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Executive Summary

A solution, representing a product of the KSM two-stage counter-current (CCD) washing of the cyanide
leach residue (‘Wash Water’ sample, approximately 20L), was received for preparation of the feed
solutions for testing. The test program had originally been established to evaluate hydrogen peroxide and
activated carbon as the treatment methods for producing treated solutions meeting the target of <0.5
mg/L CNwap and Cu. The program was later modified to include other treatment methods in an attempt to

achieve the target level of cyanide and copper in the final discharge solution.

Testing was conducted on the Wash Water sample as received and on three solutions from diluting the
Wash Water sample with gypsum saturated water to approximately 90 mg/L (Solution A), 5 mg/L

(Solution B), and 2 mg/L (Solution C) copper to simulate polishing treatment of the tailings pond effluent.

Solution A (104 mg/L CNwap, 88 mg/L Cu) responded reasonably well to treatment using the SO,/Air
method. Conducting the test at pH 8.5, 1 hour retention time, using 4.8 g SO, per gram CNwap produced
treated product containing 1 mg/L CNwap and 2 mg/L Cu. Contacting the SO,/Air solution product with 15
o/L fresh activated carbon reduced the residual CNyap and Cu to <0.5 mg/L. Treating the SO,/Air solution
product with ferrous sulphate, at approximately 11 moles Fe per mole Cu, also successful in attaining the
target <0.5 mg/L residual CNywap and Cu. However, treating the SO,/Air solution product with NaSH, at pH
3 and 120% of the stoichiometric requirement of NaSH, was unsuccessful in reducing the Cu

concentration in solution to below 0.5 mg/L.

Cyanide destruction testwork using hydrogen peroxide was conducted on Solution B (5.4 mg/L CNyap,
4.9 mg/L Cu) to evaluate the use of this reagent for polishing treatment of solutions containing low levels
of cyanide and copper. The results indicated that treating Solution B with approximately 10 times the
stoichiometric required of H,O, was successful in reducing the concentrations of CNwap and Cu in

solution to < 0.5 mg/L.

The possibility of polishing treatment of Solution B with NaSH was investigated using 120% the
stoichiometric requirement of NaSH for the precipitation of Cu, and at two pH levels of 3 and 8. However,

both tests were unsuccessful in attaining the target <0.5 mg/L residual CNyap and Cu.

The use of fresh activated carbon for polishing treatment of solutions containing very low levels of CNwap
and Cu was investigated using Solution C (2 mg/L CNwap, 2.1 mg/L Cu). Treating Solution C in a fluidized
bed column, at a solution flowrate of 10 carbon bed volume per minute and a solution to carbon mass
ratio of 1988, reduced the Cu concentration from 2 mg/L to <0.5 mg/L. However, the effluent still
contained 0.79 mg/L CNwap. Passing the solution through the same carbon bed a second time reduced
the CNwap to <0.5 mg/L.
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Direct treatment of the Wash Water (176 mg/L CNwap, 145 mg/L Cu) was evaluated using a combination
of SART (Sulphidization, Acidification, Recycling of precipitate, and Thickening of precipitate) precipitation
of copper sulphide and AVR (Acidification, Volatilization of HCN gas, and Reneutralization) recovery of
cyanide, followed by polishing treatment of the AVR barren solution. Conducting the SART treatment at
pH 3 using 120% of the stoichiometric requirement of NaSH followed by AVR of the SART solution
product produced an AVR barren solution containing 14 mg/L CNywap and 0.5 mg/L Cu. Selenium
appeared to precipitate during AVR processing of the SART solution product. This finding should be

confirmed in future testwork for possible use in controlling the selenium level in plant solutions.

Polishing treatment of the AVR barren solution was evaluated using the Caro’s acid and the hydrogen
peroxide methods. Treating the AVR barren solution with 5 times the stoichiometric requirement of
Caro’'s acid resulted in near complete removal of Cu and thiocyanate. However, the test was

unsuccessful in reducing the CNwap level to the target <0.5 mg/L.

The AVR barren solution responded well to polishing treatment using 10 times the stoichiometric

requirement of H,O,. The CNwap and Cu concentrations were reduced to <0.5 mg/L.

In summary, the testwork has demonstrated the effectiveness of peroxide polishing treatment by
simultaneously reducing the concentrations of both copper and CNwap in solution to the target <0.5 mg/L.
Polishing treatment of SO,/Air treated solution product with fresh activated carbon and ferrous sulphate

were also successful in achieving the target <0.5 mg/L CNwap and Cu in solution.

Feed/ pH/ | NaHS | H,SO4| SO, [Ferrous|Fresh Activated| H,O, | Caro's Solution Analysis
Treatment Method pH Add. | Add. Carbon Acid CNr | CNwap| CNS | CNO Cu Fe Se
Target| % a/g M/M Sol'n/C| % %

Stoic. g/L |CNwap| Cu g/L a/g Stoic. | Stoic. | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L

Wash Water 7.7 - - - - - - - - 187 176 270 25 145 3.90 | 0.055
SART 3 3.0 120 0.43 - - - - - - 162 156 280 12 0.38 | 2.20 | 0.138
AVR on SART Sol'n 3.0 - 0.46 - - - - - - 42 14 261 <1 0.50 | 2.78 |<0.001
Caro's Acid on AVR Barren| 8.4 - - - - - - - 500 8.8 1.2 <2 94 0.10 1.86 | 0.051
H,O, on AVR Barren 8.6 - - - - - - 1000 - 12.6 0.4 240 9.3 0.10 | 1.86 | 0.084
Solution A 8.1 - - - - - - - - 108 104 160 17 87.8 | 1.53 | 0.064
SO, /AIr 8.7 - - 4.6 - - - - - 4.8 1 120 120 2.04 | <0.05 | 0.084
Carbon on SO,/Air Sol'n 7.7 - - 5 200 - - 0.17 | <0.1 44 110 0.45 | <0.05 | 0.096
SART on SO,/Air Sol'n 3.0 120 0.50 - - - - - - <0.1 | <0.1 90 24 0.80 -

FeSO, on SO,/Air Sol'n 6.0 - 0.012 - 11.2 - - - - <0.1 | <0.1 88 130 0.07 | <0.05
Solution B 8.1 - - 6.4 5.4 8.7 0.9 4.89 <0.2
Hydrogen Peroxide 8.0 - - 1095 - <0.1 | <0.1 <2 8.5 0.14 | <0.05

SART 3.0 120 | 0.028 - 6.6 6.4 - - 0.60 -

Solution C 7.8 - - - - - - - - 2.4 2.0 4.2 0.4 2.13 <0.2

Carbon in Column CIC 1 - - - - - - 1988 - - 0.78 | 0.79 2.9 0.4 0.40 | <0.05

CIC 2 Using CIC 1 Sol'n - - - - - - 896 - 0.50 - - 0.20 | <0.05
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Introduction

Laboratory testwork was conducted at SGS Minerals Services Laboratory in Lakefield to investigate
various treatment options for detoxification of the KSM plant cyanide leach residue CCD wash water. The
goal was to produce a final treated product containing less than 0.5 mg/L of residual Cu and CNyap.

The test program consisted of performing experiments on direct CCD plant wash water and on solutions
prepared by diluting CCD plant wash water with gypsum saturated water to simulate polishing treatment
of the tailings pond effluent. The methods used in current program are column and batch adsorption tests
using activated carbon, SART and AVR recovery of cyanide, cyanide detoxification using SO,/Air,
hydrogen peroxide, Caro’s acid, and ferrous sulphate.

The program was directed by Mr. J. Smolik and Mr. D. Lindsay of Seabridge Gold. The results were
forwarded to them as they became available. The details of the testwork are presented in this report.

M Mmelis k. M"W

Mariam Melashvili, MSc C.V. Trang, MSc.
Project Metallurgist Senior Consultant

2

Inna Dymov, P. Eng.
Manager, Gold Metallurgy

Experimental work by: K. Hay
Report preparation by: M. Melashvili, C. Trang, S. McKenzie
Reviewed by: Su McKenzie, inna Dymov
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Testwork Summary

1. Feed Sample

The solution, submitted for testing, representing a product of the KSM two-stage counter-current washing
of cyanide leach residue (Wash Water) was received at the SGS Lakefield site on June 12, 2012, and
given the SGS receipt number 0289-Jun12.

A batch of gypsum saturated water was also prepared in the laboratory by agitating 80 g of industrial
grade gypsum in 20L of deionized water overnight followed by filtration to remove the undissolved solids.
This solution simulated gypsum saturated recycled stream. Three feed solutions having target copper
concentrations of 90 mg/L (Solution A), 5 mg/L (Solution B), and 2 mg/L (Solution C) were prepared by
diluting the Wash Water sample with gypsum saturated water. A head sample was taken from each
solution and submitted for chemical analysis. The results are presented in Tables 1 (major

elements/species) and 2 (multi-element ICP scan).

Table 1: Feed Samples- Quantitative Analysis

Analysis Test Solution
Wash Diluted with Gypsum Saturated
Water Water to Target Cu Conc.
90 mg/L 5 mg/L 2 mg/L
Solution A | Solution B | Solution C
CNp mg/L 187* 108* 6.4 2.4
CNwap mg/L 176 104 5.4 2.0
CNO mg/L 25 17 0.9 0.4
CNS mg/L 270 160 8.7 4.2
Cu mg/L 145 87.8 4.89 2.13
Fe mg/L 3.9 1.53 <0.2 <0.2
Se mg/L 0.055 0.064 -

*Calculated based on CN yp assuming that Fe present as ferrocyanide
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Table 2: Feed Samples - ICP Scan

Analysis Test Solution
Wash Diluted with Gypsum Saturated
Water Water to Target Cu Conc.
90 mg/L 5 mg/L 2 mg/L
Solution A [ Solution B | Solution C

Fe mg/L 3.9 1.53 <0.2 <0.2
As mg/L <0.3 <3 <0.3 <0.3
Ca mg/L 726 610 669 704
Ag mg/L <0.08 <0.08 <0.08 <0.08
Al mg/L <0.2 <0.2 <0.2 <0.2
Ba mg/L 0.012 0.012 0.008 0.007
Be mg/L <0.002 <0.002 <0.002 <0.002
Bi mg/L <1 <1 <1 <1
Cd mg/L <0.09 <0.09 <0.09 <0.09
Co mg/L <0.3 <0.3 <0.3 <0.3
Cr mg/L <0.1 <0.1 <0.1 <0.1
K mg/L 9 5 <1 <1
Li mg/L <2 <2 <2 <2
Mg mg/L 3.46 0.08 0.7 0.61
Mn mg/L <0.04 <0.04 <0.04 <0.04
Mo mg/L <0.6 <0.6 <0.6 <0.6
Na mg/L 499 502 18 7
Ni mg/L <0.6 <0.6 <0.6 <0.6
P mg/L <5 <8 <5 <5
Pb mg/L <2 <2 <2 <2
Sh mg/L <1 <1 <1 <1
Se mg/L <3 <3 <3 <3
Sn mg/L <2 <2 <2 <2
Sr mg/L 1.18 1.84 3.75 3.7
Ti mg/L <0.02 <0.02 <0.02 <0.02
T mg/L <3 <3 <3 <3
U mg/L <1 <1 <1 <1
\ mg/L <0.2 <0.2 <0.2 <0.2
W mg/L <2 <2 <2 <2
Y mg/L <0.02 <0.02 <0.02 <0.02
Zn mg/L <2 <2 <0.7 <0.7

2. Metallurgical Test Program

The objective of the test program was to investigate various treatment options to produce a final treated
product containing less than 0.5 mg/L of residual Cu and CNwyap. Testwork was performed on the CCD
plant Wash Water sample and on solutions prepared by diluting the CCD plant wash water with gypsum

saturated water to target copper concentrations of 90 mg/L (Solution A), 5 mg/L (Solution B), and 2 mg/L

(Solution C). The overall test program is presented in Figure 1.
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—» | Caro's acid

Wash Water > SART 3 AVR
o H,0,
"1 (H-3 and H-4)
| SO,/Air
" CND 1

— ) SART 4

! } !

so,/Air - Lp
Solution C Solution B SolutionA | > CND 2 Fe-1and Fe-2
v Carbon ads.
A4 + * Bottle roll tests
Carbon Ads. SART H,0, SO,/Air
(CIC1&cCIC2) (SARTL & SART2) (H-1and H-2) CND 3 p| Carbon ads.
Bottle roll tests

Figure 1: Program Flowsheet

2.1. Cyanide Recovery by SART and AVR Followed by Polishing Tests on Wash Water

2.1.1. SART Precipitation of Copper

The recovery of cyanide and copper from the Wash Water sample was investigated using the SART
method in Test SART 3. The test was conducted in a 3 litre glass kettle using 2 litres of feed solution.
The copper was precipitated at pH 3 using 120% of the stoichiometric requirement of NaSH. The results

are presented in Table 3.

Treating the Wash Water sample with SART was successful in reducing the copper concentration from
145 mg/L to 0.38 mg/L. The sulphuric acid consumption was 0.42 g/L feed solution.

Table 3: SART Treatment on Wash Water Sample

Test pH NaHS |H,SO, Solution Analysis
Target| Final | Add.
120% | Add. CNt |CNwap| CNS | CNO Cu Fe Se

Basis
g/L g/L mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L
Feed (Wash Water) 7.7 - - - 187 176 | 270 25 145 3.9 |0.055
SART 3 3.0 3.0 0.5 | 0.43 | 162* 156 | 280 12 0.38 | 2.2 |0.138

*Calculated based on CNwap assuming that Fe present as ferrocyanide

2.1.2.  AVR Recovery of Cyanide

A 2 litre portion of the solution product from Test SART 3 was placed in a 2 litre airtight glass kettle. Air
was drawn through the solution at a flowrate of 2 L/min for 6 hours to purge the HCN into a glass

scrubber containing a sodium hydroxide solution. The solution was maintained at pH 3 using a dilute
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sulphuric acid solution. The cyanide concentration in the scrubber solution was monitored during the test.

The results are summarized in Table 4 and the details of the test are included in Appendix A.

