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1. INTRODUCTION

This paper reviews the results of prefeasibility metallurgical testwork carried out during the period
June to October 2000 on composite samples of low-grade, ROM and high-grade Ni/Co laterite
materials from the Jervois Mining Young, NSW, nickel/cobalt laterite resource. The low-grade
testwork was carried out by Metcon Laboratories and the ROM and high-grade testwork by
Hydrometallurgical Research Laboratories (HRL). Sighter resin-in-pulp testwork was carried out by
Clean TeQ and mineralogical work was carried out by Pontifex & Associates.

For the purposes of this paper, only a summary of the low-grade work is presented. The high-
grade work is presented in more detail because of greater interest in the high grade for the longer
term development of the project.

Low Grade Testwork:

The purpose of the low-grade testwork was to identify whether there was potential for upgrading
Young low-grade material by size separation and/or flotation. Neutralisation and settling
characteristics were also evaluated. Magnesite, limestone and magnesia precipitation of Ni/Co
hydroxide were assessed. Carbonate precipitation of magnesite from barren neutral solutions was
also briefly evaluated. The low-grade composite was prepared from air core composite samples
from the Thuddungra East and West Arms, which represent approximately 46% and 33%
respectively of a 70 MT indicated and inferred low-grade resource.

High Grade and ROM Testwork:

The purpose of the high-grade and ROM test work was to conduct an updated pressure leach
characterisation of high-grade and ROM nickel/cobalt laterite samples from the Young resource.
The samples were intended to be more representative than earlier high-grade preliminary RC drill
hole and composite samples tested by HRL in September 1999. The work encompassed a
program of ore characterization, feed upgrading, feed thickening, pressure acid leaching and leach
residue thickening. Sighter resin-in-pulp testwork was also carried out.

Three samples representing the Ardnaree, West Thuddungra and East Thuddungra Areas and one
sample representing a High-Grade composite from all three areas were evaluated.

The samples from the Ardnaree, West Thuddungra and East Thuddungra areas represented
approximately 26%, 49% and 18% respectively of 126 MT of indicated and inferred resources of
plus 0.6% Ni equivalent, with a total grade of 0.96% Ni equivalent. The sample of High Grade
represented the combination of approximately 34%, 29% and 22% of the indicated and inferred
resources at plus 0.8% Ni equivalent from each of the three areas, at a total grade of 1.26% Ni
equivalent in a total resource of 44 MT.

Data Sources:

Information for this paper was drawn from the following reports prepared for Jervois Mining:
Young Low-Grade Ni/Co Laterite Prefeasibility Study Testwork Review, IPDS January 2001
Young ROM & High Grade Ni/Co Laterite Prefeasibility Study Testwork Review, IPDS January 2001
Evaluation for Upgrading Ni/Co Low Grade Laterite Ore, Report No. 00886, Metcon, October 2000

Prefeasibility Metallurgical Program, Phase 1: Pressure Acid Leach characterisation of Metallurgical
composites, Report No. 0697, Hydrometallurgical Research Laboratories, October 2000 and Addenda

Composite Samples for Metallurgical Samples Collection, Douglas McKenna & Partners, May 2000
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Mineralogical Reports: No 8017 September 2000 and No 7995 July 2000, Pontifex and Associates

Investigation Report, Extraction of Ni & Co using Clean-iX"" Resin Technology, Clean TeQ, Oct 2000
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2. SUMMARY

2.1 Low Grade Testwork

A low-grade composite sample representing approx. 80% of a 70 Mt low-grade Ni/Co laterite
resource at Young, NSW, was prepared from selected one metre intervals of 0.3 to 0.6% Ni
equivalent grade taken from 11 air core drill holes within the East and West Thuddungra areas of
the Young resource.

Ore types within the composite included approximately 36% hematite, 50% limonite and 14%
saprolite. Sample depths ranged from 21 to 63m below surface.

The composite assayed 3990 ppm Ni, 410 ppm Co, 43 ppm Sc, 8760 ppm Cr, 1490 ppm Mn, 240
ppm Zn, 72 ppm Cu, 32.5% SiO,, 28.5% Fe, 6.3% Al, 2.85% Mg, 0.3% Ca and 0.12% C.

Moisture content was 20% and SG of material dried for 36 hours at 50C and crushed to minus
2mm was 2.9.

Upgrading of the low-grade composite by flotation or screening was largely unsuccessful.

Acid-neutralisation investigations showed that the acid neutralising capacity of the low-grade
material was limited to pH 1.4, even when using finely ground material with hot, 50 gpl free acid,
synthetic HPAL solution. Additional neutralising materials such as finely ground magnesite or
limestone were found to be necessary for achieving higher pH levels during acid neutralisation.

Finely ground magnesite was found to partially precipitate nickel from hot synthetic HPAL leach
solutions between pH 4.5 and pH 7.0, but to have no affect on cobalt.

Finely ground limestone was found to fully precipitate nickel and cobalt from hot synthetic HPAL
leach solution from pH 4.5 to pH 7.0.

Magnesium and calcium carbonate precipitation from spent sulphate solutions at pH 8.5 by 50 psig
carbon dioxide gaseous overpressure was found to be technically feasible, but requiring pressure
filtration to prevent redissolution of carbonate on release of carbon dioxide overpressure to
atmospheric pressure.

Preliminary settling tests on finely ground low-grade ore indicated similar settling rates (5m/h) for
both diluted fresh ore (pH 7.8, 4% solids) and partially neutralised ore (pH 2.3, 4% solids) at
Magnafloc 358 dosages of 10 and 34 g/t respectively. Ultimate densities of freshly ground ore and
partially neutralised ore were expected to be in the range of 35-45% solids.

Mineralogical studies showed that nickel in low-grade ore was difficult to identify as a specific
mineral phase and that intergrowth of most of the mineral phases prevented effective recovery of
nickel by either magnetic separation or flotation.

2.2 High Grade and ROM Testwork

One high-grade composite (High Grade) and three ROM composites (Ardnaree, East Thuddungra
and West Thuddungra) were prepared from one metre intervals of plus 0.6% Ni equivalent within
100 air core drill holes within the Ardnaree and East and West Thuddungra areas. These three
areas are understood to account for approximately 92% of a 126 Mt ROM laterite resource at
Young at a cut-off of 0.6% Ni equivalent.

The High Grade and Ardnaree composites were generally similar in ore type, consisting primarily of
weathered serpentinite 35-42%, saprolite 29-31% and limonite 26-32%. Hematite, fresh serpentinite
and other clay were low at 0-3%.
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The East Thuddungra and West Thuddungra composites had significantly more hematite (6-10%),
slightly less weathered serpentinite (10-24%), and much more extreme levels of both limonite (18 -
58%) and saprolite (21-48%). Clay and fresh serpentinite were low at 1-3%.

