
Nationallibrary
of Canada

Bibliothèque nationale
du Canada

Acquisitions and Direction des acquisitions et
Bibliographie Services Branch des services bibliographiques

395 Wellington Street
Ottawa. Ontario
K1AON4

NOTICE

395. rue Wellington
Ottawa (Ontario)
K1AON4

AVIS

The quality of this microform is
heavily dependent upon the
qualiiy of the original thesis
submitted for microfilming.
Every effort has been made to
ensure the highest quality of
reproduction possible.

If pages are missing, contact the
university which granted the
degree.

Some pages may have indistinct
print especially if the original
pages were typed with a poor
typewriter ribbon or if the
university sent us an inferior
photocopy.

Reproduction in full or in part of
this microform is governed by
the Canadian Copyright Act,
R.S.C. 1970, c. C-30, and
subsequent amendments.

Can d···, a a

La qualité de cette microforme
dépend grandement de la qualité
de la thèse soumise au
microfilmage. Nous avons tout
fait pour assurer une qualité
supérieure de reproduction.

S'il manque des pages, veuillez
communiquer avec l'université
qui a conféré le grade.

La qualité d'impression de
certaines pages peut laisser à
désirer, surtout si les pages
originales ont été
dactylographiées à l'aide d'un
ruban usé ou si l'université nous
a fait parvenir une photocopie de
qualité inférieure.

La reproduction, même partielle,
de cette microforme est soumise
à la Loi canadienne sur le droit
d'auteur, SRC 1970, c. C-30, et
ses amendements subséquents.



•

•

•

AN INVESTIGATION OF THE GRAVITY

RECOVERY OF GOLD

Angela Putz

A thesis submitted to the Faculty of Graduate Studies and Research

in partial fulfillment of the requirements for the degree of Master of

Engineering

Department of Mining and Metallurgical Engineering

McGiII University

Montréal, Canada

c October, 1994



1+1 National Ubrary
of Canada

Bibliothèque nationale
du Canada

Acquisitions and Direction des acquisitions et
Bibliographie services Branch des services bibliographiques

395 Wel!ington Street 395. rue Wellington
Ottawa. Ontario Ottawa (Ontario)
K1A ON4 K1A ON4

'r'ou,f1fc VO/lerlllclrertCo

THE AUTHOR HAS GRANTED AN
IRREVOCABLE NON-EXCLUSIVE
LICENCE ALLOWING THE NATIONAL
LffiRARY OF CANADA TO
REPRODUCE, LOAN, DlSTRIBUTE OR
SELL COPIES OF mS/HER THESIS BY
ANY MEANS AND IN ANY FORM OR
FORMAT, MAKING TmS THESIS
AVAILABLE TO INTERESTED
PERSONS.

THE AUTHOR RETAINS OWNERSHIP
OF THE COPYRIGHT IN mS/HER
THESIS. NEITHER THE THESIS NOR
SUBSTANTIAL EXTRACTS FROM IT
MAY BE PRINTED OR OTHERWISE
REPRODUCED WITHOUT mS/HER
PERMISSION.

L'AUTEUR A ACCORDE UNE LICENCE
IRREVOCABLE ET NON EXCLUSIVE
PERMETTANT ALA BffiLIOTHEQUE
NATIONALE DU CANADA DE
REPRODUIRE, PRETER, DISTRIBUER
OU VENDRE DES COPIES DE SA
THESE DE QUELQUE MANIERE ET
SOUS QUELQUE FORME QUE CE SOIT
POUR METTRE DES EXEMPLAIRES DE
CETTE THESE ALA DISPOSITION DES
PERSONNE INTERESSEES.

L'AUTEUR CONSERVE LA PROPRIETE
DU DROIT D'AUTEUR QUI PROTEGE
SA THESE. NI LA THESE NI DES
EXTRAITS SUBSTANTIELS DE CELLE­
CI NE DOIVENT ETRE IMPRIMES OU
AUTREMENT REPRODUITS SANS SON
AUTORISATION.

ISBN 0-315-99978-0

Canad:a



•

•

•

ABSTRACT

A 7.6 cm laboratory Knelson Concentrator (LKC) was used to evaluate

the performance of the gold gravity circuits at Lucien Béliveau (Val d'Or,

Québec) and Dome Mines (South Porcupine, Ontario).

A detailed sampling program was conducted on the grinding and gravity

circuits. To evaluate the size-by-size unit performance of Knelson

Concentrators of 76 and 51 cm, an HG-7 Mineral Deposit spiral and four

Denver Duplex minerai jigs (0.6 m X 0.9 ml, total and gravity recoverable

(determined by the LKC) gold content were measured in their feed, concentrate

and tails. Sample dilution with silica was used as a tool to enhance Knelson

recovery in samples with a high sulphide content.

At the Lucien Béliveau mill, gold was recovered consistently in ail size

fractions greater than 38 prn, averaging 45% in the 76 cm plant Knelson

Concentrator. The spiral demonstrated an erratic behaviour although it still

recovered significant coarse goId (+75 pm). vielding unit recoveries of 18% to

44%. The 51 cm plant Knelson unit recove,y was only 17%, but this was

largely due to the upstream spiral which recovered much of the coarse free

gold, and the mineralogy of the flash flotation concentrate (the gravity circuit

feed). which contained finer and less abundant free gold. Much of the gold in

the bail mill recirculating load was found to be too coarse for significant

recovery in the flash flotation cell and should be recovered by gravity from the

cyclone underflow or bail mill discharge.

Unit jig recovery for the Dome mill was only 25% (of the total mill feed).

Jig performance decreased with decreasing particle size. The jigs did not

recover gold below 425 pm adequately. They also yielded very inconsistent



•

•

•

ii

results with samples from the eight concentrate hutches having variable grades

(9-367 oz/st), size distributions (26-86% -850 pm) and free goId content (61­

93%). A 76 cm Knelson Concentrator has since replaced the jigs. and yields

a higher gold recovery in a high concentrate grade.
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RÉSUMÉ

Un concentrateur Knelson (CK) de 7.6 cm a été utilisé pour évaluer la

performance des circuits de concentration gravimétrique de l'or aux

concentrateurs Lucien Béliveau (Val d'Or, QC) et Dome Mines (South

Porcupine, ON).

On a complété un programme d'échantillonnage des circuits de broyage

et gravimétrie. Pour évaluer la performance de Knelson de 76 et 51 cm, d'une

spirale Mineral Deposit HG-7 et des bacs oscillants Duplex, nous avons mesuré

la quantité d'or libre et total dans chaque classe granulométrique de leur

alimentation, rejet et concentré. La teneur en or libre a été déterminée par CK

de laboratoire. Pour en maximiser l'efficacité, on a dilué certains échantillons

très riches en sulfures avec de la silice.

Au concentrateur de Lucien Béliveau, le circuit gravimétrique traitait un

concentré de cellule de flottation "flash". Le Knelson de 76 cm a récupéré

45% de l'or au-dessus de 38 pm. Le comportement de la spirale était

beaucoup plus erratique, sa récupération d'or oscillant entre 18% et 44%, et

se concentrant surtout au-dessus de 75 pm. Le Knelson de 51 cm n'a récupéré

que 17% de l'or, mais la spirale, installée en amont, avait déjà récupéré l'or

grossier, et l'alimentation du Knelson de 51 cm contenait beaucoup moins d'or

grossier et libre que celle du 76 cm. La charge circulante du circuit de broyage

contenait surtout de l'or trop grossier pour flotter dans la cellule "flash"; cet or

devrait être récupéré par Knelson à partir de la sous-verse des cyclones ou la

décharge du broyeur à boulets.

La récupération unitaire des quatre bacs oscillants de la mine Dome était

de 25%. La récupération diminue dans les classes granulométriques fines,
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particulièrement au-dessous de 425 pm. En conséquent, le Knelson de

laboratoire a récupéré de 61 % à 93% de l'or des rejets des bacs au-dessous de

850 pm. Les huit concentrés de bac étaient très variables en teneur d'or (9­

367 oz/te). granulométrie (26-86% -850 pm) et contenu d'or libre (61-93%),

Un CK de 76 cm a depuis remplacé les quatre bacs, et récupère davantage d'or.
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1.1 Gravity Separation of Gold

Gravity concentration of goId is as old as the first glimmer of civilization

and has been referred to, directly and indirectly, by a great majority of ancient

writers. poets. historians, geographers and naturalists. The earliest indications

of metallurgical work are among the Egyptians prior to 3800 B.C. (Hoover &

Hoover, 1950). Due to the development of flotation and cyanidation at the

turn of the century, the use of gravity concentration diminished. However,

with the ever increasing emphasis on the environment. rising reagent and

energy costs, more refractory ore bodies, and new separation units that are

capable of treating larger amounts of material at finer size classes, gravity

concentration is resurging (Terill & Villar, 1975).

Traditionally, gold processing facilities have had a strong gravity

component. especially in the alluvial or placer deposits. Gravity separation of

goId is very appealing due to the high specifie gravity of gold compared to

gangue minerais, although particle shape and the hydrophobicity of fine gold

particles slightly detract from the benefit. Sluices were the first type of gravity

concentrator utilized for alluvial gold deposits. Jigs were later introduced and

had the advantage of allowing continuous processing and greater metallurgical

efficiency (Richards & Bangerter, 1984). However, the few data available on

jig performance indicate an inability to recover goId adequately below 200 pm,
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with performance falling off significantly below 75 J1m (Fricker, 1984).

ln Canadian hard-rock mines, gravity concentration is generally a process

incorporated in the grinding circuit (usually on a mill discharge or cyclone

underflow stream) te recover coarse gold. Gravity circuits are used to help

maximize recovery in flotation or cyanide leaching processes. Jigs and tables

are the most frequently used gravity units, while spirais and Reichert cones are

used to a lesser extent (Wells & Patel, 1991). Recently, centrifugai

concentrators such as the Knelson and Falcon (both Canadian inventions) have

become more popular.

There are two opposing views regarding the use of gravity separation in

conjunction with flotation or cyanidation. Its proponents claim that the earlier

the goId can be extracted, the sooner it can be smelted, refined and sold

(maximizing smelter return). Overall recoveries can be improved from

cyanidation by reducing the head grade of the ore prior to leaching (which

reduces the potential for solution gold losses) and from flotation by reducing

flotation time to reach desired tailings grades. Recoveries may also be

improved as gravity units recover coarse gold thereby excluding it from the

leach circuit where it may have insufficient contact time for dissolution and the

flotation circuit where it may be too coarse to float. It has been postulated that

some goId particles may have coatings that will not leach or react with reagents

adequately but can be readily recovered in a gravity circuit. Also, gold has a

tendency to accumulate in the grinding circuit due to its density and malleability

(Banisi, Laplante and Marois, 1991) which causes losses due to over-grinding.

The largest deterrent from gravity concentration is the increased security

risk from the high grade concentrates generated'. Areas must be cordoned off

when not attended, and require close supervision when concentrates are being

handled. Additional problems include difficult sampling strategies and

'But gold theft from sumps and launders might decrease because gravity
circuits reduce the accumulation of coarse gold in such places.
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Inadequate accounting procedures. Another disadvantage is the complexity and

cost of a gravity installation. As a single upgrading unit cannot upgrade from

typical grades (in the grinding circuit) of 5 to 50 g/t to smeltable grades of 50

to 75% Au, many units must be used. Middlings recirculation, water addition,

and/or rllgrinding may also be necessary to obtain a suitable concentrate grade

(Stanley, 1987).

Overall, many factors must be weighed, such as ore mineralogy, cost,

ease of operation, and applicability of possible alternatives, before gravity

concentration is inserted into a milling circuit. Before any changes or

improvements to a circuit can be made, one must also ask such questions as:

Where is the gold predominantly located (which stream)? Would that stream

be a suitable candidate for gravity recovery? What size class of goId is

liberated, and how much of it is gravity recoverable? What type of equipment

would yield optimum recovery?

Gravity concentration circuits have historically been difficult to evaluate

for a number of reasons. Large samples are required to make the assessment

of gold content statistically sound, especially if coarse free gold is present. In

addition, a laboratory concentration step is often needed to produce an

appropriate sample mass for fire assaying. Duplicate and triplicate samples are

also routinely assayed to reduce variability caused by "nugget" effects.

Traditional amalgamation techniques (Pryor, 1965) have been used to

determine free gold2 content or amenability of ore to gravity recovery

techniques. However, due to health and workplace concerns and lack of

facilities that perform mercury amalgamation testing, its use is declining. This

2This thesis deals with the recovery of gold by gravity: this is generally
possible when grinding liberates goId in particles of about 15 pm or more that
can be recovered by efficient gravity units. This goId is generally referred to as
'free'. In this thesis the term 'free gold' will be used to mean gravity
recoverable gold, as measured by a laboratory Knelson Concentrator operated
under optimized conditions.
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thesis will examine other options, with a focus on the 7.5 cm laboratory

Knelson Concentrator (LKC). A schematic cross-section of the unit is shown

in Figure 1.1 (Harris, 1984). This methodology, which was first proposed by

Laplante and Shu (1992), will be demonstrated with two plant case studies.
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FIGURE 1.1: Cross-section of a Knelson Concentrator
(modified Harris, 1984)

1.2 Objectives, Methodology, Expected Benefits

The overail purpose of this Masters Thesis is to refine and demonstrate

the laboratory Knelson-based methodology.

The objectives of the study are as follows:

(a) refine the sample processing methodology to estimate free goId

recovery

(b) sample jig, spiral and Knelson circuits to build a data base

(c) sampie grinding circuits to add to the existing data base

(d) compare, at the Lucien Béliveau mill, the existing flash

flotation/gravity approachto the more conventional gravityIflotation

route.
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The methodology used in this study includes the following steps:

(a) plant sampling of Dome and Lucien Béliveau (LB) mills, the latter

with two different gravity configurations

(b) sample processing with a Laboratory Knelson Concentrator (LKC),

with and without silica dilution; with a laboratory jig and a Mozley

Laboratory Separator (MLS); and with amalgamation.

It is expected that the study will yield a better understanding of how the

recovery units perform and should be used, and how the large samples

extracted are best processed. The two industrial participants to the study

should also benefit, in that these results should indicate how their gravity

circuits may be improved.

1.3 Thesis Structure

Chapter two provides the background for the sampling campaigns. First,

the statistical problem of free goId determination is 'revisited'. It is concluded

that large samples (5-20 kg) must be collected and processed to concentrate

free gold. The choices of processing methods are then discussed. Chaptertwo

also presents the plant gravity units that will be studied: Knelson

Concentrators, spirals and jigs.

Chapter three describes the two sampling campaigns at Cambior's Lucien

Béliveau mil!. After a description of the grinding and gravity circuits, the

sampling scheme is explained. Sampling data are then used to estimate unit

performance and gold's behaviour in the grinding circuit.

Chapter four describes one sampling campaign at Placer Dome's Dome

Mine in a format identical to that of chapter three.

A discussion of the results from chapters two, three and four will be

presented in chapter five.

Conclusions, recommendations and future work will be presented in

chapter six.
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FREE GOLO: A BACKGROUND
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2.1 Sampling Statistics for Free Gold

When sampling any process stream, great care must be taken to obtain

a truly representative sample. For the evaluation of streams containing free

gold particles, sampling precision (repeatability) and accuracy (Iack of bias) are

especially difficult to achieve due to the rare occurrence of gold particles (the

nugget effect). Once a sample has been obtained, a subsample must be

extracted for assaying, which introduces more errors. Traditional sampling

often relies on a primary sample of inadequate size, from which a much smaller

sub-sample is incorrectlyextracted for assaying, resulting in a very large overall

error. Errors can be minimized by alternating size and mass reduction

(Springett, 1983), but size-specific information is then lost. Once gold is

Iiberated, strong segregation phenomena occur due to the density of goId

(Pitard, 1989). Every step of reduction of the fragment size and every division

of a sample into subsamples introduce sampling errors. To obtain the variance

of the complete process the variance from each individual step must be added

together. Consequently, the average standard deviation of the process will be

the sqlJare root of the total variance, or the square root of the sum of squares

of the standard deviation of the individual steps (Vallée, 1992). Of these

terms, the fundamental sampling variance is clearly the largest when sampling

for Iiberated goId particles of gravity circuits .
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Gy (1979) has developed a semi-empirical relationship to estimate the

fundamental error of sampling a2IFEI (relative variance) or the minimum mass

required for a certain sampling accuracy. When the element of interest is in

low concentration and the sample mass is much smaller than the sampled

mass, Gy's equation reduces to:

Where

2
CJ(FE) (2.1 )

•

•

C: composition factor; the mass of ore per volume of the species

sampled (g/cm 3
)

L: liberation factor; can be approximated by L = (D;lD)0.6 where Di is

the maximum grain size of the species investigated

F: particle shape factor; usually adjusted to 0.5 although should be 1

for spherical shapes and less than 0.2 for flakes

G: size distribution factor; set to 1 for monosized material and 0.25 for

unsized products

D: maximum particle size; D96 (cm)

Ms: sample mass (g)

Although Gy's theory is powerful, its application to gold ores has met

with limited success due to the inadequacy of its sampling variance and

minimum sample mass determination formulae. Application of these formulae

often lead to unrealistically large minimum sample masses (Bongarçon, 1991).

This stems largely from Gy's basic assumption that minimum mass should be

estimated considering Iiberated minerai species, corrected with a liberation

factor L. This factor, as defined in Equation (2.1), is usually too low, hence the
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high estimates of either UZ1FE1 or Ma' For studying gravity circuits, where the

glJ!d of interest is liberated, this problem is not so critical. Gy's equation

nevertheless can overestimate required sample mass, if F, the particle shape

factor, is overestimated. Banisi (1990) has weighed a large number of gold

flakes in size classes where sampling problems are most likely to be acute.

This makes it possible to short-circuit Gy's formula as the relative sampling

variance for a given size class is simply equal to the inverse of the number of

goId flakes in that size class in the sample. The overall sampling variance

becomes a weighted average of the variance of each size class (Laplante &

Shu, 1992).

The large masses required to estimate gold grade accurately in the

coarsest size classes are best iIIustrated with an example. Consider the 840­

1200 pm class, where goId flakes weigh on average 5 mg (Banisi, 1990). For

a grade of 0.3 oz/st3, the mass required to estimate grade with a relative

standard deviation of 10% (±0.03 oz/st) is equal to 33 kg. If a stream

contains 5% weight in the 840-1200 pm fraction, approximately 600 kg of

unsized material must be extracted. In finer size classes the necessary sample

mass decreases significantly. In the 300-420 pm (35/48 mesh) gold flakes

average 0.5 mg (Banisi, 1990); to achieve the same 10% relative standard

deviation a mass of 5 kg must be sampled. Below 210 pm, pure sampling

errors become negligible and errors of screening, assaying, and stream

fluctuations in grade become predominant (Laplante, Putz, & Huang, 1993).

Figure 2.1 offers useful guidelines for sample mass selection and realistic

sample accuracy expectations. Generally, if the goId distribution is below 840

pm (0.5 mg gold particles) and the grade is above 0.1 oz/st, a sample size of

5-20 kg would be representative. This sample size would also yield good size­

by-size information (relative error < 10%) when grades are at 0.6 oz/st (20

g/t) or higher. Clearly, in most cases it will be practically impossible to

3Although oz/st is not a metric unit, it is commonly used in industry.
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generate acceptable information above 840 pm (5 mg goId particles) and

alternatives to sampling, such as the use of tracers (Walsh and Rao, 1986),

should be sought.

l

!
III 10

~
li!
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a.l 1 ,a IDa

ILUlPU IIAlIl 0<IIl

1-004 lIIlI .... , "'III
Figure 2.1: Relative Error (Standard
Deviation) on Gold Content as a Function
of the Sample Mass and Grade, and Flake
Weight (Laplante, Putz & Huang, 1993)

The next problem is assaying ail the free gold in large samples. Once a

representative sample has been acquired in a plant, the sample must be

prepared in the laboratory to produce a sub-sample that is both representative

and of a suitable size for assay. Small sample size or large gold particle size

will invalidate an assay of small samples (Bacon, Hawthorne & Poling, 1989).

Table 2.1 shows the effect of gold particle size and the number of particles in

a 4.5 kg sample and in other various assay sample sizes. Table 2.2 shows the

nugget effect for one particle of gold of a given size on an assay of a sample

of given weight. Clifton et al., (1969) state a sample must contain a minimum

of 20 particles of goId to obtain a 95% probability that the true gold content

will be within ± 50% of the gold content obtained by chemical or instrumental

analysis of the sample. If fewer than five goId particles are present there is a

high probability of certain samples mistakenly assaying zero gold content. Pre­

concentration of samples may help eliminate this problem, as will be discussed
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in the next section. Large sample masses can then be completely assayed If

free gold 15 concentrated in a smaller mass that will be fully analyzed.

Table 2.1: Gold particle content of the various sample sizes as a function of
gold particle size for a 0.05 oz/st ore (McLean, 1982)

NlJlber of gold ""rtlcle. cer ••••v ._l.
Gold Mesh No. of Au 1 AT' 2 AT 5 AT 1000 9 2000 9 10000 9
she part;cles per (33 AT) (66 AT) (330
(wn) 4535 •••.mle AT)

1650 10 0.17 0 0 0 0 0 0

833 20 0.71 0 0 0 0 0 1.6

589 28 2 0 0 0 0 1

295 48 16 0 0 0.5 3 6 35

208 65 46 0.30 0.60 1.5 10 20 101

147 100 128 0.84 1.68 4.2 28 56 281

104 150 370 2.4 4.8 12.0 81 163 368

74 200 1000 6.6 13.2 33.0 220 440 2193

45 325 4588 30.4 60.8 91.2 1011 2022

38 400 7959 52.6 105 263 1736 34n

20 49920 330 660 1650 10890 21780

5 3276000 21671 43342 108355

2 50000000 330000 660000

• AT = Assay Ton

2.2 Free Gold Recovery from a Large Sample

Traditionally amalgamation techniques have been used to determine the

free gold content of ores (Pryor, 1965). Cyanidation is also used occasionally,

especially on very large samples (Springett, 1983). Other methods such as

flotation (Graham, 1989), Mozley separators (Liu, 1989), Superpanners (Agar,

1993) and laboratory Knelson Concentrators (Banisi, 1990) have been used as

alternate choices for sample concentration. Laplante, Shu, and Marois (1993)

demonstrated that for a cyclone underflow sample from Hemlo's Golden Giant
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Mine, below a Foo of 400 pm and a density of 3.2 g/ml, the recovery of the KC

is insensitive to feed density, size distribution, fluidizing water pressure (within

25 to 40 kPa), and is equal to 95% of amalgamation recovery. Banisi (1990)

and Spiller (1982) obtained similar KC and amalgamation recoveries but on a

Iimited number of samples. The KC recovers gold that is free, as its yield is

normally 1 to 3% with a large feed mass, and therefore the probability of

recovering significant locked gold is low. To verity this, laplante, Putz and

Huang (1993) showed that when feeds known to contain Iittle gravity­

recoverable gold are fed to the KC, gold recovery is particularly low, even if

gold content is high. Urlich (1984) also showed that gold in KC concentrates

was 96 to 99% amalgamable.

Table 2.2: "Nugget Effect" of gold partiele size versus sample
weight (Mclean. 1982)

Change ln Au essev Der partiele of Au (oz/st)

Gold Wt. of one
Size Au particle .5 AT' 1 AT 2 AT 5 AT 1000 9 2000 9 10000 9
(wn) "esh (mg) 32 AT 64 AT 320 AT

1650 10 88 176 88 44 17.6 1.75 1.38 0.27

833 20 11 22 11 5.5 .2.2 0.34 0.17 0.03

589 28 4 8 4 2 0.80 0.215 0.062 0.021

295 48 0.50 1.0 0.50 0.25 0.10 0.016 0.008 0.002

208 65 0.17 0.34 0.17 O.lB 0.03 0.005 0.002 0.001

147 100 0.061 0.12 0.06 0.03 0.01 0.002 0.001 0.001

104 150 0.021 0.04 0.02 0.01 0.004 0.001 0.001 0.001

74 200 0.0078 0.02 0.01 0.001 0.002 0.001 0.001 0.001

45 325 0.0017 0.004 0.002 0.001 0.001 0.001 0.001 0.001

38 400 0.0010 0.002 0.001 <0.001 <0.001 <0.001 <0.001 <0.001

20 1.56E-4 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

5 2.41E-6 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

2 1.56E-7 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

* AT • ASBay Ton
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2.2.1 Amalgamation

Amalgamation is the prol:ess of separating gold and silver from their

dissociated minerais by binding them into a mixture with mercury. Its use

dates from Roman times. A phenomenon of moderately deep sorption Involving

a Iimited degree of Interpenetration of solid goId and Iiquid mercury occurs

when wetting goId into mercury. Gold is readily wetted by mercury because

its surface tension is higher than that of mercury and it becomes absorbed into

the mercury. Due to the density of gold (19.3) compared to mercury (13.5)

gravitational forces act to drown the gold in the mercury and may be the most

important forces at work. Two compounds are formed during amalgamation,

Au10H94 and Au10H93 • Once amalgamated, the bullion can be extracted by

squeezing the amalgam through chamois leather or canvas in an amalgam

press. The amalgam is then heated in a mercury retort furnace until ail the

mercury has been distilled off. Any remaining impurities can be removed by

melting the bullion with a flux of silica, soda ash and borax. Although the

amalgamation process is relatively simple, unsatisfactory results may be

obtained by (Pryor, 1960):

- lack of suitable contact between gold and mercury

- too fine or fiat gold particles which will not penetrate the mercury

- gold present as tellurides or locked in sulphides

- goId grains that nave tarnished surfaces or surfaces containing

contaminants such as oil, grease, talc or sulphur

- impure or floured mercury which cannot open its surface to gold

Due to health and workplace concerns and lack of facilities that perform

mercury amalgamation, its use is declining. Current practice Is Iimlted and

approached slightly differently. Once a sample has been amalgamated, the

tailings and feed samples are assayed and the free gold content is determined

by difference. Because amalgamated gold is not assayed, It does not address

the problem of determining size-by-size free gold content. Although thls

approach is less informative regarding the free gold and total gold content of
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the sample it is less hazardous than the previous methods mentioned and was

used ln this study.

2.2.2 Flotatlon

Graham (1989) documented the gold recovery by size distribution

through the Echo Bay Minerais Manhattan facility. The facility is a 590 tfd

gravity and flotation goId circuit. Batch flotation in a 30 L Denver Sub A float

cell was used to process a -600 pm (28 mesh) Wilfley table concentrate sample

(a pyrite gold concentrate). Soda ash and sodium cyanlde were used to

depress pyrite. The gold was also depressed initially but after about 30

minutes of additional conditioning time it began to reactivate and float. The

gold floated in stages where the finer gold partlcles floated first followed by the

coarser goId particles and finally the very coarse particles (+21 0, +2S7, +420

pm) began to float. A recovery of 96% was achieved in 1.8% of the tloat

feed. The batch flotation method of processing the table concentrates appears

successful although it was reported to be very operator sensitive. Also, after

the two-and-a-half-hour flotation test the feed size distribution appeared

reduced. Size-by-size distribution of the gold particles floated indicates over

80% of the gold recovered was above 212 pm, 21 % was above 425 pm, but

only one percent was below 45 pm. Over 57% of the gold remaining in the

tailings was below 45 pm. Assays of calculated feed, material balances and

fire assay feed did not agree (802 gft, 315 gft, and 679 gft, respectively).

Graham concluded that there is no way to produce accurate metallurgical

accountability, even in a carefully controlled batch flotation test, when coarse

goId is present. Due to problems encountered during flotation of table

concentrates, flotation was not used in this study as a method to document the

size distribution of gold recovery.

2.2.3 Mozley Table and Superpanner

Flowing film concentration is the mechanism by which the Mozley
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Laboratory Mineral Separator (MLS) and Superpanner sort material. The MLS

unit consists essentially of a separating surface, or tray, sloping slightly ln one

direction, and oscillating in a simple harmonie motion by a crankshaft in the

other direction (Burt, 1984). One advantage that tha MLS has over other

gravity devices (jigs, sluices, cones and spirals) ls that it can efficiently recover

particles below 100 pm. Mills and Burt (1979) report recoveries in excess of

50% for 5 pm cassiterite particles.

Liu (1989) used the ML5 to estimate the free gold content of process

streams fram Les Mines Camchi.b. Two-to-three kilogram samples were wet

and dry screened into various size ciasses. Portions of material fram each

fraction (75 to 150 g) were processed with the MLS, recovering four different

praducts to generate grade-recovery curves. Although the MLS was an

effective separator, the process was very time consuming, and often yielded

noisy data. It was also very costly due to the large number of assays required

to determine the grade-recovery curves (Laplante, Liu, Cauchon, 1990). An

Inherent limitation of the MLS is its lack of capacity. When processing coarse

fractions, a 150 9 mass is insufficient for good statistical reproducibillty.

Another problem encountered was the sensitivity of the MLS to the technique

of the operator, which may have accounted for the noisy data.

Banisi (1990) compared size-by-size recoveries of a primary cyclone

overflow (PCOF) and a secondary cyclone overflow (SCOF) sample from the

Hemlo Mill using a 7.5 cm Knelson Concentrator and a MLS. The performance

of the LKC decreased with increasing fineness from the PCOF and SCOF. As

a result, the Mozley actually outperformed the LKC on the SCOF, by about 5%

recovery at equivalent yield. Cyclone overflows, however, are the grlnding

circuit streams least effectively treated by a LKC; the comparison is therefore

slightly unfair, and serves more to show that other streams should definitely be

processed by a LKC. In this study the MLS was utillzed to sorne extent when

sample mass was too small for the LKC.

Agar (1993) reported use of a Superpanner as an Ideal separator
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(complete separation of the valuable material from the gangue). Good grades

(19 and 38% Au) were recorded. Two stages of superpanning separation were

used with very low weight recoveries (50-60 mg) in the individual size fractions

of the final concentrates. Since a superpanner is also a flowing film

concentrator, similar problems to the MLS could be experienced. Superpanners

are more difficult to operate than the MLS and process even smaller masses.

2.2.4 7.5 cm Laboratory Knelson Concentrator

The Knelson concentrator (KC) is a high-efficiency, low-maintenance

centrifugai separator with an active fluidized bed that captures heavy minerais.

Particles are acted upon by a centrifugai force about 60 times the force of

gravity (60 G's) thereby trapping the denser particles in a series of rings located

in the concentrator while gangue particles are flushed out. Operating at such

high forces of gravity ail surface chemistry effects such as surface tension on

the air-water interface are eliminated (fine, flaky gold can be held by this

surface tension or entrained in water flow and be lost to taHs).

Hindered settling and centrifugai force are utilized by the KC (Knelson,

1988). Feed to the LKC is screened at 1680 pm (10 mesh) and fed through a

central feed pipe as slurry at 20 to 40% solids. Once the slurried particles

strike the base plate of the cone they are thrown to the sidewalls by the

centrifugai force generated by the rotating cone. A constant-volume

concentrate bed is formed between the cone rings.

Water is injected through holes in the inner bowl of the concentrator to

prevent compaction of the concentrate bed. The fluidized concentrate bed

allows even fine gold to penetrate the bed under high "G" forces. Clean water

must be used to prevent hole blockage in the inner bowl. Excessive water

pressures may hinder recovery of fine gold as it may not be capable of

penetrating the bed. Higher fluidizing water flowrates are required to fluidize

a bed of greater porosity for the recovery of coarse particles. Generally,

optimum water back pressures increase as the specific gravity of the gangue
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increases (Ounpuu, 1992). The addition of the water prevonts the materlal

from attaining the same speed as the cone, thereby producing a shear (Bagnold

effect) which dilates the flowlng slurry and favours the recovery of fine dense

partlcles (Banisi, 1990). This rotational shear is very similar to that used by

Bagnold to demonstrate the existence of dispersion induced by shear (Bagnold,

1954).

The force generated in the KC bed is, according to the formula, (Harris,

1984)

(2.2)

•

•

Where

F.: centrifugai force (Newtons)

m: particle mass (Kg)

n: rotatlonal speed (radians/sec)

r: bowl radius (m)

More effective separation is attained at 60 Gs than at gravitational acceleration

because of the increase in specific gravity difference between gold and gangue

(Harris, 1984). For example, gold has a specific gravity (rounded off and

including impurities) of eighteen, 'black' sands (such as magnetite and iIImellite)

have a specific gravity of five, and'grey' sands (silicates and carbonates) have

a specific gravity of three. At zero gravity there will be no separation; at one

force of gravity the specific gravities will be eighteen, five and three. When the

force of gravity is increased to ten, the specific gravities increase by that factor

to 180 for gold, 50 for black sands and 30 for grey sands. At 60 Gs the

specific gravities are 1080 for gold, 300 for black sand and 180 for grey sand.

The differences between specific gravities is now very large (780 between goId

and black sands) allowing for separation in the Knelson Concentrator, with
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particle shape factors being virtually neglected (Knelson, 1985). A

demonstration of enhanced operation due to greater G forces is seen in the

comparison of two gravity separation devices operating at different G forces.

A sluice box is one of the most basic gravity recovery devices. When material

flows down a sluice box it picks up speed to a maximum of approximately 50

km/h and the G force pulling the material Into the riffles or retainers is one.

When material strikes the bottom of the Knelson Concentrator cone it gains

speed, as It approaches the rim, to approximately 50 km/h also. Therefore, in

the sluice box materia1travels at a forward speed of 50 km/h with one Gand

in the Knelson Concentrator material travels at a forward speed of 50 km/h

with sixty Gs. If the G factor is reduced in both cases to 1 (ail things relative)

then the forward speed in the Knelson Concentrator would be reduced to 0.8

km/h which would allow gold to settle more readily in the Knelson due to the

immense settling force in relation to the forward speed (Knelson, 1985)4.

At the end of the feed cycle, the KC is stopped and the inner bowl

containing the concentrate is washed out. One of the major drawbacks to the

KC is that it is a batch operation, although in plant operations it can be

automated, and Knelson is currently experimenting with a continuous unit.

Urlich (1984) states that testing on various deposits showed that the KC

rejected black sands without losing significant amounts of goId and in

laboratory tests 96% to 99% of the feed gold was recoverable from the

concentrate by amalgamation. Given the right size distribution and gangue

density, the KC can therefore be used as a nearly perfect separator. Unlike the

superpanner or the ML5, the KC can treat up to 1 kg/min of unsized feed.

40f course, this discussion is overly simplified. For example, the retention
time in the KC is much shorter than in a sluice. A sluice also creates its own
centrifugai action in the vortices induced by the flow of slurry over the riffles.
A more complete analysis would have to take into account micro fluid dynamics
(e.g. terminal settling velocities and inter-particle collisions) and is beyond the
scope of this work.
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Laplante, Shu and Marois (1993) studied the effect (size-by-size) of

varying feed rate, size distribution, gangue density and f1uidizing water pressure

on the ability of the KC unit to recover gold. The feed material used for the

testwork was the primary cyclone underflow from the Golden Giant Mine of

Hemlo Gold Mines Inc. (Marathon, Ontario). The effect of gangue density was

insignificant between 2.8 and 3.2 g/cm3
, but recovery dropped from 89% Au

to 83% at high feed rate and 78% to 66% at low feed rate when gangue

density increased to 4.0 g/cm3
• It was found that the effect of fluidizlng water

pressure on gold recovery at feed densities of 2.8 and 4.0 g/mL was small but

there was a maximum at 33 kPa (5psi). It appears the optimum pressure is a

function of the material feed size distribution and is probably lower for flner

feeds, but can span a significant range of 15 to 40 kPa. They concluded that

the LKC could recover 95% of amalgamable gold for samples that have an Feo

less than 400 pm and a density below 3.2 g/ml•

2.2.5 Comparison of Amalgamation and LKC

ln this work, the performance of the LKC was compared to that of

amalgamation, on primary and regrind cyclone o'lerflows (PCOF and RCOF)

from Dome Mines.

Processing Dome mine primary cyclone overflow (PCOF) by

amalgamation produced similar feed grades, 0.07 oz/st compared with 0.08

oz/st calculated from the LKC results. Size-by-size feed grades were also very

similar, as can be seen in Table 2.3; however, there appears to be a problem

with the pcor amalgamated tail assays. Ali the assays were extremely high

and completely unreasonable for a COF, resultlng in totally unrealistic free gold

recoveries.

The Dome Mine regrind cyclone overflow (RCOF) sample was also

processed by amalgamation. Tab!e 2.4 compares amalgamation and LKC

results for the RCOF. The head grades (0.15 oz/st for amalgamation and 0.14

oz/st for LKC) and size-by-size grades are in excellent agreement. The largest
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difference in assays appeared in the +38 pm class which assayed 0.13 oz/st

for the amalgamation testing and 0.05 oz/st for the LKC testing, indicating that

more free goId was recovered by the LKC in that class. It appears, from a size­

by-size comparison of free gold recoveries that the LKC generally recovers more

gold in the coarser fractions, while amalgamation recovers more gold below 38

pm (38% recovered by the LKC, and 41 % recovered by amalgamation)

resulting in an overall recovery of 56% for the LKC and 49% for amalgamation.

Table 2.3: Comparison of Amalgamation and LKC Testwork for a PCOF sample
from Dome Mines

PCOF FEED

SilE WT IXl WTlX) ASSAY ASSAY Au DIST Au DIST

"" AMALG. KNELS. AMALG. KNELS. AMALG. KNELS.

150 3.17 3.32 0.37 0.37 17.70 15.9

105 6.17 6.55 0.08 0.10 7.30 8.5

75 8.71 9.36 0.07 0.11 8.58 13.1

53 12.11 11.22 0.08 0.06 15.43 9.2

38 8.13 8.97 0.07 0.10 8.87 11.7

-38 61.71 60.58 0.05 0.05 42.12 41.7

TOTAL 100.00 100.00 0.07 0.08 100.00 100.0

PCOF TAIL

SIZE WT IXl WT IXl ASSAY ASSAY FREE AU FREE Au,.. AMALG. KHELS. AMALG. KNELS. RECOVERY RECOVERY
AMALG. KNELS.

150 2.98 2.91 5.99 0.40 -1531 6.3

105 6.13 6.50 6.54 0.09 ·8282 12.1

75 9.07 9.29 0.12 0.08 '83.08 27.1

53 10.56 11.14 0.15 0.03 -80.95 53.5

38 8.62 8.97 0.07 0.04 5.56 60.9

·38 62.64 61.20 0.96 0.05 ·2028 6.0

TOTAL 100.00 100.00 1.21 0.06 ·1737 20.1
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Banisi (1990) found the opposite to be true, i.e. it appeared amalgamation

recovered more free goId for a COF and CUF sample, although recoveries were

very similar. Laplante, Shu and Marois (1993) also compared free gold

recovery using amalgamation and the LKC. Overail recoveries were 89-90%

for the LKC and 94-95% for amalgamation, indicating that the LKC recovered

95% of what was found recoverable by amalgamation, a figure also reported

by Spiller (1982). Amalgamation and Knelson concentrator recoveries are

similar although perhaps each recovers gold particles having slightly diHerent

characteristics.

Table 2.4: Comparison of Amalgamation and LKC Testwork for a RCOF
Sample from Dome Mines

RCOF FEEO

SIZE lIT (Xl lIT (Xl ASSAY ASSAY Au OI~T Au OIST
/1IIl AMALG. KNELS. AMALG. KNELS. AMALG. KNELS.

150 4.70 4.77 0.07 0.08 Z.36 Z.7

105 7.04 7.66 0.04 0.05 2.11 2.9

75 8.20 8.96 0.12 0.06 6.56 4.0

53 9.23 10.02 0.15 0.18 9.14 12.8

38 8.28 8.51 0.36 0.34 20.39 21.0

·38 62.56 60.08 0.14 0.13 59.44 56.7

TOTAL 100.00 100.00 0.15 0.14 100.00 100.0

RCOF TAILS

SIZf lIT (Xl lIT (X) ASSAY ASSAY FREE Au FREE Au
/lIIl ANALG. KNELS. AMALG. KNELS. RECOVERY RECOVERY

AMALG. KNELS.

150 3.40 4.11 0.07 0.02 12.16 78.2

105 6.92 7.48 0.04 0.02 18.18 62.6

75 8.54 8.80 0.03 0.03 n.03 52.4

53 9.90 9.86 0.05 0.04 64.38 78.1

38 8.57 8.50 0.13 0.05 63.91 85.6

·38 62.68 61.25 0.08 0.08 41.43 38.4

TOTAL 100.00 100.00 0.08 0.06 48.91 55.7
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2.3 Improving the LKC Performance: Dilution

When determining the size-by-size free gold content of a sample with the

LKC there are two major factors that might minimize free gold recovery:

excessive particle coarseness and density (Laplante, 1993).

Coarse particles are generally found in the grinding circuit products,

specifically SAG and rod mill discharges and to a lesser extent, cyclone

underflows (generally finer due to the circulating load). Coarse feed is

considered to have an Foo above 400 pm which can easily be screened out

before processing on a LKC. If information is required on material above 400

pm, the material can be processed separately in a laboratory jig or LKC while

the -400 pm material can be processed with a LKC.

Feed that is very dense can be diluted with silica to achieve the desired

density for maximum fr\7e goId recovery (Laplante, Shu, and Marois, 1993).

For massive sulphides (4.5 to 6.0 g/ml) a dilution of 4: 1 (silica to feed material)

is adequate to bring the density down to 3.2 g/cm3
• Less dilution may be

acceptable for material with different blends of heavies and Iights (Laplante,

Putz, Huang, 1993). When diluting, it is extremely important to measure the

size distribution of the original sample prior to dilution for purposes of mass

balance calculations.

Gravity circuit samples from Cambior's Lucien Béliveau (LB) mine were

diluted with silica prior to processing with the LKC. Details of the methodology

are described in Chapter 3. Dilutions of 2: 1 and 4: 1 silica (70 mesh and 25

mesh from Indusmin) to sample were compared, along with different silica

particle sizes (210 pm and 840 pm). Table 5 Iists and describes the samples

used. Undiluted plant KC tailings data are averages from four tests. Figure 2.2

shows the size-by-size total gold recoveries for the KC tail sample, as is, with

a 2:1 silica dilution and a 4:1 silica dilution.
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Tests performed and samples used to examine the effects of free
goId recovery by silica dilution (..il samples are 95% + pyrite).

40 _ ~;:lI.-:::.~:.~.;.-O ..
.~. -.---"",*

20 / ~ .

a

•

•

T<ST STRENI SILICA ·SILICA SAIlPLE
NO. 01 LUT1011 SIZE OESCRIPTIOII

1 LB Plant KC Tails as fa 210 um Tai Ls from 8 76 cm KC operated et Il very low

2 LB Plant KC Tails 2:1 210 /llIl feed rate, 1-2 t/h. Feed la a flash flotstlon

3 LB Plant KC Tails 4:1 210 P' cane.; gold Is fine and flaky (laast lib.)

4 LB Plant KC Feed as fa 210 um Feed fa 8 flash flotatton concentrate; gold

5 LB Plant KC Feed 4:1 210 /llIl la flaky (high llbaratlon)

6 LB Solral Cone 1 4:1 210 um Feed to tha spiral (HG 7) Is a flash floot

7 LB Spiral Cane 1 4: 1 840/llll cane; Au is flaky (vary hlgh llbaratlon)

8 L9 Soiral Tall 4:1 210 um Tafla fram the abova spiral: gold la flakv

9 LB Spi ral Tai l 4:1 840 jllll (more llbarated thon 2 &3, laas Ifbarat8d
the" 4 &5, much Lesa lfbereted the" 6 &7)

'(Full size distribution in Appendix A)
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FIGURE 2.2: Effect of Silica Dilution on Size-by-Size Gold
Recovery (Feed sample is a 76 cm PKC tails from LB)
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Very Iittle scatter is seen in the undiluted sample. but there is scatter above

100 pm in the diluted samples due to the lower mass of actual product

processed. Despite the scatter. overall trends are clear: dilution produced

higher free gold recoveries in ail size classes below 300 pm. The improvement

appears to increase with decreasing particle size. Below 37 pm (where the KC

efficiency inherently begins to deteriorate) improvements are significant. as

dilution increases recovery fram 12% to 30-32%. The 2:1 and 4:1 dilutions

appear to have the same effect on recoveries. Because sample density varies

and silica is relatively inexpensive. a 4:1 dilution was chosen as a standard for

this work.

Using the same dilution technique with a sample containing more gravity

recoverable gold (the feed of the same unit) produces similar results (Figure

2.3). Here. size-by-size free goId recoveries improve. although to a lesser

extent. Improvement appears undetectable above 150 pm. Again. the lower

mass of product processed when diluted affects reproducibility above 150 pm.

100r------------------,

ri: 80·' ~;.~:) .

~ 80 ~ .

~ 40 ~~~ ..

." .
20 .
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10 100 1000

PARTlCLE SIZE (um)

• As" lE 4:1 Dilution 1-
FIGURE 2.3: Effect of 5i1ica Dilution on 5ize-by-5ize Gold
Recovery (Feed is LB PKC Feed)
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Figure 2.4 shows the size-by-size LKC recovery results of Lucien Béliveau

spiral concentrate and spiral tailings samples diluted with coarse (840 pm) and

fine (210 pm) silica. Size-by-size recovery was virtually the same for the two,

although recovery was lower below 25 pm and above 200 pm for the coarser

dilution. Below 25 pm, the separation of very coarse silica fram very fine gold

is slightly more difficult to achieve, above 200 pm, it is Iikely that reduced

trickling is the cause of the decrease in recovery. Coarser silica does yield a

lower recovery; the difference is consistent with that observed for fine silica/no

dilution (Figure 2.3), which suggests that using coarse silica might negate the

advantages of dilution altogether, which is consistent with the fact that coarse

silica would have a similar hindered settling velocity as the coarsest sulphides

in the flash concentrate.

100,-------.......-=-""""'·;,_=-lI!'=-:=lIt":=If,:C=-OllE'=• --,

·7~ ~
.......... 'If .80

180f-··· fP.."S.<·-·~ ........ ~ ·..·..·
~ 40f-···· ··l.. ·· ..·..···· .. ·~~·~..·~~~..· ···
~.f +

20 _ ..

•

1000100

PAR11CLE SIZE (um)

0'---------'-----------'
10

• C1·F lie C10C • T·F +ToC 1-
FIGURE 2.4: Effect of Silica Size Distribution on Size-by­
Size Recovery of Spiral Concentrate (C1) & Spiral Tail (TI
Samples as Diluted 4:1 with Fine (F) & Coarse (C) Silica

•
Similar results with dilution of samples using 210 pm silica prior to

processing on a LKC were presented by Laplante, Putz, and Huang (19931 •

Lucien Béliveau table tails and Meston Resources (MR) table tails were
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processed with a LKC, both with and without 4:1 silica dilution. The Lucien

Béliveau table tails results yielded a slightly higher gold recovery for the diluted

sample below 100 pm, although above 150 pm, the undiluted recovery was

slightly better. Because the Lucien Béliveau table tails originate from the same

flotation concentrate as material used for this work, its dilution with 210 pm

silica actually coarsens the sample. Dilution with finer silica may produce

higher recoveries. The diluted Meston Resources table tails sample produced

improved recoveries over the undiluted sample across the full size range.

Overall recovery increased from 46% to 61 %. In this case the recovery

improvement was attributed to both the finer density and size distribution of

the diluted sample.

Feed dilution increases fines recovery. It also illustrates the difficulty of

recovering gold by gravity from high density gangues. When using the LKC as

a measure of gravity recoverable gold, silica dilution becomes an important tool

because it can minimize gangue density differences effected by the circuit that

change the apparent density of response of gold to the LKC. It provides a more

standard measure of the gravity recoverable goId content.

2.4 Plant Units for Free Gold Recovery

ln this section, a background of the gravity units used at Lucien Béliveau

and Dome Mines are presented; spirals and jigs. The KC is also used at Lucien

Béliveau, but has been described above.

Plant data results from other operations utilizing spirals and jigs are also

discussed.

2.4.1 Spirals

Spirals are film-type concentrators, where slurry flows down a helical

conduit (spiral surface) and partieles of different specifie gravities stratify

vertically and horizontally (Figure 2.5). The denser particles concentrate in a
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band along the inner side of the stream and are split off and discharged at

different points. Washwater may or may not be added.

Vertical stratification of the flowing film down the spiral can be deflned

by different sorting processes consisting of hindered settling, Interstitiel

trickling, attainment of minimum potential energy and Bagnold forces

(Sivamohan & Forssberg, 1984).

FIGURE 2.5: Segregation in a Spiral (Kelly
& Spottiswood, 1982)

Hindered settling can be described as particles settling in a stationary

fluid depending on their density, shape and size according to Newton and

Stokes equations (Burt, 1984; Stokes, 1891; Taggart, 1954). Newton derived

a relationship for the settling of coarse particles (greater than 2 mm) in a fluid

as follows;

•
[
4(0 a-a )dg]O 5v- .

t 3QOf
(2.3)
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where

V, = terminal velocity of the partiele, m/see

Q = coefficient of resistanee (for spherieal partieles Q = 0.41

u. = specifie gravity of the partiele, kg m-3 X 10-3

u, = density of the fluid, kg/L

d = partiele diameter, m

9 = gravitational aeeeleration m/see2

For fine partieles (finer than 0.1 mml settling in a fluid, Stokes' relationship

applies:

(2.41

where

Il = fluid viseosity, mPa.s

The rate at whieh a partiele settles is a funetion of its density relative to water

(u. - 1l, and partiele diameter. The ratio of partiele size (d. and dbl at whieh

two minerais of different densities, a and b, will have equal terminal settling

rates in hindered settling conditions is known as the hindered settling ratio 1\,.

When the solids content of the pulp inereases, the effeet of inter-partiele

interferenee beeomes signifieant and the fluid aets as a heavy Iiquid with a

density of the pulp rather than the fluid. The hindered settling ratio beeomes

•

(2.51
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where

d. = particle size of minerai 'a', m

db = partiele size of minerai 'b', m

n = coefficient (ranging from 1 for particles settling in the Newtonlan

regime to 0.5 for particles settling in the Stokesian regimel

Interstitial trickling occurs when small particles in the system tend to

trickle through any available interstices of the larger partieles bridging together.

Since the coarse particles remain in suspension for shorter periods than the

finer particles, the coarse particles tend to bridge together when they come to

rest. The maximum size of a particle that can trickle interstlally is equal to:

d' - (2d~o.5-d - O.41d (2.6)

•

•

where

d' = maximum size of particle that can pass between particles of size

d, m

Attainment of potential energy occurs when there is stratification due to

a reductlon of energy in the system (Macer, 19841. Provided particle shape

and size are favourable, the forward and lateral travel of the bed of particles (In

a spiral) force the heavies downward to attain minimum potential energy

(Sivamohan, Forssberg, 1985).

Bagnold forces favour the classification of material in verticallayers wlth

the coarse Iights on top, fine lights and coarse heavles following, and fine

heavies on the bottom. Bagnold (1954) explains that when a suspension of

particles are subjected to a continuous shear, such as a pulp flowing over an

inclined surface, or movement of a surface underlying a pulp stream, a pressure

will build across the plane of shear at right angles to the surface of shear. This

dispersive pressure pries coarser particles apart and favours Interstltial trickllng.

Bagnold forces on a particle are dependent on the square of its diameter and

proportlonal to the rate of shear of the partlcles vertical to the plane of flow•



• 29

(2.7)

•

•

where

Fa = Bagnold force (proportional to the rate of shear)

k, = constant of proportionality

r = particle diameter, m

Horizontal stratification is influenced by the difterent rising and falling

currents near the inner radius and the outer radius of the spiral troughs. Due

to the vertical stratification, particles are caught in difterent velocity layers

while travelling in a curved path. Particles will tend to shift towards the outer

edges by centrifugai forces, but the lower layer particles will not be able to

migrate to the outer edge due to the inward slope of the conduit and the low

centrifugai forces and radial velocity of the lower part of the stream.

Therefore, bottom layers force the heavy particles towards the inner side of the

spiral concentrator. Particle size also plays a role in separation of the bottom

layer where the inwardly moving layers are acted on by large forward velocities

so coarse heavy particles will move in a greater angle inward than the fine

heavy particles. Currents on the inner radius tend to rise while currents on the

outer radius fall, connecting the inward flow of the bottom layers and outward

flow of the upper layers. A unique phenomenon is created by the rising

currents where small particles are Iifted upwards. The inner zone of the spiral

controls the grade while the outer zone controls recovery (Holland-Batt, 1989).

Sivamohan (1984) reports three design variables, spiral pitch, profile, and

radius, which can be adjusted to achieve desired separations.

The pitch (angle) of the spiral determines the velocity of the pulp.

Generally high capacities and high grades but low recoveries are achieved with

steep angles. Low-grade ores tend to perform weil with a steep pitch. Shallow

angles are used for operations involving small specifie gravity difterences and
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fine particle sizes, although steeper-pitch spirals also produce good recoverles

of fine values (as feed densities can be higher, with a corresponding Increase

ln particle-particle interactions and better trickling of fine dense particles, Burt,

1984). The original Humphreys spiral had a pitch of 34 cm, this has now

increased to a 43-51 cm pitch allowing for higher densities and up to 45%

solids, resulting in increased fines recovery.

There are many different profile patterns available (Ferree, 1993).

Conventional spirais use a continuous curved profile for general applications

such as minerai sands. For feeds contr.lning a low percentage of heavy

minerais a profile that has a less acute slope on the inner trough section than

the outer should be suitable because it enables tailings and middlings to..be

treated on separate trough slopes. Flat bottomed profiles have a reduced pltch

resulting in a low velocity and perform weil with fine particles. The radius of

the spiral appears arbitrary but the larger the diameter the flner the materlal a

given spiral will treat. Spiral performance is also dependent on the feed rate,

trough profile and pitch.

Spirals can have from 3 to 10 turns depending on the application.

Generally the more difficult an operation is, the more turns are required

(Slvamohan, 1984).

Feed variations such as grade, percent solids, flow rate and particles size

distribution will affect spiral performance.

From testwork done by Dallaire et al. (1978) with a Humphreys spiral

processing Iron ore it can be seen that percent solids and feed rates have a

marked effect on recovery and grade (Figures 2.6 and 2.7). Low flow rates

and high percent solids yielded maximum recovery. Grade improved and

recovery dropped due to the high centrifugai forces that kept the middlings and

fines from the concentrate ports when feed rates were increased. Hindered

settling improved when the percent solids were increased, resulting in Improved

grades, but a slight decrease in recovery.

Dallaire et al. (1978) also tested various coarse slzes, from 840 pm (20
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meshl to 1680 pm (10 meshl. The 840 pm feed gave the best recoveries. This

was attributed to coarse, heavy partieles preventing the fine, heavy particles

from being carried upward by the rising currents in the inner ragions of the

spiral trough (Figure 2.71. As would be expected, concentrate grade improved

as particle size decreased. The improved cleaning action of wash water

progressively removed coarser, less liberated particles.
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FIGURE 2.6: Performance at Different % Solids and
Feed Rates (Dallaire et al., 1978)

Feed grade was found to be an important factor because surplus heavy

minerais (middlingsl could not find their way to ports, decreasing recovery and

concentrate grades if the spiral were overloaded (Figure 2.8),

One limitation of this work is that the impact of feed size and grade was

determined at specifie operating conditions, without optimizing either feed

density and flow rate, or splitter position. Attempting to mimic sudden and

frequent feed changes which occur in plant operations would make these

adjustments impossible. Results at optimized conditions may weil be different.
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2.4.2 Jlgs

Jigging is one of the oldest methods of gravity concentration yet its

principles are still not completely understood (WiIIs, 1988). It is used to

concentrate a fairly wide range of material, from 200 mm to 0.1 mm (Figure

2.9).
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FIGURE 2.9: Operating Range of Gravity Concentrating Units
(modified from Burt, 1984)

•

Separation of minerais of different specifie gravity by jigging occurs in

a fluidized bed by a pulsating current of water which produces stratification.

