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EXECUTIVE SUMMARY

The Sunrise Project (the Project) is a nickel, cobalt and scandium open cut mining
project situated near the village of Fifield, approximately 350 kilometres (km)
west-northwest of Sydney, in New South Wales.

Development Consent (DA 374-11-00) for the Project was issued under Part 4 of the
NSW Environmental Planning and Assessment Act 1979 (EP&A Act) in 2001.

SRL Ops Pty Ltd owns the rights to develop the Project. SRL Ops Pty Ltd is a wholly
owned subsidiary of Sunrise Energy Metals Limited (SEM)?.

SEM has continued to review and optimise the Project design, construction and
operations as part of preparations for Project execution. The outcomes of this review
are outlined in the Project Execution Plan.

The Project Execution Plan Modification (the Modification) includes the
implementation of Project changes identified in the Project Execution Plan to optimise
the construction and operation of the Project. The Project Execution Plan identified a
number of changes to the approved mine and processing facility, accommodation
camp, rail siding and road transport activities.

Pinnacle Risk Management Pty Ltd has been engaged by SEM to conduct a
Preliminary Hazard Analysis (PHA) for the modified Project. Relevant to this PHA, the
Modification would include the following changes to the mine and processing facility:

> Revised processing facility area layout including a revised processing plant
layout;
> Revised processing plant reagent types, rates and storage volumes (including

increased ammonia storage vessels capacity); and
> Reduced sulphuric acid plant stack height from 80 m to 40 m.

The Modification would include a revised rail siding location and layout, and the
addition of an ammonium sulphate storage and distribution facility to the rail siding.

This PHA has been prepared to support an application by SEM to modify Development
Consent (DA 374-11-00) for the Project, which would be sought under section 4.55(2)
of the EP&A Act.

The risks associated with the modified mine and processing facility, and rail siding
have been assessed and compared against the NSW Department of Planning (now
the NSW Department of Planning, Industry and Environment) risk criteria.

The results are summarised in Table 1 and show compliance with all risk criteria.

1 SEM was previously Clean TeQ Holdings Limited (Clean TeQ).
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Table 1 - HIPAP 4 Risk Compliance

Description

Risk Criteria

Risk

Acceptable?

Comments

Fatality risk to sensitive users, including hospitals, schools,
aged care

0.5 x 106 per year

The facility is to be located in a rural area
with no nearby sensitive landusers. Based
on the analysis in this PHA, there are no
credible fires, explosions or toxic gas
releases that can cause fatality to sensitive
land users. The estimated maximum
individual fatality risk at the site boundary is
1x10%/yr

Fatality risk to residential and hotels

1 x 106 per year

As the estimated maximum individual fatality
risk at the site boundary is 1x10-/yr then
this criterion is satisfied

Fatality risk to commercial areas, including offices, retail
centres, warehouses

5 x 10 per year

As the estimated maximum individual fatality
risk at the site boundary is 1x10-%/yr then
this criterion is satisfied

Fatality risk to sporting complexes and active open spaces

10 x 105 per year

As the estimated maximum individual fatality
risk at the site boundary is 1x10-%/yr then
this criterion is satisfied

Fatality risk to be contained within the boundary of an
industrial site

50 x 10-6 per year

As the estimated maximum individual fatality
risk at the site boundary is 1x10-/yr then
this criterion is satisfied

Injury risk — incident heat flux radiation at residential areas
should not exceed 4.7 kW/m? at frequencies of more than 50
chances in a million per year or incident explosion
overpressure at residential areas should not exceed 7 kPa at
frequencies of more than 50 chances in a million per year

50 x 10-6 per year

Based on the analysis in this PHA, there are
no credible fires or explosions that can
cause injury at the closest privately owned
residence
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Description

Risk Criteria

Risk

Acceptable?