Compositions ranged from 0.64 to 1.01% Ni, 0.068 to 0.083% Co, 27 to 41 ppm Sc, 23.2 to 37.3%
Fe,03, 6.2 10 10.8% Al,03, 5.9 to 11.1% MgO and approx. 28 to 43% SiO».

The results of the testwork provided general confirmation of earlier high-pressure acid leach
characteristics on less representative samples, though with marginally lower nickel and cobalt
recoveries due to lower head grades and/or more complex mineralogy. Nickel recoveries were 93-
95% for three ore types and 86% for a fourth. Cobalt extractions were 94-96%.

Feed size was 100% passing 210 microns on minus 2mm feed material. Leach time was 30 to 90
minutes and leach temperature 250-265C.

Slightly higher acid additions were found necessary to offset a tendency for higher leach residues
on all composites. Acid additions ranged from 0.33 to 0.48 t/t HPAL feed.

Leach impurity levels were favourably low, including iron (1-1.3 gpl), aluminium (0.7-2.5 gpl) and
chrome (<100ppm). No oxidized chromium was present.

Feed and leach residue settling characteristics were found to be reasonable, with potential for
further improvement.

A preliminary economic assessment of nickel recoveries versus acid consumption suggested that
optimum recoveries were slightly below maximum recoveries achieved in the testwork when using
a conventional wash circuit for nickel recovery.

Preliminary resin-in-pulp testwork on HPAL high-grade residue pulp indicated the possibility of
higher metal recoveries, higher intermediate product purity and a simpler front end processing
circuit when using RIP processing rather than conventional CCD washing, acid neutralisation, iron
precipitation and hydroxide precipitation.
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3. PREVIOUS HG TESTWORK

Previous HRL work on Young High Grade RC drill core and composite samples in September 1999
consisted of preliminary metallurgical characterisation tests on eight composites from eight drill
holes from the Thuddungra Mines Road, Ardnaree, Shangrila and Redlands areas of the Young
resource. Grades varied from 0.7 to 1.2% Ni, 0.03 to 0.15% Co, 3 to 12% MgO and 2 to 12% Al,Os.

Preliminary high-pressure acid leach ests were carried out on three nominated composites, a
limonitic composite (Thuddungra East Sample A), a limonitic saprolite composite (Ardnaree
Sample B) and a saprolite composite (Ardnaree Sample C). Each composite comprised the minus
2mm fractions of either two or three of the eight individual air-core drill-hole composites. Grades of
the three composites varied from 0.88 to 1.09% Ni, 0.09 to 0.13% Co, 7.7 to 8.3% MgO, 3.9 to
7.0% Al,O3, 31.5 10 36.1% Fe,O3 and 34.7 to 35.8% SiO,.

Results showed:
Rejection of plus 2mm coarse material increased the Ni head grade by up to 10%

Ni grade was generally uniform across all sizes for two of the composites and exhibited an
increasing grade with finer size for the third composite

Co distribution consisting generally of a broad higher concentration band between 20 micron
and 1,200 microns

Generally coarser particle size distribution than for typical tropical laterites
Nickel recoveries increasing with residual free acid concentration

Nickel grades in leach residues of 0.05 to 0.06% Ni at residual free acid concentrations of 54 to
57 gpl

Acid additions ranging from 260 to 410 kg/t ore

Slow leach kinetics at low acid addition levels, possibly due to a high proportion of coarse
material in the —212 micron feed material

Faster leach kinetics for Ardnaree Sample C (partially limonitic) and East Thuddungra Sample
A (mixed limonite/saprolite) than for Ardnaree Sample B (saprolitic)

Favourably low Fe and Cr uptake during leaching
Magnesium extractions of 60 to 81%

Low levels of ferrous and chrome in solution

No impurity elements of any concern in solution

Up to 93-96% Ni and Co extraction after 90 minutes leaching at acid additions of 290 to 410 kg/t
ore, depending on composite composition
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4. HG AND ROM SAMPLE PREPARATION

Composite Preparation: In the current test program a separate composite was prepared for each
of the three Jervois selected area samples (Ardnaree, East Thuddungra and West Thuddungra)
and a fourth composite was prepared for a separate High Grade feed sample. Preparation method
for each composite included:

combining all components of a given composite into a total composite of approx. 100kg
separate dry blending of each composite in a rotary blender
splitting off a 20-25 kg metallurgical sample by cone and quartering
saving the unused 75 kg of each composite in a sealed plastic bag.
The dry coned samples were combined and processed by wet blending the entire sample.

The + 2mm oversize was removed and size by size assays determined for the total size range of
the original feed material for each composite. Only the minus 2mm fraction was used for
subsequent testwork, in view of the generally lower grade or higher magnesium level of this
fraction. Sample SG of the minus 2mm material was measured by air pycnometer.

Each of the four minus 2mm feed composites was kept in wet slurry form throughout the test
campaign of approx. 12 weeks.

Comparison with Earlier Feed Samples: Assays of the current feed composites are compared
with assays from the earlier testwork composites in Table 1.

TABLE 1 EARLIER AND CURRENT METALLURGICAL SAMPLE SIZE, SG AND ASSAY
COMPARISON: JERVOIS YOUNG ROM AND HIGH GRADE COMPQOSITES

p80 SG
Ore Sample micron g/cc Ni Co Sc MgO ALO; Fe Cr Mn SiO; Co/Zn Co/Cu
-2mm % % ppm % % % % % %
Earlier Composites: HRL 0675

East Thudd A (1) 163 0.99 0.125 8.3 7 221 077 045 353 2.6 13.9
Ardnaree B (2) 137 0.88 0.092 7.7 39 253 11 049 347 26 3.8
Ardnaree C (3) 180 1.09 0.094 7.7 65 219 043 047 358 3.0 90.8

Current Composites:HRL 0697

High Grade (4) 180 3.05 099 0.069 26 105 6.1 189 065 03 384 14 11
Ardnaree (5) 420 3.1 078 0.066 27 111 7 179 055 0.36 418 2 5.7
East Thudd (6) 190 315 061 0081 39 55 99 255 078 031 288 2.7 118
West Thudd (7) 135 295 0.73 0.083 28 141 7.4 166 057 029 387 25 112

1) limonitic 4) weathered serpentinitic limonitic saprolite
2) limonitic saprolite 5) weathered serpentinitic limonitic saprolite
3) saprolite 6) Saprolitic limonite 7) weathered serpentinitic limonitic saprolite

Current feed composites were generally lower in nickel, lower in cobalt and higher in MgO and Al
than earlier test composite samples. In particular:

the lowest grade of the new feed composites (East Thuddungra) was approx. 30% lower in Ni,
Co and MgO and 70% higher in Al than the previous lowest grade composite (Ardnaree Sample
B)
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the highest grade of the new feed composites (High Grade) was approx. 10% lower in Ni, 25%
lower in Co, 35% higher in MgO and 70% higher in Al than the previous highest grade
composite (Ardnaree Sample C)

The head analyses of the minus 2mm material used for pressure leaching are shown below in
Table 2. The analyses were up to 10% higher in nickel grade than the original feed samples.

