 1.76 832 63.77 369 297 210 36.23 371 296 577 4.23
37 0.71 0.76 1293 78.36 240 193 1.06 21.64 241 192 488 2.32
25 |0.312 0.33 1733 81.07 160 129 0.79 18.93 160 128 417 132
-25 [|0.330 0.35 2550 35.36 || 1166 9.39 1.32 64.64 || 1167 9.33 2.04 471
Total [93.32 100 197 36.34 |[12419 100 2.59 63.66 |[12512 100 4.04 100

Table 57: Metallurgical balance of laboratory Kmelsoncentrator (Test 15T4)

Table 58: Metallurgical balance of laboratory Km@lsoncentrator (Test 15F1+F2)

CONCENTRATE TAILS FEED (Pilot Knleson feed-1)
Size [[Weight % Grade Rec. [[Weight % Grade Rec. || Weight % Grade Distn
(Hm) | (9) Weight (g/t) (%) (9) Weight (g/t) (%) (9) Weight (9/t) (%)
600 || 8.44 871 363 90.79 819 6.47 038 9.21 827 649 4.08 3.04
425 ||12.00 12.38 314 7545 | 1319 1042 0.93 2455 | 1331 10.44 375 4.50
300 ||16.25 16.77 557 86.86 || 1756 13.87 0.78 13.14 |[ 1772 13.89 5.88 9.39
212 ||19.40 20.02 378 79.81 || 2609 20.62 0.71 20.19 |[ 2629 20.61 3.49 8.27
150 [(18.60 19.19 381 61.02 | 2124 16.78 2.13 38.98 [ 2143 16.80 5.42 10.46
106 ([12.31 12.70 943 82.48 |[ 1252 9.89 197 1752 ([ 1264 9.91 11.14 12.69
75 551 568 2621 86.25 645 510 3.57 13.75 651 5.10 25.74 15.09
53 239 247 5893 87.13 429 339 485 12.87 431 3.38 37.48 14.57
37 0.98 1.01 10686 9251 204 161 4.16 7.49 205 1.61 5529 10.23
25 0.45 0.46 11668 87.20 181 143 425 12.80 181 142 33.12 541
-25 || 0.60 0.61 7384 62.49 || 1319 1042 200 37.51 |[ 1319 1035 533 6.34
Total ||96.93 100 934 81.62 ||12657 100 1.61 18.38 |[12754 100 8.70 100
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Table 59: Metallurgical balance of laboratory Kmmelsoncentrator (Test 15F3+F4)

CONCENTRATE TAILS FEED (Pilot Knleson feed-2)
Size ||Weight % Grade Rec. [[Weight % Grade Rec. || Weight % Grade Distn
(um) I (9) Weight (g/t) (%) (9) Weight (g/t) (%) (@) Weight (o) (%)
600 || 7.52 7.76 9 8.71 858 6.35 0.86 91.29 865 6.36 094 0.80
425 |[11.73 12.10 232 67.95 | 1391 10.30 0.92 32.05 || 1403 10.31 2.85 3.96
300 |[16.13 16.64 527 82.34 || 1867 13.82 0.98 17.66 [ 1883 13.84 548 10.19
212 ([19.58 20.20 367 60.30 [ 2775 20.54 1.71 39.70 || 2794 20.54 4.27 11.78
150 ((19.01 19.61 712 7197 | 2301 17.03 2.29 28.03 || 2320 17.05 8.11 18.59
106 ((12.79 13.19 872 72.36 | 1367 10.12 3.11 27.64 | 1380 10.14 11.16 15.22
75 5.74 592 1914 80.37 717 531 3.74 19.63 723 5.31 1892 13.50
53 241 249 3753 83.60 475 352 3.73 16.40 477 3.51 22.66 10.69
37 1.05 1.08 5787 89.00 222 1.65 3.36 11.00 223 1.64 30.41 6.71
25 0.43 045 6324 85.70 204 151 224 14.30 205 150 15.60 3.15
-25 || 0.54 056 5494 54.47 || 1333 9.86 1.88 4553 | 1333 9.80 4.12 5.42
Total [[96.93 100 773  74.05 ||13510 100 1.94 25.95 [[13607 100 7.44 100

Table 60: Metallurgical balance of pilot Knelsomcentrator (Test 15)

CONCENTRATE TAILS FEED
Size Weight % Grade Rec. Weight % Grade Rec. Weight % Grade Dist'n
(um) (Tons)  Weight (9/t) (%) (Tons)  Weight (gft) (%) (Tons) Weight  (g/t) (%)
600 0.0003 8.79 6702 72.98 0.64 6.45 1.26 27.02 0.64 6.45  4.65 4.81
425 0.0005  13.08 6035 77.26 1.06 10.66 0.81 22.74 1.06 10.66 3.56 6.08
300 0.0006  16.24 6719 70.75 1.46 14.69 1.14 29.25 1.46 14.69 3.90 9.19
212 0.0007  18.31 12099 82.16 2.04 20.53 0.87 17.84 2.04 2053 488 16.06
150 0.0006  17.39 11602 78.07 1.71 17.22 1.22 21.93 1.71 17.22 557 15.39
106 0.0004  10.01 14695 71.44 0.99 9.94 2.20 28.56 0.99 9.94 769 12.26
75 0.0002 5.34 19759 70.42 0.50 5.01 3.28 29.58 0.50 501 11.09 8.92
53 0.0002 5.47 36776 85.57 0.32 3.22 3.91 14.43 0.32 3.22 27.09 14.00
37 0.0001 1.76 47605 78.43 0.16 1.59 5.41 21.57 0.16 159 25.05 6.38
25 0.0000 0.89 45900 74.46 0.14 1.43 3.67 25.54 0.14 143 1436 3.29
-25 0.0001 2.72 14763 66.11 0.92 9.27 0.83 33.89 0.92 9.26 244 3.62
Total 0.0037 100 12891 76.79 9.92 100 1.45 23.21 9.93 100 6.23 100

Table 61: Metallurgical balance

of laboratory Kmmeloncentrator (Test 18T1)

CONCENTRATE TAILS FEED (Pilot Knleson tails-1)
Size ||Weight % Grade Rec. || Weight % Grade Rec. | Weight % Grade Dist'n
(Hm) (@ Weight (git) (%) (@  Weight (g1t) (%) (@ Weight (g/t) (%)
600 7.28 7.58 24 37.83 787 6.63 037 6217 || 794 6.64 0.59 1.17
425 | 12.60 13.12 100 30.26 1323 11.16 219 69.74 | 1336 11.17 3.11 1041
300 || 17.15 17.86 190 68.14 1879 1584 0.81 31.86 || 1896 15.85 252 11.96
212 || 20.18 21.01 129 44.99 2249 1895 1.42 55.01 || 2269 1897 256 1454
150 |[ 18.93 19.71 167 45.13 2047 1725 1.88 54.87 | 2066 17.27 3.39 1757
106 || 11.79 12.28 274 55.25 1133 955 231 4475 || 1145 9.58 511 14.65
75 471 490 449 46.89 568 479 421 5311 || 573 4.79 786 11.29
53 198 206 570 49.93 342 2.88 331 50.07 || 344 2.88 6.57 5.66
37 0.80 0.84 953 53.33 232 196 2.89 46.67 || 233 1.95 6.17 3.60
25 0.311 0.32 1406 45.72 164 1.39 316 54.28 || 165 1.38 5.81 2.40
-25 |1 0.304 0.32 1755 19.77 1139 9.60 1.90 80.23 || 1139 9.52 2.37 6.75
Total || 96.04 100 194 46.78 [ 11863 100 1.79 53.22 [[11959 100 3.34 100
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Table 62: Metallurgical balance of laboratory Kimglsoncentrator (Test 18T2)

CONCENTRATE TAILS FEED (Pilot Knleson tails-2)
Size ||Weight % Grade Rec. || Weight % Grade Rec. || Weight % Grade Dist'n
(Hm) (@ Weight (git)y (%) (@  Weight (g/t) (%) (@9 Weight (g/t) (%)
600 7.01 7.21 9 5.86 713 5.64 1.4 94.14 720 5.66 1.43 1.85
425 11.68 12.01 44 26.12 1328 10.52 11 73.88 || 1339 10.53 1.46 3.51
300 16.56 17.03 159 61.40 1952 15.46 0.9 38.60 || 1969 15.47 2.18 7.71
212 20.25 20.82 371 70.82 2364 18.72 1.3 29.18 || 2384 18.74 4.45 19.03
150 19.62 20.18 228 52.03 2218 17.56 1.9 4797 || 2237 17.58 3.84 15.41
106 12.77 13.13 500 65.01 1263 10.00 2.7 34.99 || 1276 10.03 7.70 17.61
75 5.49 5.65 748 60.44 645 5.10 4.2 39.56 650 5.11 1045 12.18
53 2.28 2.34 1231 60.80 375 2.97 4.8 39.20 377 2.96 12.25 8.28
37 0.90 0.92 1928 63.33 247 1.96 4.0 36.67 248 1.95 10.98 4.89
25 0.336 0.35 3252 64.27 168 1.33 3.6 35.73 169 1.33 10.08 3.05
-25 0.352 0.36 3833 37.24 1354 10.72 1.7 62.76 || 1354 10.64 2.68 6.50
Total || 97.24 100 336 58.57 || 12627 100 1.83 41.43 ||12724 100 4.38 100
Table 63: Metallurgical balance of laboratory Kmmelconcentrator (Test 18T3)
CONCENTRATE TAILS FEED (Pilot Knleson tails-3)
Size [[Weight % Grade Rec. || Weight % Grade Rec. || Weight % Grade Distn
(Hm) (@ Weight (g/t) (%) (@  Weight (gt) (%) (@ Weight (g/t) (%)
600 7.19 7.61 80 62.32 658 5.08 0.5 37.68 665 5.10 1.39 1.57
425 12.27 1298 399 79.40 1395 10.78 0.9 20.60 || 1408 10.80 4.38 10.46
300 16.80 17.77 265 65.44 2011 1554 12 3456 || 2028 15.55 3.36 11.55
212 19.37 2049 173 58.42 2383 18.41 1.0 41.58 ([ 2402 18.42 2.39 9.72
150 17.78 18.81 284 52.96 2229 17.22 2.0 47.04 | 2246 17.23 4.24 16.16
106 11.60 1227 421 67.64 1270 9.82 18 32.36 || 1282 9.83 5.63 12.26
75 5.21 551 850 68.49 653 5.04 3.1 3151 658 5.05 9.82 10.97
53 2.27 240 1748 73.42 391 3.02 3.7 26.58 394 3.02 13.73 9.17
37 1.00 1.05 2965 75.92 263 2.03 3.6 24.08 264 2.03 14.73 6.61
25 0.422 045 3938 75.09 184 1.42 3.0 2491 184 1.41 12.02 3.76
-25 0.626 0.66 3558 48.70 1505 11.63 1.6 51.30 || 1506 1155 3.04 7.77
Total || 94.54 100 407  65.24 || 12942 100 1.58 34.76 [[13037 100 4.52 100
Table 64: Metallurgical balance of laboratory Kmmelsoncentrator (Test 18T4)
CONCENTRATE TAILS FEED (Pilot Knleson tails-4)
Size ||Weight % Grade Rec. | Weight % Grade Rec. || Weight % Grade Dist'n
(Hm) (@ Weight (g/t) (%) (@ Weight (g9/) (%) (@ Weight (g/t) (%)
600 6.80 7.26 12 12.88 985 6.76 0.6 87.12 991 6.76 0.65 1.28
425 12.21 13.04 147 26.82 1776  12.19 2.8 73.18 || 1789 12.20 3.73 13.30
300 17.47 18.66 230 56.76 2425 16.65 1.3 43.24 || 2443 16.66 2.89 14.08
212 20.26 21.64 193 60.10 2738 18.79 1.0 39.90 || 2758 18.81 2.36 12.99
150 18.13 19.36 189 51.17 2399 16.46 1.4 48.83 || 2417 16.48 2.76 13.32
106 10.79 1152 346 58.89 1276 8.76 2.0 41.11 || 1287 8.77 4.92 12.62
75 4.47 4.77 586 58.65 636 4.37 2.9 41.35 641 4.37 6.97 8.90
53 1.87 2.00 1189 61.69 380 2.61 3.6 38.31 382 2.61 9.43 7.18
37 0.82 0.88 2017 62.14 266 1.82 3.8 37.86 267 1.82 10.01 5.32
25 0.349 0.37 2919 63.18 185 1.27 3.2 36.82 186 1.27 8.67 3.21
-25 0.465 050 2980 3541 1503 10.32 1.7 64.59 || 1504 10.26 2.60 7.79
Total || 93.64 100 276 51.52 | 14570 100 1.67 48.48 || 14664 100 3.42 100
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Table 65: Metallurgical balance of laboratory Km@lsoncentrator (Test 18F1+F2)