Comments

Toxic exposure — Toxic concentrations in residential areas 10 x 106 per year Y The likelihood of causing injury at the

which would be seriously injurious to sensitive members of closest privately owned residence is

the community following a relatively short period of exposure approximately 1x10-%/yr, therefore, this
criterion is satisfied

Toxic exposure — Toxic concentrations in residential areas 50 x 10-6 per year Y The likelihood of causing irritation at the

which should cause irritation to eyes or throat, coughing or closest privately owned residence is

other acute physiological responses in sensitive members of approximately 4x10-/yr, therefore, this

the community criterion is satisfied

Propagation due to Fire and Explosion — exceed radiant heat 50 x 106 per year Y The facility has no adjacent industrial

levels of 23 kW/m? or explosion overpressures of 14 kPa in
adjacent industrial facilities

facilities, therefore, this criterion is satisfied
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Societal risk, area cumulative risk, propagation risk, transport risk and environmental
risk are also concluded to be acceptable.

The primary reason for the low risk levels from the modified mine and processing
facility and rail siding is the separation distances between the potentially hazardous
materials and equipment and the nearest private place of residences and also the site
boundaries.

The highest contributors to off-site risk are releases of ammonia, in particular, from
transfer operations to the storage vessels, and sulphur dioxide releases from
catastrophic equipment failure. It is expected that the design review process followed
by the Hazard and Operability (HAZOP) study would help mitigate the risk of releases
to acceptable levels. This would include designing to Australian Standard AS2022 for
the ammonia storage and handling systems. The following recommendations were
made in the approved 2017 PHA and are still valid for the modified design. These
recommendations are made to lower the risk associated with releases of ammonia.

1. Ensure that the final design includes means to automatically isolate the
ammonia road tanker and storage vessels should a release during a transfer
occur (vapour and liquid lines). Actuation should be local as well as remote;

2. Provide closed circuit television (CCTV) coverage of the ammonia transfer area
to the plant’s control room;

3. Provide means to isolate the ammonia flow to the plant should a release occur.
This should be at each storage vessel;

4. Provide means to suppress an ammonia vapour plume. A plume could occur
due to a release from the transfer system, the storage vessels or the plant
supply lines. Options include spray deluge for the transfers bay and fire water
monitors in the transfer and storage area. The latter can be operated remotely
(preferable) or manually (may require the use of a full protective suit with self-
contained breathing air). Monitors can be fixed or portable;

5. Provide means for road tanker driveaway protection. This could include
interlocks on the vehicles brakes or self-sealing devices in the transfer lines;

6. Include the transfer hoses and couplings (dry-break preferred) in the
preventative maintenance system. The transfer hoses would need to be
regularly inspected, tested and replaced as per the manufacturers
recommendations;

7. Provide means for preventing stress corrosion cracking in the ammonia storage
vessels and include the vessels in the preventative maintenance system for
routine inspections;

8. Provide wind socks at appropriate locations to allow people to decide the best
means of escape from an ammonia plume;

9. Provide alternate emergency assembly areas given that an ammonia plume
can travel in any direction;
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10.Provide means for protection for the ammonia road tanker driver should a
release occur, e.g. safehouse;

11.Apply good practice for building design, e.g. design buildings as safehouses
should relevant guidelines recommend this. For example, design buildings as
per the recommendations in the Chemical Industries Association guideline,
“Guidance for the Location and Design of Occupied Buildings on Chemical
Manufacturing Sites”;

12.Provide overfill protection on the ammonia storage vessels. This system should
be reviewed via a Safety Integrity Level (SIL) analysis; and

13.Provide means to prevent the vapour compressor from overpressuring the
vapour return line and/or the road tanker.
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GLOSSARY

Al Aluminium

ANE Ammonium Nitrate Emulsion

AS Australian Standard

CCPS Centre for Chemical Process Safety

CCTV Closed Circuit Television

cLX Continuous Resin-In-Column

cRIP Continuous Resin—in-Pulp

CSX Cobalt Solvent Extraction

DG Dangerous Good

DoP NSW Department of Planning (how the Department of Planning, Industry

and Environment)

DPIE Department of Planning, Industry and Environment
EP&A Environmental Planning and Assessment (Act)
ERPG Emergency Response Planning Guidelines
ElV Emergency Isolation Valve

EN Eluate Neutralisation

FEL Front-End Loader

HAZOP Hazard and Operability Study

HIPAP Hazardous Industry Planning Advisory Paper
HP High Pressure

HPAL High Pressure Acid Leach

HSE Health and Safety Executive (UK)