The pulsation stroke allows the minerai bed to be Iifted as a mass and then

dilated as the veloeity decreases. while the suction stroke slowly closes the

bed. The purpose of jigging is to dilate the bed of minerais and control the

dilation so that the heavier, smaller particles penetrate the interstices of the bed

and the larger high specifie gravity partieles fall, and stratification occurs.

Stratification is also affected by the length, frequency and cycle pattern of the

jig stroke. The seeondary function of the jig is to separate the stratified layers

into two discrete products (Burt, 1984).
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There are four mechanisms that control the minerai stratification in the

jigging process: differential acceleration at the beginning of faU. hindered

settling. attainment of minimum potential energy, and interstitial trickling (Burt,

1984). as shawn in Figure 2.10.

~ - 0 0

START • •DIFFERENTIAL
INITIAL

ACCELERATION

COHSOUDATION HINDERED
TRICKUNQ 0

0 0 • 0

• • SEnUNQ •
Figure 2.10: Jigging process (Wilis. 1988)

The particle bed dilates and moves upwards until the velocity is reduced

ta zero during the upward stroke of the jig cycle. At that instant particles can

be considered as starting to faU from rest with initial accelerations. and hence

velocities. which are functions of particle densities and independent of particle

size. Two particles of different specifie gravity will initiaUy have an acceleration

ratio dependent on their densities and independent of their size. Thus their

initial velocities would be different although their terminal velocities would be

equal since the particles settle equaUy. If the repetition of faU is frequent

enough and the duration short enough the distance traveUed by dissimilar

particles will depend upon their initial accelerations rather than their terminal

velocities. resulting in stratification on the basis of specifie gravity (Gaudin•

1939).
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Hindered settling in a jig can only take place if the pulp has a high

density. Therefore particle rearrangement is limited to the short period of time

when the bed is dilated.

Attainment of minimum potential energy levels is a theory proposed by

Mayer, 1964 and Van Koppen, 1966. According to their theory, a bed of

particles in an undisturbed state possesses a certain potential energy. If the

bed is loosened (energy supplied by the jig stroke), minerai particles of different

specifie gravities rearrange themselves to attain a minimum potential energy in

the system, i.e. stratification occurs. Actual physical contact between the

loosened bed of particles must exist for the theory to apply since rearrangement

to lower potential energies could not take place otherwise.

Cycles are made up of a pulsion and a suction stroke producing harmonie

motion. Different portions of the jig cycle are deemed important by different

people. Two extremes are described: Bird (1960) believes that separation

takes place on the suction stroke; Mayer (1964) believes the suction stroke is

not important in the separation process.

Burt (1984) describes how the length and frequency of the stroke are

inter-related. For close-sized coarse feeds with a high proportion of heavies,

the amplitude required is large (with a longer cycle time), while for fines, with

a wide size range and low heavy minerai content the amplitude needed is

smaller and the cycle time shorter. Also, for clean concentrate production, a

compact bed is required. This is achieved with a short rapid stroke, while high

recovery is obtained with a mobile bed achieved by long slow strokes.

Jig capacity varies depending on the jig configuration (rectangular or

circular), ore feed size, and adjustments of stroke length and speed. Generally,

capacity is described as the optimum throughput that produces an acceptable

recovery and is determined by the area of the screen bed. Coarser grains can

usually be fed in léuger volumes than fine grains in relation to the area of the

jig bed. Higher-density minerais can be fed in larger volumes also. Flat-grained

particles tend to slow the concentration rate (Richardson, 1984), which is an
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important consideration for gold since particles have the potential to flatten

during the grinding process.

Jig feed rates need to be constant because too much feed will dampan

the jigging process while under feeding will waste energy and diminish its

efficiency. It is also important to have a constant pulp density of the feed,

typically 30-50% solids, a relatively constant pulp density is more important

than its absolute value (Burt, 1984).

Hutch water addition is another important factor in jigging. Jigs treating

coarse material require more hutch water than those treating finer material

(Burt, 1984).

Jigs are used in many applications, especially for treating coal, alluvial

deposits and coarse free goId in North American grinding circuits.

2.4.3 Additional Gold Operations That Use Spirals and/or Jigs

Jolu Gold Mine

Jolu is located about 140 km north of LaRonge Saskatchewan.

Operations commenced in October of 1988 with 3 years of ore reserves at a

production rate of 400 tpd (Kazakoff, 1990). Mineralization there consists

mainly of pyrite, pyrrhotite, native gold, minor chalcopyrite and minor

arsenopyrite. The average head grade is 0.40 oz/st.

The Jolu mill flowsheet gravity circuit consists of a bail mill discharge

reporting to a cyclopak. About 60% of the cyclone underflow is pumped to a

24" X 36" Minpro duplex jig while the remaining 30% of the cyclone underflow

returns by gravity flow to the bail mill (9' X 13'). Jig concentrate is upgraded

on a 4' X 9' Wilfley table with two passes to a 55% gold product at 65%

recovery. Jig tails report back to the bail mill.

Average gravity circuit unit performance data as reported by Kazakoff

(1990) are as follows:



• mill feed grade
leach feed grade
cyclone U/F (jig feed grade)
jig recovery as jig conc
jig conc (table feed grade)
table recovery
table conc grade
combined gravity circuit recovery

0.40 oz/st
0.14 oz/st
1.25 oz/st

30 %
20 oz/st
70 %
55 %
65 %
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Maximizing goId recovery at Jolu requires the Minpro duplex jig to be

operated just short of sanding in the beds and therefore requires judicious

operator attention. Recovery is dependent on many factors including: gold

particle size, pulsation frequency, stroke, water volume: injection timing,

discharge density, feed grade, feed rate, shot thickness, condition of natural

bed, and frequency of hutch dumping.

Gold particles in the 75-600 pm range give the best recoveries. The

lowest recoveries are reported for the -75 pm fraction at 12%. Due to the -75

pm circulating Joad in the bail mill, the -75 pm particles account for up to 40%

of the jig concentrate.

Pulsation frequency was preset by the manufacturer at 300 pulsations

per minute.

The stroke is a very important parameter and was set at 0.4 cm. At 0.3

cm the bed will sand and at 0.5 cm recovery for gold fines drops.

Water volume is also a critical parameter. Excessive water will flush out

the fines and too little water will sand out the beds.

The injection of water into the hutch must take place with the upstroke

of the diaphragm. The downstroke deslimes the hutch feed. Generally the first

hutch recovers the coarser gold and the second hutch recovers finer gold

fractions flushed out of the first hutch.

Through operator experience it was discovered that the best gold

recovery occurs at a discharge density of 55 to 56% solids. If solids density

reaches 57%, the beds will sand .

Because jig feed rate must be kept constant, only a fraction of the
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cyclone underflow is used. Dilution water is added to regulate densities since

a feed which is too viscous will inhibit settling rates of finer sized gold particles.

Shot thickness varies from 2 to 4 cm. A 0.2-0.6 cm natural bed about

25 cm deep forms over the shot. A relief slot was found necessary because

the bed has a tendency to become too deep causing sanding. A back flush

once a day and a thorough cleaning once a week to remove tramp steel is also

necessary in order to eliminate sanding.

Through plant experience it was found that a continuous pull of the jig

hutches worked best rather than dumping only when full. Jig concentrate Is

pulied contlnuously from hutch number one, and every second hour from hutch

number two.

Homestake Gold Mine

The Homestake Gold Mine Operation is located in Lead, South Dakota.

Due to economic pressures, Homestake started a full scale gravity pilot test

program in March 1986 until May 1986 to increase plant production (Hinds,

Trautman, and Ommen, 1989). Good results prompted them to approve a

complete gravity circuit which was increasing gold recovery and increasing mill

avallability for increased tonnage by July 1987.

Homestake installed a Hazen-Quinn duplex 61 cm X 91 cm jig and

Hazen-Quinn belt strake to each of their four grinding areas. A portion of the

circulating load in the bail mill circuit, 44 tonnes per hour, is pumped to the jig.

The jig concentrate flows onta a belt strake (ribbed belts that move slowly in

the opposite direction to the ore flow) whIle the jlg talls return to the bail mill.

The belt strake concentrate passes by gravity flow to a Deister table whlle the

tails return to the bail mill circuit. Table concentrate is heId in a holding tank

before further cleaning and refining whIle table talls are again pumped back to

the bail mill.

Because of the heavy sulphide concentrate, the jig hutches are pulled on

a continuous but controlled basis to avoid sanding. Jig feed consists of about
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50% solids, with water addition to maintain a 40% solids discharge density.

Problems and concerns encountered in bringing the gravity circuit on

stream were: the amount of downtime required to redress the jig bed, ail the

wire, nails and cable collected in the jig basket, selection of bearings used on

the arm that controls the diaphragm to the jig hutches, slippage in the eccentric

stroke adjustments, excessive wear of brass bushings, feed box, pipeline,

pumps and valves, and line plugging due to abrasives in the sulphides.

To alleviate these problems, the jigs now have a basket arrangement

which can be lifted out allowing another basket to be installed within minutes;

a Deister table is used to separate the ragging from the wire, nails and cable;

the initial bearing manufacturer was changed; a locking boit has been installed

to the eccentric; and the lubrication schedule has been improved.

The results of the recovery distribution by the individual treatment plants

before and after the gravity circuit was installed are shown in Table 2.6.

Table 2.6: Percent Recovery Distribution Chart (Hinds et al., 1989)

1 PLANT [ BEFORE
1

AFTER 1

South Mill 28.5 56.0

Vat Leach 53.3 32.0

C.I.P. 12.9 7.3

TOTAL 94.7 95.3

The overall gold recovery of 95.3% was obtained with the addition of

the gravity circuit. Although this was the same recoveryas 1984 (95.3%1 an

additional 408,000 tonnes of ore were processed .
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Johnny Mountain Gold Mine

Johnny Mountain Gold Mine, owned by 5kyline Resources, is located ln

Northern British Columbia about 60 km east of Wrangell, Alaska. Operations

started in August, 1988.

The initial flowsheet consisted of a gravity circuit, copper flotation to

produce a gold-bearing copper concentrate, cyanidation of float tailings to

recover any remaining gold, and Merril! Crowe for recovery of dissoclated goId

(Armstrong, Cron and Melis, 1990).

Due to many problems during early operations, detailed by Armstrong et

al.(1990), testwork was done which indlcated that 50% of the goId could be

recovered by gravity and the remainding 40 to 45% recovered by flotation.

Implementing the changes to the flowsheet, omission of filtration and

leaching, and addition of the gravity/flotation circuit allowed the plant to reach

a capacity of over 181 tonnes/day compared to 118 tonnes/day under previous

operation. The gravity flowsheet consisted of primary bail mil! discharge

reporting to a duplex jig. The jig concentrate was upgraded on a rougher table

and a final concentrate table. The jig talls proceeded to the primary cyclone ln

open circuit with the primary bail mil!.

Gold gravity recoveries were only 15 to 30%; because laboratory

testwork had indicated that higher gravity recoveries were possible, additional

tests were carried out to identify the optimum gravity recovery. These tests

were performed using a Knelson Concentrator, Falcon Concentrator and a

Reichert Mark VII spiral with solids of 60-65% -75 pm as the flotation feed

(primary cyclone overflow). Table 2.7 shows goId recoveries and yield of the

three gravity units. Although goId recovery in the spiral and KC were about the

same (42% and 41 %, respectively), the spiral was much cheaper, resulted in

minimum dilution of pulp and required minimum floor space. It was therefore

incorporated into the circuit. A rougher spiral bank consisting of 12 Reichert

Mark VilA spirals, feeding a single stage Reichert mark VIIB cleaner spiral was

introduced to the circuit.
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Table 2.7: Johnny Mountain Gold Mine Results of Gravity Recovery Tests on
the Cyclone Overflow Stream (Armstrong, Cron, Melis, 1990)

KNELSON FALCON SPIRAL

GRAVITY CON Weight % 4.6 1.6 4.9

Au oz/st 5.14 8.58 3.95

Ag oz/st 5.57 6.64 -
% Au Rec. 41.3 29.6 41.8

TAILS Au oz/st 0.35 0.33 0.29

Ag oz/st 1.39 1.31 -
% Solids 14 11 35

FEED Au oz/st 0.57 0.46 0.47

Ag oz/st 1.57 1.40 -

Only 2 to 12 oz of goId per day was recovered in the spiral cleaner concentrate

compared to the anticipated 10 to 20% recovery of goId in the feed. Because

of these low recoveries, additional changes were made. A cleaner middlings

fraction, which consisted of 40% of the cleaner feed, was recirculated,

improving spiral performance. Feed to the cleaner spiral now totaled one

tonne/hour which is the rated capacity of the cleaner spiral. Spirals should not

be underfed (Walsh, 1992). Addition ofthe spirals increased overall recovery

by 3% (to 85 to 88%) with a final tail grade of 0.07 to 0.09 oz/st.

Through observation it was noted that the 200 pm gold particles

reporting to the spiral concentrate were shaped much flatter than those

reporting to the jig concentrate; it was concluded that fiat particles of free gold

are recovered by the spirals but not the jigs. The spirals recovered +75 pm

free gold particles which may not float.
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TESTWORK AT THE LUCIEN

3.1 Description of the Lucien Béliveau (LB) Mill

BÉUVEAU MILL

•

•

The Lucien Béliveau mine and mill, solely owned and operated by

Cambior Inc., are located 25 kilometres east of Val d'Or, Québec, Canada.

Proven, probable and possible reserves totalled 1,352,000 t at 0.13 oz Au/st

when milling was initiated in 1989 (Gignac et al, 1990). The deposit is

characterized by quartz and tourmaline veins with inclusions of pyrite,

arsenopyrite and native gold.

The mill processes approximately 1800 tpd, producing a gravity

concentrate and a sulphide flotation concentrate. The 1800 tpd feed comes

from two different sources: the Béliveau and the Chimo mines. The Béliveau

mine provides 1,100 tpd of ore with free gold accounting for 90% of the total

gold mineralization (70% + 100 pm and 20% -100 pm). The remainder of the

gold (10%) is associated with pyrite. Chimo ore provides 700 tpd where 85%

of the gold is free milling (48% + 100 pm; 37% -100 pm) and the balance

(15%) is associated with arsenopyrite.

Underground ore is placed in a silo and is withdrawn by vibrating feeders

discharging onto a conveyor belt. The conveyor belt feeds a 6 X 3 metre (20

X 11 ft) semi-autogenous grinding (SAG) mill in a continuous circuit with 52
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centimetre (29 inch) primary cyclones. The cyclone underflow (CUF) feeds a

bail mill. The bail mill discharge (BMD) is fed to a flash flotation cell for gold

recovery. Concentrate from the flash cell, free of tramp Iron (a beneficial side

effect), is fed to a Knelson Concentrator (KC) operated on a four hour cycle for

coarse gold removal. Concentrate from the KC proceeds to a Deister table

where gold is further upgraded. Tailings from the KC continue to a cyclone for

dewatering, while the CUF is further dewatered in a thickener prior to filtratk"'l.

The cyclone and thickener overflows are recycled as process watel. The

primary cyclone overflow (COF), at 65% passing 75 pm, flows by gravity to a

conditioning tank and continues to seven Denver 300 flotation cells. The

rougher concentrate is further cleaned twice in seven Denver 24 cells. The

pyrite concentrate is then directed to the same thickener as the KC tailings.

Trucks haul the concentrate to the Yvan Vézina Mill, located 40 kilometres

north of Rouyn-Noranda, to be eventually mixed with Yvan Vézina ore feed in

cyclone feed pumps. The pyrite concentrate is then reground to 90% passing

75 pm and cyanided in six highly-agitated leach tanks for approximately 30

hours. A carbon-in-pulp circuit follows.

When the Lucien Béliveau concentrator was visited for the second time,

changes had been made to the gravity circuit because of mechanical difficulties

with the 76 cm plant Knelson Concentrator (PKC). The flash flotation cell

concentrate fed a hydroclassifier for thickening and sizing. The hydroclassifier

underflow (ThkUF) fed a spiral (Mineral Depo~its, HG 7) for coarse gold

removal. During some of the tests (T7, TB, T9) the flash flotation cell

concentrate was directed to an open circuit secondary bail mill for regrind

before continuing to the hydroclassifier. Spiral tailings (SpTls) and

hydroclassifier overflow (ThkOF) fed a 56 cm PKC for residual gold removal.

PKC concentrate and spiral concentrate (SpC1 &2) proceeded to the Deister

table where gold was further upgraded. Tailings from the PKC were treated as

before.
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3.2 Objectives

The objectives of this testwork were to:

- characterize the behaviour of free goId in the circuit

- assess the impact of a hydrosizer and spiral combination

- provide data to compare direct gravity recovery to flash

flotation with gravity recovery.

3.3 Sampling Procedure

ln both sampling campaigns samples were taken around the grinding and

gravity circuit of the Lucien Béliveau mill every half hour for four hours in order

to characterize a full cycle of the Knelson Concentrator.

3.3.1 Sampling Procedure 1

During the first sampling campaign the gravity circuit samples consisted

of KC feed and tailings samples which were combined in one-hour composites.

The KC tailing samples were taken at the underflow of a dewatering cyclone

rather than directly at the KC discharge. At the end of the four-hour recovery

cycle, the KC was stopped and the concentrate discharged, a process which

takes approximately ten minutes. Forty to fifty cuts were taken and combined

into â KC concentrate sample. The flowrate of the KC feed was measured

twelve times throughout the four-hour cycle.

Ali other samples were four-hour composite samples from the SAG mill

discharge (SMD), bail mill discharge (BMD), individual cyclone underflows

(CUF1, CUF2), and a combined cyclone overflow (COF)6.

Ali samples were weighed wet, filtered at Lucien Béliveau and

61ndividual cyclone overflows could not be sampled.
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transported to CANMET (Ottawa) and McGili University (Montréal). The

samples were then oven dried, weighed, and their percent solids calculated.

A portion of ail samples was wet screened at 38 pm, oven dried, and dry

screened over size ranges of 600 pm to 38 pm for initial size distributions.

Details are located in Appendix A.

A 7.5 cm laboratory Knelson Concentrator (LKC) was used to further

upgrade ail samples to assess their size-by-size total and free goId content.

Samples were prescreened at 2 mm and processed in the LKC at a feed rate

ranging from 36 to 308 g/min. For the KC feed and tails samples, the LKC was

fed around 5% nominal capacity (40 g/min) to simulate plant conditions (where

the KC was fed at 5% capacity). Pressure of the water jacket on the KC

ranged fram 21 to 28 kPa (3-4 psi), finer feed requiring less pressure. For each

LKC test, four tailings samples were collected and weighed to determine if feed

and water flow remained constant. The tailings samples were then combined

for screen analysis. The concentrates were also collected, dried, weighed and

screened.

KC tailings (KCTls) and concentrate (KCC) samples were wet screened

at 38 pm and dry screened from 38 pm to 600 pm. Ali screen fractions were

assayed to determlne gold content (ail of the KC concentrate mass and part of

the tails mass).

When processing the KCC, ail gold flakes plainly visible above 600 pm

were weighed to determine the size of goId particles that report to the bowl of

the KC.

3.3.2 Sampling Procedure 2

After an initial four-hour sampling campaign (T2), similar to the one

described above, six additional tests were completed: three around the spiral

(T3, T4, T5) and three around the 56 cm PKC (T7, T8, T9). Deister table

tailings were also sampled (T6) and brought back to McGiII for additional

testwork.
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During T2 the plant feed rate was 80 tlh and the SAG mill operated at

87 kW. Half of the feed was Chimo ore and the remainder was Béliveau.

Grinding circuit samples, other than those described in the previous section.

consisted of the spiral feed (SpF 1&2), tails (SpTls 1&2), and concentrate

(SpC1, taken after 3 turns) which was sampied for eight minutes. Concentrate

two (SpC2, taken at the bottom of the spiral) was sampled for 16 minutes.

The spiral feed flowrate was repeatedly measured throughout the sampling

period.

The hydroclassifier underflow (ThkUF) was adjusted for tests T3 to T5

to evaluate the spiral performance at varying feed rates and densities. Test 3

feed rate was set to the highest level, test 4 to the lowest level and test 5 was

held in the original position. Ali spiral feed flow rates were also repeatedly

measured. The spiral tailings and two concentrates were sampled for each

test. Concentrate one was sampled eight times for one minute while spiral

concentrate two was also sampled eight times, but for two minutes.

Knelson efficiency at different pressures was examined in tests T7 to T9.

The pressure on the KC was kept at the normal operating pressure of 100 kPa

(15 psi), 4.7 L/sec (75 USGPM, Signet ultras meter) for T7, reduced to 83 kPa

(12 psi). 4.0 LIs (63 USGPM) for T8 and further reduced to 55 kPa (8 psi), 2.5

LIs (40 USGPM) for T9. A secondary grinding mill to regrind the flash flotation

concentrate was in operation during the test period. Again, spiral flow feed

rates were repeatedly taken for T7, T8, and T9. Thickener overflow rates were

also measured for T7 and TB. Samples for T7 included secondary bail mill

discharge (SBMD), TKOF, TKUF. SpTls, Knelson tailings (KTls), SpC1 and

SpC2. Test T8 samples collected were SBMD, TKOF, TKUF, SpTls. and KTls.

For T9, three SpTls and three KTls samples were taken. The spiral tails and

hydrosizer overflow were sampled because these streams make up the Knelson

feed. which could not be sampled directly.

Ali samples were treated as previously described in the first sampling

campaign before processing with a LKC. A 7.5 cm LKC was used to further
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upgrade ail samples to assess their size-by-size total and free gold recovery.

Samples were prescreened at 2 mm. Grinding circuit samples were fed directly

to the LKC, but gravity circuit samples were first diluted (4:1) with 210 pm

silica (70 mesh silica fram Indusminl. In some cases, 841 pm (20 meshl silica

was used. Feed rates to the LKC ranged from 200 to 500 g/min with an

average rate of 327 g/min. Pressure of the water jacket ranged from 21 kPa

(3 psi) to 35 kPa (5 psi). Four to five LKC tailings samples were taken during

each LKC test to assess if feed and water flow remained constant. These

samples were then oven dried, weighed, and combined for further processing.

At the end of th.. test run LKC concentrates were collected from the Knelson

bowl, oven dried, and weighed. Detailed test results are shown in Appendix

B.

LKC tailings and concentrate samples were then wet screened at 25 pm

and 38 pm. Once the oversize fraction was oven dried it was screened from

600 pm to 25 pm. Part of the tailings and ail of the concentrate from the

screen fractions were then fire assayed for gold.

3.4 Results and Discussion

The density of the samples in T1 was typical of normal grinding circuit

operation excluding the two bail mill discharge samples whose density during

the first two hours was 18%, and 32% solids during the last two hours.

Sample densities are Iisted in Appendix A. Neither density is plausible; the

anomalies may have been due to sampling errors, circuit instability, or excess

water added in the trunnion (the normal practice at Lucien Béliveau is to add

water in the trunnion to dilute to about 45 % solidsl. The 18% solids sample

was discarded because of its small mass. The two CUF samples were weil

matched at 73% solids and 71 % solids respectively. The KC feed samples

fluctuated from 7% solids to 17% solids but became more consistent during

the second half of the sampling campaign. The KC tailings samples were very
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consistent, measuring 14% solids on average.

During the second sampling campaign, T2, two separate samples were

extracted from the grinding circuit streams over the four-hour period, in order

to clarify inconsistent results obtained during the first test period T1, in 1991.

The first sample was collected over the first two hours of the KC loading cycle,

and the second sample over the remaining two hours. T2 results show very

consistent densities in the grinding circuit, suggesting stable operation. BMD1

and BMD2 samples were 30% and 31 % solids, respectively, while SAGD1 and

SAGD2 were both at 43% solids. CUF1, which returns to the SAG mill, had

solids at 41 %, as did CUF 2, which returns to the bail mill. Densities in the

hydroclassifier underflow varied from a high of 19% solids for test T4

(hydrosizer valve closed one turn) to 13% solids for test T3 (hydrosizer valve

opened one turn). Spiral tailings percent solids were ail consistently lower than

the feed solids due to wash water addition to the spiral. Knelson feed samples

ranged from 6% solids in test T2 to a more consistent 10% solids in tests T7,

T8, and T9. Because Knelson tailings samples are taken from a cyclone

underflow stream they tend to have percent solids higher than or equivalent to

that of the Knelson feed samples. If the Knelson tailings could be sampled

directly from the Knelson Concentrator their percent solids would be very low

due to water addition to the Knelson to create a fluidized bed.

3.4.1 Grinding Circuit

Sag Mill Discharge

SMD samples were processed in the LKC at a pressure of 28 kPa (4 psi)

and a feedrate of 200 to 360 g/min.

The SMD grade (T1) was 0.34 oz/st, suspiciously high, and more than

double that of the two samples from T2, which were 0.13 oz/st and 0.16

oz/st. During T2 the Lucien Béliveau orebody was near depletion, accounting

for the lower grades. As for size-by-size assays, the largest difference was

below 53 pm. Average goId recovery of T1 was low at 27% while T2
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recoveries were much higher at 68% and 76%. Size-by-size recoveries for T1

were poor in ail size classes, especially below 38 pm where recovery

plummeted to 9%.
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FIGURE 3.1: Test T1, Size-by-Size Recovery and Gold
Distribution for the SAG Mill Discharge

Size-by-size recoveries in T2 were much b~tter; ail size classes above 38 pm

had excellent recoveries as shown in Figures 3.2 and 3.3. Below 38 pm

recovery dropped, but not as substantially as in T1. Recoveries below 25 pm

(where the LKC reaches its mechanicallimitationsl dropped further to 18% and

27%. Non-liberated gold may also have been a factor contributing to the

decreased recoveries. Since much of the goId in the SMD cornes from the

circulating load, it is also very plausible that much of the fine liberated gold was

floated by the flash cell. The lower grade of the -25 pm strongly supports this.

Gold distribution was very different between the two tests. Test T1 had

43% of the gold below 38 pm while in T2, the majority of the goId was

concentratred between 210 pm and 595 pm (55% and 64%, respectively). The

size-by-size mass processed for ail three samples was comparable.
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It appears the high tailings grade in most size classes in T1 accounts for the

low recovery and high feed grades. Test T2 results appear more plausible than

test T1, especially since the redundant samples (hours 1&2 vs hours 3&4) are

very similar. During the sampling period for test T1 the mill had only recently

started, and that fact may explain the suspicious results.

Bali Mm Discharge

For test T1, the BMD sample had relatively Iittle mass 50 the feedrate to

the LKC was low (36 g/min) compared with test T2 where sufficient mass

allowed for a feedrate averaging 326 g/min (two BMD samples were obtained,

one .for the first two hours, and another for the last two hours of the four-hour

sampling cycle). Details of the LKC tests are located in Appendix B.

Due to the small ma55 processed, test T1 results are questionable:

calculated grade was high (0.41 oz/st), free gold recovery was low (20%), and

size distribution was atypical. Consequently, the focus of the BMD discussion

will be on the two T2 tests.

Calculated grade for the first two hours of T2 was 0.29 oz/st and then

it dropped off to 0.21 oz/st during the last two hours. Recovery, on the other

hand, increased from 44% to 58% during the sampling period. A finer feed

(45% vs 38% -53 pm) during the first two hours may account for the poorer

recoveries during that time. Recoveries were above 90% in the +297 pm

fractions and dropped off gradually down to 40 pm where a sharp decrease

resulted in recoveries of only 10 and 16%. The drop in recovery was more

pronounced during the first two hours of sampling. Figures 3.4 and 3.5 show

a dip in recovery (in both cases) in the 105-297 pm fraction which is the range

where the flash flotation cell is recovering its coarsest gold. The second dip in

recovery occurs in the 38-105 pm fraction where the flash flotation cell appears

to recover sulphides. This dip is more dramatic during the first two hours of

sampling indicating that the flash flotation cell may have been recovering more

sulphides at that time. Recovery below 25 pm was very poor at 2-4%.
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FIGURE 3.4: Bali Mill Discharge 1 (T2), Size-by-Size
Recovery and Gold Distribution During the First Two Hours
of Sampling

The -25 pm fraction contained the largest amount of goId at 30% and 27%,

where (as previously mentioned) recovery was poorest. Most of the remainder

of the gold appeared in the 105-590 pm range, 40% and 48% for the two

samples, respectively. In both cases, low tail grades in the coarse fractions

indicate good gold Iiberation, but the increase in tail grade in the fine size

classes demonstrates that the gold may still be associated with pyrite below 38

pm. The coarse liberated gold is largely removed by the flash cell before it is

ground to -38 pm.



•

•

•

53

1oor----------:::=~100

.................................................. 80

................ .. .--......-.. • NDCI'#IN............... .......

.•...•..•.•.... ~vere. .-­g ....

100

PmtIcle SIz.e (um)

1"''' Rllcovery .... " Dlalrlbutlon 1-
FIGURE 3.5: Bali Mill Discharge 2, (T2) Size-by-Size
Recovery and Gold Distribution for the Last Two Hours of
Sampling

Cvclone Underflow

Cyclone underflow 1 feeds the SAG mill while CUF 2 feeds the bail mill.

Both underflows were sampled OVbr the four-hour sampling cycle in tests T1

and T2. Ali samples were processed in the same fashion with the LKC. Details

are found in Appendix B.

CUF2 (T1) had almost double the grade (0.30 oz/st) of the CUF1 (n l,

(0.17 oz/st Au). This is a very significant difference. which may be due to

asymmetrical piping of the cyclone feed. a known cause of severe differences

in the feed of parallel cyclones (Mular and Bates. 19711. In test T2 the

differences in calculated feed grade were also noticeable although in this case

CUF1 was higher than CUF2. (0.30 and 0.24 oz/st respectively).

Calculated gold recoveries also show differences between the cyclone

underflows. In test n recoveries are 54% for CUF1 and 71 % for CUF2 while

in test T2 recoveries are 62% for CUF1 and 73% for CUF2. These differences
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confirm the fact that the two cyclones were not working in the same way or

were not fed exactly the same material.

Although the two cyclone underflows appear to be acting differently for

both tests, their size distribution within their respective tests are identical,

within experimental error. Comparing the size distribution of n and T2, It can

be seen that n is coarser (66% above 105 pm for n, and 58% above 105

pm for T21. This also holds true below 38 pm where 13% of the mass Is

located in n and 15% of the mass is located in T2. The difference ln slze

distribution between the two tests is not large, but reveals a difference ln feed

material or operating conditions.

Size-by-size gold recoveries for the CUFs were markedly dlfferent within

their respective tests. In T1, the largest difference in recovery occured below

53 pm where CUF1 recovery averages 40% while CUF2 recovery averaged

82%. A large difference in recovery also occured above 590 pm (65% and

22% respectively), but since there was IIttle mass or gold distributed in
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this class it is not so significant (Figures 3.6 and 3.7). In test T2 size-by-size

recoveries were very constant between CUF1 and CUF2 above 38 pm (Figures

3.8 and 3.9). Below 38 pm, recoveries drop sharply with CUF2 having a

slightly lower drop than CUF1 (CUF1 recovery dropped from 55 % above 38 pm

to 9% below 38 pm while CUF2 recovery dropped from 62% to 18% in the

same size range).

Gold distribution was different in ail four CUFs. In test T1, the -38 pm

of both products contained a similar proportion of the gold (19% vs 20%),

while CUF1 contained more coarse (+ 21 0 pm) gold. In test T2 gold

distribution was very similar in both ûnderflows in ail the size classes excluding

the finest fraction and the 420-590 pm fraction. The CUF2 had almost twice

the gold distribution as that of CUF1 at 420-590 pm (22% vs. 13%) while

CUF1 had over double the gold distribution below 25 pm (18% vs. 8%).
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Recovery and Gold Distribution

For test T1, the LKC tailings grades for the two CUFs were comparable

• at 0.08 and 0.09 oz/st, even though the feed grade in ail size classes of CUF2
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were higher. The most significant differences in feed grade occured ln the flner

fractions (-75 pm). These differences in feed grade account for the dlfferences

in recovery between the two CUFs. In test T2 the lKC taU grade of CUF1 wes

double that of CUF2 (0.12 vs 0.06 oz/st). The differences occur at 25-38 pm

where the CUF1 grade (1.26 oz/st) was twice as high as the CUF2 grade (0.61

oz/st), and below 25 pm, where grades are 0.41 oz/st (CUF1) end 0.14 oz/st

(CUF2).
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FIGURE 3.8: Cyclone Underflow 1 (T2) Size-by-Size
Recovery and Gold Distribution

The results from tests T1 and T2 differ fram those of Camchib, where

two 38 cm cyclones are also operated in parallel, but gold distributions and lKC

recoveries are very s!milar (laplante & Shu, 1992).

Discharge streams from the bail mill and cyclone underflows have

substantial coarse, Iiberated, gravity recoverable goId that is not recovered by

the flash flotation cell and therefore would be ideal candidates for some form

of gravity separation•
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Cyclone Overflow

Feedrate to the LKC was lower for the COFs because of the finer size of

particles. Results show that the calculated feed grade for T1 was abnormally

high for thll COF (0.32 oz/st). An expected grade would be in the range of

0.05 to 0.09 oz/st. In test T2 the grade was more typical at 0.05 oz/st.

Calculated gold recovery for tests T1 and T2 was very typical of cyclone

overflow recovery when processed with a LKC; both were 20%. Liu (1989)

obtained similar recoveries at Camchib.

Size distributions were very similar for both tests, showing 61 % of the

mass was located below 38 pm in T1, compared to 56% in T2.

Size-by-size goId recovery in T1 was high above 105 pm, at 81 %, but

then took an unusual drop below 75 +38 pm to 7%, only ta increase to 20%

below 38 pm. Random errors cannot explain this dip, but fine gold may be

present in pyrite and Iiberated only in the finer size class. This phenomenon did
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not occur in T2, but instead, recovery was good in the coarsest fraction (210

pm), at 85%, but then dropped to less than half that value (42%) in the 150

pm size. Below 75 pm recoveries were in the single digits, decreasing from 9%

to 6% below 25 pm (Figures 3.10 and 3.11).
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FIGURE 3.10: Cyclone Overflow (n) Size-by-Size
Recovery and Gold Distribution

The majority (79%) of the gold in n was distributed below 38 pm, which

greatly influenced the overail recovery. Very little gold (3%) was distributed

above 105 pm where recovery was high. Test T2 gold distribution was very

different fram that of n where only 52% of the gold was below 38 pm. T2

exhibited more goId (12%) above 210 pm, and below 53 pm (68%).

Unfortunately recovery was low where most of the gold is distributed.
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Grjndjng Circujt Mass Balance

The NORBAL2 software (Spring, 1985) was used to balance the size

distribution of gold, size by size, in the grinding circuit. NORBAL2 uses non­

Iinear mass conservation equations to achieve a hierarchical decomposition that

separates mass balance problems into smaller elements. Each component of

the decomposition is described as a least squares problem under constraints

and is solved by the Lagrange multipliers method. As an example, if a circuit

contains four streams (primary mill discharge.. PMD, secondary mill discharge,

SMD, primary cyclone overflow, PCOF, and a primary cyclone underflow,

PCUF) corresponding to one node, the twelve constraints for the mass

conservation of twelve size classes (pan included) can be expressed by:

E;~1 W(1 ,i)C(1 ,1)+LW(2.i)C(2,i)-W(3,i)C(3.1) -LW(4.i)c(4,i)....-O
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where

W(j,i) = percent retained on screen i (i = 1 to 12) in stream j

(j =1 to 4)

C(j,n = gold content of the size class i of stream j

L = circulating load

ln order to adjust the size-by-size assays, a Lagrangian formula is used (Smith

& Ichiyen, 1973):

•
where

.Q.Ç. = 48 X 1 column matrix of the grade adjustments

V = 48 X 48 diagonal matrix of the variances

B = 14 X 48 matrix expressing the mass balance

constraints (from NORBAL2)

Q = 48 X 1 column matrix of unadjusted grades

The balanced grades will be equal to:

c.-fk.+c.

where

.c. = 48 X 1 column matrix of the adjusted grades

(3.1 )

(3.2)

•

After obtaining the adjusted ore size distribution, size-by-size grades, and

overail grade, the gold size distribution can be estimated by:

Gold(%) - (Weight(%) * Grade] 1[Overall grade] (3.3)
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For test T1 measured pulp mass flow rate values were utilized for SAG

feed and FLCC samples, while other stream estimates were based on previous

data with appropriately large standard deviations as shown in Appendix D.

Assay data were supplied from KC laboratory testwork values. Some

discrepancies occurred due to sampling errors, especially for the assay data.

Circuit instability is also thought to have affected the mass balance results.

Assay data required large adjustments because of the unexpected differences

between the CUFs and the high COF assay. Fractional size distribution required

little adjustment, suggesting that steady state for size distribution had been

reached. A typical (according to the Lucien Béliveau staff) circulating load of

300% was calculated for the grinding circuit. Because of the larger gold

circulating loads and possible fluctuations in head grade, it is quite possible that

steady-state was reached for the ore but not for the gold.

For test T2, pulp mass flowrate was once again measured and used for

SAG feed while other stream estimates were based on previous data with

appropriately large standard deviations. Assay data were supplied from LKC

testwork values. In this case, assay data, fractional size distribution data and

assays of size fractions required little adjustment, suggesting that the circuit

was in steady state during the sampling period. The ore circulating load was

lower than in test n, at 203%. Back calculating the feed grade (0.11 oz/st,

which is reasonable, considering that the ore is from the Chimo depositl results

in a gold circulating !oad of 306%. The low gold circulatinti load suggests that

the flash cell is recovering much of the gold.
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3.4.2 76 cm Plant Knelson Concentrator

Plant KC Feed

Flash flotation concentrate, which serves as plant KC feed, was fed to

the laboratory KC at a rate varying from 120 g/min to 200 g/min ldetails of the

LKC tests are shown in Appendix BI, weil below the flowrate where recovery

begins to drop (Shu, 19911. Siurrying water flowrate was low on the first

sample (0.2 vs 0.7 L/min averagel, but because most of the water is added to

fluidize the bed, tails flowrate was largely unaffected. Four Indivldual feed

samples were tested, corresponding to the four hours of testwork ln the plant.

Ali parameters were heId constant when performing tests on the laboratory KC

using similar samples.

Average recovery of the plant KC feed was 50%. Recovery of the plant

KC feed dropped from 59% for the first hour to 44% for the fourth or last hour

as shown in Figure 3.12. Partiele size also dropped durlng the four hour cycle;

feed grade to the KC Increased slightly with values of 5.11 oz/st. 5.43 oz/st,
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FIGURE 3.12: Gold Recovery for the Plant and Laboratory
Knelson Concentrator. Feed Refractoriness Increases Over
the Sampling Cycle.



•

•

•

63

5.18 oz/st, and 5.84 oz/st over the four hours (Figures 3.13 and 3.141. For

each sample, recovery increased with increasing particle size, typically by 30%

from the -38 pm to the 420-595 pm class. Throughout the cycle, moderate

amounts of coarse goId caused the plant KC feeu recovery to remain high until

the amount of coarse gold feed decreased and gold became increasingl\'

refractory to gravity recovery, resulting in a drop in recoveries. The Chimo ore

is of a higher grade and has finer and Jess Iiberated gold than Lucien Béliveau.

An increasing fraction of Chimo ore may have caused the increasing refractory

gold content. Tailings grades for the four tests assayed 2.2 oz/st, 2.8 oz/st,

3.0 oz/st, and 3.4 oz/st, successively, with an average grade of 3.0 oz/st.

These tailings grades match the plant KC tailings grades which average 2.8

oz/st as shown in Figure 3.15. Gold was distributed fairly evenly in the mid­

size range of the mill feed with an increaSll in the -38 pm fraction, and a

significant drop above 300 pm.
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FIGURE 3.13: Gold DistrifJution of the Plant Knelson Feed
Processed on a LKC Over the Four Hour Sampling Cycle
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plant KG Tailings

Plant KG tailings samples were taken over the same four-hour period and

processed in a laboratory KG. Feedrate of the tailings samples ranged from 160

g/min to 300 g/min under a pressure of 0.21 kg/cm2 (3 psi).

Recoveries of the plant KG tailings increased with incressing particle size.

Average overall recovery was 25%, which indicates potential for improvement

in plant operations. This potential improvement was demonstrated at full scale

in the plant by separate experimental work carried out by the Lucien Béliveau

staff when a 54 cm (20") KG was run in series with the 76 cm unit.

Gold size distribution in the four plant tailings samples was relatively

constant. Gold distribution in the +300 pm material was minimal (3%) as a

result of efficient recovery by the plant KG. In ail four tailings samples, 17%

to 30% of the goId appeared in the -38 pm fraction as seen in Figures 3.16 and

3.17.

The plant KG tailing feed, tail and concentrate gr<:des increased over the

sampling cycle. Tailings grades increased only slightly from 2.06 to 2.66 oz/st,

from the first to the fourth hour. As a similar increase in tailings grade is also

observed in the lab work, it is concluded that it is due to a shift in the amount

of gravity recoverable gold in the PKG feed (which becomes more refractory to

gravity recovery from hour one to hour four), and not a decrease in PKC

efficiency due to overloading. Previous attempts to study PKC load cycles

(Laplante & Shu, 1992) has also failed to detect such an overload. However,

Lucien Béliveau staff flushes the KG at four-hour intervals, more for mechanical

than metallurgical reasons. It appears that uneven loading of the bowl causes

excessive vibrations and frequent bearing failure. Shorter loading cycles

alleviate this problem.



•

•

aor---.-----------------,
ft .

Il .

°1LO-----------''------..!.--.J
100

PartIels Sa (um)

I-KTAlL1 +KTAlL2 *KTAII.3 -KTAILAI

FIGURE 3.16: Size-by-Size Gold Distribution of Plant
Knelson Tailings Over the Four Hour Sampling Cycle

100r----------------,

80 .

66

20

.... '" ~"'"

•

­oL--===------~------.J
10 100

Pullcls SID (um)

I-KTAlL1 +KTAlL2 *KTAIL3 -KTA'L4i-
FIGURE 3.17: Size-by-Size Recovery of Plant Knelson
Tailings Proceçsed With a LKC Over the Four Hour
Sampling Cycle'



•

•

•

67

Knelson Concentrate

Processing the plant Knelson concentrate with the laboratory KC resulted

in very high recoveries in ail size classes, with an overall recovery of 96%.

Material was fed to the laboratory KC at a rate of 200 g/min and a pressure of

0.28 kg/cm2 (4 psi).

Concentrate grade exceeded 4000 oz/st (14% gold), a concentration

factor of 16. Gold was distributed fairly evenly in the particle size range of 200

pm tc -38 pm while only 3% of the gold was distributed above 300 pm as

shown in Figure 3.18. The coarser size classes had the lowest mass fraction,

gold grade, and recoveries, in good agreement with a simitar test performed

with a KC concentrate at Les Mines Camchib (Liu, 1989). Liu verified that

coarse gold in the KC tail was liberated, and postulated that the flaky nature of

the coarse gold grains hinders concentration by trickling. Recovery increased

from 83% to 98% in the 600 pm size down to the 75 pm size, and then

decreased to 92% in the -38 pm class. Liu reported an increase in recovery

from the coarse to the fine size with the highest recovery (98%) in the -38 pm.

The difference may weil stem from the density of the gangue, which was much

lower for the Camchib plant KC concentrate.

Mass Balance of KC Samples

Mass Balancing of the plant KC feed, tait and concentrate yielded few

adjustments to size distributions and overall assays (Appendix D, page 192).

Assay data were based on the LKC test results. The laboratory KC average

recovery of 50%, with the same feed, is in good agreement with the actual

plant recovery, 45%. The low value for calculated concentrate mass (48 kg)

raises some questions since historically the measured concentrate mass has

been 70 kg consistently. However, concentrate mass in not a critical variable

in the calculation of recovery, being equal to 1-(gT/gF) when yield is negligible,

as is the roase for the KC. The KC feed and tailings grades will ultimately

determine the performance of the Knelson Concentrator.



• 68

la 10

t' 8D

1:l'l 4D

...................................................... 80 1

...................................................... 40 1
2D ••.........•..•..•.•.....•..•..........•..........•..• 2D

--

•

•

1Da
PertIcIe Sim (um)

1-""-l'y .. "DlItllbutlon 1--
FIGURE 3.18: Size-by-Size Recovery and Gold Distribution
of Plant Knelson Concentrate Processed With a LKC

Recovery comparison of PKC and LKC

A comparison of average recoveries during the four-hour sampling cycle,

between the PKC and the LKC, as shown in Table 3.1, indicates the PKC

performs best on +38 pm and +53 pm material while the LKC performs best

on coarser material (Iarger than 75 pm), and on the finest size fraction, -38 pm.

Although the same comparison for each sampling hour differs slightly, no

distinct trend emerges except that in most cases the LKC performs better than

the PKC below 38 pm. During the first hour, recovery below 38 pm was 44%

for the LKC compared to 17% in the PKC, but there appeared to be a less

significant gap during the second hour with recoveries of 39% and 25%,

respectively.
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Table 3.1: Average Comparisons of Plant and Laboratory KneJson
Concentrators

Sizo (pmI ·38 38 53 75 105 150 ~10 87 ~20

PLANT KNELSON

Feed:Au Di.t'n 22.40 10.52 8.51 11.35 lJ.83 15.07 10.60 4.93 2.80

% Recovery 21.97 60.44 50.67 48.50 44.75 50.25 55.14 58.63 65.00

TolI:Au Dlst'n 22.43 8.30 8.28 11.93 16.17 16.43 10.43 4.33 1.73

LKC ON PKF

Feed:Au Dlst'n 22.40 10.52 8.51 11.35 13.83 15.07 10.60 4.93 2.80

% Recovery 34.39 49.55 45.37 48.39 52.40 54.76 61.01 70.08 72.15

Teil:Au Dlst'n 29.11 10.48 9.21 11.65 13.09 13.58 8.31 2.95 1.61

LKC ON PKT

Feed:Au Dlst'n 22.43 8.30 8.28 11.93 16.17 16.43 10.43 4.33 1.73

% Recovery 11.76 27.00 27.30 30.52 25.58 28.73 30.95 35.46 41.48

Teil:Au Olst'n 26.73 8.16 8.10 11.16 15.53 15.73 9.65 3.75 1.60

3.4.3 Sampling Campalgn. Tests T2 to T7

T2 Plant Knelson Concentrate

The PKC concentrate was diluted with 12.4:1 silica, to a total mass of

4000 9 and processed with a LKC. This unusually high dilution ratio was

necessary to lower the yield of the LKC (to about 2-3%) in order to minimize

the recovery of non gravity recoverable gold.

Overall recovery was 92%, with losses occurring in the finer sizes and

the coarsest fraction, as seen in Figure 3.19. Concentrate grade was high, 994

oz/st, yielding a concentration factor of 35. Only 36% recovery was achieved

in the +590 pm fraction due to the high tail grade of 155.31 oz/st. This result

could be due to a nugget effect, since very JittJe mass was sampled. The low

recovery has Jittle effect on overall performance since only 0.25% of the total

gold report~ to the 600-840 pm class. Recoveries were on!'i 60% below 38
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pm, but there was very little mass (2%) or gold distributed (8%) in the finer

sizes.
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FIGURE 3.19: Plant Knelson Concentrate 5ize-by-5ize
Recovery and Gold Distribution

T2 Hydroclassifier Underflow

Hydroclassifier underflow (spiral feed) was processed with a LKC after

being diluted 4:1 with 210 pm silica. Details are located in Appendix B.

The results indicate a spiral feed grade of 1.53 oz/st (7.65 oz/st without

silica dilution) with a tail grade of 0.43 oz/st, yielding 72% gravity recoverable

goId as shown in Figure 3.20. Although recovery was very poor in the coarsest

and finest fractions there was little mass or goId distributed in those sizes.

Most of the gold (84%) is coarser than 38 pm.
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Spjral Tails

Spiral tails were diluted 4:1 with 210 pm silica and processed on a LKC.

The calculated grade for the spiral tails was 0.79 oz/st, of which 61 %

was recovered by the LKC. Figure 3.21 shows that most of the goId recovered

is between 25 and 105 pm. Most of the gold in the spiral tails (82%) is

located below 210 pm; 42% of the gold is distributed below 53 pm, and is

present in only 12% of the mass. There is substantial recoverable goId in this

class. Most of the mass (76%) is in the 75-297 pm fraction. Most of the

gravity recoverable gold reports to the 25-150 pm size range.

Plant Knelson Tails

Plant Knelson tails were fed to a LKC after being diluted 4:1 with 210

pm silica.

The calculated grade of the PKC tails was 0.98 oz/st. Overall recovery

was 47%, indicating that the PKC did not recover ail the gravity recoverable



•
1oo.--------------~~1ClO

72

80

180

~i 40

~ 20

80

...................................................... 20

•

o 0
10 100

PartIel. Size (um)

1 ..... " R.cev• .., .... " Dlatrlbutlon 1-
Figure 3.21: Spiral Tail Size-by-Size Recovery and Gold
Distribution

11".0r---------------, 100

80

180

~J 40

a' 20 ................................................... 20

•

o 0
10 100

Partiel. SIM (um)

1 ..... " R_V.'" .. '" Dlatrlbutlon 1-
FIGURE 3.22: Plant Knelson Tail Size-by-Size Recovery
and Gold Distribution



•

•

•

73

gold. Figure 3.22 shows that the 75-297 pm range contains 64% of the gold.

About two thirds of the gold is in the middle size range, where free gold

content is low, at 40%. Gold recovery increases somewhat in the 25-75 pm,

to drop again beiow 25 pm. The recovery curve is a rough mirror image of goId

distribution because size classes best recovered by the LKC and PKC are

similar. Hence the LKC is most effective where the PKC has left the least gold

to be recovered. A simiiar but less defined pattern was found in test T1

(without sillca dilution), as shown in Figures 3.16 and 3.17.

Spjral Concentrate 1&2

Spiral concentrates 1&2 were both processed with a LKC after being

diluted 4:1 with 210 pm silica. Details are shown in Appendix B.

The spiral concentrate 1 (SpC1) calculated grade was neariy double that

of the spiral concentrate 2 (SpC2) (92 oz/st and 53 oz/st, respectiveiy).

Appendix C provides details of the LKC ma55 balances. Figure 3.23 shows

most of the goId (70%) is located in the mid range (75-297 pm) for SpC1.

Recoveries in ail size classes excluding + 590 pm and -25 pm were excellent

for SpC1. Whereas the statistical reliability of the former is questionable (tail

mass is extremely low), the latter is probably an indication that 50me fine, non­

gravity recoverabie gold is recovered by the spiral. Overall recovery (98.9%)

is a strong indication that SpC1 contains largely liberated gold.

Processing SpC2 produced slightly different results: the gold distribution

shifted one size class coarser, and overall recovery was slightly lower at 95%.

Figure 3.24 shows that 76% of the gold is distributed between 105 and 420

pm. Recoveries in the coarse fraction (+420 pm) were lowest (81-85%)

although very little mass (5%) makes up that fraction. Recovery of the -25 pm

size was very good at 94%. It can be concluded that the second concentrate

is still very largely made up of gravity recoverable gold.
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Spiral Mass Balance

Mass balancing of the spiral, hydroclassifier underflow, spiral tails, and

spiral concentrate 1&2, provided very consistent results as shown in Appendix

D (page 200). Assay data from LKC tests were used in the mass balance

calculations. Flow rates, size distributions and assays of the size fractions

were not radically adjusted. Some coarser size fraction assays required

adjustment due to poor statistics related to their small mass. The spiral

recovered 44% of the total gold; the LKC showed that 72% of the gold was

gravity recoverable.

Effect of Spiral Feed Rate (T3. T4. T5)

Ali samples were diluted 4: 1 with silica before being processed with a

LKC. Details are located in Appendix B. )'wo samples from T4 and ail T5

samples were diluted with coarse 840 pm (25 mesh) silica instead of the

standard 210 pm (70 mesh) silica, thus slightly lowering the LKC performance

and underestimating gravity recoverable gold content.

ln T5 the valve position of the hydroclassifier underflow was in its

original position (833 kg/hr); spiral feed density was 18%. In T3 the valve was

opened 1.5 turns fram the original position (903 kg/hr) and density decreased

to 13% while T4 valve position was closed 3/4 of a turn (667 kg/hr) and

density increased one percent to 19%. Two of the spiral feed grades were

very similar (1.07 oz/st and 1.08 oz/st for T4 and T5, respectively), while the

feed grade of T3 was slightly lower at 0.95 oz/st. Appendix C provides further

details. Gold distribution in the feed was erratic as seen by comparing ail three

tests. In T3 61 % of the gold reports to the 53-287 pm fraction, and 14% of

the gold is distributed in the -25 pm fraction, as it is for T2. T4 e;<hibits a mort'

erratic distribution and T5 exhibits a flattar distribution. The quantity of gravity

recoverable gold is somewhat less in ail three tests compared to T2 (59%,

55%, and 53% for T3, T4, T5 respectively).

Ali three tests were mass balanced around the spiral utilizing calculated
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assays and size distributions from LKC testwork as shown in Appendix C.

Adjustments were minimal, an indication that the circuit was fairly stable during

sampling, and were made mainly in the assays of the coarser size fractions.

Figure 3.25 shows that the size-by-size total gold recovery of the spiral

is very erratic with no apparent correlation between feed rate and densities.

Signiflcant coarse gold was recovered by the spiral, but recovery dropped

sharply below 212 pm. Because of the nature of the feed, a flotation

concentrate, the fine goId may be difficult to recover in this spiral. Overail

recovery around the spiral for the three tests was 19%, 18%. and 12% for T3,

T4, T5, respectively.

A comparison of the size-by-size gold distributions for T2, T3, T4, and

T5 indicated that samples with a lower percentaga of gold fines (-38 pm) in the

spiral feed corresponded to the higher spiral recoveries as seen in Table 3.2.

However, Figure 3.26 clearly shows that spiral recovery is better correlated

with the free gold content in the spiral feed than the -3B pm gold distribution.

Thus, spiral performance fluctuations "re linked even more to mineralogicai

'fluctuations than operational ones.

TABLE 3.2: Size-by-Size Gold Distributions of the Spirai Feed at
Different Hydroclassifier Underflow Rates

PARTICLE SIZE + 420 pm + 38 - 420 pm ·38pm

TEST NO. Au DISTRIBUTION
(%)

T2 44% RECOVERY 2.37 84.11 13.52

T3 19% RECOVERY 0.69 76.47 22.84

T4 18% RECOVERY 10.15 65.09 24.78

T5 12% RECOVERY 5.09 72.06 22.85
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Effect of Fluidizing Water Pressure Qn Plant KnelsQn PerfQrmance lU. T8. T9l

FQr tests T7 to T9, mass balances were first completed around the spiral

using assay data and size fractions from LKC tests6 as shown in Appendices

C and D. This information was then applied to mass balance the PKC in order

to evaluate its performance. Feed grades were not adjusted significantly by

NORBAL2. Figure 3.27 shows a poor overail PKC performance with total gold

recoveries of 17%,6% and 13% for T7, T8 and T9, respectively.