Table 2: Head Analyses of Jervois Young Minus 2mm ROM and High Grade Ni/Co
Composites used as Feed to Pressure Leach

Assay High Grade Ardnaree West Thuddungra | East Thuddungra
No. samples 6 2 3 2

Ni, % 0.99-1.06 0.78 0.709 — 0.749 0.63 — 0.66

Co, % 0.074 - 0.078 0.074 0.086 — 0.0895 0.082 — 0.085
Sc, % 0.0026 — 0.0028 0.0027 0.0027 — 0.0029 0.0039 — 0.0041
Zn, % 0.024 — 0.035 0.029 0.028-0.032 0.025-0.041

Cu, % 0.0058 — 0.0096 0.0068 0.008 — 0.064 0.005 — 0.006
Cr, % 0.76 — 0.85 0.62 0.639 — 0.747 0.80 — 0.85

Mn, % 0.308 — 0.329 0.4 0.304 — 0.315 0.32-0.33

Fe, % 19.6 - 21.6 18.4 28.8 28.3

Si, % 17.1-18.0 325 28.1 30.6

MgO, % 10.1 -10.5 10.4 13.2-13.8 53-5.7

Al,O3, % 6.24 — 6.58 6.8 75-7.9 10.1 -10.7

Size by Size Analysis:

Specific characteristics of the Young ROM and High-Grade materials, which are detailed in the
HRL report, include:

Ardnaree was the coarsest and West Thuddungra the finest material, with size and weight
characteristics being:

High Grade Ardnaree East Thuddungra West Thuddungra
P80, micron 180 420 190 135
Wt% less 20 micron | 47.8 46.6 52.2 53.1
Wit% >2mm 10.9 16.3 9.2 6.9

Nickel grades generally declined with increasing size, although in three cases (High Grade,
East Thuddungra and West Thuddungra) the decline in grade did not start until a size of
595 micron was reached

Young Ni/Co Laterite Project :
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Cobalt grades showed a maximum of between 0.14 and 0.19% Co in the size range from
100 or 215 micron to 595 micron, minimum grades of between 0.01 and 0.05% Co in the
minus 20 micron and +2mm size bands and a maximum-to-minimum Co grade ratio of
between 3 and 9

Magnesium grades were relatively constant with increasing particle size until a size of
about 1.5 to 2mm, where they tended to increase with particle size. However, in the case
of East Thuddungra they fell about 10% from 2 mm to 4.7mm before recovering the same
10% from 4.7 mm to 9.5 mm

Silicon often displayed similar constant grade behaviour as magnesium up to a certain
size, but thereafter decreased in grade with increasing size, in the reverse direction to
magnesium

Aluminium levels were relatively constant with particle size for High Grade and Ardnaree,
but increased sharply above 2mm with increasing size for East Thuddungra.

Iron levels tended to fall with increasing size for High Grade and Ardnaree, but either rose
slowly with increasing size (East Thuddungra) or passed through a maximum with
increasing size (West Thuddungra)

Scandium tended to follow aluminium behaviour with size

Feed Thickening: Discouraging results from early thickening testwork in shallow settling cylinders
in the current testwork program gave rise to concerns about the possibility of major changes in
solids settling characteristics due to standing as a wet slurry for a long periods of time (4-5 weeks
in this case). However, it was subsequently found that the use of deep bed thickening overcame
these settling problems.

Underflow densities of the order of 40% solids were achieved in deep bed feed thickening of High
Grade, East Thuddungra and Ardnaree in 10 litre settling cylinders after dilution to 3-4% solids and
addition of 70-100 gpt Magnafloc 358. Coagulant LT-35 addition ahead of flocculent addition was
required with East Thuddungra.

At a Magnafloc 358 cost of A$6.58/kg (US$ 4.00/kg) for bulk delivery to site, the Magnafloc 358
costs were of the order of A$ 0.50 — 0.66 (US$ 0.30 — 0.40) per t ore for 70-100 gpt usage.

All thickener feed samples were prepared by screening to recover minus 2mm material and
grinding to 100% passing 212 micron.

Magnafloc 155 was also tested on High Grade and Ardnaree, with broadly similar performance to
Magnafloc 358.

West Thuddungra did not achieve better than 28% solids density even with combined high
flocculent and coagulant dosages and more work remains to be done on the settling behaviour of
this material.

Limited unit settling area data collected to date suggests preliminary design requirements of
possibly 0.2 — 2.4 m*/tpd solids at 30% solids and 0.4 —2.6 m?/tpd at 40% solids for High Grade,
East Thuddungra and Ardnaree, depending on ore type. Unit settling areas for West Thuddungra
were not capable of being determined at 30-40% solids due to the poor settling characteristics of
this material under the conditions investigated so far.

Saline water did not help to increase underflow densities or overflow solution clarity.

Young Ni/Co Laterite Project : 8 March 2001
Prefeasibility Testwork Review



INTERNATIONAL PROJECT DEVELOPMENT SERVICES

The possibility of avoiding feed thickening altogether and feeding the high pressure leach directly
from milling without any dilution of the mill discharge slurry for size separation merits investigation.
This option could save significant capital cost, as presumably has already been demonstrated at
the Murrin Murrin nickel laterite plant in WA.

Screen Upgrading: The best upgrading that could be achieved by screening the ROM or High
Grade material containing 0.6 to 1.0% Ni, 0.07 to 0.08% Co and 3.3 to 8.5% Mg appeared to be that
obtained by rejection of plus 2mm material. This material contained the lowest grade nickel (0.4 to
0.6% Ni) and the highest grade magnesium (5.0 to 13% Mg). This left behind a modestly upgraded
product containing 84 to 93% of the feed weight, 89 to 95% of the feed nickel and 92 to 97% of the
feed cobalt and assaying 0.6 to 1.0% Ni, 0.07 to 0.09% Co and 3 to 8% Mg. This upgrading was
adopted for preparation of the feed for high pressure acid leaching. Calculated product assays and
metal distributions for upgrading of ROM and High-Grade ore by 2mm wet screening are shown in
Table 3 below.