IBC Intermediate Bulk Container

IDLH Immediately Dangerous to Life and Health

ISX Impurity Solvent Extraction

LGA Local Government Area

LP Low Pressure
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Ni Nickel

NSW New South Wales

NSX Nickel Solvent Extraction

PAL Pressure Acid Leach

PHA Preliminary Hazard Analysis

PN Partial Neutralisation

QRA Quantitative Risk Analysis

ROM Run of Mine

Sc Scandium

SEM Sunrise Energy Metals Limited
SEP Surface Emissive Power

SEPP State Environmental Planning Policy
SFARP So Far As Reasonably Practicable
Si Silica

SIL Safety Integrity Level

SMBS Sodium Metabisulphate

SLOT Specified Level of Toxicity

SSAN Security Sensitive Ammonium Nitrate
STEL Short Term Exposure Limit

SX Solvent Extraction

TLV Threshold Limit Value

TN Tailings Neutralisation

TNT Trinitrotoluene

TWA Time Weighted Average
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REPORT

1 INTRODUCTION

1.1 BACKGROUND

The Sunrise Project (the Project) is a nickel, cobalt and scandium open cut mining
project situated near the village of Fifield, approximately 350 kilometres (km)
west-northwest of Sydney, in New South Wales (NSW) (Figure 1).

Development Consent (DA 374-11-00) for the Project was issued under Part 4 of
the NSW Environmental Planning and Assessment Act 1979 (EP&A Act) in 2001.

The Project includes the establishment and operation of the following:
Mine and processing facility;

Limestone quarry;

Rail siding;

Borefield, surface water extraction infrastructure and water pipeline;

Gas pipeline; and

YV V Vv VY VY V

Associated transport activities and transport infrastructure (e.g. the Fifield
Bypass, road and intersection upgrades).

SRL Ops Pty Ltd owns the rights to develop the Project. SRL Ops Pty Ltd is a
wholly owned subsidiary of Sunrise Energy Metals Limited (SEM)?.

SEM has continued to review and optimise the Project design, construction and
operations as part of preparations for Project execution. The outcomes of this
review are outlined in the Project Execution Plan.

The Project Execution Plan Modification (the Modification) includes the
implementation of Project changes identified in the Project Execution Plan to
optimise the construction and operation of the Project. The Project Execution
Plan identified a number of changes to the approved mine and processing facility,
accommodation camp, rail siding and road transport activities.

2 SEM was previously Clean TeQ Holdings Limited (Clean TeQ).
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Pinnacle Risk Management Pty Ltd (Pinnacle) has been engaged by SEM to
conduct a Preliminary Hazard Analysis (PHA) for the modified mine and
processing facility. The original PHA for the Project was completed in 2000
(Ref 1), while the currently approved PHA for the Project was completed in 2017
for Modification 4 (Ref 2).

The Modification would include the following changes to the mine and processing
facility (Figure 2):

> Revised processing facility area layout including a revised processing
plant layout;
> Revised processing plant reagent types, rates and storage volumes

(including increased ammonia storage vessels capacity);

> Reduced sulphuric acid plant stack height from 80 metres (m) to 40 m;
and
> Increased number of diesel-powered backup generators (and associated

stacks) from one to four.

Also, the Modification would include a revised rail siding location and layout, and
the addition of an ammonium sulphate storage and distribution facility to the rail
siding (Figure 3 and Figure 4).

This PHA has been prepared to support an application by SEM to modify
Development Consent (DA 374-11-00) for the Project, which would be sought
under section 4.55(2) of the EP&A Act.

This PHA has been prepared in accordance with the guidelines published by the
NSW Department of Planning (DoP) (now the NSW Department of Planning,
Industry and Environment [DPIE]) Hazardous Industry Planning Advisory Paper
(HIPAP) No 6 (Ref 3).
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1.2 OBJECTIVES

The main aims of this PHA study are to:

> Identify the credible, potential hazardous events associated with the
Modification (including the modified mine and processing facility and
modified rail siding);

> Evaluate the level of risk associated with the identified potential hazardous
events to surrounding land users and compare the calculated risk levels
with the risk criteria published by the DoP in HIPAP No 4 (Ref 4);

> Review the adequacy of the proposed safeguards to prevent and mitigate
the potential hazardous events; and

> Where necessary, submit recommendations to SEM to ensure that the
modified Project is operated and maintained at acceptable levels of
process safety and effective safety management systems are used.

