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1.0 INTRODUCTION

Over the period from 1990 to early 1993, various leaching tests were conducted on samples from
the Williams Creek deposit. These tests included bottle roll tests, small-scale (mini) column tests
and various flood and percolation column tests. The results from that testwork has been compiled

and summarized in a previous report dated April 1994.

Subsequent to the previous report, additional testwork has been conducted consisting of column
tests having a height similar to that proposed for the commercial operation. The initial column
test (FH) in this series utilized similar sample material as was used for the preliminary testwork.
The subsequent two tests (PC1 and PC2) used a portion of a bulk sample which was also used for
a 200 ton test in Carmacks, Y.T. Test FH consisted of a single lift test while PC1 and PC2 were

done in two stages in series in order to model a multiple lift leaching operation.

Following the acid copper leach, both columns PC1 and PC2 were subjected to neutralization
testwork for an extended period of time.

The present report summarizes the procedures for and results obtained from the full height column
tests for both the acid leaching and neutralization studies. The work included in the report was
conducted at the laboratories of Process Research Associates Ltd, of Vancouver, under the

direction of M.J.V. Beattie, P.Eng.
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2.0 SUMMARY

Three column tests having a height comparable to that proposed for a lift in the commercial
operation have been conducted. One column utilized a composite sample from drill core while

the other two samples used a portion of a bulk sample prepared for a bulk test in Yukon.

The results of these tests have demonstrated that a copper extraction of 80% can be achieved over
a leach period of about 180 days. The results of column PC1 demonstrate that when a second lift
is placed on a partially leached first lift, the first lift continues to leach to completion once the top
lift is being leached. The results of column PC2 demonstrate that the use of lower concentrations
of acid during the initial part of the leach cycle do not affect the ultimate copper extraction or the

time to achieve this extraction.

The acid consumption is sensitive to the concentration of acid in the feed to the leach. Increasing
acid concentration in the feed results in an increase in the acid consumption without-any benefit
to copper extraction. An acid consumption of 25 kg/tonne is indicated by the test results when

the acid addition to the feed is controlled by adjusting the feed pH to 1.5.

Neutralization of the rock once the acid leaching is completed has proven to be very difficult.
Testwork including both immersion as well as percolation tests indicate that the rock appears to
be buffered at about pH 4. When the precipitates formed during neutralization of the final
solutions were returned to the column, they proved to be impervious. The formation of such an
impermeable cap on the depleted leach pile may prove to be a preferred alternative to

neutralization of the leach residue.
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3.0 SAMPLE DESCRIPTION

3.1 FH column

The sample used for this test consisted of a composite sample of drill core material which had
been prepared previously. The make-up of the FH composite is summarized in Table 3.1 and the
analysis of the individual samples is summarized in Table 3.2. The material shown as HG
composite in Table 3.1 consists of equal portions of composites 2, 4 and 6. All the material
included in the FH composite is from the high grade section of the deposit. A detailed description
of the samples used for preparing the composites is contained in the April 1994 report.

Table 3.1

Make-up of composite used for FH column test

Material Weight, kg
Composite 4 20.1
Composite 6 90.7

HG composite 91.3

The core had all been crushed to nominally passing 2 cm prior to being composited. It had been
noted during previous testwork that the crushing of the core resulted in a much greater proportion
of -2 cm + 1.3 cm material (approximately 38% by weight) than would be expected from a
crusher which was operating in closed circuit with a screen (15 to 20%). The top size material
was therefore passed through the jaw crusher a second time, resulting in the final distribution for
the test. The size distribution of the feed to the column together with the copper assay of each

size fraction is summarized in Table 3.3
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Table 3.2

Analyses of composite samples

Comp. Description Cu; % Cu,% Fer%  Fe,% S*%
No.
2 +2700 H 1.44 1.43 3.60 3.68 0.12
4 2500-2700 H 1.36 1.24 3.74 3.76 0.12
6 2300-2500 H 1.31 1.30 3.46 3.46 <0.01
Table 3.3

FH sample feed size - assay

FRACTION WEIGHT Cu,u Cu,, DISTRIBUTION
cm % % %o Cu,,, Cu,_,
-2+ 15 15.4 1.06 0.98 12.4 12.3
-1.5+1 27.8 1.14 1.04 24.2 23.5
-1+0.6 19.4 1.22 1.16 18.0 18.3
-0.6 + 6m 13.4 1.28 1.24 13.1 13.5
- 6m 24.0 1.76 1.66 32.2 32.4

Total 1.31 1.23
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3.2 PC1 and PC2 Columns

The sample used for the two pilot column tests was the same material as was used for a pilot heap
test in Carmacks, Y. T. This bulk sample consisted of a composite of material taken from three

trenches as summarized in Table 3.4.

Table 3.4

Description of trench samples

Composite Location Length feet Approx. wt. tons
1 1700 N 100 90
2 1200 N 150 135
3 800 N 100 90

Each composite was screened into a series of size fractions and the fractions were assayed for total
and acid soluble copper. The difference between these two values was taken as the sulphide
copper. The results of these analyses are tabulated in Table 3.5. All three composites can be seen
to be more than 90% oxidized and all show increasing copper content from the coarse to fine

material. Acid base accounting results for the three samples are included in Appendix B.

