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Executive Summary

This report discusses the observations and findings from an investigation into the future knowledge

and tecmology needs of the Western Australian minerals industry (excluding petroleum and coal).

The analysis contained in this report is the first stage of a process to develop a business case for a
Western Australian Minerals Institute. The purpose of the pregbVestern Australian Minerals

Institute is to establish a vehicle whose primary purpose is to levenageritise and coordinate

State GovernmenR&Dinvestment targeted at meeting the future knowledge and technology needs

of the Western Australian minals industrt Y R LINP Y2 3GS 2 SAGSNY ! dzA G NI £ Al
in minerals R&D.
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sectors (as determined by contribution to Gross State Product) of iron ore, gigkkl, bauxite

alumina, coppeteadzinc, mineral sands and diamonds, as well as two emerging sectors, uranium

and rare earths. Combined, these key sectors contrihigpproximately $50.0iltion to the $51.8

billion of nonpetroleum minerals productioim the State in 2004.0.

Tight margins, longerm capital investments and a continuous need to push down the cost curve to
maintain international competitiveness have always ensured that innovdtdmportant to the
minerals industry.It is noteworthythat despite the minerals industry beimgerceivedr & WEHK QX
it hasthe highest levels of R&D eratided in its capital and intermediate goodslative to other
industries Furthermore, innovation is likely to become increasingly important to the Wester
Australian minerals industry as the industry cost curve steepens as the result of emerging scale
operations in low cost jurisdictions, reduced trade barriers, the dominance of large-matitinal

mining companies with significant production and markgtieconomies of scaleand more
challenging exploration and production environmgnt

This innovation is highly dependent upon a minerals industry research sector that is well resourced,
coordinated and focused on developing the key short, medium and-temmg knowledge and
G§SOKy2t23e ySSRa 2F GKS {GFrGSQa YAYSNIfa AyRdz
Western Australia is unlikely to be maintained withaurt appropriatelevel of State Government
intervention.

There areseveral key arguments fstate Government intervention in Western Australian minerals
industry research:

A As Western Australia becomes less prospective in the conventional exploration paradigm,
mining companies, particularly multinational mining companiase increasingly tradip
sovereign riskfor technical riskby making exploration and production investments in
relatively underexplored countries irrespective of the greater sovereign risk associated with
those countries. The size of these relatively underexplored areas suttestsAfrica means
the minerals industry has limited motivation to invest in kreslge and technology
developmentthat improves the prospectivity of Western Australia in the siormedium
term.

A The diverse Western Australian minerals industry is reasgnalispersed throughout
Western Australia Many rural communities (including indigenous communities) are
dependent on it for employment and infrastructure. The State has a role ensuring regional



Western Australia receives maximueconomic rentsfrom the mnerals industry through
sustained profitable production.

A The mineralsndustryis in natural conflict with the WesterAustralian natural environment.
The State Government has a role to ensure the natural environment is optimally protected
and the mineral€ompanies have access to the knowledge and tools to cost effectively meet
environmental management requirements

A Minerals research in Western Australia has a global reputation, particularly in the areas of
exploration and processing. Innovation in exptaa is key to finding the next generation of
world-class deposits in Western Australand innovation in processing is key to unlocking
value that is contained in large low grade deposits of many minerals in Western Australia
that are currently economidat @ | yR GSOKyAOIFffte& AYyTSIaArofSo
optimise the longevity of the Western Australian minerals industry by investing in the
maintenance of this worlglass research capability.

A The maintenance and development of a wecldss imovation system will result in the
development of technical capability that can be exported.

A Global mining companies are increasingly adopting open innovation strategies where most
corporate R&D needs are outsourced. Western Australian research instiutiglh only
attract industry open innovation investment for so long as they remain wtlgds.

CKA& Ay@SadAalrarazy Aya2z GKS 2SaidSNYy ! dzadNI A
technology needs has identifiddielve broad areas of knowledge and teublogy needs that are
relevant to most sectors of the industry. These are as follows:

A Finding New Worldlass Deposits in an Increasingly Challenging Exploration
Environment- In-situ and transported cover map of Western Australia, deep crustal and
upper mantle map of Western Australiaistal footprints map of Western Australia,
aer/spaceborne and other sensing tools that can see under cover to depth, imaging
processing capability from disparate deep geology databases, interface sampling tools,
more sengive vegetation sampling tools, multilateral drilling technologies, more robust
drill-bits and reatime downhole sensing technologies.

A Water Issues; Understanding the effects of TDS on efficiency of hydrometallurgical
processes, managing the corroseféects of saline and hypersaline water on processing
circuits and other equipment, water use minimisation, environmental impacts of water
extraction anddischarge and environmental impacts of water reuse.

A Automation and Process Contrgl surface mine autmation, underground mine
automation, process controls that optimise processing in -timaé and processing
automation(including reliable sensors and automated diagnostics)

A Reducing Energy Intensity Blasting optimisation, improving crusher efficiency,
improving milling efficiency, improvement in materials handling efficiency, improvement
in ventilation efficiency, scoping study for the optimal application of current renewable
energy technologies on Western Australian mine sites and an investigatiorthiato
potential deployment of geothermal power for mine site applications that require
significant energy loads.

A Integration of Environmental Issues in Design and Engineegnguring that the whole
of mine life (including postlosure) environmental impads considered in operation



design developmentand operationsuch that the wholeof-life environmental impact of
the operation is optimised.

A Mineralogy and Processing techniques for chemical mapping of ore bodies during
exploration and development dateollection, chemical characterisation modelling and
monitoring through processing circuits.

A Open Pit ®be Stabilityc automation for extraction from deep, steep pits, wall support
technologies for steep deep pits and tools for monitoring pit wall intggri

A Underground Mine Stabilitg automation for underground extraction, support for high
geomechanical stress underground operations and geomechanical stress monitoring
technology.

A LowcapitatHlow-operating cost Leaching Solutiogheap leaching, bioleadfy, in situ
leaching, low temperature atmospheric leaching and improving existing leaching
technologies.

A Tailings Management tailings characterisation and chemical mapping and managing
minor elements and recovery from tailings.

A Management and Leadershipssues¢ managing geographically dispersed teams,
providing leadership to dispersed teams, effective leadership and motivation in a
subcontractor workforce, managing collaborations across distance, managing
collaborations across cultures and acceleraestlership development.

A Accelerated Technology Adoptigriechnology development and magement systems
that potentially accelerateadoption of new technologies by the minerals industry.

In addition to these wider industry knowledge and technology needsitlestigation has also
identified knowledge and technology needs that are specific to each key sector. These are as follows:

A Iron Ore Sectog large volume handling modelling and management systems, new methods
for agglomerating ores, water usage in dsstppression, hydromodelling for dewatering
optimisation, systems for upgrading high impurity ores and exploration techniques for new
deposits.

A Gold Sector¢ improvements to the cyanidee&ching process for complex oremd
alternative leaching agents to ayide.

A BauxitecAlumina Sector, increased efficiency from the Bayer process, scoping study into
the future application of renewable energy sources, improved processing of ore with high
levels of organic impurities, improved efficiency of red mud as aotagink and reduction
of red mud footprint, primarily through the development of products from red mud.

A Nickel Sectox reducing acid related costs and process inefficiencies in HPAL, materials
science and HPAL sgsts integrity,standadisation of HPAL riuit design and alternatives
to HPAL.

A Minerals Sands Sectqrimproving efficiency of synthetic rutile plants, improving synthetic
rutile plant feedstock tolerance, economic recovery of other mineral credits from tailings
and reducing tailings footprint.

A Uranium Sectog chemical mapping and metling of radionuclideshrough the processing
circuit for calcrete ores, reducing the negative impact that clay minerals have on recovery
from calcrete ores, improved recovery from uramueach solutions from calete ores,
stability of radionuclids in calcrete tailinggmproved yield andecoveryrate and baseline
understanding of radionuclide behaviour in the environment around surficial deposits

8



The paper discusses the knowledge and technology needs in detdil identifies research
organisations with research programs and projects that address these issues

The report also discusses the minerals research enabling capability of the John de Laeter Centre for
Isotope Research, as well as the National agency ressple for the national geological survey,
Geoscience Australia and the agency responsible for the State geological survey, Geological Survey
of Western Australia.

Finally, the paper discusses AMIRA International and Minerals and Energy Research lofstitute
Western Australia, which are organisations that have been responsible for funding minerals
research projects in Western Australia.

Based on our research, theappears to be some overlap of on research topics between the various
research organigeons. However, this observation needs to be treated with caution in some
instances because of the collaboration that occurs between the CSIRO and other research
organisations under the CRC program and other collaborative research institutes such astthe Ce
for Exploration Targeting and Australian Centre for Geomechanics.

Most of the key future knowledge and technology needs identified above are being addressed to
varying degrees by the research organisations discussed in thistrdt has not been pasble
within the scope of this investigation to examine the quantum of resource that these research
organisations are targeting at the identified neettse specific nature of individual research projects
or where the work of these organisations sits relatto currentstate-of-the-art within specific areas

of research.

Areas of identified needs that do not seem to be addressed currently are:

A Process controls that optimise processing real time

A Improving ventilation efficiency

A Scoping study for optimal afipation of current renewable energy technologies at Western
Australian mine sites

Investigation into the potential to deploy geothermal power for significant energy
applications on Western Australian mine sites

Automation, specific to deep and steep opeurt operations

Wall support technologies for steep deep pits

Automation for underground extraction

Support systems for high geomechanical stress underground operations

Tailings characterisation and chemical mapping

Hydrometallurgy solutions for refractogold ores

Hydromodelling for dewatering optimisation in the iron ore sector

Improving synthetic rutile plant feedstock tolerance

Economic recovery of other minerals from minerals sands tailings

Reducing minerals sands tailings footprint

Understanding thestability of radionuclidegn calcreteuraniumtailings

Understanding the natural migration of uranium and other radionuditteough air and
water in the vicinity of surface and near surface uranium deposits

>
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Further work should be undertaken to understhrthe potential impact of solutions to these
knowledge and technology needs that are not being met by current R&D. However, there are key
areas where R&D is being undertaken that may currently be uretgrurced, but which have the
potential to have the gratest economic impact. These areas are as follows:

A Geoscience investigation and exploration technology development that leads to the
discovery of new worldlass deposits in Western Australia

A Research and technology development focused on automation isokitthat improve
labour productivity, @ven the biggest immediate challenge facing the Western Australian
minerals industry is the shortage of skills and labour

A Metallurgical science and systems engineering that lead to more capital and cost effective
methods of processing ores in Western Australia, particularly in relation to calcrete hosted
uranium and lateritic nickel.

In a general sens&Vestern Australia has strong R&D expertise in exploration and processing, but
currently lacks critical mass addressing R&D requirements related nwining. Overall, here are a
number of highly qualified private and public initiatives driving a broad array of relevant research.
While there appear to besome gaps in addressing all thperceived future technology and
knowledge required by industry, the greateneed may be in the ongoingdentification,
coordination and direction of WA specific R&D projects and initiatives.

10
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Introduction and Background

Context and Purpose

¢23SGKSNI 6AGK G K8®dusfnii thé &iRerals d8usty Ruhd&rping the Western
Australian economy and,idy all accountsa world-clas industry. It is howevea finite industry
whose longer term survival is dependent on the discovery of new mineral resources and the
development of technologies that allow the economic extraction and processing of minerals that will
increasingly only beofind in challenging geologies and complex metallurgies. It is also an industry
that must continuously improve efficiency in order to remain globally competitive in an environment
where a number of low cost producers are emerging that will compete diragtly the Western
Australian minerals industiy its key export markets.

Recognisinghis challenge, the Western Australian Government launched two initiaiivez001

designed to create strategic alliances between leading Western Australian researchtiomsti

NEf S@Fryid G2 GKS {d1rGdSQa LINAYOALI t AyRdzAGNRSE 2
2LISNF GAYy3 Ay GKS {dF3SQa YAYSNIfta FyR SySNH& Ayl
vehicles through which public sector funding cobéleveraged to better guide the multidisciplinary
SELISNIAAESET NB&ASINOK FILOAtAGASE FyR NBaSINOK 3§
that the probability of those institutions delivering required knowledge and effective technology
solutions for the future opportunities and challenges that face operators in the Western Australian
minerals and energy industries is optimised.

The energy industry alliance that resulted from this initiative, the Western Australian Energy
wSASIENDOK ' YRW!I D5 ddealabbratiidbStireerfCSIRO, University of Western
Australia, Curtin University, Woodside, Chevron and CGG Veritas in 2004 and is generally recognised
by industry, academia and government as successfully addressing its stiategtc However, the
minerals industry counterpart, the proposed Western Australian Minerals Institute, is yet to be
established.

¢KS SadrotAaKYSyld FyR 2LISNIGA2Y 2F &dzOK |y Ay,
significantly greater challeng&kt- y G KIF G F2NJ 6KS { G 0§ SI&SE 13T NBSIQR dzY-
industry is focused on a single commodiyhereasii KS { G 1SQa YAYSNI f & AyRdz
different key commoditiesand over twenty commodities in totalSecondly, while there ara

number of generic future knowledge and technologyds that impact on aectorsof the minerals

industry across the value chain, there are also future knowledge and technology needs that are
specific to each sector of the minerals industry. ThEdly 0 KS { (F G S Qadushyisi LINE Rc
comprised of lessthak I £t ¥ | R21T Sy 2LISNFdAy3a O2YLI yASazs o6KSI
comprised of approximately 70 production compan&=l a myriad of companies whose activities

are focused exclusivelpn exploration Combing, these three factors not only result in a
AAIYAFAOLYGEE fFNBSNI FyR RAOSNES as8G 2F ¥dzi dNB
minerals industry, but also presents significant formatiomuaturing and management issudsr

the minerals initiative.
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Complicating thighallenge, was a change of Government in Western Austrelete 2001 that saw

I OKFy3S Ay GKS T2 0dza udderthe grévioGoveinBene fouk pilisiLoP G A 2 y
AGa W. S@& 2y R nank Sevelogngenf QolicgA0drding tothis Policy, State innovation

resources were to be focused areveloping a basis foindustry diversification in the areas of
biotechnology, information and communications technolpgyarine and defence technology and
renewable technologies.

With the changeof government in2008,i KS { G G SQ&a Argfobtdsidg ofimpgoyingthd2 £ A O& A
adzaidlAylroAtAaide | yR Gpintpalimindralsasd/pstelaum andustiie&sS { G G S
result of this refocusthe Minister for Mines and Petroleum has asked the Chamber of Minerals and

Energy Western Australia (CMEWA) to investigate the need for State Government intervention in

the provision of research that generaduture knowledge and technology needs for the Sfa&

minerals industry and if a need is present, prepare a business case for the a proposed Western
Australian Minerals Institute (the minerals industry equivalent of WA:ERA).

The first step in this process is the identification of the future knowledge adkniblogy needs of
companies with current and aspiratiahexploration, mining and processing operations in Western
Australia, together with an assessment of existing corporate and public minerals industry research
resources in Western Australia, Austradind globally in order to identify gaps in necessary new
knowledge and technology creation capability this end CMEWA has engaged Australian Venture
Consultants, amanagement consulting practicgpecialising in technology commercialisation and
innovation management in the resources industries, to prepare this Strategic Research Agenda.

The purpose of this Strategic Research Agenda is-flotde

1. To determine if there is a need for the proposed Western Australian Minerals Institute by
identifying whethemew knowledge and technology needs critical to the future sustainability
and competitiveness of the Western Australian minerals industry are not currently being
adequately addressed by existing public and corporate research initiatives;

2. If it is determinedthat there is a need for the proposed Western Australian Minerals
Institute, identification of priority areas of research; and

3. Form a critical input tdhe development of a business case to build on the preliminary
proposal for an enhanced model for miés research in Western Australiaamely the
Western Australian Minerals Instituteand determining the nature and quantum of
resources that are required to coordinate and optimise research around those priority areas
and the structural nature and operatis of the mechanism through which those resources
should beallocated andadministrated.

The third purpose outlined above is beyond the scope &f #malysisand is b be addressed irhe
next stagen developing a case for the proposed Western Australilinerals Institute.

There is not unanimous agreement from participants in the minerals industry and minerals industry
research community that there is market failure in minerals research in Western Australia. Some
participants are of the view thamany of the future challenges and opportunities are being

! Interim Council for Science and Innovation (20E@pm Strength to Strength: An Innovation Plan for Driving
2 5aGSNY ! dza G NI f AStaeiGoverdmiediNfestarrNRisiralis NA G & =
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addressed by existing research projestsKk A a Aa y2d4 G2 alreé GKIFIG GKSNB
need to be addressed as a matter of priofitfthers are of the view that increased State
Governmentinvestment in minerals industry research will pay dividends for the Western Australian
public in terms of a more diverse, efficient and sustainable inddsTigere is, howeversome
agreement that, while there is considerable institutional and researat@taboration in the

minerals industry, a more coordinated effort would yield better restilts.

Methodology and Context
This analysishas been prepared from the results of an invgation that has been conducted
according to the following methodology.