1.3 ScoPE

This PHA assesses the credible, potential hazardous events and corresponding
risks associated with the modified mine and processing facility and modified rail
siding, with the potential for off-site impacts only.

Given the significant separation distances between the potentially hazardous
materials and equipment at the modified mine and processing facility and rail
siding to adjacent land users then only the events that have the potential for off-
site impacts are analysed in detail in this PHA. This approach is consistent with
the methodology used in the original and approved PHAs (Refs 1 and 2).

The transport of more hazardous materials, e.g. ammonia, are included in this
PHA.

Given the Modification does not involve any changes to the limestone quarry,
borefield, surface water extraction infrastructure and water pipeline, or the gas
pipeline that are relevant to this PHA, the risks associated with these components
of the Project have not been reassessed.
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1.4 METHODOLOGY

In accordance with the approach recommended by the DoP in HIPAP No 6
(Ref 3), the underlying methodology of the PHA is risk-based, that is, the risk of
a particular potentially hazardous event is assessed as the outcome of its
consequences and likelihood.

The PHA has been conducted as follows:

> Initially, the relevant components of the revised processing facility area
and rail siding were reviewed to identify credible, potential hazardous
events, their causes and consequences. Proposed safeguards were also
included in this review;

> As the potential hazardous events are located at a significant distance
from other sensitive land users, the consequences of the potential
hazardous events that could have off-site impact were estimated;

> Included in the analysis is the risk of propagation within the mine and
processing facility and modified rail siding; and

> If adverse off-site impacts could occur, assess the risk levels to check if
they are within the criteria in HIPAP No 4 (Ref 4).

1.5 RISK CRITERIA

The assessment of risks to both the public as well as to operating personnel from
a potentially hazardous development requires the application of the basic steps
outlined in Section 1.4. As per the NSW State Environmental Planning Policy
(SEPP) 33 (Ref 5) and HIPAP No 6 (Ref 3), the chosen analysis technique should
be commensurate with the nature of the risks involved.

The typical risk analysis methodology attempts to take account of all credible
hazardous situations that may arise from the operation of processing plants etc.
Specific incidents, identified by a variety of techniques, are assessed in terms of
consequences and likelihood.

Having assembled data on the credible incidents, risk analysis requires the
following general approach for individual incidents (which are then summated for
all potential recognised incidents to get cumulative risk):

Risk = Likelihood x Consequence

For quantitative risk analysis (QRA) and hazard analysis, the consequences of
an incident are calculated using standard correlations and probit-type methods
which assess the effect of fire radiation, explosion overpressure and toxicity to an
individual, depending on the type of hazard.

In this PHA, however, the approach adopted to assess the risk of the identified
hazardous events is scenario based risk assessment. The reason for this
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approach is the limited hazardous events with the potential for off-site harm,
i.e. there are generous separation distances involved to sensitive receptors.

Therefore, appropriate analysis of credible scenarios is performed in this PHA.
Typically, the consequences of the potential events with off-site impact are
assessed first. For the events which do not contribute to off-site risk (as
determined by the risk criteria in HIPAP No 4 (Ref 4), no further risk analysis is
warranted. When the consequence of an event does have the potential to impact
people off-site, the likelihood and hence risk is then analysed as required.

The DoP risk criteria applying to developments are summarised in Table 2 below

(from Ref 4).