The minus 6 mesh portions of each composite were screened further to evaluate the proportion of
very fine material (which could migrate during leaching) present in each composite. The size

distribution of minus 6 mesh material present in each composite is summarized in Table 3.6.
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Table 3.5

Trench composites size assays

—
— e

FRACTION WEIGHT ASSAYS, % % DISTRIBUTION

cm % CuT Cuox Cl.l,ulph CUT CUD, Cu!ulph

Composite 1

-2+13 22.7 0.92 0.78 0.14 15.4 14.2 29.4
-13+1 14.8 0.96 0.86 0.10 10.5 10.2 13.7
-1+ 0.6 14.4 1.02 0.92 0.10 10.8 10.6 13.3
-0.6+6m 14.4 1.12 0.98 0.14 11.9 11.3 18.6
-6m 33.7 2.06 1.98 0.08 51.3 53.6 25.0
Total 1.35 1.25 0.11
Composite 2
-2+13 23.0 0.80 0.70 0.10 15.0 14.4 20.9
-1.3+1 15.7 0.86 0.78 0.08 10.9 10.9 11.4
-1+0.6 13.9 0.93 0.82 0.11 10.5 10.2 13.9
-0.6+6m 14.1 1.05 0.96 ' 0.09 12.0 12.0 11.5
- 6m 333 1.91 1.77 0.14 51.6 52.5 42.3
Total 1.23 1.12 0.11
Composite 3
-2+ 13 17.9 0.68 0.66 0.02 11.3 11.3 11.5
-1.3+1 12.3 © 0.78 0.74 0.04 8.9 8.7 15.8
-1+ 0.6 13.4 0.86 0.82 0.04 10.7 10.5 17.2
-0.6+6m 14.4 1.06 0.94 0.12 14.1 12.9 55.5
- 6m 41.9 1.42 1.42 0.0 55.0 56.7 0.0
Total 1.08 1.05 0.03
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Table 3.6

Size distribution of minus 6 mesh fraction of trench samples.

Mesh Cumulative % Passing
Composite 1 Composite 2 Composite 3
10 78.4 80.0 81.1
20 56.9 59.7 61.4
35 39.1 40.8 42.8
65 23.8 24.0 25.9
100 17.3 17.1 18.7

The proportions of material from the three trenches used to prepare the samples for PC1 and PC2
are tabulated in Table 3.7.

Table 3.7
Make - up of bulk sample

SIZE FRACTION COMPOSITE
cm 1 2 3
-2+ 1.5 125 195 100
-15+1 82 134 68
-1+0.6 80 120 75
-0.6 + 6m 80 120 80
- 6m 185 283 230
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The weighted size distribution and total copper assay by fraction for the overall bulk sample is

summarized in Table 3.8.

Table 3.8

Size distribution and assay by fraction of bulk sample.

SIZE FRACTION WEIGHT Cu,
% %

-2+13 21.7 0.81

-1.3+1 14.6 0.87

-1+0.6 13.9 0.94

-0.6 + 6m 14.3 1.07
-6m 36.2 1.79
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4.0 PROCEDURE

4.1 FH column

The crushed feed material was agglomerated with a sulphuric acid solution prior to being placed
in a 15 cm diameter by 5.5m tall column. Agglomeration was accomplished by spraying 5
kg/tonne H,SO, as a 150 g/L solution on the ore and then mixing the ore by rolling it back and
forth on a sheet of plastic.

Leaching was initiated by pumping a fresh solution containing 15 g/L H,SO, onto the top of the
column at a rate of approximately 0.010 gal/ft*/min. Fresh acid solution was used as feed to the
column for the first four days of the test and after this time the feed became the raffinate from
solvent extraction. For the first 59 days of the test an addition of 15 g/L H,SO, was made to the
raffinate regardless of the pH. From day 60 on, only sufficient acid was added to the raffinate
to adjust the pH to 1.5 before the solution was recycled.

On day 24, the flowrate to the column was reduced to 0.005 gal/ft*/min and was maintained at

this rate for the duration of the test.

The test was continued until a copper extraction of approximately 80%, based on the head assay
calculated from the analysis of the size fractions of the feed, was achieved. At this point the

column was washed and allowed to drain.

The leached solids were removed from the column by continuously withdrawing material from
the bottom of the column so that the material could be analyzed in sections. The column tails
were divided into three approximately equal sections designated as top, middle and bottom. Each
section was screened into the same size fractions as had been used for the feed and each fraction

was analyzed.

BEATTIE CONSULTING LTD -
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4.2 PC1 and PC2 columns

For test PC1, the composite ore sample was agglomerated with 10 kg/tonne H,SO, added as a 300
g/L solution. Agglomeration was accomplished by placing charges of the ore in a cement mixer,
adding the acid solution and rotating the mixer until the ore was uniformly wetted, about 2

minutes. At the completion of agglomeration the coarse particles were uniformly coated with

e i,
Fo At o

e e et e

sample.