Since the AVR feed contained very little Cu, the concentration of CNywap Was essentially the same as
CNg, and was present as dissolved HCN in solution. The residual CNyap in the final AVR barren was 14
mg/L. The slow rate of volatilization of cyanide is attributed to the nature of laboratory batch testing.
Large scale continuous AVR testing using stripper and adsorber columns would be required for the
design of the AVR plant. The amount of cyanide collected in the scrubber was equivalent to 64% of the
CNwap in the feed solution. The low CN recovery in the scrubber was likely due to the loss of HCN during
filtration of the acidic SART product to obtain filtrate for use as AVR feed. The AVR feed contained 0.138
mg/L Se while the AVR barren had <0.001 mg/L Se. The final scrubber solution assayed only 0.003 mg/L
Se, which was likely from the small amount of mist carried over to the scrubber during the 6 hour test.
These findings suggest that Se might have precipitated during AVR. This should be confirmed in future

testwork as this process could potentially be used for control of Se level in plant solutions.

The AVR sulphuric acid consumption was 0.46 g/L, and the amount of hydrated lime required for

reneutralization of the AVR barren was 145 g/m® solution.

Table 4: AVR Test on SART Solution Product

Test pH | H,SO4| Lime Reactor Solution Composition Scrubber (1.5 L)
Added for Vol. CNt | CNwap| CNS CNO Cu Fe |NH3;+NH,| Se CN % of
Cumu. | Neutr. CNpicric as N Feed
CNWAD
g/L g/L mL mg/L | mg/L | mg/L | mg/L | mg/L | mg/L mg/L mg/L mg
SART 3 Solution 3.3 2000 | 162* 156 280 12 0.38 2.2 15.5 0.138
15 min 2.6 14 5
30 min 2.6 24 8
60 min 2.6 43 14
120 min 2.6 76 24
180 min 2.5 111 36
240 min 2.5 142 46
300 min 2.5 165 53
360 min 2.5 184 59
420 min 25 194 62
480 min 2.6 0.46 2000 42 14 261 <1 0.50 2.8 16.9 <0.001| 200 64
Reneutralization 9.2 0.145

2.1.3. Polishing Test Using Caro’s Acid

The use of Caro’s acid for polishing treatment of the AVR barren solution was evaluated using 5 times the
stoichiometric requirement of H,SOs based on CNwap. The Caro’s acid reagent was prepared in advance
using a procedure provided by INTEROX (Appendix D). The required amount of Caro’s acid was added to
500 mL of the AVR barren solution while stirring. The solution was maintained at pH 8.8.5 with hydrated

lime for 30 minutes before taking sample for analysis. The results are shown in Table 5.
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Treating the AVR barren solution with 5 times the stoichiometric requirement of Caro’s acid resulted in
near complete removal of Cu and thiocyanate. However, the test was unsuccessful in reducing the

CNwap level to the target <0.5 mg/L.

Table 5: Polishing Test on AVR Barren Using Caro’s Acid

Test Lapsed| H,SOs525% pH Lime | EMF Solution Composition
Time | Added | Stoich. AgCl | CN; |CNwap| Cu Fe CNO | CNS Se
min g/L % g/L mV mg/L [ mg/L | mg/L | mg/L | mg/L | mg/L | mg/L
Feed (AVR Barren) 2.4 180 42.1 14.3 0.50 2.78 <1 261 |<0.001
Caro's acid | 30 11.19 | 500 8.4 27.3 | 239 8.8 1.2 [<0.05| 1.54 94 <2 0.05

2.1.4. Polishing Tests Using Hydrogen Peroxide

The polishing treatment of the AVR barren solution with hydrogen peroxide was investigated in two tests
using 10 times the stoichiometric requirement of H,O,. In the first test (Test H-3), 20 mg/L Cu (as copper
sulphate) was added followed by the addition hydrogen peroxide. The solution was maintained at
approximately pH 8.5 with hydrated lime for 60 minutes. A solution sample was submitted for analysis of
CN and species of interest. The second test (Test H-4) was carried out using the same procedure except

copper catalyst was not used. The comparative results are presented in Table 6.

Treating the AVR barren with 10 times the stoichiometric requirement of H,O, was successful in reducing
the CNwap and Cu to the target <0.5 mg/L. Adding a copper catalyst was not beneficial as high CN and

Cu were present in the test product.

Table 6: Polishing Test on AVR Barren Using Hydrogen Peroxide

Test Method| Lapsed H,0, pH Lime | Cu” | EMF Solution Composition
Time | 100% Basis Added| AgCl | CN; |CNwap| Cu Fe CNO | CNS Se
Added | Stoich
min g/L % g/L mg/L mV mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L
Feed (AVR Barren) 2.5 214 42 14 0.50 2.78 <1 261 |[<0.001
Test H-3 Batch 60 0.19 | 1000 | 8.9 0.50 20 141 8.4 5.4 15.2 | <0.05| 30.0 270 ([ 0.087
Test H-4 Batch 60 0.19 | 1000 | 8.6 0.38 169 12.6 0.4 0.10 | 1.86 | 9.30 240 | 0.084

2.2. SO,/Air Cyanide Destruction Followed by Polishing Tests on Solution A

2.2.1. SO,/Air Cyanide Destruction

Cyanide destruction testwork using sodium metabisulphite (as the source of SO,) and air was conducted
on Solution A to generate product for polishing testwork. In this process, the weak acid dissociable
cyanide is oxidized to cyanate and copper precipitates as copper hydroxide. Ferrocyanide is not oxidized

in the process and instead is precipitated as mixed metal ferrocyanide precipitate:
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2CN™ + Na,S,05 + 20, + 20H — 2CNO + Na,SO, + SO, + H,0
Cu* +20H — Cu(OH),
Fe(CN)s" + 2Cu” — Cu,Fe(CN) (precipitate)
Fe(CN)s" + 2zn** — Zn,Fe(CN); (precipitate)
Testing was carried out using a 1L reactor and hydrated lime slurry was used to maintain the solution at
the desired pH level. A batch test (CND 1) was conducted to produce a solution product with low residual

cyanide for use as the starting solution for the first continuous test (Test CND 2). The treated product in

the reactor from one test was used as the starting material for the next test.

The results are presented in Table 7. The details of the experimental procedure and results are

appended (Appendix B).

Table 7: Cyanide Destruction Tests on Solution A Using SO,/Air

Test Mode [ReactorReten. Composition (Solution Phase) Produc{Cumulative Reagent Addition®
vol. | Time| pH | CNr [CNwao| CNO| CNS | cu | Fe | se | vol. 9/g CNwap Fe®
4
@ SO, | Lime | Fe® | mgiL
L min mg/L| mg/L | mg/L|{ mg/L{mg/L| mg/L{mg/L| L |Equiv. Feed
Feed (Solution A) 8.1 | 108 | 104 17 160 | 87.8 | 1.53 [0.064
CND 1 |Batch 1.0 60 8.5 ... | <0.1 4.75 | 3.66
CND 2 |Continuouy 1.0 57 | 87 | 4.8 1 120 | 120 | 2.04 |[<0.05/0.084| 3.4 | 461 | 2.60| ...
CND 3 |Continuouy 1.0 52 8.6 [ 10.3 | ... 120 [ 130 | 1.52 {<0.05[0.059| 0.9 | 5.14 | 5.04 | 0.004 0.4
Ms0, added as Na,S,0s5 ®Fe added as FeSO,
@py the Picric acid method ...not analyzed or added

Conducting the SO,/Air test at approximately pH 8.5, 1 hour retention time, 4.8 g SO, per gram CNyp in
the feed (Test CND 2) reduced the concentration of CNyap from 104 mg/L to 1 mg/L and copper from
87.8 mg/L to 2 mg/L.

Test CND 3 was carried out in an attempt to further reduce the residual copper in the SO,/Air product by
adding a small amount of ferrous during the test to convert some of the residual CNwap to ferrocyanide for

precipitation of the residual copper as copper ferrocyanide:

Fe”* + 6CN — Fe(CN)g"

Fe(CN)s© + 2Cu®* — Cu,Fe(CN)s (precipitate)
The results are included in Table 7. Adding 0.004 g ferrous per gram CNwap Of the feed (0.4 mg/L Fe*)
during SO,/Air treatment appeared to have a positive effect in reducing the residual copper in the test

product. The residual Cu concentration in solution decreased slightly from approximately 2 mg/L (Test
CND 2) to 1.5 mg/L. However, the residual cyanide in the SO,/Air treated product increased with the
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addition of ferrous to approximately 10 mg/L CN;. Owing to the exhaustion of feed, Test CND 3 only
operated for 1 reactor displacement (52 minutes) instead of the typical 3 reactor displacements for a
standard SO,/Air test. Therefore, these findings should be confirmed and the effect of higher dosages of

ferrous should also be evaluated in future testwork.

The two products from Tests CND 2 and 3 were used as feeds for polishing testwork using activated

carbon, NaHS, and ferrous sulfate.

2.2.2. Polishing Treatment Using Activated Carbon

Carbon adsorption polishing tests were conducted on the two solution products from Tests CND 2 and
CND 3. The feed solution (approximately 300 mL) was placed in a glass bottle. Fresh preattritioned
activated carbon (Calgon GRC-22) was added and the bottle was placed on rolls for 24 hours. Solution
samples were taken during the test for copper analysis to determine the kinetics of copper adsorption.
Three carbon concentrations of 5, 10 and 15 g/L were evaluated on each feed solution. The results are
presented in Tables 8 and 9 and plotted in Figures 2 and 3. The details of the experiments are included

in Appendix B.

The results indicated that activated carbon could be used for the successful removal of residual copper

and cyanide in SO,/Air treated solution products.

Table 8: Carbon Adsorption Polishing Tests on Test CND 2 Solution

Test Solution Composition, mg/L
CN: | CNwap | CNO CNS [NHz;+NH,| Cu Fe Se
as N
Feed - CND 2 Solution| 4.8 1 120 120 12.7 2.04 <0.05 | 0.084
5 g/L Carbon 0.17 <0.1 110 44 15.4 0.45 <0.05 | 0.096
10 g/L Carbon 0.05 <0.1 90 24 14.7 0.16 <0.05 | 0.055
15 g/L Carbon 0.02 <0.1 75 12 15.4 <0.05 | <0.05 | 0.056

Table 9: Carbon Adsorption Polishing Tests on Test CND 3 Solution

Test Solution Composition, mg/L
CNt | CNwap | CNO CNS | NH;z + NH, Cu Fe Se
as N
Feed - CND 3 Solution| 10.3 120 130 17.2 1.52 <0.05 | 0.059
5 g/L Carbon <0.1 <0.1 96 42 43.6 0.42 <0.05 0.067
10 g/L Carbon <0.1 <0.1 78 21 40.0 0.06 <0.05 | 0.105
15 g/L Carbon <0.1 <0.1 65 13 35.5 <0.05 | <0.05 | 0.060
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Figure 2: Carbon Adsorption Polishing Tests on CND 2 Solution — Cu in Solution
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Figure 3: Carbon Adsorption Polishing Tests on CND 3 Solution — Cu in Solution
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2.2.3. Polishing Treatment Using SART

The possibility of polishing treatment of the SO,/Air product with NaSH was evaluated on Test CND 2
solution. The solution was treated at pH 3 using 120% of the stoichiometric requirement of NaSH (Test
SART 4). The results are presented in Table 10. The test was unsuccessful in achieving the target

copper concentration of <0.5 mg/L.

Table 10: SART Polishing Test on CND 2 Solution

Test pH NaHS | H,SO, |Hydrated Solution Analysis

Target | Final Add. | Conc. Lime CN; | CNwap| CNS CNO Cu
120% | Add. Add.
Basis
mg/L g/L g/L mg/L | mg/L | mg/L | mg/L | mg/L
Feed (CND 2 Solution)| 7.7 - - - - 4.8 1 120 120 2.04
SART 4 3.0 3.0 2.0 0.5 0.45* <0.1 <0.1 90 24 0.80

* For reneutralization of solution product

2.2.4. Polishing Treatment Using Ferrous Sulphate

The possibility of reducing the residual copper and cyanide from the SO,/Air treated product by the
addition of ferrous sulphate was investigated using Test CND 2 solution. Two ferrous sulphate levels of
5.6 and 11.2 moles Fe®* per mole Cu were evaluated. The solution was maintained at approximately pH

6 for 1 hour using a dilute sulphuric acid solution.

The results are presented in Table 11. The addition of ferrous sulphate at the dosage equivalent to 11.2
moles Fe* per mole Cu was successful in removing the residual copper and cyanide to the required

target of <0.5 mgl/L.

Table 11: Polishing Test on CND 2 Solution Using Ferrous Sulphate

Test pH FeSO,+7H,0 | H,SO, Solution Analysis
Target |Amount] Molar | Conc. | CNt [CNwap| CNS | CNO Cu Fe Se
Ratio
5.5-6.5[ g/lL | Fe/Cu| g/L mg/L | mg/L | mg/L | mg/L | mg/L | mg/L [ mg/L
Feed (CND 2 Sol'n)| 7.8 4.8 1 120 120 2.04 | <0.05 | 0.084
Test Fe-1 5.8 0.05 5.6 0.012 | <0.1 <0.1 99 130 1.91 | <0.05 | 0.056
Test Fe-2 6.2 0.10 11.2 | 0.012 | <0.1 <0.1 88 130 0.07 | <0.05 | 0.026

2.3. Peroxide Treatment of Solution B

The removal of copper cyanide by oxidation with hydrogen peroxide was evaluated using Solution B. In
this method, cyanide is oxidized to cyanate by hydrogen peroxide under slightly alkaline condition

according to the following reaction:

CN + H,0, = CNO" + H,0
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Testing was conducted using 500 mL of Solution B, and at two hydrogen peroxide dosages of
approximately 10 and 20 times the stoichiometric amount based on CNwap. Following hydrogen peroxide
addition, the solution was maintained at pH 8 with hydrated lime for 90 minutes. Solution samples were
taken every 30 minute during the test for analysis of residual cyanide and Cu. The results are presented
in Table 12.

Treating Solution B using approximately 10 times the stoichiometric required of H,O, (Test H-1) reduced
the concentrations of CNwap and Cu to <0.1 mg/L and 0.14 mg/L, respectively. Doubling the H,O,
dosage to approximately 20 times the stoichiometric amount based on CNyap resulted in a further

reduction of the copper concentration in solution to <0.05 mg/L.