1. A Lterature Review that has involved the detailed analysis of other minerals industry
technology roadmaps and strategic research agendas produced by Australian and overseas
public sector agencies, research indiibms and industry associations

2. A Review ofesearch program acumentation as provided by the numerous Australian and
international research organisations and research groups analysed under the scope of the
investigation

3. Semistructured interviews with key research agencies arebearchers in ordero
understand in detail the nature of existing research programs in Australid the
perceptions of key Australian minerals industry researchers as to the future knowledge and
technology needs of the Western Australian minerals industry;

4. Semistructured interviews with key Western Australian minerals industmyerators to
determine their perceptions as to the key future knowledge and technology needs of the
Western Australian minerals industrgnd the general nature of internal research programs
undertaken by these operators; and

5. A synthesis of this information to identify gaps in new knowledge and technology creation
and priority areas of research.

The scope of the investigation has been limited to:

1. The exploration, extraction and processing and refinglements of the minerals industry
value chain and as such does not explore the future knowledge and technology needs of
postmine activities such as transportation logistics and market; and

2. Keycommodities that & producedin Western Australiaand/or for which asignificant
discoveryeffort is being made. The investigatiercludescoal and petroleum products, as
0KS LISGNRf Sdzy aSOiG2NNa ySSRAa IINB GKS 2dzNRaRA
primarilyfocusedon meeting domestic energy deamd.

The investigation focuses on the future knowledge and technology needs of the principal sectors of
the Western Australian minerals industry as determined by the contribution the sector makes to
Gross State Product. This includes iron ore, gold, nibeeixitealumina, coppeteadzinc, mineral

sands and diamonds. The investigation also discusses the future knowledge and technology needs of
two emerging sectors, uranium and rare earths. It is important to note that 14 other smaller

2 Interview
3 Interview
* Interview
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commodities sectorsnake a substantial combined contribution to Gross State Product, including
cobalt which is produced as a-pyoduct from lateritic nickel oresThe mineral sectors that are the
subject of this investigation are summarised kigure 1 below, which categorises the sectors
according to their relative contribution tthe Western Australian economit.should be noted that

the identified gap analysis is not necessarily comprehensive, limited by the scope of the
investigdion.

Iron Ore

AProduction value of $25b
A32 operational projects and
projects under development

Gold Nickel Bauxite- Alumina
AProduction value of $6.6b AProduction value of $4.1b ﬁzp reBUEe \./aILIIIe o el q
A36 operational projects and A10 operational projects or major vertlcg\ y m_tegrate

projects under development projects under development operathns undergoing
expansion
CopperLeadZinc
AProduction value of $1.4b
A5 operational projects
Mineral Sands Diamonds
AProduction value of $0.3b AProduction value of $0.3b
A2 major vertically integrated A2 operation including one of
operations GKS 62NX RQa fIFNBSad
mines
Rare Earths Other Minerals Uranium
:&PrOdUCtion value of $89b ASecond |argest uranium

' ASalt, manganese, zircon, resource in Australia under
Al operation and 1 resource cobalt, aggregate, tin, development

tantalum, silver, limestone, . -
sand, gypsum, platinum, clays A26 other identified resources

and gravel

Figurel - Scope of Investigation

It is worthwhile emphasising at the beginning of this discussion on the future technology and
knowledge needs of the Western Australian minerals industry that the single most significhnt an
immediate challenge facing the expansion of the Western Australian minerals industeyrapidly

growing critical shortage of skilled labour, particularly in the geosciences and mining engineering
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professions. This investigation touches on some ofetmanagement research activities that are
attempting to address this issue attte skilk shortageis certainly the main motivation for industry
investment in aubmation R&D However,a detailed assessment of this challenge is beyond the
scope of this repa.

® National Resources Sector Employment Taskforce (2BE8purcing the Futurdustralian Government
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Overview of the Western Australian Minerals Industry
The Western Australian minerals industry is a significant contributor to the Western Austiatian
Australianeconomy.This is illustrated iffigure2 below®.

Economic Contributions to Gross
State and Domestic Produe008-09

H Australia & Western Australia

52%
27% 249%
17% 18%
H H = J
Business Investmen Exports Mining

Figure2 - Economic Contributions to Gross State and Domestic Product 2008

¢ KS b Iniinkeraly ifdaistry supplies global industry with a significant portion of its mineral

inputs. It is in the top five producers of moat¥ (G KS g2 NI RQa 1 Sandtder y S NI f
g2NX RQa tSIFRAY3I LINPRdzOSNI 2F o6l dzEAGST | fdzYAyl X N
lead, ilmenite, zircon and lithium; the third largest producer of iron ore, uranium and zinc; the fourth

largest producer of gold, manganese and nickel; and the fifth largest producer of aluminium,
RAFY2YR&asY aAif @SN FyR O2LJIN® Li Aa GKS ¢2NI RQa
4dS02yR tIFINBS&alG SELRNISNI 2F 1 érgtdranium’ynR0081R,3he 6 2 NI RQ
Australian minerals industry spent approximately A$1.6 billion on exploration for gold, base metals

and iron ore® This year alone there has been A$2.5 billion of capital expenditure oreneryy

minerals projects.There § a further A$23.5 billion of capital investment that has been committed to

new projects™

The State of Western Australia underpins the national minerals industry. InZD@@proximately

70 Western Astralian based miningompanies, produced approximagel ¢ v LISNDSyd 2F (K
total mineral production. This includesnumber of multinational mining companies, including the

g2NI RQa Gg2 fFINBSAG YAYyAy3d O2YLI yASaz .1t . AffAl

® Australian Bureau of Statistics in: Nolan, A. (20B@) ,State; Big Projects: IPABrivingSustainable
Development through the WA Public Sectaoyernment of Western Australia Department of State
Development

"Minerals Council of Australia (201Dhe Australian Minerals Industry and the Australian Economy

® Australian Bureau of Agricultural afksource EconomicsBureau of Rural Sciences (201)nerals and
Energyc Major Development ProjectsOctober 2010 Listing§anberra

? Australian Bureau of Agricultural and Resource Econogfizseau of Rural Sciences (201)nerals and
Energy Major Development ProjectsOctober 2010 Listing§anberra

1% Australian Bureau of Agricultural and Resource Econogiitgeau of Rural Sciences (201@)perals and
Energyg Major Development ProjectsOctober 2010 Listing§anberra
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of their respective mineral production portfolios located in Western Australias illustrated in
Figure3 below, the Western Australian minerals industry is a major supplier of raw materials to the
global economy in its own rigHt.

Western Australian Share of Global Minerals
Production (200910)
i Western Australia i Rest of the World

Alumina _4%_:&—

Iron Ore 0 890

Zircon g0 3100

Rutile

Tantalum

Nickel P.E%_m—
Garnet F.!M_m—

lImenite 0° 90%

Gold sy 9%

Diamonds e i

Figure3 - Western Australian Share of Global Minerals Production

Table 1*below lists the value of Western Australian minerals production in 2009

western Australiaibepartment of Minerals and Petroleum, 20Q9 Product Statistics
2\Western Australian Department of Minerals and Petroleum, 200%roduct Statistics
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Iron Ore 33,657

Gold 6,560
Nickel 4,083
Alumina 3,810
Copper 1,137
Salt 417
Manganese Ore 351
Other Heavy Mineral Sands 309
Diamonds 304
Zircon 276
Zinc 203
Cobalt 189
Aggregate 85
TinTantalumLithium 75
Silver 60
limenite 60
Lead 59
LimesanelimestoneDolomite 29
Sand 25
Leucoxene 20
Gypsum 18
SilicaSilica Sand 12
Rock 9
Palladium and Platinum 9
Clays 1
Gravel 1
Other Minerals 44
TOTAL VALUE OF PRODUCTION 51.8

Tablel - Total Value of Western Australian Mineral Production 2000

Of the ebven minerals industry capital expenditure progmarmompleted nationally in 20080
totalling approximately $2.5 billion, eight of those projects with a total value of $A1.9 billion were in
Western Australia. Of the further $23.5 billion that has been cdttesh to 25 new projects
nationally, A$19.2 billion is committed to 15 projects in Western Australia.

The pipeline of new projects in Western Australia is fed by a robust exploration sector, which in
200910 expended approximately $360 million on minematgloration®, representing 56 percent of

all minerals exploration expenditure in AustraifaA significant portion of this exploration
expenditure is incurred by junior exploration companies. In many commodity sethersVestern
Australian production as$s feed into increasingly sophisticated dowsineam processing and
logistics networks. Finally, the entire vertical Western Australian mining industry is serviced by a
diverse and sophigtated mining services industry, which plays an increasingly importde in
delivering innovation the all elements of the minerals value chain.

Over the past decade production from mining projects in Western Australia with development costs
totalling approximately A$10 billion came on stredhfOver the next decade it iexpected that
production and downstream minerals assets with a total development cost of approximately A$50
billion will come on stream in Western Australia. Table 2 below lists major Western Australian
minerals industry projects that are under considéoat development or construction.

13 Australian Bureau of Statistics, 2000 Mineral Exploration Statistics

“ Government of Western Austiia Department of Mines and Petroleum (2010Jestern Australian Mineral
and Petroleum Statistics Digest 2609

PILSNRes { & W. S| NMiding Bechindto§y Aliskrdlis& y i 3 LIQ T
(http://www.miningtechnologyaustralia.com.au/skilshortagg Accessed 17 November 2010
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Worsley Refinery
Expansion
Ammonium Nitrate
Plant
Underground Mine
Stage 1

Cape Preston

Iron Ore Rapid
Growth Project 5
Iron Ore Rapid
Growth Project 6
Australian Premium
Iron Joint Venture
Cape Lambert
Project

Extension Hill
Magnetite Mine
Brockman 4
Karara Iron Ore
Project

Pilbara 330 Projects
Roy Hill

Magnetite Iron Ore
Mine

Mesa A/Warramboo
Iron Ore

South Down
Magnetite Mine
Weld Range
Hematite Mine
Western Turner
Syncline

Spinifex Range

Yannarie Salt Project
Yeelirrie Uranium

TOTAL VALUE

Alumina
Ammonium Nitrate
Diamonds

Iron Ore
Iron Ore

Iron Ore
Iron Ore
Iron Ore
Iron Ore

Iron Ore
Iron Ore

Iron Ore
Iron Ore
Iron Ore
Iron Ore
Iron Ore
Iron Ore
Molybden_um
copper mine

Salt

Uranium

BHP Billiton

Burrup Nitrates
Argyle Diamonds (Ric
Tinto)

Citic Pacific

BHP Billiton

BHP Billiton
Aquila/AMCI
MCCAH

Asia Iron

Rio Tinto

Gindalbie
Metals/Ansteel

Rio Tinto

Australian Resources
Robe River Mining
Grange Resources
Sinosteel  Midwest
Corporation

Rio Tinto

Moly Mines

PPT Asia Pacifi
Mining

BHP Billiton
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0.6

1.2

5.2
o83

21

4.0

3.7

0.7

2.0
18

4.4

7.2

2.7

1.2

1.6

0.8

0.2

13

0.2

48.7 bn

2012

2013

2011
2011

2012

2015

2015

2011

2011

Na

2011

2010

2013

2014

Construction
commenced
Engagedn
approvals process
Ongoing
construction

Under construction
Under Construction

Engaged in
approvals process
FEED

Pre FEED

Construction to
commence

Under construction
Construction
commenced

Under congruction
Under consideration
Under Construction

Operational
Engaged in
Approvals

BFS to be completec
in 2010

Under construction
Seeking finance

Under review

Engaged in
Approvals

Table2 - Major Westemn Australian MineralsProjects under Consideration, Development or Construction

Figure 4'® below illustrates the geographical distribution of major Australian mineral deposits,

highlighting the concentration and scale of industry in Western Australia.

®Schodde, R. (201@epth of Cover Charts for the ACS Think Tank RéfinEx Consulting
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Note: Major defined as >1 moz Au, >1mt Cu, > 100kt Ni or equivalent Source: MinEx Consulting August 2010
Excludes Bulk Minerals such as Coal, Bauxite and Iron Ore

Figure4 - Geographical Distribution of Major Australian Mineral Deposits

Economic modelling indicateactivity within the Western Australian minerals industry has a
significant economic multiplielThe Association of Mining aftkploration Companies estimates that
each direct employee in the minerals sector generates another 3.5 jobs elsewhere in the Australian
economy:’ Another estimate suggests that there may be as many as six times the number of direct
employees working on ming operations and as many asnttimes more employed in auxiliary
services to mining related industriés.

In summation, the future sustainability and international competitiveness of the Western Australian
minerals industry is central to the economictte of the State and prosperity of its citizens.

" Association of Mining and Exploration Companies in: Allen Consulting @@0@)Earth Resources
National Innovation Strategy (ERNIS): Scoping Stidrian Department of Primary Industries
18 (Broome, 1999) in: Allen Consulting Group (20B8)th Resources National Innovation Strategy (ERNIS):

Scoping Study/ictorian Depantnent of Primary Industries
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Strategic Rationale for Public Sector Investment in Research and

Development for the Western Australian Minerals Industry

¢KS YAYSNIfaA AYyRdzadNE -IASOKIR LIAYOR dzaitNE s pefae@iiborikA StRS || F
that the industry does not embrace technology and that technology is not important for the
AYRdzA GNB Q& &dza il A ICOORINIRAY T ViR LINKEST AT SO ROPH dzy &
0KS YAYAYy3d AyRdmKNE AMG KN YIRBESRNIWIA2gy YAYSNI & Ay
just $2.5 billion in 2007 being a much smaller portion of its turnover, than is the case for the

WY SRABOKQ FIYSRO KWK AaBrOthevatibus atndidcturingisectorsieantechnology,

information and communications technology and biotechnology. However, the minerals industry has

a significant amount of R&D embodied in its capital and intermediate gdodeed according to

this measure, theébasicmetals and othemetallic mineral products sector has historically ranked

among the highest of all industry sectdts.

Innovation has alway been critical to the sustainabilignd competitiveness of operators in the

Western Australianminerals industry. Tight margins, lotgym capital intensie investments and a

continuous need to push down the cost curve in order mainiaiaernationalcompetitiveness have

ensured this.Much of this innovation has involved incremental improvement to operations.
However, there have also been significant breasitiyhs such as Carbém-Pulp (CIP) processing for

low grade surface gold deposits and High Pressure Acid Leaching (HPAL) for the processing of nickel
laterite ores. There has also been some very large scale minerals industry R&D programs in Western
Austrdiasuchh & wA2 ¢Ayd2Qa 1 A{YStG LINRB2SOG FyR .1t . Af

Innovation in the minerals industry will become more critical in the future as the industry cost curve
steepens as a result of the emergence of scale operations inctsiv structure jurisdictions, the
lowering of trade barriers, the dominance of large multitional minerals companies with
significant production and marketing economies of stalend more technically challenging
exploration, extraction and processing émnments.

The dynamic ofiie minerals industry will change dramatically over the nexttd 20 years as a
result of

A Expected growth in global demand for minerals industry produgssticularly from India
and China;

A A oncomitant need for growth in infistructure to handle this increased demand;

A Rapidly acceleratingkillsand labourshortages in the industry;

A Growing internationalisation of competition and its impact on the competitive dynamics of
the industry and

PrpJjadAaffts Do FYR 1FHEfS td 0HANCcOS WLYYZ2 OReSourdey AY GKS
Policy(31), 137145

% pustralian Bureau of Statistics (200B)siness Gross Expenditure on Research and Devetbpme

*L OECD (1999%cience, Technology and Industry Scorehd@ECD

ZrJaaAafts D FYR IFHEEE t® 6HnncoOsS WLYY2 O ResdufesAy GKS Y
Policy(31) 137145
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A Existing and future pressures caused dliynate change, ownership of assets, the carbon
economy, water, environmental issues and indigenous rights.

Innovation in the minerals industry must rise to this challenge and to do so it must be driven by a
robust and strategic R&D sector.

This importace of thisissue has been highlighted by tReistralianMinisterial Council of Ministers

for Petroleum and Resources (MCMPR)¢ KS OdzNNBYy G SY@ANRYYSYyd 6 0KS
provides an impetus and an opportunity to think laterally and collectiteelgevelopa national

strategy for a resilient mining and petroleum industry that can weather the trends and also take
advantage of upward cyclésQ

While a national strategy is both sensible and imporfaiit must be developed with the
understanding that e strategic issues facing each state from both an operational and economic
relevance perspective are highly variable. E&tdte jurisdiction has its own strategic research issues

that need to be addressl for the mineralsindustry generallyas well asdr specific sectors that

operate in that State forth{ (G I 1 SQ& Ay Rdza (i NB. Thisgs p@tRylailyhirgporént br2  LINR &
Western Australisas the statehas a much larger and diverse minerals industry compared to the

other States andts economicprosperity is more dependent on the minerals industinan other

States.

The extent of the difference ikey issuedetween Stateds highlighted inTable3 below, which
comparesthe Victorian minerals industry rearch agendd versus the comparative key issues
raised forthe Western Australianinerals industnjn thisreport.