Table 3: Assay and Metal Distribution of Wet Screened Minus 2mm Fraction versus Feed
Material and Wet Screened Plus 2mm Material — Young ROM and High Grade Composites

Assay Distribution
Size | Wt Ni Co |Fe |Mg|A |SiO; | Ni Co Fe Mg Al Sio,
micron | % % ppm | % % | % | % % % % % % %

High Grade:

-2mm | 89.1 | 1033|740 | 199|6.2|133(359(928 |96.1 |938 |87.1 |[90.8 |833

+2mm | 109 | 0.653 | 247 | 10.8| 7.5| 2.7 | 58.8 | 7.2 3.9 6.2 129 | 9.2 16.7

Feed | 100.0 | 0.992 | 690 | 189 | 6.3 | 3.2 | 38.4 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0

Ardnaree:

-2mm | 83.7 | 0824|744 | 195|65|13.7(39.2 (886 |943 |914 |812 (844 |785

+2mm | 16.3 | 0544 1 231 | 94 | 7.7|35|551|114 |57 8.6 188 | 156 |21.5

Feed | 100.0 | 0.779 | 660 | 179 | 6.7 | 3.7 | 41.8 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0

West Thuddungra:

2mm [ 93.1 | 0743 | 865 [ 29.2]81(4.0(384|953 |97.0 | 957 |88.7 |946 |924

+2mm | 6.9 0.495 | 361 | 17.7( 14 | 31| 426 | 4.7 3.0 4.3 113 |54 7.6

Feed | 100.0 | 0.726 | 830 | 28.4| 85| 3.9 | 38.7 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0

East Thuddungra:

-2mm | 90.8 | 0629|822 (248|3.2[51(293|936 |[921 |893 |87.0 |885 |925

+2mm | 9.2 0424 1 696 | 29.3(4.7|65|235|64 7.9 10.7 | 13.0 |115 |75

Feed | 100.0 | 0.610 | 810 | 25.2 | 3.3 | 5.2 | 28.8 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0

Data Source: Recalculated from Size by Size Assays, HRL Report 0697, Appendix 1
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Upgrading ratios from feed to minus 2mm fractions, as shown in Table 4 below, indicate limited
upgrading of Ni and Co and limited downgrading of magnesium. Specific changes were 2 to 6%
upgrading for Ni, 1 to 13% upgrading for cobalt and 2 to 16% downgrading for magnesium, with
most changes being 7% or less. Recognising that the reactivity of magnesium in the coarse rejects
fraction may not necessarily have been any different from that in the fine accept fraction, in
hindsight the benefits of upgrading would appear to have been marginal, except for Ardnaree.

TABLE 4: UPGRADING RATIOS FROM FEED TO MINUS 2MM SIZE FRACTION

Ni Co Mg
High Grade 1.04 1.07 0.98
Ardnaree 1.06 1.13 0.84
West Thuddungra 1.02 1.04 0.95
East Thuddungra 1.03 1.01 0.97

Size Fractions for Mineralogy: Three different size fractions of High Grade composite were
chosen for mineralogical assessment by Pontifex and Associates to provide a broad range of sizes
and different Ni, Co and Fe grades for mineralogical evaluation. Unfortunately the coarser sample, -
2mm, was very fine due to supply of material that had been ring ground for assay. Nevertheless,
the weight fractions and assays of the materials evaluated by Pontifex & Associates were as
follows:

—2mm, representing 89.1 wt% of the original feed composite and 100% of the autoclave
feed sample, assaying 9920 ppm Ni, 690 ppm Co and 18.9% Fe, and consisting of a
sample of ring ground material used for assay

-100 micron + 75 micron, representing 3.9 wt% of a narrowly sized fraction at 10500 ppm
Ni, 1310 ppm Co, 6.4% Mg, 2.9% Al, 20.5% Fe, 0.57% Mn and 1.0% Cr

—20 micron, representing 47.8 wt% at 10800 ppm Ni, 400ppm Co and 20.3% Fe

Young Ni/Co Laterite Project : 10 March 2001
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5. HG AND ROM PRESSURE ACID LEACH RESPONSE

Leach Kinetics: Leach kinetics, based on the relative leach recoveries reported at 30 minutes and
90 minutes, indicated that:

Higher acid additions (+0.04 to 0.07 t/t ore) and generally higher associated residual acid
concentrations (variable but up to 8 to 15 gpl additional acid after 60 to 90 minutes) appear to
have been more beneficial than finer grind size (75 micron versus 212 micron)

Mineralogy differences associated with low levels of magnesium extraction were suspected to
be the cause of lower initial nickel extractions achieved with High Grade, West Thuddungra and
East Thuddungra, but it was felt that this needed to be checked by mineralogical evaluation of
selected size fractions of leach feed and tails

An increase in leach temperature from 250 to 265C appeared to be more favourable to nickel
extraction than an increase in acid addition of 0.05 to 0.07 t/t ore

Leach economics: Incremental leach economics have been evaluated below in Table 5 at an
estimated acid cost of US$50/t acid. Actual site costs may be higher or lower, depending on
various site factors. The +0.04 to 0.07 tonne of additional acid required per tonne of ore to achieve
up to 3% additional nickel recovery would incur an incremental acid cost of US$1.50 — 3.50/ t ore,
which is equivalent to US$3.9-5.0/b Ni for Ardnaree and High Grade. This incremental cost would
be uneconomic.

Economic nickel recoveries are expected to range from the high 80’s to low 90’ s, or potentially 3-
4% lower than the maximum recoveries reported by HRL. Further economic evaluation of nickel
production costs for the most likely acid and limestone costs applicable at Young is advisable.

TABLE 5: INCREMENTAL ACID ADDITION COSTS AT MAXIMUM NICKEL RECOVERIES

Head Acid Acid Leach Ni Acid addn Acid ddn
Grade Addn Cost Extn Extn
% Ni titore  US$/t ore % kg/tore  kg/kg Ni  US$/Ib Ni
High Grade 1.05 0.41 20.5 89 9.35 43.9 1.00
1.05 0.48 24 92 9.66 49.7 1.13
Increment 0.07 3.50 0.32 222.2 5.04
Ardnaree 0.78 0.38 19 92 7.18 53.0 1.20
0.78 0.42 21 95 7.41 56.7 1.29
Increment 0.04 2.00 0.23 170.9 3.88
West Thudd 0.65 0.43 21.5 87 5.66 76.0 1.72
0.65 0.46 23 86 5.59 82.3 1.87
Increment 0.03 1.50 -0.06 -461.5 -10.47
Notes:
Acid cost, US$/t acid 50
Grind size, microns -212
Leach temp, C 250
Young Ni/Co Laterite Project : 11 March 2001
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Size Analysis of Leach Residue: Size by size analysis of West Thuddungra leach residue from
Test SS14-26, which had a higher than desirable Ni and Co residue analysis (0.13% Ni and 0.008%
Co), was carried out in supplementary testwork after completion of the Main Testwork Report. The
purpose of this work was to try to assist in understanding the mineralogy of the different residue
size fractions and to thereby determine the most likely conditions for better leach extraction.