Table 12: Peroxide Tests on Solution B

Test Method| Cumu. H,0, Lime Solution Composition
Reten.| 100% Basis | added| pH EMF | CN;t |CNwap| Cu Fe CNO | CNS
Time | Added | Stoich AgCl
min g/L % g/L mV mg/L | mg/L | mg/L | mg/L | mg/L | mg/L
Feed (Solution B) 8.1 182 6.4 5.4 4.89 <0.2 0.9 8.7
Test H-1 Batch 1 0.08 | 1095 | 0.10 8.7 276
30 8.1 242 <0.1 <0.1 0.07
60 8.0 234 <0.1 <0.1 | <0.05
90 8.0 220 <0.1 <0.1 0.14 | <0.05 8.5 <2
Test H-2 Batch 1 0.16 | 2190 | 0.20 8.7
30 8.0 213 <0.1 | <0.1 | <0.05
60 8.0 207 <0.1 <0.1 | <0.05
90 8.0 206 <0.1 <0.1 | <0.05 | <0.05 7.9 <2

2.4. SART Removal of Copper on Solution B

In the SART process, the addition of NaHS under acidic condition precipitates copper as copper sulphide

and liberates cyanide as HCN in solution. The possible reactions are presented below:

Na,Cu(CN)s + 0.5NaSH + 1.25H,S0, = 0.5Cu,S + 3HCN(aq) + 1.25 Na,SO,

CaCu(CN); + 0.5NaSH + 1.25H,S0, + 2H,0 = 0.5Cu,S + 3HCN(ag) + 0.25 Na,SO, + CaS0,.2H,0

Testing was conducted in a 1-L glass kettle using 500 mL of feed Solution B. Mixing was provided with a
magnetic stirrer. The feed was adjusted to the required pH using a dilute (20%) sulphuric acid solution.
The required amount of NaHS was added and the solution was maintained at the desired pH for 20
minutes. Following the test, a flocculant (Magnafloc 156) was added to assist the settling of the copper
sulphide precipitate. A solution sample was taken and filtered. Sodium hydroxide was added to adjust
the filtrate to above pH 11 to stabilize the cyanide before submitting the sample for analysis. Another
sample was then taken and adjusted with lime to approximately pH 10 to determine the lime requirement
for reneutralization of the solution product. The test parameter was solution pH (pH 3 and 8) and the

comparative results are shown in Table 13.
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Conducting the SART test at pH 3 using 120% of the stoichiometric requirement of NaHS (Test SART 1)
reduced the concentration of Cu in solution from 4.89 mg/L to 0.6 mg/L. The sulphuric acid requirement
was 0.028 kg/m3 and the hydrated lime consumption for reneutralization of the solution product was 0.15

kg/m3.

Carrying out the SART test under alkaline condition (Test SART 2 at pH 8) was ineffective. The copper

concentration only decreased from 4.89 mg/L to 3.61 mg/L.

Table 13: SART Tests on Solution B

Test pH NaHS |H,SO4|Hydrated Solution Analysis

Target | Final | Add. | Conc. | Lime CNt |CNwap| CNg Cu
120% | Add. | Add.
Basis
mg/L | g/L g/L mg/L | mg/L | mg/L | mg/L

Feed (Solution B) | 7.5 - 6.4 54 <2 4.89
SART 1 3.0 2.9 2.8 [0.028| 0.15* | 6.6 6.4 4 0.60
SART 2 8.0 8.2 2.8 - - NA NA <2 3.61

* For reneutralization of solution product
NA: not analyzed

2.5. Carbon Adsorption Column Test on Solution C

The objective of the testwork was to evaluate the efficiency of copper adsorption onto activated carbon in
a fluidized bed column. Testing was carried out using 5 gram of activated carbon (Calgon GRC 22) in a
transparent glass column having an internal diameter of 15 mm. The feed solution was Solution C at the

natural pH of approximately pH 7.8.

In a first test, the feed solution was pumped upflow through the carbon column, at a flowrate of
approximately 50 mL/min for 200 minutes. It was observed in the test that at this solution flowrate, there
was insignificant expansion of the carbon bed and, therefore, no fluidization of the carbon bed was
achieved. Nevertheless, the test was allowed to proceed to completion. The column effluent was
collected in 30-minute portions (20 minutes for the last collection) for analysis of residual copper. The

results are presented in Table 14, and the details of the experiment are appended (Appendix C).

The total volume of solution processed was 9.94 litres, which was equivalent to a solution-to-carbon mass
ratio of 1988. The results indicated that the test was successful in reducing the copper level from 2.13

mg/L in the feed solution to below 0.5 mg/L in the treated product.

The solution products from the first test were blended and a sample was taken for copper analysis. A 4.5

litre portion was used as feed for Test 2 to determine whether the loaded carbon from Test 1 could be
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used to extract more copper from solution. The solution was pumped upflow through the same carbon
column but at a much higher flowrate of 300 mL/min in order to achieve a carbon bed expansion of
approximately 78%. The results (Table 14) showed that it was possible to further reduce the copper

concentration in solution from 0.3 mg/l to 0.2 mg/L by reprocessing Test 1 effluent through the same

carbon bed.
Table 14: Carbon Adsorption Column Tests on Solution C
Test Lapsed | Solution| Flow Solution Composition Cu
Time Vol. Rate CNr | CNwap| CNO CNS Cu Fe |Removal

min L mL/min| mg/L mg/L mg/L mg/L mg/L mg/L %

Feed (Solution C) 0 2.4 2.0 0.4 4.2 2.13 <0.2
Column Test 1 30 1.36 45 0.22 90
60 1.44 48 0.25 88
90 1.46 49 0.26 88
120 1.46 49 0.28 87
150 1.48 49 0.28 87
180 1.48 49 0.30 86
200 1.26 63 0.78 0.79 0.4 29 0.40 <0.05 81

Feed (Comp. of Test 1 Product) 0 0.30
Column Test 2 15 4.48 299 0.50 0.20 33

... not analyzed
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Conclusions and Recommendations

Laboratory testwork was conducted at SGS Minerals Services Laboratory in Lakefield, Canada, to

investigate various treatment options for detoxification of the KSM plant cyanide leach residue CCD Wash

Water. Testwork was performing on the CCD plant Wash Water sample and on solutions prepared by

diluting the CCD plant wash water with gypsum saturated water to target copper concentrations of 90

mg/L (Solution A), 5 mg/L (Solution B), and 2 mg/L (Solution C). The objective was to produce a final

treated product containing less than 0.5 mg/L of residual Cu and CNyap.

The following conclusions can be drawn from the testwork:

Hydrogen peroxide was effective for polishing treatment of solutions containing low levels of
copper and cyanide. Treating Solution B (5.4 mg/L CNwap, 4.9 mg/L Cu) using approximately 10
times the stoichiometric required of H,O, reduced the concentrations of CNwap and Cu to < 0.5
mg/L.

Activated carbon adsorption was also effective for polishing treatment of solutions containing very
low levels of cyanide and copper. Treating Solution C (2 mg/L CNwap, 2.1 mg/L Cu) in a fluidized
bed column, at a solution flowrate of 10 carbon bed volume per minute and a solution to carbon
mass ratio of 1988, reduced the Cu concentration from 2 mg/L to <0.5 mg/L. However, the
effluent still contained 0.79 mg/L CNwap. Passing the solution through the same carbon bed a
second time reduced the CNyap to <0.5 mg/L.

Precipitation of low level of copper using NaSH was unsuccessful in reducing the cyanide and
copper concentrations to the target <0.5 mg/L.

It might be possible to treat solutions containing moderate levels of cyanide and copper by a
combination of SART precipitation of copper sulphide and AVR recovery of cyanide followed by
polishing treatment to reduce the residual CNywap and Cu in the AVR barren to below 0.5 mg/L.
Testwork conducted on the Wash Water sample (176 mg/L CNwap, 145 mg/L Cu) produced an
AVR barren solution containing 14 mg/L CNwap and 0.5 mg/L Cu. Treating the AVR barren
solution with 10 times the stoichiometric requirement of H,O, based on CNwap reduced the
CNwap and Cu levels to 0.4 mg/L and 0.1 mg/L, respectively.

It was observed during the testwork that selenium appeared to drop out of solution during AVR
processing of the SART solution product. This finding should be confirmed in future testwork.

It was also possible to use the SO,/Air method to treat solutions containing moderate levels of
cyanide and copper to reduce the CNwap and Cu concentrations to approximately 1 mg/L,
followed by polishing treatment to achieve the target <0.5 mg/L CNwap and Cu. Testwork results
indicated that treating Solution A (104 mg/L CNwap, 88 mg/L Cu) with SO,/Air, at pH 8.5, 1 hour
retention time, using 4.6 g SO, per gram CNwap produced treated product containing 1 mg/L
CNwap and 2 mg/L Cu. Contacting the SO,/Air solution product with 5 g/L fresh activated carbon
reduced the residual CNwap and Cu to <0.5 mg/L. Treating the SO,/Air solution product with
ferrous sulphate, at approximately 11 moles Fe per mole Cu, also was successful in attaining the
target <0.5 mg/L CNwap and Cu.

Additional testing is recommended for selecting the polishing treatment method to meet the
discharge target of <0.5 mg/L CNwap and Cu.
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Appendix A — SART followed by AVR Treatment
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Project No: 12628-001

Test SART 3 Operator: KH August 10, 2012

120 stoi. of NaHS.

Purpose: SART test on test KSM Wash Water at pH 3.0 and
Procedure: The feed was placed in a 3 L air-tight kettle equipped with a pH probe.
Mixing was provided with a large magnetic stir bar.
The NaHS solution was prepared by dissolving NaHS in DIW.
H,S0, solution was added to the kettle to adjust the solution to the required pH
The required amount of NaHS was added.
The solution was maintained at the desired pH with dilute H,SO,
After the test, flocculant was added if required to assist the settling of the precipitate.
Solution was decanted off and filtered using a millipore paper. The solution sample was submitted for analysis.
The remainder was filtered to coliect the Cu,S precipitate.
The precipitate was washed with deionized water then saved in a cup.
The filtrate was neutralized with lime slurry or sodium hydroxide solution to pH ~10.
Feed 2.00 L of Test KSM Wash Water 176 mg/L CNyap
187 mg/L CN; 50 mg/L CN; 2.0 mg/L Zn 0.00 mg/L Au
145 mg/L Cu 270 mg/L CNS 3.9 mg/L Fe 0.1 mg/L Ag
pH: 3.0 with 20% sulphuric acid solution Temperature: Ambient (~20 °C)
NaHS: 120% stoich. requirement Purity 69%
Dissolve 2.00g NaHSin 38.00¢g DI water
Mass of NaH$S solution 4.57¢g
Retention Time: 20 minutes
Time NaHS pH H,S0, Remarks
solution 3.0 20 %
min g g
0 0 7.7 Feed CNr (add NaOH) 50
0 3.0 4.33 |Adjust to pH first
5 4.57 3.0 0.00 |Add NaSH.
10 3.0 0.00
15 3.0 0.00
20 3.0 0.00 |Sample CNy, CNwap, Cu, Fe. CNg (+NaOH).
Total 4.57 433 |Floc M 156 0.5 g/L: 2.376 g Saved ppt.
0.43 |kg H,SO4/m” Note: no precipitate formed
Reneutralization: Volume of solution mL
pH Cum. Lime
Final Solution Analysis, mall
g kg/m~ CNg CNy CNwap Fe Cu CNS CNO
0.00 0.00 155 162 156 2.2 0.38 280 12
#DIV/0!
#DIV/0!
#DIV/0!
Feed (+ NaOH) Final (+ NaOH)
Vol 217 g Vol 287 g
AgNO,3 0.41 mL AgNO, 1.68 mL
CNg 50 ppm CNg 155 ppm
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Project No: 12628-001 Test SART 3 Operator: KH Date: August 10, 2012
Summary of Results:
Sample pH | H80, | Lime Solution Analysis Solids Assay
Add. for CN; [ CNwan| CNe Zn Cu Fe | SCN| Ag Au Dry S
100% Re- Picric WE.
Basis | neutr. Acid
a/L g/L mg/L § mg/L | mg/L [ mg/L | mg/L | mg/L | mg/L | mg/L | mg/L g %
Feed 7.7 187 176 50 20 | 145 | 3.9 | 270 | 041 0.0
20 min Filtrate 3.0 0.4 - 162 156 | 155 | 2.2 04 | 2.20 | 280
Cu,S Precipitate Saved
Gypsum Precipitate
Precip. Efficiency. % -10 | 100 100 |#HHHEE
SART Feed volume: 2.00 L NaSH Addition: 120 % stoichiometric requirement
Reneutralization volume 0.00 L
NaSH Recoverable CN in Feed: 352 mg
CNg Recovery: %
Notes: Assume Fe present as Fe(CN)s

CNuyo = CNy - CN in Fe(CN)g




Project 12628-001 Test AVR- 1 Operator: KH Aug 9, 2012
Purpose: AVR test on solution from test SART 3.
Procedure: The feed was placed in a 2 L air-tight kettle
Mixing was provided with a large magnetic stir bar
Air was then drawn through the solution to purge the HCN into the caustic scrubber.
The solution was maintained at the desired pH with H,SO, 10%
The scrubber solution was titrated at 0,25, 0.5, 1, 2, 3 and 4 h (25 mL) for CN(F)
After 4 h, a flocculant (M156) was added to assist the settling of the precipitate
A sample of the supernatant solution was titrated for CN(F) (NaOH added)
Another sample was filtered and the filtrate submitted for analysis of
CN(T), SCN, ICP MS. The precipitate (slurry) was saved
A sample of the AVR final solution was readjusted to pH 7-8 with lime slurry
The scrubber solution was titrated for CN(F)
Feed: 2.0 L of Barren Solution from SART 3.
162 mg/L CN; 156 mg/L CNy.p
155 mg/L CN; 280 mg/L SCN
038 mg/LCu 2.20 mg/L Fe
Target pH: 3 with 10% H,SO, solution Scrubber: 1.5 L. NaOH 4%
Retention Time 4 hours Air Sparging: 2 L/min
(with sparger tube)
Time | pH | H,SO, Air Scrubber Remarks
3.0 10% | Sparging 15L
min g L/min | mg/L CN
0 33 0 : . ApNO|  Aliquot | CN(F)
0 | 26 | 046 2 Start air sparging Target|Actual
15 2.6 | 0.00 2 10 Scrubber titration 25 mL 0.09] 25 25 9.6
30 2.6 | 0.00 2 16 Scrubber titration 25 mL 0.16 | 25 |26.05| 16.3
60 26 | 0.00 2 29 Scrubber titration 25 mL 0.28 | 25 |25.87] 287
120 | 2.6 | 0.00 2 51 [Scrubber titration 25 mL 0.5 25 [26.07] 50.9
180 | 2.5 | 000 2 74 ||Scrubber titration 25 mL 073 | 25 |26.07] 743
240 | 2.5 | 0.00 2 95  [Scrubber titration 25 mL 093 | 25 [26.08] 94.6
300 | 2.5 | 0.00 2 110 |Scrubber titration 25 mL 1.08 ] 25 [26.13] 109.7
360 | 2.5 | 0.00 2 123 |Scrubber titration 25 mL 1.21 | 25 |26.14] 122.9
420 | 2.5 | 0.00 2 129 [Scrubber titration 25 mL 1.27/] 25 [26.06]| 1293
480 | 2.6 | 0.00 2 133 [Scrubber titration 100 mL 1.31] 100 |26.14] 133.0
Total 0.46 102 |Reactor: 102 ppm CN(F) Collect ppt. 0.96 | 50 [25.07| 101.6
M156 (0.5 g/L) Floc added: Og
Reneutralizatio AVR final solution 100 mL
Lime slurry 2.5 % wiw
pH Cumu. Lime
75-85| 22.5% o/m’
2.8 0 0
3.0 0.23 57
62 | 044 109
9.2 0.58 145
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Project 12628-001 Test AVR- 1 Operator: KH Aug 9, 2012