% Allen Consulting Group (2008arth Resources Natial Innovation Strategy (ERNIS): Scoping Study,

Victorian Department of Primary Industries

**STEM Partnership (2006),y' y 2 @ GA 2y w2l RYIl LJA ¥ 2Worian DefagtrihtiofQa 9 | NI K
Primary Industry
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Key commodities

Project location issues

Environmentalissues

Water

Energy supply

Key research issues across all sectors

Key sector specific research issues

Mineral sands, coal, construction materials
and gold

Most densely populated State with
communities in close proximity to natural
resources

70 percent of the State has been cleared ¢
natural vegetation

Water shortages in many areas and short
piping distances

9y SNHE& &dzLJLX ASR oé@
reserves

Reducing dependence on wafeost
effective water cleaning technologies
improved recycling of watefinding and
defining new resources, recognition of the
Victorian industry as a protector of the
environment, zero fatalities, zero injuries
and zero incidents

Mineral sandg;, advanced processing to
remove impurities, standardising mineral
characterisatiorand reducing dependence
on water

Goldc finding new gold deposits, resource
SAGAYI GA2YQ RS LBYEMKTII
extraction, alternatives to cyanide

Iron ore, gold, bauxit@lumina, mineral
sands, nickel, base metals, diamonds and
uranium

Least densely populated State with
geographically remote projects

Projects frequently located in or adjacent t
pristine environments

Absence of potable water in most areas
with abundantsupply of hypersaline water
and long piping distances

Energy increasingly supplied by natural ge
reserves

Finding new world class deposits under
cover, effects of TDS on hydrometallurgice
processes, managing corrosion caused by
hypersaline water, automation and proces
control, reduction in comminution process
energy consumption, integrating
environmental issues in design and
engineering, integratin of mineralogy and
processing, open pit wall stability,
underground mine stability and recovery
from high valudailings

Iron Oreg Large volume handling systems
new methods for agglomerating ores,
dewatering and water us&g upgrading of
high impurity ores and exploration
techniqgues for new deposits

Goldg Improvement to the cyanide
leaching process and alternative leaching
agents

Nickelg Reducing costs and process
inefficiencies in HPAL, materials science f
HPAL systemiategrity and lowpressure
low-temperature leaching

Mineral Sandg Improving efficiency of
synthetic rutile plants and reducing tailings
footprint

Uraniumg Economic tank leaching of
calcrete ore, alternatives to tank leaching
and behaviour of radionudes in tailings
CopperLeadZincg Discovery of new
massive sulphide resources

Diamond sectorg, novel exploration
indicator minerals

Table3 - Key Minerals Industry Research Issuedgictoria versus Western Australia

It is a widelyheld policy view that the role of government intervention in R&D is to address market
failure, and is necessaryoteither totally fund or incentivise private investment in R&D that is
determined to be in the interests of society and that would not occoless the government
intervened. As illustrated iRigure5 below?, the degree to which government needs to intervene to

stimulate R&D that is in the interests of society is on a continuuhich spansfrom fully

government funded research that tends to have longemm benefits to tactical commercial

research that tends to be shorter term in nature.

> STEM Partnership (2006)novation Roadma® F 2 NJ + A O 2 NA ViQatian Déphdingnt of S & 2 dzND

Primary Industry
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Generally speaking, most R&D that is undertaken exclusively by industry is designed to provide the
specific operatorswith competitive advantagé® Industry is less likely to allocate significant
resources to research that is poempetitive in nature or whickeliverslongerterm benefits

Industry Benefit

Public
Benefit

Industry
Benefit

R—

Will occurwithout equires some Requires significant
governmentincentive governmentincentive governmentincentive
Shortterm Longterm
Tactical Strategic

Figure5 - Case for Government Intervention in IndustResearch and Development

Many of the government funded research initiatives discussed in this paper are reliant on significant
industry investment. This is important in the sense that it ensures there is industry intemest
validationin the research prects that are undertaken by these organisations. Howevesb has

the potential to focusthese organisatiors on shortcterm oriented research problemsresulting in
longer term challenges not beirglequatelyaddressed by public research organisatiéhs.

Another argument for public sector interventiaathat the public sector should fund fundamental
and basic research and industry should fund applied research and experimental development.
However, the risks in protype development and scaling up of kewlogy is greater than the risk of
discoery in most cases because scaling up typically invaigesficantly greater investment in a

2 Interview
" Interview
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project for which most technical risk is yet to be mitigafé@he argument here is that government
can play a role inarisking industry investment in technology development on the basis that it is in
the interests of the State to ensure that its mining industry is sustainable and remains profitable.

There are a number of arguments that support the notion that the Wes#arstralian government
should continue to encourage and support R&D in Western Australia that contributes to the future
sustainability and competitiveness of the Western Australian minerals industry. The following
subsections discuss some of the key argntae

A Long Term Sustainable and Profitable Industry

Western Australia is fortunate to be eaded with extraordinary mineralvealth, providing it with

the opportunity to prosper from this endowment well into the futurélowever, finding new

deposis, extracting ore and processing ore is becoming increasingly difficult in Western Australia

simply because the industry has foundlailthe easy to find resouregis miningall the eayg to mine

deposits and processirgjl the simple to process oreFhe appropk G A2y 2F ¢St 0K FNP
mineral endowmentghrough employment and taxation receipgd the maintenance of Western
ldZAGNF £ Al Qa O2YLISGAGAGS LRaAGA2Y Ay GKS 3Jf201l f
development and application of new kwtedge and technology.

Table4LINR A RSa SadGAYlFriSa 2F GKS OdiNNByld LINRPRdAzOGAZ2Y
based on current known resources and production rates.

Iron Ore 120 Known sipergene enriched resource only ¢
current production rates

Gold 27 Known esources of 1.0 million ounces ¢
greater only at current production rates

BauxiteAlumina 50 Company estimates

Mineral Sands 20 Assumes production from @y resource

Diamonds 8 Company estimates

Rare Earths 20 Company estimates

Uranium 45 Known resourcesand annual production

from Olympic Dam as an estimated
production rate
Table4 - Estimated Mine Life of Selected Western Atedfan Minerals Sectors

ALJLINPEAYLFGSt&@ yn LISNOSydG 2F !'dzA0NIfALFQa YAYSNI ¢
years agd’ Large, high quality mineral deposits must soon be discovered and developed if the
minerals industry is to have longevity cartontinue to deliver wealtho the Western Australian
economy.As discussedater in this paper this is a significant challendgeirthermore, given the
emergence of new relatively undexplored mineral provinces (Africa, Asia and South America), the
motivation for industry to invest significantly in improving the prospectivity of Western Australia is
limited to invested infrastructure, political stability and proximity to market.

The view that invested infrastructure, political stability and proximity narket will sustain
AYRdAzZZaGNEQa AYGSNBad Ay 2 Saan8 Ny sudtadmbieNst icerthinlyA & a2 Y
0KSaS FFOG2NE INBE F Yl 22N St SYSy G rmafentirirnent G G SQ3
characterised by unprecedented demarsilynificantnew emerging minerals provincesgcreasingly

% Interview
2 Deep Exploration Technologies CRC: Uncovering the Future
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global companies and increasingly challenging exploration, mining and processing conditions in
Western Australiathe future competitiveness of the Western Australian minerals industry will
gradudly lie less in its resource endowments and proximity to market and more in the application of
knowledge, skills and experience that result in reduced pricing, reliability of supply and quality of
product®

The minerals industry has limited scope for protdifferentiation and as such the prices it receives

for its product is determined by global commodity markets. This means that its main dfiver
investment in innovation is productivity improvement in exploration, extraction, processing and
transportaion. The productivity improvement that mining companies must achieve in order to
maintain competitiveness is relatively predictable at around 3 percent per annum, driven by a long
term downward trend in the real price of most mineral commodities ancremental process
improvement that results in the medium to long term demise of inefficient compatiiés. a
regulatory environment that is imposing, for good reason, new OH&S and environmental compliance
costs and a National political environment that is nmoviprogressively toward imposing new
emissions management costs and potentially a resources rent tax on the industry, it can be argued
that the State has a role in investing in an innovation system that supponing compares(ability

to improve producivity beyond levels that have historically ensured competitiveness.

One argument that is sometimes levelled agairst overweighed allocation of State resources
directed at innovation in the minerals industry is based on the notion that the State shoaild b
investing in diversification of the Western Australian econoivhile industry diversification is a
sensible policy goal for any economniat is highly dependent on one industry, industrial
diversification is more likely to occur through new industrit | & -2ZBREIRYFNRY GKS
industry,** as the information and communicatioriadustry in Western Australia has frothe
resources industries, thaby governmentendeavouring toseed and supporinew standalone
industries in areas where the State doext have a existingcompetitive advantage.

It can be reasonably argued that the State Government has a role in investing in R&D that optimises
the longevity of the Western Australian mining industry such that Western Australia receives
maximum economic rents from the industry but also to ensure ample opportunity for new

AY Rdza § NR2STAT QO 20 kUSI LIASA GSNY ! dza G NF E ALY YAYSNIta AyR

Global Industry Trend toward Trading Technical for Sovereign Risk

Western Australia competes with Canada, Africa, Séutterica and Asia fanining andexploration
investment.Many of these emerging mining regiohave significantly lower cost structures relative
to Western Australia In addition they araelatively underexplored using conventional exploration
techniquesandare highly prospective for minerals that are hosted in geologies thanawee easily
minableand present fewer processing challerggelhey are also in commodity sectors titmpete
directly with the Australian minerals industry. While many of theezging mining regioneepresent

% Allen Consulting Group (2008arth Resources National Innovation Strategy (ERSkcoping Study,
Victorian Department of Primary Industries

¥ Upstill, G. and Hall, P. (200&)novation in the minerals industry: Australia in a global cont@esources
Policy,(31) 137145

% Cabalu, H., Hassan, K. and Manuhutu, C. (200&)yationPolicy in ResoureRich Economie§urtin
University ISSN: 18350
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significant sovereign risk in the form of civil unrest or unpredictable government policy, we are
seeing an increasing trend toward large mulditional companies increasing the weighting of these
regions in th@ global exporation and production portfolios.

It is less likely new worldlass deposits will be found in developed mining regions such as Australia

and Canada using conventional exploration techniques than in emerging regisres resulinining

companies are icreasingly trading sovereign for technical riék. KA & G NBYR A& NBTFt SO
share of global mineral exploration expenditure which has decreased from 20 percent in 1996 to 13
percent in 2009*

Furthermore, significant merger and acquisitiontiaities in the mining industry over the past
decade has resulted in the dominance of several mmdtional mining companies that have the
both the capacity to shift operations to regions that make the most operating sénsad the
balance sheets to mage the risk. Exacerbating this problem is the likelihood of the cost of
exploration in Western Australia rising considerably in the future as targets become deeper and
more complex. This in turn may place many exploration programs beyond the meansjohitre
exploration companies that have traditionally contributed significantly towards Greenfields
discoveries in Western Australia. An environment where new Greenfields discoveries in Western
Australiabecomes dependent on the exploration initiatives @irgye multinational companies would

most likely see a further reduction in exploration investment in Western Australia.

Western Australia will only remain competitive for exploration investment for so long as new
significant deposits are discovered and lexation costs remain competitiv€ The Statewill only
remain competitive for production investment for so long as advances in technology continue to
unlock resources that are constrained by technical mining and processing issues.

Aslong as large muknational companies have access to more profitable and reliable resources
elsewherethere is limited motivation for them to invest substantially in improving the prospectivity

of Western Australia or in the development of technologies that unlock ressuteninerals they

can more easily and simply mine in other jurisdictionsS OF dza S 2 F (G KS YdziAy !l GA 2y
trend toward trading sovereign for technical risk is a further argument for State investment in
minerals industry R&D that is pecultaroperations in Western Australia.

The Minerals Industry and the Social and Economic Fabric of Western

Australia

With the Pilbara Region oriented iron ore and natural gas sectors dominating the resources
industries export earning and contributions towasthte Domestic Product, it is easy to overlook the
significance of the other sectothat comprise the Western Australian minerals indusarnyd the
impacts that they have on regional development.

The gold, nickel, copper and base metals sedtorgartiaular are significant economic contributors
to the Statein their own right and operations in these sectors aispersed through most regions of

* Industry Interview

% CSIRO (2010ylinerals Down Under National Research Flagship: An Overview

% Allen Consulting Group (2008arth Resources National Innovation Strategy (ERN{®)ing Study,
Victorian Department of Primary Industries

% Interview
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Western Australia. The ongoing prosperity and sustainable development of these sectors is
important to the vialllity of manyregionalcommunitiesand the overallsocial and economic fabric
of Western Australid’

The mining industry is also a significant employer of indigenous persons. For example, 25 percent of
GKS @¢g2NJ] F2NDS G wA2 ¢ Anfpliedd indightiBus peBsonR ConinBed R Y A Y
profitable operation of the exploration, mining and processing assets around the State will continue

to create employment opportunities for indigenous communities.

The State arguably has a role in investing in ttesperity and sustainability of the minerals industry
such that regional Western Australia optimises the economic and social value provided by the
industry to rural Western Australian communities.

An Environmentally Sustainable Western Australian Minerals  Industry

Western Australia is endowed with substantial and widely dispersed minerals assets as well as a
dzy AljdzS FyR @FftdzZ6tS yI GdzNT ¢ SYPANRYYSYylid CNBIjdz
resources and the conservation of its environment iareonflict.

2 Sa0SNYy !daAGNIEAlF KFa FY2y3 GKS g2NIRQa. yYzad o
Mining companies operating in Western Australia are among the most committed to environmental
preservation and rehabilitation. Nevertheless, environmentisk rremains with most minerals

operations and environmental assessments, protection plans, monitoring and rehabilitation remain

a significant operating cost for mining companies.

The State clearly has a role in protecting the Western Australian enviranm@an also be argued

that the State has a role in helping Western Australian mining companies in meeting its stringent
environmental protection requirements and ensuring that the Western Australian minerals industry
remains competitive by investing R&D that improves environmental protection and reduces the
costs incurred by companies in implementing environmental protection.

Maintaining a World -class Innovation System

A review of private sector investment in mining R&D suggests that business in&laexpenditure
on R&D in mining and quarrying in Australia in 2005 eves four times greater than that in Canada
and South Afric&

Western Australia is widely considered to be a world leader in mineral exploration and processing
R&D with the Parker CRiGr Integrated Hydrometallurgical Solutioasd the Centre for Exploration
Targetingn particulatr having global reputationfor excellence in these fields

Exploration and processing research has the potential to pay large dividends. In the case of
exporation, the discovery of new resourgethat are mineable with existing technology adds
significantly to current reservesin the case of processing technologies, significatirns can be
gained fromimprovements in productivity that result frommcremental improvements in technology

¥ Interview

% OECD Main Science and Technologies Indicators Database in: CMIC Secretariat{@00@Canadian
Mining Research and Innovation Strategy: Strengthening the Compeétisef a Responsible Canadian
Mining Industry Through Excellence in Research, Innovation and CommercialSatiadian Mining
Innovation Council
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by virtue of the large production volumes that are procesdeaatthermore, significantesources of

nickel and uranium in Western Australia exist, but emerently locked up by virtue of the fadhat

current processing thnologies are subconomic for these resourcé®.As such, research in
SELX 2N} iA2Yy |yR LINROS&a&aAy3I A& RANBOGEE NBtSgly
technology needs.

While Western Australia has strength in exploration and processing, R&ied research takes

place inthe Statein mining extraction, savéor the Australian Centre for Geomechanits* & 42

There is an argument that th€RCMiningddresseamost of2 S a G SNy  !mizadirbskaich | Q&
needsand as such Western Australia shofddus on its strengthi exploration and processirand
collaborateg A G K GKS aAyAy3d /w/ 6AGK NBaLSOG G2 GKS {
needs** There is however, a valid alternate view that, as demonstrated in Tables 12 and 13 of this
reportz G KS / w/ aAyAy3daQa LINBIANrYa NB y2a OGA@Ste |
Australia®

Western Australia has an ideal setting to be the world centre of research in most areas of minerals
R&D (including miningas a result of itgsesearchcapabilityin exploration and processing and the
diverse range of operations through the value chain that existViestern Australia with which
research expertise can interact.

Furthermore, the development and maintenance of a werldss minerals innovan system in
Western Australia will result in the development of technical capability that can be expBrted.

As such, it can be argued that the State has an interest in investing in the maintenance and growth
2F 2SaGSNY ! dza G NI f Rdimcvatiohedo§ystekny (G KS It 201t YAYA

Multinational Mining Company Adoption of Open Innovation Strategies

Globally, large companies are increasingly adopting open innovation strategies, whereby corporate
R&Dactivities are largely outsourced through a range of comnaénmalationships with public and

private research providers. Large minerals companies are no exception to this trend. While many still
maintain an ishouseR&Dfunction, increasingly this functiégha LINJA Y I NB NiRtfoced & (2 Y
R&D projects

Many d these companies are multinational and will seek the bedteld from a global pool of
external research capabilitieQver the past decadthere has been a rationalisation of miniagd
geoscienceslisciplines acrosmany Australian universities. As sich, it is important that Western
Australian research organisations are adequately resourced to attract wtads scientific expertise
otherwise important industry investment joublic R&D will go elsewhere.