The agglomerated material was placed in a 25 cm diameter by 5.5 meter tall column. Leaching
was initiated by pumping a fresh acid solution containing 15 g/L H,SO, onto the column at a rate
of 0.010 gal/ft*/min. The feed rate was maintained at this flowrate for the first 12 days of
leaching and was then decreased to half this rate. The discharge from the column was at a point
approximately 30 cm from the bottom so that approximately 20 litres of pregnant solution
remained in the bottom of the column at all times and the bottom section of ore was immersed in

solution.

The feed solution for the first four days consisted of the fresh acid solution. From day 5 through
day 12 the feed solution consisted of raffinate to which an acid addition of 10 g/L was made
regardless of pH or acid content. From day 12 to day 80 the feed to PC1 consisted of raffinate
adjusted to pH 1.5. Solvent extraction was conducted with a 20% by volume solution of Acorga
M 5460 in Shell Sol DMS. For the first few cycles, up to 5 stages of solvent extraction were
required to remove all the copper from solution while after this initial stage, solvent extraction was

accomplished in two and later one stage.

From day 80 until the end of the test the feed to PC1 consisted of the pregnant solution from PC2
without any adjustment. A three day operating cycle was established where the PLS from PC2
was collected for a three day period and then became the feed for PC1 for the following three
days. At the same time the PLS from PC1 was subjected to solvent extraction, the pH was

BEATTIE CONSULTING LTD
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adjusted to 1.5 and it became the feed to PC2 for the second three day period. In this way, both

columns were operated continuously while samples could be taken, and volumes measured of the

intermediate samples.

A second batch of the ore composite was prepared for column PC2 by agglomerating with 15

kg/tonne acid. The procedure used for the agglomeration was the same as for PC1.

The flowrate to PC2 was constant at 0.005 gal/ft’/min for the duration of the test. The feed
solution to PC2 for the first 80 days of leaching consisted of raffinate from PC1 adjusted to pH
1.5. After 80 days of operating PC2, column PC1 was finished leaching. At this point the PLS
from PC2 was subjected to solvent extraction, the pH was adjusted to 1.5 and the solution was
recycled to the feed.

When the feed to PC1 was stopped, the solution contained in the bottom of the column was
drained out and the column was allowed to drain for a period of several weeks. After this
drainage period the column was washed with two batches of water before a neutralization study
was commenced. Following the completion of the neutralization work, the column was emptied

and the contents were analyzed in three sections by size fraction.

The operation of PC2 with solvent extraction of the PLS and adjustment of the recycle solution
to pH 1.5 was continued until day 182, at which time a copper extraction of 80.6% had been
achieved. From this point on the PLS was subjected to solvent extraction but the raffinate was
then recycled to the feed without pH adjustment so that the feed and PLS pH gradually increase.
This mode of operation was continued with occasional rest periods until day 289 at which time
the test was ended. The column was then subjected to neutralization studies, at the completion

of which the column was emptied and the contents analyzed by size fraction.
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4.3 Neutralization tests.

Upon the completion of acid leaching of column PCl1, it was subjected to several washing steps,
followed by neutralization testwork. The neutralization work consisted primarily of pumping
neutral or alkaline solutions onto the column and then analyzing and neutralizing the column
effluent. The operating parameters were varied as the testwork progressed and are therefore
discussed together with the results in Section 5.4. Similarly, column PC2 was washed and
neutralized following copper leaching although while PC1 was washed and tested arbitrarily when
approximately 80% copper had been achieved, the raffinate from column PC2 was recirculated
without acid addition for 100 days following the 160 day active leaching period to observe any
natural neutralization which would occur as the rock components consumed the residual acid in
the solution. The detailed test conditions for PC2 are also included with the discussion of results

in Section 5.4.
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5.0 RESULTS AND DISCUSSION

5.1 FH column

The detailed test results are included in tabular form in Appendix A. The copper extraction as a
function of time is shown in Figures 5.1 and 5.2 and can be seen to follow a fairly standard
profile. The extraction is also plotted in Figure 5.3, together with the extraction profile predicted
by the model prepared by Brown & Root Braun. The model was based on data developed from

previous column testwork on Williams Creek samples.

A copper extraction of 79.6% was achieved over a leach period of 186 days. The semi-log plot
presented as Figure 5.2 shows a change in slope at 20 days. This change corresponds to the

decrease in flow rate which took effect at this time.

While a higher leaching rate could have been maintained by continuing the test at the faster initial
feed rate, the decrease in flow was effected in an attempt to decrease the unit acid consumption.
Figures 5.4 and 5.5 summarize the acid consumption per unit of copper as a function of copper
extraction and time respectively. While the unit acid consumption decreased during the first two
weeks of leaching due to the amount of acid soluble copper available, after this time it started to
increase significantly as can be seen in Figure 5.5. It is apparent that while the decrease in feed
rate from day 20 onward resulted in a slight inflection in the curve in Figure 5.5, the unit acid

consumption was still increasing rapidly until the rate of acid addition was decreased on day 60.