Residue assays for Ni, Co and Mn in four consecutive size ranges between minus 20 microns and
plus 53 microns were compared with the corresponding size assays of the feed sample, prior to
grinding the sample to minus 212 microns. The analysis shown below in Table 6, indicated:

Broadly similar residue:feed assay ratios within each size fraction for Ni (0.165 to 0.22), Co
(0.099 to 0.147) and Mn (0.237 to 0.278)

A relative insensitivity of residue:feed assay ratio of particle size between minus 20 microns
and plus 53 microns

A reaction mechanism that was believed more likely to indicate chemical reaction controlled
rather than diffusion or mass transfer controlled reaction.

Table 6: Residue-to-Feed Assay Ratios, West Thuddungra Leach Residue

Size Nickel Assay, % Ni Cobalt Assay, % Co Manganese, % Mn
range,
micron Residue | Feed* Ratio Residue | Feed* Ratio Residue | Feed* Ratio

+53 0.153 0.729 0.210 0.014 0.142 0.099 0.123 0.52 0.237

+38 0.150 0.744 0.202 0.013 0.0965 | 0.135 0.087 0.361 0.241

+20 0.153 0.695 0.220 0.014 0.0955 | 0.147 0.096 0.345 0.278

-20 0.126 0.762 0.165 0.007 0.0485 | 0.144 0.037 0.149 0.248

* Feed assay minus 2 mm size fraction before grinding to minus 212 micron, Data from HRL File Note 16 Nov 2000

Additional data showed that most of the leaching problem resided in the minus 20 micron size
fraction, as this size range contained over 80% of the residue weight and 70-80% of the nickel and
cobalt distributions. Specific differences between the fine and coarse size ranges included:

Little difference in assays and weight fractions of Ni, Co and most impurities in three
consecutive size ranges between plus 20 microns and plus 53 microns

Major difference in assays and weight fractions between the coarser plus 20 micron size range
and the finer minus 20 micron size range including:

A decrease of 20 to 50% in Ni, Co, Mg, Mn, Zn, Cr and SiO, assays in the finer size range
A 20 to 250% increase in Fe and Al assays in the finer size range

A 5 fold increase in weight fraction in the finer size range

A 2 to 15 fold increase in metal distribution in the finer size range

It was concluded that the solution to the problem of high nickel residue assays might require a
combination of future more severe leaching conditions such as:

Higher temperature to increase kinetics of leaching and slightly increase Ni and Co extractions,
although possibly at the penalty of a marginally higher acid consumption
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Higher free acid concentration to increase slightly the kinetics of leaching and slightly increase
Ni and Co extraction, although probably at the penalty of marginally higher acid consumption

Finer grind size to increase kinetics of leaching and slightly increase Ni and Co consumption,
although probably at the penalty of a significant but unavoidable increase in impurity extraction

Resin-in-Pulp Recovery Benefit: As part of an investigation into possible process routes which
could potentially result in lower plant capital costs, one set of preliminary resin-in-pulp tests was
carried out by Clean TeQ using proprietary resins to process a slurry sample of leached High
Grade pulp. This test achieved significantly higher nickel recoveries than the HRL batch leach
recovery results —see Section 8. If higher recoveries can be confirmed in later resin-in-pulp tests,
there would appear to be a strong case to seriously consider resin-in-pulp processing rather than
conventional CCD wash thickener processing of the leach pulp.

Limestone/Magnesite Unit Costs: Local limestone sources and costs in the Young project area
need verification, since there were apparently no readily known in-situ limestone resources at
Young at the time of this testwork. Imported limestone from Marulan in Southern NSW would
currently be expected to have a cost closer to US$40/t rather than currently assumed US$5/t for
local limestone cost. Costs for use of low-grade magnesite, of which there are understood to be
ample local in-situ supplies at Young, need to be confirmed, since magnesite would currently
appear to be the lowest cost neutralising agent at Young.

Liquor Analyses: An encouraging feature of the current Young HPAL testwork results and also
earlier Young HPAL testwork results was the continuing low levels of iron, aluminium and chrome
present in the leach liquor. Total iron and aluminium levels in solution varied from 1-3.3 gpl for iron
and 0.7-2.5 gpl for aluminium during the current pressure acid leach series. Soluble chrome levels
were less than 100 ppm, with Redox levels indicating the absence of soluble chrome species. This
data suggest that the removal of impurities from nickel laterite high-pressure acid leach solutions
should be relatively straightforward. Thus the quantity of neutralising agent needed for pH
adjustment ahead of intermediate product precipitation should mainly be for the neutralisation of
excess acid in the leach discharge rather than for the additional neutralisation of substantial
guantities of iron and aluminium.

Soluble magnesium levels in the HPAL liquor were of the order of 16 to 26 gpl Mg, reflecting the
relatively high head assays of 6 to 13% MgO and magnesium extractions of 45 to 75%, depending
on the particular composite being leached.

Mass Balances: Mass balances for metal extraction in most laboratory tests were generally of the
order of 90 to 110%, with occasional excursions to 80 or 120% for aluminium. These balances
were considered to be acceptable.

Atmospheric Diagnostic Leaching: An atmospheric diagnostic leach used by HRL to evaluate
the likely acid consumption of mainly tropical laterites was evaluated on the Young laterite
composites. Diagnostic leaches were conducted under the conditions of temperature 95-100C,
time 120 minutes, 17 gpl solids and 150 gpl HCI initial acidity.

It was found that the diagnostic leach constantly underestimated magnesium extraction compared
with pressure leach conditions, indicating that Young laterites were more refractory to acid attack
than tropical nickel laterites. Table 7 shows the difference in magnesium extraction, which was
close to 22-36% extraction over the range of feed MgO values from 5.5 to 14.1% MgO.
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Table 7: Comparison of Magnesium Atmospheric Diagnhostic Leach Extractions with PAL
Extractions, Young Ni/Co Laterite Project

Ore Type Feed MgO % Magnesium Extraction %
PAL* Diagnostic Leach* Difference
High Grade 10.5 69-75 43 26-32
Ardnaree 11.1 45-52 23 22-29
East Thuddungra 5.5 71-82 55 16-27
West Thuddungra 14.1 69-75 36 33-39
Young Ni/Co Laterite Project : 14 March 2001
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6. HG AND ROM LEACH RESIDUE THICKENING

Leach residue thickening tests were conducted under the same conditions as the feed thickening
tests, namely 3-5 wt% solids, 10L scale settling cylinders equipped with a slow speed rakes and
ambient temperature. However, instead of using water for solids dilution, an artificial leach liquor
containing 2.8 gpl Ni, 0.2 gpl Co, 1.9 gpl Fe, 21 gpl Mg, 1.2 gpl Mn, 0.8 gpl Al and pH 2.0 was used.
The dilution was applied to leach residue filter cakes to produce the required feed slurry density for
the thickening tests. The solution composition was determined by HRL from METSIM based CCD
simulation.