CONCENTRATE TAILS FEED (pilot Knelson feed-1)
Size [Weight % Grade Rec. || Weight % Grade Rec. || Weight % Grade Dist'n
(um) (@ Weight (g/t) (%) (@ Weight (g/t) (%) (9) Weight (g/t) (%)
600 599 610 741 90.62 718 548 0.64 9.38 724 5.49 6.77 4.63
425 12.24 1246 246 54.68 1432 1094 1.74 4532 || 1444 10.95 3.81 5.19
300 | 17.23 1755 373 53.99 1937 1479 2.83 46.01 || 1954 1482 6.10 11.25
212 20.75 21.13 520 80.48 2784 2126 0.94 1952 || 2805 21.26 4.78 12.65
150 || 19.56 19.92 513 58.70 2204 16.84 3.20 4130 || 2224 1686 7.68 16.12
106 12.82 13.06 854 75.99 1281 9.78 2.70 24.01 || 1294 9.81 11.13 13.60
75 5.48 558 1764 78.11 674 5.15 4.02 21.89 680 5.15 18.21 11.69
53 2.32 236 3326 74.52 443 3.39 595 2548 446 3.38 23.23 9.77
37 0.99 1.00 5506 79.10 208 1.59 6.89 20.90 209 1.58 32.81 6.48
25 0.37 038 6489 69.40 179 136 598 30.60 | 179 136 1950 3.29
-25 0.45 0.46 6162 48.90 1232 9.41 2.34 51.10 || 1233 9.35 4.58 5.33
Total || 98.20 100 750 69.51 ([ 13093 100 2.47  30.49 | 13191 100 8.03 100
Table 66: Metallurgical balance of laboratory Km@lsoncentrator (Test 18F3+F4)
CONCENTRATE TAILS FEED (Pilot Knleson feed-2)
Size [[Weight % Grade Rec. || Weight % Grade Rec. |[[ Weight % Grade Distn
(Hm) (@ Weight (g/t) (%) (@  Weight (g/t) (%) (@  Weight (g/t) (%)
600 7.98 828 263 66.02 826 6.56 131 33.98 || 834 6.57 3.82 3.52
425 [ 12.86 13.34 109 45.66 1376 1092 121 54.34 | 1389 10.94 221 3.39
300 || 16.93 17.56 478 84.83 1810 1436 0.80 1517 || 1827 1439 522 10.55
212 || 19.45 20.18 342 6231 2582 20.49 156 37.69 || 2601 20.49 411 11.82
150 || 17.93 1860 705 78.72 2023 16.06 1.69 21.28 || 2041 16.08 7.87 17.76
106 || 11.90 12.34 883 78.69 1172 930 243 21.31 || 1183 932 11.29 14.77
75 5.18 537 1726 81.10 615 488 339 18.90 || 620 488 17.78 12.19
53 214 222 3466 77.73 419 333 507 2227 | 421 332 2265 10.55
37 0.96 1.00 5071 85.33 206 1.63 4.07 14.67 || 207 163 27.62 6.32
25 0.43 0.44 5457 75.82 188 150 395 2418 | 189 149 16.30 3.40
-25 0.64 0.66 3891 47.96 1383 1098 195 52.04 || 1384 10.90 3.75 5.73
Total || 96.40 100 700 74.60 [ 12600 100 1.82 2540 || 12696 100 7.12 100
Table 67: Metallurgical balance of pilot Knelsomcentrator (Test 18)
CONCENTRATE TAILS FEED
Size Weight % Grade Rec. Weight % Grade Rec. Weight % Grade Dist'n
(um) (Tons)  Weight  (g/t) (%) (Tons) Weight  (g/t) (%) (Tons) Weight (g/t) (%)
600 0.0004 5.55 2008 84.79 0.55 6.04 0.28 15.21 0.55 6.04 1.86 2.32
425 0.0006 8.35 1817 44.62 1.01 11.17 1.44 55.38 1.01 11.17 261 6.01
300 0.0009 11.44 1976 41.41 1.43 15.88 1.73 58.59 144 1588 294 9.65
212 0.0012 15.03 2837 52.38 1.69 18.74 1.77 47.62 1.69 18.73 372 1439
150 0.0013 17.01 2557 54.81 1.55 17.14 1.79 45.19 155 17.14 396 14.03
106 0.0010 12.40 3267 49.92 0.86 9.55 3.64 50.08 0.86 9.55 7.27 1434
75 0.0006 8.04 3629 49.70 0.44 4.83 5.24 50.30 0.44 483 1041 10.39
53 0.0008 10.43 5144 70.40 0.26 2.87 6.74 29.60 0.26 287 2271 13.47
37 0.0003 4.16 6441 62.88 0.17 1.94 7.01 37.12 0.18 194 1884 754
25 0.0002 2.37 5173 56.60 0.12 1.35 5.97 43.40 0.12 135 1374 3.82
-25 0.0004 522 20205 46.26 0.95 10.49 1.00 53.74 095 1049 1.86 4.03
Total 0.0077 100 3080 54.45 9.03 100 2.21 45.55 9.04 100 4.84 100
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Table 68 : Metallurgical balance of laboratory kKsoel concentrator (Test 1)

CONCENTRATE TAILS FEED (Pilot Knelson tails)
Size || Weight % Grade Rec. || Weight % Grade Rec. || Weight % Grade Dist'n
(um) (@ Weight (g/t) (%) (9) Weight (g/t) (%) (@ Weight (g/t) (%)

600 9.18 1044 311 48.17 || 1281 8.80 240 51.83 |[ 1290 8.81 4.60 4.28
425 || 11.52 13.10 213 4455 || 1580 10.86 1.93 5545 | 1592 10.87 3.46 3.97
300 || 16.08 18.29 712 77.80 |[ 2302 15.81 142 22.20 | 2318 15.83 6.35 10.62
212 || 18.65 21.21 769 58.76 || 2742 18.83 3.67 41.24 || 2760 18.85 8.84 17.60
150 || 17.11 19.46 1031 60.54 || 2381 16.35 4.83 39.46 | 2398 16.37 12.15 21.02
106 8.14 9.26 1558 68.55 || 1295 8.90 4.49 3145 (| 1303 890 1419 13.34
75 4.25 483 2788 7531 || 769 528 5.05 24.69 773 528 20.34 11.35
53 1.89 215 4680 79.30 || 415 285 556 20.70 417 285 26.74 8.05
37 0.85 0.97 6163 77.38 || 275 1.89 557 22.62 276 1.88 2454 4.88
25 0.247 0.28 7218 7479 || 122 0.84 491 2521 123 0.84 19.44 1.72
-25 0.014 0.02 8936 283 || 1395 9.58 3.08 97.17 1395 9.52 3.17 3.19

Total || 87.93 100 1015 64.38 [[14556 100 3.39 35.62 |14644 100 9.47 100
Table 69: Metallurgical balance of pilot Knelsomcentrator (Test 1)

CONCENTRATE TAILS FEED
Size Weight % Grade Rec. || Weight % Grade Rec. || Weight %  Grade Dist'n
(um) (tons)  Weight (g/t) (%) (tons) Weight (g/t) (%) | (tons) Weight (g/t) (%)

600 ((0.000410 12.35 12201 81.95 || 0.50 8.81 222 1805 050 881 123 6.57
425 |(0.000512 15.41 13166 87.70 | 0.61 10.87 154 1230 |[ 0.61 10.87 125 8.27
300 |(0.000585 17.63 14041 65.04 | 0.89 1583 4.94 3496 | 0.89 1583 14.1 13.60
212 (/0.000634 19.09 13108 60.04 || 1.06 18.85 5.19 39.96 || 1.07 1885 13.0 14.90
150 ((0.000567 17.07 15306 56.05 || 0.92 16.37 7.36 4395 [ 093 16.37 16.7 16.66
106 ([(0.000270 8.14 25328 58.33 || 0.50 890 9.73 4167 | 050 890 233 12.63
75 ]0.000128 3.86 37123 51.00 | 0.30 528 1532 49.00 || 0.30 528 312 10.04
53 ]/0.000117 3.53 53048 64.58 | 0.16 285 2121 3542 ) 016 285 59.8 10.37
37 ]/0.000039 1.16 59361 53.15 | 0.11 188 1899 46.85 [ 0.11 1.88 405 4.64
25 ]/0.000019 0.56 45675 55.20 | 0.05 0.84 1454 4480 | 0.05 084 324 1.65
-25 [(0.000040 1.20 14662 92.36 || 0.54 952 009 7.64 || 054 952 1.2 0.68

Total [|0.003321 100 17614 62.95 5.65 100 6.10 37.05 || 5.65 100 16.4 100
Table 70: Metallurgical balance of laboratory Kmelsoncentrator (Test 2)

CONCENTRATE TAILS FEED (Pilot Knelson tails)
Size |[[Weight %  Grade Rec. || Weight %  Grade Rec. || Weight % Grade Dist'n
(Hm) (@ Weight (g/t) (%) (@ Wweight (g/t) (%) (9 Weight (g/t) (%)

600 8.09 9.33 566 67.62 || 1160 6.70 1.89 32.38 || 1168 6.72 5.80 4.06
425 1193 13.76 774 7177 ([ 1921 11.10 1.89 28.23 ([ 1933 11.12 6.65 7.72
300 [17.32 19.98 1008 58.26 || 2875 16.62 4.35 41.74 || 2892 16.63 10.36 17.97
212 | 19.56 2257 789 74.33 || 3232 18.68 1.65 25.67 || 3251 18.70 6.39 12.46
150 | 16.76 19.34 1261 75.25 || 2693 1556 2.58 24.75 (| 2710 15.58 10.36 16.84
106 746 861 2021 68.66 || 1452 839 474 3134 || 1460 839 15.05 13.18
75 3.53 4.07 4257 74.99 884 511 5.67 2501 888 510 2258 12.02
53 135 156 7487 8101 497 2.87 477 18.99 498 2.86 25.05 7.49
37 0.43 050 9746 79.53 342 198 3.18 2047 343 197 1551 319
25 0.112 0.13 13643 86.52 162 0.94 147 1348 162 0.93 10.90 1.06
-25 |10.129 0.15 14933 2885 || 2083 12.04 228 71.15 ([ 2084 11.98 3.20 4.01

Total ||86.68 100 1335 69.43 (17300 100 2.94 30.57 (17387 100 9.59 100



Appendix 3 LKC and pilot Knelson concentrator metalurgical

balances: campaign 2 130
Table 71: Metallurgical balance of pilot Knelsomcentrator (Test 2)
CONCENTRATE TAILS FEED
Size Weight % Grade Rec. [[ Weight % Grade Rec. || Weight % Grade Distn
(um) (tons)  Weight (g/t) (%) (tons) Weight  (g/t) (%) (tons) Weight (g/t) (%)
600 0.000306 9.75 12492 66.95 0.48 6.72 3.92 33.05 0.48 6.72 11.9 5.83
425 0.000458 14.59 12067 59.22 0.80 11.12 4.78 40.78 0.80 11.12 11.7 9.53
300 0.000554 17.65 12317 48.69 1.19 16.63 6.04 51.31 1.19 16.63 11.8 14.32
212 0.000613 19.53 12350 54.34 1.34 18.70 4.75 45.66 1.34 18.70 10.4 14.23
150 0.000575 18.30 14744 49.31 1.12 15.58 7.80 50.69 1.12 15.58 15.4 17.54
106 0.000288 9.16 20613 48.82 0.60 8.39 10.33 51.18 0.60 8.40 20.2 12.40
75 0.000139 4.42 28640 39.08 0.37 5.10 16.93 60.92 0.37 5.10 27.8 10.38
53 0.000120 3.83 41305 54.40 0.21 2.86 20.29 45.60 0.21 2.87 44.5 9.33
37 0.000037 1.16 51573 51.95 0.14 1.97 12.34 48.05 0.14 1.97 25.7 3.71
25 0.000015 0.47 43831 50.80 0.07 0.93 9.43 49.20 0.07 0.93 19.2 1.31
-25 0.000035 1.12 17280 43.44 0.86 11.98 0.92 56.56 0.86 11.98 1.6 1.43
Total || 0.003141 100 16003 51.29 7.17 100 6.66 48.71 7.17 100 13.7 100