Results:
Sample pH H,SO, Lime Reactor Solution Composition (mg/L) Scrubber
10% Solution | Consu. | Add'n | Vol. | €Ny [ CNwan| €Ny | CNS Cu Fe 15L
Added | Cumu. | 100% Mass or CN
Basis CNpisie
2 g gl | g/m’ | mL.g mg/L
Feed (2 1) 33 i i e 2000 162 | 156 155 280 | 038 | 2.20 |
AVR 2.6 05 | 05 0.05Jl .| 1 | I L
15 min | 26 0.0 05 | 005 - I O O 10
30 min 26 0.0 05 | 005 I o .= s 16
60 min 2.6 0.0 05 0.05 = 1 29
120 min 2.6 0.0 0.5 0.05 Jo e i : I | )
180 min 2.5 0.0 0.5 0.05 i | e i o W o 74
240 min 25 | 00 0.5 0.05 W | I v - e T T 95
300 min 25 0.0 05 0.05 i | 5 o | v ||l 110
360 min | 25 0.0 0.5 0.05 " | | I | — 2 123
420 min | 25 | o0 05 | 005 oo ] 129
480 min 2.6 00 | 05 005 | ... 2000 42 14 102 | 220 | 050 | 28 | 133
Precipitate | ) .| Saved
AVR Sol'n Neut 9.2 145




Test:

Purpoese:

Proposed Reactions:

CA-1-1

Project: 12628-001

Operator:

KH

Date:

23

31-Aug-12

Exploratory test on the oxidation of cyanide and thiocyanate to cyanate and the reduction of copper using Caro's acid.

CNS™ + 4H,S0; + 20H — CNO™ + 4H,SO4 + H,0 + SO~

CN" +H,S0s — CNO™ + H,S0,

CNS: 261 mg/L H,SO0s: 2052 mg/L H,S0s: 25% 8208 mg/L at 100% stoich.
CN: 42 mg/L H,S0s: 185 mg/L H,SOs: 25% 738 mg/L at 100% stoich.
Total H,S0s: 2237 mg/L H,SOs: 25% 8946 mg/L at 100% stoich.
Feed: AVR Barren 500 mL at 0 % solids Solids s.g. 0 Soilution volume: 500 mL
Reagent: 500% stoichiometry H,S05 25% 22.37 g
Procedure: The feed was placed in a beaker and mixed with a magnetic stirrer.
The solution pH and EMF were monitored during the test.
The reagent was added slowly.
Solution sample was taken and filtered
The filtrate was submitted for analysis as shown below.
Results:
Lapsed pH EMF H,SOs 25% Lime Solution Analysis
Time Target AgCl Amount | Stoich, | Ca(OH)2 CNy CNwap CNS CNO Cu Fe Ni
min, h 8-8.5 my g % g ma/L mg/L mg/L mg/L mg/L mg/L mg/L
Feed 2.43 180 42 14 261 <1 0.5 2.8
0 8.3 141 0.16
0 8.2 236 22.37 500 13.51
10 8.5 237 0.00
20 8.4 243 0.00
30 8.4 239 0.00 8.82 1.17 <2 94 <0.05 1.54
Total 22.37 500 13.7




Test No. H-3 Project No. 12628-001 Operator: KH Date: August 31, 2012
Purpose: Cyanide destruction test on test AVR-1 solution using hydrogen peroxide.
Procedure: The feed was placed in a beaker and mixed with a magnetic stirrer
The required amount of copper sulphate was dissolved in deionized water.
The copper sulphate solution was added to the feed to start the test.
Hydrogen peroxide was gradually added.
The pH was maintained if required for 1 hour.
The EMF was monitored throughout the test.
Following the test, a sample was taken, filtered.
The filtrate was preserved with NaOH solid to above pH 11.
The sample was submitted for analysis of CNy, CNwap, Cu and Fe.
Feed Solution from AVR-1
CNy: 42.1mg/L CNyap:14.3 mg/L Cu: 0.5 mg/L Fe: 2.78 mg/L
pH25 Pulp Density: 0%
Equipment: 1-L beaker with magnetic stirrer Temperature: Ambient (22-26C°)
Feed Volume: 0.50 L solution Solution Volume: 0.50 L
H,0s: 93.5 mg H,0, 100% Stoichiometry: 1000 % based on CNyup
3.117 g H.0; 3% (Dilute H,0, with DIW as required)
Cullly: 10.0 mg (using equiv CuSO,4 5H,0) Cu(ll) Addition: 20 mg/L Cu
pH: ~8.5 adjust with lime as required Retention Time: 60 minutes
Data
Lapsed pH EMF H,0, 3% Hydra. Solution Analysis Notes
Time AgCl | Added | Stoich Lime CNt CNwao Cu Fe Ni SCN
min my g % q ma/L ma/L mg/L mg/L mg/L mg/L
Target ~8.5 200+ 3.117 1000
Feed 2.5 214 42 143 | 0.50 2.8
0 9.0 175 Add Cu
1 8.9 185 3.12 1000 0.25 Add H,0,
30 8.8 196 0.00
45 8.8 147 0.00
60 8.9 141 0.00 8.4 5.4 15.2 <0.05 Sample +NaOH
Total 3.12 1000 0.25
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Test No. H-4

Purpose:

Procedure:

Equipment:

Feed Volume:

Cyanide destruction test on AVR-1 solution using hydrogen peroxide.

The feed was placed in a beaker and mixed with a magnetic stirrer.

Project No.

12628-001

Operator: KH

The required amount of copper sulphate was dissolved in deionized water.

The copper sulphate solution was added to the feed to start the test.
Hydrogen peroxide was gradually added.

The pH was maintained if required for 1 hour.
The EMF was monitored throughout the test.

Following the test, a sample was taken, filtered.
The filtrate was preserved with NaOH solid to above pH 11.

The sample was submitted for analysis of CNy, CNwap, Cu and Fe.

Solution from AVR-1

CNr: 42.1mg/L

pH26

CNwap:
Pulp Density: 0%

14.3 mg/L

1-L beaker with magnetic stirrer

0.50 L solution

Cu: 0.5 mg/L

Temperature:

Soiution Volume:

Fe: 2.78 mg/L

Ambient (22-26C°)

0.50 L

Date: August 31, 2012

H,0,: 93.5 mg HyO, 100% Stoichiometry: 1000 % based on CNwap
3.117 g H,0, 3% (Dilute H,O, with DIW as required)
Cu(ll): 0.0 mg (using equiv CuSQ, 5H,0) Cu(ll) Addition: 0 mg/L Cu
pH: ~8.5 adjust with lime as required Retention Time: 60 minutes
Data
Lapsed pH EMF H:0; 3% Hydra. Solution Analysis Notes
Time AgCl | Added | Stoich Lime CNy CNwap Cu Fe Ni SCN
min mV g % a ma/L mg/L mg/L ma/L mga/L mg/L
Target ~8.5 200+ | 3117 | 1000 |
Feed 2.6 207 v 42 14.3 0.50 2.8
0 8.4 182 |Add Cu
1 8.4 180 3.12 | 1000 0.18 Add H,0,
30 8.8 164 0.01
45 8.8 166 0.00 |
60 8.6 169 0.00 12.6 0.37 0.10 1.86 Sample +NaOH
Total 3.12 1000 0.19
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Seabridge Gold Inc. — Project 12628-001
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Appendix B — CND and Polishing Treatment

SGS Minerals Services
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Test AC-1 Project 12628-001 Operator: KH
Purpose: Carbon Adsorption test on diluted Wash Water
Procedure: The 20% HCL was added to the carbon and placed on hotplate for 20 min at 120 °C.
The carbon was separated using the strainer and placed in DI water for 30 min,
The carbon sample was placed in the oven
A few drop of DI water was spread on dry carbon and placed in oven at 700°C for 15 min and quenched in DI water.
In order to reserve the surface of carbon, the wet carbon was placed in the column and estimation was made for dry weight
The exact weight of carbon was determined after the test.
DI water was pumped at 50mL/min rate and carbon expansion determined.
After confirming the flowrate, the sample solution was pumped and flow rate adjusted
Feed: Diluted effluent sample Test H-1 :
CNr: ~2.4 mg/L CNwappicic: 2.0 mg/L. CNg: <mg/L CNS: 4.2 mg/L
Cu: "2.13 mg/L. Fe: <0.2 mg/L CNO: 0.4 mg/L Zn: <mg/L pH: 7.8
Equipment:  15mm ID column Temperature: Ambient (22-26C°)
Feed Volume: 100 L or Solution Volume: 10.00 L
Flow rate: 50 mL/ min
Data
Lapsed Solution Volume Solution Analysis Notes
Time CNp |CNyap| Cu Fe CNO SCN
CNpigric
min L mg/L | mg/L [mg/L| mg/L | mg/L mg/L
0 i
30 1360 0.22 | 85
60 1440 025 .. - 8.5
90 1460 0.26 1 83
120 1460 0.28 = 9.0
150 1480 I 0.28 | i |l 85
180 1480 0.30 8.5
200 1260 D40] <0.05] 04 2.9 8.5
Total 9940 60
Composite 4.48 | 0.3
2nd stage 4.48 0.2




Test H-1 Project 12628-001 Operator: KH
Purpose: Batch H,0, cyanide destruction test on diluted Wash Water (Solution B)
Procedure: The feed will be placed in a beaker and mixed with a magnetic stirrer
The solution will be adjusted to and maintained at approximately pH 8 with lime.
H,0, will be gradually added stepwise
After each H,0, addition, the pH will be maintained for 30 minutes, a sample taken for CN, CNyp, Cu
Feed: Diluted effluent sample Test H-1 :
CNy: 6.35 mg/L CNyappicic: 343 mg/L. CNp: <2 mg/LL. CNS: 8.7 mg/L. As: <3 ppm
Cu: '4.89 mg/L Fe: <0.2 mg/L CNO: 0.9 mg/LL Zn: <0.7 mg/L. pH: 8.1
Equipment: 1-L beaker with magnetic stirrer Temperature:  Ambient (22-26C°)
Feed Volume: 0.5 Lor 0 g pulp Solution Volume: 050L
H,0,: 36 mg H,0, 100% Stoichiometry: 1000 % based on CNyap
1.183 g H,0, 3% (Dilute H,O, with DIW as required)
Cu(ID): 0.0 mg (using equiv CuSO, SH,0)  Cu(II) Addition: 0 mg/L Cu
pH: adjust with lime as required Retention Time: 30 min per reagent addition step
Data
Lapsed | pH | EMF H,0, 3% Lime Solution Analysis Notes
Time AgCl | Added | Stoich | 2.5% | CNp |CNyasp| Cu Fe CNO | SCN
CNPicric
min mV g % g me/l. | mg/L | mg/L | mg/L | mg/L | mg/L
Target | 8.0 | 1.183 | 1000 | 601 | |
Feed 8.1 182 | .. ~ 6.35 | 543 | 489 | <02 | 09 | 87 |AddH,0, | 272
1 8.7 276 1.30 | 1095 | . | | N 131
30 8.1 242 | | 0.03 | <0.01| 007 | .. ... |Sample 40 mL
31 | _ 3,5
60 8.0 234 | ! 002 | <0.01 ] <0.05] .. .. |Sample 40 mL
61
90 80 | 220 599.00] <0.01 | <0.01 | 0.14 | <0.05| 8.5 <2 |Sample 80 mL
Total 1.30 | 1095 | 2,00
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mg CN(W
mg HyO,

3 H,0, stoi



Test H-2 Project 12628-001 Operator: KH
Purpose: Batch H,0, cyanide destruction test on diluted Wash Water (Solution B)
Procedure: The feed will be placed in a beaker and mixed with a magnetic stirrer
The solution was adjusted to and maintained at approximately pH 8 with lime.
H,0, will be gradually added stepwise.
After each H,0, addition, the pH will be maintained for 30 minutes, a sample taken for CNp, CNyap, Cu.
Feed: Diluted effluent sample Test H-2 :
CNy: 6.35 mg/L. CNyappicic: 3-43mg/L CNg: <2 mg/L  CNS: 8.7 mg/L As: <3 ppm
Cu: 4,89 mg/LL Fe: <02 mg/L CNO: 0.9 mg/LL Zn: <0.7 mg/L. pH: 8.1
Equipment: 1-L beaker with magnetic stirrer Temperature:  Ambient (22-26C°)
Feed Volume: 0.5 Lor 0 g pulp Solution Volume: 0.50 L
H,0,: 71 mg H,0, 100% Stoichiometry: 2000 % based on CNyap
2367 g H,0O, 3% (Dilute H,O, with DIW as required)
Cu(Il): 0.0 mg (using equiv CuSO, 5SH,0)  Cu(Il) Addition: 0 mg/L Cu
pH: adjust with lime as required Retention Time: 30 min per reagent addition step
Data
Lapsed | pH EMF H,0, 3% Lime Solution Analysis Notes
Time AgCl | Added | Stoich | 25% | CNp |CNwap| Cu Fe CNO | SCN
CNeicric
min mV 2 % I:4 mg/L | mg/L | mg/L | mg/L | mg/L | mg/L
Target 80 2,37 | 2000 599 | I N B _
Feed 8.1 182 . . 635 | 543 | 489 | <02 09 87 |Add H,0, 2.72
O 8.7 298 . e o ull
1 259 | 2190 | — | I [ i I 131
30 8.0 213 <0.01 | <0.01 | <0.05 Sample 40 mL
31 0 | | I 35
60 8.0 207 ! . 0.02 | <0.01 | <0.05 Sample 40 mL
61 0
90 8.0 206 595.00| <0.01 | <0.01 | <0.05 | <0.05] 79 <2 |Sample 80 mL
Total 2.59 | 2190 | 4.00

42
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Project No: 12628-001 Test SART 1 Operator: KH August 2, 2012
Purpose: SART test on Diluted KSM Wash Water (Solution B) at pH 3.0 and 120 stoi, of NaHS.
Procedure: The feed was placed in a 1 L air-tight kettle equipped with a pH probe.