¥ Interview

“© Interview
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* Interview

* Interview

*® Interview

“® Interview

" Allen Consulting Group (200Barth Resources National Innovation Strategy (ERNIS): Scoping Study,
Victorian Department of Primary Industries
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Related to the maintenance of a wostlass imovation system, the State arguably has a role in
ensuring that Western Australian minerals R&D institutions are the target of large mining company
open innovation strategic investment.

Industry -wide Knowledge and Technology Needs

Finding New World -ClassDeposits in an Increasingly Challenging
Exploration Environment

The future challenge for exploration in Australia and indeed Western Australia can be summarised as
follows:

A The depletion rate of Australian resources is currently outstripping the rate swuree
replenishment via the discovery of new resources.

A There is a pervasive perception that minerals exploration in Australia is mature, despite the
fact that much of the nation is largely underexplored and offers considerable potential
opportunity. Thign turn is resulting in decreased investment in exploration in Australia and
Western Australid® This perception exists because there has been a depletion of residual
search space (surface outcrop, near surface mineralisation and close proximity tagexisti
mines)*

A The fact is that mch of the nation is largely underexplored because the majority of the
bl GA2Yy Q& (appFoyiriatel) BOLASreer) is characterised by extensive weathering
and widespread cover, typically of unknown depth, that masks thleswface where
economic concentrations of minerals might be discoveYed.

A Exploration in areas characterised by extensive weathering and cover is expensive and with
current technology relatively ineffective.

A As a result, much of industry considers Austrédichnically difficult to explore when
compared to some of the emerging provinces such as West Africa.

To address this challengde minerals industry will be forced to undergo a paradigm shift over the
next ten yeardo a focus on seeking qualityréznfields discoveries, as the petroleum industry did
over 30 years ago. This will require:

A Greater dependence on accurate conceptual targeting;
A Exploration systems that closely estimate probability of suscasd monitoring of
performance and

*®The Theo Murphy High Flyers Think Tank (28&arching the Deep Earth: The Future of Australian
Resource Discomeand Utilisation, Australian Academy of Science

**McCuaig, T., Guij, P., Hronsky, J. and Schodde, R. (26A8pscandian Exploration and Mining 2009:
Exploration Targeting in a Business Cont€gttre for Exploration Targeting

*° CSIRO (2010ylineralsDown Under National Research Flagship: An Overview

*McCuaig, T., Guj, P., Hronsky, J. and Schodde, R. (2608pscandian Exploration and Mining 2009:
Exploration Targeting in a Business Cont€gttre for Exploration Targeting

*2|nterview R7
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A Concomitant deglopment of exploration technologies that witcilitate the exploration of
new search spaces cost effectivefy!

Figure6 below” demonstrates that most known major Australian mineral deposits exist in areas
characterised by outcrop or shallow basement.

INDICATIVE DEPTH OF COVER
|:| Outcrop & Shallow Basement
|:| Basement depth <500m
|:| Basement depth 500 to 1000m ad
|:| Basement depth >1000m &

Note: Major defined as >1 moz Au, >1mt Cu, > 100kt Nior equivalent Sources: MinEx Consulting August 2010
Excludes Bulk Minerals such as Coal, Bauxite and Iron Ore GeosciencAustralia

Figure6 - Major Australian Mineral Deposits and Estimated Depth of Cover

Exploration expenditure in Australia has risen dramatically over the past decade, above the recent
historical pe&s in the late 1980s and mid 1990s. However, unlike the peaks in exploration
expenditure in the late 1980s and mid 1990s, the recent peak (2004) resulted in a much
smaller number of discoveries. This is illustrate#igure7 below™.

%3 McCuaigT., Guj, P., Hronsky, J. and Schodde, R. (Zo&¥)pscandian Exploration and Mining 2009:
Exploration Targeting in a Business Cont€gttre for Exploration Targeting

** Interview

**Schodde, R. (201@pepth of Cover Charts for the ACS Think TankriRé&finEx Consulting

*® Schodde, R. (201jscovery Costs for the ACS Think Tank RépioEx Consulting
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Number of
Discoveries
30
Average cost for a Moderate discovery is
US$90m, versus $220m for a Major
Discovery and $800m for a Giant Discovery
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Figure? - Australian Exploration Expenditure and Minerals Discoveries

The average cost for a moderate discovery has been US$90 million, US$220 million for a Major
Discovery and US$800 million for a gidiscovery. As a result of the limited discoveries associated
with the most recent boom in Australian exploration expenditure, the cost of new discoveries in

Australia has increased dramatically over the past decade. This is illustrdegliire8 below. What
is particularly alarming with respect to this data is the dramatic decrease in the digaaiVgiantQ
(see definition inFigure 7 above) deposits over the past teryears, as historically most of the

YAYSNI f & Ay Rgeiandbdsmaldintber Gianteeposits™

> McCuaig, T., Guj, P., Hronsky, J. and Schodde, R. (808hscandian Exploration and Mining 2009:
Exploration Targeting in a Business Contétitre for Exploration Targeting
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Cost per Discovery (2009 A$m)

5 Year Rolling Average
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Figure8 - Australian Mineral Resource Discovery Costs

Following World War I, new geochemical and geophysgploration toolswere developed that
facilitated limited discovery of mineral deposits under cover. The limitations of these tools is
evidenced by the fact that despite their existence, 50 percent of all discoveries over a range of sizes
made over the pas60 years were under less than 15 metres of cover and only 10 percent were
under more than 200 metres of cové&This is illustrated ifFigure9 below?>°

*® Theo Murphy High Flyers Think Tank (20$@grching the Deep Earth: The Future of Australian Resource
Discovery and Utilisation, Australian Academy of Science
% Schodde, R. (201@piscovery Costs for the ACS Think Report,MinEx Consulting
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Figure9 - Depth of Australian Mineral Discoveries (1850 to 2010)

Furthermore, as illustrated ifigure10 below, most of the deep discoveries are clustered in areas

o KSNB RSLI2aAda FNBE 1y26y FNBY &adaNFI OSt Raa ONZ |
exploration).Figurel0also demonstrates that much of Australia is underexplored and therefore, the
challenge for exploration science is to develop effective and economic tools for deep exploration in
GKNBBFFTASERQ SYPGANRYYSyYy(d GKFG Aa vYzad 2F GKS 1 dz
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Figurel0- Geographical Location of Australian Deep Discoveries

Transported cover is particularly problematic, as three to five meters of transported cover is
adequate to mask indicators of mineralisation beyond the sensitivities of existing surface detection
technologie$?®* Technologies with the ability to detect mineralisation under 5 to 300 metres of
cover would create significant exploration opportunity.

Hidorically, exploration has beetteposit focused. As exploration moves into deeper geology that is
under insitu or transported cover the focus of exploration will need to move to the physical and
chemical processes that lead to ore formation (mineralo®geper deposits will need to be large
and highgrade to be economic and only exploration based on mineralogy, that better targets
drilling, is likely to facilitate the economic discovery of such depdsits.

In response to this challenge the Australian Aamagl of Science has recommended three key
research initiative$§®

0] National Cover Map
A national map demonstrating depth to basement would identify priority areas for
exploration under cover. Because cover depth can vary by sriemagnitudeover
a very snall area (1krf) the map will need to be of high resolution to be an effective
tool. Knowing how much of the continent is under shallow versus deep cover would
also assist in the prioritisation of research programs as different detection methods
are effective in shallow and deep cover. Furthermore, understanding the nature and

% Interview

® Interview

%2 |nterview

®Theo Murphy High Flyers Think Tank (20$@garching the Deep Earth: The Future of Australian Resource
Discovery and Utilisation, Australian Academy of Science
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internal variations of the covering sequences will enable more effective exgarati
with standalone geophysical technologiescause the masking effects of cover can
be understood ananodelled.

(i) National Map of the Deep Crust and Upper Mantle
Crustal mappingwvith a 10 kilometre resolution to identify soursef deep ore
bodiestogether with a detailed understanding of deep structures and hydrology
would greatly assist in identifying psible deep deposits of minerafs

(iii) National Distal Footprints Program
As exploration moves into covered areas, drilling costs increase dramatically. This
will drive demand for increasingly sophisticated drill targetingls. A National
Distal Footprintsprogram that provides detailed understanding of the distal
signature of major ore depositwill provide the basis for detection of the subtle
indicators of major ore systems preserved at and beneath the ancient land surface.

A range of new exploration tboologies will be required to capitalise on the knowledge created by
these maps, including:

1.

w

New aerialsensing technologies that can collect data under cover and associated imaging
processing technologié

Interface samplingechnologie&®;

More sensitie vegetation sampling technologfésand

New deep drilling technologies that both decrease the cost of drilling and increase the
quantity and quality of data that is collected from a single boref{Rrilling comprises over

50 percent of exploration expeliture in the current environmentIxilling costs have
increased from approximately $100 a decade ago to between $130 and $180 per meter
currently®® Reducing the cost of drilling deep holisslikely to involve viable multilateral
drilling capability, re&time dowrhole sensing and improvement in drill bits (wear of drill

bits accounts for between 10 and 20 percent of drilling cdsts)

Once developed, there immediateopportunity to apply these technologies to areas that should be
highly prospective fordeep deposits such as much of the Goldfields and Northern and Eastern
Yilgarn margins that remain unexplored as the result of relatively shallow Eoffére Sandfire and

% Interview

% Interview

% |nterview

® Interview

% |nterview

%9 CMIC Secretariat (2008pnovation, Research and Development Needs in Mineral Explor@amagdian
Mining and Innovation Council

©nterview

"L CMIC Secretariat (2008pnovation, Research and Development Needs mrgiExtractionCanadian
Mining Innovation Council
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Tropicannadeposits wereboth discovered under cover in regions that were previousigsidered
over-explored”®

Finally, sme tools and methodologies for exploring undercover should also have application in
other jurisdictions such as Canada where thick glacial overburden, lacustrine clays and sands blanket
YdzOK 2 F nbrihefSRdd,Qrd cover large regions of highly prospective geolégy.

Addressing the future exploration challenges is a major focus of current R&D activities in Western
Australia.Table5 below summarises the knowledge arethnology needs relating to this theme and

the research organisationthat have current research programs endeavouring to address these
needs.

73 .

Interview
" CIMC Secretariat (2008hnovation, Research and Development Needs in Mineral Explgr@aoradian
Mining Innovation Council
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Insitu and transported Medium to Long Term
cover Map

Deep crustal and upper Medium to Long Term
mantle map

Distal footprints map Medium to Long Term

Aer/Spaceborne and Medium to Long Term
other sensing tools that

can see under cover anc

to depth

Imaging processing Medium to Long Term
capability from

disparate deep geology

databases

Interface sampling tools Medium to Long Term

More sensitive Medium to Long Term
vegetation sampling

tools

Multilateral drilling Medium Term

More robust drill bits Medium Term
Realtime down-hole Short to Medium Term
sensing

Researchers

Researchers

Researchers

Researchers

Researchers

Researchers

Researchers

Researchers and
Industry
Researchers and
Industry
Researchers and
Industry

Centre for Exploration Targeting (Science
needed to develop map)

WA Centre of Excellence in 3D Mineral
Mappingq SubSurface Mineralogy (Science
needed to develop map)

WA Centre of ExcellencgMineral Systems
Centre for Exploration Targeting (Science
needed to develop map)

WA Centre of Excellence in 3D Mineral
Mappingq SubSurface Mineralogy (Science
needed to develop map)

Centre for Exploration Targeting (Science
needed to develop map)

WA Centre of Excellence in 3D Mineral
Mappingq SubSurface Mineralogy (Science
needed to develop map)

CSIRO Minerals Down Undgbiscovering

1 dzZa N> f Al Qa aAySNI f

Deep Exploration Technologies GRWill
Targeting

Centre for Exploration Targeting

WA Centre of Excellence in 3D Mineral
Mappingq Surface Mineralogy

CSIRO MeralsDown Under ¢ Discovering
 dzA G N> £ Al Q& aAySNI f

Centre for Explation Targeting

WA Centre of Excellence in 3D Mineral
Mappingq Information Systems

WA Centre of Excellence in 3D Mineral
Mappingq 3D Mineral Mapping

CSIRO Minerals Down Undgbiscovering
AusNJ f Al Q&a aAySNIf wé
CSIRO Minerals Down Undgbiscovering

1 dza N> f Al Qa4 aAySNI f

Deep Exploration Technages CRE Drilling
Deep Exploration Technologies CRC

CSIRO Minerals Down UndgFransforming
the Future Mine

CRCMinig ¢ Rock Fragmentation and
Handling (production drilling)

Deep Exploration Technologies GRRzat
time Logging

Table5 - Future Knowledge and Technology Needsinding New World Class Deposits
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Water Issues

The Australian mineta sector accounts for less than 3 percent of national water use and adds
between $25,000 and $86,000 per mega litre of economic value to the water it UNesertheless
many mhing operations are in locations that are characterisedsbgrce or unrenewsae water
resourcesand in many cases compete with community, other industry or environmental users of
those water resources.

Water is used for many aspects of the mining process from dust control in mining to the basis of the
hydrometallurgical processessed to recover minerals from ore. Water is also produced in
significant quantities from many mindisat are producing ore from below the water table.

Water available at most Western Australian mine séébker from the surroundingnvironment or

from the mine is characterised by high levels of Total Dissolved Solids (TDS) such as salt, chlorine,
aluminium and magnesium (saline wate) many cases very high levels of TDS (hyper saline water).
High TDS water is problematic for mining from a number ofpmatives:

A There is currently little understaimg as to how the various TD®e&t the efficiency of
various hydrometallurgical processes and their presence may be detrimental from a number
of perspectives such as reagent loss and recd¥ery

A Saline and hygrsaline water causes corrosion of processing circuits and other equipment

A Current bioleaching technologies are not feasible with hypersaline water as the
microorganisms do not survive in high salt solution; and

A Even in dust control in the iron ore indug chlorides in high TDS water cause probléms
downstream steel mills

One way ofising saline water igrocessing it througimechanical desalination upstream from the
processing plant. However, only vary large operations such as Olympic Dam cgritjastépital
and operating costs associated with reverse osmalgisalination.

The other aspect of water management is managing the environmental impacts of water discharge
from mine sites and the impact of water reuse on the environniént.

There is cormnsus among industry and the research community that water use minimisation and re
use is a key issue for most sectors of the Australian minerals indc&try.

Table6 below summarises the knowledge and technology needs relatinthitotheme and the
research organisations have current research programs that are endeavouring to address these
needs.

> CSIRO (2010ylinerals Down Under National Reseh Flagship: An Overview
®Interview
" nterview
B Interview
nterview
8 |nterview
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Understanding the effect Short to Medium Term Industry and CSIRO MeralsDown Under ¢ Driving

of TDS of efficiency of Researchers Sustainability through Systems Innovation

hydrometallurgical

processes Parker CRC for Integrated Hydrometallurgy
Solutions

Managing corrosion Short to Medium Term Industry and CSIRO MeralsDown Under ¢ Driving

effects of saline and Researchers Sustainability through Systems Innovation

hypersaline wate on
processing circuits and
other equipment

Water use minimisation  Short Term Industry and CSIRO MeralsDown Under ¢ Driving
Researchers Sustainability through Systems Innovation

Environmental impacts of Short Term Industry and None

water discharge Researchers

Environmental impacts of Short Term Industry and CSIRO MeralsDown Under ¢ Driving

water reuse Researchers Sustainabity through Systems Innovation

Table6 - Knowledge and Technology Need$gVater

Automation and Process Control
Advancement in automation technology is important to the Western Australian minerals industry
from three perspectives:

A The Australian and particularly the Western Australian minerals industry is embarking on a
period of significant expansion. The Nation has a relatively small and aging population and
GKA&d RSY23IANILIKAO LINBFALS At ldodiuln@EetsORn/ & A RSN,
investigation by the National Institute for Labour Studies for the Minerals Council of
Australia has concluded that the workforce will need to increase by 68 percent by 2020 to
sustain the sector. As such, there is a considerable neednhfproved efficiency (greater
output with fewer units of labour). Automation is a key component of the solution to
improving efficiency.

A As both underground and surface mines get deeper the operating environment becomes
inherently more hazardous. ThisX@ A Y SR A GK |y AKIRNMG NEINEHEA RS 3
strong impetus for the minimisation of persons in hazardous environments, particularly at
the mine face in deep underground operatiofis.

A Mining operations face a progressive cost curve which they haveneet to remain
competitive. Western Australia is a relatively high cost operating envirorthemtd
automation has the potential to significantly reduce costs, particularly in large volume
sectors such as iron of&.

Once information is available thatlaws realtime optimisation of mining and processing systems,
the process control systems that tailor settings to the conditions will need to be developed.

8 Interview
8 Interview
8 Interview

46



There is consensus among industry and the research community that automation and process
control isa key issue for the Western Australian mining indu&try.

Table7 below summarises the knowledge and technology needs relating to this theme and the
research organisations have current research programs that are endeavouridgresa these
needs.