The change in acid addition strategy from day 60 on, resulted in a minor decrease in the copper
leaching rate as is evident in Figure 5.2. However, as acid consumption is a major contributor
to operating expense, a longer leaching period with reduced acid consumption is believed to be
a preferred operating strategy. The acid consumption of 50.7 kg/tonne experienced in this test

is not considered to be meaningful in terms of the consumption to be expected in commercial
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production. When excessive acid is added, as it was for the first part of this test, it results in the
acid being consumed by the rock components rather than for dissolving copper. A more detailed
analysis of acid consumption, including a comparison of the consumption in the three tests

included in this report is included as Appendix C.

The tailings from the column were analyzed in three approximately equal sections from the top
of the column to the bottom. The results which are summarized in Table 5.1 indicate that based
on a head assay of 1.33% Cu approximately 90% of the copper has been leached from the top
section of the column but only about 70% of the copper has been leached from the bottom section.
The results indicate that even with the high acid concentrations utilized in the test, the acid was
not available for leaching near the bottom of the column. These results suggest that a high
solution flowrate with low acid concentration may be the optimum condition for leaching. There
is also evidence that due to the high acid conditions which prevailed for much of this test, iron was
being leached from the top of the column and precipitated towards the bottom, which is consistent
with observations made during unloading of the column. The top material was light grey in colour
while the bottom material had a slight yellow tinge. The agglomerates at the bottom of the
column were easily broken by hand and appeared to be porous. The entire column length
appeared to be well drained so that the precipitation of the iron near the bottom of the column did

not appear to have resulted in any percolation problems.

Selected fragments of the FH column residue were submitted to Vancouver Petrographics for

microscopic analysis. Their report is included as Appendix D.
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Table 5.1
Assay of FH column tailings

PRODUCT WEIGHT ASSAYS DISTRIBUTION
% Cu, T Cu,ox Fe Cu, T Cu,ox Fe
% % %
Top 33.4 0.14 0.08 2.38 17.4 13.7 23.9
Middle 35.3 0.31 0.23 3.62 38.8 39.5 38.5
Bottom 31.3 0.39 0.30 3.98 43.8 46.8 375
Total 0.28 0.20 3.32 100 100 100

The column contents were screened into a series of size fractions and each fraction was assayed.
The results are summarized in Table 5.2. As would be expected, for each section of the column
the copper content of the fines is significantly lower than that of the coarser fractions. Due to the
weight distribution however, the losses are spread across the size fractions. It is evident from the
results that the iron precipitation towards the bottom of the column is in the form of very fine
precipitates. It is expected that such migration of iron from the top of the leach pile to the bottom
will be minimized as the acid concentration in the feed is controlled to the recommended levels

as was subsequently tested in column PC2.

It appears that the strong acid concentration of the column feed resulted in particle degradation
at the top of the column. The percent passing 6 mesh in the column residue was 30.3% at the top,
24.2% in the middle and 20.9% at the bottom of the column. The results also confirm that

migration of the fines down through the column will not be a problem.

The moisture content following the cure acid plus water addltxon was 3 5% _In addition, the

solutlon hold- -up in the column on the first day of leachmg amounted to an add1t10na1 2.9%

moisture by weight for a total of 6.4%.

BEATTIE CONSULTING LTD

“ E e e a4
e . . o



Page 20
Table 5.2

Size-assay of FH column tailings

FRACTION WEIGHT ASSAY DISTRIBUTION, %
cm % Cu; Cu,, Fe Cuy Cu,, Fe
TOP
+2 0.2 0.20 0.18 3.48 0.2 0.4 0.2
-2+ 13 15.5 0.25 0.19 2.53 26.6 35.1 16.5
-13 41 22.9 0.16 0.11 2.36 25.8 30.2 22.7
-1+06 17.2 0.15 0.07 2.18 18.1 15.0 15.8
-0.6 + 6m 13.8 0.09 0.05 2.26 9.0 7.7 13.1
-6m 30.3 0.10 0.03 2.48 20.3 11.7 31.6
Total 0.14 0.08 2.38
MIDDLE
+2 0.1 0.41 0.35 3.42 0.2 0.2 0.1
2413 19.4 0.46 0.38 3.14 29.4 323 16.8
-13 41 25.3 0.37 0.29 3.40 30.6 32.5 23.7
-14+06 17.4 0.28 0.20 3.34 15.8 15.2 16.0
-0.6 + 6m 13.6 021 0.14 3.52 9.1 8.4 13.2
-6m 24.2 | 0.19 0.11 4.50 14.9 11.4 30.1
Total 0.31 0.23 3.62
BOTTOM
+ 1.3 17.3 0.55 0.44 3.01 24.3 25.4 13.1
-13+1 28.0 0.45 0.38 3.22 32.6 34.9 22.6
-1+06 19.3 0.38 0.29 3.92 18.6 18.7 19.0
-0.6 + 6m 14.5 0.30 0.21 4.28 11.0 10.2 15.5
- 6m 20.9 0.25 0.16 5.66 13.4 10.8 29.8
Total 0.39 0.30 3.98
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5.2 PC1 and PC2 columns

The detailed test results for PC1 and PC2 are tabulated in Appendix B. The copper extraction as
a function of time is summarized in Figures 5.6 and 5.7. It is readily apparent that in spite of the
increased acid addition made during the agglomeration of the PC2 feed, the initial leaching rate
of PC1 was considerably faster. PC1 operated with higher initial flowrate and acid concentration.
Since the results of the FH column indicate that high acid concentrations are not beneficial to
copper leaching, the high initial extraction rate observed for PC1 compared to PC2 apparently

results from the higher flowrate.