Feed:

£

=z
2
T
&

Retention Time:

Mixing was provided with a large magnetic stir bar.

The NaHS solution was prepared by dissolving NaHS in DIW,

H,SO, solution was added to the kettle to adjust the solution to the required pH

The required amount of NaHS was added.

The solution was maintained at the desired pH with dilute H,SO,

After the test, flocculant was added if required to assist the settling of the precipitate.

Solution was decanted off and filtered using a millipore paper. The solution sample was submitted for analysis.

The remainder was filtered to collect the Cu,S precipitate.

The precipitate was washed with deionized water then saved in a cup.
The filtrate was neutralized with lime slurry or sodium hydroxide solution to pH ~10.

Reneutralization:

0.50 L of Test  Diluted KSM Wash Water (Solution B) 5.4 mg/L CNyyp
6.4 mg/L CN; <2 mg/L CN; <0.7 mg/L Zn 0.00 mg/L Au
4.89 mg/L Cu 8.7 mg/L CNS <0.2 mg/L Fe <0.08 mg/L Ag
3.0 with 20% sulphuric acid solution Temperature: Ambient (~20 °C)
120% stoich. requirement Purity 69%
Dissolve 0.50g NaHSin 100.00 g DI water
Mass of NaHS solution 0.40 g
20 minutes
Time NaHS pH HoSO, Remarks
solution 3.0 20 %
min o] g
0 0 7.5 Feed CNg (add NaOH) n/a
0 3.0 0.34 |Adjust to pH first
5 0.40 3.0 0.00 |Add NaSH.
10 2.9 0.00
15 2.9 0.00
20 28 0.00 |Sample CNy, CNwap, Cu, Fe. CNg (+NaOH).
Total 0.40 0.34 [Floc M 156 0.5 g/L: 09 g Saved ppt.
0.14 |kg H,SO,/m Note: no precipitate formed
Volume of solution 100 mL
pH Cum. Lime
Final Solution Analysis, mg/L
9 kg/m“ CNF CNT CNWAD Zn Cu
3.0 0.00 0.00 3.90 6.62 6.42 0.07 0.6
4.1 0.01 0.06
10.2 0.01 0.11
10.7 0.02 0.15

Feed (+ NaOH)

Vol
AgNO,
CNg

Final (+ NaOH)

26.21 ¢ Vol 25.86 g

0 mL AgNO, 0.11 mL
0 ppm CNe 11 ppm




Project No: 12628-001 Test SART 1 Operator: KH Date: August 2, 2012

Summary of Results:

Sample pH | HSO4 | Lime Solution Analysis Solids Assay
Add. for CN; |CNpwwo| CNe | 2Zn Cu Fe [ SCN| Ag Au Dry S
100% | Re- Picric Wi.
Basis | neutr. Acid

g/L g/L | mg/L | ma/L [ mg/L | mg/L {mg/L[mg/Limg/L| mg/L [mg/L]| g %

Feed 7.5 6.4 5.4 <2 0.7 | 49 | <0.2| 8.7 [ <0.08 | 0.0

20 min Filtrate | 2.9 0.1 015 | 6.6 6.4 4 0.1 0.6 0.0 0.0

Cu,S Precipitate Saved
Gypsum Precipitate

Precip. Efficiency, % 90 88

SART Feed volume: 0.50 L NaSH Addition: 120 % stoichiometric requirement
Reneutralization volume 010L

NaSH Recoverable CN in Feed: 3 mg

CNg Recovery: i

Notes: Assume Fe present as Fe(CN)g

CNwap = CNy - CNin Fe(CN)s

CN(T)
Product 2230
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Project No: 12628-001 Test SART 2 Operator: KH August 2, 2012
Purpose: SART test on test Diluted KSM Wash Water (Solution B) at pH 7.5 and 120 stoi. of NaHS.
Procedure: The feed was placed in a 1 L air-tight kettle equipped with a pH probe.

Mixing was provided with a large magnetic stir bar

The NaHS solution was prepared by dissolving NaHS in DIW.

H,SO, solution was added to the kettle to adjust the solution to the required pH
The required amount of NaHS was added.

The solution was maintained at the desired pH with dilute H,SO,
After the test, flocculant was added if required to assist the settling of the precipitate.

Solution was decanted off and filtered using a millipore paper. The solution sample was submitted for analysis.

The remainder was filtered to collect the Cu,S precipitate.

The precipitate was washed with deionized water then saved in a cup.
The filtrate was neutralized with lime slurry or sodium hydroxide solution to pH ~10.

Feed: 0.50 L of Test Diluted KSM Wash Water (Solution B) 5 m@/L CNyyup
6 mg/L CN; <2 mg/L CN; <0.7 mg/L Zn 0.00 mg/L Au
5 mg/L Cu 8.7 mg/L CNS <0.2 mg/L Fe <0.08 mg/L Ag
pH: 7.5 with 20% sulphuric acid soiution Temperature: Ambient (~20 °C)
NaH$S: 120% stoich. requirement Purity 69%
Dissolve 0.50g NaHSin 100.00 g DI water
Mass of NaHS solution 041g
Retention Time: 20 minutes
Time NaHS pH H,SO, Remarks
solution 7.5 20 %
min g o]
0 0 7.7 Feed CNg (add NaOH) 0
0 8.3 0.00 |Adjust to pH first
5 0.41 8.3 0.00 |Add NaSH.
10 8.3 0.00
15 8.2 0.00
20 8.2 0.00 [Sample CNy, CNwap, Cu, Fe. CNg (+NaOH).
Total 0.41 0.00 [Floc M 156 0.5 g/L: 2.394 g Saved ppt.
0.00 |kg HSO4/m” Note: no precipitate formed
Reneutralization: Volume of solution mL
pH Cum. Lime
Final Solution Analysis. mg/L
g kg/m~ CNe CNr CNwap Zn Cu
0.00 0.00 <2 NA NA 0.02 3.61
Feed (+ NaOH) Final (+ NaOH)
Vol g Vol 2514 g
AgNO;, mL AgNO, 0 mL
CNe #DIV/0! ppm CNe 0 ppm




Project No: 12628-001 Test SART 2 Operator: KH Date: August 2, 2012

Summary of Results:

Sample pH | H2SO, | Lime Solution Analysis Solids Assay
Add. for | CN; [CNuwo| CNe Zn Cu Fe | SCN| Ag | Au | Dry S
100% | Re- Picric Wh.
Basis | neutr. Acid

q/L g/L | ma/L | ma/L [ mg/L | mg/L | mg/L [mg/L | mg/L | mg/L [mg/L| a %

Feed 7.7 6.4 5.4 <2 0.7 5.0 | <0.2 9 [<0.08] 0.0

20 min Filtrate | 8.2 0.0 NA NA <2 0.02 | 3.6 0.0 | 0.0

Cu,S Precipitate Saved
Gypsum Precipitate

Precip. Efficiency, % 97 28

SART Feed volume: 0.50 L NaSH Addition: 120 % stoichiometric requirement
Reneutralization volume 0.00 L

NaSH Recoverable CN in Feed: 3 mg

CNe Recovery: o

Notes: Assume Fe present as Fe(CN)g

CNyap = CN7 - CN in Fe(CN)g

CN(T)
Product 2230
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1. INTRODUCTION

Caro’s acid, also known as peroxymonosulphuric acid, is one of the most
powerful and versatite oxidising agents thatis in use on an industrial scale.

Caro’s acid is most conveniently prepared by the reaction between hydrogen
peroxide and sulphuric acid. In appearance it resembles sulphuric acid of
similar strength, likewise for many of its physical properties. Compared to
hydrogen peroxide Caro's acid is a stronger oxidising agent and possesses
greater stability to catalytic decomposition by transition metal ions, especially
at elevated temperatures. The theoretical redox potential for both peroxygens
are as follows:

Although the preparations described here are small batch operations, on a
large industrial scale Caro’s acid is generated by both batch and continuous
processes. A generator unit is normally located at the user's site with rate of
production finked directly to size of demand, and with flexibility to match a
fluctuating demand.

Being a liquid, Caro’s acid is easily handled on both a laboratory and a
commercial scale. Also, since Caro's acid reacts very quickly even at ambient
temperatures, processes can be controlled easily at a fixed redox potential
thus avoiding any excess of oxidant in subsequent stages. Its decomposition
products add only sulphuric acid (or sulphate) and water to the reaction
system.

2. PREPARATION OF CARO’S ACID

The method recommended by Interox for the production of Caro’s acid, on any
scale, is the controlled addition of hydrogen peroxide to strong sulphuric acid
(>90% H,80,), with cooling to remove the heat of dilution of the acid and the
heat of reaction:

As the equation above shows, the preferred route to Caro’s acid from
hydrogen peroxide is an equilibrium reaction. One or both of the following
techniques is therefore employed to maximise the yield of H,SOs:

" Use reagents of the maximum commercial strength available to keep the
amount of water in the reaction mixture to a minimum,

* Use a molar excess of sulphuric acid to drive the forward reaction towards
completion.

Typical product compositions are shown in the foliowing table for Caro’s acids
made from 50%, 60% and 70% hydrogen peroxide and 98% sulphuric acid
inthe range of H,50,:H,0., molar ratios of 1:1t0 3:1.
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Composition of
Caro’s Acid Equilibrium Mixiure

Startmg Matenals HQSO4 HgOg

R % w/w Moiar Ratio

98% H?,SO4 " |
f.?O%Hgoa S

= 1.98% H2804
gty O% Hao'." i

It can be seen that there is considerabie fiexibility available in the choice of
reagent strengths and ratios. For experimental work the choice made depends
on the following considerations:

(i) Availability at the point of use of hydrogen peroxide and sulphuric acid of
particular strengths.

(i} Tolerance of proposed end use to small amounts of unreacted hydrogen
peroxide.

(i) Effectof proposed end-uses of extra acidity arising from the use of excess
sulphuric acid.

The preparation of Caro’s acid using 98% sulphuric acid and 70% hydrogen
peroxide at a H,S0,:H,0, molar ratio of 3:1 is described in LABORATORY
METHOD 1 on page 7. This procedure is ideally suited for production of up
o 1 kg of a Caro's acid equifibrium mixture.

3. DILUTION OF CARO’S ACID

For some applications using Caro’s acid, particutarly in the laboratory where
the volumes involved may be very small, it is preferable to use the Caro's acid
in a more dilute form. The preferred procedure for dilution is the controlled
addition of the concentrated equilibrium mixture to water. Since the dilution
is exothermic some cooling is required. Practically it has been found that
dilution to give a solution of 10% H,SOs is adequate for the vast majority of
applications.

From a consideration of the equation for Caro’s acid production it would be
expected that the additional water would drive the equilibrium from right to left:

He80, + Ha0p. & H,S0s + H0 :

This is not usually observed in practice, the relative amounis of the
components remain unchanged on dilution of the concentraled solution even
after several weeks' storage.
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Stability of
Caro’s Acid—~
Timeto 50%
original
concentration

4. STABILITY AND STORAGE OF CARO’S ACID

The quantity of Caro's acid prepared in the laboratory is usually sufficient for
many experiments and the surptus acid may be stored for future use, in either
dilute or concentrated form. The following storage temperatures are
recommended for the different Caro’s acid strengths:

“As-made” or Concentrated Caro's Acid —-10°C
Solutions containing 10% H,SO; 0 to 5°C

At these temperatures storage for several weeks is possible with no
detectable change in composition.

Athigher temperatures some decomposition occurs due to catalytic impurities
in the sulphuric acid, and some self-decomposition.

The "haif-life” or time taken to reach 50% of the original H.SO4 concentration
for various Caro’s acid equitibrium mixtures is shown in the following graph.
The mole ratio of Ho80,4:H,0, is 3:1, but other mole ratios used have very
little effect on stabifity.
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Thus, even storage at normal laboratory temperatures will result in only sfight
decomposition over several days. On a full scale plant this means that onty
very slight decomposition of the Caro’s acid is likely during periods of
unplanned stoppage.

It should be noted that Carg's acid can be used in reactions at elevated
temperatures without any major decomposition occurring, since the rates of
reaction are fast compared to the rate of decomposition.

5. PROPERTIES, HANDLING AND
MATERIALS OF CONSTRUCTION

Caro's acid of a given strength is similar in many of its physical properties to
H,S0,. However, it is also a very strong oxidising agent and, like other
oxidants, concentrated solutions may cause fires on contact with organic
materiats such as wood, paper, cotton or straw. It can react very vigorously
with reducing agents and violent self-ignition may occur if strong Caro’s acid
is mixed with oxidisable organic substances such as alcohols and aidehydes.
In addition, unstable organic peroxides can be formed even with dilute Caro’s
acid if it is mixed with ketones and some other organic materials. L.ow boiling
organic solvents such as acetone should therefore never be used fo dry
laboratory apparatus before use with Caro's acid.

Contaminated solutions of Caro’s acid may decompose rapidly with a swift rise
in temperature and evolution of large volumes of oxygen. if the acid is strong
enough it can actually boit. All apparatus should therefore be provided with
the largest possible free vent. Work under pressure should be avoided, but
it absolutely essential, the apparatus should be fitted with a bursting disc in
addition to a conventional relief valve. Caro’s acid should never be handled
or stored in sealed equipment as a pressure burst may occur.

Self-heating of Caro’s acid can occur when samples are left in the open
faboratory near a source of heat such as a hotplate or in direct sunlight.
Similarly, catalytic decompaosition may cause self-heating by contamination
from external sources. If self-heating oceurs, the sample shouid be dumped
into a large quantity of cold water. Self-heating does not occur if the
recommended storage procedures are followed.