70

oT7 \1 PSI n 12 PSI 11 • PSI

TEST HUMBER' PRESSURE

1_TOTAL aoLD I!ïl FREE GOLD 1

FIGURE 3.27: Plant Knelson Recovery at Different Operating
Pressures

However, performance, when based on the amount of gravity recoverable gold

in the KC tails (Figure 3.28), increases with decreasing fluidization pressure

(fram 49% gravity recoverable gold at 15 psi, test T7, to 39% at 8 psi, test

T9). This trend is not apparent when considering total gold recovery alone.

6Spiral tails and PKC tails samples were the only samples available for T9.
Therefore, an average of 17 and T8 hydroclassifier underflow, hydroclassifier
overflow, spiral tails, secondary bail mill discharge and spiral concentrate
samples was used.
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Figure 3.28 also shows that there is still some free gold in the PKC tails.

The gravity recoverable gold content increases with decreasing particle size,

and totals 49%, 43% and 39% for T7, T8, and T9, respectively. The highest

LKC recoveries occurred in the finest size fractions lndicating that PKC

efficiency decreases with decreasing particle size.
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FIGURE 3.28: PKC Tailings Recovery to Determine
Performance at Various Pressures

ln the above discussion, some of the losses of gravity recoverable gold is

clearly attributable to the high density of the gangue. 5i1lca dilution, because

it increases fines recovery of the LKC (hence thE amount of fine gravity

recoverable goldl, makes these losses very apparent.

Table 3.3 displays an improved spiral recovery in T7, T8 and T9

compared with T3, T4 and T5. Spiral recovery was 27%, 41 % and 36%

respectively for T7, T8, and T9 for an overail grinding circuit recovery of 31 %,

32% and 32%. Note that spiral feed grade for T7 and T8 were very different

at 0.78 and 1.36 oz/st.

Overall recovery in the grinding circuit is consistent: Figure 3.29 shows
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that when the spiral is performing weil, the PKC does not perform as etticiently

and vice versa.

TABLE 3.3: Total Gold Recoveries for the Lucien Béliveau Gravity Circuit

TEST NO. SPIRAL KNELSON TOTAL
% RECOVERY % RECOVERY % RECOVERY

T2 44.1

T3 19.3

T4' 18.0

TS·· 11.8

T7 26.9 17.4 31.4

T8 41.3 5.7 32.3

T9 35.7 12.5 31.9

• Two samples processed with coarse silica (840 pm), two with
standard silica (210 pm)

.. Ali samples processed with 840 pm silica

This result is also compatible with the working hypothesis that whatever the

spiral recovers, the PKC will also recover. It appears that the PKC compensates

for fluctuations in spiral performance, thereby yielding a very constant overall

performance.
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FIGURE 3.29: Spiral, Knelson, and Overall Gravity
Circuit Recoveries

Hydroclassifier

The hydroclassifier serves mostly as a flow stabilizer for the spiral but It

also thickens, yielding an overflow at 7-8% solids, and an under'!'Jwat 14·

24% solids. Overflows and underflows processed with the LKC showed no

trend in gravity recoverable gold content. Figure 3.30 shows, however, that

gold in the underflow of test a was clearly coarser than the other underflow or

the two overflows. Estimating the performance curve of the hydroseparator

proved difficult, as severe assay adjustments were necessary for test Ta.

Figure 3.31 shows the hydroseparator's performance with respect to gold.

Although there is uncertainty in the coarse range, there is virtually no evidence

of classification.

It can be concluded that the hydroseparator acts as an overloaded

thickener whose bed height exceeds the overflow Iip.
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TESTWORK AT THE DOME MILL
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4.1 Description of the Dome Mill

The Dome Mine, located near South Porcupine Ontario, is North

America's oldest running mine, having begun production in 1910. Proven and

probable mine resorves as of December 1, 1989 were 6.8 million tons grading

0.146 oz/st Au (Werniuk, 1990). Recent work has identified much larger

tonnages at or near the surface, with about half that grade. Placer Dome

Incorporated is the sole owner of the property.

Gold is found as coarse native metal in quartz and ankerite veins. The

ore also contains 2-3% sulphides as pyrite and pyrrhotite. Several varieties of

tellurides are present along with minor quantities of scheelite and sparsely

disseminated arsenopyrite (Scales, 1989).

The mill throughput is approximately 3400 tonne/day with 1991 year-to­

date (October 31) recovery at 96.4% (Harvey, 1992). Approximately 40-50%

of the feed gold is removed in the gravity circuit as a gravity concentrate while

the remainder of the ore passes through leaching, carbon-in-pulp, and

electrowinning circuits. The Dome f10wsheet can be seen in Appendix A.

Skips transport crushed ore from underground to surface where fines and

slimes are removed by washing on a double-deck screen located in the crushing
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plant. Oversize products are reduced and classified by cone crushers in closed

circuit with rod deck screens. Crushed ore is conveyed to two 3630 tonne ore

bins. Variable speed slot feeders controlled by a weightometer feed the ore

from the fine ore bins to the 3.2 m X 4.3 m (10.5' X 14') rod mill. Water is

added to produce a pulp density of 75-80% solids. Rod mill discharge is

combined with the 4.0 m X 6.1 m (13' X 20') bail mill discharge and crusher

slimes and pumped to four Wemco 51 cm (20") primary cyclones. The cyclone

underflow reports to the gravity circuit while the overflow is thickened to 50%

solids before addition of lime and sodium cyanide for leaching in five agitated

tanks.

The gravity circuit incorporates four 0.6 m X 0.9 m (24" X 36") Denver

Duplex minerai jigs and two shaking tables. Cyclone underflow, at 75 % solids,

feeds the jigs with an additional 135 m3 /hr (600 USGPM) of hutch water. Jig

concentrates are further upgraded by shaking tables and then directly smelted

in a Wabi furnace. Gravity tails are classified in four 38 cm (15") Krebs

cyclones, and reground.

The total residence time of the five mechanically agitated, air-sparged

leach tanks is 24 hours. A carbon-in-pulp (CIP) circuit follows, consisting of 6

agitated tanks equipped with in-Iaunder screens for counter-current contacting

with activated carbon. Loaded carbon is then stripped by a caustic

soda/cyanide solution and regenerated in an electrically heated rotary kiln. The

resultant loaded solution is electrowon and refined. CIP tailings are pumped to

backfill, densefill, or tailings.

4.2 Objectives

The objective of this testwork was to evaluate the Dome grinding and

gravity circuit with a view to potential improvements. This was to be

accomplished by determining the location of the largest amount of free goId in

the grinding circuit (in the circulating load for example) and the amount
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available for recovery in the gravity circuit. Dome traditionally has had coarse

goId that is amenable to gravity concentration; this work will focus more on

finer goId (600 pm and less). This emphasis on the finer size classes is partly

dictated by the maximum practical sample sizes (typically 10-20 kg) and their

impact on sampling statistics as discussed in section 2.1.

4.3 Sampling Procedure and Sample Processing

Samples were taken around the grinding and gravity circuit of the Dome

mill every haIf hour for six hours to characterize a full cycle of the duplex jigs.

The gravity circuit samples consisted of jig feed (primary cyclone

underflow, PCUFI and jig tails (JTls) samples. Wilfley table tails (WTT) and

Deister table tails (DTT) samples were taken by the refining room operator for

security reasons. At the completion of the six-hour recovery cycle, the jig

c:oncentrate was discharged, a process which takes approximately 20 to 30

minutes. Samples were cut from the eight streams of jig concentrate discharge

(JC1W1, JC1 E1, JC2W1, JC2E1, JC3W1, JC3E1, JC4W1, JC4E1) every one

to two minutes over the total discharge time.

Ali grinding circuit samples were six-hour composites which consisted

of rod mill discharge (RMD), bail mill discharge (BMD), primary cyclone

underflow and overflow (PCUF, PCOF), and regrind cyclone underflow and

overflow (RCUF, RCOF).

The original weight of the jig concentrate samples was then halved,

owing to its high gold content.

Ali samples were weighed wet and filtered at CANMET (Ottawa).

Samples were processed at CANMET and McGili University (Montréal).

A portion of ail samples was split to determine size distributions.

Samples were wet screened at 37 pm, then oven dried and dry screened over

size ranges of 600 pm to 37 pm. Size distributions are shown in Appendix A.

Very coarse samples (RMD, PCUF, RCUF, JTls, eight JC, DTT, WTT)
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were screened at 840 pm. The oversize product was processed in a 1M

Denver Laboratory Mineral Jig. Jig bedding, consisting of +4 mm steel shot,

ranged in mass from 100 to 300 9 (depending on the sample mass to be

treated). Any +4 mm material was removed from the samples prior to jigging.

The laboratory jig was operated under standard test parameters at a stroke

length of 1.3 cm (O.5"l, a feed rate ranging from 100 to 300 g/min, and a

water rate of 2.5 to 3.0 I/min. Details of laboratory jig testing parameters can

be found in Appendix B. Some of the JC sam,lles contained old ragging from

the plant jigs which was removed prior to laboratory jigging. Samples were

processed to obtain a concentrate of less than one assay ton (29.166 g) when

separated into size classes, in order to eliminate the problem of nugget effects.

Resultant tailings and concentrates were screened into five size fractions (2.4

mm, 2.0 mm, 1.2 mm, 841 pm, and 600 pm) and assayed.

The undersize fraction, where mass was sufficient (above 3 kg., was

processed with a 7.5 cm laboratory Knelson Concentrator (LKC) to assess its

size-by-size total and free goId content at a feed rate ranging from 150 to 400

g/min. These samples consisted of RMD, BMD, PCOF, PCUF, RCOF, RCUF,

JTls, two JC, and DTT. Detailed results can be found in Appendix C. Water

jacket pressure on the LKC was set at 21 kPa (3 psi) or 28 kPa (4 psi), finer

feeds requiring less pressure than coarser ones. Details of the parameter

settings for the LKC are found in Appendix B. In ail tests, tailings samples

were coilected and weighed to determine if feed and water flow remained

constant. The tailings samples were combined for screen analysis and assay.

The concentrates were also collected, screened into nine size fractions ranging

from +425 pm to -38 pm, and assayed. Ali of the concentrate and part of the

tailings were assayed to determine gold conter,t.

Where sampie mass was insufficient to process with the 7.5 LKC (six

JC's and the WTT) a Mozley Laboratory Mineral Separator (MLS) was used.

Ali samples were wet screened at 38 pm, oven dried and dry screened at 600

pm to 38 pm. Each size fraction was processed separately on a MLS 'V' profile
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tray table to produce a concentrate of less than one assay ton and a tailings

sample. The MLS was operated at a speed of 70 rpm, a stroke of 6.4 cm

(2.5"). a water rate ranging from 0.5 to 1.5I1min. and a slope ranging from 2.5

to 4.5 cm (measured from the 'upstream' end where zero slope is 0 cm). as

recommended in the MLS brochure. Details of the experimental conditions are

presented in Appendix B. Ali concentrate and tailings samples were assayed.

4.4 Results and Discussion

Generally the Dome operates with 50% of the ore coming from

underground and 50% from open pit operations. During the sampling

campaign, feed was solely from the open pit. After four hours the crushing

plant stopped due to problems with the rod deck screen. Although feed to the

plant was not interrupted. crusher fines were no longer fed to the primary pump

box. Crusher fines normally consist of approximately 360 tonnes/day, and

contain up to 40% solids.

Table 4.1 summarizes sample processing results; details are found in

Appendix C.

4.4.1 Grinding Circuit

Rod Mill Discharge

The calculated assay for the RMD was high (0.11 oz/st! compared to the

average open pit feed head of 0.075 oz/st. This may have been due to some

residual underground ore in the fine ore bins.

Large samples of RMD were processed with the LKC (9.4 kg) and

laboratory jig (8 kg) to ensure that a representative sample was attained for

testwork. The + and -600 pm fractions from both tests were then

mathematically combined. Much of the mass (45%) occurs in the coarser

(+841 pm) and finer (-53 pm) fractions (35%) .
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Table 4.1: A Summary of Sample Processing Results

SAMPLE LAS FEED TAIL CONC. GRAVITY DETAILS
PROCESS GRADE GRADE GRADE RECOVERASLE LOCATED

Au CONTENT ON PAGE
oz/st oz/st oz/st %

RMD jig + kc 0.11 0.07 3.71 40.6 179

BMD kc 0.63 0.23 13.86 58.0 179

PCUF jig + kc 0.49 0.11 44.54 77.1 180

PCOF kc 0.07 0.05 1.29 22.8 180

RCUF jig + kc 0.57 0.14 41.84 76.5 181

RCOF kc 0.14 0.06 3.16 55.7 181

JTLs jig + kc 0.62 0.11 61.70 82.7 182

JC1Wl jig + kc 8.88 2.22 262.14 75.7 183

JC1El jig + mis 125.94 19.92 917.60 86.1 183

JC2Wl jig + mis 276.71 21.83 1937.77 93.2 184

JC2El jig + mis 274.58 132.31 884.66 60.9 184

JC3Wl jig + kc 20.84 6.44 490.60 70.0 185

JC3El jig + mis 52.03 12.47 384.95 78.6 185

JC4Wl jig + mis 367.02 53.96 1257.53 89.1 186

JC4E1 jig + kc 175.36 37.96 2341.89 79.7 186

WTT jig + mis 40.67 16.21 255.25 66.6 187

OTT jig + kc 7.36 2.97 223.96 60.4 187

Free goId content for the + 600 pm fraction (processed on a laboratory

jig) was high (58%) because much of the goId is coarse and already liberated.

Free gold content for the -600 pm fraction (processed in a LKC) was much

lower (37%) implying that the finer gold is less Iiberated. Overall, free gold

content averaged 41 %, which is high for a RMD (typical RMD gold recoveries

are about 20-30%). Low gold recoveries occur in the +425 pm (23%) and the

+ 600 pm (29%) size classes but the tail assays are suspiciously high, at 0.34
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oz/st and 0.21 oz/st, respectively7.

Most of the gold (78%) is distributed above 300 pm; the remainder is

divided up fairly equally in ail size classes below 300 pm. This coarse gold

does not show up in any other streams except the jig concentrate and the

PCUF (but in smaller quantities here due to dilution from the circulating load)

suggesting that much of it is recovered in the jigs and what is not recovered is

quickly ground in the bail mill, and thus disappears into finer size classes.

Bali Mill Discharge

Although there was coarse material in the BMD, the sample was not

prescreened prior to processing with the LKC, as only 10% of the material was

coarser than 600 pm.

The calculated BMD grade was 0.53 oz/st, which is approximately five

times higher than that of the RMD. This is high for a grinding circuit with

gravity (for example, at Meston Resources which employs a gravity circuit, the

BMD (0.50 oz/st) is twice the grade of the RMD (0.22 oz/st) (Laplante, 1993).

Overall, free gold content was 58%, which is reasonable for a system

containing a gravity circuit (for example, Meston Resources' BMD free goId

content was 50%).

Free goId content is fairly consistent throughout the + 53 pm to -425 pm

range at 69%. Most of the goId (75%) is located below 150 pm. Recovery is

poor above 425 pm: very liUle coarse free goId is left as the + 600 pm LKC

concentrate contains virtually no goId (LKC concentrate assay is 0.38 oz/st).

The +600 pm LKC tailings (0.37 oz/st) is a suspicious assay; this will lower

the free gold content of this size class but does not affect the amount of coarse

7As explained in section 2.1, reliable information above 840 pm is nearly
impossible to generate because of the 'nugget' effect. This problem is not
serious below 210 pm, but often results in noisy data between 210 and 840
pm.
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free gold, which remains Iowa. Coarse free gold may be absent from the BMD

because the jigs recover it and what Iittle is not recovered is ground in the bail

mill. Recovery drops to 48 % below 53 pm, primarily due to an increase in the

amount of fine, unliberated goId and secondarily to a slight decrease in the LKC

efficiency.

Size-by-size assays follow a common trend: the LKC concentrate and

tailings assays increase with decreasing particle size, although the tailings

assays do not increase to as large an extent as the concentrate assays.

Primary Cyclone Underflow

The +840 pm fraction of the PCUF was processed on a laboratory jig

while the -840 pm was processed with the LKC. The material was not

processed in the proportions of the initial size distribution (more oversize was

processed to minimize the nugget effect). The results of the two tests were

then combined in the correct proportion.

The PCUF calculated assay is slightly lower than the BMD at 0.49 oz/st.

Overall free goId content was very high, at 77 %, and it remained high in ail size

fractions excluding the coarser ones (above 600 pm) where gold may not be

sufficiently Iiberated. An exceptionally high recovery (83%) appears in the

+840-1180 pmclass due to one to three coarse visible goId flakes in the jig

concentrate (i.e. the nugget effect). By contrast, recovery above 1180 pm

(20%) is probably grossly underestimated. Whilst both RMD and jig

concentrate data clearly show that coarse gold must be present in the + 1180

pm fraction of the PCUF, the observed lack of flakes can easily be explained

statistically.

Ali other assays in the concentrate size classes appear reasonable. The

tailings assays are fairly stable; the highest assay (0.35 oz/st) occurs below

75pm due to the corresponding high concentrate and feed grade in that class .

BFor an expianation of free gold content please see the footnote on page 3.
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Primary Cyclone Overflow

The original calculated grade for the PCOF is slightly high at 0.077 oz/st.

Generally COF grades are between 0.05 and 0.08 oz/st, but because lower­

grade open pit ore was processed at the time of sampling, the PCOF grade

should be in the lower end of this range. The high head grade may be due to

a high tail assay (0.4 oz/st) in the + 150 pm tail fraction. Therefore a cut of

the sample was screened, re-assayed and used to verity the suspicious assay.

The new assay was 0.087 oz/st, a more realistic number which decreased the

head grade to 0.068 oz/st. Overall free gold content was very low, but typical

of an overflow stream (23%) and strongly influenced by the -38 pm class

where the majority of the gold (42%) exists. Only 3% of the PCOF mass is

above 150 pm.

LKC recovery was poor in most size classes. The best recovery occurred

in the +38 pm fraction (61 %). Recovery below 38 pm was only 6%. The LKC

appears to have Iimited efficiency in the recovery of fine flaky gold which

characteristically occurs in cyclone overflows.

Gold distribution was typical for a cyclone overflow with most (47%) of

the gold located below 38 pm and the least amount of gold (5%) located above

150 pm while the balance was distributed among the remaining fractions.

Regrind Cyclone Underflow

The calculated grade of the RCUF was 0.57 oz/st, while free goId

content was very high at 77%. This is similar to the PCUF (77% recovery;

0.49 oz/st) which indicates the jigs are not recovering much gold. The largest

mass (19%) occurred in the 150-212 pm range. About 27% of the mass is in

the + 600 pm fraction while only 8% is below 75 pm. Most of the mass (53%)

is between 105 pm and 425 pm.

Gold recovery increases with decreasing particle size. Below 105 pm

gold recovery is particularly high (greater than 80%); similar results were

obtained at Snip Mines (Vincent, 1993). Most of the goId (48%) is distributed
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below 75 pm, with insignificant goId above 212 pm. Because the RCUF feed

consists of jig tailings, it appears the jigs are not adequately recovering goId

below 425 pm. They achieve better gold recoveries above 425 pm, thereby

leaving behind only non gravity recoverable gold (hence the low recovery in the

LKC above 425 pm). Size-by-size assays appear consistent.

Regrind Cyclone Overflow

The RCOF grade was calculated at 0.14 oz/st. The overall free gold

content was high for a cyclone overflow at 56%. The regrind cyclone acts as

a dewatering cyclone. Most of the mass (60%) is below 38 pm; only 12% is

coarser than 105 pm. Recovery was good in most size classes (52-86%)

except below 38 pm where recovery was only 38%. This could be due in part

to the mechanical limitations of the LKC when processing fine material, but is

much more Iikely to be the result of gold particle flakiness. A slight drop in

recovery (from 70% to 53%) occurs below 105 pm, although very Iittle of the

gold (4%) is distributed in that class. Most of the goId (58%) is distributed

below 38 pm while very Iittle of the goId is located above 75 pm.

4.4.2 Plant Jigs

Jig Tails

The calculated grade for the JTls was 0.62 oz/st with a high overall free

gold content of 83%. Most of the JTls mass (51 %) is located between 105

pm and 425 pm.

Free goId content was low above 600 pm, where the plant jigs are most

effective. An exception is the + 840 pm class where recovery was 96%. This

high recovery corresponds to 1 or 2 flakes of gold. Assuming the weight of one

flake to be 5-10 mg, then in 20 9 of sample the assay would be 8-16 oz/st (the

actual concentrate assay was 10 oz/st). Below 600 pm, gold recovery was

very good (even below 38 pm) increasing from 67% to 87%. Jig performance

appears to decrease considerably with decreasing particle size.
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Much of the gold (87%) is distributed below 212 pm. There is very little

gold above 600 pm, where jig recovery is high. A single size class, -38 pm,

has a large amount of gold (26%). Size-by-size assays are consistent, showing

increasing concentrate, tailings and feed grade with decreasing particle size.

The LKC is exceptionally efficient at recovering free gold in this stream. High

recoveries (87%) occur below 38 pm for the jig tails as opposed to low

recoveries (38%) for the RCOF in the same size class. Since the jig feed is

cyclone underflow material, the goId would be less fine and flaky compared

with the RCOF, allowing for better recovery in the LKC.

Jig Concentrates

ln the Dome Mine gravity circuit there are four duplex jigs resulting in

eight discharge concentrate streams. Ali the concentrate streams appear to be

very different in grade, size distribution and free gold recovery, as can be seen

in Table 4.2. Detail of Table 4.2 are found in Appendix C.

Table 4.2: Jig Concentrate Stream Comparisons

JIG CONC GRADE RECOVERY %·75/1m YIELD METHOD
STREAM oz/st % FREE Au Au DIST. %

lW 9 76 18 3 JIG + KC

lE 126 88 2 12 JIG + MLS

2W 277 93 1 13 JIG + MLS

2E 276 61 6 19 JIG + MLS

3W 21 70 12 3 JIG + KC

3E 62 79 6 11 JIG + MLS

4W 367 89 2 26 JIG + MLS

4E 176 80 10 6 JIG + MLS

Jig concentrate grades can vary from 9 oz/st to 367 oz/st, jig size distributions

vary from 14% to 74% mass above 600 pm, and free gold contents vary from
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61 % to 93%. The range of free gold content observed may be somewhat

dependent upon the method of free goId determination (Iaboratory jig for the

+600 pm and MLS or KC for the -600 pm).

The lowest grade jig concentrate {8.9 oz/st} was produced from the jig

concentrate one west discharge (JC1 W1 J. The highest concentrate grade (367

oz/st) was issued from jig concentrate four, west discharge (JC4W1). The

remainder of the concentrate streams fall between these two extremes with an

average concentrate grade of 163 oz/st. During discharge, the physical

difference between jig concentrates was very noticeable: size distributions

were highly variable and the lower grade concentrates appeared to contain

much less pyrite and jig shot. According to the Dome staff, the jig

concentrates and hence the jig performances continually change from stream

to stream and from jig to jig. Figure 4.1 iIIustrates the differences in the jig

concentrate streams.
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FIGURE 4.1: The Differences in Size Distribution of the
Various Jig Concentrate Streams
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Ali discharge streams are different in particle size distribution. Most of

the mass in the jig concentrate streams is above 297 pm. The highest grade

jig concentrate stream (JC4W1) has 92% of its mass above 297 pm, although

there does not appear to be a correlation between grade and mass distribution.

Low masses of 48% and 50% occur above 297 pm in streams JC4E1 and

JC3W1 respectively. Ali streams have very little or no mass below 53 pm.

Gold distribution in the jig concentrates was also different in every

stream; but gold distribution above 297 pm averages to 56%. The two

extremes were JC1W1 and JC1E1 where 38% and 92%, respectively, of the

gold was distributed above 297 pm.

Free gold content was high for ail the jig concentrate streams, as

expected, since free gold content for the jig tailings stream was 83%. Figure

4.1 demonstrates that free gold content increases with concentrate grade while

fine gold content decreases, implying that fine goId is lost when jigs are

operated more selectively. Unless concentrate grade is high, the jig gravity

recoverable gold content is around that of feed and tails. Yields were very high

for gravity recoverable goId recovery, which is unusual for the LKC. Yields for

the lab tests are high because the jig concentrates are more difficult to

separate. There is a direct correlation between yield and gravity recoverable

goId content. The average free gold content of the eight concentrates was

79% (82% if JC2E1, which had the lowest recovery at 61 %, is excluded). For

JC1 W1 the free gold contents were high below 425 pm and above 1180 pm.

Recoveries suffered between these classes (where only 16% of the gold was

distributed) and dropped to about 55%. Poor recovery (17%) was also

encountered in the coarsest size fraction (+ 2380 pm) perhaps due to

unliberated gold. The free gold content for jig stream JC1 E1 was high at 86%

with a concentrate grade of 918 oz/st. In the 212-297 pm class, gold recovery

dropped sharply to only 11 %. A goId flake may have gone to tails because

concentrate grade in that size class was only 20 oz/st while tailings grade was

45 oz/st. Recovery also dropped below 75 pm from 91 % to 44%, with \ittle
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impact on overall recovery. as gold distribution below 75 pm is only 2%. The

highest gold recovery (93%) was achieved from sample JC2W1. Recovery was

excellent in most size classes excluding the coarser class above 1680 pm,

where recovery was only 60% (but with very little gold, 0.1 %, distributed

there).

20.-----------------..,100

•Il '" .. ,...... . ,. .
•

,.
o 70o 100 200 300 400

GRADE (orist)

•

>-
• • 90 1

...... w
a:
ci

80 ..:.,.

15

•
l "Au %-200M • "F.O. RECOVERY 1

FIGURE 4.2: Free Gold Content Increases with Jig
Concentrate Grade While the Fine Gold Content
Decreases with Jig Concentrate Grade

•

The overall concentrate grade calculated from size class assays was 1938

oz/st, a concentration ratio of 7. Stream JC2E1 yielded the lowest free goId

content (61%). Recovery suffered above 75 pm and below 212 pm (37%

average); 33% of the mass and 34% of the gold is located in these range. Low

recoveries may be due to large samples (in terms I)f sample mass) processed

on the Mozley table resulting in overloading of the table and gold going to

Mozley tails. The remainder of the streams, JC3W1, JC3E1, JC4W1, and

JC4E1 ail had fairly high recoveries with one or two of the size fractions

producing lower recoveries which affected the overall recovery .

There does not appear to be a pattern in the jig concentrates to indicate
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that one size fraction is performing better than another. Poor recoveries seem

very arbitrary and may be due to the mechanical parameters of the plant and/or

laboratory jig such as the jig cycle, stroke length and frequency, depth of the

jig bed, depth and size of the ragging, and the screen aperture.

Mass Balance

A mass balance using NORBAL2 was completed on the grinding circuit.

Details of the mass balances are situated in Appendix D. Initially only size

distributions were balanced. The RMD stream pulp mass flowrate value was

set at 100 (arbitrary units) with a zero standard deviation. The RCOF and the

RCUF flow rates were set at 25 and 350, respectively, with appropriately large

standard deviations. Percent mass data were supplied from size distribution

testwork performed on the initial streams. The results indicate a circulating

load in the grinding circuit of about 360%. The fractional size distribution data

did not require any large adjustments, suggesting that a fairly steady state of

size distributions had been achieved in the circuit.

A second mass balance was performed utilizing the same data with the

addition of overall gold assays. Once again the size distribution data did not

adjust significantly. There were no exceptionally large adjustments on the

overall assay data. The largest adjustment occurred for the JTls (0.62 oz/st to

0.52 oz/st) where the calculated assay was initially high. Results revealed a

significant gold circulating load of 1800%. This may be typical for a grinding

circuit that does not employ gravity concentration but is very high for one that

does, suggesting the jigs are not reclaiming very much of the guld or that most

of the goId is intermediate in size, or too small for efficient recovery by the jigs,

yet too coarse to report to the PCOF. A different gravity device such as a plant

Knelson concentrator could recover more of this intermediate goId thereby

reducing the goId circulating load.

A third mass balance was carried out to determine what size class of

gold was found in the recirculating load. Jl.ssays from the LKC, and laboratory
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jig testwork of the size distributions were utilized. Again, some of the assays

were adjusted, with the largest changes to the fine fraction of the JTls. From

the results, the large gold circulating loads occur below 297)lm and increase as

particle size decreases, confirming the inefficiency of the jigs in recovering fine

gold.

Cyclone Performance

From the maSS balancing results the feed split to the PCUF and PCOF is

80%:20%. Table 4.3 and Figure 4.2 give the classification (Trump) curves for

the ore and total and free gold.

The recovery curve of the ore shows a typical '5' shaped curve without

its complete 'toe'. Total gold and free goId are classified at a much finer size

« < 38 )lm) than the ore, which cannot be determined without sub-sieve data.

80th curves are closely matched, as most gold in the cyclone feed is free.

Table 4.3: Primary Cyclone Classification Efficiency Curves

5ize PCUF

(pm) Ore Gold 'Free' Gold 'corrected'
(%) (%) (%) Ore (%)

600 99.99 100.00 100.00 99.98

425 99.96 100.00 100.00 99.94

297 99.76 100.00 100.00 99.63

212 99.01 100.00 100.00 98.45

150 95.78 98.25 99.77 93.41

105 87.13 97.21 99.55 79.89

75 73.65 96.90 98.97 58.83

53 57.60 95.38 98.92 33.76

38 41.68 88.42 only ·75}1m data 8.89

-38 33.64 67.08 avoUable 3.67
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FIGURE 4.3: Primary Cyclone Classification Efficiency
Curves

ln reality, classification is never perfect, and some short circuiting

occurs. In particular, part of the fines report to the cyclone underflow which

is a proportion equal to water recovery, Rf' To model this phenomenon, a

'corrected' classification curve is calculated which takes the short circuiting

into account. A 'corrected' dGoc (which will always be higher than the actual

value because short circuiting is subtracted) can then be determined. The

commonly used equation which represents a 'corrected' classification curve is

(Plitt, 1976):

•

y-R d
Yc- _1 - 1-exp[-0.693(-) ml

1-R1 dsOc

(4.1 )
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where

Rf: the fraction of the feed water which is recovered in the underflow

and is determined from a water balance around the cyclone. In the

case of the primary cyclone, Rf is equal to 35.99% which is in good

agreement with the measured mass recovery in the -38 pm fraction

(34%) which reports to the underflow

dsoc : the particle size for which the probability of reporting to the

overflow or underflow products by true classification is equal

m: a representation of the classification sharpness

Equation 4.1 can be Iinearized (Plitt, 1971) to estimate dsoc and m. Alternately,

the parameters can be estimated by non-Iinear least-square fit. The first

method yielded estimates of 77 pm for dsoc and 2.3 for m; the second method

yielded similar results: 70 pm for dso and 1.7 for m.

Gold's classification parameters are more difficult to estimate, as sub­

sieve data are unavailable. Plitt (1976) suggests that the dsoc is inversely

proportional to the square root of the difference between the density of the

solids and that of the fluid. This would yield a dsoc for free gold of about 20 pm

(with a density of 3.2 for the ore and 19 for gold). Figure 4.2 at least suggests

that the dsoc of free gold is in this range.

The feed weight split to the RCUF and RCOF is 94% and 6%.

respectively. Table 4.4 gives the classification functions for the ore and 'free'

gold. The classification curves are shown in Figure 4.3. Once again. the curve

for the ore shows the central section of a typical '5' shaped curve. The cut

size of the ore can be estimated at 37 pm. No sub-sieve data are available for

the total and free gold. and therefore the dso cannot be determined. Their

curves are more closely matched than those of the PCOF since much of the

gold is free. Data from the LKC testwork was not available below 75 pm due

to the small mass available, and the necessity of minimizing assay costs.
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Table 4.4: Regrind Cyclone Classification Efficiency Curves

Size RCUF

(pm) Ore Gold
!

'Free' Gold 'corrected'
(%) (%) (%) Ore (%)

600 100.00 100.00 100.00 99.99

425 99.99 100.00 100.00 99.98

297 99.94 100.00 100.00 99.87

212 99.90 100.00 100.00 99.78

150 98.46 99.69 99.74 96.57

105 95.73 99.59 99.68 90.53

75 91.53 99.58 99.52 81.21

53 83.78 95.94 98.97 64.01

38 67.02 89.92 only -75 pm data 26.81

-38 51.83 86.04 available 6.90

The 'corrected' cut size is slightly less (approximately one size class

finer) than the PCUF at 40 pm. The separation sharpness is calculated at 2.4.

similar to the results obtained with non-Iinear regression (a cut size of 50 pm

and a separation sharpness of 2.0) .
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FIGURE 4.4: Regrind Cyclone Classification Efficiency
Curves

Jjg Performanc~

From the mass balance, recovery of the gravity circuit was only 25%,

which is about half of the historical recovery (40-50%). A low RMD grade and

a high COF grade contributed to the poor recovery (any small change in assay

will affect recovery). Jig performance appears highly variable. Some of the jigs

are performing weil while others are so inefficient they should not be in the

circuit. Unfortunately, performance changes from jig to jig on a daily basis,

making it difficult to eliminate any particular unit. The jigs are also very

selective with regard to particle size. They do not appear to recover particles

effectively below 600 pm, where approximately 40% of the gold content

resides. Figure 4.5 shows that there is substantial gold distributed below 600

in the jig tailings which could easily be recovered with the LKC and which was

not recovered with the plant jigs. Introduction of a gravity unit that recovers

a wider size distribution would be extremely beneficial.
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Table Tails

Processing the DTT with a Knelson concentrator produced a free gold

content of 60% with a calculated DTT grade of 7.36 oz/st.

The majority of the mass for the DTT (73%) is in the 841-212 pm range.

Free gold recoveries are very poor above, but excellent below, 212 pm.

This indicates that the Deister table is efficiently recovering particles above 212

pm, but that below 212 pm there is an abundance of free gold returning to the

regrind pump box and hence to the bail mill, causing circulating loads of fine

free gold. The effect on the overall circulating load however, is very small.

Most of the goId (77%) appears to be distributed in the 425-150 pm

with only 1 to 5% distribution in the remaining individual fractions because

coarse gold is recovered by the table, and fine gold is not recovered by the jigs.

The DTT concentrate assayed 224 oz/st which is a substantial upgrade from

the feed of 7.4 oz/st. The LKC concentrate assays increased with decreasing

particle size, a result which is to be expected since feed grade also increased
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with decreasing particle size. Details of the testwork are found in Appendix C

(pages 179-187).

Wilfley table tails (WTT) were processed with a lab jig and MLS. They

have a calculated grade of 41 oz/st at a 67% recovery, slightly higher than the

DTT (60% recovery). The weight distribution for the WTT is dominant in two

size classes: 1168-2380 pm (30%), and 105-210 pm (25%); there is very little

mass (3%) below 75 pm.

Unfortunately 35 % of the gold is distributed above 1168 pm where free

gold content drops to 47%. The free goId content is high below 38 pm (78%)

and in the 105-1168 pm (average 76%) where most of the gold reports. It is

quite normal that much of the gold should report in the size classes were

gravity recoverable gold content is high. The result is that 67% of the gold in

the WTT is gravity recoverable gold. The result would even be higher if a LKC

was used to estimate the gravity recoverable goId content. Both tables lose

significant gold, but in different size classes.

Size-by-size grades of the WTT feed vary fram a low of 5.8 oz/st in the

coarsest fraction (2380 pm) to 324 oz/st in the finest fraction (-38 pm),

although they do not consistently increase as particle size decreases. Grade

increases to 107 oz/st as size decrease to 297 pm, and then decreases to 28

oz/st at 75 pm only to increase again to 324 oz/st below 38 pm.
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5.1 Free Gold Content Measurement

The free (i.e. gravity recoverable) gold content of a stream can be readily

measured using the laboratory Knelson Concentrator (LKC). Laplante, Shu and

Marois (1993), Banisi (1990). Spi11er (1982), and the results shown in chapter

2 indicate that the laboratory Knelson Concentrator can recover 95% of what

was found recoverable by amalgamation. the traditional measure of goId

liberation. However, estimating the free goId content with a LKC is subject to

some limitations. For example, the LKC cannot recover 95% of amalgamable

gold from streams that contain significant free gold but are unlikely to be

processed by gravity, such as cyclone overflow or gravity tailings. In the

Lucien Béliveau case, the KC does not recover 95% of amalgamable gold in the

flash flotation concentrate for two fundamental reasons. First, the nature of

the qold (very fine and flaky) dictates that gravity recovery will be difficult (to

some extent cyclone overflows display the same behaviour). Second, as

virtually no Iight gangue is recovered in the flash concentrate, the resulting

'gangue' has a specifie gravity of about five, even higher than the vast majority

of massive sulphide ores (that contain some silicates). Other streams with a

similar, albeit lesser problem, include cyclor.e overflows or those with a high

sulphide gangue. Streams such as cyclone underflows and mill discharges (bail
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mill and/or rod mill) are ideal for maximum free gold recovery, especially if

sulphide content is low.

ln the case of Lucien Béliveau, dilution of the LKC feed for the high

sulphide content samples has been shown to be a successful tool to maximize

the amount of gold recovered, provide a constant feed source to the KC, and

allow the processing of small samples. Dilution of samples with silica reduces

the gangue density and thereby maximizes free gold recovery. Laplante, Shu

and Marois (1993) report maximum goId recoveries in samples that have an Fao

below 400 pm and a density below 3.2 g/cm3
• For massive sulphides (4.5 to

6.0 g/cm3
) a dilution of 4: 1 silic8-to-feed material is adequate to bring its

specific gravity down to 3.2. The size distribution of the silica used for dilution

is an important factor to consider as silica that is coarser than the sample may

actually reduce recovery. When the LKC is used as an analytical tool,

maximizing free gold recovery with silica is beneficial. However, laboratory

results may not reflect the true recovery in the plant, as the diluted recoveries

will consistently improve by an unknown factor. For Lucien Béliveau, the

observed increase in gold recovery by silica dilution provides a strong argument

for locating the primary gravity unit before flotation. The cyclone underflow,

whose density is much lower than that of the flotation concentrate (high

sulphide gangue) currently fed to the gravity circuit, would provide an obvious

feed for primary gravity recovery. For circuits with high density ores,

processing diluted samples with the LKC may be less appropriate (as there is

no equivalent stream in the grinding circuit), but will yield recoveries closer to

that of amalgamation. Woodcock (1994) has shown that removing oversize

(+ 21 0 pm) can also increase fine gold recovery; it may be an alternative to

silica dilution to maximize recovery of the LKC, and is certainly feasible at plant

scale, for much the same purpose.

One rationale for processing plant samples with a laboratory separator

(i.e. an ideal separator) is the ability to achieve a 'mechanically perfect'

separation, -i.e. a separation that will consistently be better than that of a plant
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unit (although some plant units, such as cyclones, may recover more gold

because of a much higher yield). Plant performance can then be compared

directly to lab performance, providing both a reproducible standard and a target

to achieve or at least strive for. In that sense, the LKC can be considered an

ideal separator, even when feed is not diluted with silica. Consider the first

survey at Lucien Béliveau, where the PKC feed of each hour of a four-hour

loading cycle was sampled and processed with the LKC. Tailings assays from

the LKC and PKC were closely correlated: PKC tailings samples assayed 2.5,

2.S, 3.2 and 3.5 oz/st, averaging 3.0 oz/st; LKC tailings for the same feed

samples were 2.2, 2.S, 3.0 and 3.4 oz/st, respectively, averaging 2.S oz/st.

Recovery of the PKC averaged 45%, whereas that of the LKC was slightly

higher at 49%. Recovery progressively dropped throughout the PKC cycle

because of changes in feed characteristics in both the plant and laboratory

units. In this case the recovery of the plant unit (the PKC) approached that of

the ideal separator (the LKC), because the PKC was operated at 1.7 t/h, which

is only 5% of its rated capacity of 35 t/h. Recent testwork (Laplante et a!.,

1994) suggests that PKC operated near or even above their rated capacity

achieve much lower recoveries of 20 to 70%. Plant recoveries much lower

than those of the LKC were also measured when the LKC processed a diluted

feed or when plant units less effective than Knelsons were studied (e.g. Fig.

3.26). The status of the LKC as the ideal separator in these circumstances is

even more apparent.

Feed variability is an important factor when processing streams with a

Knelson Concentrator. When testing the original circuit at Lucien Béliveau, PKC

and LKC recoveries dropped over the four-hour sampling cycle. This decrease

in the Knelson performance was ore-induced. During tests T3, T7, TS, and T9,

Knelson performance was not as good as test T2 due to the change in the

circuit: the addition of the hydroseparator and the spiral. In this case, the

decrease in Knelson performance was partially circuit-induced. The Knelson

then had to process flakier goId (from spiral tails) which it does poorly.
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5.2 Lucien Béliveau

Two circuits were investigated at Lucien Béliveau. The circuit change

was motivated by mechanical problems with the 76 cm plant Knelson

Concentrator: bearings would wear due to uneven loading. From the results

of Chapter 3 it appears that the initial circuit (flash flotation concentrate feeding

a 76 cm plant Knelson Concentrator) produced better gravity recoveries (45%)

than the second, more complex circuit (a hydroseparator, spiral and 51 cm

plant Knelson Concentrator, at 32% recovery). Factors other than metallurgy

also favour the 76 cm PKC circuit. Initially a spiral, with no moving parts,

appeared to be a good choice as an alternative gravity unit. An important

requirement for efficient spiral operation is a constant feed source. Therefore,

a hydroseparator was added upstream. Spiral performance still proved erratic

and required constant operator attention, both for adjustment of concentrate

flow rate and for cleaning. A constant flow of material was also difficult to

achieve (this was particularly obvious when performing test work). The 51 cm

plant Knelson Concentrator served mostly as a back-up for the spiral, and

recovered most gold when the spiral performed poorly. Its unit recovery was

lower than the original 76 cm unit, but this was attributed largely to a more

refractory flash flotation concentrate, from which the most easily gravity

recoverable goId was skimmed off by the spiral. Therefore, although the

bearings problem was solved, the revised circuit had its share of problems, to

the extent that when the Lucien Béliveau deposit was mined out, and the mill

moved to the Chimo mine site (fall 1993), the gravity circuit was not re­

installed. A new circuit is planned, which would incorporate the major

recommendation of this study, i.e. gold recovery from the cyclone underflow.

Testwork in the plant and laboratory has shown that processing the 76

cm plant Knelson Concentrator tailings with the 56 cm unit would yield a 25%

goId recovery. It appears there is some short circuiting occurring in the Knelson

Concentrator. However, the water balance in the mill cannot accommodate the
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two units in series. The additional recovery would also be minimal, as a

significant fraction of the goId does not report to the flash cell concentrate in

the fir"t place.

There is still significant coarse liberated gold in the circulating load of the

bail mill that may not be readily floated. These coarse particles then become

smaller and flatter (flakier) when recirculated, decreasing their chance of being

recovered by gravity . Testwork with the Chimo ore (Woodcock, 1994)

indicates that there is more than 80% gravity recoverable gold, most of which

could be reaped with a PKC. Recovering gold from the cyclone underflow

(rather than the flash concentrates) achieves a purpose which the old circuit

could not achieve: recovering, by gravity, part of the gold that did not float.

Because this is the major rationale for using gravity ahead of flotation, this

more traditional approach to gravity gold recovery has to prevail over the

ingenious circuit used at Lucien Béliveau. Two additional advantages also

favour the traditional approach of recovering from the circulating load: first, the

high circulating load of gold can yield high circuit recoveries even when treating

part of the bleed, and second, this is a more logical location for the water

additions required by ail gravity equipment.

5.3 Dome

Due to the very coarse gold in the Dome mill ail data above 850 pm are

questionable. As was discussed in chapter 2.1, large sample masses (33 to

600 kg) are required to estimate gold grade accurately in this size range. The

task of processing such large samples becomes extremely difficult, and where

size-by-size information is required it becomes almost impossible. Alternatives

to sampling, such as tracers, would be necessary to generate acceptable data.

The important point to note is that there is virtuaily no coarse goId in the jig

tailings, yet it is quite prominent in the rod mill discharge and jig concentrate

streams. This leads to the conclusion that the jigs must be recovering the
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coarse gold, although, of course, sorne of it is also ground to finer size

fractions.

Three different laboratory units were used to process the Dome samples:

a laboratory jig, a Mozley laboratory separator and a laboratory Knelson

Concentrator. No sample was processed with more than one unit and therefore

a direct comparison of results would be unfair. However, the Knelson

Concentrator far outshone the other two units in ease and speed of operation.

The laboratory jig was the most cumbersome unit and required constant

attention. Changes in the amount of ragging, stroke length, and hutch water

were necessary for each sample (as their size distributions were highly

variable). The Mozley laboratory separator was very time consuming and

operator sensitive; data were l'loisy, because of the small masses processed.

Sample masses l'lot exceeding 200 gare recommended. In cases where the

Knelson Concentrator performance falls off (where gold is much finer than the

ore) a Mozley laboratory separator may be beneficial as a single Tyler class is

processed, thereby allowing gold particles to be separated from particles of

comparable size, resulting in increased efficiency. It appears the Mozley

laboratory separator is most effective when the mass is small (too small for the

Knelson Concentrator), the grade is high (to get good statistics despite the low

mass processed) and the particles are coarse.

The difficulties encountered with the laboratory jig appear to be amplified

in the plant. As discussed in chapter 4, ail four jigs produced varying grades,

size distributions and recovery. Jig performance was very inconsistent and

changed from jig to jig. Jig concentrate grades varied from 9 oz/st to 367

oz/st, jig size distribution varied from 14% to 74% mass above 600 pm, and

free gold recoveries varied from 61 % to 93%. It has been noted that there are

many problems (mainly mechanical) associated with jig use. For example, jigs

tend to sand frequently due to a variety of factors. At the Jolu Gold Mine, jigs

were operated close to sanding in the beds for maximum recovery (Kazakoff,

1990). This required discerning operator attention to pulsation frequency, feed
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grade, feed rate, shot thickness, condition of natural bed and frequency of

hutch dumping. Ali were factors in maximizing performance. At Homestake

Gold Mine (Hinds, Trautman, and Ommen, 1989) it was reported that many

problems were encountered during jig operation, such as selection of bearings,

slippage in the eccentric stroke adjustments, excessive wear of brass bushings,

feed box and pipeline problems, pump and valve wear, and line plugging due

to abrasives in the sulphides. Although Johnny Mountain Gold Mine did not

report mechanical problems with their jig, goId gravity recoveries were only 15

to 30% where laboratory testwork produced much higher recoveries (50%).

Lac Minerais Est Malartic mill tested three different types of jigs (Hope,

McMulien and Green, 1993). They found only one of the jigs was able to make

the separation (with appropriate carel between the pyrite and the gold but the

result was low unit recoveries of 15-20% and even lower overall recovery. The

other two jigs tested sanded when too much pyrite reported to the hutch. If

the jigs were pulled too hard in order to stop the sanding, upgrading suffered

(upgrading ratio of 2). When a 76 cm Knelson Concentrator was installed to

replace the jig, the result was a 40% gold recovery from the head and an

upgrading ratio of 1000:1 in a single stage.

Since this work was initiated, the Dome mine has also replaced their four

jigs with a single 76 cm Knelson Concentrator. The Knelson treats a bleed

from the circulating load (13 % of the flow) and recovers more gold than the

jigs ever did. It is also a much simpler circuit. Gold at the Dome mine is so

coarse that it is an ideal feed for jig operation. Vet a Knelson Concentrator is

attaining better recoveries at higher upgrades. The implication is that jigs may

almost never outperform Knelson Concentrators when recovering gold from

circulating loads•
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6.1 Conclusions

The 7.5 cm laboratory Knelson Concentrator was an indispensable tool

in evaluating the grinding and gravity circuits of Lucien Béliveau and Dome

Mines. The laboratory Knelson Concentrator not only quantified the free gold

content of streams but also predicted the performance of the plant Knelson

Concentrator.

The addition of silica particles (210 pm) in a 4: 1 silica to feed ratio

enhanced the recovery of fine gold particles, provided a constant feed source

to the Knelson Concentrator, and ailowed the processing of small samples. It

was found that silica around 210 pm reduced the recovery of goId particles of

similar size slightly, but increased that of finer gold significantly. Much coarser

silica (Feo: 840 pm) was also used, and clearly reduced gold recovery over the

full size range.

There is significant coarse Iiberated gold in the circulating load of the bail

mill at Lucien Béliveau that does not f10at in the flash cell but could easily be

recovered from the cyclone underflow with a Knelson Concentrator.

The initial gravity circuit (76 cm PKC) for Lucien Béliveau produced gold

recoveries of 45%. After changing the circuit (hydroseparator, spiral and 51

cm PKC) recovery dropped to 32%; this was partly attributed to the circuit
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change. but also to a more refractory feed.

Processing the 76 cm plant Knelson Concentrator tailings (initial gravity

circuit) with a LKC produced 25% recovery. This was duplicated in the plant

where the 76 cm unit was run in series with the 51 cm PKC. Due to water

balance concerns it would not be feasible to run two Knelsons in series but it

does show that. with some feeds. the Knelson may fail to recover recoverable

particles in a single pass, despite very low feed rates. Processing the PKC

concentrate with a LKC produced a recovery of 96% at a concentrate grade of

4000 oz/st (14% Au. i.e. approaching smelting grade); this indicates that the

PKC recovered very largely free gold. and that the KC has potential as an

upgrading device.

ln the modified circuit. the hydroseparator served only as a flow stabilizer

fOf the spiral since very little thickening or sizing was achieved (mass and gold

distribution for the underflow and overfiow were almost identical) .

Spiral recovery was very erratic (12% to 44%) and dropped significantly

below 150 pm. There appeared to be no correlation between recovery. spiral

feed rate or % solids. spiral recovery. however. correlated with gravity

recoverable goId in the spiral feed.

Inconsistent recoveries (6 to 17%) were also experienced with the 51

cm plant Knelson Concentrator. When the spiral was not performing weil the

51 cm Knelson was performing weil with the result that the overall recovery of

the two units in series was very consistent (31-32% Au).

The gold circulating load at Dome Mines is very high (1800%) for a

circuit employing gravity concentration. although it would be typical for a

circuit that does not employ gravity concentration. This suggests that the jigs

are not adequately recovering gold. Size-by-size studies showed that the

recovery drop took place below 425 pm.

ln the Dome gravity circuit. individual jig performance was very

inconsistent: the eight hutches produced varying grades (9 oz/st to 367 oz/st) •

varying size distributions (14% to 74% mass above 600 pm) and varying free
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goId recovery (61 % to 93%). Free gold content increased and fine goId

content decreased with increasing jig concentrate grade.

6.2 Recommendations

There is significant gold in the Lucien Béliveau grinding circuit that is too

coarse to float in the flash cell and which should be recovered by gravity (51

cm PKC) in the cyclone underflow or bail mill discharge streams. As an

alternative, a 76 cm PKC located in the cyclone underflow stream may warrant

discontinuing treatment of the flash flotation cell concentrate by gravity.

Medium and fine size gold is being recirculated in the grinding mill of the

Dome Mine because the jigs are recovering only coarse goId (+425 pm).

Replacement of the jigs by a Knelson Concentrator would recover a wider size

distribution of gold (since the preliminary results of this study have been

released, the jigs have indeed been replaced by a 76 cm Knelson, with excellent

results). Because there is 50 much coarse gold in the rod mill discharge, a jig

could still be useful in the grinding circuit, provided that the primary mill

discharge be screened at around 1 mm to return oversize to the mill feed. The

oversize, which would constitute a low mass, could still be processed with a

jig for very coarse gold removal. This would be as much for security as

metallurgical reasons (as this recycle stream would constitute a serious security

risk for gold theft).

Using a smaller Knelson for secondary upgrading, either as a first cleaner

or a scavenger, would recover much of the fine free gold that is returning to the

grinding circuit from the Deister table tails. The table middlings and tails from

the Wilfley table could then be recycled to the Knelson Concentrator for

scavenging rather than returning to the grinding circuit. This would allow a

shorter processing time, easier bin feeding and less operator attention.
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6.3 Future Work

(1) A follow-up at the plants previously tested if the recommended

changes are made. This could confirm that the conclusions reached in this

study were correct, and would indirectly confirm the usefulness of the

laboratory Knelson Concentrator for the evaluation of grinding and gravity

circuits.

(2) Further work should be done on dilution as to why recovery falls off

in the coarser sizes when the sample is diluted. Also, an alternative to dilution

such as removal of oversize should investigated, although this cannot be done

readily on some material (the flash flotation products at Lucien Béliveau being

a very good example).

(3) Even though the Knelson Concentrator manufacturer is testing a

continuous discharge unit. further work should be done on the time required to

actually overload the plant unit. It appears that operators at most miIls

containing Knelson Concentrators do not know the maximum loading cycle

before recovery suffers due to overloading. Ultimately, the Knelson could even

be used to produce smeltable grade concentrate, thus replacing or

supplementing shaking tables normally used for this purpose.