The copper extraction for PC1 shows an apparent decrease at day 80, when PC2 came on line.
This apparent decrease was due to the hold-up of high grade solution in column PC1 plus the
reservoir of solution held in the bottom of the PC1 column. By day 80 the PLS grade of column
PC1 had decreased to less than 1 gpl Cu. When PC2 was started, the feed to PC1 contained over
5 gpl Cu but this was diluted by the solution in the bottom of the column to about 1 gpl. Since
the extraction calculation is based on the difference in copper content between the feed and PLS,
the apparent extraction decreases. This apparent loss in recovery is partially regained over the
next few weeks of leaching as the PLS grade from PC2 decreases but the final recovery is only
made when the column is drained at the end of the test. The inventory of copper in the leach pile
must be taken into account when production schedules are prepared and this inventory will

increase when additional lifts are added.

While PC1 had a faster initial leaching rate so that it achieved an extraction of 70% in 80 days
leaching and PC2 achieved an extraction of just under 50% in the same period, the rate of PC2
continued at a more constant rate so that the total leaching time required for the two columns to

achieve 80% extraction appears similar.

The unit acid consumption as a function of time and copper extraction is summarized in Figures

5.8 and 5.9 respectively. Both figures include the acid consumption over the duration of the test
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and an expanded view of the region of lowered unit consumption. The results for both tests
indicate that the acid consumption based on a feed assay of the ore of 1.22% Cu will be in the
order of 2.5 kg H,SO, per tonne. It should be noted that during the period of 80 days when the
two E’Si'{i’;;s‘"&;é” Tunning in series, all acid additions were assumed to be to PC2 since it
represented the top lift being leached. It should also be noted that unlike the FH column where
the excessive acid additions resulted in the unit acid consumption increasing after an initial period
of decreasing consumption, for both PC1 and PC2 the unit consumption continuously decreased
with time. This decreasing trend indicates that acid additions were being made in an efficient
manner with respect to copper leaching. The effect of feed acid concentration on acid

consumption is discussed more fully in Appendix C.

As can be seen from Figures 5.10 and 5.11 the iron concentration in the PLS from both columns
PC1 and PC2 decreased dramatically when the two columns had been in series for about 30 days
(day 110 for PC1). The decrease in iron concentration was accompanied by an increase in

solution potential in the order of 100 mV. Examination of the PLS confirmed the presence of

bacteria. Apparently a viable population of bacteria became established in the columns, oxidizing

the iron to the ferric state and accounting for both the increase in potential and the precipitation

Tt e oo i A s ARG o

of the iron. There was no evidence that the iron precipitation resulted in any loss in permeability

A T AR v

in the column.

T e e,

The copper extraction from PC2 continued at a somewhat slower rate after the acid addition to the
feed was discontinued but was proceeding even with a feed pH greater than 2 and PLS pH of 2.7.
The test was ended after 289 days of leaching at which time an extraction of 87% had been
achieved with a total acid consumption of 22.9 kg/t.
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5.2.1 Moisture determinations.

The feed to PC1 was cured with an addition of 10 kg/t acid, added as a 300 g/1 solution. This
addition is equivalent to 33 _% _r_r_lp_isture. In addition, the solution holdup during the first day of
leaching was equivalent to an additional moisture content of 4.1% _so that.the total moisture was

7.4%.
—

The feed to PC2 was cured with an addition of 15 kg/t acid added as a 300 g/1 solution plus some
additional water for a total moisture addition of 5.9%. The first day solution holdup in this

column was equivalent to 0.5% moisture so that the total moisture content was 6.4%.
e

The moisture content of the column residues was determined in sections when the columns were
emptied. In evaluating these results it must be noted that these column had been exposed to long
term neutralization experiments following the acid leaching. The neutralization conditions

appeared to result in considerable particle degradation and this may have resulted in higher

residual moisture contents than would be experienced with acid leaching of the ore alone. The

measured residual moistures are as follows:

Column PC1 Top 8.0%
Middle 7.7%
Bottom 8.3%
Column PC2 Top 7.1%
Bottom 8.1%
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5.2.2 Residue analyses

Upon completion of the neutralization studies for each column, the residues were removed from
the column and were dried and analyzed. The residue from column PC1 was separated into top,
middle and bottom sections while the residue from column PC2 was analyzed as one overall
sample. In each case the samples were screened into the same size fractions as the feed had been
and each fraction was analyzed for total and acid soluble copper as well as iron. The complete
analyses for these samples are included in Appendix B and are summarized in Table 5.3. The
results indicate that leaching has progressed throughout the column with much less gradation in
copper content from the top of the column to the bottom than was observed in the FH column
tailings. The migration of iron from the top of the column to the bottom is also considerably less
than for FH. Comparing the size distribution of the residues with that of the feed as presented in