Surface mine Short Term Industry and CSIRO MeralsDown Under ¢ Transforming the
automation Researchers Future Mine

CRCMining Automation

CRCMining Rock Fagmentation and Handling

Rio Tinto Technology Group
Underground mine Short Term CSIRO Minerals Down UndgFransforming the
automation Future Mine

CRCMining Automation

Process controls that Short to Medium Term  Industry and None

optimise processing real Researchers

time (including reliable

sensorsand automated

diagnostics)

Processing Automation  Short to Medium Term  Researchers CSIRO Light MetatsAlumina: Cleaner, More
Efficient Production

Rio Tinto Technology Group
Table7 - Knowledge and Technology Need®Automation and Process Control

Reducing Energy Intensity
The minerals industry ignergy intensive LIN2 RdzOAy 3 | LILINRPEAYI GSt& o LIS
Greenhouse Gas Emissions (GHGhis is problematic for the indtry from two perspectives:

A The cost of energy in Western Australia is expected to increase significantly over the next
few year§® and

A A carbon tax of some description is widely expectet@édmposed on Australian industry in
the short to medium term.

Thevast majority of energy used in the minergigoduction process is consumed by comminution
activities. This is illustrated iRigure11%” below that indicatesthat approximately 50 percent of
energy is consumed Hirilling, blasting, crushing and grinding activities.

# Interview

% CSIRO (2010ylinerals Down Under National Research Flagship: An Overview

% Interview

8 United States Departant of Energy in: CMIC Secretariat (200@)ovation, Research and Development
Needs in Mineral Processing and Extractive MetalluBgyadian Mining Innovation Council

47



Materials

Contributions to Current Energy Use byhanding

Equipment Across the Mining Industry coiomen
Blasting 4%
2%
Separations

0,
Drilling 4%

5%
Grinding Dig(?/ing
38% 0
l\‘ Dewatering
\ 6%

Ancillary Operations
6%

Materials
Handling-Diese
16%

Ventilation
9%

Figurell- Contributions to Current Energy Usage by Equipment across the Mining Industry

Grinding is the single most energy intensive component of the minerals processmgt, cir
accounting for approxiately 38percent of all energy cost. Furthermore, grinding is an inherently
inefficient process.Table8 below summarises the typical energy ulitisation of tumbling mills,
demonstratirg that approximately 85 percent of the energy used in grinding is lost as heat due to
friction.®®

Net energy used for rock breakage 0.6%
Power loss in gears and drives 12.3%
Power loss as heat due to fricn 84.7%
Others 2.4%

Table8 ¢ Typical Energy Usage in Ore Grinding

Research that results in an implementable solution to the energy inefficiencies of grinding would
makea considerable contribution toward allowing operations/ifestern Australia to absorb higher
energy costs and minimise the impact of a carbon tax on their profitability. Contributions to energy
savings in other high energy consuming aspects of mining such as handling materials and ventilation
would also make a giificant contribution. Capturingreen House Gas3H@ émissions from the
mining process is also relevant but has a smaller economic impact on industry than substantially
improving energy efficiency.

The question of direct coupling of renewable energyises to mining assets raises its head at this
point. Current scale efficiencies of all renewable energy technologies limitsube to applications
that do not require significanamounts of base load power, such as supplementing diesel power

8 CMIC Secretariat (2008hnovation, Research and Development Needs in Mineral $5iogeand Extractive
Metallurgy,Canadian Mining Innovation Council
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generation for mining camp accommodatidi.The renewable resource that seems to have the
greatest potential for broader application in mining is geothermal enesgd the Centre of
Excellence in Geothermal Research at the University of Western Australia and R® GSI
investigating geothermal resources in Australid scoping study investigating the optimal
deployment of existing renewable energy systems at Western Australian mine sites would be
beneficial

Table9 below summarises thknowledge and technology needs relating to this theme and the
research organisatiorthat have current research programs that are endearing to address these
needs.

Blasting optimisation Short Term Industry and CRCMining Rock Fragmentation and Handling
Researchers
Sustainable Resource Processing CRergy
Efficient Liberation and Comminution

JKMRGE Mineral Processing

JKMRG Energy (eco) Efficient Liberation and

Comminuton
Improving crusher Short Term Industry and CRCMining Rock Fragmentation and Handling
efficiency Researchers
Sustainable Resource Processing CRRergy
Efficient Liberation and Comminution
JKMRGE Mineral Processing
JKMRGE Energy (eco) Efficiehiberation and
Comminution
Improving milling Short Term Industry and CRCMining Rock Fragmentation and Handling
efficiency Researchers
Sustainable Resource Processing CRRergy
Efficient Liberation and Comminution
JKMRGE Mineral Processing
JKMRGE Energy (eco) Efficient Liberation and
Comminution
Improvement in Short Term CRCMining Rock Fragmentation and Handling
materials handling
efficiency
Improvement in Medium Term None
ventilation efficiency
Scoping study for Medium to Long Term None

optimal application of
current renewable
energy technologies at
Western Australian
mine sites
Investigation into the Medium to Long Term None
potential to deploy
geothermal power for
significant energy
requirements on mine
sites

Table9 - Knowledge and Technology NeedReducing Energy Intensity

8 Interview
O Interview
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Integration of Environmental Issues in Design and Engineering

Effectively managing the environmental impact of the operations of a mine and associated
processing facilities during opdians, closure and postlosurehas become a paramount issue for
Western Australian minerals operatianEnvironmental considerations need to be built into the
operations design phase and considered in the cost of mine life and post cfosure.

Table 10 below summarises the knowledge and technology needs relating to this theme and the
research organisatiorthat have current research programs that are endeavouring to address these
needs.

Integration of Short Term Researcher Sustainal® Resource Processing GRE&listainable
environmental issues in Development
design and engineering

Sustainable Resource Processing CRpacts

University of Western Australia Schoél o
Environmental Systems

Tablel0- Knowledge and Technology Needitegration of Environmental Issues in Design and Engineering

Mineralogy and Processing

Traditional thinking in operations design and development is that the risrthe most important
aspectand as such ore body data produced during exploration and development drilling has been
used primarily to design the mine and determine mining sequdreged on grade and tonnage
However, as the industrgnoves into the extradion of lower grade and more complex oresjore
comprehensive chemicalxploration and development data must be collected and used to better
design and manage thgrocessingcomponents of the operation§.e. chemical mapping of the ore
body)**%***This $ illustrated conceptually iRigurel2 below.

\’

Process Circuit

Exploration Data Mine Design — Design
Life of Mine
—  Development Data Extraction Sequencing Processing
Optimisation

A

= Traditional Use of Data

=3 New Use of Data

Figurel2 - Integration of Exploration Data with Process Circuit Design and Optimisation

Interview
2 nterview
% Interview
*“Interview
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The processing of increasingly difficult ores alnel teprocessing of tailings will require the ability to
understand nanoparticle characteristics and their behaviour at various stages of the processing
circuit.®® This requires better characterisation of minerals at the exploration and development stage
and the information gathered from this process integrated in both circuit design and optimisation.
This will require the development of predictive models and processing systems with variability.

Table11 below summarises the knowdge and technology needs relating to this theme and the
research organisatiorthat have current research programs endeavouring to address these needs.

Techniques for chemical Short to Medium Term  Researchers and CSIRO Minerals Down UndgCreating Wealth
mapping ofore bodies Industry through Advanced Processing Technologies

during exploration and

development data Parker CRC for Integrated Hydrometallurgy Solut®r
collection Base Meals

Chemical Short to Medium Term  Researchers and CSIRO Minerals Down UndgC€reating Wealth
characterisation Industry through Advanced Processing Technologies
modellingand

monitoring through CSIRO Minerals Down UndgFransforming
processing circuits Productivity through Online Analysis

CSIRO Light MetatsAlumina: Cleaner, More Efficient
Production

Parker CRC for Integrated Hydrometallurgy Solut@r
Base Metals

JKMRE Geometallurgical Mapping and Mine
Modelling

JKMRE JKSimFloat

JKMRGC Mine-to-Mill Optimisation of Aggregate
Production

lan Wark Research Institute
Tablel1 - Knowledge and Technology NeedMineralogy and Processing

Open Pit Slope Stability
Many open pit mines in Western Australia are in locationaracterised by weak ground near the
surface. Furthermore, open pit mines in Western Australia (and globally) will get increasingly deeper.

As pits get deeper, current pit design constraints will resulpliogressively increasingtripping
ratios resultng in larger waste dumpand higher mining cosf§ As such, there is a desire to develop
pits with steeper walls. However, thiscreases the risk of pit wall failura significant OH&S and
financial risk®’

The ability to steepen pit walls, which will stdikely be facilitated by advanced automatiand wall
support technologywill result insafer deep pits that can be used to cost effectively extract deeper
ore atreduced stripping ratioS

% CMIC Secretariat (2008pnovation, Research and Development Needs in Mineral Processing and Extractive
Metallurgy,Canadian Mining Innovation Council

% nterview
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Table12 below summaises the knowledge and technology needs relating to this theme and the
research organisatiorthat have current research programs that are endeavouring to address these
needs.

Automation for Medium Term Industry None

extraction from steep

deep pits

Wall support Medium Term Industry None

technologies for steep

deep pits

Tools for monitoring pit Medium Term Australian Centre for Geomechanics
wall integrity

Tablel2 - Knowledge and Technology Need®pen Pit Slope Stability

Underground Mine Stability

Underground mines in Western Australia will get progressively ded@any underground mine
environments in Western Australia, particularly in the Goldfields reditagoorlie, Leinster and
Kambaldakgre characterised by significant horizontal geomechanical stress. For example, horizontal
geomechanical stresses at several Kalgoorlie mines at depths of approximately 1 kilometre are
equivalent the horizontal stressed several underground mines in South Africa at a depth of 3
kilometres. Obviously, the rock bursts thanoccur as a result ahesegeomechanical stresses are

a significant OH&S risk for underground operatidhs.

If commodity prices, particularly goldemain high there will be a driver to produce more gold,
which in the absence of new neaurface discoveries is likely to come from depth. This will
accelerate the need for a solution to this problefurthermore, this is an issue that has wide
industry aplication, particularly in the base and precious metals (and diamonds) sé®ors.

Table13 below summarises the knowledge and technology needs relating to this theme and the
research organisatiorthat have current research prograhat are endeavouring to address these
needs.

Automation for Short to Medium Term  Industry None

underground extraction

Support for high Shot to Medium Term Industry Australian Centre for Geomechanics
geomechanical stress Curtin University Western Australian School of Mine

underground operations
Geomechanical stress  Short to Medium Term  Research and Industry  Australian Centre for Geomechanics
monitoring technology

Tablel3- Knowledge and Technology Needbnderground Mine Stability

Low Capital Intensive z Low Operating Cost Leaching

There is currently a large number of low grade uranium, gold, nickel and copper projects that are not
economically viable due éhcapital cost of a conventional leaching circuit. If effecsystems for
heapleaching of these deposits could be developed, it is likely that the resulting reduction in capital

Interview
10nterview
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cost would render many of these projsotconomic.’® This is particulayl relevant to the large
number d low grade calcrete uranium deposits in Western Australia (see later section).

A potential solution to the prohibitive capital expenditure associated with tank leaching large low
grade uranium deposits is hedgaching. Whileheapleach operations still require a back end
solvent extraction circuit, it is expected that the capital expenditure for a Heagh based
processing plant wilbe 50 to 30 percent lower than a conventional tank leaching citfit.
Furthermore, a heapeach operation can be retrofitted to the front of an existing circfit.

Technical challenges that common to most heap leaching tasks include:

A Yields are unacceptably low;

A The rate of leaching is too slow;

A Low grades mean that the leach heap is large, ianihe softfryable ores that are
commonplace in Western Australia maintaining the structural integrity of the heap is
a challenge; and

A For many ores, systems need to be developed to maintain porosity during the
leaching proces¥*

Bioleaching of low graddeposits is practiced elsewhere, but not in Australia. The main barrier to
bioleaching in Western Australia is the identification of suitable microorganisms that are saline
tolerant to the extent that they can be used in a solution that is based on therkgpine ground
water that is commonplace in Western Austrafia.

It is generally acknowledged that-itu leaching is not a viable option for most Western Australian
uranium depositsbut may be viable for other minerai®

Table14 below summarises the knowledge and technology needs relating to this theme and the
research organisatiorthat have current research programs that are endeavouring to address these
needs.

101
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Heap Leaching Short to Medium Term Industry and CSIRO Minerals Down UndgCreating Wealth
Researchers through Advanced Processing Technologies

Parker CRC for Integrated Hydrometallurgy
Solutions

Bioleaching Short to Medium Term CSIRO MinetmDown Under, Creating Wealth
through Advanced Processing Technologies

Parker CRC for Integrated Hydrometallurgy
Solutionsg Base Metals

Identification of Short to Medium Term Industry and CSRO MneralsDown Under ¢ Driving

hypersaline tolerant Researchers Sustainability through Systems Innovation

bioleaching

microorganisms

In situ Leaching Short to Medium Term Researchers CSIRO Minerals Down UndgCEreating Wealth
through Advanced Processing Technologies

Low Temperatureg Shat to Medium Term Industry and CSIRO Minerals Down UndgCreating Wealth

Atmospheric Leaching Researchers through Advanced Processing Technologies

Parker CRC for Integrated Hydrometallurgy

Solutions
Improvements to Short Term Industry and CSIRO Minerals Down UndgEreating Wealth
Existing Leaching Reseathers through Advanced Processing Technologies

Equipment
Parker CRC for Integrated Hydrometallurgy
Solutions

Tablel4 - Knowledge and Technology Needkow Capital CostLow Operating Cost Leatrty

Tailings Management

As processing technologies improve, -offt grades become lower. The result is ore that was once
passedoff to tailings dams because of grades below the-@ffitgradebecome economicHowever,
recovery from tailings is frequentlyrgblematic because of the presence of residual reagents and
the higher concentrations of gangue minerals relative to the target spéties.

At large operations such as theugrpit, tailings potentially represent a significant current and
future resource At present, theSuperpit tailings resource is the only significant tailings resource in
Western Australial® However, as mining industriemature significant tailings resources from
major operations emerge and form the basis of a sector of mining in therrgght. For example, a
company operates in Southfrica exclusively to recover gold framilings from the Witwatersrand
gold mine!®

As such, investigations into methods for recovering minerals from tailings may benefit the Western
Australian minerals gustry in the longer term.

Increasingly stringent environmental management will require increasingly more detailed disclosure
of the composition of tailings, particularly with respect to identifying toxic chemicals and controlling
their release into the evironment.
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Table15 below summarises the knowledge and technology needs relating to this theme and the
research organisatiorthat have current research programs that are endeavouring to address these

needs.

Recovery from high Medium to Long Term Researchers Parker CRC for Integrated Hydrometallurgy Solutior
value tailings

Tailings characterisation Medium to Long Term  Researchers None

and chemical mapping

Managng Minor Short to Medium Term  Researchey CSIRO Minerals Down Undgbriving Sustainability
Elements in Tailings through Systems Innovation

Sustainable Resource Processing CR&o Waste
and Minor Elements

Parker CRC for Integrated Hydrometalluggutionsg
Gold

Tablel5 - Knowledge and Technology NeedManaging Tailings

Social Science Issues

Management and Leadership
The minerals industry in Western Australia faces some unigue management challiexgeting

A

A

The effetive management of teams (task specific or general) that are geographically
dispersed across operations within Western Australia, nationally and glpbally

Managing virtual teams across time, space and culture with scarce resources and political
pressures

How to effectively implement leadership is an environment that is characterised by
dispersed teams

Managing organisations and the organisational change that will be required as the industry
engages in higher levels of automatjon

Managing motivation angroductivity when a large portion of the workforce is comprised of
subcontractors

Developing leadership skills in a highly mobile workforce that has a large subcontractor
component in an industry that is rapidly expanding

Managing extensive collaboratisracross organisations that are widely dispersed (including
operational and community joint ventures)

Managing collaborations across cultures (including operational and community joint
ventures) and

Accelerated leadership developmétft™*

Table16 below summarises the knowledge and technology needs relating to this theme and the
research organisatiorthat have current research programs that are endeavouring to address these

needs
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Managing Short to Medium Term  Researchrsand University ofWesternAustraliaBusiness School
geographically Industry

dispersed teams

Providing leadership to  Short to Medium Term  Researchrsand University of Vstern Australia Business School
dispersed teams Industry

Effective leadership and Short to Medium Term  Researchrsand University of Western Australia Business School
motivation in a Industry

subcontractor

workforce

Managing Short to Medium Term  Researclersand University of Western Australia Business School
collaborations across Industry

distance

Managing Short to Medium Term  Researchrsand University of Western Australia Business School
collaborations across Industry

cultures

Accelerated leadership  Short to Medim Term Researchrsand University of Western Australia Business School
development Industry

Table16 - Knowledge and Technology NeedManagement and Leadership

Accelerated Technology Adoption

The social science of innovation adoption hasgl been the subject of academic and industry
interest. This research suggests that the following factors explain 49 to 89 percent of the variance in
the rate of adoption:

A

Relative advantage explainshow much better a solution based on the innovationdghe
current solution and the greater the relative advantage the more likely adoption will occur.
Compatibility- explainshow much the adopter has to change systems, processes and they
way they think about a problem or business in order to adopt th@wation and the more
compatible an innovation, the more likely adoption will occur

Complexity- explains how complex the innovation is to understand and use and obviously
less complex innovations are more readily adopted.