Table 2 — Risk Criteria, New Plants

Description Risk Criteria

Fatality risk to sensitive users, including hospitals, schools, aged care

0.5 x 105 per year

Fatality risk to residential and hotels

1 x 106 per year

Fatality risk to commercial areas, including offices, retail centres,
warehouses

5 x 10 per year

Fatality risk to sporting complexes and active open spaces

10 x 106 per year

Fatality risk to be contained within the boundary of an industrial site

50 x 106 per year

Injury risk — incident heat flux radiation at residential areas should not
exceed 4.7 kW/m? at frequencies of more than 50chances in a million
per year or incident explosion overpressure at residential areas should
not exceed 7 kPa at frequencies of more than 50chances in a million
per year

50 x 106 per year

Toxic exposure - Toxic concentrations in residential areas which would
be seriously injurious to sensitive members of the community following
a relatively short period of exposure

10 x 106 per year

Toxic exposure - Toxic concentrations in residential areas which should
cause irritation to eyes or throat, coughing or other acute physiological
responses in sensitive members of the community

50 x 106 per year

Propagation due to Fire and Explosion — exceed radiant heat levels of
23 kW/m? or explosion overpressures of 14 kPa in adjacent industrial
facilities

50 x 106 per year
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2 PROJECT DESCRIPTION

The Project includes the establishment and operation of the following:
Mine and processing facility;

Limestone quarry;

Rail siding;

Borefield, surface water extraction infrastructure and water pipeline;

Gas pipeline; and

YV V V¥V VY VYV V

Associated transport activities and transport infrastructure (e.g. the Fifield
Bypass, road and intersection upgrades).

Land use surrounding the modified mine and processing facility, as well as the
modified rail siding, is largely agricultural and is dominated by sheep farming and

cropping.

The mine and processing facility is located approximately 4.5 km north-west of
the village of Fifield in the Lachlan Shire Local Government Area (LGA) in the
Central Western Region of NSW (Figure 1). The modified rail siding is located
on the Bogan Gate Tottenham Railway approximately 25 km south-east of the
mine and processing facility in the Parkes Shire LGA (Figure 1).

Both the mine and processing facility and modified rail siding are accessible by
road. There are no ecologically sensitive areas (e.g. National Parks or wetlands)
in the immediate vicinity of the mine and processing facility or modified rail siding.

Locations of the nearest dwellings from the processing facility are (Figure 5):

> ‘Sunrise’ approximately 2.6 km south-west (SEM owned);

> ‘Wanda Bye’ approximately 2.6 km south (SEM owned);

> ‘Slapdown’ approximately 4.6 km east;

> ‘Currajong Park 1 and 2’ approximately 5.8 km north-east; and
> ‘Flemington’ approximately 6.8 km north-west.
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The distance of impact to residential areas is taken as 4.6 km, i.e to the
‘Slapdown’ dwelling, as this is the closest privately-owned dwelling to the
processing facility, and the percentage of the wind direction from the west is
relatively higher than some other directions.

Locations of the nearest dwellings from the modified rail siding are (Figure 6):
> An SEM-owned property approximately 350 m north-west;

> ‘Glen Rock’ approximately 1.1 km west; and

> ‘Ballenrae West’ approximately 1.3 km east.

The distance of impact to residential areas is taken as 1.1 km, i.e to the ‘Glen
Rock’ dwelling, as this is the closest privately-owned dwelling to the modified rail
siding.

Security of the mine and processing facility and modified rail siding would be
achieved by a number of means. This includes security fencing, site personnel
and where necessary security patrols by an external security company (including
weekends and night patrols). Both the modified mine and processing facility and
modified rail siding would operate 24 hours per day, 7 days per week.

At the modified mine and processing facility, there would be approximately 180
people on site during day shifts and 60 people on site during night shifts. At the
modified rail siding, there would be approximately 6 people on site during day
shift and 4 people on site during night shifts.

There are no natural hazards for either the mine and processing facility or
modified rail siding that are considered high risk.

A detailed layout drawing showing the proposed location of the mine and
processing facility components is provided on Figure 7.
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Figure 7 - Mine and Processing Facility Components
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3 PROCESS DESCRIPTION

3.1 OVERALL PROCESS DESCRIPTION

The following process description is from the Sunrise Project Execution Plan
Phase Report (Ref 6). It is an update of that presented in the previous PHA (Ref
2). Further details can be obtained in Ref 6. A process schematic flow sheet is
shown in Figure 8.