Table 72: Metallurgical balance of laboratory Kmm@isoncentrator (Test 3)

CONCENTRATE TAILS FEED (Pilot Knelson tails)
Size || Weight % Grade Rec. Weight % Grade Rec. Weight % Grade Dist'n
(Hm) (@)  Weight  (g/t) (%) (@  Weight (g/t) (%) @) Weight  (g/t) (%)
600 || 6.00 6.55 1038 78.09 1071 6.21 163 2191 1077 6.24 7.41 5.00
425 11.40 12.44 641 66.71 1904 11.03 1.91 33.29 1916 11.09 5.72 6.85
300 || 17.90 19.54 652 70.89 2906 16.84 1.65 29.11 2924 16.93 5.63 10.31
212 || 20.70 22.59 918 78.51 3310 19.18 1.57 21.49 3330 19.28 7.27 15.15
150 || 18.70  20.41 1144 72.86 2831 1640 281 27.14 2849 16.50 10.30 18.38
106 8.70 9.49 1746 72.21 1530 8.86 3.82 27.79 1539 8.91 13.67 13.17
75 4.50 4.91 3070 72.39 917 5.32 575 27.61 922 5.34 20.70 11.95
53 1.90 2.07 4734 77.01 496 2.88 5.41 22.99 498 2.89 23.44 7.31
37 1.10 1.20 6467 79.35 340 1.97 5.44  20.65 341 1.97 26.28 5.61
25 0.338 0.37 6347 75.50 157 0.91 4.44 24.50 157 0.91 18.10 1.78
-25 0.392 0.43 7333 40.07 1797 10.41 2.39 59.93 1797 10.41 3.99 4.49
Total || 91.63 100 1263 72.45 17259 100 2.55 27.55 17269 100 9.25 100

Table 73: Metallurgical balance of pilot Knelsomcentrator (Test 3)

CONCENTRATE TAILS FEED
Size Weight % Grade Rec. || Weight % Grade Rec. [[Weight %  Grade Dist'n
(pm) (tons) Weight  (g/t) (%) (tons) Weight (g/t) (%) || (tons) Weight (g/t) (%)
600 0.00035 10.33 8437 54.24 0.43 6.21 578 4576 || 043 6.21 12.6 6.14
425 0.00052 15.35 9088 61.81 0.76 11.04 381 38.19 | 0.76 11.04 10.0 8.63
300 0.00061 18.08 9110 54.45 1.17 16.85 399 4555 | 1.17 16.85 8.8 11.56
212 0.00065 19.26 9994 46.19 1.33 1919 571 5381 || 1.33 19.19 10.6 15.93
150 |(0.00061 17.92 12236  46.49 114 1642 751 5351 |[1.14 16.42 140 18.03
106 |(0.00031 9.06 16765 45.86 0.61 887 987 5414 | 061 887 182 12.66
75 0.00014 4.27 23059 37.65 037 531 1499 6235 || 037 531 240 10.00
53 0.00012 3.45 35670 53.66 020 287 1805 46.34 || 020 287 389 876
37 0.00003 0.97 47095 35.32 014 196 2085 6468 || 014 196 322 4.96
25 0.00001 0.39 39770 37.95 0.06 091 1366 6205 | 006 091 220 1.56
-25 |/0.00003 0.92 13529 26.72 0.72 1036 1.60 73.28 | 0.72 1035 2.2 1.77
Total |[0.00338 100 12501  47.79 6.92 100 6.67 5221 || 6.92 100 1238 100
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Table 74: Metallurgical balance of laboratory Kmm@isoncentrator (Test 4)

CONCENTRATE TAILS FEED (Pilot Knelson tails)
Size [[Weight % Grade Rec. [|[Weight % Grade Rec. || Weight % Grade Dist'n
(pm) || (@) Weight (g/t) (%) (@) Weight (g/t) (%) (@) Weight (git) (%)
600 [ 781 854 274 6892 |[ 799 5.08 1.21 31.08 807 510 385 233
425 | 11.23 12.28 593 71.97 || 1630 10.35 1.59 28.03 |[ 1641 10.36 5.64 6.93
300 ([ 17.12 18.72 594 67.36 |[2540 16.13 1.94 3264 || 2558 16.15 5.90 11.32
212 (| 20.54 22.46 757 68.69 [[3020 19.18 2.35 31.31 (| 3041 19.20 7.44 16.96
150 || 1856 20.30 904 66.03 || 2589 16.44 3.33 3397 || 2608 16.46 9.74 19.04
106 || 8.58 9.38 1540 71.23 || 1404 892 3.80 28.77 || 1413 892 13.13 13.90
75 414 453 2630 7142 || 834 530 5.22 2858 838 529 18.19 1143
53 1.74 190 4281 76.52 || 459 291 4.98 2348 | 460 291 2114 7.30
37 0.99 1.08 4928 76.26 [ 320 2.03 4.76 23.74 | 321 2.02 1998 4.80
25 [[0.354 0.39 4191 66.81 |[ 153 0.97 4.82 33.19 153 0.97 1448 1.66
-25 || 0.382 042 5411 35.77 [[1998 12.69 1.86 64.23 || 1999 1262 2.89 4.33
Total [[ 92.45 100 998 68.41 |(15747 100 2.68 31.59 [(15838 100 8.42 100

Table 75: Metallurgical balance of pilot Knelsomcentrator (Test 4)

Size
(um)

CONCENTRATE

TAILS

FEED

(tons)

Weight % Grade

Weight  (gft)

Rec.
(%)

Weight %  Grade
(tons) Weight

(9

Rec. || Weight %  Grade Distn
(%) (tons) Weight (g/t) (%)

600
425
300
212
150
106
75
53
37
25
-25

Total

0.00019 539 12304
0.00033 9.18 12515
0.00045 12.63 11343
0.00074  20.73 10196
0.00074  20.74 9860
0.00047  13.17 10606
0.00026 7.28 13021
0.00023 6.43 19913
0.00006 1.80 28468
0.00003 0.84 26717
0.00006 1.80 9823

0.00355 100 11944

71.74
58.56
53.56
52.69
49.95
46.39
41.61
58.48
46.19
55.46
41.24

51.73

035 510 265
0.71 10.36 4.06
111 16.15 3.98
132 1920 5.11
113 1646 6.43
0.61 892 936
036 529 1299
020 291 16.18
0.14 202 1524
0.07 097 9.67
0.87 12.62 1.03

6.86 100 5.76

2826 |[ 0.35 510 94 401
4144 || 0.71 1036 9.8 8.50
46.44 | 1.11 16.15 8.6 11.59
4731 || 1.32 19.20 10.8 17.37
50.05 [ 1.13 16.47 128 17.73
53.61 || 0.61 892 174 13.04
58.39 [[ 0.36 529 222 9.86
4152 || 020 291 389 9.49
53.81 |[ 0.14 202 283 4.80
4454 | 0.07 097 217 176
58.76 | 0.87 12.61 1.8 1.86

48.27 || 6.86 100 119 100

Table 76: Metallurgical balance of laboratory Kmelsoncentrator (Test 6)

CONCENTRATE TAILS FEED (Pilot Knleson tails)
Size [[Weight % Grade Rec. [[Weight % Grade Rec.| Weight % Grade Dist'n
(m) || (@) Weight (g/t) (%) (@) Weight (g/t) (%) (@) Weight (g/t) (%)
600 | 750 8.47 845 4847 || 1211 7.24 556 5153 1218 7.29 10.73  8.06
425 |(11.50 1299 717 64.20 || 1728 10.34 266 35.80|( 1739 1041 7.38 7.91
300 [[16.90 19.09 815 76.39 || 2560 15.32 1.66 23.61| 2577 1543 7.00 11.12
212 [[19.20 21.69 868 64.09 | 3038 18.17 3.08 3591 3057 1830 851 16.04
150 ||17.50 19.77 1231 76.94 || 2688 16.08 2.40 23.06 |[ 2706 16.20 10.35 17.26
106 || 830 9.37 1871 7441 || 1463 8.76 3.65 2559 [ 1472 8.81 14.18 12.86
75 420 474 3084 78.13| 87 519 4.18 21.87| 871 5.21 19.04 10.22
53 190 215 4090 76.23 || 480 2.87 5.04 23.77 || 482 289 2114 6.28
37 1.01 1.14 5416 78.93 || 347 2.07 4.23 21.07 | 348 2.08 19.99 4.29
25 0.27 030 6854 7350 | 168 1.00 3.97 26.50| 168 1.01 1496 155
-25 0.25 0.28 10942 38.41 || 2165 1295 2.04 61.59| 2166 12.96 3.31 4.42
Total [|88.53 100 1275 69.60 ||16715 100 2.95 30.40 |[16707 100 9.71 100
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Table 77: Metallurgical balance of pilot Knelsomcentrator (Test 6)

CONCENTRATE TAILS FEED
Size Weight % Grade Rec. [[Weight % Grade Rec. || Weight % Grade Dist'n
(um) (tons) Weight (g/t) (%) | (tons) Weight (g/t) (%) (tons) Weight  (g/t) (%)
600 |[(0.00034 10.52 9458 51.09 || 0.59 7.25 5.20 48.91 0.59 7.25 10.6 6.23
425 ]0.00044 13.65 9855 52.06 || 0.84 10.35 4.74 47.94 0.84 10.35 9.9 8.27
300 [[0.00051 15.94 9798 4298 || 1.24 1534 535 57.02 1.24 15.34 9.4 11.62
212 |(0.00056 17.49 10100 41.34 || 1.47 1819 545 58.66 1.47 18.19 9.3 13.67
150 [ 0.00055 17.30 15005 4449 ([ 1.30 16.10 7.96 55.51 1.30 16.10 143 18.67
106 |0.00032 9.86 17519 4254 || 0.71 876 1055 57.46 0.71 8.76 183 13.00
75 0.00018 5.50 22592 38.95 || 0.42 518 14.87 61.05 0.42 5.18 244 10.21
53 0.00017 5.39 32380 59.90 || 0.23 2.87 16.12 40.10 0.23 2.87 40.2 9.32
37 |[[0.00005 1.65 47103 48.47 | 0.17 2.07 1578 5153 0.17 2.07 306 5.12
25 0.00002 0.77 35429 49.40 || 0.08 1.00 11.00 50.60 0.08 1.00 21.7 1.76
-25 |(0.00006 1.92 13031 37.71 || 1.04 1289 1.27 62.29 1.04 12.88 2.0 2.13
Total |[0.00320 100 14279 45.68 || 8.08 100 6.72 54.32 8.08 100 12.4 100

Table 78: Metallurgical balance of laboratory Kmelsoncentrator (Test 7)

CONCENTRATE TAILS FEED (Pilot Knelson tails)
Size |[Weight %  Grade Rec. || Weight % Grade Rec. || Weight % Grade Dist'n
(um) || (@) Weight (g/t) (%) || (9) Weight (g/) (%) (@ Wweight (g/t) (%)
600 |11.60 13.62 194 51.97( 1178 7.82 1.77 48.03 | 1190 7.85 3.64 3.67
425 ||12.27 1440 556 65.08) 1591 1056 2.30 34.92 | 1603 10.58 6.54 8.88
300 |16.07 18.86 481 55.80| 2301 1528 2.66 44.20 | 2318 1530 598 11.74
212 |117.19 20.18 779 73.13|f 2722 18.07 1.81 26.87 | 2739 18.08 6.69 1552
150 [(14.56 17.09 1034 72.12( 2366 1571 246 27.88 |[ 2381 1571 8.77 17.70
106 | 6.68 7.84 2041 76.90( 1304 866 3.14 2310 |[ 1311 8.65 1352 15.03
75 || 3.34 392 2766 71.02| 794 527 475 2898 797 526 16.32 11.03
53 || 1.54 1.81 3593 73.43| 449 298 4.46 26.57 451 297 1672 6.39
37 || 064 075 4380 68.07| 317 211 417 3193 318 210 13.02 351
25 [0.230 0.27 4179 6093 155 1.03 3.97 39.07 156 1.03 1013 134
-25 ||0.597 0.70 4112 40.03 | 1888 1253 1.95 59.97 | 1889 1247 3.25 5.20
Total ||85.20 100 937.7 67.72|[15067 100 2.53 32.28 | 15152 100 7.79 100
Table 79: Metallurgical balance of pilot Knelsomcentrator (Test 7)
CONCENTRATE TAILS FEED
Size Weight % Grade Rec. || Weight % Grade Rec. || Weight % Grade Dist'n
(um) (tons)  Weight  (g/t) (%) (tons)  Weight  (g/t) (%) || (tons) Weight (g/t) (%)
600 0.0004 10.85 7601 68.65 0.66 7.85 1.89 31.35 || 0.66 7.86 6.0 4.80
425 0.0005 13.91 7918 49.10 0.89 10.58 4.25 50.90 || 0.89 10.58 8.4 8.95
300 0.0005 16.39 8449 51.70 1.29 1530 3.34 4830 [ 1.29 15.30 6.9 10.69
212 0.0006  17.97 8891 41.61 1.52 18.08  4.89 58.39 || 1.52 18.08 8.4 15.32
150 0.0006  17.77 10738 43.08 1.32 15.71 6.32 56.92 || 1.32 1571 111 17.68
106 0.0003 9.52 13798 36.52 0.73 8.65 10.40 63.48 || 0.73  8.65 16.4 1435
75 0.0002 499 20368 39.68 0.44 5.26 1159 60.32 || 0.44 5.26 19.2 10.23
53 0.0002 4.75 30284 60.82 0.25 2.98 1228 39.18 || 0.25 2.98 31.3 9.44
37 0.0000 143 41861 55.95 0.18 2.10 8.86 44.05 | 0.18 2.10 20.1 4.27
25 0.0000 0.70 35709 60.83 0.09 1.03 6.17 39.17 || 0.09 1.03 15.8 1.64
-25 0.0001 172 14322 37.52 1.05 12.47 1.30 62.48 || 1.05 12.46 21 2.63
Total || 0.0033 100 11680  46.62 8.41 100 5.27 53.38 | 8.41 100 9.9 100