(4) The recovery of sub-sieve goId particles with the laboratory Knelson

Concentrator should also be investigated as Iittle data are currently available on

this topic.
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APPENDIX A

Appendix A.1: Flowsheet of the Lucien Béliveau and Dame Mills

Appendix A.2: Percent solids of the Lucien Béliveau and Dame Mine sampling
campaigns

Appendix A.3: Size distributions of the Lucien Béliveau and Dame Mine
samples before processing
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A.1: Flowsheet of the Lucien Béliveau and Dame Mills
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A.2: Percent Solids of the Lucien Béliveau and Dome Mine Sampling Campaigns
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LUCIEN BEllVEAU TEST Tl
SAMPLE % SOLIDS

• SAMPLE WET Wf (kg) DRY Wf (kg) SOLIDS (%)

SAGD·l,2 8.19 6.33 77.29
BMD·l 7.05 1.23 17.45
BMD·2 6.51 2.08 31.95
CYCUIFI 8.75 6.34 72.46
CYCU/F2 9.89 6.98 70.58
CYCO/F 9.43 3.83 40.62

KFI·IA 8.54 0.81 9.48
KFI·lB 9.18 1.54 16.78
KFl·2A 9.70 0.68 7.01
KFl-2B 11.77 1.63 13.85

KF2·IA 8.58 0.67 7.81
KF2·lB 10.75 1.17 10.88
KF2-2A 10.80 1.07 9.91
KF2·2B 1.04

KF3·IA 9.14 1.24 13.57
KF3-IB 9.33 1.13 12.11
KF3·2A 10.02 1.24 12.38
KF3·2B 9.11 1.14 12.51

KF4·IA 9.72 1.19 12.24

• KF4-lB 10.55 0.99 9.38
KF4·2A 10.38 1.19 11.46
KF4·2B 10.55 1.01 9.57

KTl·IA 7.26 0.94 12.95
KTl-IB &50 1.25 14.71
KTl·2A 8.98 1.22 13.59
KTl·2B 9.06 1.42 15.67

KT2·IA 10.95 1.41 12.88
KT2·lB 9.38 1.09 11.62
KT2·2A 10.30 1.54 14.95
KT2-2B 10.56 1.56 14.77

KT3-IA 9.46 1.42 15.01
KT3-IB 9.46 1.21 12.79
KTI·2A 9.64 1.55 16.08
KTI·2B 9.85 1.44 14.62

KT4·IA 9.97 1.60 16.05
KT4·IB 10.15 1.40 13.79
KT4-2A 10.11 1.37 13.55
KT4·2B 9.88 1.29 13.06

•
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LUCIEN BEUVEAU TESTS 1'2-1'9
SAMPLE % SOUDS

• SAMPLE WET WT (kg) ORY WT (kg) SOLIDS (%)

BMOl·1'2 12.85 5.69 44.28
SMOl·1'2 15.26 11.61 76.08
COFl·1'2 10.66 4.26 39.96
CUFl-1'2 18.24 12.57 68.91
SpFI-1'2 9.74 1.40 14.37
KnFl-1'2 7.20 0.51 7.08
KnTl·1'2 8.68 0.70 8.06
BM02-1'2 12.04 5.24 43.52
SMD2-1'2 13.79 10.49 76.07
COF2-1'2 11.93 4.80 40.23
CUF2-1'2 17.54 12.26 69.90
SpF2-1'2 8.97 1.05 11.71
KnF2-1'2 11.25 0.82 7.29
Kn1'2-1'2 9.63 0.87 9.03
SpCI.1'2g 1342.40 512.80 38.20
SpC2-1'2g 1664.70 588.60 35.36
KnCI.1'2g 298.8

SpFl·T3 9.89 1.54 15.57
SpTl·T3 9.91 1.21 12.21
SpCI·T3g 908.20 406.20 44.73
SpC2.T3g 1419.10 662.40 46.68

SpFl·T4 Il.90 2.84 23.87• SpTl·T4 1Q.98 1.27 11.57
SpCI·T4g 1191.40 574.60 48.23
SpC2.T4g 1343.70 588.20 43.77

SpFl·T5 11.61 2.59 22.31
SpTl·T5 11.21 1.60 14.27
SpCI-T5g 1178.30 594.30 50.44
SpC2-T5g 1444.90 640.30 44.31

SBMO·TI 11.18 1.62 14.49
ThOF·TI 15.01 1.10 7.33
ThUF·TI Il.49 2.25 19.58
KnFl-TI 10.60 1.16 10.94
KnTl-TI 10.77 1.06 9.84
Kn1'2-TI 10.06 0.96 9.54
SpCI.TIg 386.14 154.90 40.11
SpC2.TIg 668.40 221.70 33.17

SBMO·TB Il.73 1.65 14.07
ThOF-TB 9.95 0.67 6.73
ThUF·TB 11.68 2.49 21.32
KnFl·TB 11.26 1.25 Il.10
KnF2-TB 1Q.93 1.23 Il.25
KnTl·TB 10.79 1.05 9.73
Kn1'2-TB 10.96 1.03 9.40

KnFl·1'9 11.89 1.39 Il.69
KnF2-1'9 Il.36 1.32 11.62
KnF3-1'9 Il.80 1.35 11.44
KnTl-1'9 10.29 1.01 9.82

• Kn1'2-1'9 lQ.93 1.02 9.33
KnT3-1'9 1Q.91 1.14 10.45
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SAMPLE WEIGHT BUCIŒTWT WETWT DRYWT SOLIDS
(g) (g) (g) (g) %

RMOl 16154 530 15624 11473 73.4
BMOl 16481 530 15951 11447 71.8
PCO/Fl 9926 530 9396 2660 28.3
PCU/Fl 15010 530 14480 10622 73.4
RCO/Fl 10666 530 10136 2226 22.0
RCU/Fl 18877 530 18347 14251 77.7
CSI 8728 822 7906 311 3.9
JTLSI 11887 530 11357 7798 68.7

RMD2 14761 530 14231 10379 72.9• BMD2 17023 530 16493 11831 71.7
PCO/F2 8099 482 7617 2215 29.1
PCU/F2 16505 531 15974 11810 73.9
RCO/F2 10471 530 9941 2169 21.8
RCU/F2 19061 531 18530 14293 77.1
CS2 4206 822 3384 73 2.2
JTLS2 14592 530 14062 9588 68.2

PCO/F3 9412 531 8881 2446 27.5
PCU/F3 14306 531 13775 10213 74.1
JTLS3 15267 530 14737 10006 67.9

•
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A.3: Size Distributions of the Lucien Béliveau and Dome Mine Samples Before
Processing
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LUCIEN BEUVEAU TEST TI SIZE DISTRIBUTIONS

• IBMm IBMD2

TYLER CUM WT% CUM WT% CUM CUM WT% CUM WT%
SCREEN WT:% RETAINED PASSING WT:~l WT:~l WT:% RETAINED PASSING

+ 28 208 ïM.ô
+35 7.0 13.2 2.5 4.7 97.8 10.6 17.5 4.4 7.2 97.2

+48 14.0 27.2 5.0 9.7 95.3 18.5 36.0 7.6 14.8 928

+65 29.1 56.3 10.4 20.1 90.3 36.1 72.1 14.9 29.7 BS.2
+100 40.0 96.3 14.3 34.4 79.9 46.4 118.5 19.1 48.8 70.3

+150 26.2 122.5 9.3 43.7 65.6 27.4 145.9 11.3 60.0 51.2

+200 20.6 143.1 7.3 51.1 56.3 18.2 164.1 7.5 67.5 40.0

+270 11.5 154.6 4.1 55.2 48.9 10.7 174.8 4.4 71.9 32.5

+325 9.9 164.5 3.5 58.7 44.8 6.8 181.6 2.8 74.7 28.1

+400 6.4 170.9 2.3 61.0 41.3 3.2 184.8 1.3 76.0 25.3
-400 109.4 280.3 39.0 100.0 39.0 58.2 243.0 24.0 100.0 24.0

ICYCOIF 1 ISAGD1&21
TYLER CUM WT% CUM WT% CUM CUM WT% CUM WT%

SCREEN WT:% RETAINED PASSING
~~l WT~1

WT:% RETAINED PASSING

+ i2.à 12.8 100.0
+35 0.1 0.1 0.0 0.0 100.0 14.5 46.6 5.8 18.5 87.2
+48 0.2 0.3 0.1 0.1 100.0 16.4 63.0 6.5 25.1 81.5
+65 1.5 1.8 0.6 0.8 99.9 ~'6.9 89.9 10.7 35.8 74.9

+100 12.7 14.5 5.5 6.2 99.2 :11.7 121.6 12.6 48.4 64.2
+150 21.6 36.1 9.3 15.5 93.8 20.5 142.1 8.2 56.5 51.6
+200 21.6 57.7 9.3 24.8 84.5 15.0 157.1 6.0 62.5 43.5
+270 16.7 74.4 7.2 32.0 75.2 10.2 167.3 4.1 66.6 37.5
+325 11.9 86.3 5.1 37.1 68.0 \'1.4 173.7 2.5 69.1 33.4
+400 8.5 94.8 3.7 40.7 62.9 4,1 177.8 1.6 70.8 30.9

• -400 138.0 232.8 59.3 100.0 59.3 73.5 251.3 29.2 100.0 29.2

ICUF1 ICUF2
TYLER CUM WT% CUM WT% CUM CUM WT% CUM WT%

SCREEN WT:% RETAINED PASSING WT:(g) WT:(g) WT:% RETAINED PASSING
+ 34.6 34.6 14.8 1408 100.0
+35 13.0 45.6 6.5 22.8 83.7 18.4 53.0 7.9 22.7 BS.2
+48 18.2 63.8 9.1 31.9 77.2 24.1 77.1 '10.3 33.0 77.3
+65 33.6 97.4 16.8 48.7 68.1 41.7 118.8 17.8 50.8 67.0
+100 37.5 134.9 18.8 67.5 51.3 44.6 163.4 19.1 69.9 49.2
+150 17.6 152.5 8.8 76.3 32.6 20.3 183.7 8.7 78.6 30.1
+200 10.2 162.7 5.1 81.4 23.8 11.1 194.8 4.7 83.4 21.4
+270 5.5 168.2 2.8 84.1 18.7 6.3 201.1 2.7 86.1 16.6
+325 2.8 171.0 1.4 BS.5 15.9 1.9 203.0 0.8 86.9 13.9
+400 1.4 172.4 0.7 86.2 14.5 0.2 203.2 0.1 86.9 13.1
-400 27.6 200.0 13.8 100.0 13.8 30.5 233.7 13.1 100.0 13.1

IKF.3 IKT.3 1
TYLER CUM WT% CUM WT% CUM CUM WT% CUM WT%

SCREEN WT: WT:% RETAINED PASSING WT:~ WT:~ WT:% RETAINED PASSING
+ 0.1 0.1 100.0
+35 1.7 1.9 0.8 0.9 99.9 2.3 2.6 0.8 0.9 99.9
+48 5.3 7.2 2.4 3.2 99.1 7.4 10.0 2.6 3.5 99.1
+65 15.1 22.3 6.8 10.0 96.8 21.7 31.7 7.6 11.1 96.5
+100 26.7 49.0 12.0 22.0 90.0 41.0 72.7 14.4 25.5 88.9
+150 27.1 76.1 12.1 34.1 78.0 42.8 115.5 15.0 40.5 74.5
+200 28.9 105.0 13.0 47.1 65.9 46.0 161.5 16.1 56.6 59.5
+270 24.1 129.1 10.8 57.9 52.9 38.7 200.2 13.6 70.1 43.4
+325 15.9 145.0 7.1 65.0 42.1 17.8 218.0 6.2 76.4 29.9• +400 11.1 156.1 5.0 70.0 35.0 13.4 231.4 4.7 81.1 23.6
-400 67.0 223.1 30.0 100.0 30.0 54.1 28S.5 18.9 100.0 18.9



•

•

•

LUC:EN HùLIVEAU TEST Tl SIZE DISTRIBUTIONS cont.

IKCONC
TYLER CUMWf% CUMWf%

SCREEN Wf: Wf:% RETAINED PASSING
+
+35 5.6 7.2 2.9 3.7 99.2
+48 11.7 18.9 6.0 9.6 %.3
+65 27.7 46.6 14.1 23.8 90.4
+100 42.3 88.9 21.6 45.3 76.2
+150 33.4 122.3 17.0 62.4 54.7
+200 29.8 152.1 15.2 77,6 37.6
+270 18.6 170.7 9.5 87.0 22.4
+325 9.1 179.8 4.6 91.7 13.0
+400 5.8 185.6 3.0 94.6 8.3
-400 10.5 1%.1 5.4 100.0 5.4
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DOME MINE SIZE DISTRIBUTIONS

• JBMD IRMD
TYLER CUM CUM Wf% CUM Wf%
SCREEN Wf: PASSING

Wf:Wg Wf:~ Wf:% RETAINED PASSING
+ Il. Il 44.9 44.9 100.0
+35 22.4 68.1 4.8 14.7 9ü.l 15.8 132.3 6.1 51.0 55.1
+48 463 114.4 10.0 24.7 8.5:1 18.0 1503 6.9 58.0 49.0
+65 57.9 172.3 12.5 37.2 753 12.3 162.6 4.7 62.7 42.0
+100 873 259.6 18.8 56.0 62.8 11.4 174.0 4.4 67.1 373
+150 57.4 317.0 12.4 68.4 44.0 8.0 182.0 3.1 70.2 32.9
+200 38.2 355.2 8.2 76.7 31.6 6.9 188.9 2.7 72.9 29.8
+270 26.1 381.3 5.6 82.3 233 6.9 195.8 2.7 75.5 27.1
+400 12.9 394.2 2.8 85.1 17.7 5.5 201.3 2.1 77.7 24.5
-400 69.0 463.2 14.9 100.0 14.9 57.9 259.2 22.3 100.0 22.3

IpCUF IRCUF 1
TYLER CUM Wf% CUM Wf% CUM CUM Wf% CUM Wf%

SCREEN Wf: Wf:% RETAINED PASSING
Wf#J WfiSJ

Wf:% RETAINED PASSING
+ r. liB 22g 100.0
+35 20.2 87.5 6.2 27.0 793 21.4 933 6.8 29.6 77.2
+48 34.2 121.7 10.5 37.5 73.0 35.2 128.5 11.2 40.7 70.4
+65 41.1 162.8 12.7 50.2 62.5 42.9 171.4 13.6 54.3 59.3
+100 57.6 220.4 17.8 67.9 49.8 57.9 229.3 183 72.7 45.7
+150 37.2 257.6 11.5 79.4 32.1 36.7 266.0 11.6 84.3 273
+200 21.9 279.5 6.7 86.1 20.6 20.5 286.5 6.5 90.8 15.7
+270 12.8 292.3 3.9 90.1 13.9 113 297.8 3.6 94.4 9.2
+400 5.5 297.8 1.7 91.8 9.9 4.0 301.8 1.3 95.6 5.6
-400 26.7 324.5 8.2 100.0 8.2 13.8 315.6 4.4 100.0 4.4

• IDTI Iwrr
TYLER CUM CUM Wf% CUM Wf%

SCREEN Wf: Wf:(e) WT:(g} Wf:% RETAINED PASSING
+
+28 1790.0 6332.0 12.3 43.6 68.7 919.9 919.9 47.6 47.6 100.0
+35 ,676.1 8008.1 11.5 55.2 56.4 70.3 990.2 3.6 513 52.4
+48 1896.9 9905.0 13.1 68.2 44.8 1063 1096.5 5.5 56.8 48.7
+65 1712.1 11617.1 11.8 80.0 31.8 124.2 1220.7 6.4 63.2 43.2
+100 1539.7 13156.8 10.6 90.7 20.0 214.6 1435.3 11.1 743 36.8
+150 890.5 14047.3 6.1 96.8 93 262.8 169'U 13.6 87.9 25.7
+200 342.4 14389.7 2.4 99.1 3.2 168.6 1866.1 8.7 96.7 12.1
+270 74.9 14464.6 0.5 99.7 0.9 50.0 1916.7 2.6 99.3 3.3
+400 17.1 14481.7 0.1 99.8 0.3 12.8 1929.5 0.7 99.9 0.7
-400 31.5 14513.2 0.2 100.0 0.2 1.5 1931.0 0.1 100.0 0.1

IlTh
TYLER

SCREEN Wf:
+
+35 21.3 89.4 6.5 27.2 79.3
+48 34.8 124.2 10.6 37.8 72.8
+65 42.7 166.9 13.0 50.9 62.2
+100 59.5 226.4 18.1 69.0 49.1
+150 37.5 263.9 11.4 80.4 31.0
+200 22.5 286.4 6.9 873 19.6
+270 12.7 299.1 3.9 91.1 12.7
+400 5.2 304.3 1.6 92.7 8.9
-400 219 3282 73 100.0 73

•
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DOME MINE SIZE DlsnUBUl10NS

• IJCIWI IlC1EI
TYLER CUM Wf% CUM \\'1'% CUM CUM Wf% CUM WT%

SCREEN WT: WT:% RE1'AINED PASSINO WT;(§) WT:(1Il WT:% RE1'AlNED PASSINO
+
+28 3910.8 5372.5 7.0 42.8 64.2 1135.2 1135.2 88.2 88.2 100.0
+35 1026.9 6399.4 8.2 51.0 57.2 71.6 1206.8 5.6 93.8 11.8
+48 1400.4 n99.8 11.2 62.2 49.0 44.7 1251.5 3.s 973 6.2
+65 1373.2 9173.0 18.9 73.1 37.8 12.3 1263.8 1.0 98.2 2.7

+100 1426.7 10599.7 11.4 84.5 26.9 5.4 1269.2 0.4 Ç8.6 1.8
+150 1074.8 11674.5 8.6 93.0 15.5 43 1273.5 03 99.0 1.4
+200 549.0 12223.5 4.4 97.4 6.9 2.9 1276.4 0.2 99.2 1.0
+270 198.8 12422.3 1.6 99.0 2.5 13 nn.7 0.1 993 0.8
+400 84.0 125063 0.7 99.7 1.0 1.6 12793 0.1 99.4 0.7
-400 36.2 12542.5 03 100.0 03 7.4 1286.7 0.6 100.0 0.6

llowl IlC2EI 1
TYLER CUM WT% CUM Wf% CUM CUM Wf% CUM WT%

SCREEN WT: WT:% RE1'AINED PASSINO WT:~ WT:~ WT:% RE1'AlNED PASSINO
+ 81 Al 41.2 41.1 100.6
+35 232.9 1361.8 13.5 79.0 34.5 122.7 935.4 6.2 47.5 58.8
+48 184.7 1546.5 10.7 89.7 21.0 150.2 1085.6 7.6 55.1 52.5
+65 64.1 1610.6 3.7 93.5 103 1713 1256.9 8.7 63.8 44.9
+100 36.4 1647.0 2.1 95.6 6.5 265.4 1522.3 13.5 773 36.2
+150 22.7 1669.7 13 96.9 4.4 267.6 1789.9 13.6 90.8 22.7
+200 20.1 1689.8 1.2 98.1 3.1 130.1 1920.0 6.6 97.5 9.2
+270 14.1 1703.9 0.8 98.9 1.9 22.1 1942.1 1.1 98.6 2.5
+400 10.5 1714.4 0.6 99.5 1.1 8.3 1950.4 0.4 99.0 1.4
-400 8.9 17233 0.5 100.0 0.5 19.8 1970.2 1.0 100.0 1.0

• IlC3WI IlC3EI 1
TYLER CUM WT% CUM WT% CUM CUM WT% CUM WT%
SCREEN WT: WT:% RE1'AlNED PASSING WT:(g) WT:(g) WT:% RE1'AINED PASSINO

+
+28 578.6 2S25.8 6.0 26.0 BO.O 1213.2 1213.2 53.4 53.4 100.0
+35 876.8 3402.6 9.0 35.0 74.0 210.1 14233 93 62.7 46.6
+48 1283.5 4686.1 13.2 48.2 65.0 244.2 1667.5 10.8 73.4 373
+65 1355.4 6041.5 13.9 62.2 51.8 1943 1861.8 8.6 82.0 26.6
+100 1621.4 7662.9 16.7 78.9 37.8 175.8 2037.6 7.7 89.7 18.0
+150 1219.0 8881.9 12.5 91.4 21.1 128.2 2165.8 5.6 95.4 103
+200 5713 9453.2 5.9 973 8.6 66.6 2232.4 2.9 98.3 4.6
+270 174.7 9627.9 1.8 99.1 2.7 19.0 2251.4 0.8 99.2 1.7
+400 56.8 9684.7 0.6 99.7 0.9 8.9 22603 0.4 99.5 0.8
-400 32.9 9717.6 03 100.0 03 10.4 2270.7 0.5 100.0 0.5

!JC4WI IlC4EI 1
TYLER CUM WT% CUM WT% CUM CUM WT% CUM WT%

SCREEN WT: WT:% RE1'AINED PASSING
WT~~ WTrw

WT:% RE1'AINED PASSING
+ r. 'i . 24.9 24.9 100.0
+35 64.9 485.0 11.2 84.0 273 303.9 1089.1 9.6 34.5 75.1
+48 46.1 531.1 8.0 91.9 16.0 453.7 1542.8 14.4 48.9 65.5
+65 19.4 550.5 3.4 953 8.1 455.0 1997.8 14.4 63.3 51.1
+100 11.5 562.0 2.0 973 4.7 494.0 2491.8 15.7 79.0 36.7
+150 6.4 568.4 1.1 98.4 2.7 378.9 2862.7 11.8 90.8 21.0
+200 2.5 570.9 0.4 98.8 1.6 181.1 3043.8 5.7 96.5 9.2
+270 1.0 571.9 0.2 99.0 1.2 62.6 3106.4 2.0 98.5 3.5
+400 1.0 572.9 0.2 99.2 1.0 24.8 3131.2 0.8 9Ç.3 1.5
-400 4.7 577.6 0.8 100.0 0.8 22.9 3154.1 0.7 100.0 0.7•
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APPENDIX B

Appendix B.1: Laboratory Knelson Concentrator parameter settings

Appendix B.2: Laboratory jig parameter settings

Appendix B.3: Laboratory Mozley separator parameter settings
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B.1: Laboratory Knelson Concentrator Parameter Settings
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•
LABORATORY KNELSON CONCENTRATOR PARAMETERS
LUCIEN BEUVEAU TEST Tl

SAMPLE wr 11ME FEEDRATE PRESSURE WATERRATE WASHWATER SAMPLE TAIUNGS
ID min min leP8 k min RATE min INTERVAL k min

TlBMDI 736 20.4 36 28 5.3 746 2min 6.0
(8vg) (8vg) 4 min 5.9

6 min 6.0
Bmin 5.9

TICUI'I 4462 21.4 208 28 5.4 805 3min 7.0
(8Vg) (8vg) ?min 7.1

Il min 6.9
lSmin 6.9

TICUI'2 4631 16.6 280 28 5.8 1096 3 min 7.1
(8Vg) (8Vg) ?min 7.1

Il min 7.1
15 min 7.2

TISAGD 4960 24.8 200 28 5.7 1077 3min 7.0

• (8vg) (8vg) ?min 6.9
11 Plin 6.9
lSmin 7.0

TICOF 1904 25.7 74 21 4.4 792 3min 5.0
(8Vg) (8Vg) ?min 5.1

Il min 4.9
15 min 5.0

TI KCONC 2857 14.2 202 28 5.4 980 2 min 6.3
(8Vg) (8Vg) 4 min 6.3

6 min 6.0
Bmin 6.5

TIKFEEDI 3910 31.1 126 21 4.8 175 2min 5.2
(8Vg) (8Vg) 6min 5.1

tOmin 5.3
14 min 5.3
t8min 5.4

TlKFEED2 3132 17.3 181 21 4.5 762 Smin 5.3
(8Vg) (8Vg) 10 min 5.3

12 min 5.4
lSmin 5.3

TlKl'EED3 3752 18.2 206 21 5.0 662 2min 5.7
(8vg) (8vg) 7 min 5.8

12 min 5.8
16 min 5.8

TlKFEED4 3696 18.4 201 21 5.0 676 2 min 5.8• (8vg) (8Vg) 6 min 5.6
tOmin 5.4
14 min 5.4
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LABORATORY KNELSON CONCENTRATOR PARAMETERS oonL
LUCIEN BEUVEAU TEST 11

SAMPLE wr llME FEEDRATE PRESSURE WATERRATE WASHWATER SAMPLE TAIUNOS
m min min kPa min RATE min INTERVAL min

11KTAILI 3998 13.0 308 21 4.8 665 3 min S.8
(avll) (avll) 6 min S.6

9roln S.4
12mln 5.4

11KTA1L2 4685 29.1 161 21 S.I 624 2mln S.8
(avll) (avll) 6 min S.7

10 min S.6
14 min S.8

11KTAl1.3 4216 20.0 211 21 S.I 724 2mln 6.0
(avll) (avll) 6mln 5.8

10 min 5.8
14 min S.7

• 11KTAIU 4705 29.6 159 21 S.2 S42 2 min S.7
(avll) (avll) 7 min S.6

12 min S.6
17 min S.7

•
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LABORATORY KNELSON CONCENTRATOR PARAMETERS
LUCIEN BELIVEAU TEST TI-1'9

• SAMPLE wr TIME FEEDRATE PRESSURE WATERRATE WASHWATER SAMPLE TAlLINGS
m min min kPa kg/min RATEg/min INTERVAL krJrnin

T2SAGD 1 6000 15.0 400 28 7.8 included 2 min 6.1
(avS) in watcrrale Smin 7.0

Smin 7.1
10 min 7.1
14 min 6.5

T2SAGD2 6000 18.7 321 28 7.5 inc1uded 2min 6.5
(avS) in walerrate Smin 6.4

9 min 6.4
11 min 6.5
15 min 6.9

T2BMDI 5620 17.3 324 32 7.8 included 2 min 6.8
(avS) in waterrate 5 min 6.6

Bmin 6.7
11 min 6.9
14 min 7.0

T2BMD2 5190 15.8 328 35 8.2 included 2 min 6.5
(avS) in waterrate Smin 7.2

8 min 7.1
11 min 7.2
14 min 7.5

• T2CUFI 11158 34.4 324 28 5.7 included 3 min 4.7
(avS) in watcrrate Bmin 5.1

14 min 5.2
20 min 5.3
26 min 5.6

T2CUF2 10990 35.7 308 35 8.1 included 3 min 6.6
(avS) in waterrate Bmin 7.0

14 min 6.9
20 min 6.9
26 min 7.3

T2COF 6000 28.1 214 28 7.1 included 3 min 5.7
(avS) in waterrate Smin 5.9

14 min 6.5
20 min 6.4
26 min 6.0

T2ThkUF' 11182 29.9 374 28 3 min 4.1
10 min 4.0
16 min 4.1
22 min 4.3
28 min 3.4

T2Sp'Ils' 5556 15.6 356 28 2 min 4.2
5 min 4.0
Bmin 3.8

l1mio 3.9
15 min 3.8

• • fced wcight + Si dilution
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lABORATORYKNELSON CONCENTRATOR PARAMETERS cool.
LUCIEN BEUVEAU TEST 1'2-1'9

• SAMPLE Wf+Si TlME FEEDRATE PRESSURE WATERRATE WASHWATER SAMPLE TAIUNOS
m min min kPa k min RATE min INTERVAL k min

1'2KnTIs 6863 23.7 290 28 2min 3.6
6 min 3.7

10 min 3.6
14 min 3.8
18mln 3.8

1'2 KCONC 4000 14.1 284 28 6.6 included 1 min 6.3
(avg) in watcrratc 3min 5.7

Smin 5.5
Bmin 5.7

10 min 5.6

1'2 SpC 1 2566 7.5 342 28 8.0 included 1 min 4.5
(avg) in watcrrate 2mln 4.9

4 min 4.8
Smin 4.9
7mln 4.6

1'2 SpC 2 2945 9.2 320 28 5.6 indudcd 1 min 4.1
(avg) in waterrate 2mln 3.4

4mln 3.3
5 min 3.5
7mln 3.3

• TI Thk UF 7716 17.9 432 28 2mln 6.9
5 min 7.3
Bmln 7.3

10 min 7.0
14 min 7.2

TISpTIs 6067 17.1 355 28 2mln 7.7
Smin 7.8
9 min 7.8

11 min 7.7
15 min 6.1

TI SpC 1 2035 7.3 279 28 .5 min 8.9
1 min 7.7
2mln 6.7
3 min 4.0
4 min 6.8
5 min 6.2

TISpC2 3312 10,1 328 28 1 min 7.0
2mln 6.3
4 min 6.3
6 min 6.6
8 min 6.4

T4ThkUF 7537 16.5 458 21 5.1 675 3 min 5.8
(avg) (avg) 7 min 5.9

11 min 6.1

• 15 min 6.0
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LABORATORY KNELSON CONCENTRATOR PARAMETERS cont..
LUCIEN BELIVEAU TESTTI-T9

• FEEDRATE PRESSURE WATERRATE WASHWATERSAMPLE WT+Si UME SAMPLE TAlLINGS
m min min kPa k min RATE min INTERVAL k min

T4 SpTla 6334 12.5 507 21 5.0 977 3min 6.3
(avg) (avg) ?min 6.5

11 min 6.6
12 min 5.1

T4 SpC 1 2941 16.2 181 28 1 min 7.6
3 min 7.6
5 min 7.8
7 min 7.4
9roin 7.5

T4 SpC2 2873 7.9 366 28 1 min 7.3
2 min 7.1
3 min 7.2
5min 7.1
6min 8.0

T5ThkUF 7691 21.0 366 21 5.0 676 3 min 5.7
(avg) (avg) ?min 5.9

11 min 6.0
lSmin 5.9
19 min 5.9

• T5 SpTla 7984 20.6 387 21 4.6 933 3 min 5.5
(avg) (avg) ?min 5.6

11 min 5.9
t5min 5.9
t8min 5.6

T5 SpC 1 2972 14.7 203 21 5.0 812 2min 5.6
(avg) (avg) 5miD 5.8

Bmin 5.8
12 min 5.8

T5 SpC2 3202 12.1 266 21 5.3 765 2 min 6.3
(avg) (avg) Smin 6.4

Bmin 6.4
11 min 6.5

T7SBMD 8080 23.3 347 21 6.0 831 3min 6.2
(avg) (avg) 9roin 6.2

IS min 6.2
21 min 6.3

T7ThkUF 11248 40.9 275 28 7.6 included 3 min 7.5
(avg) in waterrate 12 min 7.5

21 min 7.4
30 min 7.3
38 min 7.2

T7 Thk OF 5504 23.2 238 21 6.0 included 3 min 5.9
(avg) in waterrate 7 min 5.9

11 min 5.8• t5min 5.B
19 min 5.B
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LABORATORY KNELSON CONCENTRATOR PARAMETERS conl...
LUCIEN BEUVEAU TEST 1"2.1"9

• SAMPLE Wf+Si 11ME FEEDRATE PRESSURE WATERRATE WASHWATER SAMPLE TAIUNGS
m min min kPa k min RATE min INTERVAL k min

TI SpTls 5040 22.3 226 21 5.9 included 3min 5.9
(avg) in waterrntc 7min 5.8

Il min 5.5
15 min 5.8
19 min 5.9

TIKnTls 9419 32.9 287 28 8.0 includcd 3 min 8.0
(avg) in waterratc 10mln 8.0

17 min 8.1
24 min 7.9
29 min 8.0

TI SpC 1 775 3.8 206 21 5.7 includcd 1 min 5.7
(avg) in waterratc 2 min 6.1

TISpC2 mo 45 246 21 6.0 included 1 min 5.9
(avg) in watcrrate 3 min 6.0

4min 5.9

TSSBMD 6992 18.3 383 21 5.7 742 3mln 5.8
(avg) (avg) 8mln 5.9

13 min 5.7
1S min 6.0

• TSThkUF 7520 226 332 28 7.9 includcd 3mln 7.8
(avg) in watcrratc 9min 7.7

14 min 7.7
19 min 7.7
22 min 7.7

TSThk OF 3340 11.2 299 21 5.8 818 2 min 6.0
(avg) (avg) 5 min 6.1

Bmin 6.2
10mln 6.3

TS SpTls 7475 27.1 276 21 5.4 686 3 min 5.9
(avg) (avg) 8 min 6.2

13 min 6.2
18mln 6.1
23 min 6.4

TSKnTls 7253 19.0 382 21 6.1 697 3 min 6.4
(avg) (avg) 8mln 6.4

13 min 6.3
17 min 6.3

1'9 SpTls 10500 22.0 477 21 6.6 788 3mln 6.8
(avg) (avg) 8mln 7.0

13 min 7.1
18 min 7.0

1'9KnTls 10115 21.1 480 21 65 781 3 min 6.5

(avg) (avg) 8 min 6.8• 13 min 6.8
18 min 6.8
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LABORATORY KNELSON CONCENTRATOR PARAMETERS
DOMEMINE

• SAMPLE wr llME FEEDRATE PRESSURE WATERRATE WASHWATER SAMPLE TAIUNGS
m min min kPa k min RATE min INTERVAL k min

BMD 9743 35.8 272 28 7.8 576 4 min 5.5
(avg) (avg) 13min 5.5

16 min 5.6
20 min 5.5
2Smin 5.4

RMD 9365 32.5 288 28 6.7 981 3min 5.7
(avg) (avg) 8min 5.8

13 min 5.8
20 min 5.8
2Smin 5.8

PCUF 9996 39.0 256 28 73 884 3min 5.6
(avg) (avg) 9roin 5.6

18 min 5.5
27 min 5.5
33 min 5.7

RCUF 9114 34.1 267 28 7.4 852 3 min 4.4
(avg) (avg) 9roin 4.9

lSmin 5.0
21 min 5.0
25 min 4.9

• PCOF 4996 32.3 155 21 6.8 1413 3min 5.0
(avg) (avg) 8min 5.6

14 min 5.8
20 min 6.0
24 min 5.9

RCOF 2278 17.0 134 21 7.1 980 2min 4.8
(avg) (q) Smin 4.8

7 min 4.8
tOrnin 4.7
15 min 4.6

lll. 11593 42.7 271 28 8.0 888 Smin 5.5
(avg) (avg) 12 min 5.5

20 min 5.4
28 min 5.5
3Smin 5.6

DTT 4849 13.0 373 28 7.6 888 3 min 5.3
(avg) (avg) 6 min 5.2

9roin 53
11 min 5.2

JCIWI 5577 15.3 365 28 7.6 898 3 min 5.2
(avg) (avg) 6 min 5.2

9roin 53
12 min 5.2

lC3WI 5804 12.8 453 28 6.9 891 3 min 5.1

• (avg) (avg) Smin 5.2
Bmin 53

tOrnin 5.2
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B.2: Laboratory Jig Parameter Settings
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LABORATORY JIGGING +28M PARAMETERS
DOMEMINE

• TAIL CONC BED+ INITIAL FINAL smoIŒ MATERIAL FEED WATER TIME +4mm
RAGGING SHOT SHOT REMOVED RATE RATE REMOVED

SAMPLE WT(g) Wf(g) WT(g) VIT(g) WT(g) (inch) (6) (rJmin) (Vmin) (min) BEFOREJIG

RMD 7935 135.0 94 208 258 0.5 128 3.0 64 FT' 177.3
67 TT"

PCUF 4680 57.2 92 258 258 0.5 201 3.0 24 81.6
27

RCUF 41)69 200.3 115 168 168 0.5 107 3.0 41 131.7
43

JTh 3629 46.7 117 258 159 0.5 115 3.0 33 50.0
36

DTT 2997 1343.5 183 251 74 0.5 2.5 11.0
(!sI ruD)

DTT 1012 147.8 184 251 251 0.5 2.5
(cone renm)

WTT 651 124.8 144 263 330 0.5 115 3.0 8
10

• JCIWI 886 102.8 428 255 87 0.5 129 2.5 11 42.4
15

JCIEI' 601 60.9 7.02 227 'r.7 0.5 267.6 108 3.0 8
11

JC2WI 880 31.4 217 168 168 0.5 141 2.5 8
13

JC2EI' 244 41.9 137 327 327 0.5 3%.3 70 3.0 6
9

JC3WI 1390 346.8 208 122 122 0.5 177 2.5 11
13

JC3EI 869 144.9 197 168 168 0.5 303 2.5 4
5

JC4WI 171 34.5 215 182 182 0.5 140 3.0 3
5

JC4EI 442 17.7 186 178 123 0.5 141.4 129 3.0 5
7

• ail old ragging Laken out prior to jigging
•• FT - feed lime, TT = tolai lime

•
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8.3: Laboratory Mozley Separator Parameter Settings
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LABORATORY MOZLEYTABLE PARAMETERS
DOMEMINE

• SAMPLE MESH TABLE SPEED 11ME SLOPE'
SIZE TYPE

wrr +35 Y-NOTCH 70 2.5 1.0 5.1 4.0 235 51.6
wrr +48 Y·NOTCH 70 2.5 1.0 9.9 4.5 13.9 92.1
wrr +65 Y-NOTCH 70 2.S 15 18.5 45 21.5 101.6
wrr +100 Y·NOTCH 70 2.S 15 23.8 45 10.4 204.2
wrr +150 V·NOTCH 70 2.5 1.5 36.4 4.5 23.0 239.2
wrr +200 Y·NOTCH 70 2.5 15 36.1 45 12.7 155.5
wrr +270 Y·NOTCH 70 2.S 15 8.0 45 4.2 45.4
wrr +400 Y-NOTCH 70 2.S 05 11.0 2.S 1.3 11.1
wrr -400 Y·NOTCH 70 2.5 05 3.4 2.5 0.6 0.7

JCIEI +35 Y·NOTCH 70 2.5 1.0 5.6 3.5 23.3 55.6
JCIEI +48 Y·NOTCH 70 2.S 1.0 5.1 4.0 11.7 32.9
JCIEI +65 Y·NOTCH 70 2.S 1.0 4.1 45 2.7 9.4
JCIEI +100 Y-NOTCH 70 2.S 1.5 4.7 45 0.3 5.0
JCIEI +150 Y·NOTCH 70 2.5 15 2.1 4.5 0.6 3.7
JCIEI +200 Y·NOTCH 70 2.5 1.5 2.1 45 0.3 2.6
JCIEI +270 Y·NOTCH 70 2.5 15 1.1 45 0.4 1.0
JCIEI +400 Y·NOTCH 70 2.S 05 1.0 2.5 0.2 1.4
JeIEI -400 Y-NOTCH 70 2.5 05 2.3 2.5 0.5 4.3

JC2WI +35 Y-NOTCH 70 2.5 1.0 15.0 4.0 31.2 226.7
JC2WI +48 Y·NOTCH 70 2.5 1.0 15.1 4.0 385 145.6
JC2WI +65 Y·NOTCH 70 2.5 1.0 7.5 45 31.3 32.5

• JC2Wl +100 Y-NOTCH 70 2.S 1.5 10.8 45 15.9 ZO.3
JC2Wl +150 Y·NOTCH 70 2.5 15 35 45 6.2 16.0
JC2WI +200 Y·NOTCH 70 2.5 15 4.4 4.5 1.1 18.7
JC2WI +270 Y·NOTCH 70 25 lS 4.7 45 15 12.5
JC2Wl +400 Y-NOTCH 70 2.5 Il.5 10.1 2.5 0.7 9.2
JC2WI -400 Y-NOTCH 70 2.5 05 3.7 25 0.9 6.7

JC2EI +35 Y-NOTCH 70 25 1.0 6.4 4.0 36.5 985
JezEl +48 Y·NOTCH 70 2.5 1.0 10.8 4.5 37.8 111.8
JC2El +65 Y·NOTCH 70 2.5 1.5 32.4 4.5 24.8 145.6
JC2El +100 Y·NOTCH 70 2.S 15 22.2 4.5 39.3 222.7
JC2E1 +150 Y·NOTCH 70 2.S 1.5 41.7 45 14.6 252.S
JC2El +200 Y-NOTCH 70 2.S 15 15.1 4.5 7.4 122.3
JC2El +270 Y·NOTCH 70 2.5 15 55 4.5 4.6 17.3
JOEl +400 Y·NOrCJ:I 70 2.S 05 7.2 2.S 1.3 6.2
JC2EI -400 Y·NOTCH 70 2.S 05 2.0 2.S 1.2 17.0

JC3El +35 Y·NOTCH 70 2.S 1.0 6.4 4.0 29.7 Z07.1
JC3El +48 Y·NOTCH 70 2.S 1.0 19.6 45 48.4 192.5
JC3EI +65 Y·NOTCH 70 2.S 1.5 28.7 4.5 27.4 165.4
JC3E1 +100 Y·NOTCH 70 2.S 15 39.1 4.5 32.S 141.6
JC3El +150 Y·NOTCH 70 2.5 15 28.2 45 12.3 115.7
JC3El +200 Y·NOTCH 70 2.S 15 7.2 4.5 2.1 635
JC3El +270 Y·NOTCH 70 2.S 15 5.1 45 1.3 175
JC3El +400 Y·NOTCH 70 2.5 0.5 75 2.S 0.7 7.8
JC3EI -400 Y·NOTCH 70 2.5 05 2.9 2.S 0.6 85

• mcaaured in centimetres, where zero slope is zero centimetres (flat table)

•
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LABORATORY MOZLEYTABLE PARAMETERS cont.
DOMEMINE

• SAMPLE MESH TABLE SPEED 11ME SLOPE'
SIZE TYPE

JC4Wl +35 V·NOTCH 70 2.S 1.0 5.2 4.0 22.5 48.8
JC4Wl +48 V·NOTCH 70 2.5 1.0 4.9 4.5 12.0 33.8
JC4Wl +65 V·NOTCH 70 2.S 1.5 4.5 4.5 5.5 13.7
JC4Wl +100 V-NOTCH 70 2.5 1.5 5.3 4.5 3.8 7.4
JC4Wl +150 V-NOTCH 70 2.5 1.5 3.8 4.5 1.0 5.5
JC4Wl +200 V·NOTCH 70 2.5 1.5 1.8 4.5 0.5 2.1
JC4Wl +270 V·NOTCH 70 2.5 1.5 1.0 4.5 0.4 0.6
JC4WI +400 V-NOTCH 70 2.5 0.5 2.5 2.5 0.2 0.7
JC4WI -400 V·NOTCH 70 2.S 0.5 1.9 2.5 1.2 3.0

JC4EI +35 V-NOTCH 70 2.S 1.0 20.3 4.0 30.2 315.1
JC4EI +48 V·NOTCH 70 2.5 1.0 39.1 4.5 24.7 427.2
JC4EI +65 V·NOTCH 70 2.S 1.0 56.3 4.5 31.9 421.0
JC4EI +100 V·NOTCH 70 2.5 1.5 43.3 4.5 14.2 479.1
JC4EI +150 V·NOTCH 70 2.5 1.5 53.6 4.5 19.7 350.3
JC4EI +200 V·NOTCH 70 2.5 1.5 36.6 4.5 12.9 167.8
JC4EI +270 V-NOTCH 70 2.5 1.5 8.7 4.5 5.4 56.4
JC4EI +400 V·NOTCH 70 2.5 0.5 9.5 2.5 2.1 21.6
JC4EI -400 V-NOTCH 70 2.5 0.5 5.0 2.5 1.6 20.6

HIGH WEIGHT LABORATORY JIG CONCENTRATES

RMD +14 V-NOTCH 70 2.5 1 1.4 3 11.0 31.1

• RMD +20 V·NOTCH 70 2.5 1 2.5 3 23.8 57.9

PCUF +20 V-NOTCH 70 2.5 1 1.2 3 15.4 20.0

RCUF +14 V-NOTCH 70 2.5 1 1.8 3 21.2 45.6
RCUF +20 V-NOTCH 70 2.S 1 3.8 3 16.6 98.6

OTT +10 V-NOTCH 70 2.5 1 1.5 3 18.4 15.6
OTT +1.. V-NOTCH 70 2.5 1 3.4 3 23.7 38.7
OTT +20 V·NOTCH 70 2.5 1 4.8 3 24.6 92.5

WTT +14 V·NOTCH 70 2.5 1 2.9 3 22.8 33.8
WTT +20 V·NOTCH 70 2.S 1 2.7 3 25.3 21.5

JCIWI +8 V·NOTCH 70 2.5 1 4.5 3 22.4 54.1
JCIWI +10 V·NOTCH 70 2.5 1 7.1 3 27.9 82.4

JC1El +10 V·NOTCH 70 2.5 1 2.1 3 23.1 18.6
JCIEI +14 V·NOTCH 70 2.S 1 2.1 3 23.8 23.3
JC1El +20 V·NOTCH 70 2.S 1 1.8 3 5.8 26.6

JC2E2 +10 V·NOTCH 70 2.S 1 2.1 3 23.8 14.0

JOWI +10 V·NOTCH 70 2.S 1 2.9 3 29.3 39.4
JOWI +14 V-NOTCH 70 2.S 1 9.2 3 22.6 129.7
JOWI +20 V·NOTCH 70 2.S 1 6.0 3 22.9 llS.4

JOEl +20 V·NOTCH 70 2.S 1 3.2 3 13.2 52.2
JOEl +28 V·NOTCH 70 2.S 1 4.5 3 12.8 52.5

• JC4Wl +20 V·NOTCH 70 2.S 1 1.3 3 19.6 11.3

• measured in ccntimetrea, where zero slope ia zero centimetrea (flat table)



•

•
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APPENDIX C

Appendix C.1: Recovery. grade and gold distribution of the various streams
after processing with a LKC
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•

C.1: Recovery. Grade and Gold Distribution of the Various Streams After
Processing With a Laboratory Knelson Concentrator
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Lucien Beliveau Test TI

• •
SAG Mass 4960
DISCHARGB
Knelson Conc Knelson Tails Fecd

Size Maso Maso Grade Unitl ReooYel)' Mass Maso Total Grade Units Tulal Mass Units Gnode Disl
um % OZ/, % Maso oz/t Mass % ozJt

590 15.8 17.36 1.14 18.0 19.36 38.9 856 416.7 0.18 75 4325 8.72 93 0.22 551
420 8.9 9.78 255 22.7 3353 28.0 6.16 300.0 0.15 45 308.9 6.23 68 0.22 4.01

2'J7 9.8 10.77 3.04 29.8 24.20 31.0 6.82 332.1 0.28 93 341.9 6.89 123 0.36 727

210 14.7 16.15 450 66.2 6251 52.9 11.64 566.7 0.07 40 581.4 11.72 106 0.18 6.26
ISO 15.7 17.25 4.76 74.7 61.31 62.9 13.84 673.8 0.07 47 6895 13.90 122 0.18 7.21
lOS 9.9 10.88 5.11 50.6 46.92 41.1 9.04 440.3 0.13 57 450.2 9.08 108 0.24 6.38
75 5.8 6.37 8.14 47.2 68.39 29.1 6.40 311.7 0.07 22 3175 6.40 69 0.22 4.09
53 3.1 3.41 9.14 28.3 42.97 195 4.29 208.9 0.18 38 212.0 4.27 66 0.31 3.90

38 3.3 3.63 13.70 45.2 21.32 22.9 5.04 245.3 0.68 167 248.6 5.01 212 0.85 1255

-38 , 4.0 4.40 16.07 64.3 8.88 128.2 28.21 1373.4 0.48 659 1377.4 27.77 724 053 42.82

IroTAL 1 91.0 100.00 4.91 447.0 20.46 4545 100.00 4869 0.26 1243 4960.0 100.00 1690 0.34 100.00

I"M Mass '/j)••

DISCHARGI!
Knelson Cone Knelson Tails Fecd

Size Mass Mass Grnde Units Reoovcl}' Mass Mass Tulal Grade Units Tulal Mass Vnirs Gmde Dist.
um % crzj, % Mass crzjt Mass % OZ/.

590 3.8 5.05 0.21 0.8 5.30 5.8 1.93 12.7 1.12 14 165 2.25 15 0.91 4.98

420 3.9 5.18 0.25 1.0 2632 11.3 3.76 24.8 0.11 3 28.7 3.90 4 0.13 1.23

297 7.0 9.30 0.25 1.8 2.81 21.4 7.11 47.0 1.29 61 54.0 7.34 62 1.16 20.63

210 13.1 17.40 0.32 4.2 20.41 53.2 17.68 116.8 0.14 16 129.9 17.65 21 0.16 6,80

150 15.1 20.05 0.42 6.3 33.71 71.0 23.60 155.9 0.08 12 171.0 23.23 19 0.11 6.22

105 10.2 1355 0.76 7.8 49.19 45.6 15.15 100.1 0.08 8 110.3 14.99 16 0.14 5.21

75 6.4 850 1.19 7.6 38.85 27.3 9.07 59.9 0.20 12 66.3 9.01 20 0.30 6.48

53 3.9 5.18 1.02 4.0 10.17 16.0 5.32 35.1 1.00 35 39.0 5.30 39 1.00 12.94

38 4.6 6.11 150 6.9 14.64 15.8 5.25 34.7 1.16 40 39.3 5.34 47 1.20 1559

-38 7.3 9.69 2.91 21.2 35.27 335 11.13 735 053 39 80.8 10.99 60 0.74 19.92

IroTAL 75.3 100.00 0.82 615 20.36 300.9 100.00 660.6 0.36 241 735.9 100.00 302 0.41 100.00
~

(J1

'"
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Lucien Beliveau Test TI

• •
\C 1 \CL U/~ Mass 44t>l

1
Knelson Cone Knelson Tails Feed

Sizc Mass Mass Grade Units Reoovel}' Mass Mass Total Grade Units Total Mass Units Grade Dist.
um % oz/l % Mass oz/l Mass % oz/l

590 15.7 16.90 4.41 69.2 65.48 433 9.28 41)5.6 0.09 37 4213 9.44 106 0.25 13.85
420 8.0 8.61 5.96 47.7 77.24 375 8.04 3513 0.04 14 3593 8.05 62 0.17 8.08
297 11.6 12.49 4.91 57.0 69.30 44.9 9.63 420.6 0.06 25 432.2 9.69 82 0.19 10.76
210 185 19.91 2.27 42.0 50.95 863 1850 808.4 0.05 41) 826.9 1853 82 0.10 10.79
150 193 20.78 2.45 473 57.00 95.2 20.41 891.8 0.04 36 911.1 20.42 83 0.09 10.86
105 9.7 10.44 3.68 35.7 50.65 46.4 9.95 434.7 0.08 35 444.4 9.96 70 0.16 9.23

75 4.4 4.74 650 28.6 56.93 23.1 4.95 216.4 0.10 22 220.8 4.95 50 0.23 658
53 2.0 2.15 8.00 16.0 51.69 133 2.85 124.6 0.12 15 126.6 2.84 31 0.24 4.05
38 2.0 2.15 13.27 265 49.80 13.6 2.92 127.4 0.21 27 129.4 2.90 53 0.41 6.98

-38 1.7 1.83 25.68 43.7 3039 62.8 13.46 5883 0.17 100 590.0 13.22 144 0.24 18.81

IroTAL 92.9 100.00 4.45 413.6 54.17 466.4 100.00 4369.1 0.08 350 4462.0 100.00 764 0.17 100.00

ICICL UW M... 4631
2

Knelson Cone Knelson TaUs Feed
Sizc M... M... Grade Units Reoovel}' Mass M... Total Grade Units Total Mass Units Grade DisL
um % oz/l % Mass oz/l Mass % OZ/.