Its oxidising properties make Caro's acid even more aggressive to human
tissue than H.50, of a comparable strength. Acid-proof protective clothing
suitable for use with M50, should be worn consisting of at least safety
spectacles, gloves and a plastic apron. All operations shouid be carried out
in a fume cupboard if strong acid is being handled. Equipment such as safety
pipettes should always be used {or all strengths.

if contamination of eyes and skin occurs, the affected part should be washed
immediately with copious amounts of water and medical attention obtained.
A safety shower is desirable if large quantities are being handled.
Contaminated clothing should be removed and immediately soaked well in
running water and then washed before re-use.

When working with Caro's acid on a laboratory scale, itis preferable to employ
glass for all surfaces likely to be in contact with the acid. However, some other
materials such as 316 stainless steel (or steel of equivalent composition) are
resistant to attack by Caro’s acid and may be used inits preparation.

If there is a need to use materiais other than those described above, it is
recommended that their suitability be discussed with interox.
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6. INTEROX TECHNICAL SERVICE

A complete range of technical support is available from Interox for companies
inthe metal extraction industry. This includes the following:

* Visits by Interox personnel to discuss performance of peroxy compounds
in metal extraction processes, choice of the most effective peroxy
compound, and method of application.

* Demonstration of preparation of Caro's acid in Interox or customer's
laboratory.

* Advice on storage, handiing, and safety aspects of peroxy compounds,

* Laboratory scale testwork (leaching, solution purification) using peroxy
compounds.

* Otherbooklets as follows;

A.Q. 5.4 “Interox Peroxygen Systems for Hydrometallurgy™

— general introduction to peroxy compounds for metallurgists
conaining some typical results obtained with hydrogen peroxide and Caro's
acid in hydrometallurgical applications.

P.1 1.1 "Hydrogen Peroxide” — a general description.
P.1 21 "Hydrogen Peroxide"” —data manual.
P.1 3.1 "Hydrogen Peroxide" — manual for handling and storage.

7. LABORATORY METHODS

This laboratory method is suitable for the preparation of Caro's acid from
hydrogen peroxide (=70%) and concentrated sulphuric acid (<98%) at any
motar ratio. If it is necessary to prepare a Caro’s acid from stronger reagents
then it is recommended that the ADVICE OF INTEROX SHOULD BE
SOUGHT.

The following procedures and precautions are necessary when working with
peroxy compounds inthe laboratory:

The preparation should be carried out in a fume hood or suitable screened
area. Protective clothing, including safety spectacles, must be worn by
everyone handling Caro's acid.

Apparatus in contact with Caro’s acid or hydrogen peroxide must first be
pickled with nitric acid (60—-70% analytical grade) either at 70°C for two hours
or overnight at ambient. After rinsing thoroughly with distilled or demineralised
water the apparatus should be air dried. if stored in polythene bags after use,
repeat pickling of the apparatus is not necessary. The apparaius must be
freely vented.

Thermometer must either be of the alcohol type or 316 stainless steel probe.

Grease must not be used on any part of the apparatus. Burette or dropping
funnel taps should be of the PTFE type.

PREPARATION OF CARO’S ACID

Concentrated sulphuric acid and hydrogen peroxide, both of known
concentrations. Some guantities of reagents are given in the following table
for the preparation of three typical Caro’s acids, all of which are prepared using
amolar ratio of 3: 1 (H2S0,4: H,0,).
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Magnetic Stirrer.
PTFE Magnetic Stirrer Bar.
Alcohol Thermometer.
Dropping Funnel {or Burette) fitted with PTFE Tap.
Beaker —size dependent upon quantity of Caro's acid to be made.
Container for ice/salt bath
(atetone/solid CO, must not be employed).

Additionally 2 or 3 Beakers are required for weighing reagents.

If other mole ratios are required the level of sulphuric acid or hydrogen
peroxide may be adjusted accordingly. Thus to prepare a Caro's acid from
70% Ho0» and 98% H,SO, at a mole ratio of 1°5:1 H,S50,:H,0, requires 2
x the weighti of peroxide shown.

T,
f'\.ﬁn’;,.id; FTLER
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1. Weigh an approximate amount of concentrated sulphuric acid into the
glass beaker/reactor and then assemble the apparatus with the exception
of the dropping funnel or burette, as shown in the diagram above.

2. Prepare an ice/water bath in the large dish surrounding the glass beaker/
reactor.

3. With continual stirring cool the sulphuric acid to about 5°C.

4, Meanwhile, pour the required guantity of hydrogen peroxide (calculated
from the concentration of reagents and molar ratio to be used) into the
dropping funnel, or burette, and site it over the reactor as shown.

5. When the sulphuric acid is cold, start adding the hydrogen peroxide slowly,
dropwise at such a rate that the temperature of the reaction does not
exceed 20°C. As the reaction progresses the rate of hydrogen peroxide
addition can be increased.

6. After all of the hydrogen peroxide has been added, allow the Caro’s acid
to cool to the bath temperature. Stir the mixture for 10 minutes before
analysis.

7. When the required amount of Caro’s acid has been taken from the reactor
(for dilution, slorage or use} any unwanted Caro's acid must be disposed
of by pouring it into a large excess of water and flushing away with copious
ameunts of water.

" DILUTION OF CARO’S ACID

Concentrated “as-made” Caro's acid can be diluted with water so that the
dilute Caro's acids contain ~10% H,50s. Always add Caro’s acid to the water.

Concentrated “as-made” Caro’s acid of known concentration and ice-cold
distilled or demineralised water. The necessary quaniities of water for the
dilution of the three samples of Care’s acid in the preparation are given in the
next table,

.. . 3 °/aH2805
S Uindilute
" | Caro'sAcid.
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Large glass Beaker.

Alcohol Thermometer.

Magnetic Stirrer Motor and PTFE-covered Magnetic Follower, or
Overhead Stirrer Motor and glass or PTFE Stirrer.

", Ateohol
Thermometer - :

mineralised or

De

“leerSall e
oBath o s

1. Into the large glass beaker weigh the required amount of ice-cold distilled IR
or demineralised water. (It is preferable to use a mixture of ice and water,
but the ice must be made from distilled or demineralised water; ice made
from tap water should not be used).

2. Place the beaker on top of the magnetic stirrer motor and stir the water
rapidly.

3. Slowly pour in the Caro’s acid taking care that the temperature does not
rise above 30°C. In the unlikely event of this occurring, stop the addition
of Caro's acid, stir the partly diluted Caro’s acid for a few minutes and place
itin a refrigerator to cool before recommencing the dilution.

4. After ali of the Caro’s acid has been added, continue stirring to ensure that
the two liquids are thoroughly mixed before analysis, storage or use.

Concentrated “as-made” Caro’s acid and dilute Caro’s acid can be stored for
several weeks in a laboratory without significant loss of oxidising power. Both
types of Caro's acid must be stored in suitable containers, either loosely-
stoppered conical glass flasks or vented heavy-duty polythene bottles and
stood in a dish which must be large enough to hold all of the contents of the
containers should they leak.

In both cases it is recommended that stored Caro’s acid should be analysed
priorto use.
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57
ANALYTICAL PROCEDURES FOR CARO’'S ACID

The full analysis of Caro’s acid is performed in two stages, firstly to determine
H,0, and H,S0s, and secondly to determine the total HoS50,. This includes
the free sulphuric acid presentin the equilibriurn mixture plus that derived from
reduction or decomposition of the HpSOs. In both cases samples of Caro’s
acid are weighed in glass bottles or tubes (about 15mm X 15mm) using
disposable glass pipettes to transfer Caro’s acid. The quantity of sample taken
depends upon its concentration, so for concentrated “as-made” Caro's acid
about 0+4g should be used, and for dilute Caro’s acid approximately 19 is ideal.
Wherever possible, analytical-grade reagents and distiiled or demineralised
water should be used.

ANALYTICAL METHOD FOR PEROXY SPECIES IN CARO’S ACID

‘eneinic The sample to be analysed is diluted with cold sulphuric acid. The hydrogen
peroxide content is determined by titration with ceric sulphate using ferroin as
indicator. Potassium iodide is added and the liberated iodine titrated with
sodium thiosuiphate to determine peroxymonosulphuric acid.

Ceric sulphate solution (0-1 N).

Sodium thiosulphate solution (01 N).

Potassium iodide solution {100 g/l).

Sulphuric acid (approximately 2 N).

Ferroin indicator solution — dissolve 0-174 g of ferrous suiphate in 25 ml of
water and stir to dissolve, add 0-371 g of 1,10-phenanthroline hydrate
and stirto dissolve.

Starch solution — make a paste of 0-5 g of soluble starch with 5 ml of water,
add this paste to 95 ml of boiling water and cool.

weihod  Measure 150 ml of sulphuric acid into a 500 mi conical flask, add 1 or 2 cubes
of ice and 2 or 3 drops of ferroin indicator and titrate with ceric sulphate until
the indicator changes to a pale blue colour.

Weigh (to £0-001 g) a suitable mass of sample into a glass weighing bottle
ortube. Letthe masstakenbe W, g.

Add the weighed sample to the cold contents of the conical flask and mix.
Titrate with ceric sulphate to the blue end-point. Letthe titre obtained be Aml.

Add 10 mi of potassium iodide solution to the flask, mix and immediately titrate
with sodium thiosulphate. Add a few drops of starch solution towards the end
of the titration and continue with the titration until the dark blue colour
disappears. Let the titre obtained be B mil.

-+ . Hydrogen peroxide, H0p - = ———mm——ee % 0
_Peroxymonosulphuricacid, H;8Q5 = 9%

Where N, and N, are the normalities of ceric sulphate and sodium
thiosulphate respectively.



wr

S

ANALYTICAL METHOD FOR TOTAL ACIDITY
AND SULPHURIC ACID CONTENT OF CARO’S ACID

A sample of Caro's acid is titrated with sedium hydroxide to a methyl orange
end-point. The free sulphuric acid content of the sample can be calculated by
subtraction of the peroxymonosulphuric acid content.

Sodium hydroxide (0-5 N).
Methyl orange indicator solution (10 g/).

Place 50 mt of distilled water into a 250 ml conical flask, add 2 or 3 drops of
methyl orange and titrate with sodium hydroxide to the end-point.

Weigh (to £0-001 g) a suitable mass of sample into a glass weighing bottle
ortube. Let the mass taken be W, g.

Add the weighed sample to the contents of the flask, mix and without detay
titrate with sodium hydroxide to the end-point. Let the titre obtained be C mi.

Where N is the normality of the sodium hydroxide solution.

This gives the total sulphuric acid content of the Caro’s acid, including that
produced by reduction or decomposition of the H,S0s.

To determine the sulphuric acid content of the Caro’s acid mixture:

Let the total acidity be X % wiw.

Let the peroxymonosulphuric acid content (as HoSOs) be Y % wiw.

Then suiphuric acid contentas M,S0, is

The information contained in this documentis given in good faith and by way of a guide,
butimplies no guarantee. It cannot be regarded as a recommendation that our products
should be used in opposition to existing patents.

National or local regulations covering work safety and hygiene are applicable in all
cases and we can accept no liability where such regulations are not observed.

Privicinbn
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For further information, please apply to:

INTEROX CHEMICALS Pty. Ltd—P.O. Box 18-~ BOTANY, N.S.W. 2019
Telephone 666-8000 - Telex 20628

INTEROX Société Anonyme — Rue du Prince Albert 44
8- 1050 BRUXELLES — Telephone 02/516.61.11 - Telex 21337

PEROXIDOS DO BRASIL Limitada — Edificio Baréo de tatiaia
Avenida Paulista, 2001-14°—01311- SAO PAULO-SP
Telephone 289-0566 - Telex 1125180

INTEROX CANADA inc. - 209 Manitou Drive, KITCHENER, ONTARIO, N2G 1LY
Telephone (519) 893-0093 - Telex 069-55211

OY FINNISH PEROXIDES AB— KUUSANKOSKI
Telephone 951-88.90.12 - Telex KYMCO 52211

INTEROX CHIMIE — 12, Cours Albert 1er-75383 PARIS Cedex 08
Telephone 256.66.11- Telex 280193

PEROXID-CHEMIE GmbH — 8023 HOLLRIEGELSKREUTH bei MUNCHEN
Telephone 089/727.90 - Telex 523482

NATIONAL PEROXIDE Ltd — Neville House, Graham Road, Ballard Estate
BOMBAY - 400038 — Telephone 268071 - Telex 011-2572

INTEROX CHIMICA S.p.A. — Via del Vecchio Politecnico, 3
20121 MILANO — Telephone 7790 - Telex 310463

NIPPON PEROXIDE Co. Ltd — Toranomon Kotohirakaikan Bldg.
2.8, Toranomon, 1-Chome, Minato-Ku TOKYO 105
Telephone 502-6501 - Telex 222-2076

INTEROX CHEMIE B.V. ~~Westersingel 102-30151.D ROTTERDAM
Telephone 010/36.01.66 - Telex 22444

INTEROX PORTUGUESA PRODUTOS QUIMICOS Lda
Rua Fiatho Almeida 3 - LISBOA-1 — Telephone 56.09.76 - Telex 1 3493

BETACHEM (Pty) Ltd — 31 Pafuri Road, Emmarentia - JOHANNESBURG 2195
Telephone 46-8789 - Telex 8-0875 SA

INTEROX QUIMICA S.A. - Maliorca 269 - BARCELONA-8
Telephone 215.32.58 - Telex 54665

INTEROX CHEMICALS Ltd — P.O, Box 7 - WARRINGTON - CHESHIRE WA4 6HB
Telephone 0925-51277 - Telex 82221

INTEROX AMERICA — P.O. Box 27328 - 3333 Richmond Avenue
HOUSTON - Texas 77227 — Telephone (713)522.4155 - Telex 91 0-881-5436

BELINKA—Ljubljana Moste - P.O. Box 5-1
61001 LJUBLJANA — Telephone h.c. 061/314.177 - Telex 31260 yu bef

please apply to:

INTEROX CHEMICALS LIMITED
P.0O. Box 7, Warrington, Cheshire
ENGLAND WA4 6HB

Telephone 0925-51277 - Telex 82221

PEROXID-CHEMIE GmbH

N-8023 Holiriegelskreuth bei Minchen
FEDERAL REPUBLIC OF GERMANY
Telephone 089/727.90 - Telex 523482

PEROXIDOS DO BRASIL LIMITADA

Edificio Bario de ltatiala, Avenida Pauiista, 2001-1 4°
01311 SAQ PAULO SP

Caixa Postal 51510 -01000 Sao Paulo

Telephone 289.0566 - Telex 1125180

LAPORTE (FAR EAST) LIMITED
16/F. 8-12 Hennessy Road
HONG KONG
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Clem Pelletier

From: Dean Lindsay <dglind@telus.net>

Sent: Tuesday, August 21, 2012 10:30 AM

To: tismolik@comcast.net; Clem Pelletier, 'Huang, Jianhui'
Cc: ‘Melashvili, Mariam (Lakefield)"; 'Cuong Trang'
Subject: " FW: KSM Cu&CN Tests Update

Attachments: KSM_ program.xlsx; KSM_ program prel_results.xIsx

Good morning,

The test work at Lakefield is proceeding and | have summarized some of the more interesting results to date.