Trialability -explains whéeher the adopter can trial theinnovation before abandoning the
current solution and innovations that can trialled with limited risk are more readily adopted.
Observability-explains how attributable the relative advantage is to the adopted innovation
and the moreobservable to attribution the more readily an innovation will be adopted
Communicatiorchannels- explains how simple it is to reach the adopter and promote the
innovation

Nature of the market recognises that some industries are more receptive to imtion and
technology change than othet&’

The follaving inherent characteristics of the minerals industry create a unigue adoption

environ

A

A

ment:

Much of the value chain involves large long term investment in capital equipment, the Net
t NBaSy il =+ Ich axs®Rdsitive ® unddkeduled downtimas suchoperators and
project financiers are very reluctant to expose those assets to innovation risk;

The sunk cost involved in that capital equipment provides limited scope for substantial
process change over thige of aproject™ and

112

Rogers, E. (2003Riffusion of Innovationg;ree Press, New York
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A Because many projects are characterised layge process throughputs, incremental
improvements to efficiency can have a significant financial impact.

This implies that innovation targeted at a significant portion of the mineradsstry value chain
must present the following characteristics:

A If it is a breakthrough technology it must exhibit significant relative advantage and will be
subject to protracted trialling and piloting processes (op20 years) before it is adopted;
and

A Incremental innovation must be highly compatible with current processes and systems

Research into innovation adoption also suggests that in the market for any innovation there are
different segments characterised by very different adoption behaviourth&ke segments the most
important from an innovation marketing perspective are early adopters who are innovative firms
that will take some innovation risk with the prospect of acquiring competitive advantage the

early majority market who are very caotis with respect to innovation risk® A specific
characteristic of the minerals industry is that large muhtional mining companies are rarely
innovators in innovation, but rather fast followers once a competitor has demonstrated the relative
advantageand compatibility of an innovatiot®**" 8

Technology development and management systems that facilitate accelerated rates of safe

technology adoption in the mining industry would significantly increase the productivity of the

industry°

13 Allen Consulting Group (200®arth Resources National Innovation Strategy (ERNIS): Scoping Study,

Victorian Department of Primary Industries

"pry, R., Batterham, R., Bates, C.and Psice, 0 H nnH UL W5ANBOG AYSAATSE/ IY sKé& K
Focus, July/Auguss;17

"3 Moore, G. (1995)Crossing the Chasif2™ Ed), Capstone, West Sussex
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Iron Ore Sector Future Knowledge and Technology Needs

Current State of Play and Sector Outlook

| dZNNBylGftez ANRY 2NB | O002dzyGa F2NJ ny LISNOSyid 27

petroleum resourcesThe past eight years has seen a period of unprecedegtedth in Westen
 dza G NI £ Al Qa (gloMR gf apprdkiBnately20 fie2cttdt per annum), fuelled primarily by

demand from ChinaFigure130 St 2 ¢ Af f dZaG NI G6Sa GKS RS$IBUBINT GA2Y A

of iron ore exports in 20020.1%°

Western Australian Iron Ore Exports
(Percentage of Value)

Taiwan Other
29905 —0.40%

Figurel3- Western Australian Iron Ore Exports (2009)

2 S3aGSNY !'dzaGNY t Al Qa f I NibS aré maket ¥ I1B&il AwhighNexpargd G K S
approximately 50 percent of the tonnadgkat was exported to China by Australia, followed closely

by India?*

The footprint of the Western Australian iron ore industry has increased dramatically during this
period of expansioniron ore tenements have grown from 22,000 ktm 132,000 kriinthe{ G I G4 S Q&

principal iron ore province, the Pilbara Regién.

120 5overnment of Western Australia DepartmaftMines and Petroleum (2010)yestern Australian Mineral

and Petroleum Statistics Digest 2609
21 Government of Western Australia Department of Mines and Petroleum (201€3tern Australian Mineral
and Petroleum Statistics Digest 2609
122 Government ofWestern Australia Department of Mines and Petroleum (200¥stern Australian Mineral
and Petroleum Statistics Digest 2609
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Rio Tinto (andits various joint venture partngj, and BHP Billiton dominatgroduction, accounting

F2NJ FLILINPEAYI GSt& y1 LISNOSyid 2F GKS {0 thi¥Qa ANR)
largest producer, with smaller producers including Cliffs Natural Resources, Mount Gibson Mining,
Sinosteel Midwest Corporation, Crosslafisources and Atlas [7eist

Historically, all iron ore mined in Western Australia has beandiiée ore (directshipping ore from
supergene enrichmentnineralisatior), whichruns at grades of between approximately 45 and 62
percent iron anddoes not require costly concentration to make it saleatiethe broader steel
market Some Chinese steel milleave long usé lower grade ores such amagnetite with well
established front end processing at the mills to handle low gradeam: have been behind an
unprecedented push to develop a number of magnetite projects in Western Austfalia.

Figurel40 St 2¢ Affdzad N> GS&a GKS ylFdda2NBE 2F YAYSNYfAal
The total supergee enrichment resource of 41.5llin tonnes has a mine life ajpproximately 120

years at current production rates of approately 350 million tonnes per annurii.the current cut

off grade is reduced by Sepcent, the mine life treble$ To put the size of this resource in context,

ore is being used on roads in the Pilbara that if produced domestically would be adequatdagrade

direct feed into someChinesesteel mills'*®

Furthermore, the average culff grade is continuously decreasing. For example, ore that runs at
58.5 percent iron was historically stockpiled, but is now miaed shipped It is expected that
grades of less than 55 percent iron will be mined and shipped by the end of this de€aBmally,

the extent of surface iron ore deposits in Western Australia implies that underground mining of iron
ore in Western Australia, such as that which is undertaken at Kiruhorth Sweden, is unlikely to
occur in the mediunto longterm.*?

128 Government of Western Australia Department of Mines and Petroleum (20€3tern Australian Mineral

and Petroleum Statistid3igest 200910

122 Government of Western Australia Department of Mines and Petroleum (20€3tern Australian Mineral
and Petroleum Statistics Digest 2609
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Western Australia's Iron Ore
ResourcesPrimary Mineralisation
Style
i Ore (Bt) & Contained Iron (Bt)

415

23.835
16.1

5.054
| i

Supergene Enrichment Resourci Magnetite Resources

Figurel4 - Western Australian Iron Ore Resources ByimaryMineralisation Style

The supergene enrichment resources are primarily owned by Rio Tinto (andintsv@mture
partners) and BHP Billiton. The largest supergene resources are hosted in Brduksteah iron
formations which host current resources df.7 billion tonnes at an average grade of 61 percent
iron. The major Brockman hosted projects accountajpproximately 14.3 billion tonnesf resource

at a grade range of 58.9 to 61.5 percent irdhese projectare summariseéh Figurel5 below?°

Brockmanhosted Iron Resources

i Ore (Mt) W Contained Iron (Mt)
6173
3794
3038

898 1283

Hamersley Newman Jimblebar Marillana Mining Area Hope Downs
Iron(Rio  (BHPB JV) (BHPB JV) Creek (BHPBC (BHPB JHancock/Rio
Tinto) JV) Tinto JV)

Figurel5 ¢ Major Brockmanhosted Iron Resurces

The ®cond largessupergene resources are pisaliiron ore or Clvhich host current resources of
12.2 billion tonnes at an average grade of 55 percent iron. The major pisolitic iron ore or CID hosted

129 Government of Western Australia DepartmeritMines and Petroleum (2010pvestment Opportunities:

Iron Ore
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projectsaccount forapproximately 9.2 billio tonnes of ore at a grade range of 43.9 to 58.1 percent
iron. Thee projectsare summarised ifFigure16 below*

Pisolitic Iron Ore or CID Resourct

i Ore (Mt) & Contained Iron (Mt)
2224

1962

1844

1750

Solomon (FMG)Robe River (Ridlarillana CreekHamersley Iron  Marillana
Tinto JV) (BHPB JV) (Rio Tinto) (Brockman
Resources)

Figurel6 ¢ Major Pisolitic Iron Ore or CID Resources

The third largest @ergene styled resource is that characterised by Marra Maiwdsted iron
mineralisationwhich hosts 11.3 billion tonnes at 60% iron. Major Marra Mamba hosteddren
projectsaccount for approximately 10 billion tonne$ ore at a grade range d7.2 t062.3 percent
iron. These projects are summarisgdrFigurel7 below*

Marra Mambahosted Iron Resources

i Ore (Mt) W Contained Iron (Mt)

3324 3113

1900 1938
1207 1049

743 683
i | | 625 419 %5400

East Pilbara Hammersley Mining Area Newman Hope Downs Robe River
(FMG) Iron (Rio C (BHPB JVjMining Area (Hancock (Rio Tinto JV)
Tinto) C (BHPB JV) Rio Tinto)

Figurel7 - Major Marra Mamba Iron Ore Resources

% Government of Western Australia Department of Mines and Petroleum (20@stment Opportunities:

Iron Ore

31 Government of Western Australia Department of Mines and Petroleum (20h@stment Opportunities:
Iron Ore
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Smaller supergene resources are hosted in BIF in granite greenatuhelastiehosted iron in
sedimentary basin style mineralisation.

Magnetite ores are of lower grade and as such require adnigapital and energy cost to proceSs.
Most of the magnetite mineralisation is found in primary BIF style mineralisation, vloists 14.7
billion tonnesof ore at a grade range of 23.3 to 36.5 percent iron, for a total contained iron of 4.6
billion tonnes Figure 18 below summarises projects with primary BIF style magnetite resources.

Primary BIF Magnetite Iron Ore Resourct
& Ore (Mt) i Contained Iron (Mt)
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Figure 18- Iron Ore Projects with Primary BIF Style Magnetite Resources

A small amount of contained iron resource (341 million tonnes) is hosted in 1,387 million tonnes of
FeV-Ti in mafieultramafic intrusive style magnetite mindisation across three projecté®

As the historical high quality ore Western Australian mines are being depleted, alternative lower
grade resources are being accessed, developed and mined. These alterative resources are typically
characterised by higher inmpity levels. In contrast, enormous resources of high grade iron ore in
South America, West Africa and India are currently being evaluated by major mining companies.
particular, Vale hasesourcesin Brazilthat are of similar size and quality to thelliRira resources.

While large high quality resources also reside in West Africa, supply risk is likely to remain in that
jurisdiction for some timé* In times of high demand, this is not such an issue for the Western
ldza G N £ Al Qa JZadNRoyimty?tdlBarkatygRadaatéeNa® supply and infrastructure will

132
133

Interview

Government of Western Australia Department of Mines and Petroleum (20@stment Opportunities:
Iron Ore
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underwrite continued demanébr Western Australian iron oréHowever, as the demand for iron ore
decreases tw@otential eventscouldthreaten the Western Australian iron ore industry:

A Steel millsthat have been sourcing the high graWéestern Australian iron ore maseek a
higher quality product from other regions; and/or

A The smaller Chinese mills that are designegracess lower grade iron ore may either close
or seek ore supplies from elsewher&

The need for public sector research in the iron ore sector is far more acute for the small and medium
size companies than for the large multinationals. Because BHP Billiton and Rio Tinto have significant
weighting of their production portfolio in ironre, they allocate a reasonable portion of the large
returns they earn from these assets to innovation targeted mprioving their competitiveness.
Furthermore, the high grade resources being exploited by BHP Billiton and Rio Tinto have less direct
need fortechnology to improve the profitability of those operatiorihe smaller single commodity
operatorstend to be developing lower grade deposits where there is a greater impetus to develop
technology to reduce operating and capital cos@ypically, these merators do not have the
resources to undertake the R&D necessary to develop this technbibgy

.S0ldzaS 2F GKS aSOG2NRa t2y3 YAyS tAFS IyR (KS
short-to-medium term research needs primarily revolve arowpkrational issues. Technologies to
upgrade ores cost effectively and discover new deposits are less of a priority.

Large Volume Handling Systems

Because irofore is a high volume business, key operational issues revolve around efficiently
handling high wlumes (size and weight) of product as it progrest#@®ugh the value chain,
particularly at operational bottlenecksThis includes blasting optimisation, crusher optimisation,
dewatering optimisation (see below) and ore transportation optimisatign.

Furthermore, because of the high throughput, unscheduled downtime is extremely costly and as
such, new systems need to be very reliable and predictddsearch in this area needs to revolve
around accessing retime data, processing that data and modellivased on that datd®®

New Methods for Agglomerating Iron Ores
The biggest economic benefits in iron ore processing are gained from optimisation of blending ores
from within a mine and in the case of multiple mine operations across niffies.

lronoresfromA8 G N} f Al Qa yS6SNJ RSLI2aAirida INB 2F0Sy FTAyS
for ultra-fines, goethite and magnetite. The gangue minerals and loss of ignition contents in
Australian ores are also increasing. Thispacts adversely on the agglomeratiqgprocess and
potentially limits the use of future Australian ores in steel mills worldwide.

As such, new models and methods for agglomerating ores would see optimal value derived from
2 SAGSNY ' dzZAGNI T AFQAa ANRY 2NB NBaz2dzaNOSaod
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Dewatering and Water Usage

Water is an issue for all Western Australian iron ore operatihslowever, nany of the new
magnetite resources are located in river valleys]l below the water table. Given the size of these
ore bodies, extensive dewatering is required. Current technotod@e manage this include +e
injection, evaporative ponds and rwoff via natural streams. Water is also used extensively in the
separation of low grade material, via a wet gravity separation process. Unfortunately, hypersaline
water is problematic in thiprocess because high chloride levels in the ore cause problems with steel
mills!*' The solutions to dewatering optimisation will most likely be found in advanced
hydromodelling'**

Upgrading of High Impurity Iron Ores

Reserves of premium grade iron ore in tRdbara are slowly being depleted. However, these
resources are adjacent to enopus deposits of iron ore thatontain high levels of phosphorous,
silica and aluminahich are problematic to most steel milldgwever,some Chinese mills have built
in pre-treatment for high phosphorous or¥é®,

Western Australian iron ores are classified as high phosphorous (>0.13% phosphorous), medium
phosphorous (0.08% phosphorous to 0.13% phosphorous) and low phosphorous (<0.08%
phosphorous). There are currently 8 billidannes of high phosphorous resources in Western
Australia to which significant value can potentially be added if an economic means of upgrading this
resource to medium or low phosphorous can be establisH&4® Generally speaking, Western
Australian iron ces also have relatively high levels of alumina. The processing of high alumina
content iron ore through a blast furnace requires higher energy and slag to remt¥e fit.

Currentimpurity removalpractices revolve around dry processing and gravity separatigtihods of
beneficiation.A step change in processes tltcreasehe capital and energy costs associated with
upgrading ores would significantly extend the competitive life of the Western Australian iron ore
sector*"4®

Exploration Technique for New Iron  Ore Discoveries

As existing supergene enriched deposits and known magnetite depms depleted, the search
must move toward new breeds of iron ore deposits if the industry is to have further longevity. The
potential to apply petroleum exploration techmies {e. seeking basins) may open up new

deposits**

10 nterview

L nterview
12| nterview
3| nterview
4 Interview
5 Interview
1% nterview
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18| nterview
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This is less of an issue for the large multinational mining companié@sieaso the State as the
multinational mining companiehave access to significarttigher graderesources in other

countries™ This is also a longer term challenge.

Table17 below summarises the knowledge and technology needs relating to this theme and the

research organisations have current research programs that are endeavouring tesadithese

needs.

Large volume handling
modelling and
management systems
New methods for
Agglomerating ores

Water usage in dust
suppression
Hydromodellingfor
dewatering
optimisation

Systems for upgrading
high impurity ores
Exploration techniques
for new depacsits

Short to Medium Term

Medium Term

Short to Medium Term

Short to Medium Term

Long term

Long term

Industry

Industy and
Researchers

Industry

Industry

Industry

Researchers

BHP Billiton Internal Research
CSIRO Minerals Down UndgBecuring the Future of
1 dZAGNY T AFQa /FNb2y {GSS

BHP Billiton Internal Research
BHP Billiton Internal Research

None
CSIRO Minerals Down UndgBecuring the Future of

1 dzA 0N £t Al Q& /I Nb2y {GSS
None

Tablel7 - Knowledge and Technology Need&on Ore Sector

0 nterview
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Gold Sector Future Knowledge and Technology Needs

Current State of Play and Sector Outlook

In 200809 Western Australian gold productidell to its lowest level in 20 years, primarily as a result

of lower production from large established mines and the closure of several old ripegver, in
2009mny GKS {dlFdSQa 3I2fR LINRPRAzOGA2Y AYONBloASR o0&
32fR 6AGK | @I ftdzS 2F bPcdc o0AfftA2yT NBLINBaSyiGAy3

Of the 36 operational gold mines in Western Australia with resources of more than 1.0 million
ounces (seeTable 18 below), the ten largest gold mines in Western Australia accounted for

F LILWNREAYIF GSt& tn LISNDOSY iin 2008104280810 pradudiich fiém ti@2 f R LIN
{dFrGSQa GSy I NBSa Fig@eadb&owY Ay Sa Aad AffdzZAGNI GSR Ay

Gold Production (t) from 10 Largest Western Australian Gold Mines
200910

25

20

15

| WMULL

Golden Mile, Telfer, Stlves, GoldSunrise Dam, Jundee Boddington, Kanowna Higginsville, Agnew, Gold Kundana Paddington,

KCGM Newcrest Fields Anglogold  Nimary, Newmont Belle, Placer Avoca Fields  East, BarrickBarrick Gold
Mining Ashanti Newmont Mining Dome Resources Gold
Mining

Figurel9- Gold Production from the 10 Largest Western Australian Gold Mines 2009

As illustrated irFigure20 below, the vast majority of the Sta@ea KA a G 2 NR Ol (btal@2 f R LINE |
201 million ounces to@8) was from depositi the Eastern Goldfields region, with the Murchison
Southern Cross region also accounting for signifibatoricalproduction.