Scouting tests were used to select the best overall flocculents, which were found to be Magnafloc
800HP (non-ionic) and Magnafloc E10 (slightly anionic). Magnafloc 800HP resulted in a clearer
supernatant solution and was selected as the preferred flocculent. Magnafloc 455 also performed
well but required a higher flocculent dosage.

All leach residues except West Thuddungra flocculated easily at additions of the order of 100 gpt.
West Thuddungra was difficult to thicken even at high flocculent dosages of 130-140 gpt.

Eight thickening tests were carried out including 4 on High Grade ¢212 microns), 2 an West
Thuddungra (-212 and -105 microns) and one each on Ardnaree (-212 microns) and East
Thuddungra (-105 microns). Underflow densities were 36-37% solids for High Grade, 30% for
Ardnaree, 31% for East Thuddungra and 28-29% for West Thuddungra. Higher densities are
expected for Ardnaree, for which the present densities were limited by the restricted amount of
sample available for testing.

Thickening rates at an underflow density of 28 wt% solids were calculated by HRL using the
Wilhelm-Naide technique corrected for depth. Rates were highest for High Grade (0.44 m‘/tpd),
followed by East Thuddungra (0.79 nf/tpd), Ardnaree (2.2 mf/tpd) and West Thuddungra (2.5
m?/tpd). Rates were slower at higher solids densities. Further improvements in thickening rates are
expected from additional testwork.
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7. HG FEED MINERALOGY

Gross mineralogy work consisting of XRD and optical microscope “first pass” work was carried out
by Pontifex and Associates on the following selected size fractions of High-Grade ore:

Size -2 mm — optical microscopy, XRD and probe analysis
Size +75 micron to -100 micron - optical microscopy and XRD
Size —20 micron — XRD only

Photomicrographs obtained for the —100 +75 micron size fraction indicated the dominance of Fe-
rich particles, ranging from limonite-goethite stained clay and other grains through to goethite.

General results of the x-ray and optical mineralogy are shown in Table 8.
In general, it would seem that:

smectite was present as co-dominant or dominant mineral in all size fractions, but particularly
in the —20 micron fraction

lizardite was present as a minor to co-dominant depending on the size fraction
chlorite was present as a minor to co-dominant depending on the size fraction
goethite was present as a minor to co-dominant depending on the size fraction
talc was present as a minor to co-dominant depending on the size fraction
guartz was present as trace to co-dominant depending on the size fraction
chromite was present as minor to co-dominant depending on the size fraction
XRD provided higher weight fraction indications than optically for unknown reasons
TABLE 8: OPTICAL MINERALOGY OF YOUNG HIGH GRADE SIZE FRACTIONS - PONTIFEX

Mineral -2mm reground -100 +75 micron -20 micron

XRD Optical | Optical | XRD Optical | XRD

coarse | fine

lizardite (serpentine) co- present | present® | trace 5% 10% | minor (1-4%)

dom.
chlorite co-dom | present | present’ | co-dominant | 10% minor (1-4%)
limonitic clay present®
smectite co-dom present | co-dominant | 20% dominant (>60%)
magnetite co-dominant | 8%
maghemite sub-dm subdominant (10-30)
goethite sub-dm present | minor 10% subdominant (10-30)
goethite+/- hematite present
Young Ni/Co Laterite Project : 16 March 2001
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talc minor | present | present® | co-dominant | 5%*15% | minor (1-4%)
hematite minor trace minor (1-4%)
hematite/maghemite present | present*

limonite+/hematite present

quartz minor | present | present' | co-dominant | 7% trace (<2%)
actinolite/tremolite trace | present trace 7% trace (<2%)
magnesite trace

chromite present co-dominant | 3%

chromite/magnetite present’

* limonite stained, 1 = relatively fairly discrete grains, 2= relatively discrete flakes, comminuted particles, 3= smectitic?

Young Ni/Co Laterite Project :
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8. HG RESIN-IN-PULP

Resin-in-pulp processing of leach residue slurry was evaluated on a preliminary basis for Young
High-Grade composite leach slurry to determine whether resin-in-pulp might provide higher
recoveries of nickel and cobalt than a more conventional CCD circuit.

The results of preliminary sighter resin testwork by Clean TeQ of Dandenong, Australia using
Clean TeQ's proprietary resin, Clean-iX"", on a high pressure acid leach slurry produced by HRL
from batch pressure leaching of Young High Grade ore are described below.

The initial RIP results appear encouraging. Subject to resolution of leach residue assay
discrepancies and clarification of general resin supply and other process development issues,
further resin-in-pulp testwork would appear to be worthwhile.

Testwork Procedure:

The testwork procedure adopted by Clean TeQ consisted of:
starting with a leach residue pulp for Young “High Grade” prepared by HRL in Brisbane
heating the pulp to 90C

precipitating out the iron in the pulp by pH adjustment somewhat similarly to other plants
(but using magnesite supplied by IPDS from Young instead of limestone, and a leach pulp
feed instead of a leach solution feed)

contacting the pulp with 5 successive stages of fresh resin to remove the nickel and cobalt
stripping the resin from stage 1 with dilute sulphuric acid

assaying the liguor and solids from the feed pulp, the neutralised pulp, each stage of
contact and also assaying the strip liquor

The above resin-in-pulp treatment process differs from the Cawse and Bulong laterite leach plants
where the solution is separated from the pulp. Either a nickel/cobalt hydroxide is precipitated as at
Cawse or direct SX is used to produce a cobalt sulphide and concentrated feed liquor for nickel
electrowinning as at Bulong.

Pulp neutralisation carried out by Clean TeQ was at 90C, which is at a higher temperature than the
standard conditions normally used in the Bulong and Cawse circuits. Clean TeQ advised that their
resin was robust and could stand high temperatures.

Testwork Results

The initial Clean TeQ sighter RIP laboratory test achieved the following results, based on Analabs
assays for feed solution and solids, ALS assays for product solutions, adjusted ALS assays for
product solids and Analabs check assays for RIP feed solids:

Iron Removal:

+++

1. Virtually complete removal of Fe iron and almost complete removal of Fe™" iron was
achieved by magnesite addition to pH4, as indicated by the following changes in composition of
feed solution to and product solution from neutralisation:

Solution in feed pulp to neutralisation: 1900-2260 ppm FeT (approx. 50-80% Fe*", HLS data)

+++

Solution in product pulp from neutralisation: 130 ppm Fe*™", <1 ppm Fe

Young Ni/Co Laterite Project : 18 March 2001
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Partial precipitation of nickel and cobalt occurred during neutralisation, as indicated by the
following solution compaosition changes during neutralisation to pH 4:

Solution in feed pulp to neutralisation: 3600 — 4080 ppm Ni, 260 —305 ppm Co
Solution in feed pulp from neutralisation: 2730 ppm Ni, 221 ppm Co

There was apparently no special requirement for a ferrous oxidation stage at the same time as
pulp neutralisation ahead of the RIP circuit, indicating that:

oxidation of Fe** (1100 ppm in feed) to Fe** was essentially 90% complete (to 130 ppm
Fe?*) without special aeration provisions

the pulp was somehow still aerated without air actually being sparged into the pulp

Virtually complete precipitation of Fe** iron occurred from solution at pH 4.0 and 90C after 90
minutes contact with magnesite

Magnesite addition of 70 g per litre of pulp appears to correspond to almost 100% in excess of
stoichiometric requirements for the combination of 40.4 gpl acid, 1.9 gpl iron and 1.3 gpl
aluminium neutralisation. This usage should be capable of significant reduction.