590 13.0 14.49 037 4.8 22.18 52.1 9.29 421.9 0.04 17 434.9 939 22 0.05 158
420 9.0 10.03 5.92 533 65.10 50.4 8.99 41)8.1 0.07 29 417.1 9.01 82 0.20 5.9S
297 11.6 12.93 9.97 115.7 7834 56.4 10.06 456.7 0.07 32 4683 10.11 148 032 i[t_7~

210 18.4 2051 2.74 50.4 53.71 1073 19.13 868.9 0.05 43 8873 19.16 94 0.11 6.83
150 19.4 21.63 333 64.6 5137 107.9 19.24 873.8 0.07 61 893.2 19.29 126 0.14 9.15
105 9.4 10.48 10.44 98.1 62.74 51.4 9.17 4162 0.14 58 425.6 9.19 156 037 1137
75 42 4.68 24.98 104.9 75.48 263 4.69 213.0 0.16 34 2172 4.69 139 0.64 10.11

53 1.7 1.90 46.18 785 7535 15.1 2.69 1223 0.21 26 124.0 2.68 104 0.84 758

38 1.8 2.01 115.72 208.3 92.06 14.8 2.64 119.8 0.15 18 121.6 2.63 226 1.86 16.46

-38 12 134 167.98 201.6 72.39 79.1 14.10 6405 0.12 77 641.7 13.86 278 0.43 20.25

m>TAL 89.7 100.00 10.93 9802 7128 560.8 100.00 45413 0.09 395 4631.0 100.00 1375 0.30 100.00

~

CJ1
W



•
Lucien Beliveau Test Tl

• •
<.:r<.:l.. uw Maso 19Q4

KnebonConc Knelwn Tails Fecd
Si:?.e Maso Maso Grade UnilS Recovery Maso M... Total Grade Units Total M... Units Grade Dis!.
um % ozJ' % Mass ozJl Mass % ozJt

590
420
297
210
ISO 153 U,.75 0.62 905 83.61 7.2 5.03 93.0 0.02 2 1083 5.69 11 0.10 1.89
lOS 113 19.76 0055 6.2 78.09 1305 9.44 1743 0.01 2 185.6 9.75 8 0.04 133
75 7.7 13.46 039 3.0 39.44 11.9 832 153.7 0.03 5 161.4 8.48 8 O.OS 1.27
53 5.6 9.79 034 1.9 8.45 9.4 657 121.4 0.17 21 127.0 6.67 23 0.18 3.76
38 6.9 12.06 0.75 5.2 6.80 12.2 8053 157.6 0.45 71 16405 8.64 76 0.46 12.69

·38 10.4 18.18 9.17 95.4 20.13 88.8 62.10 1146.8 033 378 1157.2 60.78 474 0.41 79.05

"'OTAL 572 100.0 2.12 121.2 2021 143.0 100.00 1846.8 O.U, 478 1904.0 100.00 599 031 100.00

l''''''''L UJN<.: Mass =1

Knelson Cone Knelson Tails Fee<!
Size Maso Mass Grade Unils Reoovel)' Mass Mass Total Grade Units Total Mass Units Grade Dist.

um % 001 % Mass OOt Mass % 00'
590 2.6 t.s4 692.06 1799 83.11 2.9 0.84 22.6 16.21 366 25.2 0.88 2165 86.07 0.30
420 5.0 2.97 1b8lo51 134118 88.74 10.2 2.95 793 21.45 1701 843 2.95 15109 179.18 2.09
297 \1.0 6052 3406.U, 37469 92.99 23.6 6.83 1835 15.38 2823 19405 6.81 40292 207.12 557
210 23.9 14.18 330336 78950 9433 59.3 17.15 461.2 10.29 4745 485.1 16.98 83696 172.S5 11056

150 35.1 20.82 301333 105768 96052 82.5 23.86 641.6 5.95 3817 676.1 23.68 109585 161.95 15.14
105 293 17.38 3294.15 96519 98.04 63.2 18.28 49105 3.92 1927 520.8 18.23 98445 189.03 13.60

75 22.1 13.11 3882.92 85813 9837 42.7 12.35 332.1 4.27 1418 354.2 12.40 87230 246.30 12.OS
53 14.4 8054 4962.39 71458 98.20 25.6 7.41 199.1 657 1308 21305 7.47 n766 340.85 10.05

38 14.8 8.78 6210.19 91911 97.3'1 22.1 639 171.9 14.61 2511 186.7 6053 94422 505.84 13.04

·38 10.4 6.17 10650.66 110767 92.12 13.6 3.93 105.8 89055 9471 116.2 4.07 120238 1035.08 16.61

IroTAL 168.6 100.0 4115.43 693861 95.84 345.7 100.00 1b88.4 11.19 30087 2857.0 100.00 723948 25339 100.00
~

01
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•
Lucien BeUveau Test TI

• •
1'1,."U Mass ,"lU

1
Knelson Cone Knelson Tails Fee<!

Size Mass Mass Grade Units Recovecy Mass Mass Total Gmde Units Total Mass Unils Grade Dist.
um % œil % Mass œil Mass % œil

590
420 5.9 4.34 93.92 554.1 74.86 43 0.92 34.9 5.34 186 40.8 1.04 740 18.16 3.71
297 8.2 6.03 121.52 996.5 73.00 11.9 2.56 96.5 3.82 368 104.7 268 1365 13.04 6.84
210 17.6 1295 91.42 1609.0 6536 34.6 7.43 280.5 3.04 853 298.1 7.62 2462 8.26 1233
150 26.7 19.65 77.28 2063.4 63.21 64.7 13.90 524.5 229 1201 551.2 14.10 3264 5.92 1635
105 23.4 17.22 7268 1700.7 58.85 70.2 15.08 569.0 209 1189 5924 15.15 2890 4.88 14.48

75 18.0 13.25 70.04 1260.7 55.40 626 13.45 507.4 200 1015 525.4 13.44 2276 433 11.40
53 11.8 8.68 71.52 843.9 5275 524 11.25 424.7 1.78 756 436.5 11.16 1600 3.67 8.01
38 126 9.27 93.01 1171.9 59.62 53.8 11.55 436.1 1.82 794 448.7 11.48 1966 438 9.85

·38 11.7 8.61 127.58 14927 '3.88 111.1 23.86 900.6 212 1909 9123 2333 3402 3.73 17.04

troTAL 135.9 100.00 86.04 116929 58.57 465.6 100.00 3774.1 219 8271 3910.0 100.00 19964 5.11 100.00

l'EEU Mass ,.,~

2
KneIson Cone Knelson Tails Fee<!

Size Mass Mass Grade Unils Recovery Mass Mass Total Grade Units Total Mass UoUs Grade Dist.
um % œil % Mass œil Mass % œil

590
420 3.6 279 96.89 348.8 7243 3.1 0.76 229 5.79 133 26.5 0.85 482 18.15 283
297 6.2 4.81 100.55 623.4 75.04 9.1 224 673 3.08 207 73.5 235 831 1130 4.89
210 143 11.09 76.54 1094.5 57.81 27.4 6.75 2027 3.94 799 217.0 6.93 1893 8.72 11.14
ISO 226 17.52 56.22 1270.6 47.66 521 1284 385.5 3.62 1395 408.1 13.03 2666 6.53 15.68
lOS 21.8 16.90 56.51 1231.9 51.41 56.0 13.80 4143 281 1164 436.1 13.92 2396 5.49 14.10
75 17.7 13.72 5221 924.1 4639 51.0 12.56 3773 283 1068 395.0 1261 1992 5.04 11.72
53 126 9.77 5284 665.8 46.83 433 10.67 3203 236 756 3329 10.63 1422 4.27 836
38 14.1 10.93 69.02 973.2 5l.98 48.6 11.97 359.6 2.50 899 373.7 11.93 1872 5.01 11.01

-38 16.1 1248 83.60 1346.0 39.08 1153 28.41 853.0 246 2098 869.1 27.75 3444 3.96 20.26

IroTAL 129.0 100.00 65.72 84783 49.88 405.9 100.00 3003 284 8520 31320 100.00 16998 5.43 100.00
-

~
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•
Luàen Beliveau Test TI

• •
l'''''U Mass >1)<

3
Knelson Coue Kne1son Tails Fced

Sîze Maso Maso Grade Uniis Reoovery Maso Maso Total Grade Unils Tolal Maso Units Gœde DisL
um % ozJ' % Maso nzIt Maso % nzIt

590
420 4.8 3.65 60.86 292.1 56.45 21 0.54 19.6 11.49 22S 24.4 0.65 518 21.20 266
297 73 5.55 7222 527:1. 6437 73 1.88 68.2 4.28 292 75.5 201 819 10.85 4.21

210 15.6 1l.85 67.50 1653.0 61.62 23.1 5.96 215.8 3.04 656 231.4 6.17 1709 739 8.79

156 24.5 18.62 57.17 1400.7 53.46 473 1220 441.8 276 1219 4663 1243 2620 5.62 13.48
165 223 16.95 57.87 1290.5 4835 53.1 13.70 496.0 278 1379 5183 13.81 2669 5.15 13.73

75 17.1 1299 59.97 102S.5 46.82 50.7 13.08 473.6 246 1165 490.7 13.08 2190 4.46 1127
53 11.5 8.74 64.66 743.6 4247 41.8 10.78 390.4 258 1007 401.9 10.71 1751 436 9.01

38 128 9.73 73.17 936.6 45.91 46.7 1205 436.2 253 1104 449.0 11.97 2040 4.54 10.49

·38 15.7 11.93 93.41 1466.5 28.62 115.5 29.80 1078.8 339 3657 1094.5 29.17 5124 4.68 2636

IroTAL 131.6 100.00 6638 8735.7 44.94 387.6 100.00 3620.4 296 10705 37520 100.00 19440 5.18 100.00

l'''''U Mass """"4
Knelson Cone Knelson Tails Feed

Sîze Mass Maso Grade UnilS Reoovery Mass Mass Total Grade Units Total Maso Units Gmde Disl.

um % ozJl % Mass ozJ' Mass % ozJl
590
420 5.0 3.81 7242 3621 84.85 3.4 0.63 224 289 65 27.4 0.74 427 15.59 1.98

297 8.0 6.10 69.40 555.2 67.89 113 209 74.4 3.53 263 824 223 818 9.93 3.79

210 16.9 1288 76.64 1295.2 59.24 34.9 6.44 229.7 3.88 891 246.6 6.67 2186 8.87 10.13

150 24.8 18.90 7034 1744.4 54.70 68.8 1270 4528 3.19 1445 4n.6 1292 3189 6.68 14.78

165 20.9 15.93 6837 1428.9 50.99 722 13.33 475.2 289 1373 496.1 13.42 2802 5.65 1299

75 16.1 1227 66.25 1066.6 44.93 66.2 1222 435.7 3.00 1307 451.8 1222 2374 5.25 11.00

53 11.2 8.54 65.69 735.7 39.41 55.8 1030 3673 3.08 1131 378.5 10.24 1867 4.93 8.65

38 127 9.68 74.26 943.1 40.69 60.2 11.12 396.2 3.47 1375 408.9 11.06 2318 5.67 10.74

·38 15.6 11.89 93.13 14528 25.96 168.8 31.17 1111.0 3.73 4144 1126.6 30.48 5597 4.97 25.94

IroTAL 131.2 100.00 73.05 9584.2 44.42 541.6 100.00 3564.8 336 11994 3696.0 100.00 21578 5.84 100.00
.....
(JI
ID



•
Lucien Bellveau Test Tl

• •
!AiL Mass ""0

1
Knelson CoDe Knelson Tails Feed

Bize Mass Mass Grade Units Reoovery Mass Mass Total Grade Units Total Mass Units Grade Disl
um % oz/l % Mass oz/l Mass % oz/l

S90
420 45 339 17.82 80.2 38.91 S.1 0.74 1B.7 4.38 126 33.2 0.83 206 6.20 206
297 7.4 558 1231 91.1 30.88 16.9 246 953 214 204 1027 257 295 287 295
210 16.1 1213 1236 199.0 18.40 555 8.09 3129 282 882 329.0 8.23 IOBI 3.29 10.80
150 24.0 18.09 1292 310.1 1859 103.4 15.OB S829 233 1358 606.9 15.18 1668 275 16.66
105 21.4 16.13 16.29 348.6 2259 IOB.1 15.76 609.4 1.96 1194 630.8 15.78 1543 245 15.41

75 175 13.19 17.90 3133 25.95 97.9 14.1B 551.9 1.62 894 569.4 14.24 1207 212 1205
S3 125 9.42 1536 1920 23.09 79.9 11.65 450.4 1.42 640 4629 1158 832 1.80 8.30
38 14.0 1055 14.40 201.6 24.16 87.7 1279 494.4 1.1B 633 5OB.4 1272 834 1.64 833

-38 153 1153 19.60 299.9 1277 131.2 19.13 739.6 277 2049 754.9 18.88 2349 3.11 23.45

IroTAL 1327 100.00 1534 2035.7 2033 685.7 100.00 38653 206 7979 3998.0 100.00 10015 251 100.00

!AiL Mass ""'"2
Knclson Cene Knelson Tails Fccd

Bize Mass Maso Grade Units Rcoovcry Mass Maso Total Grade Unils Total Maso Units Grnde Disl
um % oz/l % Mass oz/l Mass % oz/l

590
420 5.6 4.19 14.85 83.2 45.10 27 0.72 328 3.09 lOI 38.4 0.82 184 4.81 1.43
297 8.4 6.28 20.84 175.1 2750 9.1 243 110.4 4.18 462 118.8 2S4 637 S36 4.94
210 17.9 1339 24.40 436.8 3157 29.9 7.97 3628 261 947 380.7 8.13 1384 3.63 10.74
150 26.6 19.90 24.85 661.0 29.91 59.1 15.76 717.1 216 1549 743.7 15.87 2210 297 17.16
105 22.1 1653 25.66 567.1 25.93 61.8 16.48 749.9 216 1620 7720 16.48 2187 283 16.98
75 16.4 1227 1B33 464.6 30.44 524 13.97 635.8 1.67 1062 6522 13.92 1526 234 Il.85
53 11.0 8.23 24.98 274.8 25.81 420 11.20 509.6 155 790 520.6 11.11 1065 205 8.27
38 128 957 1951 249.7 22.91 47.1 1256 5715 1.47 840 5843 1247 1090 1.87 8.46

·38 129 9.65 20.44 263.7 10.15 7\.0 18.93 8615 271 233S 874.4 18.66 2598 297 20.17

IroTAL 133.7 100.00 23.75 3175.9 24.66 375.1 100.00 45513 213 9705 4685.0 100.00 I1B81 275 100.00

~
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•
Lucien Beliveau Test TI

• •
TAIL MOSS .<1.

3
Knclson Cone Knelron Taiis Fced

Size Maso Maso Grade Units Rcoovcry Maso Maso Total Grade Units Total Maso Units Grade Disl
um % CYl/1 % Mass CYl/1 Mass % ozJt

590
420 5.5 4.06 24.75 136.1 40.43 3.70 0.71 29.0 6.92 201 34.5 0.82 337 9.76 253
297 8.1 5.97 40.99 332.0 43.03 12.90 2.48 101.1 435 440 109.2 259 772 7.07 5.79
210 17.2 12.68 32.94 566.6 39.19 41.40 7.95 324.4 2.71 879 341.6 8.10 1446 4.23 10.86
150 25.2 18.58 28.55 719.5 32.16 79.70 1530 624.4 2.43 1517 649.6 15.41 2237 3.44 16.80
105 21.5 15.86 32.11 690.4 30.57 84.80 16.28 664.4 236 1568 685.9 16.27 2258 3.29 16.96
75 16.9 12.46 30.88 521.9 31.40 76.60 14.71 600.2 1.90 1140 617.1 14.64 1662 2.69 12.48
53 Il.9 8.78 29.8 354.6 29.70 63.40 12.17 496.7 1.69 839 508.6 12.06 1194 2.3S 8.97
38 13.9 10.25 25.25 351.0 29.53 68.10 13.08 533.6 1.57 838 547.5 12.99 1189 2.17 8.'1.\

-38 15.4 1136 23.66 364.4 1639 90.20 1732 706.7 2.63 1859 722.1 17.13 2223 3.08 16.69

IroTAL 135.6 100.00 29.77 4036.4 30.31 520.80 100.00 4080.4 2.27 9281 4216.0 100.00 13317 3.16 100.00

IAIL Mass 4/0)

4
Knelson Cone Knelson Tails Fced

Size Mass Moss Grade Units Rcoovcry Mass Moss Total Grade Units Total Moss Units Grade Dis!.
um % CYl/1 % Mass oz/l Mass % CYl/t

590
420
297 14.1 10.23 27.60 389.2 52.07 9.4 3.13 142.7 251 358 156.8 333 747 4.77 4.50

210 18.6 13.50 28.82 5?"IS.l 34.63 233 7.75 353.8 2.86 1012 372.4 7.91 1548 4.16 931

150 27.0 19.59 31.81 858.9 34.25 46.8 15.56 710.6 232 1649 737.6 15.68 2507 3.40 15.08

105 22.8 16.55 3932 896.5 35.23 49.8 16.56 756.1 2.18 1648 778.9 16.56 2545 3.27 1531

75 17.1 12.41 37.81 646.6 34.28 43.9 14.59 666.6 1.86 1240 683.7 14.53 1886 2.76 1135
53 Il.7 8.49 32.95 385.5 30.59 34.7 Il.54 526.9 1.66 875 538.6 11.45 1260 2.34 7.58

38 13.0 9.43 29.96 389.5 3138 37.9 12.60 5755 1.48 852 5B8.5 1251 1241 2.11 7.47

·38 13.5 9.80 28.04 378.5 7.74 55.0 18.28 835.1 5.40 4510 848.6 18.04 48B8 5.76 29.40

TOTAL 137.8 100.00 3252 4480.7 26.95 300.8 100.00 4567.2 2.66 12143 4705.0 100.00 16623 3.53 100.00
~
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•
Lucien Beliveau Test 1'2-1'9

• •
l'Ali Mass 6000
msCHARGE 1
Knelson Cone Knelson Tails Feed

Size Mass Mass Grade Units Recovery Mass Mass Total Gcade Units Total Mass Unils Grade Dist.
om % ozJ' % Mass ozl' Mass % ozJl

590 5.8 7.34 4.24 24.4 79.76 10.3 3.48 206.2 0.03 6 211.9 353 31 0.14 3.97
420 6.8 8.71 10.56 721 78.37 14.2 4.80 284.4 0.07 20 291.2 4.85 92 0.32 11.95
297 11.9 15.12 9.09 107.7 83.32 26.9 9.10 538.9 0.04 22 550.8 9.18 129 0.23 16.79
210 12.8 16.38 6.73 86.4 76.37 33.3 11.29 668.5 0.04 27 681.3 11.36 113 0.17 14.70
150 14.3 18.30 4.46 64.0 71.79 41.8 14.15 837.8 O.oJ 25 852.1 14.20 89 0.10 11.57
105 10.1 12.85 5.25 52.9 73.07 32.4 10.97 649.6 0.03 19 659.7 10.99 72 0.11 9.40
75 6.2 7.94 6.43 40.0 75.05 22.1 7.49 443.2 O.oJ 13 449.5 7.49 53 0.12 6.92
53 2.6 3.32 7.43 19.3 68.14 15.0 5.08 301.0 O.oJ 9 303.6 5.06 28 0.09 3.68
38 4.3 5.4'1 7.19 30.8 70.04 16.5 5.57 329.9 0.04 13 334.2 5.57 44 0.13 5.72
25 1.4 1.82 8.79 12.6 43.32 10.3 3.47 205.6 0.08 16 207.0 3.45 29 0.14 3.n

·25 2.2 2.76 7.40 16.0 18.00 72.6 24.60 1456.5 0.05 73 1458.6 24.31 89 0.06 11.53

TOTAL 78.4 100.00 6.71 526.2 68.34 295.3 100.00 5921.6 0.04 244 6000.0 100.00 no 0.13 100.00
note: actua assav appeared SUSPIClOUS al U:J.I ol/sl and was theretore chan2ed to U.U4 OZ/t

I~"U Mass bUUU

mSCHARGE2
Knelson CoDe Knelson Tails Feed

Size Mass Mass Grade Unils Recovcry Mass Mass Total Grade Unils Total Moss Units Grade Dist
om % oz/! % Mass ozll Mass % ozJl

590 5.9 7.82 7.53 44.3 87.47 10.6 3.57 211.5 0.03 6 217.4 3.62 51 0.23 5.38
420 6.8 8.99 24.12 163.1 96.66 14.1 4.76 ?.B2.0 0.02 6 288.8 4.81 169 0.58 17.94
297 10.9 14.53 16.18 176.7 83.64 24.7 8.33 493.7 0.07 3S 504.6 8.41 211 0.42 22.46
210 11.8 15.71 8.20 96.8 75.51 31.5 10.61 628.3 0.05 31 640.1 10.67 128 0.20 13.64
150 13.3 17.70 5.1'1 68.8 74.26 39.8 13.42 794.9 0.03 24 808.2 13.47 93 0.11 9.85
105 9.6 12.73 4.96 47.5 65.49 31.3 10.55 625.3 0.04 25 634.9 10.58 72 0.11 7.71
75 6.1 8.15 6.26 38.4 74.41 22.0 7.43 440.0 0.03 13 446.1 Î.44 52 0.12 5.48
53 3.3 4.34 7.65 24.9 70.19 13.3 4.47 264.8 ~.04 11 268.1 4.47 36 0.13 3.78
38 3.7 4.89 6.91 25.4 62.81 18.9 6.35 T./65 0.04 15 380.2 6.34 40 0.11 4.30
25 1.5 1.96 8.n 12.9 50.10 12.9 4.34 256.8 0.05 13 258.3 4.31 26 0.10 2.74

-25 2.4 3.18 7.01 16.8 26.48 TI.7 26.18 1550.9 0.03 47 1553.2 25.89 63 0.04 6.73

roTAL 75.2 100.00 9.52 715.5 76.07 296.7 100.00 5924.B 0.04 225 6000.0 100.00 941 0.16 100.00
~
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•
Lucien Beliveau Tut 1'2-1'9

• •
-.,," Mass '01.0

DlSCHARGE1
Knc'donConc Knelson Tails Fee<!

Size loi"" loi... Grade Unils Reawery loi... M... Total Grade Units Total Mass Unils Gmde DisL
um % 07/1 % Mass 07/1 Mass % o7/l

590 3.2 4.71 1635 52.8 96.80 23 0.79 43.6 0.04 2 46.8 0.83 55 1.16 3.40
47.0 4.9 7.13 31.75 1553 93.84 6.1 2.04 1133 0.09 10 118.2 2.10 165 1.40 1030
297 10.2 14.79 21.26 215.8 90.17 21.0 7.06 392.0 0.06 24 402.2 7.16 239 0.60 14.90
210 12.8 18.62 6.55 83.7 55.59 35.9 12.04 668.6 0.10 67 681.4 12.12 151 0.22 937
150 153 22.28 3.05 46.6 54.40 52.4 17.60 9n.1 0.04 39 991.4 17.66 86 0.09 534
105 10.5 1535 431 45.4 65.53 42.7 1433 795.7 0.03 24 8063 1435 69 0.09 431
73 5.8 839 4.97 28.6 33.67 27.5 9.23 512.6 0.11 56 518.4 9.22 85 0.16 5.29
53 13 1.9-1 7.18 9.5 25.74 14.8 4.96 275.5 0.10 28 276.8 4.93 37 0.13 231
38 3.8 5.46 12.10 45.4 4634 18.8 631 350.2 0.15 53 354.0 630 98 0.28 6.09
25 0.6 0.89 20.91 12.8 9.16 9.6 3.21 178.2 0.71 127 178.8 3.18 139 0.78 8.67

·25 03 0.44 31.72 9.5 1.97 66.8 22.42 1244.4 038 473 1244.7 22.15 482 039 30.03

IroTAI. 68.6 100.00 10.28 705.4 43.91 297.8 100.00 5551.4 0.16 901 5620.0 100.00 1607 0.29 100.00

.
l>M Mass Yrocesse<l """-_. DlSCHARGE2
Knelson Cone Knelson Tails Fee<!

Sire Mass M... Grade Units Recovery Mass M... Total Grade Units Total Mass tIaits Grade Dist.
um % out % M... oUI Mass % 07/1

5'JO 2.9 4.03 14.78 42.1 96.68 2.1 0.71 :\6.1 0.04 1 39.0 0.75 44 1.12 3.92

420 4.8 6.76 33.82 161.7 97.69 5.6 1.87 95.6 0.04 4 100.3 U3 165 1.65 14.91
297 10.4 14.73 17.51 182.5 94.71 19.8 6.63 339.6 0.03 10 350.0 5.74 193 0.55 1735
210 12.6 17.82 5.92 74.7 86.82 33.1 11.07 566.5 0.02 11 579.2 11.16 86 O.IS 7.74
150 15.8 22.33 3.30 52.1 59.83 51.1 17.10 8753 0.04 35 891.1 17.17 87 0.10 7.85
105 11.8 16.68 2.41 28.4 56.73 42.2 14.12 722.9 0.03 22 734.7 14.16 50 0.07 4.51
75 6.9 9.81 4.21 29.2 75.41 27.8 930 476.3 0.02 10 483.2 931 39 0.08 3.49

53 2.1 2.98 6.51 13.7 66.22 13.6 4.56 233.6 0.03 7 235.7 4.54 21 0.09 1.87

38 2.9 4.07 10.44 30.1 61.78 21.7 7.27 372.0 0.05 19 374.9 7.22 49 0.13 438

25 03 0.48 33.60 Il.4 15.77 10.8 3.61 185.0 033 61 1853 3.57 72 039 6.53

·25 0.2 031 57.85 12.7 4.18 71.0 23.76 12163 0.24 292 1216.5 23.44 305 0.25 27.44

IroTAI. 70.8 100.00 9.03 638.6 57.52 298.9 100.00 5119.3 0.09 472 5190.0 100.00 1110 0.21 100.00 ~

0>
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•
Lucien Beliveau Test 1'2.1'9

• •
IC;U~l Mass 11100

KnebonConc Knelson TaUs Feed
Sizc Mass Mass Grade Uoits Rerovery Mass Mass Tolal Grade Uoits Tolal Mass Uoits Grade Disl
um % out % Mass ozlt Mass % ozlt

590 83 9.81 34.76 289.2 94.06 122- 4.13 457.0 0.04 18 4653 4.17 307 0.66 9.12
420 8.2 9.70 45.94 378.1 90.08 185 6.27 694.1 0.06 42 7023 6.29 420 0.60 12.45
297 133 15.71 48.20 642.5 90.78 34.8 11.79 1305.1 0.05 65 1318.4 11.82 708 054 21.00
210 163 19.21 18.09 294.9 80.59 47.4 16.03 1775.5 0.04 71 1791.8 16.06 366 0.20 10.86
150 173 20.43 9.09 1575 69.60 61.2 20.71 2293.2 0.03 69 2310.6 20.71 226 0.10 6.71
105 103 12.09 10.91 111.9 52.95 37.9 12.83 1421.2 0.07 99 1431.4 12.83 211 0.15 6.27

75 5.1 5.96 14.26 72.2 61.28 17.4 5.88 651.4 0.07 46 6565 5.88 118 0.18 3.49
53 2.3 2.70 1938 44.4 65.69 8.8 2.99 331.1 0.07 23 333.4 2.99 68 0.20 2.00
38 2.4 2.83 20.68 49.6 5536 11.9 4.02 444.6 0.09 40 447.0 4.01 90 0.20 2.66
25 0.7 0.80 33.82 23.0 9.62 5.1 1.71 1895 1.14 216 190.2 1.70 239 1.26 7.09

·25 0.6 0.74 45.88 28.9 4.68 403 13.64 15103 039 589 1511.0 1354 618 0.41 18.33

TOTAL 84.8 100.00 24.66 2092.2 62.07 295.6 100.00 11073.2 0.12 1278 11158.0 100.00 3371 0.30 100.00

leu!'z Mass 10990

Kneho..""'O. Cone Knelson Tails Feed
Sizc Mass Mass Grade Uoits Reoovery Mass Mass Total Grade Uoits Tolal Mass Uoits Grade DisL
um % ozlt % Mass out Mass % ozll

590 7.2 8.72 34.04 244.7 94.42 13.2 4.42 482.6 0.03 14 489.8 4.46 259 053 9.91
420 ~.7 1051 59.35 514.0 90.93 17.6 5.88 641.1 0.08 51 649.8 5.91 565 0.87 21.62
297 13.9 16.85 3034 421.4 89.27 34.7 11.61 12665 0.04 51 1280.4 11.65 472 037 18.06
210 15.2 18.45 15.70 238.8 70.96 44.6 14.93 1628.6 0.06 98 1643.8 14.96 337 0.20 12.87
150 17.2 20.91 10.49 180.7 72.87 61.4 2056 2242.7 0.03 67 2259.9 2056 248 0.11 9.49
105 10.2 12.36 9.88 100.7 71.01 375 12.56 1369.9 0.03 41 1380.1 12.56 142 0.10 5.42
75 4.7 5.75 14.18 67.2 58.93 21.4 7.16 780.7 0.06 47 785.4 7.15 114 0.15 436
53 2.4 2.91 21.03 505 74.08 9.7 3.24 3533 0.05 18 355.7 3.24 68 0.19 2.61
38 1.7 2.04 26.95 453 62.00 12.7 4.24 462.5 0.06 28 464.2 4.22 73 0.16 2.79
25 0.6 0.69 42.93 245 18.48 5.9 1.98 215.9 050 108 2165 1.97 132 0.61 5.06

-25 0.7 0.80 43.02 28.4 13.91 40.1 13.42 1463.8 0.12 176 14645 13.33 204 0.14 7.80

iroTAL 82.4 100.00 23.25 1916.2 73:L9 298.6 100.00 10907.6 0.06 698 10990.0 100.00 2615 0.24 100.00
~
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•
Lucien Beliveau Test T2-1'9

• •
[crct. Mass. 6000
OVERFLOW
KnebonConc Knelson Tails Feed

Sile Mass Mass Grade Units Reoovery Mass Mass Total Grade UnilS Total Mass UDits Grade Dis!.
um % œil % Mass œil Mass % ozJt

590
420
297
210 53 9.93 7.15 37.9 85.97 0.5 0.28 16.7 037 6 22.0 037 44 2.00 12.48
150 83 15.55 0.85 7.1 41.71 5.9 332 197.2 0.05 10 205.5 3.43 17 0.08 4.79

lOS 9.9 18.55 033 3.3 39.29 15.1 8.49 504.7 0.01 5 514.6 8.58 8 0.02 2.35
75 103 1930 037 3.8 36.00 19.7 11.07 658.5 0.01 7 668.8 lU5 10 0.02 2.94

53 5.7 10.68 0.52 3.0 9.08 14.8 832 494.7 0.06 30 500.4 834 33 0.07 9.24

38 8.8 16.49 0.53 4.7 8.41 21.7 12.20 725.4 0.07 51 734.2 12.24 55 0.08 15.69

25 2.S 4.68 1.72 43 6.71 14.9 838 498.1 0.12 60 500.6 834 64 0.13 18.14

-25 2.6 4.83 2.84 73 6.04 853 47.95 28513 0.04 114 2853.9 47.56 121 0.04 3436

IrOTAL 53.4 100.00 134 713 20.18 177.9 100.00 5946.6 0.05 282 6000.0 100.00 353 0.06 100.00

....
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•
Lucien Beliveau Test 1'2-1'9 (1'2)
4:1 Si

• •
ISPIKL Mass 1110<

FEED
Knelson Cone Knelson Tails Feed

Sîze Mass Mass Grade Uoits Reoovery Mass Mass Total Grade Uoits Total Mw~ Uoits Gmde Dist.
om % 0111 % Mass oVI Mass % 0111

590 1.4 1.39 3.02 4.3 8.74 0.1 0.06 6.1 7.29 45 7.6 0,07 49 6.49 0.29
420 2.3 2.26 102.45 236.7 66.73 0.8 0.41 45.2 2.61 118 47.5 0.42 355 7.46 2.08
297 7.9 7.68 203.89 1600.5 76.06 7.2 3.64 402.9 1.25 504 410.8 3.67 2104 5.12 12.32
210 183 17.94 84.42 1548.3 75.05 32.9 16.59 1838.4 0.28 515 1856.7 16.60 2063 1.11 12.08
150 27.9 27.27 57.73 1608.9 69.96 58.9 29.69 3289.4 0.21 691 33173 29.67 2300 0.69 13.46
105 18.8 18.43 83.28 1569.0 75.46 35.2 17.71 1962.2 0.26 510 1981.1 17.72 2079 1.05 12.17

75 13.2 12.90 117.42 1547.6 72.31 26.6 1337 1481.7 0.40 593 1494.9 1337 2140 1.43 12.53
53 6.6 6.47 202.52 1338.7 7834 13.8 6.96 7713 0.48 370 m.9 6.96 1709 2.20 10.01
38 4.0 3.93 381.54 1533.8 77.78 9.5 4.77 528.0 0.83 438 532.0 4.76 1972 3.71 11.55
25 0.9 0.91 750.43 697.9 72.18 3.1 1.57 173.6 1.55 269 174.5 1.56 967 5.54 5.66

·25 0.8 0.82 774.49 650.6 48.48 10.4 5.24 581.0 1.19 691 581.8 5.20 1342 2.31 7.86

TOTAL 102.2 100.00 120.69 12336.2 72.23 198.5 100.00 11079.8 0.43 4744 11182.0 100.00 17080 1.53 100.00

12.4:1 Si
II<N"L. Mass 4UOU
CONe
Knelson Cone Knelson Tails Feed

Sîze Mass Mass Grade Uoits Reoovery Mass Mass Total Grade Uoits Total Mass Uoits Grade Dist.
um % 0111 % Mass cVl Mass % 0111

59IJ 2.5 2.45 40.12 101.1 36.00 0.1 0.03 1.2 15531 180 3.7 0.09 281 7637 0.25
420 2.5 2.39 307.72 757.0 96.90 0.4 0.21 83 2.92 24 10.8 0.27 781 72.65 0.70
297 83 8.02 58131 4801.6 96.55 6.5 3.21 125.2 137 171 133.4 334 4m 37.27 4.49
210 20.9 2030 656.75 13726.1 98.54 37.7 18.68 727.9 0.28 204 748.8 18.72 13930 18.60 12.57
150 30.2 2936 825.46 24945.4 99.74 68.1 33.70 1313.5 0.05 66 1343.7 33.59 25011 18.61 22.56
105 18.9 1831 814.90 15360.9 97.71 38.8 19.20 748.4 0.48 359 767.2 19.18 15720 20.49 14.18
75 12.2 11.83 1382.66 16840.8 96.52 27.1 13.42 523.1 1.16 607 5353 1338 17448 32.60 15.7.
53 4.5 432 2485.41 11060.1 90.53 9.6 4.74 184.6 6.27 1157 189.0 4.73 12217 64.63 11.02
38 2.5 7.38 3833.55 9392.2 79.43 9.8 4.85 189.0 12.87 2433 191.5 4.79 11825 61.76 10.67
25 0.4 039 796739 3187.0 60.21 1.7 0.84 32.6 64.60 2106 33.0 0.82 5293 160.40 4.77

·25 03 0.24 8520.12 2130.0 63.18 2.3 1.11 43.4 28.61 1242 43.6 1.09 3372 77.25 3.04

IroTAL 102.9 100.00 993.80 102302.1 92.29 202.1 100.00 3897.1 2.19 8548 4000.0 100.00 110850 27.71 100.00
~
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• • •
Lucien Bclivcau Test 1'2-T9 (1'2)
4:1 Si

ISPIKL Mass jjj6

TAILS
Knelson CoDe Knelson Tails Fccd

Size Mala Mala Grade Units Recovcry Maso Mass Total Grade Unils Total Mass Unit! Grade DisL
um % oz/l % Mass oz/t Mass % oz/t

390
420 1.2 1.12 9.47 11.4 9853 03 0.15 83 0.02 0 95 0.17 12 1.21 0.26
297 5.6 5.23 655 oy,.7 6736 6.4 3.27 178.0 0.10 18 183.6 331 55 030 1.24
210 15.9 14.80 532 845 4435 34.6 17.69 963.6 0.11 106 9795 17.63 190 0.19 435
150 295 27.48 6.99 206.1 45.40 59.4 3034 1652.9 0.15 248 1682.4 30.28 454 0.27 1036
105 23.8 22.21 13.72 327.1 57.26 33.8 17.23 938.9 0.26 244 962.7 1733 571 059 13.03
75 17.7 1651 25.04 443.7 78.42 24.4 12.45 678.2 0.18 122 695.9 12.53 566 0.81 12.91
53 7.6 7.09 59.68 454.2 71.13 12.3 6.26 3413 054 184 348.9 6.28 638 1.83 1457
38 4.0 3.76 127.48 515.0 68.89 8.4 4.27 232.6 1.00 23.1 236.6 4.26 748 3.16 17.06
25 1.1 1.00 282.27 302.0 70.08 2.8 1.43 78.2 1.65 129 79.2 1.43 431 5.44 9.83

·25 0.9 0.80 326.62 280.9 39.13 135 6.91 376.7 1.16 437 3n5 6.79 718 1.90 16.38

TOTAL 1073 100.00 24.80 2661.6 60.73 195.9 100.00 5448.7 032 1721 5556.0 100.00 4382 0.79 100.00

0>
.j:>.

~

4:1 Si-.... ~.

IKNEL. Mass 6863

TAILS
Knelson Cone Knelson Tails Fccd

Size Mass Mass Grade UnilS Reeovery Mass Mass Total Grade Units Total Mass UnÎts Grade Dist.
um % oz/l % Mass oz/t Mass % oz/l

590 1.1 1.03 29.16 30.6 85.25 0.1 0.04 3.0 1.75 5 4.1 0.06 oy, 8.81 054
420 15 151 23.93 oy,.9 38.43 0.8 0.38 25.6 2.31 59 27.1 039 96 354 1.43

297 6.4 6.22 4732 3005 63.89 7.3 3.64 246.2 0.69 170 252.5 3.68 470 1.86 7.02
210 18.0 17.65 23.07 415.7 42.86 35.8 17.B2 1204.6 0.46 554 1222.6 17.81 970 0.79 14.47
150 30.4 29.n 15.13 459.8 42.59 63.6 31.62 21375 0.29 620 2167.9 3159 1080 050 16.10
105 . 213 20.81 24.19 514.0 38.22 37.4 18.62 1258.8 0.66 831 1280.0 18.65 1345 1.05 20.06
75 12.6 12.31i 35.13 4433 51.03 26.9 1339 905.3 0.47 425 917.9 1338 869 0.95 12.96

53 6.2 6.09 60.13 374.0 60.49 13.2 657 444.2 055 244 4505 656 618 137 9.22
38 33 3.18 91.71 298.1 57.82 8.6 4.29 289.9 0.75 217 293.1 4.27 515 1.76 7.69

25 0.9 0.87 153.n loy,.9 51.42 2.7 133 89.8 1.44 129 90.7 132 266 2.94 3.97

·25 05 050 255.62 130.4 29.67 4.6 2.31 156.0 1.98 309 156.6 2.28 439 2.81 655

TOTAL 102.1 100.00 30.76 3140.1 46.84 201.0 100.00 6760.9 053 3564 6863.0 100.00 6705 0.98 100.00



• • •
Lucien Beliveau Test 1'2.1'9 (1'2)
4:1 Si

SPIKL Mass DOO

CONC1
Knelson Cone Knelson Tails Fee<!

Sizc Mass Mass Grade Units Recovery Mass Mass Total Grade Unils Total Mass Units Grade DisL
um % <YZ/t % Mass <YZ/t Mass % <YZ/t

590 0.1 0.06 475.42 38.0 75.48 0.1 0.05 1.2 10.21 12 13 0.05 50 39.06 0.02
420 0.5 0.34 3327.80 1497.5 99.98 0.3 0.13 33 0.10 0 3.7 0.14 1498 403.00 0.63
m 4.4 3.29 4656.7 20489.5 99.97 6.2 3.07 74.7 0.07 5 79.1 3.OB 20495 259.26 8.68
210 13.4 10.00 3370.6 45031.6 99.95 36.0 17.88 435.0 0.05 22 4483 17.47 45053 100.49 19.09
150 28.1 21.00 1808.6 50766.8 99.81 60.9 30.29 736.7 0.13 96 764.8 29.80 50863 66.51 21.55
105 35.0 26.18 1109.2 38810.6 99.30 35.5 17.63 428.9 0.64 274 463.9 18.OB 39085 84.25 16.56
75 32.8 24.51 926.8 30353.4 98.48 313 15.54 378.1 1.24 469 410.8 16.01 30822 75.02 13.06
~3 11.4 8.52 1598.6 18207.8 98.55 153 7.59 184.5 1.45 268 195.9 7.63 18475 9431 7.83
38 7.1 532 2585.0 18379.4 9731 12.2 6.07 147.7 3.44 50B 154.8 6.03 18888 121.98 8.00
25 0.8 0.58 8794.7 6859.9 9137 1.9 0.93 22.5 28.79 648 233 0.91 750B 322.44 3.18

·25 03 0.19 11227.2 2919.1 88.99 1.6 0.82 19.8 18.21 361 20.1 0.78 3280 163.19 139

IrOTAL 133.6 100.00 1746.14 233353.5 98.87 201.0 100.00 2432.4 1.10 2664 2566.0 100.00 236017 91.98 100.00

~

Ol
(J'J

4:1 Si-.........
ISPIKL Mass .".,
CONC2
Knelson Cone Knelson Tails Fee<!

Size Mass Mass Grade Uoits Recovery Mass Mass Total Grade Units Total Mass Uniis Grade Dist
um % œJt % Mass <YZ/l Mass % <YZ/t

590 0.7 0.61 219.0 162.0 81.17 0.1 0.06 1.8 20.68 38 2.6 0.09 200 78.04 0.13
420 2.S 2.05 2434.06 6012.1 84.99 0.8 039 11.0 96.13 1062 13.5 0.46 7074 523.30 4.52
297 6.8 5.61 4564.0 30806.9 93.93 6.1 3.02 853 2335 1992 92.1 3.13 32799 356.27 20.97
210 13.8 11.46 2597.4 35817.7 96.41 32.1 15.91 449.4 2.97 1335 463.1 15.73 37152 80.22 23.75
150 21.9 18.16 1248.1 272828 96.41 57.2 2833 BOO.1 1.27 1016 8220 27.91 28299 34.43 18.09
105 20.5 16.99 1007.4 20600.7 97.80 34.9 17.28 488.2 0.95 464 5OB.7 17.27 21065 41.41 13.47
75 26.4 21.93 369.9 9761.7 95.63 30.7 15.20 429.4 1.04 447 455.7 15.48 10208 22.40 6.53
53 15.0 12.44 352.8 5281.0 93.91 18.0 8.92 252.0 136 343 267.0 9.07 5624 21.06 3.60
38 11.1 9.23 605.2 6723.5 93.57 16.9 8.39 236.9 1.95 462 248.0 8.42 7186 28.97 4.59
25 13 1.11 2531.0 3391.5 91.93 3.0 1.48 41.7 7.14 298 43.0 1.46 3689 85.76 2.36

·25 0.5 0.40 61060 2930.9 93.84 2.1 1.02 28.8 6.68 192 293 0.99 3123 106.63 2.00

IroTAL 120.4 100.00 1236.15 148770.9 95.11 202.0 100.00 2824.7 2.71 7648 2945.0 100.00 156418 53.11 100.00..



• • •
Lucien Reliveau Test TI-1'9 (TI)
4:1 Si

l'YlKL Mass 1I1n
FEED
Knelson Cone Knelson Tails Fced

Siu Mass Mass Grade Vnits Reoovay Mass Mass Tulal Grade Unils Tulal Mass Units Grade Dis!.
um % ozI. % Mass ozIt Mass % ozIt

590
420 1.6 1.59 16.45 263 51.TI 0.6 030 22.9 1.07 25 245 032 51 2.07 0.69

297 :1.9 3.87 117.79 459.4 8952 4.4 2.21 168.0 032 54 171.9 2.23 513 2.98 6.99

210 164 16.27 30.72 503.8 64.18 40.9 2051 1561.9 0.18 281 1578.3 20.46 785 050 10.69

ISO 22.'/ 2252 30.16 684.6 6130 49.2 24.67 1878.9 0.23 432 1901.6 24.65 1117 059 15.21

105 205 2034 21.48 4403 5059 35.2 1H5 1344.2 032 430 1364.7 17.69 870 0.64 11.86

75 16.4 16.27 24.48 4015 40.63 25.6 12.84 m.6 0.60 587 994.0 12.88 988 0.99 13.46

53 11.0 10.91 3859 4245 5752 17.1 858 653.0 0.48 313 664.0 8.61 738 1.11 10.05

38 4.7 4.66 81.93 385.1 64.01 8.1 4.06 309.3 0.70 217 314.0 4.07 602 1.92 8.20

25 2.4 2.38 179.14 429.9 65.01 6.0 3.01 229.1 1.01 231 2315 3.00 661 2.86 9.01

-25 1.2 1.19 466.07 559.3 55.11 12.3 6.17 469.7 0.97 456 470.9 6.10 1015 2.16 13.83

TOTAl. 100.8 100.00 42.80 4314.7 58.78 199.4 100.00 7614.7 0.40 302S TII5.5 100.00 7340 0.95 100.00

(J)
(J)

~

4:1 S'-.. ... ~I

l,ru<L Mass W67

TAILS
Knelson Cone Knelson TaUs Fced

Siu Mass Mass Grade Unils Recovery Mass Mass Tulal Grade Units Tulal Mass Units Grade Dist.

um % ozIl % Mass ozIt Mass % ozIt
590
420 1.6 151 1.87 3.0 56.83 0.4 0.20 12.0 0.19 2 13.6 0.22 5 0.39 0.12

297 4.0 3.76 8.02 32.1 61.38 45 2.26 134.6 0.15 20 138.6 2.28 52 0.38 1.22

210 18.7 1759 555 103.8 5159 40.7 20.42 12173 0.08 97 1236.0 2037 201 0.16 4.71

150 24.1 22.67 9.18 221.2 5750 49.7 24.94 1486.4 0.11 164 15105 24.90 385 0.25 9.01

105 22.4 21.07 16.66 373.2 63.27 345 1731 1031.8 0.21 217 1054.2 17.38 590 056 13.82

15 16.6 15.62 23.39 388.3 46.94 25.3 12.69 756.7 058 439 TI3.3 12.75 827 1.07 19.38

53 10.7 10.07 39.16 419.0 65.19 17.0 853 508.4 0.44 224 519.1 856 643 1.24 15.06

38 45 4.23 87.67 3945 72.80 7.7 3.86 2303 0.64 147 234.8 3.87 542 2.31 12.70

25 2.3 2.16 164.47 378.3 69.74 5.9 2.96 1765 0.93 164 178.8 2.95 542 3.03 12.71

·25 1.4 1.32 75.88 106.2 22.11 13.6 6.82 406.8 0.92 374 408.2 6.73 480 1.18 11.26

roTAL 1063 100.00 22.76 2419.6 56.69 1993 100.00 5960.7 031 1848 6067.0 100.00 4268 0.70 100.00



• • •
Lucien Beliveau Test TI-1'9 (1'3)
4:1 Si

~Y1KL Mass Dm
CONCI
Knelson Cone Knelson Tails Feed

Size Mass Mass Grade Units Reoovery Mass Mass Total Grade Uoils Total Mass Units Grade Dis!.
um % 02/. % Mass 02/. Mass % 07/1

590
420 1.2 0.89 85654 1027.8 9B.01 0.4 O.IB 3.5 5.99 21 4.7 0.23 1049 223.76 0.86
297 53 3.88 2192.7 11511.4 9B.99 4.9 243 46.1 256 liB 513 252 11629 22654 955
210 9.9 731 2325.B 2302S.B 9955 26.B 13.28 2524 0041 103 2623 12B9 23129 BB.19 19.00
150 1B.0 13.29 1561.2 2B08S.1 99.64 56.4 27.97 531.4 0.19 101 549.4 27.00 28186 5\.30 23.15
105 223 16.46 904.B 20159.4 99.14 37.2 IB.46 350.7 050 175 373.0 IB33 20335 5452 16.70

75 325 24.03 3815 12408.9 9B31 323 16.01 304.1 0.70 213 336.6 1654 12622 37049 1037
53 21.4 15.80 935 200004 BU2 215 10.64 2021 lAS 293 2235 10.98 2294 10.26 I.BB
38 20.7 15.27 71B.9 14860.1 97.03 15.4 7.65 1453 3.13 455 166.0 B.16 15315 92.26 125B
25 3.4 253 1259.9 43215 92.B5 35 l.75 33.2 10.03 333 36.6 1.80 4654 127.15 3.82

-25 O.B 055 292B.B 2196.6 86.14 3.3 1.63 31.0 11.40 353 3l.B 156 2550 8030 209

IroTAL 135.4 100.00 BB335 119597.0 9B.22 201.6 100.00 1B99.B 1.14 2166 2035.2 100.00 121763 59.B3 100.00

~

4:1 Si... --
l'Yll<L Mass 331Z
CONC2 .,
Knelson Cone Knelson Tails Feed

Size Mass Mass Grade Units Recovery Mass M= Total Grn.de Unils Total Mass Units Grade DisL
um % 02/. % Mass 02/1 Mass % 02/1

590
420 3.9 3.07 273.07 1065.0 7B36 0.9 0.42 135 21.83 294 17.4 052 1359 7B.22 202
297 10.0 7.85 Bn3 B755.6 B7.OB 6.4 320 101.9 1274 1299 111.9 338 10054 89.83 14.98
210 13.0 10.19 970.4 12575.7 9037 29.1 1451 4620 290 1340 475.0 1434 13916 29.30 20.73
150 185 1458 696.2 129075 95.93 5B.6 29.17 929.1 059 548 947.6 28.61 13456 1420 20.04
105 17.4 13.66 47B3 83075 97.43 37.4 1B.6O 592S 037 219 609.B 1B.41 8527 13.98 1270
75 221 1737 239.4 52BB.6 9SA5 289 14.41 458.8 055 252 480.9 1452 5541 1152 B.25
53 215 16.90 130.7 2839.4 92.61 11.7 8.80 280.1 0.80 224 301.6 9.11 3034 10.06 452
38 16.0 1256 2843 4540.1 93.OS 13.B 6.87 21B.8 155 339 234.8 7.09 4879 2O.7B 727
25 4.0 3.14 726.7 2906.6 91.02 3.6 1.7B 56.8 5.OS 2B7 60.8 1.83 3193 5256 4.76

-25 0.9 0.69 2690.B 2367.9 7453 45 224 713 1134 B09 722 21B 31n 43.99 4.73

TOTAL 1272 100.00 483.72 61524.0 91.64 200.9 100.00 3184.8 1.76 5611 33120 100.00 67135 20.27 100.00
Cl
-.J



• • •
Luden Beliveau Test 1'2-1'9 (f4)
4:1 Si

SPIKL Mass. , 7537
FEED
Knebon Con<: Knelson Tails Feed

Sîze Maso Maso Grade Units RecoYe<y Maso Mass Total Grade Units Total Mass Units Grade Dis!.
um % ozjt % Mass ozjt Mass % ozJt

590
420 64.6 TI.55 3.61 233.2 28.44 505.4 78.71 5866.8 0.10 587 5931.4 78.70 820 0.14 lU5
'NI 24 288 127.02 304.8 6732 17.0 265 197.3 0.75 148 199.7 265 453 227 5.60
210 1.7 204 307.48 522.7 5265 7.5 1.17 87.1 5.40 470 88.8 1.18 993 11.19 1229
ISO 27 3.24 178.54 4821 54.82 11.6 1.81 134.7 295 397 137.4 1.82 879 6.40 10.88
105 3.5 4.20 79.59 278.6 44.44 15.0 234 174.1 200 348 IT1.6 236 627 3.53 7.76

75 3.3 3.96 122.42 404.0 5289 15.5 241 179.9 200 360 183.2 243 764 4.17 9.45
53 3.0 3.60 154.17 462.S 54.94 20.3 3.16 23S.6 1.61 379 238.6 3.17 842 3.53 1Q.42
38 1.1 1.32 405.03 445.5 6354 15.4 240 178.8 1.43 2S6 179.9 239 701 3.90 8.68
2S 0.6 0.72 823.36 494.0 67.53 13.2 206 153.2 1.55 238 153.8 204 732 4.76 9.05

.2S 0.4 0.48 1930.61 Tl22 60.84 21.2 3.30 246.1 202 497 246.5 3.27 1269 5.15 15.71

IroTAL 83.3 100.00 5282 4399.7 54.45 6421 100.00 7453.7 0.49 3680 7537.0 100.00 808Q 1.07 100.00

(J)
ex>

~

4:1 Si..... ~ ....
>r1KL Mass .,,,.
TAILS
Kneison Cone Knelson TaUs Feed

Sîze Maso Maso Gmde UnilS Reeovery Mass Mass Total Grade Unils Total Mass UnilS Grade Dist.
um % o71t % Mass ozjt Mass % ozjt

590
420 624 73.85 0.04 2.S 1.28 439.7 77.11 4818.8 0.04 193 4881.2 77.07 195 0.04 3.04
'NI 27 3.20 17.68 47.7 53.46 15.8 2T1 173.2 0.24 42 175.9 278 89 0.51 1.39
210 1.8 213 90.83 163.5 47.09 6.6 1.16 723 2.S4 184 74.1 1.17 347 4.68 5.41
150 3.1 3.67 84.56 2621 48.45 10.1 I.TI 110.7 2.S2 279 113.8 1.80 541 4.76 8.44
105 3.8 4.50 67.80 2S7.6 43.23 125 219 137.0 247 338 140.8 222 596 4.23 9.29
75 4.0 4.73 73.23 2929 53.46 13.0 228 142.S 1.79 2S5 146.5 231 548 3.74 8.54
53 3.3 3.91 11279 3722 55.38 17.1 3.00 187.4 1.60 300 190.7 3.01 672 3.52 10.48
38 1.7 201 220.05 374.1 63.98 129 226 141.4 1.49 211 143.1 226 585 4.09 9.12
2S 1.1 1.30 381.62 419.8 61.49 123 216 134.8 1.95 263 135.9 215 683 5.02 10.64

.2S 0.6 0.71 489.73 293.8 13.62 30.2 5.30 3.31.0 5.63 1863 331.6 5.24 2157 6.51 33.64

IroTAL 84.5 100.00 29.42 2486.3 38.TI 570.2 100.00 6249.0 0.63 3927 633.3.5 100.00 6413 1.01 100.00



• • •
Lucien Beliveau Test 1'2-1'9 (1'4)
4:1 Si

--
~I'IRL Moss 2941
CONCI
Knelson Cone Knelson Tails Feed

Sire Moss Moss Grade Units Recovery M= Moss Total Grade Uoits Total Moss Unils Grade Dist.
um % 02/t % Moss 02/t Moss % 02/1

590
420 1.6 1.50 1680.76 2689.2 94.54 0.6 0.26 7.2 21.44 155 8.8 0.30 2845 321.46 2.46
297 6.5 6.10 2634.0 17120.8 95.33 5.7 2.43 68.9 12.19 839 75.4 2.56 17960 23831 15.55
210 21.2 19.89 1123.1 23809.7 97.56 53.1 22.63 641.5 0.93 597 662.7 22.53 24406 36.83 21.13
150 243 22.80 6763 16434.1 98.64 66.9 28.52 8083 0.28 226 832.6 2831 16660 20.01 14.42
105 17.1 16.04 6643 11360.2 98.56 33.5 14.28 404.7 0.41 166 421.8 1434 11526 27.32 9.98
75 16.7 15.67 50U 8351.7 98.09 30.6 13.04 369.7 0.44 163 386.4 13.14 8514 22.03 737
53 12.9 12.10 713.4 9203.1 96.18 25.2 10.74 304.5 1.20 365 317.4 10.79 9568 30.15 8.28
38 4.4 4.13 1689.4 7433.5 94.92 11.8 5.03 142.6 2.79 398 147.0 5.00 7831 53.29 6.78
25 1.5 1.41 4734.7 7102.1 92.52 5.2 2.22 62.8 9.14 574 643 2.19 7676 11933 6.64

-25 0.4 038 20267.4 8107.0 94.91 2.0 0.85 24.2 17.98 434 24.6 0.84 8541 347.73 739

IroTAL UlM 100.00 1047.01 111611.4 96.61 234.6 100.00 2834.4 138 3918 29dt.O 100.00 115530 39.28 100.00

~

4:1 Si.. - --
I~YRIL Moss ]);/j

CONCZ
Knelson Cone Knelson Tails Feed

Sire Mass Moss Grade Units Reoovery Mass Mass Total Grade Units Total Mass Units Grade Disl
um % 02/t % Moss OVl Moss % 02/t

590
420 2.2 1.93 1338.69 2945.1 89.48 1.7 037 10.1 3431 346 12.3 0.43 3291 267.78 6.30
297 7.9 6.93 1060.1 8374.5 88.52 143 3.08 84.9 12.79 1086 92.8 3.23 9460 101.96 18.09
210 22.7 19.91 3233 7338.0 9137 119.2 25.65 707.6 0.98 693 7303 25.42 8031 Il.00 1536
150 22.4 19.65 276.6 6196.7 95.74 125.4 26.98 744.4 037 275 766.8 26.69 6472 8.44 12.38
lOS 143 12.54 358.1 51213 98.67 58.1 12.50 344.9 0.20 69 359.2 12.50 5190 14.45 9.93
75 13.7 12.02 238.8 3270.9 95.44 52.7 1134 312.8 0.50 156 326.5 1137 3427 10.50 6.56
53 17.9 15.70 257.1 4602.4 94.58 463 9.96 274.8 0.96 264 292.7 10.19 4866 16.62 931
38 9J 8.16 284.1 2642.1 90.83 24.7 531 146.6 1.82 267 155.9 5.43 2909 18.66 5.56

25 3.1 2.72 950.0 2945.1 87.58 15.5 3.33 92.0 4.54 418 95.1 331 3363 3536 6.43
-25 0.5 0.44 9726.2 486:3.1 92.25 6.9 1.48 41.0 9.97 408 41.5 1.44 5271 127.15 10J16

IroTAL 114.0 100.00 423.68 48299.2 92.38 464.8 100.00 2759.0 1.44 3983 2873.0 100.00 52282 18.20 100.00
0>
CO



• • •
Lucien Beli....au Test T2-1'9 (T5)
4:1 Si

l,rU<L "nI
FEED
Koelsoo Cone Knelson Tails Feed

Size Maso Maso Grade Uoits Reoovel)' Maso Maso Total Grade Units Total Maso Units Gl'8de Dist.
um % azJt % Mass azJt Mass % azJt

590 38.5 45.94 0.07 2.7 1.02 278.4 42.96 32683 0.08 261 3306.8 43.00 264 ~.08 3.19
420 27.6 32.94 2.77 76.5 48.53 230.2 3S.52 2702.4 0.03 81 2730.0 3S.50 158 0.06 1.90
297 1.7 2.03 194.19 330.1 46.80 17.0 2.62 199.6 1.88 375 2013 2.62 70s 3.50 8.51
210 1.7 2.03 297.70 506.1 49.78 8.3 1.28 97.4 5.24 511 99.1 1.29 1017 10.26 12.27
150 3.8 4.53 136.44 518.5 49.11 13.5 2.08 158.5 339 537 162.3 2.11 1056 6.51 12.74
105 3.9 4.65 97.49 380.2 47.71 153 2.36 179.6 2.32 417 183.5 2.39 797 434 9.62
75 3.4 4.06 112.88 383.8 46.64 17.4 2.69 2043 2.15 439 207.7 2.70 823 3.96 9.93
53 2.2 2.63 244.45 537.8 63.84 18.4 2.84 216.0 1.41 30S 218.2 2.84 842 3.86 10.17

38 0.7 0.84 736.64 515.6 70.52 13.6 2.10 159.7 135 216 160.4 2.08 731 4.56 8.82
2S 0.2 0.24 3S4O.87 708.2 73.09 133 2.05 156.1 1.67 261 1563 2.03 969 6.20 11.69

-2S 0.1 0.12 3885.04 388.5 42.03 22.6 3.49 2653 2.02 536 265.4 3.45 924 3.48 11.16

IroTAL 83.8 100.00 51.88 4347.9 52.47 648.0 100.00 7607.2 0.52 3938 7691.0 100.00 8286 1.08 100.00

.....
'-l
o

4:1 Si-.... ~.

l,rK1L Mass '0"
TAILS
Knelson Cone Knelson Tails Feed

Size Maso Mass Grade Units Recovery Mass Mass Total Grade Unils Total Mass Unils Grade Dist.
um % oz/t % Mass azJt Mass % oz/t

590 34.6 41.19 0.04 1.4 4.02 2693 41.86 3307.1 0.01 33 3341.7 41.86 34 0.01 0.44

420 28.9 34.40 0.00 0.0 0.00 232.2 . 36.10 2851.5 0.06 171 2880.4 36.08 171 0.06 2.16

297 2.4 2.86 46.61 111.9 33.81 18.2 2.83 223.5 0.98 219 225.9 2.83 331 1.46 4.19

210 1.8 2.14 197.05 354.7 4O.2S 9.7 1.51 . 119.1 4.42 527 120.9 1.51 881 7.29 11.15

150 3.2 3.81 180.24 576.8 48.80 14.2 2.21 174.4 3.47 605 177.6 2.22 1182 6.66 14.95

105 1.4 1.67 100.18 1403 53.41 4.7 0.73 57.7 2.12 122 59.1 0.74 263 4.44 332
75 6.6 7.86 111.78 737.7 56.07 24.9 3.87 305.8 1.89 578 312.4 3.91 1316 4.21 16.65

53 2.9 3.45 188.88 547.8 66.84 17.7 2.75 217.4 1.25 272 2203 2.76 819 3.72 1037

38 1.1 131 448.70 493.6 70.74 12.5 1.94 153.5 133 204 154.6 1.94 698 4.51 8.83

2S 0.7 0.83 104532 731.7 67.69 12.0 1.87 147.4 2.37 349 148.1 1.85 1081 730 13.68
.2S 0.4 0.48 1081.03 432.4 3834 27.9 434 342.6 2.03 696 343.0 430 1128 3.29 14.27

TOTAL 84.0 100.00 49.14 4128.2 52.23 6433 100.00 7900.0 0.48 3776 7984.0 100.00 7904 0.99 100.00



• • •
Lucien Belivean Test 1'2-1'9 (f5)
4:1 Si

l~rJl<L Mass ~'Il'>

CONC1
Knelson Cone Knelson Tails Fee<!