Appendix 3 LKC and pilot Knelson concentrator metalurgical
balances: campaign 2

133

Table 80: Metallurgical balance of laboratory Kmelsoncentrator (Test 8)

CONCENTRATE TAILS FEED (Pilot Knelson tails)
Size [|Weight % Grade Rec. || Weight % Grade Rec. || Weight % Grade Dist'n
(m) | (@) Weight (g/t) (%) (@)  Weight (g/t) (%) (@ Weight (g/) (%)
600 [ 950 12.34 123 56.67 || 1135 7.87 0.79 4333 | 1144 789 181 192
425 1150 14.94 502 74.04 | 1498 10.38 1.35 2596 | 1509 10.41 516 7.21
300 |[14.70 19.09 833 82.78 || 2216 15.36 1.15 17.22 (2230 1538 6.63 13.70
212 |[15.50 20.13 793 65.89 || 2639 18.29 241 34.11 | 2654 1830 7.02 17.26
150 (| 13.60 17.66 1081 75.47 (| 2320 16.08 2.06 2453 | 2334 16.09 8.35 18.04
106 || 6.50 8.44 1485 73.57 (| 1247 8.64 2.78 26.43 || 1253 8.64 10.46 12.14
75 333 432 2472 7279 || 745 5.16 4.13 27.21 748 5.16 15.11 10.47
53 142 184 4069 76.12 || 417 2.89 4.34 23.88 418 2.88 1811 7.01
37 0.74 095 4781 73.98 || 301 2.08 4.11 26.02 301 2.08 1576 4.40
25 050 065 3940 77.73 148 1.03 3.83 22.27 148 1.02 17.14 236
-25 0.39 050 5654 36.61 || 1762 12.21 2.14 63.39 || 1762 12.15 3.37 550
Total |[ 77.00 100 1006 71.74 |[ 14426 100 2.12 28.26 [|14503 100 7.45 100

Table 81: Metallurgical balance of pilot Knelsomcentrator (Test 8)

CONCENTRATE TAILS FEED
Size || Weight %  Grade Rec. [ Weight % Grade Rec. |[[Weight %  Grade Dist'n
(um) (tons) Weight (g/t) (%) (tons) Weight (g/t) (%) (tons) Weight (g/t) (%)
600 [0.00037 11.05 7513 81.94 | 0.61 789 1.02 18.06 [|061 7.89 57 432
425 |[(0.00048 14.25 7671 54.84 | 0.80 1040 3.82 45.16 (| 0.80 1041 85 850
300 [|0.00056 16.66 8927 43.76 | 1.18 1538 549 56.24 || 1.18 1538 9.8 1449
212 |0.00064 18.93 7860 43.70 || 1.40 1830 4.63 56.30 || 1.40 1830 8.2 1452
150 |0.00061 17.94 9783 43.33 [ 1.23 16.09 6.30 56.67 | 1.23 16.09 11.1 17.26
106 |0.00030 8.83 15036 46.86 || 0.66 8.64 770 53.14 [[0.66 8.64 145 12.08
75 |(0.00015 4.38 22430 43.32 | 0.40 516 11.00 56.68 || 040 516 194 9.66
53 ](0.00014 4.10 32338 59.57 || 0.22 2.88 13.79 4043 || 022 288 341 9.49
37 |(0.00005 1.37 43160 51.82 | 0.16 208 1166 48.18 || 0.16 2.08 242 485
25 ](0.00002 0.68 36995 44.77 [ 0.08 1.02 1333 5523 || 008 1.02 241 238
-25 [|0.00006 1.82 12875 40.80 || 0.93 12115 1.24 59.20 || 093 1214 21 245
Total ||0.00339 100 11363 48.44 | 7.67 100 534 5156 || 767 100 104 100

Table 82: Metallurgical balance of laboratory Kmelsoncentrator (Test 9)

CONCENTRATE TAILS FEED (Pilot Knelson tails)
Size [Weight % Grade Rec. |[[Weight % Grade Rec. | Weight % Grade Dist'n
(um) (| (@) Weight (g/t) (%) (9) Weight (g/it) (%) (9) Weight (g/t) (%)
600 || 9.04 10.22 416 2650 (1199 7.86 8.69 73.50| 1208 7.91 11.74 6.74
425 |([12.45 14.08 890 37.66 [ 1686 11.05 10.88 62.34 || 1699 11.12 17.33 14.00
300 ||16.88 19.09 969 76.47 | 2368 1552 2.12 2353 | 2385 1562 896 10.17
212 ||18.47 20.89 1258 77.89 || 2756 18.06 2.39 22.11 || 2774 18.17 10.75 14.18
150 |[16.32 18.46 1548 82.55 || 2575 16.87 2.07 17.45 ([ 2592 16.97 11.81 14.55
106 || 790 893 2498 7522 || 1509 9.89 431 2478 | 1517 9.93 17.30 12.47
75 409 463 4630 85.09 624 4.09 532 1491 | 628 411 3545 10.58
53 1.71 193 8319 91.58 480 3.14 2.73 8.42 481 315 3227 7.39
37 0.96 1.09 8479 79.40 329 216 6.42 2060 | 330 216 31.05 4.87
25 031 035 8362 7264 151 0.99 6.40 27.36 | 152 099 2334 1.68
-25 || 0.30 0.34 8742 37.14 || 1585 10.38 2.81 62.86 || 1585 10.38 4.47 3.37
Total [|88.43 100 1650 69.38 [(15262 100 4.22 30.62 ||15271 100 13.77 100
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Table 83: Metallurgical balance of pilot Knelsomcentrator (Test 9)
CONCENTRATE TAILS FEED
Size Weight % Grade Rec. || Weight % Grade Rec. | Weight % Grade Dist'n
(um) (tons) Weight (g/t) (%) (tons) Weight (g/t) (%) || (tons) Weight (gft) (%)
600 |[(0.00041 12.29 19511 7254 0.98 7.87 311 27.46 || 0.98 7.87 11.3 5.14
425 0.00051 15.24 18718 51.58 1.37 11.07 6.53 4842 || 1.38 11.07 13.5 8.60
300 0.00055 16.48 19644 45.04 193 1554 6.86 54.96 || 1.93 15.54 12.5 11.17
212 |[0.00058 17.31 21499 39.88 224 18.07 837 6012 || 225 18.07 139 14.51
150 | 0.00055 16.46 27064 42.19 210 16.88 9.75 5781 | 210 16.88 16.9 16.42
106 | 0.00029 8.77 37462 40.81 1.23 9.88 13.01 59.19 || 1.23 9.88 22.0 12.52
75 0.00015 4.51 56466 35.79 0.51 409 30.17 64.21 | 051 4.09 47.0 11.08
53 0.00016 4.70 86287 54.13 0.39 3.14 2955 4587 | 039 3.14 64.4 11.65
37 0.00005 1.64 96350 44.53 0.27 2.15 2466 5547 | 0.27 215 44.4 5.51
25 0.00003 0.77 72041 47.01 0.12 0.99 16.95 5299 || 0.12 0.99 32.0 1.82
-25 0.00006 1.83 20950 37.68 128 10.33 166 6232 | 1.28 10.32 2.7 1.59
Total [ 0.00335 100 29066 45.19 | 12.42 100 9.51 5481 [|12.42 100 17.3 100

Table 84: Metallurgical balance of laboratory Kieglsoncentrator (Test 10)

CONCENTRATE TAILS FEED (Pilot Knelson tails)
Size ||Weight % Grade Rec. || Weight % Grade Rec. || Weight % Grade Dist'n
(um) | (@) Weight (g/t) (%) (@  Weight (g9/t) (%) (@  Weight (g/t) (%)
600 || 8.82 8.54 478 76.24 1258 8.11 1.04 23.76 || 1267 8.11 4.36 3.29
425 | 11.34 10.98 876 82.84 1699 1095 1.21 17.16 1710 1095 7.01 7.14
300 || 16.23 15.71 765 77.59 2391 1542 150 2241 || 2408 1542 6.65 9.53
212 || 20.20 19.56 994 73.33 2852 18.39 256 26.67 || 2872 18.40 9.53 16.29
150 || 18.82 18.22 1205 73.20 2493 16.08 3.33 26.80 || 2512 16.09 12.33 18.44
106 || 10.26 9.93 1641  81.66 1325 854 2.86 18.34 || 1335 8.55 1544 12.28
75 7.16 6.93 2284 80.19 747 482 541 1981 754 483 27.03 12.14
53 4.26 4.12 2686  79.65 382 246 7.66 20.35 386 247 37.24 8.55
37 3.04 2.94 2545  82.57 237 1.53 6.89 17.43 240 1.54 39.01 5.58
25 1.190 1.15 2200 79.14 97 0.62 7.15 20.86 98 0.63 33.86 1.97
-25 ||1.970 191 1641  40.21 2030 13.09 237 59.79 || 2032 13.01 3.96 4.79
Total [|103.29 100 1235 75.93 || 15511 100 2.61 24.07 || 15614 100 10.76 100
Table 85: Metallurgical balance of pilot Knelsomcentrator (Test 10)
CONCENTRATE TAILS FEED
Size Weight % Grade Rec. [ Weight % Grade Rec. || Weight % Grade Distn
(um) (tons)  Weight  (g/t) (%) (tons) Weight  (g/t) (%) (tons) Weight  (g/t) (%)
600 |f0.000370 10.91 13170 7143 | 059 8.11 333 2857 || 059 811 116 5.32
425 [ 0.000502 14.80 13584 59.74 | 0.79 1095 581 4026 || 0.79 10.95 144 8.90
300 |f0.000595 17.56 13742 5876 | 1.11 1542 516 4124 | 1.11 1542 125 10.86
212 [[0.000652 19.25 14547 5058 | 1.33 1840 6.99 4942 | 1.33 1840 141 1465
150 |/ 0.000581 17.15 20459 53.16 | 1.16 16.09 9.03 46.84 | 1.16 16.09 193 17.46
106 [ 0.000283 8.35 30563 52.64 |[ 0.62 855 12,61 4736 || 062 855 26.6 12.83
75 | 0.000143 4.21 43200 4491 (| 035 483 2168 55.09 | 0.35 4.83 393 10.71
53 | 0.000140 4.14 60785 61.73 || 0.18 247 2966 3827 || 018 247 774 10.79
37 || 0.000047 140 58783 4382 (| 011 154 3221 5618 || 0.11 154 573 497
25 | 0.000024 0.71 50006 49.70 || 0.05 0.63 26.79 50.30 || 0.05 0.63 53.2 1.88
-25 |[0.000052 1.54 11541 28.72 || 094 1301 159 71.28 |[ 0.94 13.01 2.2 1.64
Total || 0.003390 100 20407  53.99 | 7.22 100 8.17  46.01 || 7.22 100 17.7 100
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Table 86: Metallurgical balance of laboratory Kmglsoncentrator (Test 11)