RIP Results:

Graphs of solutions and solid assay profiles:

6.

Fig. 1 at the end of this section shows a plot of the decrease in Ni and Co solution
concentration from feed pulp through pulp neutralisation and during each of the 5 RIP contact
stages. It can be seen that the solution composition decreased after pH adjustment with
magnesite to pH 4, presumably due to excess magnesite usage and resulting in the apparent
temporary 30% initial precipitation of nickel and cobalt. It can also be seen that there is virtually
complete recovery of all aqueous Ni and Co in five loading stages.

Fig. 2 shows similar data to Fig. 1 but for the Ni and Co solid assays rather than the Ni and Co
solution assays. Surprisingly the Ni and Co solid concentrations do not increase due to the
decrease in soluble Ni and Co concentration in solution when magnesite is first added to the
feed pulp. Rather, the Ni concentration decreased 10% and the Co concentration increased
10%. Solid assay errors may be possible for this anomaly. Thereafter, the Ni on solids
decreased approximately 60% and the Co in solids decreased approximately 40% during five
stages of RIP contacting.

As discussed elsewhere, the decrease in leach residue solids assays for Ni and Co during RIP
appears to be evidence of additional Ni and Co leaching during RIP processing. The decrease
in Ni leach residue assay was equivalent to approx. 45% of the head grade and the decrease in
the Co leach residue assay equivalent to a 60% decrease of the cobalt head grade.

This 45-60% additional leaching of solids during RIP contact appeared to be a highly significant
advantage for RIP processing over conventional CCD washing for nickel recovery.

Fig 3 shows the major upgrading of Ni and Co from feed solution to RIP strip solution and the
almost complete rejection of Fe, Mn and Cr to the same solution when stripping the resin with
5% sulphuric acid solution after 5 stages of contact. Cu and Zn were fully extracted by the resin
and fully stripped during acid stripping.

Solution recovery:

9.

Over 99% Ni and Co recovery was achieved from the solution phase of the HPAL discharge
pulp from a 5-stage RIP circuit, based on the following exit solution concentration:
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Solution in feed pulp from stage 5: 5.9 ppm Ni, 1.3ppm Co

10. A 1-2% higher metal recovery appears to have been achieved than the typical 97-98% expected
from a conventional 67 stage CCD wash circuit, depending on clay adsorption, underflow
solids density etc

Solids recovery:

11. Complete recovery of the nickel and cobalt that precipitated from solution during pH 4 pulp
neutralisation prior to resin-in-pulp contact was achieved on the resin, as indicated by the
following results:

Solids in leach discharge pulp: 1140 - 1160 ppm Ni, 52 -70 ppm Co
Solids in RIP stage 1 pulp: 1215 ppm Ni, 65 ppm Co
Solids in RIP stage 2 pulp: 1011 ppm Ni, 60 ppm Co

12. The resin appeared to provide better performance for recovery of Ni and Co lost to any solid
precipitate than would occur in a conventional neutralisation and iron removal circuit where
Ni/Co losses to the iron precipitate would generally be lost from the circuit

13. 2-4% additional nickel and cobalt extraction was achieved by the resin from the HPAL feed
solids as a result of the 40-60 % additional leaching of solids in the RIP circuit due to “sorption
leaching” effect claimed by Clean TeQ resins on the leach residue solids:

Solids in leach discharge pulp: 1140-1150 ppm Ni, 52-70 ppm Co
Solids in stage 5 contact pulp at pH 5.9 approx.: 694 ppm Ni, 25 ppm Co

14. Possibly 1-2 % higher extraction was achieved by the resins from the leach solids than in
traditional CCD circuits where in some cases, such as copper and uranium leaching, only
small amounts (say 1%) of additional metal might be leached from the solids during CCD
washing

Combination solids and solution recovery:

15. The combination of the high soluble recovery from solution and solids during RIP contact
suggests that there might be up to 3 — 7% higher combined Ni and Co recovery from pulp being
treated in an RIP circuit, than from a conventional CCD wash circuit -at least for Jervois High
Grade Young ore.

Additional comments on RIP results:

16. Resin-in-pulp performance was apparently independent of constraints that might conceivably
limit CCD wash circuit performance for more difficult ores such as possible metal adsorption
on clays during CCD washing or unduly low underflow solids concentration due to poor settling
characteristics

17. The resin showed no apparently adverse effects on Ni and Co extraction of over-neutralisation
of the RIP pulp feed when using magnesite for pH adjustment ahead of RIP at 90C. pH 4 was
the input pH into the first stage of RIP contact and pH 5.9 was achieved after the last stage of
RIP contact. This compares with a potentially significant loss of Ni and Co if inadvertent over-
neutralisation of solution occurs ahead of a normal CCD wash circuit

18. Strip pregnant liquor composition produced from desorption of the resin from the first stage of
resin-in-pulp contact using 5% H2S04 as the strip liquor was relatively high-grade, being:
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upgraded in valuable metals by over three fold relative to HPAL discharge liquor to 13,000
ppm Ni, 1,000 ppm Co and 155 ppm Cu respectively

reduced in impurities relative to HPAL discharge liquor by over 25 to 100 fold to 20ppm Fe,
11 ppm Mn, 0.8 ppm Cr and 45 ppm Zn

a good candidate for either further upgrading by SX/EW or for high-grade intermediate
sulphide, hydroxide or oxide production for refining or sale

19. The Clean TeQ resin i reported to be capable of being stripped by most common stripping
reagents including HCI, H,SO4, Na,CO3 and (NH,4).COs.