Sizc Mass Mass Grade Units Recovery Mass Mass Total Grade Units Total Mass Units Grade Dist.
nm % oz/l % Mass oz/l Mass % oz/t

590 38.0 44.81 6.21 236.0 85.50 179.6 46.22 1334.2 0.03 40 13722 46.18 276 0.20 033
420 29.6 34.91 4213 1247.0 100.00 116.1 29.88 8624 0.00 0 8920 30.02 1247 1.40 1.48
297 29 3.42 2373.6 6883.5 86.05 9.1 234 67.6 16.51 1116 70.5 237 8000 113.47 9.49
210 21 248 65428 13739.9 93.79 22 0.57 163 55.71 910 18.4 0.62 14650 79437 1738
150 26 3.07 6513.0 16933.8 9931 22 0.57 163 7.25 118 18.9 0.64 17052 900.21 20.23
105 1.0 1.18 3433.7 3433.7 99.81 1.7 0.44 126 0.51 6 13.6 0.46 3440 25242 4.08
75 4.8 5.66 3457.0 16593.4 97.94 25.4 6.54 188.7 1.85 349 193.5 6.51 16942 87.57 20.10
53 25 295 4449.9 11124.9 97.20 293 7.54 217.7 1.47 320 220.2 7.41 11445 51.99 13.58
38 0.9 1.06 7403.8 6663.4 9539 14.9 3.83 110.7 291 322 111.6 3.76 6986 6260 8.29
25 03 035 11069.1 3320.7 90.90 6.8 1.75 50.5 6.58 332 50.8 1.71 3653 71.89 433

·25 0.1 0.12 47633 476.3 78.69 13 033 9.7 1336 129 9.8 033 605 6204 0.72

TOTAL 84.8 100.00 951.09 806526 95.68 388.6 100.00 2886.7 1.26 3644 2971.5 100.00 ·84297 28.37 100.00

~

'-J
~

4:1 Si-,.... "".
l~rt<lL Mass ,I.U<
CONC2
Knelson Cone Knelson Tails Fee<!

Sizc Mass Mass Grade Units Reeovery Mass Maso Total Grade Units Total Mass Unils Grade DisL
nm % oz/l % Maso oz/l Maso % oz/l

590 373 45.05 0.01 0.4 0.19 161.4 44.51 1388.2 0.14 194 1425.5 44.53 195 0.14 037
420 303 36.59 36.46 1104.7 48.87 113.9 31.41 979.6 1.18 1156 1009.9 31.55 2261 224 4.25
297 4.2 5.07 893.4 37522 67.51 11.8 3.25 101.5 17.79 1806 105.7 330 5558 5258 10.45
210 29 3.50 2058.1 59683 7630 5.4 1.49 46.4 39.92 11154 493 1.54 7822 158.53 14.71
150 21 254 3306.4 69433 90.18 24 0.66 20.6 36.63 756 227 0.71 7699 338.55 14.48
105 0.5 0.60 3008.4 1504.2 93.16 1.1 030 9.5 11.67 110 10.0 031 1615 16269 3.04
75 25 3.02 5680.8 142021 97.71 13.9 3.83 119.6 279 334 1221 3.81 14536 119.09 2733
53 1.7 205 2<39.4 4317.0 9254 23.0 634 197.8 1.76 348 199.5 6.23 4665 2338 8.n
38 0.9 1.09 40129 3611.6 87.84 17.4 4.80 149.7 334 500 150.6 4.70 4111 2731 7.73
25 03 036 8356.8 2507.0 n33 9.7 268 83.4 8.81 735 83.7 262 3242 38.72 6.10

·25 0.1 0.12 8421.5 8421 57.15 26 0.72 224 28.24 632 22.5 0.70 1474 65.61 2n

IroTAL 828 100.00 54?.50 44753.0 84.16 3626 100.00 3118.7 270 8425 3201.5 100.00 53178 16.61 100.00



• • •
Lucien Beliveau Test 1'2-'19 (TI)
4:1 Si

11 ru<. MaSS: 11.. ,-,
UNDERFLOW
KneIJon Cone Knelson TaiJs Feed

Sïzc Mas> Mas> Grade Uoils Re<oVel)' Mass Mass Tolal Grade UnilS Tolal Mass Unils Grade DisL
UPl % CYZiI % Mass ozIt Mass % CYZiI

590
420 3.4 3.01 47.02 159.9 66.96 0.6 0.30 33.3 2.37 79 36.7 0.33 239 6.51 2.71
297 5.2 4.61 81.60 4M.3 88.85 4.0 1.99 221.9 0.24 53 227.1 2.02 478 2.10 S.41
210 17.2 15.25 32.33 SS6.1 80.00 3S.8 17.84 1986.2 0.07 139 2003.4 17.81 69S 0.35 7.88
ISO 27.5 24.38 19.10 525.3 49.42 S7.0 28.40 3162.3 0.17 S38 3189.8 28.36 1063 0.33 12.0S
lOS 19.5 17.29 21.78 424.7 4S.67 31.4 IS.6S 1742.1 0.29 SOS 1761.6 15.66 930 0.53 10.54
75 20.0 17.73 3S.69 713.8 49.97 28.0 13.95 ISS3.4 0.46 715 IS73.4 13.99 1428 0.91 16.19
S3 12.2 10.82 49.23 600.6 5S.59 18.4 9.17 1020.8 0.47 480 1033.0 9.18 1080 1.0S 12.25
38 S.O 4.43 110.27 SSI.4 67.81 8.9 4.43 493.8 0.53 262 498.8 4.43 813 1.63 9.22
25 2.1 1.86 3'.8.54 689.9 69.16 S.9 2.94 327.3 0.94 308 329.4 2.93 998 3.03 Il.31

·25 0.7 0.62 729.62 510.7 46.50 10.7 S.33 S93.6 0.99 588 594.3 5.28 1098 1.85 12.45

rrOTAL 112.8 100.00 4S.71 S156.6 S8.4S 200.7 100.00 11134.7 0.33 366S 11247.5 100.00 8822 0.78 100.00

~

'-J
l'V

4:1 Si•• a __

!IHK Mass 5504
OVERFLOW
Knelson Cone Knelson Tails Feed

Sïzc Mass Mass G!'"dde UnitB Recovery Mass Mass Total Grade Unils Total Mass Units Grade Dist.

um % ml % Mass CYZiI Mass % CYZiI.
S90
420 1.6 1.71 25.12 40.2 6S.26 O.S 0.29 IS.5 1.38 21 17.1 0.31 62 3.60 1.04

297 3.& 4.06 28.39 107.9 66.82 3.6 2.06 111.6 0.48 S4 115.4 2.10 161 1.40 2.73

210 17.4 18.59 17.22 299.6 62.06 31.1 17.82 964.2 0.19 183 981.6 17.84 483 0.49 8.1S
ISO 28.5 3O.4S 20.02 S70.6 6S.91 SO.I 28.71 ISS3.2 0.19 29S 1581.7 28.74 866 O.5S 14.61

lOS 16.7 17.84 31.04 S18.4 73.66 29.9 17.13 927.0 0.20 18S 943.7 17.15 704 0.75 Il.88

7S 13.1 14.00 46.73 612.2 17.03 20.3 Il.63 629.3 0.29 183 642.4 Il.67 79S 1.24 13.41

S3 7.0 7.48 101.77 712.4 . 86.00 12.9 7.39 399.9 0.29 116 406.9 7.39 828 2.04 13.98

38 2.S 2.67 220.26 S50.7 87.01 S.2 2.98 161.2 0.51 82 163.7 2.97 633 3.87 10.68

25 1.4 1.50 383.30 S36.6 86.66 36 2.06 111.6 0.74 83 1130 2.0S 619 S.48 10.45

-25 1.6 1.71 249.37 399.0 SI.52 17.3 9.91 536.3 0.70 37S S37.9 9.77 774 1.44 13.07

:oTAL 93.6 100.00 46.4S 4347.5 73.38 174.5 100.00 S409.9 0.29 1577 SS03.5 100.00 592S 1.08 100.00



• • •
Lucien Beliveau Test 12·1'9 (I7)
4:1 Si

~PII(L Mass 0039.5
TAILS
Knelson Cone KneIson TaUs Feed

Size Mass Mass Grade Units Recovery Mass Mass Total Grade Units Total Mass Units Grade Dist.
um % 07/1 % Mass 07/1 Mass % 07/,

590
420 1.6 158 0.79 1.3 6.16 05 0.27 13.6 1.42 19 15.2 0.30 21 1.35 056
297 4.2 4.15 6.TI 28.4 40.66 3.4 1.87 92.2 0.45 41 96.4 1.91 70 0.73 1.92
210 17.0 16.78 3.08 52.4 26.73 29.4 16.14 7973 0.18 144 814.3 16.16 196 0.24 5.39
150 26.9 2655 4.02 108.1 27.TI 54.6 29.98 1480.6 0.19 281 15075 29.91 389 0.26 10.72
105 19.7 19.45 9.23 181.8 50.73 29.6 16.25 802.7 0.22 1TI 822.4 16.32 358 0.44 9.87
75 16.3 16.09 18.06 294.4 5359 235 12.90 637.3 0.40 255 653.6 12.97 549 0.84 15.12
53 9.2 9.08 31.36 2885 61.71 16.1 8.84 436.6 0.41 179 445.8 8.SS 468 1.05 12.87
38 35 3.46 65.21 228.2 62.97 75 4.12 203.4 0.66 134 206.9 4.11 362 1.75 9.98
25 1.7 1.68 264.27 449.3 79.68 4.8 2.64 130.2 0.88 115 131.9 2.62 564 4.28 1552

·25 1.2 1.18 517.62 621.1 94.75 12.7 6.97 344.4 0.10 34 345.6 6.86 656 1.90 18.05

IroTAI. 101.3 100.00 22.25 2253.6 62.03 182.1 100.00 4938.7 0.28 1379 50395 100.00 3633 0.72 100.00

~

4:1 Si..........
1""""" Mass . ""19
TAILS
Knelson Cone Knelson Tails Feed

Size Mass Mass Grade Units Recovcry Mass Mass Total Grade Unils Total Mass Units Grade Dist.
um % oz/! % Mass 07/1 Mass % 07/,

590
420 3.9 3.37 10.73 41.8 23.74 05 0.23 21.4 6.28 134 25.3 027 176 6.97 2.TI
297 6.3 5.45 17.89 112.7 2452 • 42 -1.93 179.8 1.93 347 186.1 1.98 460 2.47 7.22
210 18.1 15.64 6.69 121.1 27.68 38.9 17.90 16653 0.19 316 1683.4 17.87 438 0.26 6.87
150 29.4 25.41 6.31 ISS5 26.15 1 64.4 29.64 2757.0 0.19 524 2786.4 2958 709 0.25 11.14
105 ZO.8 17.98 12.29 255.6 4;).13 33.0 15.19 1412.8 027 381 14~.6 1522 637 0.44 10.01
75 19.0 16.42 25.02 475.4 44.78 33.4 1537 1429.9 0.41 586 1448.9 15.38 1062 0.73 16.68
53 11.3 9.TI 30.98 350.1 50.31 19.7 9.07 843.4 0.41 346 854.7 9.07 696 0.81 10.93

38 4.6 3.98 138.26 636.0 69.76 92 4.23 393.9 0.70 276 3985 4.23 912 2.29 14.32

25 1.6 1.38 19659 3145 5550 62 2.8S 265.4 0.95 252 267.0 2.84 567 2.12 8.90

·25 0.7 0.61 889.42 622.6 87.76 7.8 359 333.9 026 87 334.6 355 709 2.12 11.15

IroTAL 115.7 100.00 26.93 3115.4 48.94 1 2173 100.00 9302.8 0.35 3250 94185 100.00 6365 0.68 100.00
'-J
W



• • •
Lucien Beliveau Test TI-T9 (TI)
4:1 Si

I~PU Mass n,

Knelson Cone Knelson Tails Feed
Size Mass Mass Grade UnilS Reoovery Mass Mass Total Grade UnilS Total Mass Units Grade Dist.
um % 071' % Mass 071. Mass % 0711

590
420 0.4 034 6738.18 26953 99.84 0.4 0.21 1.4 3.21 4 1.8 0.23 2700 1533.02 4.32
297 1.6 1.37 3920.73 6273.2 99.97 4.3 2.22 14.6 0.12 2 16.2 2.10 6275 386.61 10.04
210 10.1 8.65 1621.29 16375.0 99.98 33.1 17.12 112.6 0.03 3 122.7 15.85 16378 133.46 26.20
150 15.9 13.61 680.35 10817.6 99.98 58.8 30.42 200.1 0.01 2 216.0 27.88 10820 50.10 17.31
105 17.7 15.15 485.65 8596.0 99.95 30.6 15.83 104.1 0.04 4 121.8 15.73 8600 70.60 13.76
75 33.6 28.77 191.57 6436.8 99.75 25.4 13.14 86.4 0.19 16 120.0 15.50 6453 53.77 10.32
53 28.3 24.23 186.58 5280.2 99.26 23.1 11.95 78.6 0.50 39 106.9 13.80 5320 49.76 8.51
38 7.3 6.25 416.78 3042.5 99.28 Il.5 5.95 39.1 0.56 22 46.4 5.99 3064 66.00 4.90
25 1.7 1.46 1167.93 1985.5 97.18 4.8 2.48 16.3 3.53 58 18.0 2.33 2043 113.31 3.27

-25 0.2 0.17 4333.24 866.6 99.98 1.3 0.67 4.4 0.03 0 4.6 0.60 867 187.48 1.39

roTAL 116.8 100.00 533.98 62368.6 99.76 193.3 100.00 657.7 0.23 151 774.5 100.00 62520 80.72 100.00

~

'-J
.j>.

4:1 Si... _.
~pl2 Mass IIIU

Knelson CoDe Knelson Tails Feed
Size Mass Mass Grade Units Recovery Mass Mass Total Grade Unils Total Mass Unilll Grade Dist.
um % 071. % Mass o71t Mass % 0711

590
420 1.0 0.97 2206.85 2206.9 75.29 0.4 0.22 2.2 332.23 724 3.2 0.29 2931 921.70 5.86
297 4.7 4.57 1574.20 7398.7 9334 4.2 2.27 22.9 ·23.07 528 27.6 2.49 7927 287.29 15.84
210 19.3 18.77 463.69 8949.2 95.52 33.6 18.19 183.1 2.29 419 202.4 18.25 9369 46.28 18.72
150 21.7 21.11 261.70 5678.9 96.60 53.1 28.75 289.4 0.69 200 311.1 28.04 5879 18.89 11.75
105 15.8 15.37 324.51 5127.3 99.02 28.3 15.32 154.2 0.33 51 170.0 15.33 5178 30.45 10.35
75 Il.2 10.89 316.77 3547.8 94.54 22.5 12.18 122.6 1.67 205 133.8 12.06 3753 28.04 7.50
53 16.1 15.66 245.66 3955.1 91.15 19.9 10.77 108.5 3.54 384 124.6 11.23 4339 34.83 8.67
38 9.5 9.24 400.35 3803.3 96.01 13.3 7.20 . 72.S 2.18 158 82.0 7.39 3961 48.31 7.91
25 3.1 3.02 1174.15 3639.9 94.94 7.0 3.79 38.2 5.08 194 41.3 3.72 3834 92.93 7.66

-25 0.4 0.39 6961.04 2784.4 96.70 2.4 1.30 13.1 7.26 95 13.5 1.22 2879 213.59 5.75

TOTAL 102.8 100.00 458.09 47091.5 94.09 184.7 100.00 1006.7 2.94 2958 1109.5 100.00 50050 45.11 100.00



•
Lucien Beliveau Test Th1'9 (17)
4:1 Si

• •
l'''MU MassProcessëfj 8080

Knelson Cone Knelson Tails Feed
Size Mau Mass Grade Uoits Reoovery Mass Mass Total Grade Uoits Total Mass Uoits Grade Dist.
um % olit % Mass ozJt Mass % olit

590
420 1.7 1.72 142.30 241.9 78.84 0.7 0.36 28.3 2.29 65 30.0 0.37 307 10.21 3.78
297 3.9 3.94 9952 388.\ 89.12 3.9 1.98 157.9 0.30 47 161.8 2.00 436 2.69 5.37
210 16.4 1655 38.98 639.3 74.08 32.5 16.49 1316.0 0.17 224 1332.4 16.49 863 0.65 10.64
150 26.8 27.04 24.21 648.8 47.73 5a5 29.68 2.368.8 0.30 711 2395.6 29.65 1359 057 16.76
lOS 20.1 20.28 22.27 447.6 54.99 31.2 15.83 1263.3 0.29 366 1283.4 15.88 514 0.63 10.04
75 14.8 14.93 36.18 5355 57.33 26.6 1350 1077.1 0.37 399 1091.9 13.51 934 0.86 1152
53 9.1 9.\8 69.36 6312 68.85 17.2 8.73 6965 0.41 286 705.6 8.73 9\7 1.30 11.30
38 3.6 3.63 144.80 521.3 72.69 7.B 3.96 315.8 0.62 196 319.4 3.95 717 2.24 8.84
2.5 1.7 1.72 32350 550.0 69.12 5.\ 2.59 2065 \.19 246 208.2 2.58 796 3.82 9.81

-2.5 1.0 1.01 516.29 5hi3 53.34 13.6 6.90 550.7 0.B2 452 551.7 6.83 96B 1.75 11.93

TOTAL 99.1 100.00 51.66 5119.9 63.13 197.1 100.00 7980.9 0.37 2990 8080.0 100.00 8110 1.00 100.00

Lucien Beliveau Test 1'2-1'9 (1'8)
4:1 Si

ISIlMU Moss. 6992

Knelson Cone Knelson Tails Feed
Size Moss Moss Grade Uoits Recovery Moss Moss Total Grade Units Total Moss Uoits Grade Dist.
um % olit % Moss olit Ma:;s % olit

590
420 1.3 1.36 62.09 80.7 44.92 1.1 0.30 21.0 4.71 99 22.3 0.32 180 8.05 2.90

297 3.2 3.34 71.69 2.29.4 80.60 85 2.35 162.4 0.34 55 165.6 2.37 285 1.72 459
210 16.6 17.33 19.52 324.0 65.01 65.2 18.06 12455 0.14 174 1262.1 18.05 498 0.39 B.04
150 26.6 27.77 1451 386.0 4957 108.2 29.97 2066.9 0.\9 393 20935 29.94 779 0.37 12.56
105 18.3 19.10 19.26 352.5 60.35 52.7 14.60 1006.7 0.23 232 102.S.0 14.66 584 057 9.42
75 15.6 16.28 30.39 474.1 52.91 47.0 13.02 897.8 0.47 422 913.4 13.06 8% 0.9B 14.46
53 8.7 9.08 67.00 5B2.9 67.71 29.7 8.23 567.4 0.49 278 576.1 8.24 861 1.49 13.89
38 32 3.34 146.64 469.2 76.39 13.8 3.82 263.6 055 145 266.8 3.82 614 2.30 9.91

2.5 1.5 1.57 284.93 427.4 69.97 9.9 2.74 IB9.1 0.97 1B3 190.6 2.73 611 3.20 9.86
.2.5 0.8 0.84 648.93 519.1 5B.32 24.9 6.90 475.7 0.78 371 4765 6.81 890 1.87 14.36

IrOTAL 95.8 100.00 40.14 3845.4 62.05 361.0 100.00 6896.2 0.34 2352 6992.0 100.00 6198 0.B9 100.00
~

-..J
(J1



• • •
Lucien Beliveau Test 1'2-1'9 (1'8)
4:1 Si

1
111"- Mass f)1JJ

UNDERFLOW
Knelson Cone Knelson Tails Feed

Size Mass Mass Grade Unils Recovery Mass Mass Total Grade Units Total Mass Unils Grade Dist.
um % out % Mass oUt Mass % oz/t

590
420 2.6 2.37 147.26 382.9 73.28 0.5 0.23 17.4 8.02 140 20.0 0.27 522 26.12 5.09
297 5.1 4.65 146.29 746.1 65.51 3.8 1.78 132.3 2.97 393 137.4 1.83 1139 8.29 11.10
210 14.6 1331 71.14 1038.6 74.53 34.0 15.97 1183.4 030 355 1198.0 15.93 1394 1.16 13.59
150 25.9 23.61 44.96 1164.5 85.45 63.3 29.73 2203.3 0.09 198 2229.2 29.64 1363 0.61 13.28
105 213 19.42 34.55 735.9 66.52 36.7 17.24 1277.4 0.29 370 1298.7 17.27 1106 0.85 10.78

75 20.5 18.69 3931 805.9 66.16 28.2 13.25 981.5 0.42 412 1002.0 1333 1218 1.22 11.87
53 12.6 11.49 59.96 755.5 7Q.48 20.2 9.49 703.1 0.45 316 715.7 9.52 1072 1.50 10.45
38 4.8 4.38 95.29 457.4 5132 9.1 4.27 316.7 137 434 321.5 4.28 891 2.77 8.69
25 1.7 1.55 201.14 341.9 5537 6.0 2.82 208.8 132 276 210.5 2.80 618 2.93 6.02

·25 0.6 0.55 850.97 510.6 54.57 11.1 5.21 386.4 1.10 425 387.0 5.15 936 2.42 9.12

IroTAL 109.7 100.00 63.26 6939.2 67.64 212.9 100.00 7410.3 0.45 3319 7520.0 100.00 10259 136 100.00

~

4:1 Si..... .."

1111"- Mass -,...U

OVERFLOW
Knelson Cone Knelson Tails Feed

Size Mass Mass Grade Units Reoovel)' Mass Mass Tl)tal Grade Units Total Mass Unils Grade Dist.
um % oz/t % Mass oz/t Mass % oz/t

590
420 13 1.42 2.11 2.7 2.74 0.6 0.26 8.5 11.41 97 9.8 0.29 100 10.18 3.00
297 3.7 4.04 5.23 19.4 ~9.64 4.5 1.97 64.1 0.46 29 67.8 2.03 49 0.72 1.'16
210 18.0 19.67 8.54 153.7 64.63 39.4 17.27 560.9 0.15 84 578.9 1733 238 0.41 7.13
150 27.7 30.27 537 148.7 28.26 68.0 29.80 968.0 039 378 995.7 29.81 526 0.53 15.n
105 18.0 19.67 12.n 229.9 66.54 36.9 16.17 5253 0.22 116 5433 16.27 345 0.64 1035
75 10.9 11.91 36.87 401.9 80.68 26.0 1139 370.1 0.26 96 381.0 11.41 493 131 14.93
53 6.6 7.21 65.57 432.8 85.78 16.8 736 239.2 030 72 245.8 736 505 2.05 15.12
38 2.5 2.73 135.16 337.9 87.53 6.9 3.02 98.2 0.49 48 100.7 3.02 386 3.83 11.57
25 13 1.42 199.79 259.7 8.5.01 4.8 2.10 683 0.67 46 69.6 2.08 306 439 9.16

·25 1.5 1.64 96.96 145.4 37.86 243 10.65 345.9 0.69 239 347.4 10.40 384 1.11 11.51

IroTAL 91.5 100.00 2330 2132.1 63.90 228.2 100.00 3248.5 037 1205 3340.0 100.00 3337 1.00 100.00
'-J
C»



• • •
Lucien Beliveau Test 1'2-1'9 (l'S)
4:1 Si

1~"lKL Maso 1 7475
TAIL
Knelson Cone Knelson Tails Feed

Size Maso Maso Grade Unils Recovery Maso Mass Total Grade Unils Tntal Maso Units Grade DisL
um % oz/l % Mass oz/l Mass % ozjl

590
420 1.2 1.22 20.45 245 41.63 0.8 0.27 19.7 1.75 34 20.9 0.28 59 2.83 1.09
m 3.7 3.TI 358 13.2 17.62 63 2.10 154.9 0.40 62 158.6 2.12 75 0.47 139
210 15.8 16.09 3.43 54.2 16.66 52.S 17.49 12905 0.21 271 13063 17.48 32S 0.25 6.03
150 263 26.78 5.62 147.8 26.45 88.0 2932 2163.1 0.19 411 2189.4 29.29 559 0.26 1035
105 18.8 19.14 757 142.3 36.90 495 16.49 1216.8 0.20 243 1235.6 1653 386 031 7.15
75 15.9 16.19 2151 342.0 46.93 34.2 11.40 840.7 0.46 387 856.6 11.46 729 0.85 1350
53 9.9 10.08 4835 478.7 5856 265 8.83 651.4 052 339 6613 8.85 817 1.24 15.15
38 3.7 3.TI 11853 438.6 69.47 11.7 3.90 287.6 0.67 193 2913 3.90 631 2.17 11.70
25 1.8 1.83 290.65 523.2 72.73 8.4 2.80 2065 0.95 196 2083 2.79 719 3.45 13.33

-25 1.1 1.12 535.14 588.7 53.70 22.2 7.40 545.7 0.93 508 546.8 732 1096 2.00 2031

TOTAL 98.2 100.00 28.04 2753.2 51.02 300.1 100.00 7376.8 0.36 2644 7475.0 100.00 5397 0.72 100.00

~

-...J
-...J

4:1 Si..... ..,.

l''''''L- Mass IDj

TAILS
Knelson Cone l'JJelson Tails Feed

Size Mass Mass Grade UoUs Recovery Mass Mass Total Grade Unils Total Mass Unils Grade Dist.

um % oz/l % Mass oz/l Mass % oz/t
590
420 15 1.50 1.84 2.8 5.22 0.8 0.26 185 2.71 50 20.0 0.28 53 2.64 0.98

m 3.6 3.61 1558 56.1 35.00 5.7 1.84 131.8 0.79 104 135.4 1.87 160 1.18 2.96

210 16.9 16.95 5.63 95.1 20.01 51.4 16.62 1188.7 0.32 380 1205.6 16.62 476 039 8.79

150 26.9 26.98 6.64 178.6 32.91 92.6 29.94 2141.6 0.17 364 21685 29.90 543 0.25 10.03

105 19.0 19.06 10.87 2065 34.36 533 17.23 1232.7 032 394 1251.7 i7.26 601 0.48 11.11

75 16.1 16.15 18.86 303.6 38.64 41.7 13.48 964.4 050 482 9805 1352 786 0.80 1453

53 95 953 37.95 3605 49.84 29.6 957 684.6 053 363 694.1 957 723 1.04 13.38

38 3.9 3.91 7333 286.0 53.25 14.1 456 326.1 0.77 251 330.0 455 537 1.63 9.93

25 1.7 1.71 162.46 276.2 50.14 95 3.07 219.7 1.25 275 221.4 3.05 551 2.49 10.19

·25 0.6 0.60 136137 816.8 83.47 10.6 3.43 245.2 0.66 162 245.8 3.39 979 3.98 18.10

IroTAL 99.7 100.00 25.90 2582.3 47.75 309.3 100.00 71533 0.40 2826 7253.0 100.00 5408 0.75 100.00



• • •
Lucien Beliveau Test 1'2-1'9 ([9)
4:1 Si

I~YIKL Mass. lU)oo
TAIL
Knelson CoDe Knelson Tails Feed

Sire Maso Mass Grade Units Recovery Mass Mass Total G:ade Unils Total Maso Units Grade Dist.
um % 07/t % Mass adt Mass % o7/t

590
420 I.S 1.47 1.20 1.8 2.02 1.0 0.30 31.6 2.77 87 33.1 032 89 2.70 1.36
297 4.0 3.93 6.17 24.7 58.26 7.0 2.13 221.0 0.08 18 225.0 2.14 42 G.19 0.64
210 15.9 15.62 5.08 BO.8 14.BO 58.9 17.89 1859.9 0.25 465 1875.8 17.86 546 0.29 8.29
150 27.1 26.62 6.88 186.4 23.60 95.6 29.03 3018.7 0.20 604 3045.8 29.01 790 0.26 12.00
105 19.9 1955 12.83 2553 44.78 55.4 16.82 17493 0.18 315 1769.2 16.85 570 032 8.66

75 16.8 1650 25.70 4;1.8 52.70 36.1 10.96 1139.9 034 388 1156.7 11.02 819 0.71 12.44
53 10.2 10.02 51.81 528.5 58.s5 28.9 8.78 912.6 0.41 374 9228 8.79 903 0.98 13.71
38 3.9 3.83 128.29 5003 66.01 13.6 4.13 429.4 0.60 258 4333 4.13 758 1.75 11.51
25 1.7 1.67 288.06 489.7 57.91 9.8 2.98 3095 l.15 356 311.2 2.96 846 2.72 12.84

-25 0.8 0.79 718.60 574.9 47.07 23.0 6.98 7263 0.89 646 727.1 6.92 1221 1.68 1855

TOTAL 101.8 100.00 30.20 3074.2 46.69 3293 100.00 10398.2 034 3510 10500.0 100.00 6585 0.63 100.00

~

4:1 Si..........
Il'N"L Mass 1011)

TAILS
Knelson Cone Knelson Tails Feed

Sire Mass Mass Grade Units Reoovery Mass Mass Total Grade Units Total Mass Units Grade DisL
um % o7lt % Mass 07/t Mass % 07/t

590
420 15 150 13.18 19.8 636 l.1 0.41 413 7.05 291 42.8 0.42 311 7.26 452
297 3.6 3.61 9.16 33.0 26.70 6.7 2.51 2515 036 91 255.1 2.52 124 0.48 1.79
210 17.6 17.65 552 972 28.40 46.6 17.47 17493 0.14 245 1766.9 17.47 342 0.19 4.Y1

150 29.0 29.09 7.84 227.4 24.23 78.9 2957 2961.8 0.24 711 2990.8 2957 938 031 13.63
lOS 19.0 19.06 11.44 217.4 24.67 49.1 18.40 1843.1 036 664 1&ii.l 18.41 881 OA" 12.79
75 153 153S = 340.0 37.68 31.2 11.69 11712 0.48 562 11865 11.73 902 '1.76 13.10
53 85 853 49.79 423.2 38.89 24.6 922 923.4 0.72 665 931.9 9.7.1 1088 1.17 15.80
38 32 321 130.85 418.7 5437 11.7 439 4392 0.80 351 442.4 1,37 770 1.74 11.19
25 1.6 1.60 360.94 5775 65.00 7.6 2.8S 2853 1.09 311 286.9 2.84 888 3.10 12.90

-25 0.4 0.40 885.45 3542 55.30 93 3.49 349.1 0.82 286 14Q5 3.46 640 1.83 9.30

IroTAL 99.7 100.00 27.16 2708:2 3934 266.8 100.00 100153 0.42 4177 10115.0 100.00 6885 0.68 100.00
-..)

CXl



•DOMEMINES
ROD MILL DISCHARGE
J1G + KNELSONTESTRESULTS

• •
l'Al .s ..,,"u

Sîze Weight % Grade Rec. Weigbt % Grade Rec. Weight % Grade Rec.
(um) (g) Weight (oz/st) (%) (g) Weight (oz/st) (%) (g) Weight (oz/st) (%)

2000 253 11.62 2.17 • 58.70 3512 20.41 0.01 • 4130 3537 2030 0.03 • 4.70
1168 11.0 5.05 9.64 • 60.11 2346 13.64 0.03 • 39.89 2357 1353 0.07 • 8.87
840 23.8 10.93 2.58 • 54.47 2139 12.43 0.02 • 4553 2162 12.41 0.05 • 5.67
600 58.2 26.72 3.44 • 2938 1414 8.22 034 • 70.62 1472 8.45 0.46 • 34.22
420 35.4 16.25 1.70 • 22.72 998 5.80 0.21 • TI:18 1033 5.93 0.26 • 1331
300 27.9 12.81 353 • 44.70 1032 6.00 0.12 • 5530 1060 6.08 0.21 • 11.07
210 14.3 657 3.13 • 48.18 730 4.24 0.07 • 51.82 744 4.27 0.12 • 4.67
150 9.1 4.18 4.26 • 51.65 648 3.TI 0.06 • 4835 657 3.TI 0.11 • 3.TI
105 4.9 2.25 10.06 • 62.46 429 250 0.07 • 3754 434 2.49 0.18 • 3.97
75 33 152 9.86 • 63.69 364 2.11 0.05 • 3631 367 2.11 0.14 • 2.57
S3 2.6 1.19 13.07 • 67.73 360 2.09 0.05 • 32.27 362 2.08 0.14 • 2.52

-53 2.0 0.92 13.78 • 29.89 3233 18.79 0.02 • 70.11 3235 1857 0.03 • 4.64

Total 217.80 100.00 3.71 • 40.62 17204 100.00 0.07 • 5938 17421 100.00 0.11 • 100.00

DOMEMINES
BALL MILL DISCHARGE
KNELSON TEST RESULTS

CONl TAILS FEED
~

Sîze Weight % Grade Rec. Weight % Grade Rec. Weight % Gr.lde Rec.
(um) (g) Weight (oz/st) (%) (g) Weight (oz/st) (%) (g) Weight (oz/st) (%)

2000
1168
840
600 60.0 37.74 038 • 6.27 921 9.61 037 • 93.73 981 10.07 037 • 7.03
420 12.1 7.61 1.17 • 24.49 485 5.06 0.09 • 7551 497 5.10 0.12 • 1.12

300 17.6 11.07 5.01 • 70.44 92S 9.65 0.04 • 2956 943 9.67 0.13 • 2.42
210 18.6 11.70 9.08 • 66.45 1218 12.71 0.07 • 3355 1237 12.69 0.21 • 4.92

150 20.9 13.14 16.24 • 6752 1814 18.93 0.09 • 32.48 1835 18.83 0.27 • 9.72
105 13.4 8.43 30.18 • 69.15 1203 12.55 0.15 • 30.85 1216 12.48 0.48 • 1131

75 85 535 7533 • 72.44 786 8.20 031 • 2756 795 8.15 1.11 • I7.10

53 5.2 3.27 13032 • 64.911 539 5.62 0.68 • 35.10 544 558 1.92 • 20.19

-53 2.7 1.70 238.13 • 47.47 1694 17.67 0.42 • 52.53 1697 17.41 0.80 • 26.19

Total 159.00 100.00 18.86 • 57.99 9585 100.00 0.23 • 42.01 9744 100.00 0.53 • 100.00

~
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•DOMBMINBS
PRlMARY CYCLONB UNDBRFLOW
JlG + KNBLSON TEST RBSULTS

• •
lAI"" ~'"'"U

Sire Weighl % Grade Rec. Weighl % Grade Rec. Weight % Grade Rec.
(um) (g) Weight (07/8') (%) (g) Weight (07/81) (%) (g) Weight (07/st) (%)

2000 6.6 6.20 058 • 28.84 949 7.66 0.01 • 7I.l6 955 7.65 0.01 • 0.22
1168 8.6 8.o.~ 0.72 • 11.09 713 5.75 0.07 • 88.91 721 5.TI 0.08 • 0.91
84Il 8.2 7.63 24.80 • 83.25 814 657 0.05 • 16.75 822 658 0.30 • 3.93
600 10.4 9.73 1735 • 5335 751 6.06 0.21 • 46.65 762 6.10 0.44 • 5.47
420 9.2 8.60 1551 • 62.09 792 639 0.11 • 37.91 801 6.41 0.29 • 3.72
300 14.0 13.09 15.46 • 8038 1321 10.66 0.04 • 19.62 1335 10.68 0.20 • 436
210 14.7 13.75 18.89 • 72.43 1510 12.19 0.07 • 2757 1524 12.20 0.25 • 6.20
150 16.8 15.71 25.29 • 77.28 2082 16.80 0.06 • 22.72 2098 16.79 0.26 • 8.90
105 9.8 9.16 4557 • 76.41 1254 10.12 0.11 • 2359 1264 10.11 0.46 • 9.46
75 5.1 4.TI 145.91 • 83.90 751 6.06 0.19 • 16.10 756 6.05 1.17 • 1435

·75 35 3.27 605.00 • 80.64 1452 11.72 035 • 1936 1456 11.65 1.80 • 42.49

Total 106.93 100.00 44.54 • TI.07 12388 100.00 0.11 • 22.93 12495 100.0:> 0.49 • 100.00

DOMBMINBS
PRIMARY CYCLONB OVBRFLOW
KNBLSON TEST RBSULTS

lA LS
Sire Weight % Grade Rec. Weight % Grade Rec. Weight % Grade Rec.
(um) (g) Weight (07/81) (%) (g) Weight (07/81) (%) (g) Weighl (07/81) (%)

840
600
420
300
210
150 22.5 37.44 0.17 • 2339 144 2.92 0.087 • 76.61 167 333 0.098 • 4.79
105 6.5 10.82 0.61 • 12.07 321 6.50 0.090 • 87.93 328 655 0.100 • 9.63
75 8.7 14.48 1.57 • 27.11 459 9.30 0.080 • 72.89 468 936 0.108 • 14.TI
53 10.9 18.14 1.74 • 53.48 550 II.l4 0.030 • 46.52 561 11.22 0.063 • 10.40

38 5.7 9.48 4.84 • 60.89 443 8.97 0.040 • 39.11 449 8.98 0.101 • 13.28

·38 5.8 9.65 1.67 • 6.03 3021 6I.l8 0.050 • 93.97 3027 60.56 0.053 • 47.12

Total 60.10 100.00 1.29 • 22.78 4938 100.00 0.053 • TI.22 4998 100.00 0.068 • 100.00
~
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•DOMEM[NES
REGRIND CYCLONE UNDERFLOW
JIG + KNELSON TEST RESULTS

• •
cc fi tAlE IAlL:S "ccU

Sîzc Weighl % Grade Re<. Weigbt % Grade Re<. Weighl % Grade Re<.
(um) (g) Weighl (oz/s,) (%) (g) Weight (oz/st) (%) (g) Weight (oz/s,) (%)

2000 12.4 9.95 OZ/ • 7.55 1020 8.11 0.04 • 92.45 1032 8.72 0.04 • 0.65
1168 [3.5 10.88 0.52 • 15.42 no 6.58 0.05 • 84.58 784 6.62 0.06 • 0.67
840 10.6 8.52 1.25 • 22.81 894 7.64 0.05 • n19 905 7.65 0.06 • 0.85
600 8.2 6.61 3.28 • 23.60 484 4.13 0.18 • 76.40 492 4.16 0.23 • 1.68
420 7.6 6.12 735 • 34.42 626 535 0.17 • 65.58 634 535 0.26 • 2.39
300 13.4 10.80 11.87 • 72.90 1183 10.10 0.05 • 27.10 11% 10.11 0.18 • 3.22
210 15.6 12.57 11.74 • 63.41 1510 12.89 0.07 • 36.59 1526 12.89 0.19 • 4.26
150 20.1 16.19 25.46 • 76.40 2259 19.29 0.07 • 23.60 2279 19.26 0.29 • 9.87
105 12.6 10.15 50.00 • 81.60 1291 11.03 0.11 • 18.40 1304 11.02 0.59 • 1138
75 63 5.08 15136 • 83.69 743 635 0.25 • 1631 750 633 1.52 • 16.80

-75 3.9 3.14 679.16 • 80.95 930 7.94 0.67 • 19.05 934 7.89 3.50 • 48.23

Total 124.12 100.00 41.84 • 76.54 11711 100.00 0.14 • 23.46 11835 100.00 0.57 • 100.00

DOMEM[NES
REGR1ND CYCLONE OVERFLOW
KNELSON TEST RESULTS

lAJL:S ..hhU

Sîzc Weighl % Grade Re<. Weighl % Grade Re<. Weighl % Grade Re<.
(um) (g) Weight (oz/sI) (%) (g) Weight (oz/st) (%) (g) Weight (oz/sI) (%)

840
600
420
300
210
150 173 31.40 0.38 • 7832 91 4.09 0.02 • 21.68 108 4.75 0.08 • 2.69

105 83 15.06 0.67 • 62.62 166 7.47 0.02 • 3738 174 7.65 0.05 • 2.85
75 83 15.06 0.78 • 52.40 196 8.82 0.03 • 47.60 204 8.97 0.06 • 3.96

53 9.1 16.52 3.43 • 78.09 219 9.85 0.04 • 21.91 228 10.01 0.18 • 12.81

38 5.0 9.07 11.22 • 85.58 189 8.50 0.05 • 14.42 194 8.52 034 • 21.00

-38 7.1 12.89 9.58 • 38.43 1362 61.27 0.08 • 61.57 1369 60.10 0.13 • 56.70

Total 55.10 100.00 3.16 • 55.73 2223 100.00 0.06 • 44.27 2278 100.00 0.14 • 100.00
~
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•
DOMEMINES
JIGTAlLS
JIG + KNELSON TEST WORK

• •

TAJL:; l'bbU

Sîze Weighl % Grade Rec. Weighl % Grade Rec. Weight % Grade Rec.
(um) (g) Weight (07.151) (%) (g) Weighl (07.151) (%) (g) Weight (07.151) (%)

..
2000 2.9 2.40 0.85 • 3.75 1059 737 0.06 • 96.25 1062 733 0.06 • 0.73
1168 11.2 9.21 0.66 • 2274 834 5.80 0.03 • 71.U> 845 5.83 0.04 • 0.36
840 21.1 17.46 10.16 • 95.68 971 6.75 0.01 • 432 992 6.84 0.23 • 2.48
600 10.6 8.75 1.67 • 27.62 m 538 0.06 • 72.38 784 5.41 O.OS • 0.71
420 9.5 7.84 1272 • 66.96 852 5.93 0.07 • 33.04 861 5.94 0.21 • 2.00
300 14.7 12.14 13.47 • 68.71 1503 10.46 0.06 • 31.29 1518 10.47 0.19 • 3.19
210 15.8 13.05 15.62 • 69.67 1791 12.46 0.06 • 3033 1807 12.47 0.20 • 3.92
150 17.4 1437 29.15 • 73.73 2582 17.97 0.07 • U>.27 2599 17.94 0.26 • 7.61
105 10.0 8.26 68.18 • 8331 1518 10.56 0.09 • 16.69 1528 10.54 0.54 • 9.05
75 4.7 3.88 195.73 • 85.09 895 6.23 0.18 • 14.91 900 6.21 1.20 • 11.96
53 2.2 1.82 592.83 • 86.86 506 3.52 039 • 13.14 50s 3.51 2.96 • 16.61
38 0.7 0.58 1702.50 • 86.91 206 1.44 0.87 • 13.09 207 1.43 6.62 • 15.17

-38 03 0.25 6866.16 • 86.98 881 6.13 035 • 13.02 881 6.OS 2.69 • U>.20

Total 121.11 100.00 61.70 • 82.68 14370 100.00 0.11 • 1732 14491 100.00 0.62 • 100.00

~
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• • •DOMEMINES
JC1WI
JIG + KNELSONTESTRESULTS

CONe 1 AIL:> "=u
Sîze Weight % Grade Re<:. Weight % Grade Rcc. Weight % Grade Roc.
(um) (g) Weight (ol/.t) (%) (g) Weight (ol/.t) (%) (g) Weight (ol/..) (%)

2380 22.4 12.53 2.88 • 17.46 517 7.61 0.59 • 82.54 539 7.74 0.69 • 0.60
2000 321 17.96 149.90 • 81.8lJ 907 1335 1.18 • 18.20 939 13.47 6.26 • 950
1168 19.2 10.74 96.26 • BS.90 660 9.71 0.46 • 14.10 679 9.74 3.17 • 3.48
840 18.5 1035 73.62 • 49.91 683 10.06 200 • 50.09 702 10.07 3.89 • 4.41
600 13.1 733 138.04 • 59.02 587 8.64 214 • 40.98 600 8.60 5.11 • 4.95
420 113 632 197':;7 • 57.60 498 733 330 • 4240 509 730 7.61 • 6.26
300 14.9 834 2'>3.4;; • 7244 685 10.08 21•• • 2756 700 10.04 7.74 • 8.75
210 13.9 7.78 3119.28 • 76.91 642 9.45 2.27 ,. 23.09 656 9.41 9.62 • 10.20
150 14.6 8.17 3.'9.87 • 7209 770 1134 242 · 27.91 7BS 11.26 8.51 • 10.79
105 9.2 5.15 587.68 • 8lJ.67 429 632 3.02 • 1933 438 6.29 15.29 • 10.83

75 5.9 330 104201 • 8271 270 3.97 4.76 • 17.29 276 3.96 26.94 • 1201
·75 3.6 201 2657.23 • 84.74 146 214 11.82 • 15.26 149 214 75.61 • 18.23

Total 178.70 100.00 26214 • 75.67 6794 100.00 222 • 2433 6973 100.00 8.88 • 100.00

~

00
W

~ AL:> l"thU
Sîze Weight Grade Roc. Weight % Grade Roc. Weight % Grade Roc.
(um) (g) Weight (ol/.t) (%) (g) Weight (ol1.t) (%) (g) Weight (ol/.t) (%)

2380 19.9 16.58 8lJ1.03 • 98.92 27 3.01 6.42 • 1.08 47 4.62 343.58 • 12.59
2000 23.1 19.2S 37298 • 91.34 167 18.64 4.89 • 8.66 190 18.71 49.62 • 737
1168 23.8 19.83 748.64 • 96.84 246 27.46 236 • 3.16 270 26.56 68.19 • 1438
840 5.8 4.83 143211 • 83.55 242 27.01 6.76 • 16.45 248 24.39 40.12 • 7.77

600 7.4 6.17 234356 • 64.50 98 10.94 97.38 • 35.50 lOS 1037 2S5.08 • 21.01
420 233 19.42 875.28 • 95.98 56 6.2S 15.26 • 4.02 79 7.81 267.95 • 16.61

300 11.7 9.75 132S.37 • 95.02 33 3.68 24.62 • 4.98 45 4.40 365.08 • 12.75

210 27 22S 19.98 • 11.86 9 1.00 44.55 • 88.14 12 1.15 38.88 • 0.36
ISO 03 0.2S 14349.56 • 88.26 5 0.56 114.50 • 11.74 5 0.52 920.26 • 3.81

lOS 0.6 0.50 142S.41 • 8277 4 0.45 44.51 • 17.23 5 0.45 224.63 • 0.81
75 03 0.2S 2228.75 • 90.26 3 033 24.04 • 9.74 3 032 224.41 • 0.58

53 0.4 033 419.73 • 44.27 1 0.11 211.37 • 55.73 1 0.14 270.90 • 0.30

38 0.2 0.17 481.79 • 75.96 1 0.11 30.50 • 24.04 1 0.12 105.72 • 0.10
-38 0.5 0.42 84.22 • 210 4 0.45 490.63 • 97.90 5 0.44 445.47 • 1.57

Total 120.00 100.00 917.60 • 86.05 896 100.00 19.92 • 13.95 1016 100.00 12S.94 • 100.00

JC1EI
JIG + MLS TEST RESULTS



• • •
~TE ~ ~hhU

Size Weight % Grade Roc. Weight % Grade Roc. Weight % Grade Rec.
(um) (g) Weight (oz/st) (%) (g) Weight (o11st) (%) (g) Weight (o11st) (%)

2380 27.6 12.25 5.08 • 51.69 37 250 3.57 • 48.31 64 3.80 4.22 • 0.06

2000 25.3 11.23 109.06 • 69.10 151 10.30 8.16 • 30.90 177 10.42 22.62 • 0.85

1168 18.8 8.34 772.00 • 82.28 245 16:W 12.75 • 17.72 264 15.59 66.82 • 3.76

840 16.6 7.37 1598.72 • 83.19 290 19.77 18.47 • 16.81 307 18.12 103.94 • 6.81

600 9.7 4.31 3022.89 • 82.53 257 17.48 24.18 • 17.47 266 15.73 133.37 • 7.58

420 31.2 13.SS 1216.28 • 88.56 227 15.44 21.62 • 11.44 258 15.23 166.15 • 9.14

300 38.5 17.09 3165.89 • 97.49 146 9.92 21.56 • 2.51 184 10.87 679.12 • 26.68

210 31.3 13.89 2880.45 • 97.93 33 2.21 58.68 • 2.07 64 3.77 1443.03 • 19.65

150 15.9 7.06 5771.27 • 98.32 20 1.38 77.24 • 1.68 36 2.14 2578.21 • 19.92

105 6.2 2.75 1902.82 • 86.25 16 1.09 117.56 • 13.75 22 1.31 616.15 • 2.92

75 1.1 0.49 5085.76 • 73."'9 19 1.27 106.26 • 26.21 20 1.17 382.90 • 1.62

53 15 0.67 1298.91 • 83.51 13 0.85 30.78 • 16.49 14 0.83 166.65 • 0.50

38 0.7 0.31 2538.63 • 91.86 9 0.63 17.12 • 8.14 10 0.58 195.41 • 0.41

·38 0.9 0.40 479.45 • 85.94 7 0.46 1054 • 14.06 8 0.45 66.07 • 0.11

Total 225.30 100.00 1937.77 • 93.16 1468 100.00 21.83 • 6.84 1694 100.00 276.71 • 100.00

DOME MINEJC2W1
JIG + MLS TEST RESULTS

~

co
-1>

TAILS FEED

Size Weight % Grade Roc. Wcight % Grade Roc. Weight % Grade Roc.

lum) (oi Wei.ht 1011sl1 (%) f.i Weipht foz/st) (%) f.i Wei_hl (oz/st) (%)

2380 37.8 10.11 285.75 • 92.84 29 1.81 28.74 • 7.16 67 3.38 174.17 • 2.14

2000 45.8 12.25 137.32 • 36.42 186 11.60 59.02 • 6358 232 11.73 74.49 • 3.18

1168 58.6 15.68 399.87 • 61.11 167 10.42 89.29 • 38.89 226 11.41 169.96 • 7.06

840 435 11.64 902.47 • 80.10 122 7.61 79.94 • 19.90 166 8.37 Z96.13 • 9.03

600 20.6 551 148756 • 80.67 104 6.49 70.59 • 19.33 125 6.30 304.86 • 7.00

420 365 9.76 1052.32 • 71.22 99 6.18 156.78 • 28.78 136 6.85 398.01 • 9.94

300 37.8 10.11 144456 • 80.36 112 6.99 119.16 • 19.64 150 7.58 453.61 • 12.52

210 24.8 6.63 1836.80 • 82.90 146 9.11 6437 • 17.10 171 8.64 321.73 • 10.12

150 39.3 1051 739.60 • 56.28 223 13.91 101.27 • 43.72 262 13.27 196.91 • 952

105 14.6 3.91 113555 • 27.67 253 15.78 171.30 • 72.33 268 13.54 223.91 • 11.04

75 7.4 1.98 1568.38 • 15.93 122 7.61 502.13 • 84.07 129 655 563.11 • 13.42

53 4.6 J.23 2913.02 • SS.77 17 1.06 130.74 • 14.23 22 1.09 723.26 • 2.88

38 1.3 0.35 732358 • 96.30 6 0.37 60.97 • 3.70 7 0.37 1354.31 • 1.82

·38 1.2 0.32 1270.62 • 86.10 17 1.06 14.48 • 13.90 18 0.92 97.30 • 0.33

Total 373.80 100.00 884.66 • 60.92 1603 100.00 132.31 • 39.08 1977 100.00 27458 • 100.00

DOME MINEJC2El
JIG + MLS TEST RESULTS



•DOMEMINES
JC3WI
J/G + KNELSONTEST RESULTS

• •
KATh FEED

Size Weight % Grade Rec. Weight % Grade Rec. Weight % Grade Rec.
(um) Cg) Weight (oz/st) (%) (g) Weight (oz/st) (%) (g) Weight (oz/st) (%)

2380 13.9 6.13 15.08 • 33.05 36 0.48 11.93 • 66.95 50 0.65 12.81 • 0.40

2000 293 12.92 15.28 • 1535 265 358 931 • 84.65 294 3.86 9.90 • 1.84

1168 22.6 9.96 92.05 • 3552 565 7.63 6.69 • 64.48 587 7.70 9.98 • 3.69

840 22.9 10.10 103.24 • 2058 740 10.00 12.33 • 79.42 763 10.01 15.06 • 7.23

600 24.0 1058 142.48 • 47.21 438 5.92 8.74 • 52.79 462 6.05 15.70 • 456

420 243 10.7/ 759.80 • 79.42 674 9.11 7.10 • 2058 698 9.16 33.29 • 14.63

300 20.4 8.99 528.16 • 63.86 927 12.53 658 • 36.14 947 12.43 17.81 • 10.62

210 21.0 926 29051 • 48.96 959 12.97 6.63 • 51.04 980 12.86 12.7/ • 7.84

150 24.5 10.80 732.42 • 79.75 1332 18.01 3.42 • 20.25 1356 17.80 1659 • 14.16

105 13.8 6.08 1241.20 • 89.49 757 10.23 2.66 • 1051 770 10.11 24.85 • 12.05

75 6.9 3.04 2301.36 • 90.24 472 638 3.64 • 9.76 479 6.28 36.77 • 11.08

-75 3.2 1.41 5135.21 • 86.82 233 3.15 10.7/ • 13.18 236 3.10 BO.17 • 11.91

Tolal 226.80 100.00 49050 • 70.02 7395 100.00 6.44 • 29.98 7622 100.00 20.84 • 100.00

JC3E1
JIG + MLS TEST RESULTS

C lAlU; Fl:hU

Size Weight % Grade Rec. Weight % Grade Rec. Weight % Grade Rec.
(um) (g) Weight (oz/st) (%) (g) Weight (oz/st) (%) (g) Weight (oz/st) (%)

2380 21.6 9.06 132 • 4851 34 1.69 0.89 • 51.49 56 2.48 1.06 • 0.05

2000 12.5 5.24 1392.81 • 98.23 96 4.79 3.26 • 1.77 109 4.83 163.35 • 15.18

1168 233 9.77 272.14 • 71.46 254 12.66 9.97 • 28.54 277 12.36 32.00 • 7.60

840 13.2 554 638.62 • 67.46 417 20.79 9.75 • 32.54 430 19.17 29.05 • 10.70

600 12.8 537 499.62 • 87.19 283 14.11 332 • 12.81 296 13.18 24.80 • 6.28

420 29.7 12.46 35550 • 86.81 207 1032 7.75 • 13.19 237 1055 51.38 • 10.41

300 48.4 20.30 232.47 • 84.86 193 9.62 10.40 • 15.14 241 10.76 54.92 • 11.35

210 27.4 11.49 369.70 • 87.95 165 8.23 8.41 • 12.05 192 857 59.86 '. 9.86

150 32.5 13.63 24638 • 7/54 142 7.08 22.43 • 28.46 175 7.77 64.14 • 95S

105 12.3 5.16 514.58 • 67.44 116 5.78 2634 • 32.56 128 5.72 73.15 • 8.04

75 2.1 0.88 682.85 • 22.55 64 3.19 76.96 • 77.45 66 2.95 96.21 • 5.45

53 13 055 146152 • 7658 18 0.90 32.28 • 23.42 19 0.86 128.55 • 2.12

38 0.7 0.29 4427.78 • 92.73 8 0.40 3036 • 7.27 9 0.39 384.18 • 2.86

-38 0.6 0.25 763.84 • 76.08 9 0.45 16.01 • 23.92 10 0.43 62.75 • 0.52

Tolal 238.40 100.00 384.95 • 78.58 2006 100.00 12.47 • 21.42 2244 100.00 52.03 • 100.00

~
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• • •
L TAiLS l'EEU

Size Weight % Grade Rec. Weight % Grade Rec. Weight % Grade Rec.