CONCENTRATE TAILS FEED (Pilot Knelson tails)
Size ||Weight %  Grade Rec. || Weight % Grade Rec. || Weight %  Grade Distn
(um) || (@) Weight (g/t) (%) (@  Weight (g/t) (%) (9) Weight (g/t) (%)

600 || 8.78 9.80 577 76.76 | 1157  7.40 1.33 23.24 || 1166 7.41 566 3.96
425 ((11.80 13.17 1153 88.40 [ 1553  9.93 1.15 11.60 [ 1565 9.94 9.84 9.25
300 || 16.29 18.18 1060 75.38 | 2319 14.83 243 2462 || 2336 1485 9.81 13.77
212 || 18.85 21.04 1071 81.73 [ 2846 18.20 1.59 18.27 |[ 2865 18.21 8.62 14.84
150 || 17.35 19.36 1219 72.61 | 2545 16.27 3.13 27.39 || 2563 16.29 11.36 17.50
106 || 8.25 9.21 1882 75.26 | 1405 8.98 3.63 2474 | 1413 8.98 14.60 12.40
75 423 472 3285 76.73 853 5.45 494  23.27 857 545 21.13 10.88
53 1.88 210 5018 79.22 475 3.04 5.21 20.78 477 3.03 2496 7.15
37 0.68 0.76 6125 70.56 333 2.13 520 29.44 334 212 1764 354
25 0.33 0.37 5200 71.09 163 1.04 430 2891 163 1.04 1486 1.45
-25 || 0.75 0.84 5456 47.02 || 1993 12.74 2.33 52.98 | 1994 1267 439 5.26

Total | 89.60 100 1408 75.78 |[ 15643 100 2.58 2422 15733 100 10.58 100

Table 87: Metallurgical balance of pilot Knelsomcentrator (Test 11)

CONCENTRATE TAILS FEED
Size || Weight % Grade Rec. | Weight % Grade Rec. || Weight %  Grade Distn
(um) (tons)  Weight (g/t) (%) | (tons) Weight (g/t) (%) (tons) Weight (g/t) (%)

600 | 0.00035 10.38 11646 63.64 | 0.54 741 434 36.36 054 741 119 551
425 | 0.00046 13.60 11885 46.55 | 0.73 9.94 870 53.45 0.73 995 16.3 10.08
300 | 0.00056 16.58 11424 4457 || 1.08 14.85 7.40 55.43 1.08 1485 133 1234
212 | 0.00065 19.24 11876 45.37 || 1.33 1821 7.04 54.63 133 1821 129 14.63
150 || 0.00063 18.55 15446 49.86 | 1.19 16.29 8.25 50.14 119 1629 164 16.69
106 | 0.00032 9.34 23349 50.74 || 0.66 8.98 10.99 49.26 0.66 898 223 1248
75 |[[0.00016 4.65 34844 46.09 || 0.40 545 16.21 5391 040 545 30.1 1021
53 |[[(0.00015 4.31 50133 62.69 || 0.22 3.03 19.77 3731 0.22 303 53.0 1001
37 |[[0.00005 1.35 61322 59.45 | 0.15 212 1244 4055 015 212 307 4.05
25 |[[0.00002 0.69 48652 58.69 || 0.08 1.04 1056 41.31 0.08 104 256 165
-25 | 0.00004 1.32 18782 30.58 | 0.92 12.67 2.06 69.42 092 1267 3.0 2.35

Total || 0.00340 100 17241 50.07 || 7.29 100 8.02  49.93 7.30 100 16.0 100

Table 88: Metallurgical balance of laboratory Kimglsoncentrator (Test 13)

CONCENTRATE TAILS FEED (Pilot Knelson tails)
Size || Weight % Grade Rec. | Weight %  Grade Rec.|[ Weight %  Grade Dist'n
(Hm) (@ Weight (g/t) (%) (@ Weight (g9/t) (%) || (9) Weight (gt} (%)

600 8.82 9.77 599  80.46 | 979 6.74 131 1954 988 6.76 6.65 4.90
425 10.85 12.02 304 3524 || 1295 892 4.69 64.76| 1305 894 7.18 7.00
300 15.77 1748 462 66.12 | 1963 1352 1.90 33.88| 1979 1355 556 8.22
212 19.09 21.16 831 7476 | 2551 17.57 2.10 25.24| 2570 1759 8.26 15.86
150 1794 1988 853 73.33 | 2378 16.38 2.34 26.67 | 2396 16.41 8.71 1559
106 8.82 9.77 1330 65.07 ([ 1352 9.31 4.66 34.93( 1361 9.32 13.25 13.47
75 457 506 2610 7741 821 5,65 4.24 2259 825 5.65 18.67 1151
53 196 217 4308 7557 468 3.23 5.83 24.43| 470 322 2376 835
37 107 119 5956 79.54 || 339 234 483 20.46| 340 233 2353 599
25 036 040 5429 71.86 176 121 436 28.14| 176 1.20 1546 203
-25 0.98 1.09 4408 45.74 (| 2195 15.12 234 54.26| 2196 15.03 431 7.07

Total || 90.23 100 1017 68.58 (14516 100 _2.90 31.42 (14606 100 _9.16 100
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Table 89: Metallurgical balance of pilot Knelsomcentrator (Test 13)
CONCENTRATE TAILS FEED

Size Weight % Grade Rec. [[ Weight % Grade Rec. || Weight %  Grade Distn

(um) (tons)  Weight  (g/t) (%) || (tons) Weight (g/t) (%) (tons) Weight (g/t) (%)

600 0.00027 9.75 8283 45.93 0.49 6.76 5.35 54.07 0.49 6.76 9.9 5.40

425 0.00036 12.87 9520 67.32 || 0.65 8.94 2.53 32.68 0.65 8.94 7.7 5.59

300 0.00046 16.60 9898 55.62 || 0.99 13.55 3.68 44.38 0.99 13.55 8.3 9.07

212 0.00055 19.72 10932 43.01 || 1.28 17.59 6.18 56.99 1.28 1759 10.8 15.39

150 0.00052 18.66 15343 50.95 1.20 16.41 6.39 49.05 1.20 16.41 13.0 17.25

106 0.00025 9.08 24419 51.19 0.68 9.32 8.62 48.81 0.68 9.32 17.7 13.29

75 0.00012 4.47 36357 43.10 0.41 5.65 14.45 56.90 0.41 5.65 25.4 11.59

53 0.00012 4.40 47269 57.74 || 0.23 3.22 1796 42.26 0.23 3.22 425 11.05

37 0.00005 1.66 51506 42.75 || 0.17 2.33 18.72 57.25 0.17 2.33 32.7 6.15

25 0.00002 0.85 38757 48.43 || 0.09 1.20 11.11 51.57 0.09 1.20 21.5 2.09

-25 0.00005 1.93 12579 23.77 1.10 15.03 1.97 76.23 1.10 15.03 2.6 3.14

Total | 0.00277 100 16046 49.26 7.29 100 6.29 50.74 7.30 100 12.4 100

Table 90: Metallurgical balance of laboratory Kieglsoncentrator (Test 14)

CONCENTRATE TAILS FEED (Pilot Knelson tails)
Size ||Weight % Grade Rec. [[Weight %  Grade Rec. || Weight % Grade Distn
(Hm) [ (@) Weight (g/t) (%) (@ Weight (git) (%) (@ Weight (g/t) (%)
600 8.03 8.83 122 3091 | 967 713 227 69.09| 975 7.15 326 2.78
425 | 11.22 1234 595 62.89| 1296 9.56 3.04 37.11| 1307 958 8.12 9.30
300 || 15.87 1745 621 76.14) 1851 13.66 1.67 23.86( 1867 13.68 6.94 11.35
212 19 2090 629 74.35| 2342 1728 1.76 25.65| 2361 17.30 6.81 14.08
150 182 20.02 682 70.08) 2180 16.09 243 29.92( 2198 16.11 8.05 15.52
106 9.09 10.00 972 54.39| 1255 9.26 590 4561 | 1265 9.27 12.84 14.23
75 491 5.40 1754 67.64| 777 573 530 3236 782 573 16.28 11.15
53 217 239 2763 69.85| 445 328 582 3015| 447 328 1921 7.52
37 1.23 135 3687 7438 322 238 485 2562 323 237 1886 5.34
25 0.39 0.43 3798 6858( 165 1.22 413 31.42 165 121 1311 1.90
-25 0.82 0.90 4235 4456 || 1953 1441 221 5544 | 1954 1432 398 6.82
Total || 90.93 100 823 6555 (13552 100 2.90 34.45| 13643 100 _ 8.36 100
Table 91: Metallurgical balance of pilot Knelsomcentrator (Test 14)
CONCENTRATE TAILS FEED
Size Weight % Grade Rec. Weight % Grade Rec. [ Weight % Grade Dist'n
(pm) (tons)  Weight  (g/t) (%) (tons)  Weight  (gft) (%) (tons) Weight  (g/t) (%)
600 [ 0.00033 9.36 4333 76.40 0.44 7.15 1.01 23.60 0.44 7.15 4.3 2.47
425 |[[0.00042 11.79 5538 43.41 0.59 9.58 511 56.59 0.59 9.58 9.0 7.01
300 [ 0.00052 14.76 5470 39.09 0.85 13.68 5.28 60.91 0.85 13.68 8.7 9.62
212 | 0.00064 17.90 10402 54.99 1.07 17.30 5.06 4501 1.07 17.30 11.2 15.78
150 | 0.00066 18.55 10068  54.13 1.00 16.11 5.64 4587 1.00 16.11 12.3 16.08
106 | 0.00036 10.03 14252 55.94 0.57 9.27 6.98  44.06 0.57 9.27 15.8 11.91
75 0.00020 5.50 28078 58.43 0.35 5.73 11.01 4157 0.35 5.73 26.5 12.31
53 0.00021 5.82 30074 69.61 0.20 3.28 13.42  30.39 0.20 3.28 44.1 11.72
37 0.00008 2.25 43990 63.12 0.15 2.37 14.03 36.88 0.15 2.37 38.0 7.31
25 0.00004 1.23 28874 65.24 0.07 121 8.99 3476 0.07 121 25.9 2.54
-25 0.00010 2.82 9028 36.55 0.89 14.32 1.78 63.45 0.89 14.31 2.8 3.25
Total || 0.00356 100 11918 55.55 6.19 100 548 4445 6.19 100 12.3 100
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Table 92: Metallurgical balance of laboratory Kmelsoncentrator (Test 15)

CONCENTRATE TAILS FEED (Pilot Knelson tails)
Size || Weight % Grade Rec. [ Weight % Grade Rec. || Weight % Grade Dist'n
() (@) Weight (g/t) (%) (@  Weight (g/t) (%) (@  Weight (g/t) (%)
600 10.16 11.30 246 35.25 916 755  5.00 64.75 927 7.58 764 6.48
425 11.46 12,74 404 66.47 1275 1052 1.83 33.53 1287 1053 541 6.37
300 15.73 17.49 536 57.27 1829 15.08 3.44 42.73 1845 15.09 7.98 13.48
212 18.39 2045 630 67.08 || 2170 17.89 2.62 32.92 2188 1791 7.89 1581
150 17.18 19.10 727 7245 1923 1586 2.47 27.55 1940 15.88 8.89 15.79
106 8,53 949 1126 74.43 1065 878  3.10 25.57 1073 8.78 12.03 11.82
75 456 5.07 1964 77.50 651 537 3.99 22.50 656 537 17.61 10.58
53 205 228 3086 76.58 371 3.05 5.22 23.42 373 3.05 2217 7.56
37 1.12 125 4052 79.11 264 218 454 20.89 265 217 2164 5.25
25 0.37 041 4329 76.70 132 1.09 3.64 23.30 132 1.08 1558 1.89
-25 0.39 043 5684 40.52 1533 12.64 2.10 59.48 1534 1255 3.53 4.96
Total |[ 89.93 100 810 66.69 | 12130 100 3.00 33.31 ||12220 100 8.94 100