*L Government of Western Australia Department of Mines and Petroleum (20€3tern Australian Mineral

and Petroleum Statisticsideest 200910
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Cummulative Gold Production to 2008 (Total
production 201 Moz)

South West Yilgarn
3%

Pilbara Kimberley
Peak Hill Gascoyne
9%

Figure20 - Cunulative Gold Production to 2008 bBroad Region
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Boddington 1310.2 0.62 26.1

Telfer 631.9 0.94 19.1
Golden Mile 171.7 2.06 11.4
Kambaldag St Ives 87.1 2.62 7.3
Plutonic 40.9 4.89 6.4
Kanowna Belle 49.9 3.40 5.5
Tropicana 75.2 2.07 5.0
Gwaliag Leonora 24.6 6.24 4.9
Hill 50¢ Mt Magnet 48.7 3.10 4.9
Paddington 62.0 2.12 4.2
Moolart Well 116.5 0.99 3.7
CentralNorseman 20.8 5.46 3.7
Sunrise Dam 36.7 3.08 3.6
Granny Smith 18.7 5.10 3.1
Lindsays Find 32.9 2.88 3.0
Big Bell 324 2.35 2.4
Marvel Loch 20.1 3.71 2.4
Agnew¢ Emu 12.7 5.41 2.2
Davyhurst 27.1 2.53 2.2
Tarmoola 58.0 1.14 2.1
Bluebird 41.0 1.58 2.1
South Kalgoorlie Mines 34.0 1.71 1.9
Lawlers 10.5 5.52 1.9
Lavertong Barnicoat 34.5 1.44 1.6
Edna May 42.1 1.11 15
Jundeeg Nimary 6.3 7.41 1.5
Mungari East 6.9 6.55 14
Norseman 26.2 1.71 1.4
Higginsville 11.4 3.59 1.3
Coolgardie 18.1 2.21 13
Wiluna 6.6 6.00 1.3
Darlot 8.3 4.35 1.2
Lancefield 9.6 3.48 11
Fortnum 13.2 2.46 1.0
Kalgoorlie West 20.7 1.56 1.0
Carouse Dam 18.1 1.77 1.0
TOTAL 144.9

Table18- Major Western Australian Gold Projects

With the excepibn of Telfer andlropicana, which are hosted in Proterozoic sequenedsof the
projects listed inTablel8 are hosted in Archean rocks

| dZNNByGtesx LyRAF 002dzyia T2N 8 @Sipfidarit poftiondF 2 S &
Western Australian gold is also sold through the international gold market in Lowdanh is

reflected in the large quantity ajold exports to the United Kingdonkigure21 below demastrates

the breakdown of the $13.66 billion of gold exports from Western Australian in-2009
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Western Australian Gold Exports (2009)

Other Singapore

2% /-3% South Korea
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Figure21 - Western Australian Gold Export2009-10
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World gold production in 2009 was570 tonnes2 Sa i SNY ! dz& ( Nbefrcant @ &is a K N
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At current gold production rates of 5.3 million ounces, the top gold projects listédlitel8 above

have acollectivemine lifeof approximately 27 yearsiowever, this is somewhat misleadingTable

18 excludes a number of mines that have resources of less than 1.0 million ounces, a number of
expansion projects and new mintgat are setto come on stream in the near future and gold miners
rarely delineate londerm resources.

az2zald 2F 1 dzZA0ONI Al Q& 3 dnkpRHp (GIR) prod®. R beCCHPRoroc@dslinvolvds S O
leaching the gold from its ore using an alkaline cyanide saiufibe gold is then recovered from the

solution by adsorption into activated carbon, which is then separated from the leached pulp by
screening. The gold cyanide is then desorbed from the loaded carbon and metallic gold is recovered

from the resulting highgrade solution by electrowinning. In the case of complex ores, a pre
treatment process upstream from the CIP process is typically reqtifed.

It is probable that the gold sector will be a major beneficiary of innovation that produces effective
means of exforing under cover as a number of highly prospective gold regions in Western Australia
such as the Eastern Goldfields and Yilgarn margins are characterised by relatively shallow cover. The
gold sector is also likely to benefit from R&D that provides smigtito geomechanical pressures at
depth as this is a specific challenge to deep underground mines in the Goldfields region.

However, the shorto-medium term knowledge and technology needs of the Western Australian
gold sector primarily revolve around imgyving the cyanide leaching process such that it is able to

152 www.parkercentre.com.au/research/golcharketresearch
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effectively process increasiltygower grade and more complex ores and finding and implementing
alternativesto cyanide as a gold lixiviant in face of potential regulatory bans on the use of eyanid

Improvements to the Cyanide Leaching Process

A problem with cyanide leaching of many Western Australian gold ores is that the removal of high
levels of contaminanti the process water buffer the pH at a lower rangertlsideal, at the low

end of the pH range for optimal effectiveness of cyanide leaching of Golhother major issue is

the presence of minor amounts of base metals such as copper, which consume cyanide and
complicate the purification and gold recovery steps Western Australian golores continue to
decrease in grade and become more complex a solution to this issue is necessary for those ores to
be economic.

Alternative Leaching Agents for Cyanide
Cyanide is generally regarded as the best goldditt. However, cyanide has threeykgesues:

A Refractory gold ores are very difficult to leach with cyanide

A The cyanidation process can release significant amounts of heavy metal ions such as
mercury, lead and copper and the breakdown of the cyanide anion also generates various
inorganic ad organic species causing environmental concerns; and

A The transportation and handling of cyanide is hazardous.

Cyanide use in gold processing is currently banned in Turkey, Germany, Czech Republic, Costa Rica,
Argentina, Greece andtcuador Sveral stats in the United States and Australia are also
considering ban&*

Over the past 20 years approximately 92 percent of total world gold produbtis involved cyanide
leachind™. An effective alternative to cyanide in gold leaching has global applicationisamd
pressing issue for the global gold industi.

The processing of Western Australian refractgojd ores currently involves roasting as a means of
liberating the gold As energy prices rise and carbon taxes are implemented, such pyrometallurgy
proceses will become increasingly unviable. Hydrometallurgy processes for refractory gold ores are
problematic®’

Table19 below summarises the knowledge and technology needs relating to this theme and the
research organisations have reent research programs that are endeavouring to address these
needs.

153
154

Interview

CMIC Secretariat (2008pnovation, Research and Development Needs in Mineral Processing and Extractive
Metallurgy, Canadian Mining Innovation Council

15 CMIC Secretarig2008),Innovation, Research and Development Needs in Mineral Processing and Extractive
Metallurgy, Canadian Mining Innovation Council
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Improvements to the Short to Medium term Industry and CSI® Minerals Down Undey Creating Wealth

cyanide leaching Researchers through Advanced Processing Technologies
process in complex

solutions Parker CRC for Integrated Hydrometallurgy Solutior
Alternative leaching Short to Medium Term  Industry and CSIRO Minerals Down UndgCreatingWealth

agents to cyanide Researchers through Advanced Processing Technologies

Parker CRC for Integrated Hydrometallurgy Solutior

Viable hydrometallurgy  Short to Medium Term  Industry and None
processes for refractory Researchers
gold ores

Table19- Knowledg and Technology NeedsGold Sector

Nickel Sector Future Knowledge and Technology Needs

Current State of Play and Sector Outlook

Western Australia is the only producer of nickel in Australia and in-200ie Western Australian
yAO1 St &S OialleNEv,033 ttminkddeli nickER Table 20 below summarisesurrent
Western Australian nickel projects.

BHP Billiton, Nickel West Incorporating Mt Keith, Leinster and Kambatdekel
mines, Kalgoorlie Smelter and Kwinana Refinery. Larges
YAO1 St 2LISNIGA2Y Ay | dz&AGN
producer of nickel concentrate

Minara Resource, Murrin Murrin Laterite operation located between Leonora and Lavertor

Mincor Resarces, Carnilya Hill Incorporates Carnilya Hill, McMahon, Otter Juan, Marinel
and Miitel nickel mines

Western Areas, Forrestania Nickel Incorporate Flying Fox and Spotted Quoll nickel mines

Panoramic Resources, Lanfanchi Incorporates four separate ogodies¢ Lanfranchi, Helmut

South, Winner, Deacon, Lanfranchi Tramways and the
Savannah nickel mine

Xstrata, Cosmos Incorporates Alec Mairs, Cosmos South (Prospero) Tapir
and their Sinclair nickel mine

Independence Group, Long Mine

Kagara, Loungeizard .SAy3 RS@OSt2LISR a LI NI 2
underground operation

Table20- Western Australian Nickel Projects

In addition to the projects listed iable20, the followng new projects are scheduled to come on
stream in the near future:

A Fox Resources intends to return to production at its Radio Hill project; and
A First Quantum Minerals is scheduled to commence production from Ravensthorpe (acquired
from BHP Billiton) in ely 2011

Additionally, there are a number of projects that have been mothballed due to economic and
technical challenges, nartyeBulong, Cawse and Black Swan.

%8 Government of Western Australia Department of Mines and Petroleum (280&3tern Australian Neral

and Petroleum Production Statistics Digest 2009
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The dynamics of the global nickel market are expected to change considerably over the consng year
as production from new projects in Caledonia, Indonesia and Madagascar come on stream together
with increased nickel pig iron production out of China.

I LILWNREAYLFGSt@ 1tn LSNOSyid 2F GKS 62NI RQa yAO0] St
new sulphide deposits are becoming increasingly ratd.ateritic deposits have the advantage that

they are typically near surface in relatively soft ground making mining cheap and simple. However,
the processing of lateritic nickel is technically complex amique to each particular ore.
Furthermore, the primey technology used to recovarickel and cobalt from lateritic ore bodies,

High Pressure Acid Leaching (HP&La relatively new technologyith respect to Australian ores

that has significant room famprovement in terms of systems integrity, economics and recotf@ry.

Indeed, Western Australia has had mixed success with nickel laterite processing opefations.

Technology that improves the processimigateritic nickel will be exportable to other latéeinickel
provinces around the worlf? The future knowledge and technology needs of the Western
Australian nickel industry revolve around improving the HPAL process and generating viable, lower
cost alternatives to HPAL for lateritic nickel processing.

Reducing Acid Related Costs and Process Inefficiencies in HPAL
The HPAL process for recovery of nickel from laterite ores tends to require large amounts of acid for
effective leaching which results in high operating co&ts*

Furthermore, the high acid conetation results in large amounts of unwanted minerals also being
leached into the solution. Current understanding of the aqueous solution chemistry in any HPAL
circuit at a Western Australian lateritic nickel operation is poor. There is limited knowlefdie
chemical species constituents of those solutions and how various species may impact on recovery
and solvent losses in the downstream solvent extraction circuit. Models that allow operators to
predict the constituents of the aqueous solution and wh&thappening in concentrated metals
solution would provide the opportunity for process optimisatitSr®®

Materials Science and HPAL Systems Integrity

Much of the capital cost associated with HPAL systems resides in the robust engineering required to
contain the corrosive slurry at high pressurekeakages in HPAL circuits are a common occurrence
that have to be managed. A solution to the high capital costs and leakage problems potentially lies in
materials sciences where the application of exotic maternay reduce cost and provide improved
containment of the proces¥’

9 nterview
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HPAL circuits are also capital intensive, partly because they currently have a significantimastem
component. Knowledge that leads to a more modular standardised design would potentiall
decrease the capital intensity of HPAL circtfits.

Table21 below summarises the knowledge and technology needs relating to this theme and the
research organisations have current research programs that are endeagoto address these
needs. See alsoTable 14 in the section that discusses capital and cost effective alternatives to
leaching.

Reducing acidelated Short to Medium Term  Industry and CSIRO Minerals Down UndgCreating Wealth
costs and process Researchers through Advanced Processing Technologies
inefficiencies in HPAL
Parker CRC for Integrated Hydrometallurgy
Solutionsg Alumina

Materials Séence and Short to Medium Term  Industry None

HPAL Systems Integrity

Low Pressure Low Medium to Long Term Industry and CSIRO Minerals Down UndgCreating Wealth
Temperature Leaching Researchers through Advanced Processing Technologies

Parker CRC fontegrated Hydrometallurgy
Solutionsg Alumina

Standardisation of HPAL Short to Medium Term  Industry None

circuit design

Table21 - Knowledge and Technology Needslickel Sector

188 |nterview
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Bauxite -Alumina Sector Future Knowledge and Techn ology Needs

Current State of Play and Sector Outlook
ldZAGNF £ Al A& GKS 62NI RQa f I NHSAIr roldNBiRadaO2D08) 2F 0O
MnX 2Sa0SNYy ! dzaGNI t Al | OO03anmninSdodiEt®MI c o LISNOSy i 2

The production ofilumina in Western Australia is focused on the south west of the State, where the
{01 GSQa (62 ol dZEAGS LINPRIzOSNAZ !t 021 |yR 22NAfS
Darling Scarp.

Alcoa has been mining bauxite in the Darling Scarp since. 1@6wo current mines are Huntly and
2Aff26RIf SO l dzyGfe A& GKS fIFNBS&ad ol dzEAGS YAy
Kwinana ad Pinjarra refinery operations, whitA ft £ 2 g Rl £ S LINRPJARSAE FTSSRal2(
refinery. Collectivelythe three Alcoa refineries have a production capacity of approximately 10

million tonnes of alumina per annum.

Worsley has been mining bauxite in the Darling Scarp since the early 1980s at its mine near
Boddington. Production from this mine is transporteég a 51 kilometre conveyor belt to the
O2YLI yeQa 22NRfSe@ NBTAYSNE® ¢KS | fdzYAyl 2 dzi Lz
kilometres by rail and exported through the port of Bunbury.

Alcoa has approvals for a $1.5 billion expansion of the \WggRefinery to increase alumina output
capacity from 2.6 million tonnes per annum4d/ million tonnes per annum. Howevengt company

has currently suspended these plans. The Worsley operations are currently undergoing an expansion
and efficiency upgrasldesigned to increase production capacity of the refinery from 3.5 million
tonnes per annum to 4.6 million tonnes per annum.

Several other much smaller compan@sch as Bauxite Resourchaye bauxiténterests in Western
Australia.

As illustrated inFigure22, the main export destinations for Western Australian bauxite are China,
South Africa, Bahrain and UAE.

1% Government of Western Australia Department of Mines and Petroleum (20&3tern Australian Mineral

and Petroleum Statistics Digest 2609
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Western Austalian Alumina Export200910
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Figure22 - Western Australian Alumina Exports

At current production levels\Western Australian reserves of bauxite ore represent a mine life of
approximately 50 yearsAdditionally, there are extensive undeveloped bauxite deposits in the
Mitchell Plateau and Cape Bougainville regions in the northwest of the State.

Similar to the{ G 61 SQa ANRBY 2NB AYyRdzaGNEZIZ LINE Razind 2y FNEP
industry is dominated by two muttiational mining companies, Alcoa and BHP Billiton. Both of these
companies have significant internal R&D capability focused on the alumimdustry, much of

which is conducted in Western Australia in conjunction with Western Australian based research
institutions.

The knowledge and technology needs of the Western Australian baaixiteina industry primarily
revolve around improving the efiency and environmental impacbf the Bayer processvhich
converts bauxite to alumina.

¢KS . F&8SNJ LINPOS&a F2NJ SEGNIOQGAY3 fdzYAyl FNRBY o6l
alumina and is approximately 150 years 8ft.The Bayer processniolves the dissolution of the

aluminium oxyhydroxide minerals in bauxite ore using hot concentrated caustic solutions. The
aluminiumladen liquor is separated from the waste solids, which are primarily iron oxides and
silicates, before the aluminium igeovered as aluminium hydroxide by seeding and cooling the

liquor. The aluminium hydroxide is then calcinated to alumina by heating.

0 nterview

171WWW.parkercentre.com/research/alumimmarket—reseacr(accessed 15 January 2011)
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Increased Energy Efficiency from the Bayer Process

L LILINREAYLFGSt & dn LISNOSyid 27T (K Sto pjodudd autmtium: f dzY Ay
metal. Approximately 2 tonnes of alumina is required to produce one tonne of aluminium, rendering
alumina the largest component of the cash cost of producing aluminféim.