(um) (g) Weight (oz/st) (%) (g) Weight (oz/SI) (%) (g) Weight (oz/st) (%)

2380 14.8 9.88 575.06 • 98.65 10 2.42 t 1.30 • 135 25 436 343.72 • 4.08

2000 22.5 15.02 165.43 • 5133 41 955 86.71 • 48.67 63 10.97 114.74 • 3.43

1168 28.9 19.29 465.85 , 78.80 90 2t.t0 40.29 • 21.20 119 20.63 143.81 • 8.08

840 19.6 13.0ll 1213.88 • 85.08 103 24.10 40.61 • 14.92 122 21.24 228.64 • 13.23

600 16.9 11.28 683.95 • 89.68 67 15.65 19.94 • 1032 84 1452 154.17 • 6.10

420 22.5 15.02 699.01 • 82.53 49 11.48 68.08 • 17.47 71 12.40 266.90 • 9.02

300 12.0 8.01 1683.89 • 8759 34 7.96 84.44 • 12.41 46 7.97 502.60 • 10.91

210 55 3.67 4299.85 • 93.85 14 3.22 113.14 • 6.15 19 3.33 1312.46 • 11.92

150 3.8 2.54 8350.46 • 97.12 7 1.74 126.95 • 2.88 11 1.94 2917.07 • 15.46

105 1.0 0.67 28760.94 • 96.90 6 1.29 167.02 • 3.10 7 t.t3 4566.08 • 14.04

75 05 0.33 8059.62 • 94.25 2 0.49 116.99 • 5.75 3 0.45 1644.42 • 2.02

53 0.4 0.27 5481.46 • 91.90 1 0.14 322.12 • 8.10 1 0.17 2385.86 • t.t3

38 0.2 0.13 4621.06 • 8758 1 0.16 187.17 • 12.42 1 0.16 1172.48 • 050

·38 1.2 0.80 89.74 • 66.90 3 0.70 17.76 • 33.10 4 0.73 3833 • 0.08

Total 149.80 100.00 125753 • 89.12 426 100.00 53.96 • 10.88 576 100.00 367.02 • 100.00

DOME MINEJC4WI
JIG + MLS 'lEST RESULTS

~

co
(J)

~TE Alrs- 'BiEf)

Size Weight % Grade Rec. Weight % Grade Re<. Weight % Grade Rec.

(um) fol Weiohl (oz/st) f%) fol Wei.hl (oz/st) (%) fol Wei'ht (oz/st) (%)

2380 105 5.84 7830.00 • 99.68 15 053 17.66 • 0.32 26 0.85 323451 • 15.60

2000 6.7 3.73 1551.87 • 78.75 54 1.90 51.97 • 21.25 61 2.01 21753 • 2.50

1168 6.9 3.84 2795.06 • 74.TI 130 459 50.07 • 25.23 137 454 188.42 • 4.88

840 9.0 5.01 1m.97 • 54.97 203 7.16 64.61 • 45.03 212 7.03 137.39 • 551

600 4.0 2.22 4048.92 • 66.15 207 730 40.03 • 33.85 211 7.00 116.03 • 4.'3

420 302 16.80 917.86 • 73.99 311 10.97 3134 • 26.01 341 Il.32 109.81 • 7.09

300 24.7 13.74 1852.72 • 80.29 421 14.85 26.69 • 19.71 446 14.78 127.89 • 10.78

210 31.9 17.74 1309.00 • 8150 415 14.64 22.84 • 1850 447 14.82 114.65 • 9.69

150 142 7.90 374930 • 7428 472 16.65 39.05 • 25.72 486 16.13 147.41 • 1356

lOS 19.7 10.96 1809.14 • 69.18 345 12.17 46.03 • 30.82 365 12.10 141.27 • 9.75

75 12.9 7.17 1883.92 • 7628 165 5.82 45.80 • 23.72 178 5.90 179.09 • 6.03

53 5.4 3.00 486852 • 89.02 56 1.98 57.91 • 10.98 61 2.04 480.99 • 559

38 2.1 t.t7 9053.80 • 9754 21 0.74 22.85 • 2.46 23 O.TI 843.85 • 3.69

·38 1.6 0.89 2027.08 • 85.12 20 0.71 2835 • 14.88 22 0.72 176.40 • 0.72

Total 179.80 100.00 2341.89 • 79.65 2835 100.00 37.96 • 20.35 3015 100.00 17536 • 100.00

DOME MINEJC4E1
JIG + KNELSON 'lEST RESULTS



•DOMEMINES
WILFLEY TABLE TAILS
JIG + MLS TEST WORK

• •
:ENT TAlL:;

Size Weight % Grade Rec. Weight % Grade Rec. Weight % Grade Rec.
(um) (g) Weight (oz/st) (%) (g) Weight (oz/st) (%) (g) Weight (oz/st) (%)

2380 6.9 3.43 1.29 • 1.69 84 4.93 6.19 • 98.31 90 4.77 5.82 • 0.68
2000 16.1 8.01 5.59 • 4.89 264 15.60 6.62 • 95.11 281 14.80 6.56 • 2.39
1168 22.8 11.34 72.69 • 46.96 266 15.67 7.05 • 53.04 288 15.21 12.24 • 4.58
840 25.3 12.58 153.93 • 78.76 146 8.63 7.18 • 21.24 172 9.05 28.82 • 6.41
600 18.5 9.20 16228 • 86.57 64 3.76 7.31 • 13.43 B2 4.34 4219 • 4.50
420 23.5 11.69 168.06 • 84.36 52 3.04 14.19 • 15.64 75 3.96 62.34 • 6.07
300 13.9 6.91 512.24 • 87.65 62 3.66 16.15 • 12.35 76 4.01 106.88 • 10.54
210 21.5 10.69 522.15 • 90.07 102 5.99 12.18 • 9.93 123 6.49 101.25 • 16.16
150 10.4 5.17 1190.35 • 61.78 204 12.05 37.51 • 38.22 215 11.32 93.38 • 25.99
105 23.4 11.64 176.60 • 41.67 239 14.11 24.18 • 58.33 263 13.BS 37.76 • 12.86
75 12.7 6.32 185.68 • 49.50 156 9.18 15.47 • 5050 168 8.87 2832 • 6.18
53 4.2 2.09 132.60 • 36.68 45 2.68 21.18 • 63.32 50 2.62 30.61 • 1.97
38 1.3 0.65 480.92 • 71.87 11 0.65 22.04 • 28.13 12 0.65 70.15 • 1.13

-38 0.6 0.30 550.13 • 78.32 1 0.04 1305 • 21.68 1 0.07 324.18 • 0.55

Total 201.10 100.00 255.25 • 66.57 1695 100.00 15.21 • 33.43 1896 100.00 40.67 • 100.00

DEiSTER TABLE 'l'AILS
JIG + KNELSON TEST WORK

CL TAJL,S - FEED
Size Weight % Grade Rec. Weight % Grade Rec. Weight % Grade Rec.
(um) (g) Weight (oz/st) (%) (g) Weight (oz/st) (%) (g) Weight (oz/st) (%)

2380 7.4 5.30 2.54 • 2.86 214 3.11 2.98 • 97.14 221 3.15 2.97 • 1.27
2000 8.9 6.38 4.44 • 3.25 434 6.30 2.71 • 96.75 443 6.30 2.74 • 2.35

1168 1\.4 8.17 1.66 • 1.17 655 9.51 2.44 • 98.83 666 9.48 2.43 • 3.13
840 11.8 8.45 30.65 • 32.46 836 12.14 0.90 • 67.54 848 12.06 1.31 • 2.15

600 18.2 13.04 65.86 • 39.78 950 13.79 1.91 • 60.22 96B 13.78 3.11 • 5.82

420 14.7 10.53 120.36 • 34.27 766 11.12 4.43 • 65.73 781 11.11 6.61 • 9.98

300 19.1 13.68 151.27 • 37.75 949 13.78 5.02 • 62.25 96B 13.78 7.91 • 14.79

210 18.1 12.97 371.33 • 66.45 780 11.32 4.35 • 33.55 798 11.36 12.67 • 19.55

150 17.4 12.46 470.82 • 81.70 768 11.15 2.39 • 18.30 7BS 11.18 1277 • 19.38

105 8.9 6.38 732.65 • 92.39 349 5.07 154 • 7.61 358 5.09 19.72 • 13.64

75 2.9 2.08 714.06 • 88.31 145 2.11 1.89 • 11.69 148 2.10 15.BS • 4.53

-75 0.8 0.57 1830.19 • 83.00 42 0.61 7.14 • 17.00 43 0.61 41.22 • 3.41

Total 139.60 100.00 223.96 • 60.43 68B8 100.00 2.97 • 39.57 7028 100.00 7.36 • 100.00

~
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APPENDIX 0

Appendix D.1: Mass balance results of the various tests
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D.1: Mass Balance Results of the Various Streams
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Lucien Béliveau Mill, January 4 1991

ResiduaL sum of squares: 11.7888 Final Results

190

Stream
1 Absolute Solids
1 Flowrate

Pulp Mass Flowrate
Meas 1 Calc 1 S.o. : Adjust

•

===================================================:-===============
1 SAGF 67.81 67.0 67.8 2.0 0.8
2 SAGO 114.12 114.1
3 FLee 0.36 0.4 0.4 0.0 0.0
4 eYOF 67.45 67.5
5 eUFl 46.31 55.0 46.3 10.0 -8.7
6 eUF2 56.95 55.0 57.0 10.0 2.0
7 BMIO 56.95 57.0

Relative Sol ids ,
1

Stream Flowrate 1
1

==================================-
1 SAGF
2 SAGD
3 FLee
4 eYOF
5 eUFl
6 eUF2
7 8MIO

100.00
168.29

0.53
99.47
68.29
83.98
83.98

Assay Data

•

Au : Meas. 1 talc. 1 Std. Dev.: Adjust.: X Rec
====0:::=================;::=========:::==============================r.===
SAGD 0.340 0.289 0.034 -0.051*1
FLee 5.390 5.402 0.300 0.012 1
eYOF 0.320 0.347 0.032 0.027 1
tuFl 0.150 0.166 0.030 0.016 1

eUF2 0.300 0.336 0.030 0.036* :
BfliD 0.400 0.336 0.040 -0.064*:
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Fractional Size Distribution Data
.... - .............. -.--.- ........

SAGD " FLCC"Size Meas 1 Cale 1 SO. 1 Adj. " Meas 1 Cale 1 SO. 1 Adj." 1
•••••••=••c;:======:=:==:== ==========:==========::=================

28 MESH 12.80 12.86 0.5 0.1 0.10 1 0.10 0.1 -0.0
35 MESH 5.80 5.52 0.5 -0.3 0.80 0.80 0.4 0.0
48 MESH 6.50 6.44 0.5 -0.1 2.40 2.40 0.5 0.0
65 MESH 10.70 10.S0 0.5 0.1 6.80 6.80 0.5 -0.0

100 MESH 12.60 12.95 0.5 0.4 12.00 12.00 0.5 -0.0
150 MESH 8.20 8.50 0.5 0.3 12.10 12.10 0.5 -0.0
200 MESH 6.00 6.15 0.5 0.2 13.00 13.00 0.5 -0.0
270 MESH 4.10 4.41 0.5 0.3 10.80 10.80 0.5 -0.0
325 MESH 2.50 2.37 0.5 -0.1 7.10 7.10 0.5 0.0
400 MESH 1.60 1.48 0.5 -0.1 5.00 5.00 0.5 0.0

CYOF tUFl
Size Meas 1 Cale 1 SO. 1 Adj. MeaB Cale 1 SO. 1 Adj.1 1 1 1

=================================================-==================
28 MESH 0.00 -0.00 0.1 -0.0 1 16.30 16.28 0.5 -0.0
35 MESH 0.00 0.00 0.1 0.0 1 6.50 6.61 0.5 0.1
48 MESH 0.10 0.10 0.1 0.0 : 9.10 9.12 0.5 0.0
65 MESH 0.60 0.58 0.3 -0.0 : 16.80 16.76 0.5 -0.0

100 MESH 5.50 5.29 0.5 -0.2 18.80 18.66 0.5 -0.1
150 MESH 9.30 9.12 0.5 -0.2 8.80 8.68 0.5 -0.1
200 MESH 9.30 9.21 0.5 -0.1 5.10 5.04 0.5 -0.1
270 MESH 7.20 7.02 0.5 -0.2 2.80 2.67 0.5 -0.1
325 MESH 5.10 5.17 0.5 0.1 1.40 1.45 0.5 0.1
400 MESH 3.70 3.77 0.5 0.1 0.70 0.73 0.4 0.0

• CUF2 SMIO
Size Meas 1 Cale 1 sr. 1 Adj. Meas 1 Cale : SD. 1 Adj.1 1 1 1

._c========:========================================================
28 MESH 14.80 14.77 0.5 -0.0 2.20 2.23 0.5 0.0
35 MESH 7.90 8.04 0.5 0.1 2.50 2.36 0.5 -0.1
48 MESH 10.30 10.33 0.5 0.0 5.00 4.97 0.5 -0.0
65 MESH 17.80 17.75 0.5 -0.1 10.40 10.45 0.5 0.1

100 MESH 19.10 18.92 0.5 -0.2 14.30 14.48 0.5 0.2
150 MESH 8.70 8.55 0.5 -0.2 9.30 9.45 0.5 0.2
200 MESH 4.70 4.62 0.5 -0.1 7.30 7.38 0.5 0.1
270 MESH 2.70 2.54 0.5 -0.2 4.10 4.26 0.5 0.2
325 MESH 0.80 0.84 0.4 0.0 3.50 3.44 0.5 -0.1
400 MESH 0.10 0.10 0.1 0.0 2.30 2.24 0.5 -0.1

•



•
Balancing the first Knelson Test et Lucien Béliveau (Jan 4/91)

192

Residusl sum of squares: 1.416142 Iteration limft

1 Absolute Solids 1 Pulp Mess Flowrate
Stream 1 Flowrate 1 Meas 1 Calc 1 S.O. 1 Adjust 1

=================================================================~====-

1 Feed1 1213.78 1203.0 1213.8 30.0 10.8
2 Feed2 1207.97 1203.0 120B.0 30.0 5.0
3 Feed3 1205.54 1203.0 1205.5 30.0 2.5
4 Feed4 1208.99 1203.0 1209.0 30.0 6.0
5 Tail1 1195.97 1203.0 1196.0 30.0 -7.0
6 Tail2 1200.48 1203.0 1200.5 30.0 ·2.5
7 Tail3 1187.02 1203.0 1187.0 30.0 -16.0
8 Tail4 1205.81 1203.0 1205.8 30.0 2.8
9 Cane 47.00 70.0 47.0 25.0 -23.0

• ReLative Sol ids
Stream Flowrate

===================================
1 Feodl 100.00
2 Feed2 99.52
3 Feed3 99.32
4 Feed4 99.61
5 Taill 98.53
6 Ta;12 98.90
7 Tail3 97.80
8 Tai 14 99.34
9 Cane 3.87

Assay Data
.--_ ......

Au, oz/st 1 Meas. 1 Calc. 1 Std. Dev. 1 Adjust. 1 % Ree 1
1 1 1 1 1 1

=======================================================================
Feodl 5.110 5.115 0.200 0.005 100
Feed2 5.430 5.435 0.200 0.005 106
Feed3 5.1BO 5.185 0.200 0.005 101
Feed4 5.840 5.845 0.200 0.005 114
Tai l1 2.510 2.507 0.150 -0.003 48
Tail2 2.750 2.747 0.150 -0.003 53
Tail3 3.160 3.157 0.150 ·0.003 60
Tail4 3.530 3.527 0.150 ·0.003 69
Cane 252.700 250.897 20.000 ·1.803 190

•



•
LUCIEN BELIVEAU TZ GRINOING CIRCUIT (-ZOM removed)

193

Res;dual sum of squares: '1.63678 F;nal Resut ts

, Absolute SoUcis Pulp Mass Flowrate,
Stream , Flowrate Meas , Cale , S.O. , Adjust, 1 , , , 1••~•••==================c====z===============~======== ===:=============

1 SAGF 70.89 78.0 70.9 B.O -7.1
Z SAGO 143.87 143.9
3 COF 70.89 70.9
4 CUFI n.98 65.0 73.0 10.0 8.0
5 CUFZ 68.87 65.0 68.9 10.0 3.9
6 BIID 68.87 68.9

Relative Solids 1
1Stream 1 Flowrate 1

=aa=====cccc======:================

•

1 SAGF
Z SAGO
3 COF
4 CUFI
5 CUFZ
6 BND

100.00
ZOZ.95
100.00
10Z.95
97.15
97.15

Assay Data

Au oz/t 1 Meas. 1 Cale. 1 Std. Dev. 1 Adjust.: X Ree :
=cc======:=============================================================
SAGO
COF
CUFI
CUFZ
BMD

0.160
0.060
0.300
0.Z40
0.Z50

0.166
0.057
o.zn
0.Z45
0.Z45

0.010
0.010
0.030
O.OZO
O.OZO

0.006
-0.003
-0.OZ8
0.005

-0.005

•

Frsctional Size Distribution Data

SAGO " COF"Size MeaB : Cale : SO. 1 Adj. " Meas , Cale , SO. 1 Adj.1 "
, , ,

=================================================-=============-======-
Z8 MESH 3.6Z 3.77 0.5 O.Z 0.00 -0.00 0.1 '0.0
35 MESH 4.81 4.95 0.5 0.1 0.00 -0.00 0.1 '0.0
48 MESH B.41 8.31 0.5 -0.1 0.00 0.00 0.1 0.0
65 HESH 10.67 10.Z5 0.5 -0.4 0.38 0.4Z O.Z 0.0

100 MESH 13.47 13.59 0.5 0.1 3.43 3.37 0.5 -0.1
150 MESH 10.58 10.Z4 0.5 -0.3 8.55 8.n 0.5 O.Z
ZOO MESH 7.44 7.46 0.5 0.0 Il.17 11.16 0.5 -0.0
Z70 MESH 4.47 4.69 0.5 O.Z 8.34 8.Z3 0.5 -0.1
400 MESH 6.34 6.60 0.5 0.3 lZ.23 lZ.10 0.5 -0.1
500 MESH 4.31 4.30 0.5 -0.0 8.34 8.34 0.5 0.0



• tUF1 Il CUF2
Size 1 Meas 1 Cale 150·1 Adj. Il Measl Cale 150.1 Adj. 1

======================:==:===:==:======= -=======-=c===================
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28 MESH 4.17 1 4.09 0.5 -0.1 4.46 4.39 0.5 '0.1
35 MESH 6.29 1 6.22 0.5 '0.1 5.91 5.84 0.5 '0.1
48 MESH Il.82 1 Il.87 0.5 0.0 Il.65 Il.70 0.5 0.0
65 MESH 16.06 1 16.27 0.5 0.2 14.96 15.16 0.5 0.2

100 MESH 20.71 , 20.65 0.5 '0.1 20.56 20.50 0.5 '0.11
150 HESH 12.83 1 13.00 0.5 0.2 12.56 12.72 0.5 0.21
200 MESH 5.88 1 5.87 0.5 '0.0 7.15 7.14 0.5 -0.0
270 MESH 2.99 1 2.88 0.5 -0.1 3.24 3.13 0.5 '0.1
400 MESH 4.01 , 3.88 0.5 -0.1 4.22 4.10 0.5 '0.11
500 MESH 1.70 1 1.70 0.5 0.0 1 1.97 1.97 0.5 0.01 1

OMO
Size Meas Cale : so. 1 Adj.

========================================-
28 MESH 0.79 0.84 0.4 0.0
35 MESH 2.02 2.09 0.5 0.1
48 MESH 6.95 6.90 0.5 -0.0
65 MESH Il.64 Il.44 0.5 '0.2

100 MESH 17.42 17.48 0.5 0.1
150 MESH 14.26 14.10 0.5 '0.2
200 MESH 9.27 9.28 0.5 0.0
270 MESH 4.74 4.85 0.5 0.1
400 MESH 6.76 6.88 0.5 0.1
500 MESH 3.38 3.38 0.5 -0.0

• Assays of size fractions for SAGD

Au oz/ton 1 Meas. , Calc. 1 Std. Dev. 1 Adjustment 1 XRec ,
1 , 1 1=================================================:============c-======-

28 MESH 0.190 0.528 0.500 0.338
35 MESH 0.450 0.484 0.050 0.034
48 MESH 0.440 0.428 0.050 '0.012
65 MESH 0.190 0.211 0.050 0.021

100 MESH 0.110 0.108 0.050 -0.002
150 MESH 0.110 0.111 0.050 0.001
200 MESH 0.120 0.099 0.050 -0.021
270 MESH 0.110 0.123 0.050 0.013
400 MESH 0.120 0.089 0.050 -0.031
500 MESH 0.120 0.20~ 0.100 0.085

PAN 0.050 0.049 0.010 -0.001

Assays of size fractions for COf

Au oz/ton , Meas. 1 talc. 1 Std. Dev. 1 Adjustment 1 XRec ,, 1 , 1 ,
===e==e=========================================:=====================_

28 MESH 0.000 0.000 0.000 0.000
35 MESH 0.000 0.000 0.000 0.000
48 MESH 0.000 0.000 0.000 0.000
65 MESH 1.950 1.948 0.100 -0.002

100 MESH 0.080 0.080 0.010 0.000
150 MESH 0.020 0.020 0.010 -0.000
200 MESH 0.020 0.021 0.010 0.001
270 MESH 0.070 0.070 0.010 -0.000
400 MESH 0.080 0.081 0.010 0.001
500 MESH 0.130 0.049 0.100 -0.081

PAN 0.040 0.040 0.010 0.000

•



• Assays of size fractions for tUF1

Au oz/ton 1 Mees. 1 Cale. 1 Std. Dey. 1 Adjustment 1 XRec 1
•••••••••••••••••••c ••••••••• •••••===··=••••==••••-===================-
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28 MESH
35 MESH
48 MESH
65 MESH

100 MESH
150 MESH
200 MESH
270 MESH
400 MESH
500 MESH

PAN

0.660
0.600
0.540
0.200
0.100
0.150
0.180
0.200
0.200
1.260
0.410

0.653
0.578
0.548
0.183
0.102
0.149
0.188
0.196
0.209
1.243
0.413

0.100
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.100
0.050

-0.007
-0.022
0.008

-0.017
0.002

-0.001
0.008

-0.004
0.009

-0.017
0.003

Assays of size fractions for CUF2

Au oz/ton 1 Meas. Cale. , Std. Dev. 1 Adjustment 1 XRec 0, 0
aca===_=================-=============================ccc===cccccec===e

28 MESH 0.530 0.522 0.100 -0.008
35 MESH 0.870 0.792 0.100 -0.078
48 MESH 0.370 0.378 0.050 0.008
65 MESH 0.200 0.185 0.050 -0.015

100 MESH 0.110 0.112 0.050 0.002• 150 MESH 0.100 0.099 0.050 -0.001
200 MESH 0.150 0.159 0.050 0.009
270 MESH 0.190 0.186 0.050 -0.004
400 MESH 0.160 0.169 0.050 0.009
500 MESH 0.610 0.605 0.050 -0.005

PAN 0.140 0.143 0.050 0.003

AS8ays of size fractions for BMD

Au oz/ton , Meas. 0 Cale. 0 Std. Dev. 1 Adjustment 1 %Ree 0, , 0 0
==••••==================-=============================================-

28 MESH 1.140 1.141 0.100 0.001
35 MESH 1.530 1.641 0.200 0.111
43 MESH 0.580 0.561 0.100 -0.019
65 MESH 0.190 0.201 0.050 0.011

100 MESH 0.100 0.099 0.050 -0.001
150 MESH 0.080 0.080 O.OID 0.000
200 MESH 0.120 0.108 0.050 -0.012
270 MESH 0.110 0.116 0.050 0.006
400 MESH 0.210 0.194 0.050 -0.016
500 MESH 0.590 0.598 0.050 0.008

PAN 0.320 0.315 0.050 -0.005

•
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LUCIEN BELIVEAU T2 GRINDING CIRCUIT REVISEDC-2OM removed)
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Residual sum of squares: 11.70517 Final ReBut ta

: Absolute Sol Ids 1 Pulp Mess Flowrate
Stream 1 Flowrate : Mees 1 Cale 1 S.O. 1 AdJust

==============================2===========================:===:===:===:
1 SAGF n.44 78.0 n.4 B.O -5.6
2 SAGD 145.52 145.5
3 COF n.44 n.4
4 CUFI 73.0B 65.0 73.1 10.0 B.l
5 CUF2 71.22 65.0 71.2 10.0 6.2
6 BMO 71.22 71.2
7 SBMF 0.00 O.B 0.0 5.0 -O.B
8 FLTL

Stream
1 Relative Solids :
1 Flowrate :

==================================-

•
1 SAGF
2 SAGO
3 COF
4 CUFI
5 CUF2
6 OMO
7 SBMF

100.00
200.08
100.00
100.08
98.31
98.31
0.00

Assay Data

Au oz/t 1 Mess. : Cale. 1 Std. Dey. Adjust. 1 X Rec 1
==c======================::================::=====:=:=====ec==:••ce==:_
SAGO
COF
CUFl
CUF2
BMO
SBMF

0.160
0.060
0.300
0.240
0.250
4.430

0.166
0.057
0.274
0.245
0.245
4.430

0.010
0.010
0.030
0.020
0.020
0.500

0.006
-0.003
-0.026
0.005

-0.005
-0.000

•

Fractional Size Distribution Ueta

SAGO " COF 1"Size Mees 1 Cale 1 SO. 1 Adj. " Mees 1 Celc 1 SIl. 1 Adj. 11 1 1 "c======================================================================
28 MESN 3.62 3.78 0.5 0.2 0.00 -0.00 0.1 -0.0 1
35 MESN 4.81 4.96 0.5 0.1 0.00 -0.00 0.1 -0.0 1
48 MESN 8.41 8.31 0.5 -0.1 0.00 0.00 0.1 0.0 1
65 MESN 10.67 10.23 0.5 -0.4 0.38 0.42 0.2 0.0

1100 MESN 13.47 13.56 0.5 0.1 3.43 3.39 0.5 -0.0
150 ME SN 10.58 10.22 0.5 -0.4 8.55 8.73 0.5 0.2

1200 MESN 7.44 7.46 0.5 0.0 Il.17 Il.16 0.5 -0.0
270 MESN 4.47 4.70 0.5 0.2 8.34 8.23 0.5 -0.1 1

1
400 MESN 6.34 6.60 0.5 0.3 12.23 12.10 0.5 -0.1 1
500 MESN 4.31 4.31 0.5 0.0 8.34 8.34 0.5 -0.0 1

1
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CllFl " CUF2 1

" 1
Sfze Mees 1 Calc 1 SD. : Adj. Il Meas 1 Cale 1 so. 1 Adj. 0

0 1 0•••~.n.=••~=....... ...........=========-.============================-
28 MES» 4.17 4.09 0.5 -0.1 4.46 4.38 0.5 -0.1
35 MES» 6.29 6.22 0.5 -0.1 5.91 5.84 0.5 -0.1
48 MES» 11.82 11.87 0.5 0.1 11.65 11.70 0.5 0.0
65 MES» 16.06 16.28 O.S 0.2 14.96 15.18 0.5 0.2

100 MES» 20.71 20.67 0.5 -0.0 20.56 20.52 0.5 -0.0
ISO MES» 12.83 13.01 0.5 0.2 12.56 12.74 0.5 0.2
200 MES» 5.88 5.87 0.5 -0.0 7.15 7.14 0.5 -0.0
270 MES» 2.99 2.88 0.5 -0.1 3.24 3.13 0.5 -0.1
400 MES» 4.01 3.88 0.5 -0.1 4.22 4.09 0.5 -0.1
500 MESH 1.70 1.70 0.5 -0.0 1.97 1.97 0.5 -0.0

BMO SBMF
5he Meas 1 Calc 1 SD. : Adj. Meas 0 Cale 1 so. 1 Adj.1 0 0 1

•••••••••••:==:==_=:=_=••••••••=: ======a=.=.====-======:==============
28 MES» 0.79 0.84 0.4 0.1 0.00 -0.00 0.1 -0.0
35 MES» 2.02 2.09 0.5 0.1 0.57 0.57 0.3 -0.0
48 MES» 6.95 6.90 0.5 -0.0 1.54 1.54 0.5 0.0
65 MES» 11.64 11.42 0.5 -0.2 4.37 4.37 0.5 0.0

100 MES» 17.42 17.46 0.5 0.0 8.76 8.76 0.5 -0.0
150 MES» 14.26 14.08 0'.5 -0.2 12.76 12.76 0.5 0.0
200 ME~» 9.27 9.28 0.5 0.0 12.12 12.12 0.5 0.0
270 MESN 4.74 4.85 0.5 0.1 12.92 12.92 0.5 -0.0
400 MESN 6.76 6.89 0.5 0.1 8.63 B.68 0.5 -0.0
500 MES» 3.38 3.38 0.5 0.0 9.85 9.85 0.5 0.0

• Assays of size fractions for SAGe

AlJ oz/ton 1 Meas. 1 CaLe. 1 Std. Oev. 1 Adjustment : XRec 1
1 1 1 1

===========-======================================~===================-

28 MES» 0.190 0.526 0.500 0.336
35 MES» 0.450 0.483 0.050 0.033
48 MES» 0.440 0.427 0.050 -0.013
65 MES» 0.190 0.211 0.050 0.021

100 MESN 0.110 0.10B 0.050 -0.002
150 MESN 0.110 0.111 0.050 0.001
200 MESN 0.120 0.099 0.050 -0.021
270 MES» 0.110 0.123 0.050 0.013
400 MES» 0.120 0.088 0.050 -0.032
500 MES» 0.120 0.202 0.100 0.082

PAN 0.050 0.049 0.010 -0.001

Asaays of size fractions for caF

Au oz/ton 0 Meas. 0 CaLc. t Std. Oev. : Adjustment 1 XRec 0
0 0 1 0

==================:=======:================:=======:==================-
28 MES» 0.000 0.000 0.000 0.000
35 MESN 0.000 0.000 0.000 0.000
48 MES» 0.000 0.000 0.000 0.000
65 MES» 1.950 1.948 0.100 -0.002

100 MES» 0.080 0.080 0.010 0.000
150 MES» 0.020 0.020 0.010 -0.000
200 MES» 0.020 0.021 0.010 0.001
270 MES» 0.070 0.070 0.010 -0.000
400 MES» 0.080 0.081 0.010 0.001
500 MES» 0.130 0.051 0.100 -0.079

PAN 0.040 0.041 0.010 0.001

•



•
Assays of size fractions for OUF'

Au oz/ton 1 Mess. Cale. 1 Std. Dev. 1 Adjus'men' 1 XIIec
,

1 1========================-=====.=======================ccc:==ccccecc==::
28 MESH 0.660 0.653 1 0.100 -0.0071
35 MESH 0.600 0.579 1 0.050 -0.021,
48 MESH 0.540 0.549 1 0.050 0.0091
65 MESH 0.200 0.183 1 0.050 -0.0171

100 MESH 0.100 0.102 1 0.050 0.0021
150 MESH 0.150 0.14Ç 1 0.050 -0.001•200 MESH 0.180 0.188 1 0.050 0.008
270 MESH 0.200 0.196 1 0.050 -0.0041
400 MESH 0.200 0.209 1 0.050 0.009
500 MESH 1.260 1.244 1 0.100 -0.016

PAN 0.410 0.416 1 0.050 0.0061

Assays of size fractions for CUF2

Au oz/ton 1 Mess. 1 Calc. 1 Std. Dev. : Adjustment 1 %Rec 11 1 1 1ccc=cc================================================ccc:ccccccccc::::
28 MESH 0.530 0.522 0.100 -0.008
35 MESH 0.870 0.793 0.100 -o.on
48 MESH 0.370 0.379 0_050 0.009
65 MESH 0.200 0.185 0.050 -0.015

100 MESH 0.110 0.111 0.050 0.001

• 150 MESH 0.100 0.099 0.050 -0.001
200 MESH 0.150 0.160 0.050 0.010
270 MESH 0.190 0.186 0.050 -0.004
400 MESH 0.160 0.170 0.050 0.010
500 MESH 0.610 0.605 0.050 -0.005

PAN 0.140 0.145 0.050 0.005

Assays of size fractions for BHD

Au oz/ton 1 Mess. 1 Calc. ,
Std. Dev. 1 Adjustment 1 XRec 11 , 1

========================-=============================c=====ec=c=ce=ce-
28 MESH 1.140 1.141 0.100 0.001
35 MESH 1.530 1_640 0.200 0.110
48 MESH 0.580 0.560 0.100 -0.020
65 MESH 0.190 0.201 0.050 0.011

100 MESH 0.100 0.099 0.050 -0.001
150 MESH 0.080 0.080 0.010 0.000
200 MESH 0.120 0.107 0.050 -0.013
270 MESH 0.110 0.116 0.050 0.006
400 MESH 0.210 0.194 0.050 -0.016
500 MESH 0.590 0.598 0.050 0.008

PAN 0.320 0.311 0.050 -0.009

•
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• "ssays of size fractions for SBMF

Au oz/ton: Meas. Cale. 1 Std. De..,.. 1 Adjustment : XRec 1
•••••••••:.=••••__=_=... cc=c•••ccc====:===============================

199

•

•

28 MESH
35 MESH
48 MESH
65 MESH

100 MESH
ISO MESH
200 MESH
270 MESH
400 MESH
500 MESH

PAN

0.000
22.540
13.220
8.160
6.360
3.270
5.290
4.nO
5.060
4.430
2.240

0.000
22.539
13.220
8.160
6.360
3.270
5.290

.4.nO
5.060
4.430
2.240

0.000
5.000
5.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
0.500

0.000
'0.001
0.000

'0.000
0.000

-0.000
0.000

'0.000
0.000

'0.000
0.000



•
LUCIEN BELIVEAU T2 SPIRAL CIRCUIT (4:1 silies)

200

Residual sum of squares: 13.08757 Final Results

1 Absolute Solids Pulp Mass Flowrate
Stream : Flowrate 1 Meas 1 Calc 1 s.o. 1 Adjust

======================================================c==e:===:::====:=
1 TNKUF
2 SPCl
3 SPC2
4 SPTLS

Stream

563.89
2.96
1.66

559.27

ReLative Solids
Flowrate

570.0
2.8
1.6

563.9
3.0
1.7

559.3

30.0
0.4
0.2

-6.1
0.1
0.0

==============~====================

Au oz/t 1 Meas. : Cale. 1 Std. Dev. 1 Adjust.: X Rec 1
=cc=c======================================:========:=ccc:cccccccccc:::

Assay Data

•

1 TNKUF
2 SPCl
3 SPC2
4 SPTLS

THKUF
SPCl
SPC2
SPTLS

1.530
91.980
53.110
0.790

100.00
0.52
0.29

99.18

1.468
94.629
53.568
0.820

0.100
9.000
5.000
0.070

-0.062
2.649
0.458
0.030

100
34
11
55

Fractional Size Distribution Data

TNKUF " SPCl 1"Size Meas 1 Cale 1 SO. 1 Adj. " Meas 1 CaLc 1 SO. 1 Adj. 1
1 1 1 1 " 1 1 1

ccc=c=cc===============:==============================c=e====c=e=e===e-
28 MESN 0.07 0.03 0.1 -0.0 0.01 0.01 0.1 0.0
35 MESN 0.42 0.22 0.2 -0.2 0.14 0.14 0.1 0.0
48 MESN 3.67 3.49 0.5 -0.2 3.08 3.08 0.5 0.0
65 MESN 16.60 17.12 1.0 0.5 17.48 17.48 0.5 -0.0

100 MESN 29.67 29.97 0.5 0.3 29.82 29.82 0.5 -0.0
150 MESN 17.72 17.53 0.5 -0.2 18.09 18.09 0.5 0.0
200 MESK 13.37 12.96 0.5 -0.4 16.02 16.02 0.5 0.0
270 MESN 6.96 6.62 0.5 -0.3 7.64 7.64 0.5 0.0
400 MESN 4.76 4.52 0.5 -0.2 6.04 6.04 0.5 0.0
500 MESN 1.56 1.49 0.5 -0.1 0.91 0.91 0.5 0.0

SPC2 SPTLS
Size Mees 1 Cale 1 SO. 1 Adj. 1 MesB 1 Cale 1 so. 1 Adj.1 1 " 1 1

=================================================-=============:=:====
28 MESN 0.09 0.09 0.1 0.0 : 1 0.01 0.03 0.1 0.0
35 MESN 0.46 0.46 0.3 0.0 " 0.17 0.22 0.1 0.1

"48 MESK 3.13 3.13 0.5 0.0 " 3.31 3.49 0.5 0.2"65 MESN 15.73 15.73 0.5 -0.0 " 17.63 17.12 1.0 -0.5
"100 MESN 27.91 27.91 0.5 -0.0 Il 30.28 29.98 0.5 -0.3

150 MESN 17.27 17.27 0.5 0.0 " 17.33 17.52 0.5 0.2
"200 MESN 15.48 15.48 0.5 0.0 " 12.52 12.93 0.5 0.4
"270 ME SN 9.07 9.07 0.5 0.0 " 6.28 6.61 0.5 0.3
"• 400 MESK 8.42 8.42 0.5 0.0 " 4.26 4.50 0.5 0.2
"500 MESN 1.46 1.46 0.5 0.0 " 1.43 1.50 0.5 0.1
"
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Assays of size froctions for THKUF

Au oz/ton 1 Mees. 1 Cale. 1 Std. Dev. 1 Adjustment 1 %Rec 11 1 1••••••••••~.=••=.====•••=.=.==.=====•••••=====.======.c_a=:==ccccc=====
28 MESK 6.490 1.020 8.000 -5.470 100
35 MESK 7.460 5.735 1.000 -1.725" 100
48 MESK 5.120 2.446 3.000 -2.674 100
65 MESK 1.110 0.948 0.500 -0.162 100

100 MESK 0.690 0.702 0.100 0.012 100
150 MESK 1.050 1.104 0.200 0.054 100
200 MESK 1.430 1.404 0.100 -0.026 100
270 MESK 2.200 2.334 0.500 0.134 100
400 MESK 3.710 3.917 0.500 0.207 100
500 MESK 5.540 6.114 0.800 0.574 100

PAN 2.310 2.183 0.500 -0.127 25

Assays of size fractions for SPC1

Au oz/ton 1 Mees. Calc. 1 Std. Dev. 1 Adjustment 1 %Rec :1
========================-============-=========================-======-

28 MESK 125.760 125.824 20.000 0.064 23
35 MESH 402.nO 405.032 20.000 2.262 23
48 MESH 259.160 259.711 20.000 0.551 49
65 MESH 100.460 100.808 10.000 0.348 57

100 MESH 66.480 65.827 10.000 -0.653 49
150 MESH 84.220 83.489 10.000 -0.731 41

• 200 MESH 75.000 76.671 10.000 1.671 35
270 MESK 94.280 93.956 10.000 -0.324 24
400 MESK 121.940 119.622 20.000 -2.318 21
500 MESK 322.330 321.183 20.000 -1.147 17

PAN 163.130 163.164 10.000 0.034 6

Assays of size fractions for SPC2

Au oz/ton 1 Meas. 1 Cale. 1 Std. Dev. 1 Adjustrnent 1 %Rec :1 1 1••••••••==••=====•••==••==•••==••r.========.===========c=c==c===c===c===
28 MESK 78.040 78.120 10.000 0.080 71
35 MESK 523.300 527.463 20.000 4.163 55
48 MESK 356.270 356.584 20.000 0.314 38
65 MESK 80.220 80.396 10.000 0.176 23

100 MESK 34.430 34.344 5.000 -0.086 13
150 MESK 41.410 41.312 5.000 -0.098 11
200 MESK 22.400 22.626 5.000 0.226 6
270 MESK 21.060 21.006 5.000 -0.054 4
400 MESK 28.970 28.857 5.000 -0.113 4
500 MESK 85.760 85.502 10.000 -0.258 4

PAN 106.630 106.654 10.000 0.024 3

Assays of eize fractions for SPTLS

Au oz/ton 1 Mess. 1 Cale. 1 Std. Oev. : A.djustment : XAec 11 1 1
••c.a•••a._ =========================-=========================-======-

28 MESH 0.060 0.060 0.010 0.000 6
35 MESK 1.220 1.237 0.100 0.017 21
48 MESK 0.300 0.303 0.100 0.003 12
65 MESK 0.190 0.192 0.050 0.002 20

100 MESK 0.270 0.267 0.050 -0.003 38
150 MESK 0.590 0.536 0.200 -0.054 48
200 MESK 0.810 0.835 0.100 0.025 59
270 MESK 1.830 1.698 0.500 -0.132 72• 400 MESK 3.160 2.956 0.500 -0.204 75
500 MESK 5.440 4.870 0.800 -0.570 79

PAN 1.900 2.027 0.500 0.127 23



•
LUCIEN BELIVEAU T3 SPIRAL CIRCUIT (4:1 sil;c.)
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Residual sum of squares: 9.527356 Final Resulta

1 Absolute SoUcis Pulp Mass Flowrate
Stream 1 Flowrate 1 Meas 1 Cale 1 S.D~ 1 Adjust

==========================================~==c==c===u=c===c:c==e_==cce=

1 THKUF
2 SPCI
3 SPC2
4 SPTLS

Stream

900.00
2.10
1.70

B96.20

Relative Sol ;cfs
Flowrate

900.0
2.1
1.7

900.0
2.1
1.7

896.2

50.0
0.3
0.2

0.0
0.0
0.0

===================================

Au oz/t 1 Meas. 1 Calc. : Std. Dev. 1 Adjust. 1 X Ree 1
=======================:==============:========:======ccc:cc:zcccecce::

Assay Data

•

1 THKUF
2 SPCl
3 SPC2
4 SPTLS

THKUF
SPCI
SPC2
SPTLS

0.950
59.830
20.270
0.700

100.00
0.23
0.19

99.58

0.913
60.048
20.298
0.737

0.100
5.000
2.000
0.100

-0.037
0.218
0.028
0.037

100
15
4

80

Fractional Size Distribution Data

THKUF " SPCI
"Size Meas , Cale , SO. , Adj. " Meas , Cale , SO. ,

Adj., , , ,
"

, , , ,
========================================--===============-=====-======-

35 MESH 0.32 0.26 0.2 -0.1 0.23 0.23 0.2 0.0
48 MESH 2.23 2.26 0.5 0.0 2.52 2.52 0.5 -0.0
65 MESH 20.46 20.40 0.5 -0.1 12.89 12.89 0.5 0.0

100 MESH 24.65 24.78 0.5 0.1 27.00 27.00 0.5 -0.0
150 MESH 17.69 17.54 0.5 -0.2 18.33 18.33 0.5 0.0
200 MESH 12.88 12.82 0.5 -0.1 16.54 16.54 0.5 0.0
270 MESH 8.61 8.59 0.5 -0.0 10.98 10.98 0.5 0.0
400 MESH 4.07 3.98 0.5 -0.1 8.16 8.16 0.5 0.0
500 MESH 3.00 2.97 0.5 -0.0 1.80 1.80 0.5 0.0

SPC2 , SPTLS,
Sile Meas 1 Cale : so. 1 Adj.

, Meas , Cale , so. 1 Adj., , , ,
===================-==================================================-

35 MESK 0.52 0.52 0.3 0.0 0.22 0.26 C.l 0.0
48 MESH 3.38 3.38 0.5 -0.0 2.28 2.25 0.5 -0.0
65 MESH 14.34 14.34 0.5 0.0 20.37 20.43 0.5 0.1

100 MESH 28.61 28.61 0.5 -0.0 24.90 24.77 0.5 -0.1
150 MESH 18.41 18.41 0.5 0.0 17.38 17.53 0.5 0.2
200 MESK 14.52 14.52 0.5 0.0 12.75 12.81 0.5 0.1
270 MESH 9.11 9.11 0.5 0.0 8.56 8.58 0.5 0.0
400 MESH 7.09 7.09 0.5 0.0 3.87 3.96 0.5 0.1
500 MESH 1.83 1.83 0.5 0.0 2.95 2.98 0.5 0.0

•
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Assays of size fractions for THKUF

Au oz/ton 1 MeBB. Cale. 1 Std. Dev. 1 Adjustment 1 XRec 1
1 1••••=•••••••••z••s...... ••••••••====••==•••=======c==================-

35 MESH 2.070 1.190 1.000 -0.880 100
48 MESH 2.980 1.228 2.000 -1.752 100
65 MESH 0.500 0.415 0.100 -0.085 100

100 MESH 0.590 0.500 0.100 -0.090 100
150 MESH 0.640 0.679 0.100 0.039 100
200 MESH 0.990 1.096 0.500 0.106 100
270 MESH 1.110 1.198 0.500 0.088 100
400 MESH 1.920 2.363 0.500 0.443 100
500 MESH 2.860 3.062 0.500 0.202 100

PAN 2.160 1.706 0.500 -0.454 46

Assays of size fractions for SPC1

Au oz/ton 1 Mees. 1 CBlc. 1 Std. Oev. : Adjustment : XRec 1
1 1 1 1

-=======================-=============================================-
35 MESH 232.720 233.455 20.000 0.735 41
48 MESH 226.540 226.996 20.000 0.456 48
65 MESH 88.180 89.432 10.000 1.252 32

100 MESH 51.300 51.869 5.000 0.569 26
150 MESH 54.520 54.282 5.000 -0.238 19
200 MESH 37.490 37.458 5.000 -0.032 10
270 MESH 10.260 10.259 1.000 '0.001 3
400 MESH 92.260 91.412 10.000 -0.848 19

• 500 MESH 127.150 127.036 10.000 -0.114 6
PAN 80.300 80.403 10.000 0.103 3

Assays of size fractions for SPC2

Au oz/ton 1 Mees. 1 Cale. 1 Std. Dev. 1 Adjustment 1 %Rec 1
1 1 1 1

========================-=============================================-
35 MESH 79.760 80.096 10.000 0.336 26
48 MESH 89.830 89.954 10.000 0.124 21
65 MESH 29.300 29.582 5.000 0.282 9

100 MESH 14.200 14.278 2.000 0.078 6
150 MESH 13.980 13.949 2.000 -0.031 4
200 MESH 11.520 11.516 2.000 -0.004 2
270 MESH 10.060 10.059 1.000 -0.001 2
400 MESH 20.780 20.631 5.000 -0.149 3
500 MESH 52.560 52.537 5.000 -0.023 2

PAN 43.990 44.019 5.000 0.029 1

Assays of size fractions for SPTLS

Au oz/ton 1 Mees. 1 Cale. 1 Std. Oev. 1 Adjustment 1 %Rec 11 1 1
••a_e_ccccc===========:======:==:=======:========:====================_

35 MESH 0.390 0.399 0.100 0.009 33
48 MESH 0.380 0.384 0.100 0.004 31
65 MESH 0.160 0.245 0.100 0.085 59

100 MESH 0.250 0.339 0.100 0.089 67
150 MESH 0.560 0.521 0.100 -0.039 76
200 MESH 1.070 0.964 0.500 -0.106 87
270 MESH 1.240 1.153 0.500 -0.087 96
400 MESH 2.310 1.871 0.500 -0.439 79
500 MESH 3.030 2.829 0.500 -0.201 92

PAN 1.180 1.634 0.500 0.454 44

•



•
LUCIEN BELIVEAU T4 SPIRAL CIRCUIT <celc. wlthout silice)
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Residuel sum of squares: 6.051812 Final Resulta

1 Absolute Solids Pulp Masa Flowrate
Stream 1 Flowrate 1 Meas 1 Cale 1 5.0. 1 Adjust 1

c==e=======================:==:=========:====::=====:=cccee::====::==_.
1 THKUF
2 SPCl
3 SPC2
4 SPTLS

Stream

667.00
2.91
1.53

662.56

Relative Solida
Flowrate

667.0
2.9
1.5

667.0
2.9
1.5

662.6

50.0
0.3
0.2

0.0 1
0.0 1
0.0 1

cccec==============================

Au oz/t 1 Meas. 1 CaLe. : Std. Dev. 1 Adjust. 1 X Ree 1
=======================================================ccee=======:====

Assay Deta

•

1 THKUF
2 SPCl
3 SPC2
4 SPTLS

THKUF
SPCl
SPC2
SPTLS

5.360
196.410
90.990
5.060

100.00
0.44
0.23

99.33

5.n7
195.770
90.906
4.696

1.000
20.000
10.000
1.000

0.367
-0.640
-0.084
-0.364

100
15
4

81

Fractional Size Distribution Data

T1IKUF " SPCl"Size Meas 1 Celc , so. 1 Adj. " Meas , Cale , SO. 1 Adj.1 1 , 1 "
, , 1 ,

cccec=================================================================-
35 MESH 0.41 0.41 0.2 -0.0 " 0.41 0.41 0.2 0.0
48 MESH 1.23 1.23 0.5 0.0 1.23 1.23 0.5 0.0
65 MESH 3.91 3.91 0.5 0.0 3.91 3.91 0.5 0.0

100 MESH 8.75 8.75 0.5 0.0 8.75 8.75 0.5 0.0
150 MESH 13.51 13.51 0.5 0.0 13.51 13.51 0.5 0.0
200 MESH 12.78 12.78 0.5 0.0 12.78 12.78 0.5 0.0
270 MESH 14.48 14.48 0.5 -0.0 14.48 14.48 0.5 0.0
400 MESH 9.31 9.31 0.5 0.0 9.31 9.31 0.5 0.0
500 MESH 9.95 9.95 0.5 0.0 9.95 9.95 0.5 0.0

SPC2 SPTLS
Size Meas 1 Cale , so. 1 Adj. Meaa , Cale , so. 1 Adj.1 , 1 , 1 , 1

===========================-======================ca:z=c.acac•••cc.a::
35 MESH 0.41 0.41 0.2 0.0 0.41 0.41 0.2 0.0
48 MESH 1.23 1.23 0.5 0.0 1.23 1.23 0.5 0.0
65 MESH 3.91 3.91 0.5 0.0 3.91 3.91 0.5 -0.0

100 MESH 8.75 8.75 0.5 0.0 8.75 8.75 0.5 0.0
150 MESH 13.51 13.51 0.5 0.0 13.51 13.51 0.5 0.0
200 MESH 12.78 12.78 0.5 0.0 12.78 12.78 0.5 0.0
270 MESH 14.48 14.48 0.5 0.0 14.48 14.48 0.5 0.0
400 MESH 9.31 9.31 0.5 0.0 9.31 9.31 0.5 0.0
500 MESH 9.95 9.95 0.5 0.0 9.95 9.95 0.5 0.0

•
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AS6BYS of size fractions for THKUF

Au oz/ton 1 Meas. 1 Cale. 1 Std. Oev. 1 Adjustment 1 XRec 1
1 1 1 1 1

.c.a._cccaa:aaaa=====:=======================================:=========
35 MESH 132.660 46.543 100.000 -86.118 100
48 MESH 24.420 19.819 5.000 -4.601 100
65 MESH 16.850 12.615 5.000 -4.235 100

100 MESH 6.670 6.614 1.000 -0.056 100
150 MESH 3.080 3.663 1.000 0.583 100
200 MESH 3.970 3.964 1.000 -0.006 100
270 MESH 3.860 4.061 1.000 0.201 100
400 MESH 5.000 5.340 1.000 0.340 100
500 MESH 4.saO 5.489 1.000 0.609 100

PAN 3.280 5.109 2.000 1.829 39

Assays of size fractions for SPC1

Au oz/ton 1 Meas. 1 Cale. 1 Std. Dev. 1 Adjustment : x'/iec 11 1 1
••••••••••••aaaa=======__==_••••=====•••=========.====================-

35 MESH 1179.550 1179.926 100.000 0.376 Il
48 MESH 2482.470 2490.499 100.000 8.029 55
65 MESH 1061.210 1068.601 100.000 7.391 37

100 MESH 323.710 324.325 50.000 0.615 21
150 MESH 145.050 144.033 20.000 -1.017 17
200 MESH 113.260 113.262 10.000 0.002 12
270 MESH 112.340 112.252 10.000 -O.osa 12
400 MESH 143.010 142.862 10.000 -0.148 12

• 500 MESH 131.160 130.894 10.000 -0.266 10
PAN 56.570 56.520 5.000 -0.050 2

Assays of size fractions for SPC2

Au oz/ton 1 Meas. 1 Cale. 1 Std. Oev. 1 Adjustment 1 %Rec 11 1 1
aaa••••a=====•••=========:aa===========================================

35 MESH 1397.090 1397.287 100.000 0.198 7
48 MESH 1338.520 1342.742 100.000 4.222 16
65 MESH 357.480 358.452 50.000 0.971 7

100 MESH 128.730 128.782 20.000 0.052 4
150 MESH 66.860 66.n6 10.000 -0.134 4
200 MESH 46.670 46.670 5.000 0.000 3
270 MESH 58.490 58.478 5.000 -0.012 3
400 MESH 54.380 54.361 5.000 -0.019 2
500 MESH 58.820 58.785 5.000 -0.035 2

PAN 35.740 35.714 5.000 -0.026 1

Assays of size fractions for SPTLS

Au oz/ton 1 Meas. 1 Calc. 1 Std. Oev. 1 Adjustment 1 %Rec :1 1 1..............................=--===--_...==-===•••============-======-
35 MESH 37.590 38.445 10.000 0.855 82
48 MESH 5.730 5.913 1.000 0.183 30
65 MESH 7.010 7.178 1.000 0.168 57

100 MESH 4.saO 4.936 1.000 0.056 74
150 MESH 3.480 2.901 1.000 -0.579 79
200 MESH 3.380 3.386 1.000 0.006 85
270 MESH 3.660 3.460 1.000 -0.200 85
400 MESH 4.960 4.623 1.000 -0.337 86
500 MESH 5.420 4.815 1.000 -0.605 87

PAN 6.630 4.813 2.000 -1.817 36

•
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LUCIEN BELl VEAU T5 SPIRAL CIRCUIT (4:1 25M silles)
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Residual sum of squares: 11.23437 Final Results

1 Absolute Solids 1 Pulp Ma8S Flowrate
Strel\ln 1 Flowrate 1 Meas 1 CaLe 1 s.o. 1 Adjust 1

=c=======~==;=======a======c=====================.====ccc===•••••e.=••=
1 THKUF 830.00
2 SPCl 3.00
3 SPC2 1.68
4 SPTLS 825.32

Relative Solids
Stream Flowrate

830.0 1 830.0
3.0 1 3.0 1

1.
7

1 B2U 1

50.0 1

0.4 1

0.2 1

0.0 l'
0.0
0.0 1

===================================

Au oz/t : Meas. 1 Cale. 1 Std. Dev. 1 Adjust. 1 X Ree 1
========c=======================================:==:===========c===:=:=•

1 THKUF
2 SPCl
3 SPC2
4 SPTLS

THKUF
SPCI
SPC2
SPTLS

1.080
28.370
16.610
0.990

100.00
0.36
0.20

99.44

Assay Data

1.100
28.189
16.594
0.970

0.100
5.000
2.000
0.100

0.020
-0.181
-0.016
-0.020

100
9
3

88

FractionsL Size Distribution Data

THKUF " SPCl 1"Size Heas , Csle 1 SO. 1 Adj. " Meas , CaLe , SO. 1 AdJ. ,, , " , , ,
=========================================-=======-===========:=c__=c=._

28 MESH 43.00 42.44 1.0 -0.6 46.18 46.18 0.5 0.0
35 MESH 35.50 35.78 0.5 0.3 30.02 30.02 0.5 -0.0
48 MESH 2.62 2.73 0.5 0.1 2.37 2.37 0.5 -0.0
65 MESH 1.29 1.40 0.5 0.1 0.62 0.62 0.3 -0.0

100 MESH 2.11 2.16 0.5 0.1 0.64 0.64 0.3 -0.0
150 MESH 0.87 0.79 0.4 -0.1 0.46 0.46 0.3 0.0
200 l'iESH '•• 21 4.06 0.5 -0.1 6.51 6.51 0.5 0.0
270 MESH 2.84 2.81 0.5 -0.0 7.41 7.41 0.5 0.0
400 MESH 2.08 2.02 0.5 -0.1 3.76 3.76 0.5 0.0
500 MESH 2.03 1.94 0.5 -0.1 1.71 1.71 0.5 0.0

SPC2 SPTLS 1
Size Meas 1 Cale , 50. , Adj. Meas , Cale , 50. , Adj. ,, , , , , , ,

===================-==============================================m====
28 MESH 44.53 44.53 0.5 0.0 41.86 42.42 1.0 0.6
35 MESH 31.55 31.55 0.5 -0.0 36.08 35.81 0.5 -0.3
48 MESH 3.30 3.30 0.5 -0.0 2.83 2.73 0.5 -0.1
65 MESH 1.54 1.54 0.5 -0.0 1.51 1.40 0.5 -0.1

100 MESH 0.71 0.71 0.4 -0.0 2.22 2.17 0.5 -0.1
150 MESH 0.31 0.31 0.2 0.0 0.74 0.80 0.4 0.1
200 MESH 3.81 3.81 0.5 0.0 3.91 4.06 0.5 0.1
270 MESH 6.23 6.23 0.5 0.0 2.76 2.79 0.5 0.0
400 MESH 4.70 4.70 0.5 0.0 1.94 2.00 0.5 0.1• 500 MESH 2.62 2.62 0.5 0.0 1.85 1.94 0.5 0.1
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Assay. of size fractions for THIaJF

Au oz/ton ,
Meus.