Table 93: Metallurgical balance of pilot Knelsomcentrator (Test 15)
CONCENTRATE TAILS FEED
Size Weight % Grade Rec. || Weight % Grade Rec. Weight %  Grade Distn
(pm) (tons)  Weight  (g/t) (%) (tons) Weight (g/t) (%) (tons)  Weight (g/t) (%)
600 0.00030 11.14 12042 72.65 0.51 7.58 2.69 27.35 0.51 7.58 9.8 6.72
425 0.00038 13.95 7890 54.01 0.71 10.53  3.60 45.99 0.71 1053 7.8 7.41
300 |f 0.00045 16.55 2828 21.52 1.02 15.09 4.57 78.48 1.02 15.10 5.8 7.91
212 0.00051 18.60 2026 13.84 1.21 1791 5.29 86.16 1.21 1791 6.1 9.90
150 0.00048 17.79 15580 52.29 1.07 15.88 6.44 47.71 1.07 1588 135 19.29
106 | 0.00024 8.92 11290 34.11 0.59 8.78 8.95 65.89 0.59 8.78 13.6 10.74
75 0.00012 4.40 29454  41.69 0.36 5.37 1365 5831 0.36 537 234 1131
53 0.00011 4.17 72888 70.34 0.21 3.05 16.98  29.66 0.21 3.05 572 1571
37 0.00004 151 52162 46.11 0.15 217 1712 53.89 0.15 217 318 6.20
25 0.00002 0.79 39124 49.07 0.07 1.08 1195 50.93 0.07 1.08 235 2.29
-25 0.00006 2.18 11344 35.79 0.85 12.55 1.43 64.21 0.85 1255 22 2.52
Total |[ 0.00272 100 12742 46.36 6.74 100 5.96 53.64 6.74 100 11.1 100

Table 94: Metallurgical balance of laboratory Kmelsoncentrator (Test 16)

CONCENTRATE TAILS FEED (Pilot Knelson tails)
Size ||Weight %  Grade Rec. [|Weight % Grade Rec. || Weight %  Grade Distn
(um) | (@ Weight (g/t) (%) (@ Weight (g/t) (%) (@ Weight (g/) (%)
600 || 941 1031 24 3.89 |[ 1212 6.66 4.70 96.11 || 1222 6.68 4.85 10.27
425 |113.58 14.87 49 2048 | 1943 10.67 1.33 79.52 [[ 1956 10.69 1.66 5.64
300 ||18.20 19.93 64 29.88 || 2645 1453 1.03 70.12 || 2664 1455 1.46 6.75
212 |120.09 22.00 149 22.11 | 3869 21.24 273 77.89 || 3889 21.25 3.49 2353
150 |[16.70 18.29 182 3193 || 3035 16.67 2.13 68.07 || 3052 16.68 3.12 16.49
106 |[ 890 9.75 242 3541 || 1761 9.67 223 6459 || 1770 9.67 3.44 10.55
75 327 358 453 30.82 || 891 489 373 69.18 894 488 538 8.33
53 129 141 827 31.75 | 582 320 394 68.25 583 319 576 5.82
37 0.51 056 1284 27.53 | 289 158 6.03 7247 289 158 831 4.16
25 0.19 021 2344 3561 || 251 138 325 64.39 251 137 504 219
-25 || 020 0.22 2778 15.14 || 1733 952 177 84.86 || 1733 9.47 2.08 6.26
Total || 91.30 100 158  25.07 (/18211 100 2.37 7493 (18302 100 _ 3.15 100




Appendix 3 LKC and pilot Knelson concentrator metalurgical
balances: campaign 2

138

Table 95: Metallurgical balance of pilot Knelsamcentrator (Test 16)

CONCENTRATE TAILS FEED
Size || Weight % Grade Rec. || Weight % Grade Rec. Weight % Grade Dist'n
(um) (tons) Weight  (g/t) (%) (tons) Weight (g/t) (%) (tons) Weight  (g/t) (%)
600 |(0.00030 10.29 4569 94.43 0.43 6.68 0.19 5.57 0.43 6.68 3.38 3.67
425 1(0.00038 13.07 6563 91.44 069 10.69 0.34 8.56 0.69  10.69 3.98 6.92
300 |(0.00046 15.78 5957 87.02 094 1455 044 12.98 0.94 1455 3.37 7.96
212 |(0.00053 17.98 15701  88.65 137 2125 0.77 11.35 137 21.25 6.80 23.48
150 [[0.00052 17.59 4462 68.22 1.08 16.67 1.00 31.78 1.08  16.67 3.13 8.48
106 [[0.00028 9.48 10008  78.52 0.62 9.67 1.22 21.48 0.63 9.67 5.67 8.91
75 |0.00015 5.24 30142 89.85 0.32 4.88 1.66 10.15 0.32 4.88 16.32 1295
53 |/0.00016 5.43 38188 94.16 0.21 3.19 1.83 5.84 0.21 3.19 31.31 16.23
37 |/0.00005 1.86 42924  90.95 0.10 1.58 2.29 9.05 0.10 1.58 25.26 6.49
25 |/0.00003 1.00 29628  84.56 0.09 1.37 1.79 15.44 0.09 1.37 11.62 2.59
-25 |(0.00007 2.30 10810  79.08 0.61 9.47 0.32 20.92 0.61 9.47 151 2.32
Total [0.00293 100 11819  87.16 6.46 100 0.79 12.84 6.46 100 6.15 100

Table 96: Metallurgical balance of laboratory kswi concentrator (Test 16F)

CONCENTRATE TAILS FEED (Pilot Knelson feed)
Size | Weight % Grade Rec. || Weight % Grade Rec. || Weight % Grade Dist'n
(um) (@  Weight (g/t) (%) (@ Weight (g/t) (%) (@) Weight (g/t) (%)
600 9.84 1096 260 69.69 662 7.34 168 3031f( 672 7.37 5.46 3.05
425 11.82 13.16 689 80.85 838 9.29 230 19.15( 850 9.33 11.84 8.37
300 15.66 17.44 518 55.50 [ 1215 13.47 5.35 4450 | 1231 13.50 11.87 12.14
212 17.96 20.00 773 8592 ([ 1538 17.04 1.48 14.08 || 1556 17.07 10.39 13.43
150 16.72 18.62 1100 85.26 | 1426 15.79 2.23 14.74 || 1442 15.82 1495 17.92
106 8.5 9.47 1412 79.95 815 9.03 3.69 20.05 | 824 9.04 18.22 12.47
75 474 528 2397 80.13 505 5.60 558 19.87 | 510 559 27.82 11.78
53 2.22 2.47 3873 86.13 295 3.27 470 1387 | 297 3.26 33.62 8.30
37 1.31 1.46 4809 87.13 221 245 421 1287 | 222 244 3251 6.01
25 0.39 0.43 4430 79.59 115 128 3.82 2041 116 1.27 1865 1.79
-25 0.63 0.70 4400 48.76 || 1394 1545 2.09 51.24 || 1395 15.30 4.08 4.73
Total | 89.79 100 1045 77.98 || 9025 100 2.94 22029115 100 _13.20 100

CONCENTRATE TAILS FEED (Pilot Knelson tails-1)
Size || Weight % Grade Rec. || Weight % Grade Rec. | Weight % Grade Distn
(Hm) (9) Weight (g/t) (%) (9 Weight (9/t) (%) (@ Weight (g/t) (%)
600 6.66 7.42 449 7128 || 787 511 153 28.72 | 794 5.12 5.28 2.89
425 11.23 1251 401 5751 || 1472 955 2.26 42.49 || 1483 9,57 528 5.39
300 16.14 17.97 584 53.44 || 2298 14.92 357 46.56 || 2315 1494 7.61 12.14
212 19.62 21.85 716 72.18 || 2849 18.49 190 27.82 | 2868 18.51 6.78 13.40
150 18.45 20.55 911 73.14 || 2626 17.05 2.35 26.86 || 2645 17.07 8.69 15.83
106 9.06 10.09 1611 64.79 || 1508 9.79 5.26 35.21 || 1517 9.79 14.85 15.52
75 474 5.28 3018 79.07 || 928 6.02 4.08 20.93 || 933 6.02 1940 12.46
53 201 224 5150 81.68 || 525 3.41 4.42 1832 || 527 340 2403 8.73
37 111 124 6577 80.04 || 366 2.38 4.97 19.96 || 367 237 2482 6.28
25 040 044 6810 77.18 || 173 113 461 2282 | 174 1.12 2016 241
-25 038 043 7283 38.84 || 1872 12.15 2.34 61.16 | 1873 12.08 3.83 4.93
Total || 89.80 100 1111 68.75 |[15406 100 2.94 31.25 | 15496 100 9.37 100

Table 97: Metallurgical balance of laboratory kswi concentrator (Test 5T1)



Appendix 3 LKC and pilot Knelson concentrator metalurgical
balances: campaign 2

139

Table 98: Metallurgical balance of laboratory Kmelsoncentrator (Test 5T2)

CONCENTRATE TAILS FEED (Pilot Knelson tails-2)
Size Weight % Grade Rec. || Weight % Grade Rec. || Weight % Grade Dist'n
(um) (@) Weight (g/t) (%) (@ Weight (g/t) (%) (@ Weight (g/t) (%)
600 6.34 7.09 5 0.76 707 4.68 6.02 99.24 713 469 6.01 293
425 10.82 12.10 629 72.07 || 1319 8.73 2.00 2793 | 1330 875 7.10 6.44
300 16.02 17.92 647 61.86 || 2108 13.95 3.03 38.14 || 2124 13.97 7.89 11.42
212 19.39 21.69 733 75.34 || 2706 17.90 1.72 24.66 || 2725 17.93 6.92 12.87
150 18.49 20.69 948 70.51 || 2562 16.95 2.86 29.49 || 2580 16.97 9.63 16.95
106 9.23 10.33 1595 73.60 || 1496 9.90 3.53 26.40 || 1505 9.90 13.29 13.64
75 4.84 5.41 2756  74.69 924 6.12 4.89 2531 929 6.11 19.22 12.18
53 2.08 2.33 4711  78.52 527 3.48 5.09 21.48 529 3.48 23.60 8.51
37 1.12 1.25 6141  77.03 380 251 5.40 2297 381 2.51 23.44 6.09
25 0.342 0.38 5310 72.17 190 1.26 3.68 27.83 191 1.25 13.20 1.72
-25 0.713 0.80 3878 26.03 |[ 2195 14.52 3.58 73.97 || 2195 14.44 484 7.25
Total 89.39 100 1099 67.02 ||15113 100 3.20 32,98 || 15202 100 9.64 100

Table 99: Metallurgical balance of laboratory Kmelsoncentrator (Test 5T3)

CONCENTRATE TAILS FEED (Pilot Knelson tails-3)

Size [|[Weight % Grade Rec. || Weight % Grade Rec. [| Weight %  Grade Dist'n
(um) (@) Weight (g/t) (%) (@) Weight (g/t) (%) (@) Weight (g/t) (%)
600 712 7.89 166 66.37 778 4.97 0.77 33.63 785 4.99 2.27 1.37
425 11.58 12.83 545 74.10 || 1422 9.08 1.55 25.90 1434 9.10 5.94 6.54
300 (| 16.31 18.08 491 58.05 (| 2258 14.42 256 41.95 || 2275 14.44 6.06 10.58
212 |1 19.23 21.31 705 76.38 || 2852 18.21 1.47 23.62 || 2871 18.23 6.18 13.63
150 ([ 18.06 20.02 1012 64.43 || 2607 16.65 3.87 3557 | 2625 16.66 10.81 21.78
106 8.95 9.92 1661 75.37 || 1490 9.52 3.26 24.63 || 1499 9.52 13.16 15.15
75 4.68 5.19 2889 78.68 916 5.85 4.00 21.32 921 5.84 18.66 13.20
53 2.02 2.24 1309 56.97 522 3.33 3.83 43.03 524 3.32 8.87 3.56
37 1.17 1.30 5777 81.48 370 2.36 4.15 18.52 371 2.36 22.33 6.37
25 0.365 0.40 5718 69.40 189 1.21 4.86 30.60 190 1.20 1585 231
-25 0.746 0.83 3681 38.31 || 2256 14.41 1.96 61.69 || 2257 14.33 3.18 551
Total |[90.23 100 997 69.08 [|15662 100 2.57 30.92 || 15752 100 8.27 100

Table 100: Metallurgical balance of laboratory kKswel concentrator (Test 5T4)

CONCENTRATE TAILS FEED (Pilot Knelson tails-4)