Table 3.8 indicates that some particle degradation has occurred. This degradation cannot be

concluded as resulting from the acid leaching step however since the neutralization testwork as

Sanr ALy .

s

discussed in Section 5.4 apparently was actively attacking the gangue minerals.

s i e

The residue from test PC2 was analyzed as one sample for the entire column length. The weight
distribution and assay by size fraction for the PC2 residue are summarized in Table 5.4. The table
includes data for degradation and copper recovery for each size fraction. The degradation index
is the percentage change in weight for that size fraction with a negative number indicating a
weight loss and a positive number a weight gain. As for the PC1 column, considerable particle
degradation has occurred but much of this likely occurred during the neutralization testwork. The
recovery figures are based on the simple determination of the difference between the feed assay
and residue assay for each fraction, ignoring the change in weight. As would be expected, the

copper extraction was the maximum for the finest size fraction.
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Table 5.4

Analysis of PC2 column residue.

Fraction Feed Residue Decrep. Cu Recov.
Weight Assay Weight Assay Index %
% Cu, % % Cu, %
-2+ 13 21.7 0.81 14.7 0.20 -32.2 75.2
-1.3+1 14.6 0.87 10.4 0.18 -28.9 79.3
-1+0.6 13.9 0.94 10.8 0.16 -22.4 82.9
-0.6 + 6m 14.3 1.07 12.5 0.15 -12.4 86.0
-6m 36.2 1.79 51.4 0.17 41.8 90.5
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Table 5.3

Size-assay of PC1 column tailings

FRACTION WEIGHT ASSAY DISTRIBUTION, %
cm % Cu; Cu,, Fe Cu, Cu,, Fe
TOP
+2 0.6 0.15 0.11 2.70 0.4 0.5 0.4
2413 143 0.23 0.15 3.10 16.9 17.1 10.7
13 +1 11.2 0.20 0.13 3.00 11.6 11.9 8.1
-1+0.6 11.3 0.19 0.12 3.00 11.1 11.5 8.2
-0.6 + 6m 12.9 0.17 0.11 3.20 11.6 11.6 10.0
-6m 49.8 0.19 0.12 5.20 48.3 47.4 62.6
Total 0.19 0.12 4.13
MIDDLE
+2 0.6 0.17 0.14 2.60 0.5 0.6 0.4
-2+ 13 15.1 0.25 0.18 3.10 17.3 18.1 10.7
13 +1 12.3 0.23 0.15 3.40 13.3 12.7 9.67
-1+0.6 12.7 0.22 0.15 3.40 12.8 12.5 9.9
-0.6 + 6m 14.1 0.20 0.13 3.60 12.9 12.0 11.6
-6m 45.2 | 0.20 0.15 5.60 43.1 44.0 579
Total 0.21 0.15 4.37
BOTTOM
+2 0.7 0.14 0.11 2.60 0.5 0.6 0.4
-2+ 1.3 17.3 0.27 0.19 3.20 23.0 23.7 12.2
13 +1 12.3 0.22 0.15 3.20 13.1 13.4 8.6
-1+0.6 10.9 0.20 0.12 3.40 10.5 9.60 8.1
-0.6 + 6m 12.8 0.19 0.11 3.60 11.7 10.5 10.1
- 6m 46.0 0.19 0.13 6.00 41.4 42.3 60.5
Total 0.21 0.14 4.56

BEATTIE CONSULTING LTD



Page 33
5.3 Trace element and environmental analyses
Solutions from the FH and PC2 column were analyzed for rare earth elements. The results of

these analyses are summarized in Table 5.5 with all value expressed as ppb. Note that the PC2
day 189 and final pregnant solutions were analyzed by two different analytical laboratories.

Table 5.5

Rare earth element analyses of leach solutions.

Element FH column PC2 column PC2 column

Final preg. day 189 preg. Final preg.
Scandium 2100 980
Yttrium 2100 7545 4440
Lanthanum 460 735 151
Cerium 1700 ' 2636 1120
Praseodymium 280 630 366
Neodymium 1800 3865 2250
Europium 120 286 265
Samarium 470 933 764
Gadolinium 620 1279 900
Terbium 62 213 153
Dysprosium 450 1248 830
Holmium 74 232 190
Erbium 270 571 525
Thulium 32 79 73.3
Ytterbium 250 576 466
_Lutetium 34 59 70.1
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The final pregnant solution from column FH was analyzed for trace elements. The results of this

analysis are summarized in Table 5.6 The solution can be seen to be elevated in the rock forming

elements.
Table 5.6
Trace element analysis of final FH column pregnant solution.