The processing plant comprises four main areas and numerous sub-areas as
listed below.

e Area 3000 Ore Leach
e Sub-area 3100 Ore Preparation
o Sub-area 3200 Pressure Acid Leach
e Sub-area 3400 Partial Neutralisation (PN)
o Sub-area 3500 NiCo cRIP (Nickel Cobalt Continuous Resin in Pulp)
e Sub-area 3600 Tailings Neutralisation (TN)
e Area 4000 Refinery
e Sub-area 4100 Sc cLX (Scandium Continuous Liquid lon Exchange)
e Sub-area 4200 Eluate Neutralisation (EN)
o Sub-area 4300 Impurity Solvent Extraction (ISX)
e Sub-area 4400 Co Solvent Extraction (CSX)
o Sub-area 4500 Ni Solvent Extraction (NSX)
e Sub-area 4600 Co Crystallisation
o Sub-area 4700 Ni Crystallisation
e Sub-area 4800 Amsul (ammonium sulphate) Crystallisation

e Sub-area 4900 Scandium Refinery
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e Area 5000 Reagents
o Sub-area 5100 Sulphur
o Sub-area 5200 Limestone
e Sub-area 5300 Quicklime
o Sub-area 5400 Ammonia
o Sub-area 5500 Other Reagents
e Sub-area 5600 Hydrocarbons
e Area 6000 Services and Infrastructure
e Sub-area 6100 Power and Steam
o Sub-area 6200 Fresh Water
e Sub-area 6600 Air Supply
e Sub-area 6700 Cooling Water

e Sub-area 6900 Tailings Disposal and Evaporation Ponds

The processing plant has a nameplate capacity of 2.5 Mtpa of solids fed to the
leach autoclaves. The processing facility is designed to produce a maximum of
30 ktpa of contained nickel (Ni) and cobalt (Co) in the form of battery grade nickel
sulphate hexahydrate and cobalt sulphate heptahydrate. The scandium recovery
circuit is designed to produce a scandium hydroxide product at a rate of 30 tpa of
contained scandium oxide equivalent. A scandium refinery to produce 20 tpa of
high purity scandium oxide from a portion of this scandium hydroxide will be
operated from Year 3 onwards. Ammonium sulphate, commonly used as an
agricultural fertilizer, is produced as a by-product of the refining process at a rate
of approximately 70 ktpa. Notwithstanding the above, is noted that the Project is
approved to produce 40 tpa of nickel and cobalt metal sulphates, 100 ktpa of
ammonium sulphate and 180 tpa of scandium oxide.

Ore is mined from the open pits and hauled to the adjacent processing plant. Ore
is primarily directly tipped into the Run-of-Mine (ROM) bin, however can be
deposited to a ROM stockpile if direct tipping is not available. The ROM stockpile
is serviced by a front-end-loader (FEL) and used to supplement direct tipped ore
if there is an interruption such as poor weather or mechanical issues.

The ore preparation circuit is designed to process high grade, low silica goethite
ore (Silica:Aluminium [Si:Al] < 2.65) for the first 4 years of operation using a
combination of crushing and closed circuit ball milling (wet screen classification)
to achieve the desired particle size distribution without appreciable mass
rejection.
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Feed blends rich in silica (silicified goethite, Si:Al > 2.65) are amenable to
beneficiation by rejecting a competent, coarse grained barren component. A
second ore preparation circuit will be constructed in year 4 to process this ore
using a combination of crushing, open circuit wet scrubbing and size classification
using vibrating wet screens to selectively reject coarse, low grade components of
the ore and advance a beneficiated slurry to the existing ball mill circuit.

The classified slurry is then dewatered in paste thickeners before entering the 18-
hour pressure acid leach (PAL) feed surge tanks. The ore preparation circuit is
operated at elevated temperature by recirculating a stream of water that is heated
in the downstream leach circuits using low pressure (LP) flash steam. This
configuration reduces the quantity of high pressure (HP) steam required for
autoclave temperature control. The ore preparation circuit is designed with
redundancy, surge and catchup capacity to allow for regular planned
maintenance to be performed without compromising downstream production.

The two parallel, identical PAL trains lie at the core of the processing facility and
represent the asset which has the highest impact on the plant availability.
Upstream of PAL the plant has been designed to ensure that slurry is always
available for leaching when the autoclaves are in operation. Similarly, the
downstream circuits have been designed to ensure leached slurry can always be
received for processing when the autoclaves are in operation.