Furthermore, the Bayer process that is used to produce alumiom fbauxite is a very large

consumer of energy, with the aluminium industry being the single largest consumer of electricity in
Australia.*”® With the price of energy expected to increase in Australia within the next three years,

this is of major concern t@aluminium producers. Solar, marine and wind renewable sources of

power do not provide adequate efficiencies of scale or Hasd power for the needs of the

aluminium industry. Furthermore, while the process does expend waste heat, it is a low grade waste
KSId GKFEG R2Say Qi 2FFSNI YdOK 2LIR NI dzyAdGe F2NI Sy &

The high energy intensity of the aluminium industry also presents challenges in a carbon constrained
environment. Using red mud as a carbon sink (see below) presents limited opportunityucered
emissions and the low G2y i Sy i 2 F {p&sés (dppidxidledy 36 (percerit) dmovide
limited opportunity to reduce emissions.

As such means of improving the energy efficiency of the Bayer Process are paramount. In the short
to-medium term soltions will most likely be found in process improvements. However, a study into
the economic viability of renewable sources, particularly geothermal would be a step toward
improving energy efficiencyn the aluminium industry.”

Improved Processing of Ore with High Levels of Organic Impurities

The bauxite from which alumina is refined frequently contains organic carbon in the form of plant
material or decayed plant and animal remnants. Organic contaminants reduce the efficiency of the
Bayer process by:

A Reduing the productivity of the caustic soda solution used to dissolve alutraaing
minerals thus reducing yield from the Bayer Process.

A Affecting product quality

Disrupting plant operation

A Causing volatile organic carbon emissiom@uding noxious odogrthat are a regulatory and
community relations challengé

C >

Western Australian bauxite ore has relatively high levels of organic impurities, which is not the case
for significant bauxite resources in other parts of the world such as BfaZil.

2 Government of Wetgrn Australia Department of Mines and Petroleum (2010gstern Australian Mineral

and Petroleum Production Statistics Digest 2009

18 CSIRO (2009).ight Metals National Research Flagship Overview
" Interview

8 Interview

8 CSIRO (2009).ight MetalsNational Research Flagship Overview
7 Interview

8 Interview
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Reduction in Red Mud Footprint

The majority of the footprint of an alumina refinery is the residue store (red mud). A number of
options exist for utilisation of the residues, including:

A Using the residue as a carbon sink through a process known as residue canoabtet
this process only captures approximately 5 percent of théE@luced by a refinery

A Using the sand componendf the red mudas cleadill in applications such as road
construction;and

A Using the fine portion of the red mud as a soil wetting, gblvate retaining and acidity
decreasing soil additive for agriculture. This was the subject of a significant research project
at the Western Australian Department of Agricultdré.

The development of economic means through which these opportunities coukkp®ited have
GKS LRGSYGAlLIt G2 arA3ayAaAFaOlryidte NBRdzZOS GKS &asSodz2Nn

Table22 below summarises the knowledge and technology needs relating to this theme and the
research organisations have currer@search programs that are endeavouring to address these
needs.

Increased efficiency Short to medium term  Industry and CSIRO Light MetatsAlumina: Glaner, More
from the Bayer process Researchers Efficient Production

Parker CRC for Integrated Hydrometallurgy
Solutionsg Alumina

Alcoa World Refineries Technology Group
Scoping study into the ~ Long term Industry None
future application of
renewable energy

sources
Improved processing of Short to Medium Term  Industry and Parker CRC for Integrated Hydrometallurgy
ore with high levels of Researchers Solutions- Alumina
organic impurities
Improved efficiency of Medium Term Industry and Alcoa World Refinégs Technology Group
red mud as a carbon Researchers
sink
Reduction of red mud Medium Term Industry and Parker CRC for Integrated Hydrometallurgy
footprint ¢ products Researchers Solutionsg Alumina
Sustainable Resource Processing €RC
Bauxite Residue
Alcoa World Refineries Technology Gyo
Table22 - Knowledge and Technology Needélumina-Bauxite Sector
1 |nterview
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Copper-Lead-Zinc Sector Future Knowledge and Technology Needs

Current State of Play and Sector Outlook

Copper
The total volume of copper sold out of Western #aba in 200910 was 148,553 tonnes at a total
value of $1.137 billionTable23 below summarises Western Australian copper operatifs.

Nifty Located 350 kilometres east of Port Headland produb®§29 tonnes of copper concentrate
f'rom a large sulphide resource. The concentrate product is trucked to Port Hedland for shipj
02 | AYRIFfO2 [/ 2LIINDa 51 KS2 avysSstuAy3da | yR |

Telfer Located 310 kilometres north east of Newmamghicing 34,814 tonnes of copper concentrate

Golden Grove Located 55 kilometres south of Yalgoo in the Mid West, producing 30,850 tonnes of copper
concentrate. Feasibility study currently underway for an open pit which has the potential to
almost double otput

Boddington Producing 15,422 tonnes of copper concentrate

Jaguar Producing 9,028 tonnes of copper concentrate

Table23 ¢ Major Western Australian Copper Projects

Copper is also produced as a-flipduct from eight Western Ausdlian nickel operations, with a
total of 8,284 tonnes of copper concentrate being produced from these mines.

Recently, a significant copper resource, DeGrussa, was discovered by Sandfire Resources NL,
approximately 100 kilometres north of Meekatharra.lAsi { SLJGSYOSNJ vnmnI GKS L
and inferred resource was 10.67 million tonnes at 5.6 percent copper, representing one of the
highest grade copper mines in the world.

Zinc

Golden Grove is the largest zinc producer in Western Australia, accguoti®0,195 tonnes of zinc
concentrate in 200 n® %Ay O Aa Ffaz2 LINPRdJdzOSR o0& Wl 0ANYz e
produced 24,185 tonnes in 204D 1

Lead

Lead production in Western Australia for 2609 was 25,918 tonnes. There are two lead operaio

in Western Australia, Golden Grove which produced 7,415 tonnes in2009 I Y R L @SNY Al Qa
lead operation, which was placed on care and maintenance in April 2007 following lead
contamination issues athe Esperance Port. Magellan began producimgia in 200910 and is

expected to produce 85,000 tonnes of lead when fully operatidfal.

Processing of Refractory Base Metals Ores
' dzA GNF £t A+ Qa ol asS YSalrt RSLRaAda GSyR (G2 0SS K2as
and hydroxyloxide hostedweathered surface ores. However, Australia also hosts significant

¥ Government of Western Australia Department of Mines and Petroleum (20€3tern Australian Mineral

and Petroleum Production Statistics Digest 2009

'#1 Government of Western Austiia Department of Mines and Petroleum (2019jestern Australian Mineral
and Petroleum Production Statistics Digest 2009

%2 Government of Western Australia Department of Mines and Petroleum (20€3tern Australian Mineral
and Petroleum Production Sistics Digest 20020
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resources of lowgrade chalcopyrite (copper iron sulphide) ores which are quite refractory (resistant
to leaching):* The ability to economically process such ores would unlock considesaloie.

Discovery of New Massive Sulphide Deposits

Western Australia appears unusually unéedowed with sulphide base metals deposits. For
example it seems unusual that given the extent of sulphide mineralisation in Western Australia,
Western Australia hets a single lead mine, Magellan, which is a lead carbonate style of
mineralisation, whereas the more common mineralogy of a lead deposit is aleadulphide style

of mineralisation®* Indeed more massive sulphide base metal deposits in Western Auatraty

not exist, but it is at least as likely that they do and are currently masked by varying depthseaof

Table24 below summarises the knowledge and technology needs relating to this theme and the
research oganisations have current research programs that are endeavouring to address these
needs.

New processing Medium to long term Researhers Parker CRC for Integrated Hydrometallurgical
technology for Solutions

chalcopyrite hosted

base metal deposits

Discovery of new Medium to long term Researchers CSIRO Minerals Down Undgs A & 02 GSNA y -
massive sulphide Mineral Resources
deposits

Table24 - Knowledge andrechnology NeedsCopperLeadZinc Sector

183WWW.parkercentre.com.au/research/basmetalsmarket—research(Accessed 15 January2011)
* Interview
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Mineral Sands Sector Future Knowledge and Technology Needs

Current State of Play and Sector Outlook

Production of mineral sands in Western Australia has mainly been comprised of the titanium
minerals ilmenite,ducoxene, synthetic rutile and rutile as well as zircon. Small quantities of mineral
sands such as garnet and staurolite are also produced from Western Australian mineral sands
operations:®

Approximately 95 percent of the titamin minerals produced globgllareused as feedstock in the
production of titanium dioxide pigment, which is used in the manufacture of paints, paper and
plastics. Most of the balance of titanium mineral production is used in the production of titanium
metal. Zircon has a number of glitations such as the manufacture of ceramic tiles, sanitary ware,
zirconia flours and fuskzirconia.

Two produces account for 79 percent of mineral sands production in Western Australia, namely,
lluka Resources and the TiWest Joint Venture betweendkr®Vestern Australia and subsidiaries of
Exxaro Resources Limitedther smaller producers include Doral Mineral Sands, Bemax Resources
and GMA Garnet, whose operations are all concentrated in the South West of the State.

Lfdzl I Qa 2 Sa&i S Nighs dredeaniphskd ofnhingral® sadsid\dinies, processing plants and
synthetic rutile production facilities concentrated around Narngulu in the Mid West and Capel in the
South Wesbf the State lluka has significantly reconfigured its Australian mineral sanrations,
resulting in the closure of approximately half of its Western Australian operations since June 2009.
The company has plans to commence mining operations at Tutunup South in 2010, supplying
ilmenite for the Capel synthetic rutile plant.

While lluka still controls significant mineral sands resources in Western Augttaiaby deposit has

a 20 year mine life)mining activity is expected to increasingly focus on its assets in the Murray and

Eucla basinsThe Murray Basiim Victoria has an eshated resource potential of 60 million tonnes,

including 8 million tonnes of rutile, 6 million tones of zircon and 30 million tonnes of ilmenite, with

an insitu value of approximately $13 billidff | 2 6 SGSNE G KS O2 Y LIitigedima  LINE (
Western Australia are likely tesurvive its Western Australian mines with plans to process heavy
YAYSNIf O2yOSyGNIXGS FNRY AdGa 9FadsSNy {dFrdsSqQa 2L

¢tKS ¢AgSald W2Ayd 2Syiddz2NB ¢l a SadlofAakbdn AY Mm@
dioxide project. Operations include the Cooljarloo minesahds mine, a dry milsynthetic rutile

plant and a titanium dioxide pigment plantiwest has also pasdpeak production from its current

mines in Western Australia. However, the potehti@velopment of its resarces in Jurielayand

Dongaracould supply feedstock to its processing facilities well into the future.

As with the iron ore and bauxialumina sectors, production from the Western Australian mineral
sands sector is dominated o large producers who conduct their own competitive R&bort
term knowledge and technology needs revolve around improving the efficiency of synthetic rutile

% Government of Western Australia Department of Ménand Petroleum (2010)Vestern Australian Mineral

and Petroleum Production Statistics Digest 2009
%8 STEM Partnership (2008)y Y 2 @t A2y w2t RY |l LJA F 2Vidloran @efaftrhehtiofQ & 9 | NIi K
Primary Industry
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plants that are likely to survive Western Australian mineral sands mines, processing ofeastem
States resources and providing those plants with the capacity to efficiently process variable
feedstock. In the longer term, the ability to unlock value from more difficult to mine minerals sands
deposits such as those under a limestaag near Jien Bay and Dongara will be relevant.

Improving Efficiency and Effectiveness of Synthetic Rutile Plants

It is likely that lluka will continue to produce synthetic rutile from its Western Australian synthetic
rutile plants using ilmenite feedstock thatdkipped to the plants from its operations in the Eastern
Statesto the ports of Geraldton and Bunbur8ynthetic rutile plants use considerable amounts of
coal and are significant Ge&mitters.

The ability to upgrade ilmenite feedstock cost effectivelyretd the plants can process ilmenite of
various qualities would be beneficial.

Furthermore, mineral sands deposits typically contain iron, uranium, thorium and other valuable
minerals. The ability to economically recover these other mineral credits vimmulteneficial.

Reducing Tailings Footprint
Tailings from mineral sands processing are dewatered by solar evaporation, which requires a large
surface area and therefore footprint.

Table25 below summarises the knowledge and tectlogy needs relating to this theme and the
research organisations have current research programs that are endeavouring to address these
needs.

Improving efficiency Short to Medium Term  Industry lluka Resources Internal R&D
and effectiveness of

syrthetic rutile plants

Improving synthetic Short to Medium Term  Industry lluka Resources Internal R&D
rutile plant feedstock

tolerance

Economic recovery of Medium to Long Term Industry None
other mineral credits

from tailings

Reducing tailings Medium to Long Term Industry None
footprint

Table25 - Knowledge and Technology NeedMinerals Sands Sector
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Diamond Sector Future Knowledge and Technology Needs

Current State of Play and Sector Outlook

wA2z2 ¢AYy(d2Qa ! NHeéftS YAYS R2YAylF{iSa 2SaidSNYy ! dzadN
produced a total of 760 million carats since it commenced production in 1985 and currently accounts

for approximately 20 percent of globdiamond production. Open pit mining at Argyle is scheduled

to conclude in mid 2012 when the operation will transition to an underground mine that is
anticipated to operate until at least 2018

I NH & finR @@morid® represent less than 1 percent of A8g@d 2 dzli LJziz odzi | O
F LILINBEAYFGSt@ dn LISNOSyid 2F GKS 62NI RQ& &dzLlLi & 2
of colours and consists of 5 percent gem quality, 70 percent near gem quality and 25 percent
industrial diamonds, with the gemnd near gem quality diamonds accounting for more than 95

percent of the value of production from Argyle.

¢KS {dlrdSqQa 2yfe 20KSNJ RAFY2YR YAYS Aa (GKS YAY
kilometres east of the coastal town of Derby. As a resultedither patterns, the Ellendale mine can

only produce for nine months of the year, with supply to the processing plant for the other three
months provided from stockpiles produced during the nine months of mining. The international
jewellery company, Tify @ Qa> Kl a SEOf dzaA @S NAIKG&E G2 +tt 3§
mine!® Since commencement in mid 2002, the Ellendale mine has recovered approximately 1.9
million carats of diamonds. During 20@9, the Ellendale mine produced approximately 089,

carats of predominately gem and negem quality diamonds, including some rare fancy and vivid

yellow stones.

The existence of economic offshore reserves of alluvial diamonds off the Kimberley coast,
particularly in the Cambridge Gulf region, has frtime to time been the focus of exploration
activity. While alluvial diamonds have been identified in the Cambridge Gulf, economic deposits are
as yet to be discovered.

The medium to long ternfluture of the diamond sector in Western Australia is dependenttbe
economic discovery of new diamond deposits. New deposits will either be in the extension at depth
of the Argyle mine, new kimberlite pipe hosted deposits orsbore or offshore concentrations of
alluvial diamond deposits.

Exploration Indicators

Corsiderable historical investment has been made in exploring for new kimberlite pipe hosted
deposits or orshore or offshore concentrations of alluvial diamond deposits, the economic output
of which has been the Argyle and Ellendale mines. The main challengffective diamond
exploration in Western Australia is the fact that indicator minerals such as garnet that are used to
identify targets in Canada and Africa are not present in Western Australia due to the extensive
weathering of the topography. As duachromite is used in Western Australia as an indicator mineral
and chromite unfortunately occurs in many geological settings other than kimberlite pipes. The

'¥7 Government of Western AustralBepartment of Mines and Petroleum (201@estern Australian Mineral

and Petroleum Production Statistics Digest 2009
%8 |nterview R15
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identification and validation of more sensitive indicator minerals for Western Australian dihmon
deposits, would allow for more efficient diamond explorati6h.

Table26 below summarises the knowledge and technology needs relating to this theme and the
research organisations have current research programsateendeavouring to address these
needs.

Novel exploration Medium Term Researchers CSIRO Minerals Down UndeDiscoverid ! dza i
indicator minerals for Mineral Resources

diamond exploration in

Western Australia

Table26 - Knowledge and Technology NeedBiamond Sector

189 Interview
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Uranium Sector Future Knowledge and Technology Needs

Current State of Play and Sector Outlook

Australia has approximately 3®ercent of theg 2 NI RQa dzNJ y A dzY NB &2 dzNDOSax
approximately 15 percent gfrimary production. Anecdotal evidence suggests there are as many as

200 companies in Australia with uranium projects at various stages of exploration and development
endeavouriny to take advantage of increasing global demand for urartiim.

The lifting of the ban on uranium mining in Western Australia has driven a significant increase in
exploration activity in Western Australia targeted at uranium mineralisation. This has resuliesl

delineation of knownesources of uranium oxide of 2@®0 tonnes across 27 projeciss illustrated
inFigure230 St 263> GKS @l aid YlIe22NAaide 2F GKS {dFriSQa 1y
stylemineralisation:>*

Western Australian Uranium Resource

Carbonatehosted
0.39%

Calcretehosted RolHront related
(surficial) 26.03%
56.06%

Figure23- Western Australian Uranium Resources

Table27 below lists the projects that currently comprise the known Western Australian uranium
resource.

190
191

Interview
Government of Western Australia Department of Mines and Petroleum (20@stment Opportuities in
Uranium
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