Element ppm Element ppm
Ag <.1 Hg <1
Al 9675 La 0.7
As 2.6 Mg 4851
Au <1 Mn 254.5
B 455.8 Mo 1.6
Ba 3.2 Na 0.03
Be 0.7 Ni 4.8
Bi <1 P 312
Ca 410 Pb 0.8
Cd 1.6 Sb <1
Co 8.0 Si 385.4
Cr 3.7 Sr 0.7
Cu 349 Ti 25.7
Fe 6965 \% 22.5
A 1.4 Zn 91.7

Samples of final raffinate from FH and PC1 column as well as from the pilot test conducted at

Carmacks were neutralized with lime. The test conditions are summarized in Table 5.7, together

with the solution analyses expressed as ppm.
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Table 5.7
Analyses of raffinates and neutralized raffinates.

FH PC1 Pilot Test
Initial pH/ final pH 1.78/7.05 1.75/7.01 1.15/6.98
Sample vol, L 23 0.5 0.5
Lime, g 1013 19 33
Lime, g/L 4 38 65

Raffinate Neut. raff. Raffinate Neut. raff. Raffinate Neut. raff.

Ag 0.1 0.1 0.1 <.l 0.1 <.l
Al 4388 <100 8474 <100 6045 <100
As 02 12 1S 0.8 0.9 0.5
Au <.l <.l <.l <.l <.1 <.l
B 131.2 2783 Q24 249.5 59.3
Ba 1 04 3.1 0.5 2.8 0.6
Be 0.2 0 0.2 0 02 0

Bi <1 <1 <1 <1 <1 <1
Ca 445 420 419 484 412 448
cd 0.5 0.1 0.6 <.1 0.5 <1
Co 5.1 0.1 5.1 0.4 10.1 03
Cr 12 0.1 2.4 <. 2.1 <.
Cu 102 04 77 0.1 155.3 04
Fe 533 149 7397 10 5593 19

Hg <S5 <5 <5 <. <5 <5
La 0.6 <.1 0.5 <.1 0.6 <.
Mg 307 2946 3842 3214 4130 4383
Ma 398.5 67.1 260.6 110.5 665 179.4
Mo <. 0.1 0.1 0 <. 0

Na n 9 180 55 108 7

Ni 3.6 0.5 42 02 74 0.1
P 53 5 270 2 150 2

P 02 0.3 0.9 04 0.3 0.1
sb <. 1 03 03 0.2 0.2
si 114.2 0.2 299.9 0.6 55.9 0.2
Sr <.1 29 03 43 0.4 5.1
Ti <. 0.1 17.8 <.1 2.9 <.1
v 0.1 <.l 177 <.1 7 <.1
w <. 0.3 0.8 04 0.5 0.3
Zn 55.3 0.5 93.9 03 68.5 03
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The neutralized raffinate from FH column was submitted for a rainbow trout toxicity test. The
results of this test are included as Appendix E. The solid precipitate formed during neutralization
of the FH raffinate was analyzed by means of whole rock and ICP analysis and the results are
summarized in Table 5.8. The high calcium content of this precipitate is consistent with the

formation of calcium sulphate which comprised the majority of the product.

Table 5.8
Analysis of precipitate formed by neutralization of final FH raffinate.

Whole rock analysis ICP analysis
Element % Element ppm
. Sio, 0.35 Ag 0.7
Al,Q, 9.79 As 14
Fe,0, 7.06 B 2035
MgO 2.08 Be 1
CaOo 32.74 Bi 1
Na,O 0.01 Cd 8
K,0 0.03 Co 45
P,O; 0.37 Cu 45
TiO, 0.02 Hg <3
MnO 0.179 La 4
BaO 0.004 Mo 4
Cr,0, 0.023 Ni 37
SrO 0.031 Pb 19
LOI 18.5 Sb 6
Total 71.2 A% 146

Zn 570
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5.4 Column neutralization results

The leaching of column PC1 was ended after 160 days, at which time it was allowed to drain.
After the draining was complete, it was washed with two 20 litre batches of water. The
composition of the final PLS and the wash solutions are summarized in Table 5.9. It is apparent
from the results that although the solution pH had increased significantly through the washing, the
copper content of the solution was still very high and additional washing would be warranted

before neutralization was started.

Table 5.9

Column PC1 washing results.

Prod-:ct pH Cu, g/L
Final day PLS 2.58 1.60
Drain solution 2.69 1.81

Wash 1 2.81 1.75

Wash 2 2.90 1.58

Neutralization of PC1 was started by pumping water adjusted to pH 7 with NaOH onto the top
of the column at the rate of 0.2 L/m%min. The pH of the effluent from the column was measured
and was then adjusted to 7 with NaOH before being recycled back to the column. At first, the
precipitate which formed when the effluent was neutralized was pumped back to the column with
the neutralized solution. It was soon found that the volume of precipitate was so great that the top
of the column was filling up and the solution would not pass through the precipitate. At this
point, the accumulation of precipitate was removed from the top of the column and additional
precipitate was settled from the solution before it was returned to the column. An analysis of the
precipitate formed at the start of the neutralization is summarized in Table 5.10. Also included

in this table is the analysis for a precipitate formed by neutralizing a sample of the day 119
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raffinate from PC2 to pH 7 with NaOH.

Table 5.10

Analysis of precipitate formed by NaOH neutralization of column effluent.