20. Recognising the high Clean TeQ resin selectivity for Ni and Co over Mn, Zn and Cr, a number of
interesting possibilities could arise for producing one or more of the following products via RIP
processing or by RIP + SX processing:

a high purity chloride leading to high purity nickel/cobalt oxide intermediate production by
amine SX to remove Co and then pyrolysis to recover Ni, somewhat smilar to Inco’s
proposed flowsheet for Goro, except using RIP for the initial purity step rather than SX

a high purity sulphide for export
a high purity hydroxide for domestic sale

metal via an improved Bulong route such as IX for Cu, Zn, Fe and Mn removal, Co metal by
SX/EW and Ni metal by SX/EW

other options involving chloride or sulphate circuit variants as may be appropriate

Fig 1: Clean Teq Resin-In-Pulp Solution Treatment Profile: Young
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Fig 2: Clean Teq Resin-In-Pulp Leached Solids Assay Profile:
Young "High Grade"
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9. HG AND ROM CONCLUSIONS

HG and ROM Composite Preparation:
1. The composites appeared to fall into two main assay groups:

High Grade and Ardnaree composites with the higher nickel grades (0.78 — 0.99%Ni, 0.066-
0.069% Co, 17.9-18.9% Fe, 10.5-11.1% MgO, 6.1-7.0% Al203 and 26-27 gpt Sc)

East and West Thuddungra with up to 20% lower nickel grades, 20% higher cobalt grades
and more extreme iron and magnesium grades (0.61-0.73% Ni, 0.081-0.083%Co, 16.6 -
25.5%Fe, 5.5-14.1% MgO, 7.4-9.9% AI203 and 28-39 gpt Sc)

2. In all composites, the sum of the assays for iron (Fe) and magnesium (MgO) was essentially
constant at 29.0-31.0%, despite a 50% increase in Fe from 16.6 to 25.5%Fe and a 250%
increase in Mg from 5.5 to 14.1% MgO.

3. SG measurements of the composite materials using an air pycnometer were 2.95-3.15.

4. The material tended to agglomerate during sample preparation, with the finer samples
Ardnaree, East Thuddungra and West Thuddungra being particularly problematic.

5. The general range of ore types included within the four composites included limonite (18-58%),
saprolite (21-48%), weathered serpentinite (10-42%), fresh serpentinite (0-3%), hematite (O-
10%) and some limited quantities of unidentified clays, with the compositions varying between
composites.

6. Particle size decreased from coarse for Ardnaree (p80 of 420 micron) to moderately fine for
East Thuddungra (p80 of 135 micron), with the other composites being of intermediate size
(p80 of 180-190 micron).

7. Metal distributions with size were generally similar for the four composites including:
Ni relatively constant up to 212-600 microns, then decreasing with increasing size
Co broad concentration peak between 100-600 microns
Magnesium generally elevated in plus 2mm material

Plus 2mm material, representing 7-16% of the ore mass, was removed to provide a slight
upgrading of the ore for subsequent testwork.

Feed Thickening:

13. Thickening behaviour ranged from favourable for Ardnaree to reasonable for High Grade and
East Thuddungra and difficult for West Thuddungra. Key results after prior dilution to 3% solids of
minus 212 micron ore, use of 10L raked cylinders and flocculent addition included:

Maximum final settled solids densities ranging from 28% for West Thuddungra to 33-36%
for High Grade, 39% for East Thuddungra (after coagulant addition) and 40-44% solids for
Ardnaree

Depth corrected thickener unit areas ranging from to 0.31 m?/tpd for Ardnaree (35% solids
using 82 gpt Magnafloc 358) to 0.38 nf/tpd for High Grade (at 30% solids and 125g/t
Magnafloc 358)

No improvement in settling rates or underflow density with use of highly saline water
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Greatly improved thickening rates and lower flocculent dosage with East and West
Thuddungra composites when using coagulant prior to flocculent addition

Pressure Acid Leaching:

14 Leach tests conducted on ore ground to 100% passing 212 microns, and leached for 90
minutes under batch leaching conditions at an operating temperature of 250-265C and an initial
solids density of 30-33% yielded the following key results:

Leach extractions of up to:
94-95% Co for all ores (0.074-0.085% Co head grade)

93-95% Ni for High Grade, Ardnaree and East Thuddungra ores (0.71-1.06% Ni head
grades)

86% Ni for West Thuddungra (0.75% Ni head grade)

75-82% MgO for High Grade, East and West Thuddungra (5.7-13.8 % MgO head grade
)

52% MgO for Ardnaree (10.4% MgO head grade)
20-50% refractory magnesia level in feed, especially Ardnaree
No additional nickel extraction by post leach conditioning

Variable acid additions ranging from a maximum of 0.42 — 0.48 t/t for High Grade, Ardnaree
and West Thuddungra to a low of 0.33 t/t for East Thuddungra

Variable leach kinetics ranging from fast for Ardnaree to slow for High Grade and West
Thuddungra where 80% was easily leached and the remainder more slowly leached

Nickel extractions generally increasing with higher free acid concentration at the end of the
leach, higher reaction temperature and possibly finer grind

Reaction mechanism suspected to be chemical reaction control rather than diffusion
control

Favourably low levels of leach impurities including iron (1-1.3 gpl Fe), aluminium (0.7-2.5 gpl
Al) and chrome in the leach liquor (<100 ppm) and no soluble chromium

Poor predictions of acid soluble magnesium extraction by an HRL developed atmospheric
diagnostic leaching test

Leach Residue Thickening:
15. Key results included:

Final solids densities decreasing from 36-37% for High Grade, to 30% solids for Ardnaree
and 28-31% for East and West Thuddungra

Flocculent dosages of 90-130 gpt Magnafloc 800HP except for at least 130 gpt for West
Thuddungra

. Thickener unit settling areas ranging from a high of 2.4 m?/tpd for West Thuddungra to 2.0
m?/tpd for Ardnaree, 0.8 m?/tpd for East Thuddungra and 0.4 m?/tpd for High Grade (all at
28 wit% solids)

Resin-In-Pulp:
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16. Higher than expected solution recoveries were achieved with Clean TeQ resin-in-pulp treatment
of a feed pulp, after pH 4 neutralisation of the high acid feed pulp with approx. 200% stoichiometric
Young magnesite at 90C

17. Higher than expected additional solids leaching appeared to occur during the resin-in-pulp
contacting at 90C, suggesting that actual leach recoveries via resin-in-pulp may be significantly
higher than laboratory recoveries achieved by batch leaching and CCD treatment.

18. Over-neutralisation of the feed pulp with magnesite had no detrimental effect on subsequent Ni
and Co recovery, despite an initial precipitation of some of the aqueous Ni and Co in the solids

19. Strip solution grades after resin-in-pulp treatment were over three-fold enriched in nickel and
cobalt from the acid leach and very low in iron, manganese and chromium impurities,
suggesting more flexibility in production of a very high-grade intermediate product direct from
leaching than from more conventional processes.

Mineralogy:

20. The mineralogy was extremely complex and mineral phases generally impure due to intricate
mixing of phases:

smectite was present as co-dominant or dominant mineral in all size fractions, but particularly
in the —20 micron fraction

lizardite, chlorite, goethite, talc, chromite were present as a minor to co-dominant depending on
the size fraction

quartz was present as trace to co-dominant depending on the size fraction

separate specific Ni-bearing phases were not detectable, but Ni was most considered most
likely to occur in smectite and possibly goethite.
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