Size [[Weight %  Grade Rec. ||Weight % Grade Rec. || Weight %  Grade Dist'n
(um) | (@) Weight (g/ity (%) (@) Weight (g/it) (%) (@ Weight (g/t) (%)
600 6.26 6.84 397 64.44 || 1173 6.66 117 3556 | 1180 6.66 3.27 259
425 || 12.61 13.78 344 67.31 || 1880 10.67 1.12 32.69 || 1893 10.68 3.40 4.32
300 || 17.81 19.46 567 42.12 ([ 2560 1453 542 57.88 || 2578 14.55 9.30 16.09
212 || 20.34 22.23 749 64.20 ([ 3744 21.24 227 3580 | 3765 21.25 6.31 15.93
150 [ 17.97 19.64 1053 65.11 || 2938 16.67 3.45 34.89 |[ 2956 16.68 9.83 19.50
106 8.35 9.12 1763 75.19 ([ 1704 9.67 2.85 2481 | 1713 9.67 1143 13.14
75 423 462 3147 74.27 862 489 535 2573 866 4.89 20.69 12.03
53 1.85 202 4822 77.19 563 3.20 468 2281 565 3.19 2045 7.76
37 1.07 117 2420 71.75 279 1.58 3.65 28.25 280 158 1287 242
25 0.383 0.42 5762 74.10 243 1.38 3.18 25.90 243 137 1226 2.00
-25 0.64 0.70 4543 46.30 || 1678 9.52 201 53.70 | 1678 9.47 3.74 421
Total ||91.51 100 1046 64.25 [[17625 100 3.02 35.75 ||17717 100 8.41 100
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Table 101: Metallurgical balance of pilot Knelsancentrator (Test 5)
CONCENTRATE TAILS FEED
Size Weight % Grade Rec. ||Weight % Grade Rec. eight % Grade Distn
(um) (tons)  Weight  (g/t) (%) (tons) Weight (g/t) (%) || (tons) Weight (g/t) (%)
600 | 0.00021 5.74 42176  81.05 1.17 552 174 1895 ||1.17 552 9.2 3.37
425 | 0.00036 10.10 43471 69.08 2.05 9.65 345 3092 ||205 9.65 112 7.17
300 | 0.00051 14.06 43592 63.94 3.07 1448 4.05 36.06 [[3.07 1448 112 10.81
212 | 0.00066 18.33 41226 59.13 4.08 19.23 4.60 40.87 [[4.08 19.23 113 1441
150 |[(0.00076 21.13 45680 59.10 356 16.79 6.74 40.90 |[3.56 16.79 16.5 18.42
106 |[(0.00045 12.60 57691 57.84 2.05 9.68 9.28 4216 ||2.05 9.68 220 14.17
75 ](0.00024 6.78 72635 49.94 [ 1.19 560 1494 50.06 |[1.19 560 29.8 11.12
53 0.00023 6.40 107790 72.16 0.70 3.32 1361 27.84 ||0.70 3.32 489 10.79
37 |[0.00007 2.00 140111 57.88 || 045 2.13 16.23 42.12 |[0.45 213 385 545
25 |(0.00003 0.94 115269 57.41 | 0.27 1.25 10.82 4259 |[0.27 125 254 212
-25 [|0.00007 1.94 48117 48.74 || 2.62 1236 1.34 51.26 (2.62 1235 2.6 2.16
Total | 0.00360 100 54047 60.97 |[21.21 100 5.87 39.03 ||21.21 100 150 100

Table 102: Metallurgical balance of laboratory ksoel concentrator (Test 5F1)

CONCENTRATE TAILS FEED (Pilot Knelson feed-1)
Size ||Weight % Grade Rec. ||Weight % Grade Rec. || Weight % Grade Dist'n
(nm) (@ Weight (g/t) (%) (@ Weight (git) (%) (@ Weight (git) (%)
600 8.63 957 720 78.10 611 6.97 2.85 21.90 620 6.99 1283 5.62
425 11.03 12.23 710 84.03 831 9.48 1.79 15.97 842 951 11.06 6.59
300 15.45 17.12 799 89.17 || 1230 14.02 1.22 10.83 1245 14.05 11.12 9.80
212 18.58 20.59 827 91.66 | 1128 12.86 1.24 8.34 1147 1294 1462 11.86
150 18.02 19.97 1099 79.89 | 1529 17.43 3.26 20.11 || 1547 17.45 16.02 17.53
106 9.23 10.23 1675 75.87 900 10.26 546 24.13 910 10.26 22.40 1441
75 495 549 3217 89.28 569 6.49 3.36 10.72 574 6.48 31.07 1261
53 215 238 5284 86.50 330 3.77 5.37 13.50 332 3.75 3951 9.29
37 1.19 132 6648 88.60 238 2.72 4.27 11.40 240 270 37.27 6.31
25 0.402 0.45 5721 82.19 120 1.37 414 17.81 121 1.36 23.17 1.98
-25 0.591 0.66 4337 45.21 | 1284 14.64 242 5479 (| 1284 1449 441 401
Total || 90.22 100 1298 82.79 || 8772 100 277 17.21 || 8862 100 15.96 100
Table 103: Metallurgical balance of laboratory ksoel concentrator (Test 5F2)
CONCENTRATE TAILS FEED (Pilot Knelson feed-2)
Size || Weight % Grade Rec. [[Weight % Grade Rec. || Weight % Grade Distn
wm | (@ Weight (@) (%) | (@ Weight (@) () | (@) Weight (@) (%)
600 10.89 12.08 334.2 83.95 703 7.74 0.99 16.05 714 7.78 6.07 3.25
425 12.35 13.70 784.6 84.14 900 9.91 2.03 15.86 912 9.95 12,62 8.64
300 15.67 17.38 961.3 80.36 | 1274 14.02 2.89 19.64 || 1289 14.06 14.54 14.06
212 17.88 19.83 893.2 87.44 | 1604 17.66 1.43 1256 || 1622 17.68 11.26 13.70
150 16.72 1855 1144 88.22 | 1477 16.26 1.73 11.78 || 1493 16.28 14.52 16.26
106 8.46 9.38 1795 85.11 846 9.31 3.14 14.89 854 9.32 20.89 13.39
75 446 4.95 3006 87.82 531 5.85 3.50 1218 536 5.84 2849 11.45
53 195 216 4812 87.15 311 3.42 4.45 12.85 313 3.41 3442 8.08
37 1.08 1.20 5934 87.96 227 2.50 3.86 12.04 228 249 3192 547
25 0.296 0.33 5921 81.05 117 1.29 3.50 18.95 117 1.28 1843 1.62
-25 0.401 0.44 6145 4542 | 1093 12.03 271 5458 || 1093 1192 4.96 4.07
Total [ 90.16 100 1243 84.10 | 9082 100 2.33  15.90 [ 9172 100 14.53 100
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Table 104: Metallurgical balance of laboratory kKswel concentrator (Test 5F3)

CONCENTRATE TAILS FEED (Pilot knelson feed-3)
Size [[Weight % Grade Rec. [[Weight % Grade Rec. || Weight % Grade Dist'n
(um) (@ Weight (g/t) (%) (@9 Weight (git) (%) (@) Weight (g/t) (%)
600 10.2 11.36 536 82.38 769 8.05 1.52 17.62 780 8.08 8.51 5.44
425 12.26 13.65 761 87.18 [ 1010 1056 1.36 12.82 1022 10.59 10.48 8.78
300 15.88 17.68 646 78.22 |[[ 1393 1457 2.05 21.78 || 1409 1460 9.31 10.75
212 18.08 20.13 868 86.30 || 1638 17.14 1.52 13.70 || 1656 17.17 10.98 14.91
150 16.73 18.63 1024 80.37 | 1418 1483 295 19.63 || 1435 14.87 14.85 17.47
106 8.27 9.21 1541 85.17 804 8.41 276 14.83 812 8.42 1842 12.26
75 441 491 2718 84.02 502 5.25 454  15.98 507 525 28.16 11.69
53 1.97 219 4037 88.15 295 3.09 3.62 11.85 297 3.08 3035 7.39
37 11 1.22 5202 88.46 220 2.30 3.39 11.54 221 229 29.22 530
25 0.316 0.35 3880 75.38 116 1.21 3.45 24.62 116 1.21 1398 1.33
-25 0.608 0.68 4487 48.00 || 1394 1458 2.12 52.00 |[ 1395 1445 4.08 4.66
Total || 89.82 100 1116 82.18 | 9560 100 2.27 17.82 || 9650 100 12.64 100
Table 105: Metallurgical balance of laboratory kKsoel concentrator (Test 5F4)
CONCENTRATE TAILS FEED (Pilot Knelson feed-4)
Size ||Weight % Grade Rec. ||Weight % Grade Rec. || Weight % Grade Dist'n
(Hm) (9) Weight (g/t) (%) (@) Weight (g/t) (%) (@9 Weight (g/t) (%)
600 10.42 1181 870 90.35 712 8.11 1.36 9.65 722 8.14 13.89 8.69
425 11.97 1357 701 76.17 915 1042 2.87 23.83 927 1045 1189 9.54
300 15.83 17.94 763 85.24 | 1275 1453 1.64 14.76 1291 1456 10.97 12.27
212 1795 20.35 707 80.14 | 1520 17.32 2.07 19.86 |[ 1538 17.35 10.30 13.72
150 16.3 18.48 915 78.10 | 1311 1493 3.19 21.90 1327 1497 1438 16.54
106 8.00 9.07 1408 79.66 734 8.36 3.92 20.34 742 8.36 19.06 12.25
75 423 480 2288 83.45 455 5.18 4.22 16.55 459 5.18 25.26 10.05
53 1.80 2.04 3529 86.28 264 3.01 3.82 13.72 266 3.00 27.65 6.38
37 091 1.03 4899 87.48 196 2.23 3.26 12.52 197 222 2592 441
25 0.29 0.33 5340 8243 105 1.20 3.10 17.57 106 1.19 17.60 1.61
-25 052 059 3986 39.29 ([ 1292 14.71 2.47 60.71 1292 1457 4.07 4.55
Total || 88.22 100 1048 80.10 (| 8779 100 2.62 19.90 8867 100 13.02 100
Table 106: Metallurgical balance of laboratory ksoel concentrator (Test 12T1)
CONCENTRATE TAILS FEED (Pilot Knelson tails-1)
Size || Weight % Grade Rec. || Weight % Grade Rec. || Weight % Grade Dist'n
(um) (@) Weight (g/it) (%) (@ Weight (g/t) (%) (@) Weight (g/t) (%)
600 8.85 9.85 449 57.15 || 1201 8.29 2.48 42.85 1210 8.30 5.74 5.14
425 11.93 13.27 401 69.40 || 1660 11.47 1.27 30.60 1672 11.48 4.12 5.10
300 16.86 18.76 584 63.06 || 2243 15.49 2.57 36.94 2260 15.51 6.90 11.54
212 19.15 21.31 716 77.69 || 2491 17.20 1.58 22.31 2510 17.22 7.03 13.04
150 16.82 18.71 911 71.11 || 2102 14.52 2.96 28.89 2119 1454 10.16 15.93
106 7.95 8.84 1611 75.71 || 1164 8.04 3.53 24.29 1172 8.04 14.44 12.51
75 4.24 4.72 3018 76.00 729 5.04 5.54 24.00 734 5.03 22.95 1245
53 1.93 2.15 5150 81.54 434 2.99 5.19 18.46 436 2.99 27.98 9.01
37 1.20 1.34 6577 85.96 330 2.28 3.91 14.04 331 2.27 27.74 6.79
25 0.43 0.48 6810 80.87 185 1.28 3.76 19.13 185 1.27 19.61 2.69
-25 0.52 0.58 7283 48.51 || 1944 13.42 2.08 51.49 1944 13.34 4.04 5.81
Total 89.89 100 1088 72.32 |[ 14483 100 2.59 27.68 || 14573 100 9.28 100
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Table 107: Metallurgical balance of laboratory Kswel concentrator (Test 12T2)

Table 108: Metallurgical balance of laboratory Kswel concentrator (Test 12T3)

CONCENTRATE TAILS FEED (Pilot Knelson tails-2)
Size || Weight % Grade Rec. || Weight % Grade Rec. || Weight % Grade Dist'n
(nm) (@)  Weight (g/t) (%) (@ Weight (g/t) (%) (@  Weight (g/t) (%)
600 9.73 10.96 5 1.24 663 4.68 6.02 98.76 672 4.72 6.01 2.93
425 11.54 13.00 629 74.59 || 1236  8.73 2.00 2541 | 1248 8.75 7.80 7.05
300 16.03 18.06 647 63.40 || 1975 1395 3.03 36.60 ([ 1991 13.97 8.21 1185
212 18.35 20.68 733 7552 || 2536 17.90 1.72 24.48 || 2554 17.92 6.97 12091
150 16.60 18.71 948 69.61 || 2401 1695 2.86 30.39 ([ 2418 16.96 9.35 16.37
106 8.02 9.04 1595 72.11 || 1402  9.90 3.53 27.89 | 1410 9.89 1258 12.85
75 4.26 4.80 2756 73.48 | 866 6.12 4.89 26.52 871 6.11 18.35 1157
53 1.96 221 4711 78.61 || 494 3.48 5.09 21.39 495 3.48 2370 851
37 1.21 1.36 6141 79.45 || 356 2.51 5.40 20.55 357 251 26.18 6.78
25 0.43 0.48 5310 77.63 || 178 1.26 3.68 2237 179 1.25 16.41 213
-25 0.62 0.69 3878 24.49 || 2057 1452 358 7551 || 2058 14.44 4.74 7.07
Total || 88.75 100 1045 67.17 || 14164 100 3.20 32.83 |[14253 100 9.68 100