Element ppm unless otherwise noted
PC1 PC2
Ag 3.1 1.0
Al 132 % 9.44%
As 50 26
B 478 702
Ba 16 16
Be 22 s
Bi <S5 <5
Ca 0.84% 0.20%
Cd 10.8 10.2
Co 148 174
Cr 16 36
Cu 61,660 206e€ oom
Fe 0.34 2.9
Hg <5 <5
La <2 24
138 ¢ 4.08% 1.38%
Ma 8558 3344
Mo 10 8
Na 1.88% 4.14%
Ni 16 14
P 44 2650
Pb 2 14
Sb 8 10
Si 0.12% 0.10
Sr <2 <2
Ti 0.02 0.02
v <2 16
w <5 <5
22 1212 Q74

BEATTIE CONSULTING LTD



Page 39

The detailed neutralization results for column PC1, including feed and effluent pH, are included
in Appendix F. The effluent pH as a function of time is summarized in Figure 5.12. Changes

which were made to the procedure as the test progressed are as follows:

° On day 15 the feed pH was increased from 7 to 9

° From day 34 on the pH was adjusted with lime instead of NaOH

. On day 61 the feed pH was increased to 10.5

L From day 120 on, the flowrate was doubled

° From days 134 to 145 and 155 to 169, the column was allowed to rest

] From day 256 through day 260 and days 309 through 330, the feed pH was decreased to
7 and 100 mg/L Si was added as sodium silicate

° From day 260 to 306 the column was allowed to rest

° From day 306 on, the feed pH was maintained at 7

The objective of the various changes was to achieve the maximum neutralization rate and to
achieve a neutral effluent pH. It can be seen from Figure 5.12 that none of the changes had a
profound effect on the neutralization rate. It is also apparent that there is a marked resistance to
achieving an effluent pH greater than about 4. Over the course of the neutralization, 1.7 kg/t of
NaOH and 3.7 kg/t lime were added to the feed solutions. Based on the assumption that the leach
residue contained 10% moisture at 10 g/L acid, the NaOH required for acid neutralization would
be 0.8 kg/t.

To determine whether there was a significant variation in the condition of material from the top
of the column to the bottom, samples representative of the top, middle and bottom sections of the
column were tested once the column was taken down. A 5 kg portion from each column section
was covered with water which had been adjusted to pH 7 with lime. The solids were stirred for
5 minutes and then the pH and solution potential were measured. The solids were then allowed
to sit in the solution for 24 hours following which period the solids were again stirred and the

solution pH and potential were measured. The results of this testwork are summarized in Table
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5.11. While there has been somewhat greater neutralization of the top solids compared to the
bottom, after the 24 hour immersion it is apparent that all the material is still exerting a buffering
action on the solution to result in an effluent pH near pH 4. Also note that in each case the

solution potential is increasing with time.

Table 5.11
Results of batch neutralization tests on PC1 residues.

Sample Time pH ORP

mYV vs Ag/AgCl
top 5 min. 4.6 278
top 24 hr 4.4 312
middle 5 min. 4.4 319
middle 24 hr 4.3 344
bottom 5 min, 4.2 342
bottom 24 hr 4.2 372

The effluent solution on day 7 was analyzed by means of multiple element ICP analysis. The
results are included in Appendix F, together with other ICP analyses for both PC1 and PC2
discharges. Since the effluents were elevated in aluminum and silica, additions of sodium silicate
were made to the solutions as indicated above to determine whether the decrepitation of the rock
could be suppressed. Both the ICP analyses of solutions and the pH vs time results in Figure 5.12

indicate that the silicate additions did not have any beneficial effects.
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The neutralization of column PC2 had some differences to the procedure followed for PC1. While
PC1 was washed twice and then neutralized while the PLS still contained abundant copper, the
raffinate from PC2 was returned to the feed without acid addition until the PLS pH had increased
to 2.78. At this point the solution was neutralized to pH 11 with lime before being returned to

the column. Additional variations included in the PC2 neutralization are as follows:

° On day 30 the solution flowrate was doubled
° The column was allowed to rest from day 14 to 28, 33 to 50, 56 to 75, and 81 to 137
o On day 137 the feed pH was decreased to pH 7

The results for PC2 are included with those of PC1 in Figure 5.13. In spite of the different
conditions which prevailed at the start of PC2 compared to PC1, the effluent pH as a function of

time is essentially the same for the two columns.

Following the active neutralization period, the bottom 6 feet of column PC2 was flooded with
water adjusted to pH 7 with NaOH. The pH of the solution was measured at several locations

within the flooded zone and the results are summarized in Table 5.12.
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Variation of solution pH with time in flooded leach residue.

Date
1995

Day

Port location

from bottom (ft)

pH

26-Sep

3-Oct

11-Oct

17-Oct

25-Oct

1-Nov

14

22

28

36

2

A AN N RN N RN ONE NN O PNV N

3.43
3.48
3.48
3.63
4.30
4.43
3.71
3.85
3.80
3.73
3.81
3.77
3.83
3.80
3.77
3.88
3.88
3.83
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APPENDIX A

Test details for columns
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