As you recall the objective was to look for a method of reducing the CNyxp and Cu in a discharge solution to <0.5 ppm in
each case.

Preliminary indications are that these results are achievable.

We are working with a high cyanide, high copper wash water solution sample which will give indicative results that
should later be confirmed using pulp samples.

It looks like a carbon absorption treatment on the pulp after SO2/Air cyanide destruction is one possible method of
achieving the objective.

The idea for the plant would be to treat the CIL pulp residue after cyanide destruction using all the (regenerated and
acid washed) CIL circuit carbon before advancing it to the CIL stages.

A kinetic sampling was conducted to measure Cu absorption during the bottle roll test but the kinetic results were
contaminated by suspended solids. At the moment we only have meaningful results on the filtered bottle roll solutions
after 24 hours. Preliminary results are tabulated below.

Carbon Absorption of Cu on Cyanide Destruction Product (Preliminary Results)
Diluted Cyanide Destruction
Source Sol'n Sol'n Tests Bottle Roll Carbon Absorption
Sample
Wash
Water To CN destr | SO,/Air SO,/Air + Sol'n after 24 hours
Cyanide Spec 10 mg/LFeSO; | 5gplC 10gplC 15gpl C
CNy 243 126
CNwap 176
CNe 50
CNS 270 160 120 130 45 25 16
CNO 25 = 17 120 120 120 90 82
NH3z+NH,4 (N) 10.3 12.7 : 17.2 12.2 12.8 13.2
Cu 145 87.8 2.04 1.52 0.27 0.08 <0.05
Fe 3.9 1.53 <0.05 <0.05 0.08 0.22 0.18

For the above tests, the Source Sol'n wash water sample was diluted with gypsum saturated water to approximately 90
ppm Cu; a level of Cu in solution to cyanide destruction anticipated during plant operation. Final CNy,p assays after the
cyanide destruction are not yet available but determinations using picric acid were carried out during the test indicating
CNwap values around 0.1 ppm. Achieving a low CNyap value appears to be mostly a function of SO, addition.

The Cu in solution was reduced from 87.8 to 2.04 ppm during the cyanide destruction process which was carried out at a
pH of 8.



The solution after cyanide destruction was tested overnight in bottle rolls with 5, 10, and 15 gpL carbon addition (PFS
Design carbon concentration in CIL is 15 gpl for the plant)

In each case the carbon (taken from the lab container — no regeneration or acid wash) dropped the Cu to very
acceptable levels after 24 hours. The kinetic tests will need to be repeated to get a better idea for the required
residence time.

Work is also underway with tests relating to the CIL discharge wash water solution. To date, only some work with SART
and AVR has been carried out. Cyanide destruction and Cu reduction tests on the SART + AVR solution have not been
completed. Both peroxide and Caro’s acid are to be tested.

Wash Water Treatment SART + AVR (Preliminary
Results)
AVR
Sample “Source Sol'n | SART Sol'n Sol'n
Wash Water pH=3
Cyanide Spec 120 % Stoic
CNy 243
CNwap 176
CN: 50 219
CNS 270 280 261
CNO 25 12 <1
NHz+NH,4 (N) 15.5 16.9
Cu 145 0.38
Fe 3.9 2.2 2.78

Best regards,
Dean



Carbon Absorption of Cu on Wash water (Preliminary Results)

Treatment of Wash water by Peroxide

Sample

CNT

CNWAD

CNF

CNS

CNO
NH3+NH4 (N)
Cn

Fe

Soucce Sol'n Diluted Sol'n Carbon Adserption in Column Test
Wash Water To CN destr st stage 2nd stage
50ml/min 300mli/min
243 2.41 0.78
176 196 0.78 0.5
<2

279 42 2.9

25 04 0.4

145 2.13 04 0.2

39 <0.2 <0.05

Sample

o ganide Spec
CNT
CNWAD
{NF
CNS
CNO

NH3+NH4 (N)

Cu

Fe

Source Sol'n Dilated Sol'n Cyanide Destruction Tests
Wash Waler Ta CN destr H202 SART
120 % stoic
1000 % Stoic § 2000 % Stoic pH3 pH 8.2
243 6.335 <0.01 <(L01 6.62 <0.1
176 543 <0.01 <01 6.42 <0.1
<2 3.8 <0.1

270 8.7 <2 <2
25 0.9 85 7.9
145 4.89 G.14 <(L.05 0.6 3.61
3.9 <0.2 <0.05 <(L.05
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Project

Report To Kelsey Norlund, RESCAN ENVIRONMENTAL SERVICES
ALS File No. 111218604
Date Received 03-Oct-12 11:00
Date 05-Oct-12
RESULTS OF ANALYSIS
ORIGINAL

24HR SOLUTION UNDILUTED
WITH 15 G/L WASH WATER 302 AIR AND

Sample 1D CARBON SAMPLE SOLUTION
Date Sampiled ' 03-0CT-12 03-0CT-12 03-0CT-12
Time Sampled 00:00 00:00 0G:00
ALS Sample |ID L1218604-1 L1218604-2 L1218604-3
Matrix Water Water Water

Physical Tests
Hardness (as CaCQO3) 1420 1540 1500

Dissolved Metals

Dissolved Metals Fiitration Location LAB LAB LAB
Aluminum (Al)-Dissolved <0.015 <0.060 <0.015
Antimony (Sb)-Dissolved 0.0180 0.0347 00177
Arsenic (As)-Dissolved 0.0114 0.0131 <0.00050
Barium (Ba)-Dissolved 0.0329 0.0115 0.0148
Beryllium (Be)-Dissolved <0.00050 <0.0020 <0.00050
Bismuth (Bi)-Dissolved <0.0025 <0.010 «<0.0025
Boron (B)-Dissolved <0.050 <0.20 - <0.050
Cadmium {Cd)-Dissolved 0.000141 0.00167 0.000636
Calcium (Ca)-Dissolved 555 612 596
Chromium (Cr)-Dissolved : <0.00050 <0.0020 0.00243
Cobalt (Co)-Dissclved 0.0127 0.136 0.0170
Copper (Cu)-Dissolved 0.0674 117 2.66
Iron (Fe)-Dissolved <0.030 0.873 <0.030
Lead {Pb}-Dissclved <0.00025 <0.0010 <0.00025
Lithium (Li)-Dissolved 0.0174 0.475 0.0136
Magnesium (Mg)-Dissolved 8.64 2.67 227
Manganese (Mn)-Dissolved 0.0398 0.0020 0.0307
Mercury (Hg}-Dissolved <0.000010 <0.000710 0.000027
Molybdenum (Mo)-Dissolved 0.211 0.531 0.301
Nickel {Ni}-Dissolved 0.0037 0.125 0.0433
Phosphorus (P)-Dissolved 1.71 <0.30 <0.30
Potassium (K}-Dissolved 884 8.5 7.30
Selenium {Se)-Dissolved 0.0543 0.157 0.0392
Silicon (Si)-Dissoived 3.20 2.02 1.87
Silver (Ag)-Dissolved 0.000084 0.0330 <0.000050
Sodium {Na)-Dissclved _ 429 425 444
Strontium (Sr)-Dissolved 162 1.10 1.71
Thallium (Ti)-Dissolved <0.000050 <0,00020 <0.000050
Tin (Sn)-Dissalved <0.00050 <0.0020 <0.00050
Titanium (Ti)-Dissolved 0.012 0.013 0.013
Uranium (U)-Dissolved <0.000050 «<0.00020 <0.000050
Vanadium {V}-Dissolved <0.0050 <0.020 <0.0050

Zing (Zn)-Dissolved 0.026 <0.080 0.032



L1218604 CONTD....
PAGE 2 of 3

ALS ENVIRONMENTAL ANALYTICAL REPORT 05-0CT-1216:22 (MT)

) _Version: FINAL

Sample 1D L1218604-1  © L121B604-2 L1218604-3
Description water water water
Sampled Date 03-0CT-12 - 03-0CT+12 03-0CT-12
Sampled Time :
ClontD| AT JHeM, | SCEATAP
o CARBON WASH WATER
G roupl ng SAMPLE
WATER
Physical Tests Hardness (as CaCO3) (mg/L} 1420 1540 1500
Dissolved Metals Dissolved Metals Filtration Location LAB LAB LAB
Aluminum (Al}-Dissolved (mgiL) <0.015 C «0.080 <0015
Antimony (Sb)-Dissolved {mg/L) 0.0180 0.0347 0.0177
Arsenic (As)-Dissolved (mg/L) 0.0114 0.0131 <0_0005%"A
Barium (Ba}-Dissolved {mg/L} _ 0.0329 0.0115 0.0148
Beryllium (Be)-Dissclved (mg/L} <0‘0005%u\ <0.0026m <0_0005%LA
Bismuth (Bi)-Dissclved (mg/L) <0‘002£LA <0.010DLA <0.002gm
Boron (B)-Dissolved (mg/L) (0.05091,.&\ <0.20 A <0.05ODLA
Cadmium (Cd)-Dissolved (mgL) 0.000141 0.00167 0.000636
Calcium (Ca)-Dissolved (mg/L) 555 812 596
Chromium (Cr)-Dissolved (mg/L) <0.00050 <0.0020 0.00243
Cobalt {Co)-Dissolved (mg/L) 0.0127 0.136 0.0170
Copper {Cu}-Dissalved {mg/l.) 0.0674 : 117 266
tron {Fe)-Dissolved (mgiL) <0030 | 0973 <0.030
Lead (Pb)-Dissolved (mg/L) <0.00025 <0.0010 <0.00025
Lithium (Li}-Dissolved (mg/L) 0.0174 0475 0.0136
Magnesium (Mg)-Dissalved (mg/L} 8.64 267 5 297
Manganese {Mn)-Dissolved {mg/L) 0.0398 0.0090 0.0307
Mercury (Hg)-Dissolved (mg/L) <0.000010 <0.00010 0.000027
Molybdenum (Mo)-Dissolved {mg/L) 0.211 0.531 0.301
Nickel (Ni}-Dissolved (mg/L) 0.0037 0.125 0.0433
Phosphorus (P)-Dissolved (mg/L) 1.71 %0.30 <0.30
Potassium (K)-Dissolved (mg/L) 88.4 . : 8.5 7.30
Selenium (Se)-Dissolved {mg/L) 0.05;3 : 0.157 0_0592
Sificon (Si}-Dissolved {mg/L) 3.Ké0 _ 202 187
Sitver {Ag)-Dissolved (mg/l.) 0.000084 00330 | <0.000050
Sodium {Na}-Dissalved {mg/l} 42é 425 444
Strontium (Sr}-Dissolved (mg/L) ' 162 110 171
Thallium (T1)-Dissolved (mg/L) 0000050 | <0.00020 | <0.000050
Tin (Sn)-Dissolved (mg/L) <0.00050 | <00020 | <0.00080
Titanium (Ti)-Dissolved {mg/L) 0.012 0.013 0.013
Uranium (U)-Dissolved (mg/L) 0000080  <0.00020 | <0.000050
Vanadium (V)-Dissolved (mgil) 000" | <0020 <0.0050
Zing (Zn)-Dissolved (mg/L). 0.026. <0080 0.032

* Please refer to the Reference Information section for an explanation of any qualifiers detected.
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Quialifiers for Individual P_ﬁ_rame_ters Listed:

Qualifier Description

DLA Detection Limit Adjusted For requured dilution

Test Method References:

ALS Test Code Matrix Test Deéofiption ~ Method Reference*

HARDNESS-CALC-VA Water Hardness APHA 23408

Hardness (also known as Total Hardness) is calculated from the sum of Calcium and Magnesium concentrations, expressed in CaC0O3 equivalents.
Dissolved Calcium and Magnesium concentrations are preferentially used for the hardness calculation.

HG-DIS-LOW-CVAFS-VA  Water Dissolved Mercury in Water by CVAFS(Low) EPA SW-B46 3005A & EPA 245.7

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater” published by the
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United
States Environmental Protection Agency (EPA). The procedures may involve preliminary sample treatment by fiftration (EPA Method 3005A) and
invalves a cold-oxidation of the acidified sample using bromine monochioride prior to reduction of the sample with stannous chloride. Instrumental
analysis is by cold vapour atomic fluorescence spectrophotametry (EPA Method 245.7).

MET-D-CCMS-VA Water Dissolved Metals in Water by CRC ICPMS APHA 3030 B&E / EPA SW-846 6020A

This analysis is cartled cut using procedures adapted from "Standard Methods for the Examination of Water and Wastewater” published by the
American Public Health Association, and with procedures adapted fram "Test Methods for Evaluating Solid Waste" SW-846 published by the United
States Environmental Protection Agency (EPA). The procedures may involve preliminary sample treatment by acid digestion, using hotblock, or

filtration (APHA 3030B&E). Instrumental analysis is by collision cell inductively coupled plasma - mass spectrometry (modifed from EPA Method
6020A).

MET-DIS-ICP-VA Water Dissolved Metals in Water by ICPOES EPA SW-846 3005A/6010B

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the
American Public Health Assaciation, and with procedures adapted from "Test Methods for Evaluating Solid Waste” SW-846 published by the United
States Envircnmental Protection Agency (EPA). The procedure involves fittration (EPA Method 3005A) and analysis by inductively coupled plasma -
optical emission spectrophotometry (EPA Method 6010B}.