CONCENTRATE TAILS FEED (Pilot Knelson tails-3)
Size || Weight %  Grade Rec. || Weight % Grade Rec. || Weight % Grade Dist'n
(um) (@  Weight (g/t)y (%) (@ Weight (gt) (%) (@ weight (g/t) (%)
600 712 7.89 166 6824 || 715 497 077 3176 | 722 499 240 1.37
425 11.58 12.83 545 75.69 | 1306 9.08 155 24.31 || 1318 9.10 6.32 6.56
300 16.31 18.08 491 60.11 || 2074 1442 256 39.89 (| 2091 1444 6.37 10.49
212 19.23 21.31 705 77.88 || 2620 18.21 1.47 2212 || 2639 1823 6.60 13.71
150 18.06 20.02 1012 66.36 || 2395 16.65 3.87 33.64 (| 2413 16.67 1142 21.70
106 8.95 9.92 1661 76.91 || 1369 9.52 3.26 23.09 || 1378 9.52 14.03 15.23
75 4.68 5.19 2889 80.07 || 841 5.85 4.00 19.93 846 584 1996 13.30
53 2.02 2.24 1309 59.04 || 479 3.33 3.83  40.96 481 3.32 9.31 3.53
37 117 1.30 5777 8272 | 340 2.36 415 17.28 341 236 2394 6.44
25 0.37 0.40 5718 71.17 174 121 486 28.83 174 1.20 16.82 231
-25 0.75 0.83 3681 40.34 || 2073 1441 196 59.66 (| 2073 1432 3.28 5.36
Total || 90.23 100 997 70.86 |[14386 100 257 29.14 |[14476 100 8.77 100
Table 109: Metallurgical balance of laboratory Ksmel concentrator (Test 12T4)
CONCENTRATE TAILS FEED (Pilot Knelson tails-4)
Size |[Weight % Grade Rec. || Weight %  Grade Rec. || Weight % Grade Dist'n
() | @ Weight (@) () | @ Weight @) () [ (@) Weight () (%)
600 6.26 6.84 397 68.16 || 993 6.66 1.17 31.84 |[ 999 6.66 365 259
425 12.61 13.78 344 70.86 || 1592 10.67 1.12 29.14 || 1604 10.69 381 4.34
300 17.81 19.46 567 46.23 || 2167 1453 542 53.77 || 2185 1456 10.00 15.51
212 20.34 2223 749 67.93 | 3170 21.24 227 3207 || 3190 2125 7.03 1593
150 17.97 19.64 1053 68.80 || 2487 16.67 3.45 31.20 || 2505 16.69 10.98 19.53
106 835 912 1763 78.16 || 1443 9.67 2.85 21.84 | 1451 9.67 1298 13.37
75 423 462 3147 7732 | 730 489 535 2268 | 734 489 2346 12.23
53 1.85 2.02 4822 79.99 || 477 320 468 2001 | 479 319 2330 7.92
37 1.07 117 2420 75.00 || 236 158 3.65 25.00 |[ 237 158 1454 245
25 0.38 042 5762 77.17 || 205 138 3.18 22.83 |[ 206 137 1390 203
-25 0.64 070 4543 5046 || 1420 9.52 2.01 4954 |[ 1421 9.46 406  4.09
Total || 91.51 100 1046 67.98 (14919 100 3.02 32.02 [(15011 100 9.38 100
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Table 110: Metallurgical balance of pilot Knelsamcentrator (Test 12)

CONCENTRATE TAILS FEED
Size |Weight % Grade Rec. [Weight % Grade Rec. |[Weight % Grade Distn
(um) || (tons) Weight (g/t) (%) | (tons) Weight (g/t) (%) | (tons) Weight (g/t) (%)
600 [0.00027 9.30 33655 76.78 || 1.44 605 192 2322 || 1.44 605 83 3.90
425 (0.00035 12.05 35930 58.36 || 237 9.97 381 4164 [ 237 997 91 7.09
300 |0.00044 15.16 34350 49.14 [ 346 1458 455 50.86 || 3.46 1458 89  10.13
212 |0.00054 18.62 34860 45.06 || 452 19.02 512 54.94 || 452 19.02 93 1376
150 ||0.00056 19.13 47465 48.05 | 3.89 16.37 7.38 51.95 || 3.89 1637 142  18.06
106 |(0.00030 10.18 71986 48.47 | 223 9.38 10.21 5153 || 223 938 198 14.44
75 [0.00016 5.33 103983 4354 || 1.29 544 1625 5646 || 1.29 544 288 1215
53 [(0.00016 5.46 123957 63.06 || 077 3.25 1502 36.94 || 0.77 325 406 10.26
37 [(0.00006 1.98 129328 4453 || 050 211 1858 5547 || 050 211 335 549
25 [(0.00003 1.02 83299 39.71 || 030 128 1245 60.29 | 0.30 128 206 205
-25 [0.00005 176 69913 44.11 || 2.98 1256 153 5589 | 298 1256 27 2.67
Total [|0.00292 100 52523 50.18 ||23.76 100 641 49.82 [[2376 100 129 100
Table 111: Metallurgical balance of laboratory Ksmel concentrator (Test 12F1)
CONCENTRATE TAILS FEED (Pilot Knelson feed-1)
Size || Weight % Grade Rec. || Weight % Grade Rec. Weight % Grade Dist'n
(um) (@ Weight (g/t) (%) (9 weight (g/) (%) (@  Weight (g) (%)
600 || 10.65 11.90 746  69.26 [ 1071 7.0 329 3074 || 1082 7.13 1060 4.83
425 || 12.09 1351 1288 5496 [ 1392 922 917 4504 || 1404 925 2018 11.94
300 || 15.91 17.78 1495 86.76 [ 2028 13.44 179 1324 || 2044 13.46 1341 11.56
212 || 18.06 20.18 1317 7658 [ 2607 17.28 279 2342 | 2625 17.29 11.83 13.09
150 || 1645 18.38 1779 69.50 | 2387 1582 538 3050 | 2403 1583 17.52 17.75
106 8.05 9.00 2782 8455 || 1356 898 3.02 1545 || 1364 898 1943 1117
75 422 472 4968 8230 || 849 563 531 17.70 || 853 562 20.85 10.74
53 1.89 211 7668 8386 [ 503 3.34 554 1614 || 505 333 3420 7.29
37 111 124 9410 8489 [ 380 251 490 1511 || 381 251 3233 519
25 039 044 8534 8169 | 209 139 359 1831 || 210 138 1957 173
-25 0.67 075 7092 4262 || 2309 1530 277 57.38 || 2310 1522 4.83 470
Total || 89.49 100 _1975 7452 ||15092 100 _4.00 2548 || 15181 100 _15.62 100

Table 112: Metallurgical bal

ance of laboratory Kswel concentrator (Test 12F2)

CONCENTRATE TAILS FEED (Pilot Knelson feed-2)
Size | Weight % Grade Rec. [[Weight %  Grade Rec. || Weight %  Grade Distn
(um) (@) Weight (gt) (%) (@) Weight (g/t) (%) (@) Wweight (g) (%)
600 9.05 10.13 803 86.72 || 1266 7.27 0.88 13.28 | 1275 729 6.58 3.67
425 11.73 1313 771 5341 | 1689 9.71 467 46,59 || 1701  9.72  9.96 741
300 15.82 17.71 1343 81.76 [ 2406 13.83 197 1824 [ 2422 13.85 10.73 11.37
212 18.35 20.55 1423 8140 [ 2998 17.23 199 1860 || 3016 17.24 10.64 14.04
150 17.23 1929 1745 82.61 [ 2729 15.68 232 1739 || 2746 1570 13.26 15.93
106 8.64 9.67 2742 8043 | 1546 888 3.73 19.57 || 1554 8.88 1895 12.89
75 461 516 4907 80.51 | 963 553 569 19.49 967 553 29.05 12.30
53 201 225 8436 84.02 || 576 331 560 15.98 578 330 3493 883
37 11 123 10664 8362 || 444 255 518 16.38 445 254 3154 6.14
25 0.3 0.34 11743 78.61 | 243 140 394 21.39 244 139 1840 1.96
-25 0.472 053 12329 46.60 || 2546 14.63 2.62 5340 |[ 2546 1455 491 5.46
Total |[ 89.31 100 1994  77.93 ||17405 100 2.90 22.07 | 17494 100 13.06 _ 100
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Table 113: Metallurgical balance of labortory Kreglsconcentrator (Test 12F3)

CONCENTRATE TAILS FEED (Pilot Knelson feed-3)
Size || Weight % Grade Rec. || Weight % Grade Rec. Weight % Grade Dist'n
(um) (9)  Weight  (g/t) (%) (9) Weight (g9/t) (%) (@  Weight (g/t) (%)
600 8.75 9.77 554 85.49 784 7.39 1.05 1451 792 7.41 7.16 3.86
425 11.91 13.30 761 61.27 || 1023  9.65 5.60 38.73 1035 9.68 1429 10.07
300 16 17.86 884 79.79 | 1444 1362 248 2021 1460 13.65 12.14 12.07
212 18.16 20.28 828 81.49 |f 1817 17.13 1.88 1851 1835 17.16 10.06 12.57
150 17.05 19.04 1136 77.44 | 1654 15.60 3.41 22.56 1671  15.62 14.96 17.03
106 8.73 9.75 1837 81.90 945 8.92 3.75 18.10 954 8.92 2053 1334
75 4,58 5.11 2975 84.87 590 5.56 412 1513 594 556 27.02 10.93
53 2.00 2.23 4900 86.04 349 3.29 456 13.96 351 3.28 3248 7.76
37 1.27 1.42 5819 85.85 266 2,51 458 14.15 267 250 3222 5.86
25 0.43 0.48 5460 82.19 145 1.36 3,50 17.81 145 1.36 19.59 1.94
-25 0.69 0.77 5008 51.10 || 1588 14.98 2.07 48.90 1589 1486 4.23 4.58
Total || 89.56 100 1285  78.37 |[10603 100 3.00 2163 [ 10693 100 13.73 100

Table 114: Metallurgical balance of laboratory Ksuel concentrator (Test 12F4)

CONCENTRATE TAILS FEED (Pilot Knelson feed-4)
Size || Weight % Grade Rec. [ Weight % Grade Rec. Weight % Grade Dist'n
(um) (@)  Weight (g/t) (%) (9 Weight (git) (%) (@  Weight (g/t) (%)
600 10.63 11.92 427 73.02 665 7.73 252 26.98 675 7.78  9.19 5.11
425 11.93 13.38 507 74.49 866 10.08 239 2551 878 10.11  9.24 6.67
300 1556 17.45 747 8541 | 1211 14.08 1.64 14.59 1226 1412 11.10 11.19
212 17.52 19.65 770 8528 | 1493 17.37 156 14.72 1510 17.39 1047 13.01
150 1642 1841 1173 8538 | 1325 1541 249 14.62 1341 1544 16.82 1855
106 836  9.38 2657 89.44 | 741 8.62 3.54 10.56 749 8.63 33.14 2042
75 439 492 981 65.21 || 458 5.33 5.02 34.79 462 532 1429 543
53 201 225 4044  84.07 275 3.20 560 15.93 277 319 3489 7.9
37 123 1.38 4848  87.76 214 2.49 389 1224 215 248 3160 559
25 0.378 0.42 4027  79.76 119 1.39 324 20.24 120 138 1596 157
-25 0.744 0.83 3904 5293 | 1230 1431 210 47.07 1231 1417 4.46 451
Total || 89.17 100 1121 82.22 || 8597 100 252 17.78 8686 100 14.00 100
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Appendix 4 Images of tungsten particles



Appendix 4 Images of tungsten particles 146

Figure 56: Tungsten particles (-850 + 600 um)

Figure 57: Tungsten particles (-300 + 212 um)



Appendix 4 Images of tungsten particles 147

Figure 58: Tungsten particles (-212+ 150 pm)