Preheated slurry from the ore preparation circuit is pumped through two direct
contact steam heaters, using steam recovered from the flash circuit as the
heating medium, before entering the six-compartment, mechanically agitated
horizontal autoclave. Leaching of the slurry is undertaken at high temperature
(250°C) to reduce iron and aluminium solubility, thereby reducing leach acid
consumption which is the primary contributor to reagent operating costs.
Leached slurry is discharged through a three-stage flash pressure reduction
system and pumped to the partial neutralisation circuit. LP steam recovered from
the final flash vessel is used to heat water for use in Ore preparation as previously
described.

The partial neutralisation (PN) circuit is the physical and chemical link between
the upstream leach circuit and the downstream continuous resin-in-pulp (cRIP)
circuit. In cRIP, soluble nickel and cobalt are extracted from the slurry using an
ion exchange resin. When nickel and cobalt are extracted, any soluble iron,
aluminium and chromium present will also be extracted to a large extent and this
impurity transfer incurs significant operating cost and also occupies production
capacity otherwise reserved for nickel and cobalt. Fortunately, iron, aluminium
and chromium can be selectively precipitated from the slurry by raising the slurry
pH. This must be performed carefully (to avoid precipitating a significant quantity
of nickel and cobalt which will occur if pH is raised too high) and quickly (to avoid
adsorption of nickel and cobalt on the precipitated solids which increases with
ageing time). The PN circuit is designed to address these challenges.

The PN circuit consists of two co-current stages of neutralisation separated by a
surge tank. [Each stage comprises several mechanically agitated tanks
configured in series. Limestone slurry is added to the tanks for the purpose of
acid neutralisation (pH control). The first PN stage is designed to achieve
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addition of ~80% of total limestone demand, which is consumed quickly and
without the need for particularly close control of the final pH.

A six-hour PN surge tank separates the two PN stages and is the major slurry
surge point between the leach circuit and the resin-in-pulp (cRIP) circuit used for
primary recovery of nickel-cobalt-scandium from the leached slurry. This permits
the downstream circuits (PN stage 2, cRIP) to be controlled at a slower rate of
change relative to the leach circuit. This mode of operation is conducive to
achieving high recoveries as a result of tight control of the PN stage 2 pH (low Ni-
Co precipitation losses) as well as steady cRIP operation (high soluble Ni-Co
recovery).

The second stage of PN receives the remaining ~20% of limestone to reduce
remaining iron, aluminium and chromium to optimum levels for the downstream
cRIP circuit.

The cRIP circuit adsorbs the value metals from the advancing slurry using ion
exchange. cRIP is divided into two parallel trains, each with an adsorption and
desorption circuit. The resin adsorbs the value metals (Nickel, Cobalt, Scandium)
from the slurry preferentially over the majority of the impurities (Manganese,
Magnesium), discharging the spent pulp from the circuit to the tailings
neutralisation circuit for disposal. The loaded resin is washed to remove
entrained pulp before being contacted with dilute sulphuric acid (eluant) to desorb
(elute) all loaded metals, thereby creating a relatively concentrated stream of
nickel and cobalt containing minor impurities (eluate). Eluate is stored in a 12-
hour surge tank providing the primary process break between the upstream large-
volume slurry processing areas and the downstream low-volume liquor
processing areas. Eluted resin is recirculated to adsorption.

Spent pulp, and other waste streams from the processing plant, are neutralised
using slaked lime in the tailings neutralisation circuit before being thickened in the
tailings thickener to reduce the contained water content to only that required for
pumping/transfer purposes. Densified slurry from the tailings neutralisation area
is pumped to the tailings storage facility for final deposition.

Process water, the combination of tailings thickener overflow and water
recovered from the tailings dam, is entirely re-used within the process. Some are
used directly for the preparation of limestone slurry and for treatment in the
process water treatment plant (if required) to remove magnesium, manganese
and sulphate to levels suitable for re-use in the Ore Prep (and downstream PAL)
circuit. Ore Prep make-up water is supplemented by raw water imported from
offsite. The balance is further clarified to remove suspended solids with the
resulting clean process water used in the cRIP circuit for washing of loaded resin.