, Calc. 1 Std. Dey. ,
Adjustment 1 :'(Rec 1, 1 ,

•••g •••••••••••••a...... ac••••acaaaa••••••••=•••••••••==_=:======:=::=
28 MESK O.OBO 0.011 0.070 -0.069 100
35 MESK 0.D6D 0.D64 0.010 0.004 100
48 MESH 3.500 2.717 0.800 -0.783 100
65 MESK 10.260 10.254 0.100 -0.006 100

100 MESK 6.510 7.174 1.000 0.664 100
150 MESK 3.880 4.574 0.700 0.694 100
200 MESK 4.200 4.555 0.500 0.355 100
270 MESK 3.860 4.066 0.500 0.206 100
400 MESK 4.560 4.785 0.500 0.225 100
500 MESH 6.200 6.900 1.000 0.700 100

PAN 3.480 3.405 0.500 -0.075 50

Assays of size fractions for SPC1

Au ozlton ,
Meas.

, Cale. 1 Std. Dev. 1 Adjustment 1 XRec ,, , 1 ,
••••~a=a.a=.= ••==.======aa=a===============.====c=====ccc=ccccccc======

28 MESK 0.200 0.200 0.050 0.000 7
35 MESK 1.400 1.370 0.500 -0.030 6
48 MESK 113.470 115.008 20.000 1.538 13
65 MESK 794.370 795.250 30.000 0.880 12

100 MESH 900.210 899.570 30.000 -0.640 13
150 MESK 252.420 251.234 20.000 -1.186 11
200 MESK 87.570 86.747 10.000 -0.823 11

• 270 MESK 51.990 51.794 5.000 -0.196 12
400 MESK 62.600 61.993 10.000 -0.607 9
500 MESK 71.890 71.667 10.000 -0.223 3

PAN 62.040 62.049 10.000 0.009 3

ASBaya of size fractions for SPC2

Au oz/ton 1 Me88. , Cele. 1 Std. Dev. 1 Adjustment : %Ree 1,
.ac.a.ccacca=a_=__===_:======_========================================-

28 MESK 0.140 0.140 0.010 0.000 3
35 MESK 2.240 2.222 0.500 -0.018 6
48 MESK 52.580 52.880 10.000 0.300 5
65 MESK 158.530 159.074 20.000 0.544 3

100 MESK 338.550 338.373 20.000 -0.177 3
150 MESK 162.090 161.643 20.000 -0.447 3
200 MESK 119.090 118.820 10.000 -0.270 5
270 MESK 23.380 23.288 5.000 -0.092 3
400 MESK 27.310 27.204 5.000 -0.106 3
500 MESK 38.720 38.672 5.000 -0.048 2

PAN 65.610 65.621 10.000 0.011 3

Assay& of size fractions for SPTLS

Au oz/ton , Meas. Cale. 1 Std. Dey. , Adjustment 1 %Ree ,, , ,
._a•••c.... acce=a=caccc-ac==a=_===_==================================_

28 MESK 0.010 0.010 D.OOl O.OOD 90
35 MESK D.06D 0.056 O.OID -0.004 87
48 ~ESK 1.460 2.239 0.800 0.779 82
65 MESK 7.290 8.659 1.500 1.369 84

100 MESK 6.660 5.997 1.000 -D.663 83
150 MESK 4.440 3.932 0.600 -0.5D8 86
200 MESK 4.210 3.857 0.500 -0.353 84
270 MESK 3.720 3.517 0.5DD -0.2D3 85
4DO MESK 4.51D 4.288 0.500 -0.222 89

• 5DO MESK 7.30D 6.605 ' I.DOO -D.695 95
PAN 3.290 3.365 0.500 D.075 49
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LUCIEN BELIVEAU T7 GRAVITY CIRCUIT (4:1 SILICA)

208

Residual sum of squares: 13.19656 Final Results

1 Absolute Solids 1 Pulp Ma88 Flowrate
Stream 1 Flowrate 1 Maas 1 Cale 1 s.o. 1 Adjust 1

===========================================ca====••c=cccc:ccccccc=cee=.
1 SBMa 1105.54 1105.5
2 THKUF 743.41 740.0 743.4 50.0 3.4
3 SPCI 1.65 1.7 1.6 0.2 -0.0
4 SPC2 1.25 1.3 1.2 0.2 -0.0
5 THKOF 362.13 367.0 362.1 40.0 -4.9
6 SPTLS 740.52 740.5

Relative Sol ids
Stream Flowrate

ccc=ccccccccc======================

•

1 SBMD
2 THKUF
3 SPCI
4 SPC2
5 THKDF
6 SPTLS

100.00
67.24
0.15
0.11

32.76
66.98

Assay Data

•

Au oz/t 1 Meas. 1 Cale. 1 Std. Dev. 1 Adjust. 1 X Ree 1
ccc=ccccccccc=========================================c=c=cccc=ccec====
SBMa 1.000 0.991 0.300 -0.009 100
THKUF 0.780 0.933 0.200 0.153 63
SPCI 80.720 80.312 7.000 -0.408 12
SPC2 45.110 45.009 4.000 -0.101 5
THKOF 1.080 1.111 1.000 0.031 37
SPTLS 0.720 0.682 0.100 -0.038 46

Fractionsl S;ze Distribution DatA
................._...... --- ......

SBMa " THKUF 1

" 1
Size Meas 1 Cale 1 SO. 1 Adj. " Meas 1 Cale 1 SO. 1 Adj. 1

1 " 1 1
=================================-====================cc=caeeec-cccceee

35 MESH 0.37 0.32 0.2 -0.0 0.33 0.33 0.2 -0.0 1
1

48 MESH 2.00 2.01 0.5 0.0 2.02 1.96 0.5 -0.1 1
65 MESH 16.49 17.11 1.0 0.6 17.81 16.78 1.0 -1.0*1

100 MESH 29.65 29.52 0.5 -0.1 28.36 29.88 2.0 1.5 1
1

150 MESH 15.88 16.12 0.5 0.2 15.66 15.66 0.5 0.0 1
1

200 MESH 13.51 13.34 0.5 -0.2 13.99 14.04 0.5 0.0 1
1

270 MESH 8.73 8.55 0.5 -0.2 9.18 9.08 0.5 -0.1 1
1

400 MESM 3.95 3.87 0.5 -0.1 4.43 4.30 0.5 -0.1 1
500 MESM 2.58 2.55 0.5 -0.0 2.93 2.79 0.5 -0.1 1
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SPC1 " SPC2 1

" 1
Sile Mees 1 Cale 1 SO. 1 AC:j. " Mees 1 Cale 1 SO. 1 Adj. 1

1 1 " 1 1 1

~~.=..=============-=====c=============================cc=cc===========
35 HESH 0.23 0.23 : 0.2 1 0.0 1 0.29 : 0.29 0.2 0.01
48 HESH 2.10 2.10 1 0.5 , 0.0 , 2.49 ' 2.49 0.5 0.0
65 HESH 15.85 15.85 1 0.5 1 0.0 1 18.25 1 18.25 0.5 0.01 1

100 HESH 27.88 27.88 1 0.5
1

'0.0 28.04
1

28.04 0.5 -0.0
150 HESH 15.73 15.73 1 0.5 1 -0.0 15.33 1 15.33 0.5 -0.0
200 HESH 15.50 15.50 1 0.5 1 0.0 12.06 i 12.06 0.5 0.0
270 HESH 13.80 13.80 1 0.5 1 0.0 11.23 11.23 0.5 0.0
400 HESH 5.99 5.99 i 0.5 1 0.0 7.39 1 7.39 0.5 0.0
500 HESH 2.33 2.33 0.5 1 0.0 3.72 1 3.72 0.5 0.01

1 THKOf SPTLS1
Size : Mees Cale SO. 1 Adj. Mess 1 Cale 1 SO. l Adj.1 1 1 1

.aa========-=====================-===============-====c==========e====
35 HESH 0.31 0.32 0.2 0.0 0.30 0.33 0.2 0.0
48 HESH 2.10 2.10 0.5 -0.0 1.91 1.96 0.5 0.1
65 HESH 17.84 17.79 0.5 -0.1 16.16 16.78 1.0 0.6

100 HESH 28.74 28.78 0.5 0.0 29.91 29.88 1.0 -0.0
150 HESH 17.15 17.07 0.5 -0.1 16.32 15.66 1.0 -0.7
200 HESH 11.67 11.90 1.0 0.2 12.97 14.04 2.0 1.1
270 HESH 7.39 7.45 0.5 0.1 8.85 9.07 0.5 0.2
400 HESH 2.97 3.00 0.5 0.0 4.11 4.29 0.5 0.2
500 HESH 2.05 2.06 0.5 0.0 2.62 2.79 0.5 0.2

Assays of size fractions for SBMO

Au oz/ton 1 Mees. 1 Cale. 1 Std. Oev. 1 Adjustment 1 %Rec
,• 1 , , 1

========================-=============================================-
35 HESH 10.210 5.470 5.000 -4.740 100
48 HESH 2.690 2.036 1.000 -0.654 100
65 HESH 0.650 0.543 0.200 -0.107 100

100 HESH 0.570 0.433 0.200 -0.137 100
150 HESH 0.630 0.640 0.100 0.010 100
200 HESH 0.860 0.913 0.100 0.053 100
270 HESH 1.300 1.373 0.500 0.073 100
400 HESH 2.240 2.335 0.500 0.095 100
500 HESH 3.820 3.808 0.500 -0.012 100

PAN 1.750 1.716 0.509 -0.034 39

Assays of size fractions for THKUF

Au oz/ton 1 Meas. 1 Calc. , Std. Dev. 1 Adjustment 1 XRec 1
1 , 1

••••••c•••••••==:====:================================c=c===cc===c==ee=
35 HESH 6.510 6.340 1.000 -0.170 78
48 HESH 2.100 2.250 0.500 0.150 73
65 HESH 0.350 0.565 0.200 0.215" 69

100 HESH 0.330 0.373 0.100 0.043 59
150 HESH 0.530 0.583 0.100 0.053 60
200 HESH 0.910 0.940 0.100 0.030 73
270 HESH 1.050 1.116 0.500 0.066 58
400 HESH 1.630 1.822 0.500 0.192 58
500 HESH 3.030 3.186 0.500 0.156 62

PAN 1.850 1.948 0.500 0.098 32

•



• Assays of site fractions for SPC1
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Au oz/ton 1 Meas. 1 Cale. 1 Std. Dev. 1 Adjustment 1 %Ree 1
zac:aa::zzc=:====:===:=:=:._::.==:==: ====••••••••••••••••==•••••••••••

35 MES"
48 MES"
65 MES"

100 MES"
150 MES"
200 MES"
270 MES"
400 MES"
500 MES"

PAN

1533.020
386.610
133.460
50.100
70.600
53.nO
49.760
66.000

113.310
187.480

1551.659
385.966
132.706
50.000
69.280
53.356
49.720
65.676

113.201
187.448

200.000
40.000
10.000
5.000

10.000
5.000
5.000

10.000
10.000
20.000

18.639
-0.644
-0.754
-0.100
-1.320
-0.414
-0.040
-0.324
-0.109
-0.032

30 130
34 1
16 1

16 1
10 1
9 1
6 1

; 1

Assays of size fractions for SPC2

Calc. 1 Std. Dev. 1 Adjustment 1 XRec 1Meas.
=================:=======:================a::===::==::aD.==a=a==.=.a.=
Au oz/ton 1

Assays of size fractions for THKOf

Au oz/ton 1 Meas. : Cale. 1 Std. Dev. 1 Adjustment 1 %Ree :
====================================================3=============:====

•

35 MES"
48 MES"
65 MES"

100 MES"
150 MES"
200 MES"
270 MES"
400 MES"
500 MES"

PAN

921. 700
287.290
46.280
18.890
30.450
28.040
34.830
48.310
92.930

213.590

925.312
286.964
46.115
18.814
30.206
27.796
34.805
48.234
92.798

213.540

90.000
30.000
5.000
5.000
5.000
5.000
5.000
5.000

10.000
20.000

3.612
-0.326
-0.165
-0.076
~O.244

-0.244
-0.025
-0.076
-0.132
-0.050

17
20
10
5
5
3
4
4
4
8

35 MES"
48 MES"
65 MES"

100 MES"
150 MES"
200 MES"
270 MES"
400 MES"
500 MES"

PAN

3.600
1.400
0.490
0.550
0.750
1.240
2.040
3.870
5.480
1.440

3.662
1.624
0.499
0.561
0.747
0.849
2.019
3.846
5.532
1.456

1.000
1.000
0.100
0.100
0.100
0.500
0.500
0.500
2.000
0.500

0.062
0.224
0.009
0.011

-0.003
-0.391
-0.021
-0.024
0.052
0.016

22
27
31
41
40
27
42
42
38

9

Assays of size fractions for SPTLS

Au oz/ton 1 Meas. 1 Calc. 1 Std. Dev. 1 Adjustment 1 XRec :
===========-==================~========e==============================

•

35 MES"
48 MES"
65 MES"

100 MESH
150 MES"
200 MES"
270 MES"
400 MESH
500 MES"

PAN

1.350
0.730
0.240
0.260
0.440
0.840
1.050
1.750
4.280
1.900

2.539
0.728
0.204
0.2'.1
0.381
o.m
0.881
1.489
2.780
1.820

2.000
0.100
0.100
0.100
0.100
0.100
0.600
0.500
1.600
0.500

1.189
-0.002
-0.036
-0.019
-0.059
-0.068
-0.169
-0.261
-'.500
-0.080

31
23
25
38
39
60
46
47
53
30
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LUCIEN BELIVEAU T7 KNELSON CONCENTRATOR (adjustad data)
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ResidueL sum of squares: 8.274099E-D2 FinaL ResuL ts

1 Absolute Solida 1 Pulp Mass Flowrate
Stream : Flowrate 1 Meas : Cale 1 5.0. 1 Adjust 1

~===~==================================================================

•
1 SPTLS
2 THKOf
3 KNTLS
4 KNCON

741.00
362.00

1100.00
3.00

741.0
362.0

1100.0

741.0
362.0

1100.0
3.0

20.0
20.0

100.0

0.0
0.0
0.0

1 Relative Solids
Stream : Flowrate

••a.mac_cca=======================:
1 SPTLS
2 THKOf
3 KNTLS
4 KNCON

100.00
48.85

148.45
0.40

'.ssey Data

Au oz/ton 1 Meas. 1 Cale. Std. Dev. 1 Adjust. 1 X Ree 1
c=====:================================================================

•

SPTLS
THKOf
KNTLS
KNCON

0.682
1.111
0.680

30.000

0.673
1.003
0.693

33.212

0.100
0.500
0.100

30.000

-0.009
-0.108
0.013
3.212

100
73

153
20



•
LUCIEN BELIVEAU TB GRAVITY CIRCUIT (4:1 SILICA)
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Residual sum of squares: 13.99445 Final Resut ta

1 Absolute Sol iets 1 Pulp Ma8S Flowrate
Stream 1 Flowrste : Meas 1 Cale 1 5.0. 1 Adjust

=====================================================c=====:===::c:::::
1 SBND
2 THKUF
3 THKOF
4 SPTLS

Stream

1300.00
800.00
500.00
800.00

Relative Sol ida
Flowrate

1300.0
800.0 800.0
500.0 500.0

800.0

50.0
50.0

0.0 1

0.0 1

===================================

Assay Data

======================================================ccce:::::::::::::
SBND 0.890 0.991 0.500 0.101 100
THKUF 1.360 1.009 0.500 -0.351 63
THKOF 1.000 0.961 0.500 -0.039 37
SPTLS 0.720 1.009 0.500 0.289 63

Fractionsl Size Distribution Oeta
---_ ..................... - .. - ....

SBND " THKUF"Size Meas 1 Cale 1 so. 1 Adj. " Meas 1 Cale 1 so. 1 Adj.1 1 1 1 " 1 1 1 1
===e=========================================:==============~==========

35 MESH 0.32 0.29 0.2 -0.0 1 0.27 0.28 0.2 0.01
48 MESH 2.37 2.09 0.5 -0.3 1 1.83 2.06 0.5 0.21
65 MESH 18.05 17.00 2.0 -1.0 1 15.93 16.79 1.0 0.91

100 MESH 29.94 29.68 0.5 -0.3 1 29.64 29.54 0.5 -0.11
150 MESH 14.66 16.47 2.0 1.8 1 17.27 16.62 1.0 -0.6"200 MESH 13.06 12.63 1.0 -0.4 13.33 13.28 0.5 -0.0
270 MESH 8.24 8.42 0.5 0.2 9.52 9.13 0.5 -0.4
400 MESH 3.82 3.71 0.5 -0.1 4.28 4.12 0.5 -0.2
500 MESH 2.73 2.57 0.5 -0.2 2.80 2.84 0.5 0.0

•

1 SBND
2 THKUF
3 THKOF
4 SPTLS

Au oz/t Meas.

100.00
61.54
38.46
61.54

Calc. 1 Std. Dev. 1 Adjust. 1 X Ree :

THKOF SPTLS
Size Meas 1 Cale 1 so. Adj. Meas 1 Cale 1 so. Adj.1 1 1 1 1

==================:=:==::::===:::::::==::==:=========::::==============
35 MESH 0.29 0.30 0.2 0.0 0.28 0.28 0.2 0.0
48 MESH 2.03 2.14 0.5 0.1 2.12 2.06 0.5 -0.1
65 MESH 17.33 17.36 0.5 0.0 17.48 16.79 1.0 -0.7

100 MESH 29.81 29.91 0.5 0.1 29.29 29.54 0.5 0.3
150 ~ESH 16.27 16.23 0.5 -0.0 16.53 16.62 0.5 0.1
200 MESH 11.41 11.58 1.0 0.2 11.46 13.28 2.0 1.8
270 MESH 7.36 7.29 0.5 -0.1 8.85 9.13 0.5 0.3
400 MESH 3.02 3.06 0.5 0.0 3.90 4.12 0.5 0.2
500 MESH 2.08 2.14 0.5 0.1 2.79 2.84 0.5 0.1

•
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Assays of size fractions for SBMO

Au oz/ton 0 Mess. Cale. 0 Std. Dev. 1 Adjustment 1 XRec 0
0 0 0••••••••••••••••••••••••••••••••==••:••••======-======================-

35 MESH 8.050 6.200 5.000 -1.850 100
48 MESH 1.720 0.606 2.000 -1.114 100
65 MESH 0.390 0.343 0.100 -0.047 100

100 MESH 0.370 0.380 0.100 0.010 100
150 MESH 0.570 0.558 0.100 -0.012 100
200 MESH 0.980 1.094 0.500 0.114 100
270 MESH 1.490 1.570 0.500 0.080 100
400 MESH 2.300 2.624 0.500 0.324 100
500 MESH 3.200 3.382 0.500 0.182 100

PAN 1.870 1.786 0.500 -0.084 36

Assays of size fractions for THKUF

Au oz/ton 0 Meas. Cale. 1 Std. Dev. 1 Adjustment 1 XIlee 1
1 1

acc===c==c==cccc==._.=====:===========================cc==c=ccc==c=====
35 MESH 26.150 2.850 25.000 -23.300 28
48 MESH 8.290 0.532 10.000 -7.758 53
65 MESH 1. 160 0.287 1.000 -0.873 51

100 MESH 0.610 0.287 0.500 -0.323 46
150 MESH 0.850 0.504 0.500 -0.346 56
200 MESH 1.220 0.998 0.500 -0.222 59
270 MESH 1.500 1.343 0.500 -0.157 57
400 MESH 2.nO 2.113 1.000 -0.657 55
500 MESH 2.930 2.935 0.500 0.005 59• PAN 2.420 2.367 0.500 -0.053 33

Assays of size fractions for THKOF

Au oz/ton 1 Meas. Calc. 1 Std. Dev. 1 Adjustment 1 %Ree 0
0

===========-===cc:============================================cce====e-
35 MESH 10.180 Il.243 6.000 1.063 n
48 MESH o.no O.nl 0.100 0.001 47
65 MESH 0.410 0.429 0.100 0.019 49

100 NESH 0.530 0.526 0.100 -0.004 54
150 MESH 0.640 0.645 0.100 0.005 44
200 MESH 1.310 1.270 0.500 -0.040 41
270 MESH 2.050 2.023 0.500 -0.027 43
400 MESH 3.830 3.n7 0.500 -0.103 45
500 MESH 4.390 4.332 0.500 -0.058 41

PAN 1.110 1.291 1.000 0.181 8

Assays of size fractions for SPTLS

Au oz/ton 1 Meas. 0 Calc. 1 Std. Oev. 1 Adjustment 1 %Ree 11 0 1
c_a_===c=ccccc:=======================================c=e========c====-

35 MESH 2.830 2.850 0.500 0.020 28
48 MESH 0.470 0.532 0.500 0.062 53
65 MESH 0.250 0.287 0.100 0.037 51

100 MESH 0.260 0.287 0.200 0.027 46
ISO NESH 0.310 0.504 0.300 0.194 56
200 MESH 0.850 0.998 0.500 0.148 59
270 MESH 1.240 1.343 0.500 0.103 57
400 MESH 2.170 2.113 0.500 -0.057 55
500 MESH 3.450 2.935 1.000 -0.515 59

PAN 2.000 2.367 1.000 0.367 33

•
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LUCIEN BELIVEAU T8 CLASSIFIER CIRCUIT (4:1 SIL ICA)
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Residuel sum of squares: 9.655424 Final Resul ta

: Absolute Solids Pulp Mass Flowrate
Stream : Flowrate 1 Mees 1 Cale 1 S.o. 1 Adjust 1

=======================================================================
1 SBMll
2 THKUF
3 THKOF

1300.00
800.00
500.00

: 1300.0
800.0 1 800.0 1

500.0 1 500.0:

1
50.0 1
50.0 1

1
0.0 1

0.0 1

Relative Sol ids 1
Stream 1 Flowrate 1

==::::::::::::::;:;:;:::;;:;:;:::::

1 SBMO
2 THKUF
3 THKOF

100.00
61.54
38.46

Assay Data

Au oz/t : Mees. 1 Calc. 1 Std. Dev. 1 Adjust.: X Rec 1
======================================================================:

•
SBMll
THKUF
THKOF

0.890 1
1.360 1
1.000 :

1.107 1
1.226 1

0.916 1

0.500 1
0.500 1
0.500 1

0.217
-0.134 1

-0.084 1

100 1

68:
32 1

•

Fractionsl Size Distribution Data

SBMll " THKUF"Size Mees 1 talc 1 SO. 1 Adj. " Mess 1 Cale 1 so_ I Adj.1 1 1 1 " 1 1 1
===========-============================-========-=======-=======-====-

35 MESH 0.32 0.29 0.2 -0.0 0.27 0.28 0.2 0.0
48 MESH 2.37 2.07 0.5 -0.3 1.83 2.02 0.5 0.2
65 MESH 18.05 16.62 2.0 -1.4 15_93 16.15 1.0 0.2

100 MESH 29.94 29.79 0.5 -0.2 29.64 29.73 0.5 0.1
150 MESH 14.66 16.79 3.0 2.1 17.27 17.12 1.0 -0.1
200 MESH 13.06 12.68 1.0 -0.4 13.33 13.39 0.5 0.1
270 MESH 8.24 8.53 0.5 0.3 9.52 9.34 0.5 -0.2
400 MESH 3.82 3.80 0.5 -0.0 4.28 4.29 0.5 0.0
500 MESH 2.73 2.59 0.5 -0.1 2.80 2.88 0.5 0.1

THKOF
Size Mees 1 Cale So. 1 Adj.1 1 1

=================================-======-
35 MESH 0.29 0.30 0.2 0.0
48 MESH 2.03 2.15 0.5 0.1
65 MESH 17.33 17.36 0.5 0.0

100 MESH 29.81 29.87 0.5 0.1
150 MESH 16.27 16.25 0.5 -0.0
200 MESH 11.41 11.56 1.0 0.1
270 MESH 7.36 7.25 0.5 -0.1
400 MESH 3.02 3.03 0.5 0.0
500 MESH 2.08 2.13 0.5 0.1
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AS8ays of size fractions for SBMO

Au ozlton 1 Meus. Calc. 1 Std. Dev. 1 Adjustment 1 %Rec 1
1 1 1

•••8.==_••=Z============-=============================================-
35 MES" 8.050 8.364 2.000 0.314 100
48 MES" 1.720 3.172 2.000 1.452 100
65 MES" 0.390 0.409 0.100 0.019 100

100 MES" 0.370 0.555 0.200 0.185 100
150 MES" 0.570 0.748 0.200 0.178 100
200 MES" 0.980 1.156 0.500 0.176 100
270 MES" 1.490 1.612 0.500 0.122 100
400 MES" 2.300 2.868 0.600 0.568 100
500 MES" 3.200 3.322 0.500 0.122 100

PAN 1.870 1.741 0.500 -0.129 38

Assays of size fractions for THKUF

Au oz/ton 1 Mees. 1 Calc. 1 Std. Dev. 1 Adjustment 1 XRec 1
1 1 1 1

========================-============-================================-
35 MES" 26.120 7.188 20.000 '18.932 52
48 MES" 8.290 4.803 4.000 '3.487 91
65 MES" 1.160 0.414 0.800 '0.746 61

100 MES" 0.610 0.582 0.100 '0.028 64
150 MES" 0.850 0.822 0.100 -0.028 69
200 MES" 1.220 1.106 0.500 -0.114 62
270 MES" 1.500 1.418 0.500 -0.082 59
400 MES" 2.nO 2.496 0.500 '0.274 60
500 MES" 2.930 2.846 0.500 -0.084 59• PAN 2.420 2.476 0.500 0.056 37

Assays of size fractions for THKOF

Au ozlton 1 Mees. Calc. 1 Std. Dev. : Adjustment : %Rec 1
1 1 1

========================-============-================cc===============
35 MES" 10.180 10.149 1.000 -0.031 48
48 MES" 0.720 0.719 0.100 -0.001 9
65 MES" 0.410 0.402 0.100 -0.008 39

100 MES" 0.530 0.512 0.100 -0.018 36
150 MES" 0.640 0.623 0.100 -0.017 31
200 MES" 1.310 1.248 0.500 -0.062 38
270 MES" 2.050 2.010 0.500 -0.040 41
400 MES" 3.830 3.709 0.500 -0.121 40
500 MES" 4.390 4.351 0.500 -0.039 41

PAN 1.110 1.184 0.500 0.074 8

•
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LUCIEN BELIVEAU T9 GRAVITY CIRCLIIT (4:1 silice, av" T7&T8 results)

Residusl sum of squares: 2.03993 Final Resut ta

: Absolute SoUds Pulp Mass Flowrate 1
Stream : Flowrate Mees 1 CaLe 1 S.O. Adjust 1

=========================================================::==:::::::=::
1 5BMO
2 THK\JF
3 THKOF

1230.00
780.00
450.00

1 1230.0 1
1 780.0 1 780.0 1

1 450.0: 450.0:

1
50.0 1
50.0 1

1
0.0 :
0.0 1

Relative Sol ids
FLowrateStream 1

===================================
1 5BMO
2 THKUF
3 THKOF

100.00
63.41
36.59

Assay Data

I.u oz/t : Mees. : Calc. 1 Std. Dev. 1 Adjust. 1 X Rec 1
==============================================================:=:==:==:

•
5BMO
THKUF
THKOF

0.950
1.010 1

1.050 :

0.999 1

0.979 1

1.032 1

0.500
0.500 1

0.500 :

0.049
·0.031
-0.018

100
62
38

Fractional Size Distribution Data

5BMO " THKUF 1

" 1
Size Mees 1 Cale 1 SO. 1 Adj. " Meas 1 Cale 1 SO. 1 Adj. 1

1 1 1 1 " 1 1 1 1
===============================================:============~=========-

35 ME5H 0.35 0.31 0.2 ·0.0 0.30 0.32 0.2 0.0
48 ME5H 2.17 2.05 0.5 ·0.1 1.94 2.02 0.5 0.1
65 ME5H 17.21 17.25 0.5 0.0 17.06 17.03 0.5 ·0.0

100 ME5H 29.78 29.06 1.0 ·0.7 28.87 28.98 0.5 0.1
150 ME5H 15.32 16.45 2.0 1.1 16.31 16.27 0.5 ·0.0
200 ME5H 13.31 13.04 2.0 ·0.3 13.72 13.89 2.0 0.2
270 ME5H 8.50 8.57 0.5 0.1 9.32 9.27 0.5 ·0.0
400 ME5H 3.89 3.87 0.5 -0.0 4.37 4.38 0.5 0.0
500 ME5H 2.65 2.61 0.5 ·0.0 2.88 2.91 0.5 0.0

THKOF
Size Meas Cale SO. Adj.

========================================-
35 ME5H 0.30 0.31 0.2 0.0
48 ME5H 2.07 2.11 0.5 0.0
65 ME5H 17.65 17.63 0.5 -0.0

100 ME5H 29.14 29.21 0.5 0.1
150 ME5H 16.81 16.78 0.5 ·0.0
200 MESH 11.57 11.58 0.5 0.0
270 ME5H 7.38 7.35 0.5 ·0.0
400 ME5H 2.99 3.00 0.5 0.0
500 ME5H 2.07 2.09 0.5 0.0

•
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Assays of size fractions for SBMD

Au oz/ton , Meos. , taLc. , Std. Dev. : Adjustment 1 %Rec ,, , , ,
a~am=======-============-=============================================-

35 MES" 9.290 9.844 5.000 0.554 100
48 MES" 1.840 2.234 2.000 0.394 100
65 MES" 0.670 0.605 0.500 -0.065 100

100 MES" 0.480 0.481 0.100 0.001 100
150 MES" 0.600 0.617 0.100 0.017 100
200 MES" 0.920 0.932 0.100 0.012 100
270 MES" 1.390 1.450 0.500 0.060 100
400 MES" 2.270 2.467 0.500 0.197 100
500 MES" 3.520 3.563 0.500 0.043 100

PAN 1.810 1.714 0.500 -0.096 39

Assays of size fractions for THKUF

Au oz/ton , Meas. , Calc. 1 std. Dev. 1 Adjustment 1 %Rec
,, , , ,

===============================================================-======-
35 MES" 13.430 12.013 10.000 -1.417 78
48 MES" 4.430 2.896 5.000 -1.534 81
65 MES" 0.650 0.691 0.500 0.041 72

100 MES" 0.450 0.447 0.200 -0.003 59
150 MES" 0.670 0.572 0.300 -0.098 58
200 MES" 1.030 0.819 0.500 -0.211 59
270 MES" 1.230 1.189 0.500 -0.041 56
400 MES" 2.080 1.939 0.500 -0.141 56
500 MES" 2.990 2.960 0.500 -0.030 59• PAN 2.080 2.124 0.500 0.044 34

Assays of size fractions for THKOf

Au ozlton 1 Meas. , Calc. ,
Std. DeY.

, Adjustment 1 %Rec ,, , , , ,
=====================:=================================================

35 MES" 6.000 5.992 1.000 -0.008 22
48 MES" 1.150 1.141 0.500 -0.009 19
65 MES" 0.460 0.461 0.100 0.001 28

100 MES" 0.540 0.540 0.100 -0.000 41
150 MES" 0.700 0.694 0.100 -0.006 42
200 MES" 1.270 1.169 0.500 -0.101 41
270 MES" 2.040 2.021 0.500 -0.019 44
400 MES" 3.860 3.804 0.500 -0.056 44
500 MES" 5.070 5.020 1.000 -0.050 41

PAN 1.310 1.361 0.500 0.051 9

•
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Dame Grinding Circuit

Residuel Blin of squares: 5.588763 Final Resulta
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: Absolute Solids 1 Pulp Mass Flowrate
Stream 1 Flowrate : Meas 1 Cale 1 s.o. 1 Adjust 1

===========================================-================:=:=:_==:=
1 rmd
2 bmd
3 pof
4 puf
5 jt l
6 rof
7 ruf

Stream

100.00
361.50
100.00
388.57
388.57

27.07
361.50

Relative Sol ids
FLowrate

100.0

25.0
350.0

100.0
361.5
100.0
388.6
388.6
27.1

361.5

0.0

10.0
100.0

0.0

2.1
11.5

==================================-
1 rmd 100.00
2 bmd 361.50
3 pof 100.00
4 puf 388.57
5 jtl 388.57
6 rof 27.07
7 ruf 361.50

• Fractionsl Size Distribution Data
........ ----_ ............ _-------

1 rmd " bmd1 "Size 1 Meas 1 Cale 1 SO. 1 Adj. " Meas 1 Cale 1 SO. 1 Adj.1 1 1 1 " 1 1 1
===================-====================================:======::===:==

28 mesh 44.90 44.93 0.5 0.0 9.90 9.99 0.5 0.1
35 mesh 6.10 6.16 0.5 0.1 4.80 5.03 0.5 0.2
48 mesh 6.90 6.79 0.5 -0.1 10.00 9.59 0.5 -0.4
65 mesh 4.70 4.71 0.5 0.0 12.50 12.54 0.5 0.0

100 mesh 4.40 4.32 0.5 -0.1 18.80 18.49 0.5 -0.3
140 mesh 3.10 3.15 0.5 0.0 12.40 12.56 0.5 0.2
200 mesh 2.70 2.74 0.5 0.0 8.20 8.36 0.5 0.2
270 mesh 2.70 2.75 0.5 0.0 5.60 5.77 0.5 0.2
400 mesh 2.10 2.15 0.5 0.1 2.80 2.98 0.5 0.2

pof puf
Size Meas 1 CaLe 1 SO. 1 Adj. Meas 1 CaLe 1 SO. 1 Adj.1 1 1 1 1 1 1

======================================================================-
28 mesh 0.01 0.01 0.1 -0.0 20.70 20.86 0.5 0.2
35 mesh 0.01 0.01 0.1 -0.0 6.20 6.26 0.5 0.1
48 mesh 0.10 0.12 0.2 0.0 10.50 10.64 0.5 0.1
65 mesh 0.50 0.50 0.2 -0.0 12.70 12.77 0.5 0.1

100 mesh 3.00 3.08 0.5 0.1 17.80 17.83 0.5 0.0
140 mesh 6.60 6.55 0.5 -0.0 11.50 11.35 0.5 -0.2
200 mesh 9.40 9.36 0.5 -0.0 6.70 6.70 0.5 0.0
270 mesh 11.20 11.15 0.5 -0.0 3.90 3.90 0.5 -0.0
400 mesh 8.90 8.85 0.5 -0.1 1.70 1.64 0.5 -0.1

•
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j tl " rof"Size Mees , Cale 1 SO. 1 Adj. " r.~as 1 Cale 1 so. : Adj., ,
" 1 ,

••••_••c=._ =======-====================-========================~= ===-

28 mesh 20.70 20.86 0.5 0.2 0.01 0.01 0.1 -0.0
35 mesh 6.50 6.26 0.5 -0.2 0.01 0.01 0.1 0.0
48 meah 10.60 10.64 0.5 0.0 0.10 0.10 0.1 -0.0
65 mesh 13.00 12.77 0.5 -0.2 0.20 0.20 0.1 0.0

100 mesh 18.10 17.83 0.5 -0.3 4.40 4.42 0.5 0.0
140 mesh 11.40 11.35 0.5 -0.1 7.70 7.71 0.5 0.0
200 mesh 6.90 6.70 0.5 -0.2 9.00 9.01 0.5 0.0
270 mesh 3.90 3.90 0.5 -0.0 10.00 10.00 0.5 0.0
400 mesh 1.60 1.64 0.5 0.0 8.50 8.50 0.5 0.0

ruf
Size Mees

, Calc , SD. , Adj., , ,
•••••a=_=:====c===: c==:===:a============

28 mesh 22.80 22.42 0.5 -0.4 1
35 ...sh 6.80 6.73 0.5 -0.1 ,

1
48 mesh 11.20 11.43 0.5 0.2 1
65 mesh 13.60 13.71 0.5 0.1 1

1
100 mesh 18.30 18.83 0.5 0.5*1
140 mesh 11.60 11.62 0.5 0.0 ,,
200 mesh 6.50 6.53 0.5 0.0 ,,
270 mesh 3.60 3.44 0.5 -0.2 1
400 mesh 1.30 1.13 0.5 -0.2 1

1

•

•
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OOHE GRINOING CIRCUIT (ASSAYS AND SIZE DISTRIBUTION)
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Residual sum of squares: 24.33171 Final Resulta

1 Absolute SoUcis Pulp Ma8s Flowrate
Stream 1 FLowrate 1 Meas 1 Cale 1 S.D. 1 Adjust

==========================================:-========-c=======-=========
1 RMD
2 BMD
3 POF
4 PUF
5 JTL
6 ROF
7 RUF

Stream

100.00
360.40
100.00
387.82
387.82

27.42
360.40

Relative Solids
FLowrate

100.0

25.0
350.0

100.0
360.4
100.0
387.8
387.8
27.4

360.4

0.0

10.0
100.0

0.0

2.4
10.4

=========~=========================

1 RMD 100.00
2 BMD 360.40
3 POF 100.00
4 PUF 387.82
5 JTL 387.82
6 ROF 27.42
7 RUF 360.40

• Assay Data
........_-

Au, oz/t 1 Meas. 1 Calc. 1 Std. Dev. 1 Adjust. 1 X Ree 1
==================================================:=========:===:=:::::
RMD 0.110 0.095 0.020 '0.015 100
BMD 0.530 0.544 0.050 0.014 2063
POF 0.080 0.095 0.020 0.015 100
PUF 0.490 0.515 0.050 0.025 2103
JTL 0.620 0.515 0.150 ,0. lOS 2103
ROF 0.140 0.140 0.010 '0.000 40
RUF 0.570 0.544 0.050 -0.026 2063

Fractional Size Distribution Date
._._------_.-------_._._---.---..

RMD " BMD 1

" 1

Size Meas 1 Cale 1 SO. 1 Adj. " Meas 1 Calc 1 SO. 1 AdJ. 1
1 1 1 " 1 1 1

c=========================:===:===========:=::=:::.=.===c===•••••••••••
28 MESK 44.90 44.92 0.5 0.0 " 9.90 9.98 0.5 0.1

"35 MESK 6.10 6.16 0.5 0.1 " 4.80 5.03 0.5 0.21
48 MESK 6.90 6.79 0.5 -0.1 1 10.00 9.59 0.5 -0.41
65 MESK 4.70 4.71 0.5 0.0 1 12.50 12.55 0.5 0.01

100 MESK 4.40 4.33 0.5 -0.1 1 18.80 18.54 0.5 -0.31

150 MESK 3.10 3.15 0.5 0.0 1 12.40 12.57 0.5 0.21

200 MESK 2.70 2.74 0.5 0.0 1 8.20 8.36 0.5 0.21
270 MESK 2.70 2.75 0.5 0.0 1 5.60 5.n 0.5 0.21

400 MESK 2.10 2.15 0.5 0.1 0 2.80 2.98 0.5 0.21

•



• paf Il PUF 1
Slze 1 McaB 1 Cale 1 50·1 Adj. II Mcas 1 Cale 1 50.1 Adj.:

•••~••••c•••••••~••-••••••••••••===.==.c=======.=============a=-=======
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28 MESH
35 MESH
48 MESH
65 MESH

100 MESH
150 MESH
200 MESH
270 MESH
400 MESH

0.01
0.01
O. ID
0.50
3.00
6.60
9.40

11.20
8.90

0.01 l' 0.1 : -0.0
0.01 0.1 J '0.0
0.10 1 0.1 1 0.0
0.50 1 0.3 1 -0.0
3.07 10.5 1 0.1
6.55 0.5: -0.0
9.36 10.5 : -0.0

Il.15 0.5 1 -0.0
8.85 1 0.5 1 -0.1

20.70
6.20

10.50
12.70
17.80
Il.50
6.70
3.90
1.70

20.85
6.26

10.64
12.76
17.87
Il.35
6.70
3.90
1.65

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

0.2
0.1
0.1
0.1
0.1

'0.2
0.0

-0.0
-0.1

-0.0
0.0

-0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.1
0.1
0.1
0.1
0.5
0.5
0.5
0.5
0.5

0.2
-0.2
0.0

-0.2
-0.2
-0.1
-0.2
-0.0
0.0

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
Q.5

20.85
6.26

10.64
12.76
17.87
Il.35
6.70
3.90
1.65

20.70
6.50

10.60
13.00
18.10
11.40
6.90
3.90
1.60

28 MESH
35 MESH
48 MESH
65 MESH

100 MESH
150 MESH
200 MESH
270 MESH
400 MESH

JTL ROF
Size Meas Cale 50. Adj. 1 Meas 1 Cale 1 50. 1 Adj •••••••••••••••••••••••••••=•••••_====_==_=•••=_=•••••=cc====c===c=====

0.01 1 0.01
0.01 1 0.01
0.10 0.10
0.20 ,i 0.20
4.40 4.41
7.70 ,1 7.71
9.00 9.01

10.00 1 10.00
8.50 1 8.50

RUF 1
Size MeaB 1 CaLe 1 50. 1 Adj. 1

•••••••••c. .a••a.a••_.a•••_••••=_===.===

•
28 MESH
35 MESH
48 MESH
65 MESH

100 MESH
150 MESH
200 MESH
270 MESH
400 MESH

22.80
6.80

Il.20
13.60
18.30
11.60
6.50
3.60
1.30

22.44 10.5
6.74 10.5

Il.44 10.5
13.72 1 0.5
18.89 : 0.6
11.62 J 0.5
6.52 J 0.5
3.43 1 0.5
1.12 1 0.5

-0.4
-0.1
0.2
0.1
0.6
0.0
0.0

-0.2
-0.2

AS8ays of size fractions for RMD

Au oz/t 1 Me88. 1 CaLe. 1 Std. Dev. 1 Adjustment 1 XRec 1
••••••••••••••• ===•••=_==_•••=====_===========.============cc=======

28 MESH
35 MESH
48 MESH
65 MESH

100 MESH
150 MESH
200 MESH
270 MESH
400 MESH

PAN

0.110
0.260
0.210
0.120
0.110
0.180
0.140
0.140
0.030
0.030

0.109
0.263
0.211
0.120
0.110
0.180
0.140
0.140
0.030
0.025

0.020
0.030
0.020
0.010
0.010
0.020
0.010
0.010
0.010
0.050

-0.001
0.003
0.001

-0.000
0.000
0.000

-0.000
0.000

-0.000
-0.005

100
100
100
100
100
100
100
100
100
10

•



• AS88ys of size fractions for BMD
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Cale. 1 Std. DoY. 1 Adjuatmont 1 XRoe 1

81 1
135 1

413 1

1657 1
3965

Au Gz/t

28 MESH
35 MESH
48 MESH
65 MESH

lDD MESH
15D MESH
200 MESH
270 MESH
400 MESH

PAN

Mees.

0.370
D.12D
0.13D
D.210
0.270
0.48D
1.11D
1.920
0.80D
O.80D

D.llD
0.121
0.171
0.207
D.283
0.501
1.D78
1.944
D.638
0.704

0.30D
D.01D
0.050
0.020
0.030
D.05D
O.lDD
0.2DO
0.200
0.15D

·D.260
0.001
0.041

·0.003
D.013
0.021

·0.D32
0.024

-D.162
·D.096

1

1
1

4D04 1
8455 1

110506 1
,lD657
1 1332 1

Assays of size frections for POF

Au az/t 1 Mea.. Cale. 1 Std. Dey. 1 Adjuatment 1 XRee 1
=====================================-=============u======_=:a_a•••••••

Assays of size fractions for PUF•

28 MESH
35 MESH
48 MESH
65 MESH

lDD MESH
15D MESH
20D MESH
270 MESH
40D MESH

PAN

D.DOO
O.ODD
O.ODO
O.ÙOO
0.370
0.100
0.110
0.060
0.100
0.050

0.000
-0.000
-0.000

O.ODO
0.369
0.100
0.110
0.060
0.100
0.246

0.000
0.000
0.000
0.000
0.040
0.010
0.010
0.010
0.010
0.200

0.000
-0.000
·0.000
0.000

-0.001
-0.000
0.000

-0.000
0.000
0.196

o 1
-0 1
-0 1

2~ 1
115 1
268 1
174 1

1380 1
382 1

Au Gz/t 1 Mees. : talc. 1 Std. Dey. 1 Adjustment 1 XRec 1
===========-====================================••••••••=acce••••: ••==a

28 MESH
35 MESH
48 MESH
65 MESH

100 MESH
150 MESH
200 MESH
270 MESH
400 MESH

PAN

0.200
0.290
0.200
0.250
0.260
0.460
1.170
1.800
0.800
0.800

0.109
0.157
0.178
0.201
0.265
0.516
1.231
2.686
1.069
0.804

0.100
0.200
0.050
0.050
0.030
0.060
0.100
0.950
0.300
0.060

-0.091
-0.133
-0.022
·0.049
0.005
0.056
0.061
0.886
0.269
0.004

1 181 1
'1 235 1

513 1

1 1757 1
1 3848 1

1
4007 1
8326

'110560 1
,10606 1
1 903 1

Assays of size fr8cti~ for JTL

Au oz/t 1 Mees. 1 Calc. 1 Std. De". 1 Adjuatment 1 XRec 1
===a================================::==:._:==::======aa==a••=.===:=_._

•

28 MESH
35 MESH
48 MESH
65 MESH

100 MESH
150 MESH
200 MESH
270 MESH
400 MESH

PAN

0.110
0.210
0.190
0.200
0.260
0.540
1.200
2.960
6.620
2.690

0.109
D.157
0.178
0.201
0.265
0.516
1.231
2.686
1.069
0.804

0.020
0.060
0.040
0.030
0.030
0.050
0.100
0.600
6.000
2.000

-0.001
·0.053
-0.012
0.001
0.005

-0.024
0.031

-0.274
·5.551
-1.886

1 181 1
1 235 1
1 513 1
'1 1757 13848
1 4007 1
1 8326 1
110560 1
110606
1 903:



•

Assays of size frections for ROf

Au oz/t , Mees. , Cale. , Std. Dev. 1 Adjustment 1 XRec ,, , , ,
=====================================-================c================

28 MESH 0.000 0.000 0.000 0.000 0
35 MESH 0.000 0.000 0.000 0.000 0
48 MESH 0.000 0.000 0.000 0.000 0
65 MESH 0.000 0.000 0.000 0.000 0

100 MESH 0.080 0.080 0.010 -0.000 20
150 HESH 0.050 0.050 0.010 -0.000 19
ZOO MESH 0.060 0.060 0.010 -0.000 39
Z70 MESH 0.180 0.180 O.OZO -0.000 lZ8

• 400 MESH 0.340 0.339 0.030 -0.001 lZZ8
PAN 0.130 0.130 0.030 -0.000 53

ASBaya of size fractions for RUF

Au oz/t , Mess. 1 Cale. 1 Std. Dev. 1 Adjustment 1 XRec
,, , 1 ,

ccaca:========:=:======:=============:=:=======================-======-
Z8 MESH 0.080 0.109 0.040 0.OZ9 181
35 NESH O.OZO 0.157 O.ZOO 0.137 235
48 HESH 0.180 0.178 O.OZO -O.OOZ 513
65 MESH 0.190 O.ZOI O.OZO 0.011 1757

100 MESH 0.290 O.Z68 0.030 -0.OZ2 38Z8
150 MESH 0.590 0.540 0.060 -0.050 3989
ZOO MESH 1.520 1.354 0.170 -0.166 8Z87
Z70 MESH 3.500 3.Z41 0.700 -0.259 ,1043Z
400 NESH 1.500 1.489 O.ZOO -0.011 , 9378,

PAN 0.800 1.561 0.900 0.761 1 11131

•
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•
OOHE GRINOING & GRAVITY CIRCUIT (ASSAYS ANO SIZE OISTRIBUTION)
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Residuel sum of squares: 10.80831 Final Resulta

: Absolute SoUda 1 Pulp Mass Flowrate
Stream 1 FLowrate 1 Meas 1 CaLe 1 s.o. 1 Adjust 1

================================c=========c======~====cccecce::::z:::::

1 RMD
2 8MD
3 POF
4 PUF
5 JTL
6 ROF
7 RUF
B JGC

Stream

100.00
365.78
99.98

390.37
390.36

24.57
365.78

0.02

Relative Sol ids
Flowrate

100.0

25.0
350.0

20.0

100.0 1
365.8
100.0 1
390.4
390.4 1

24.6 1
365.8 1

0.0 1

0.0

10.0
100.0
10.0

0.0 1

1

-0.4 1
15.8 1

·20.0·

==================================-
1 RHO 100.00
2 8MD 365.78
3 POF 99.98
4 PUF 390.37
5 JTL 390.36
6 ROF 24.57• 7 RUF 365.78
8 JGC 0.02

Assay Data
... - ......

Au, oz/t 1 Meas. 1 Calc. 1 Std. Dey. 1 Adjust. 1 X Rec 1
===e=ce==================================================ee=e=====:====
RMD 0.110 0.109 0.020 -0.001 100 1
BMD 0.530 0.540 0.050 0.010 1817 J
POF 0.080 0.081 0.020 0.001 75 1

1
PUF 0.490 0.522 0.050 0.032 1874 1
JTL 0.620 0.515 0.150 -0.105 1848 1
ROF 0.140 0.140 0.010 -0.000 32 1
RUF 0.570 0.540 0.050 -0.030 1817 J
JGC 162.710 162.690 20.000 -0.020 25 1

Fractional Size Distribution Data
................ __ ..._---. __ .....

RMD " BMD 1"Size He.s 1 Cale 1 SO. 1 Adj. " Meas 1 Cele 1 SO. 1 AdJ. ,
1 " 1

===e=c==========:=======:=: ccceece::::: zzc=cze.c.===aaa=•••••••••••••
28 HESH 44.90 44.93 0.5 0.0 9.90 10.02 1 0.5 1 0.1
35 HESH 6.10 6.16 0.5 0.1 4.80 5.02 1 0.5 1 0.2
48 HESH 6.90 6.78 0.5 -0.1 10.00 9.57 1 0.5 1

-0.4
65 HESH 4.70 4.70 0.5 0.0 12.50 12.51 1 0.5 , 0.0

100 HESH 4.40 4.32 0.5 -0.1 18.80 18.49 1 0.5 1 -0.3
150 HESH 3.10 3.14 0.5 0.0 12.40 12.55 0.5 1 0.1
200 MESH 2.70 2.74 0.5 0.0 8.20 8.35 1 0.5 1 0.2
270 HESH 2.70 2.75 0.5 0.0 5.60 5.77 10.5 1 0.2
400 HESH 2.10 2.15 0.5 0.1 2.80 2.99 : 0.5 , 0.2,

•
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POf 11 PUf
Sh. MeSB 1 Cale 1 so. 1 Adj. " Mess 1 Cale 1 so. 1 Adj.1 1 " 1 1••••••••••••=•••••za•••======.===-======-===============~=============-

28 MES" 0.01 0.01 1 O., '0.0 20.70 20.90 0.5 0.2
35 MES" 0.01 0.01 1 0.1 '0.0 6.20 6.28 0.5 0.1
48 MES" 0.10 0.10 1 0.1 0.0 10.50 10.68 0.5 0.2
65 MES" 0.50 0.50 1 0.3 -0.0 12.70 12.81 0.5 0.1

100 MES" 3.00 3.08 1 0.5 0.1 17.80 17.92 0.5 0.1
150 MESll 6.60 6.56 0.5 -0.0 Il.50 Il.37 0.5 -0.1
200 MES" 9.40 9.36 1 0.5 '0.0 6.70 6.70 0.5 '0.0
270 MES" Il.20 Il.15 1 0.5 '0.0 3.90 3.88 0.5 '0.0
400 MES" 8.90 8.85 10.5 -0.1 1.70 1.62 0.5 -0.1

JTL 1
ROf

Sile Mess 1 Cale 1 so. 1 Adj. Meas Cale 1 so. 1 Adj.1 1.=======•••-=====•••••••===-.==========================================
28 MES" 20.70 20.90 0.5 0.2 0.01 0.01 0.1 -0.0
35 MES" 6.50 6.28 0.5 -0.2 0.01 0.01 0.1 0.0
48 MES" 10.60 10.68 0.5 0.1 0.10 0.10 0.1 -0.0
65 MES" 13.00 12.81 0.5 '0.2 0.20 0.20 0.1 0.0

100 MES" 18.10 17.92 0.5 '0.2 4.40 4.40 0.5 0.0
150 MES" 11.40 Il.37 0.5 '0.0 7.70 7.71 O.!. 0.0
200 MES" 6.90 6.70 0.5 '0.2 9.00 9.01 0.5 0.0
270 MES" 3.90 3.88 0.5 '0.0 10.00 10.00 0.5 0.0
400 MES" 1.60 1.62 0.5 0.0 8.50 8.50 0.5 0.0

RUf 1 Jec1
Size Meaa 1 cale : SO. 1 Adj. 1 Mess 1 Cale 1 SO. 1 Adj.1 " 1• =xa_.===_=============:============:==:==:===============-=====-======

28 MES" 22.80 1 22.30 0.5 -0.5 51.57 51.57 0.5 -0.0
35 MES" 6.80 1 6.70 0.5 -0.1 10.07 10.07 0.5 -0.0
4B MES" 11.20 11.39 0.5 0.2 9.85 9.85 0.5 0.0
65 MES" 13.60 13.66 0.5 0.1 7.83 7.83 0.5 '0.0

100 MES" 18.30 18.83 0.6 0.5 8.85 8.85 0.5 0.0
150 MES" Il.60 Il.61 0.5 0.0 6.33 6.33 0.5 -0.0
200 MES" 6.50 6.54 0.5 0.0 3.45 3.45 0.5 -0.0
270 MES" 3.60 3.47 0.5 -0.1 1.29 1.29 0.5 '0.0
400 MES" 1.30 1.16 0.5 '0.1 0.31 0.31 0.2 -0.0
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