** ALS test methods may incorporate modifications from specified reference methods to improve performance

The fasf two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below

_Laboratory kDefIrIItIOH Code Laboratory Location

VA ALS ENVIRONMENTAL VANCOUVER, BRITISH COLUMBIA, CANADA-

Chain of Custody Numbers:

GLOSSARY OF REPORT TERMS

Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples. For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery

mgrkg - milligrams per kilogram based on dry weight of sample.

mg/kg wwi - mifligrams per kifogram based an wet weight of sample.

mg/kg Iwt - milligrams per kifogram based on hprd—acﬂusted weight of sample

myg/L - milligrams per fitre,

< - Less than. _

D.l.. - The reported Detection Limit, afso known as the Limit of Reporting (LOR).

N/A - Resuit not available. Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical resulfs in unsigned test reports with-the DRAFT watermark are subject to change, pending final QG review.



Wash Water Treatment SART + AVR (Preliminary Results)

Sample

Cyanide Spec
CNp
CNyap
CNyp
CNS
CNO
NH4+NH, (N)
Cu
Fe

Source Sol'n| SART Sol'n | AVR Sol'n
Wash Water pH=3
120 % Stoic
243 216 42.1
176 156 14.3
50 219
270 280 261
25 12 <1
15.5 16.9
145 0.38 0.5
3.9 2.2 2.78

Carbon Absorption of Cu on Cyanide Destruction Product (Preliminary Results)
Source Sol'n | Diluted Sol'n Cyanide Destruction Tests
Sample
Wash Water | To CN destr SO2/Air SO2/Air + 6.5 mg/L Fe Bottle Roll Carbon Absorption
CND 1 CND 2 CND 1 CND 2
Cyanide Spec 5 gpl Carb 10 gpl Carb 13 gpl Carb 5 gpl Carb 10 g_p] Carb 15 gpl Carb
CNT 243 126 4,77 103 0.17 0.05 0.02 <0.1 <0.1 <0.1
CNWAD 176 104 <0.1 <0.1 0.25 <0.1 <0.1 <0.1 <0.1 <0.1
CNF 41
CNS 270 160 120 130 44 24 12 42 21 13
CNO 25 17 120 120 110 S0 75 96 78 65
NH3+NH4 (N) 10.3 12.7 17.2 15.4 14.7 15.4 43.6 40 3535
Cu 145 87.8 2,04 1.52 045 0.16 <0.05 0.42 0.06 <0.05
Fe 39 1.53 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Treatment of CND 1 solution using various methods Treatment of AVR solution using various methods
Source Sol'n Cyanide Destruction Tests Source Sol'n Cyanide Destruction Tests
Sample Sample
SO2/Air SART FeSO4 AVR Sol'n Caro's acid H202
pH3
CND 1 10mg/L. Fe 20mg/l. Fe 20mg/L Cu 0mg/L Cu
Cyanide Spec 120 % Stoic Csranide Spec 500 % Stoic
CNT 477 <0.1 CNT 42.1 8.82 8.44 12.6
CNWAD <0.1 <0.1 CNWAD 14.3
CNF CNF
CNS 120 90 99 88 CNS 261 <2 270 240
CNO 120 24 130 130 CNO <l 94 30 9.3
NH3+NH4 (N) 12.7 INH3+NH4 (N) 16.9
Cu 2.04 0.8 1.91 0.07 Cu 0.5 <0.05 152 0.1
ke <0.05 <0.05 <0.05 <0.05 |Ee 2.78 1.54 <0.05 1.86




Seabridge Gold Inc
the unit for each element is mg/L

As recieved | Plant Effluent
CNr CNyap N, CNS CNO Cu Fe
243 176 270 25 145 3.9
Diluted With DI
v
SO,/AIr (pH 8.4, Na,$,0; 12 g/1) SART{pH 3, 120% stoich NaSH)
_ CNy ClNuwap CNe CHNB CNC Cu Fe NH3+NH4 as N mg/L CN; ClNyan CNe CNS CNO Cu Fe NH3+NH4 as N mg/L
Feed 126 160 17 87.8 153 103 - Feed 243 176 50 270 25 145 39
CND 1 Final Composite 120 120 2.04 < 0.05 12.7 SART 3 final Sol'n 219 280 12 0.38 2.2 15.5
50,/ Air {pH 8.4, Na.5,0; 13.5 g/L, Fe50, 10 mg/L) P .
CNy CNwan CN¢ CNS GNO Cu Fe NH3+NH4 | h 4
Feed 126 160 17 878 1.53 1¢.3 AVR (pH 2.6)
CND 2 Final Composite 130 120 152 <0.05 17.2 CNy CNyao ON: CNS GNO Cu Fa NH3+NH4 as N mg/L
Feed 219 280 12 0.38 2.2
Scrubber 102
AVR-1 Final Solution 261 <1 2.78 16.9
Bottle Rofl _Activated Carbon { 5 g Activated carbon)
CN; ClNyao CN¢ CNS GNO Cu Fe NH3+NH4 CN(F} in AYR scrobber soluticn
Feed 120 120 2.04 <0.05 12.7 Time Scrubber
“|AC 1 after SO2/Air 45 120 0.27 0.08 12.2 min mg/L CN
1% 10
Bottle Roll _Activated Carbon { 10 g Activated carbon) 30 16
CNy Cluao CNe CNS CNC Cu Fe NH3+NH4 60 29
Feed 120 120 2,04 < 0.05 12.7 120 51
AC 2 after SO2/Air 25 so 0.08 0.22 12.8 180 74
240 95
Bottle Rol _Activated Carbon { 15 g Activated carbon) 300 110
CNy CNwao CN: CNS CNC Cu Fe NH3+NH4 360 123
- Feed 120 120 2.04 <0.05 12.7 420 129
AC 3 after SO2/Air 16 a2 <005 0.18 13.2 4%0 133
Total 102
Copper analysis based on unfiltered solution in carbon adsorption tests
AC 1 after SD2/Air Cu AC 2 after 502/A1 Cu AC 3 aftar SO2/Air Cu
CA-1 0.5hr Sample 50.7 CA-2 0.5hr Sample 44.2 CA-3 0.5kr Sample 28.5
CA-1 1hr Sample 54.2 CA-Z 1hr Sample 46.6 CA-3 1hr Sample 37.2
CA-1 2hr Sample 339 CA-2 2hr Sample 37.9 CA-3 Zhr Sample 26.7
CA-1 4hr Sample 38.1 CA-2 4hr Sample 29.8 CA-3 dhr Sample 21.9




Carbon Absorption of Cu on Cyanide Destruction Product (Preliminary Results)

Sample

Jeranide Spec
CNT
CNWAD
CNF

CNS

CNO

NH3+NH4 (N)
Cu

Fe

Wash Water Treatment SART + AVR (Preliminary Results)

Source Sol'n Diluted Sol'n Cyanide Destruction Tests Bofttle Roll Carbon Absorption
Wash Water To CN destr SO2/Air SO2/Air + Sol'n after 24 hours
10 mg/L FeS04 5 gpl Carb 10 gpl Carb 15 gpl Carb
243 126
176
50
270 160 120 130 | 45 25 16
25 17 120 120 120 90 82
10.3 12.7 17.2 12.2 12.8 13.2

145 87.8 2.04 1.52 0.27 0.08 <0.05
39 1.53 <0.05 <0.05 0.08 0.22 0.18

Sample

Cyanide Spec
CN;
CNwap
CN;
CNS
CNO
NH;+NH, (N)
Cu
Fe

Source Sol'n | SART Sol'n | AVR Sol'n
Wash Water pH=3
120 % Stoic

243

176

50 219

270 280 261

25 12 <1

15.5 16.9
145 0.38
3.9 2.2 2.78




CYANIDE DESTRUCTION TEST WORK USING SO,/AIR ON WASHED CIL LEACH PULP

Solution Species V.S. CNyap)

Concentration

10
§ ‘: 2 ., @ Cu ppm
Bl HCON(T)
4 i &
Z 2 E= i ACNS

=" B Tz ==r: : % CNO

0 A 0 15 20 K NH3+NH4

Solution Species (ppm)

Composition (Solution Phase) Reagent Addition
Density Retention pH CNpy CNiwap) CNO CNS NH3+NH, Cu Fe S04 S0, Eq. Lime H,50, Cu
%5 Min ppm ppm ppm ppm  asNppm  ppm ppm ppm 8/8 CNywap)
Feed Solution
(Washed Pulp) 50 10.7 94 90 110 220 90.4 1.08 960
CND2 50 86 9.8 22.4 21 31.6 0.22 4.33
CND3 50 67 9.8 185 17 284 0.35 5.42
CND4 50 72 89 7.5 39 13.6 0.53 6.01 16
CND5 50 67 8.6 12 7 16.8 0.74 4.49 24.8
CNDG 50 58 9.6 37 02 230 250 1.5 512 0.89 2100 5.16 0.14
CND7 50 57 9.7 2.1 0.4 230 240 4.4 7.7 0.9 2800 4.03 0.14
From 5GS Test Program KSM Project 12157-601
CNuwssy N NS CNO  NHsNH,  Cu Solution Species V.S. CNwap) Solution Species W.S. CNyap,
90 94 220 110 0 904 Concentration Concentration
21 224 0 0 0 316
17 18.5 0 0 0 284 . 90 2 . s T
3.9 7.5 0 0 0 136 & g0 I & Cu ppm & 55 | | m #Cuppm
7 12 0 0 0 16.8 = mEN(T) s B > mCn(T)
= = s
0.2 37 250 230 15 5.12 30 =3 : - 210 e A CNS
0.4 2.1 240 230 4.4 77 - ? ! & | ENAE
0 -t - s X CND 0 - \ 4 X CNO
0 50 100 150 200 250 W NH3+NH4 o 10 20 30 40 % NH3+NH4
CNyyay NS cNO Solution Species (ppm} Solution Species (ppm)
90 220 110
0.2 250 230
0.4 240 230
CNyasy NHz+NH, . ] ] .
0.2 15 Solution Species V.S. CNyp Solution Species V.S. CN{y,p,
0.4 a4 Concentration Concentration
g_ @ Cu ppm E_ @ Cu ppm
% =
2 BCN(T) g ECNT)
g ACNS z ACNS
(=) w
X CNO X CNO
# NH3+NH4 * NH3+NH4

Solution Species (ppm}

Solution Species (ppm)

Solution Species V.S. CN\yap
Concentration

@ Cu ppm
WCN(T)
ACNS

CNyyap) PPM

XK CNO

K NH3+NH4

Solution Species (ppm)




Carbon Absorption of Cu on Cyanide Destruction Product (Preliminary Results) Wash Water Treatment SART +AVR (Prehrmnary Results
1 1
Source Sol'n || Diluted Sol'n Cyanide Destruction Tests Source Sol'n| SART Sol'n | AVR Sol'n
Sample Sample b B
Wash Water | To CN destr SO2/AIr SO2/AIr + 10mg/L Fe Bottle Roll Carbon Absorption Wash Water pH—3
CND 1 CND 2 CND 1 CND 2
Cyanide Spec 5 opl Carb 10 gpl Carb 15 gpl Carb 5 gpl Carb 10 gpl Carb 15 gpl Carb Cyanide Spec 120 % Stoic
CNT 243 126 477 103 0.1 0.1 <0.1 CNp 243 216 42.1
CNWAD 176 104 <01 0.1 <0.1 <0.1 0.1 0.1 <0.1 CNwap 176 156 14.3
CNF 41 CNg 50 219
CNS 270 160 120 130 44 24 12 42 21 13 CNS 270 280 261
CNO 25 17 120 120 110 90 75 96 78 63 CNO 25 12 <1
Invmsnms oy 10.3 127 17.2 436 40 155 NH;3+NH, (N) 15.5 16.9
Cu 145 87.8 2.04 1.52 0.45 0.16 <0.05 0.42 0.06 <0.05 Cu 145 0.38 0.5
ke 39 1.53 <(L05 <0.05 <005 <0.05 <005 <0.05 <0).05 <0.05 Fe 3.9 22 278
Treatment of CND 1 solution using various methods Treatment of AVR solution using various methods 1.4
Source Sol'n Cyanide Destruction Tests Source Soln Cyanide Destruction Tests
Sample Sample
SO2/Air SART FeSO4 AVR Sol'n Caro's acid H202 12
pH3
CND 1 10mg/L Fe 20mg/L Fe 20mg/L Cu Omg/L Cu 1
(Cyanide Spec 120 % Stoic (Cyanide Spec 500 % Stoic
CNT 4.77 <0.1 CNT 42.1
= 08
CNWAD <0.1 <0.1 CNWAD 14.3 3
CNF CNF a 0.6
CNS 120 90 99 38 CNS 261
CNO 120 24 130 130 CNO <1 0.4
INH3+INH4 (N} 12.7 NH3+NH4 (N) 16.9
Cu 204 038 191 0.07 Cu 0.5 <0.05 152 0.1 0.2
Fe <0.05 <0.05 <0.05 <0.05 Fe 2.78 1.54 <0.05 1.86
fa
-1 4 9 Time, hr 14 19 24
—e—5g/LAC_CND1 —&—10g/L AC_CND 1 —@— 15g/L AC_CND 1

— ¢ =5g/LAC_CNDZ = = =10g/L AC_CND2 = B =15g/L AC_CND2



CYANIDE DESTRUCTION TEST WORK USING H,0,

Compaosition (Solution Phase) Reagent Addition
Density Retention pH EMF CNpy CNywan) CNO CNS NH;+NH, Cu Fe 50, H,0, H,0, Cu
%S Min mv ppm ppm ppm ppm  asNppm  ppm ppm ppm  |% Stoic /8 CNyyany
Feed Solution
(Washed Pulp) 50 10.7 23 94 90 110 220 904 1.08 960
Hl 50 90 10.1 22.4 12 11 15.3 500 6.5
SO,/AIr CND7
50 5.9 96 10 10 16.6 0.96
Puip
H2 50 90 8.9 111 6.1 5.9 6.84 0.92 500 6.6
H3 50 90 9.9 115 5.2 4.3 5.81 0.8 500 6.6 15
H7 50 60 9.9 126 2 0.1 3.48 1000 13 1.5
SO,/Air CND7
9.9 96 10 10 16.6 0.96
Solution
H2 60 8.7 291 1.6 0.4 2.11 0.38 500 6.5
H3 30 8.6 366 14 0.4 2.73 0.4 750 9.3
H7 30 8.8 263 0.8 0.3 2.63 0.17 1000 13.1
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