Eluate produced within the cRIP area is a relatively concentrated stream of liquor
containing nickel, cobalt and scandium (as value metals), together with small but
significant levels of iron, aluminium, chromium, copper, zinc, manganese,
magnesium and calcium. These elements are sequentially separated in a series
of unit operations that together encompass the Refinery section of Sunrise.
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The first refining unit operation is for recovery of scandium. This is an optional
process in that selective scandium removal is not required to facilitate nickel-
cobalt production. Consequently, scandium is recovered from only a portion of
the eluate (20%), with the balance of the eluate proceeding directly to the
downstream eluate neutralisation area. Scandium recovery will commence only
at the start of Year 2.

Scandium is recovered from the eluate using an ion exchange process.
Scandium is adsorbed onto a scandium-selective resin, which is then washed
and eluted using sodium carbonate; eluted resin is returned to adsorption. The
scandium-rich eluate is heated to selectively precipitate contained iron, then
sodium hydroxide is added to precipitate a scandium hydroxide product which is
washed, partially dewatered and stored in Intermediate Bulk Containers (IBCs)
for further processing. Refining of the scandium hydroxide to a higher purity (for
example, scandium oxide) will take place from Year 3 onwards.

All eluate, whether treated for scandium or not, is processed through the eluate
neutralisation (EN) circuit. Here a two-stage counter-current precipitation
process is used to selectively remove iron, aluminium and chromium impurities
while retaining nickel and cobalt in the liquor phase for downstream recovery.
Slaked lime slurry is used as the precipitation agent. Precipitated impurities are
dewatered and washed then recycled to the upstream partial neutralisation circuit
for recovery of any co-precipitated and/or soluble nickel-cobalt. The two-stage
configuration avoids recirculating a high proportion of nickel-cobalt across the
cRIP circuit, thereby conserving operating costs.

Each EN stage comprises several mechanically agitated tanks configured in
series followed by a thickener to effect solid-liquid separation. Slaked lime slurry
is added to the tanks for the purpose of acid neutralisation (pH control). The EN
stage 1 precipitate (comprising gypsum, iron- and aluminium-hydroxides) is
thickened, then dewatered and washed in a pressure filter, then re-pulped and
returned to the upstream PN circuit. The EN stage 2 precipitate (comprising
gypsum, iron- and aluminium-hydroxides, together with nickel- and cobalt
hydroxides) is thickened and recycled to the first EN stage 1 reactor for nickel-
cobalt redissolution.

The liquor discharged from the EN stage 2 thickener is clarified in a polishing filter
before entering a 12-hour surge tank which, together with the eluate surge tank,
provides surge volume ahead of the three sequential solvent extraction (SX)
circuits. This ensures, as far as practicable, SX operation with low rates of
change in feed flow and composition which is conducive to achieving the high
metal separation extents demanded by the nickel and cobalt product purity
specifications, as well as low levels of internal metal recirculation within the SX
areas which drive operating costs.

Each SX circuit uses a specific organic solvent to selectively extract certain
metals, leaving others behind in the liquor phase for further processing. The
organic extractant type and the metals targeted for extraction in each SX circuit
are:
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1. Impurity SX (ISX): Phosphoric acid (e.g. Di-(2-ethylhexyl)
phosphoric acid); zinc, calcium, copper, manganese

2. Cobalt SX (CSX): Phosphonic acid (e.g. Cyanex 272); cobalt (plus
remaining zinc, copper, manganese)

3. Nickel SX (NSX): Carboxylic acid (e.g. Versatic 10); nickel.

All SX circuits use mixer-settlers for aqueous-organic contacting in a counter-
current configuration. Gaseous anhydrous ammonia is used for pH control in the
extraction stages and dilute sulphuric acid used for scrubbing and stripping
solutions. All aqueous exit streams are treated for organic removal to both
minimise the cost associated with organic reagent make-up and also to prevent
cross-contamination of extractants between adjacent circuits.

ISX produces a strip product liquor that is neutralised with lime slurry and
discharged into an