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Submission by Geoscience Australia to the House of Representatives
Standing Committee Inquiry into the Development of Australia’s Non
Fossil Fuel Energy Industry:

The Strategic Importance of Australia’s Uranium Resources

Executive Summary

1. INTRODUCTION

GeoscienceAustraliais aprescribedagencywithin the CommonwealthIndustry,Tourism
andResourcesportfolio. It servesgovernmentsandthebroadercommunityby providing
technicalinformationandadviceto assistin makingappropriateandinformeddecisions
aboutmineralandpetroleumresources,the managementof the environmentandthe safety
andwellbeingof citizens.Its qualificationsto provideauthoritativeinput to thisinquiry stem
from its rolesin:
• Producingannuallyanationalinventoryof Australia’smineralresources,including

uraniumandfossil fuels;
• Providingadviceinto governmenton arangeof issuesin relationto resources,

exploration,mining infrastructureandregionaldevelopment.Generalaccessto such
informationis providedthroughanationalon-line informationsystemat
http://www.australianminesatlas.gov.au/;and

• RepresentingAustraliaatmeetingsof theUraniumGroup— ajoint initiative betweenthe
UnitedNations’InternationalAtomic EnergyAgency(IAEA) andthe OECD’sNuclear
EnergyAgency(NBA) — which collectsandreportson datarelatingto uraniumresources,
productionanddemand.

This submissionprovidesbackgroundinformationon Australia’sconsiderableuranium
endowmentandfocuseson the first two termsof reference(ToR) for this inquiry:
1. GlobaldemandforAustralia’suraniumresourcesandassociatedsupply issues;and
2. Strategicimportanceof Australia’suraniumresourcesandanyrelevantindustry

developments;

It alsoprovidessummarymaterialrelatedto the third ToR:
3. Potentialimplicationsfor global greenhouseemissionreductionsfrom further

developmentandexportof Australia’suraniumresources.

This submissionhasbenefitedfrom valuablecommentsandinformationprovidedby the
UraniumSection,ResourcesDivision, Departmentof Industry,TourismandResources.
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2. SUBMISSION IN RELATION TO SPECIFIC TERMS OF REFERENCE

2.1. ToRI. Global demand for Australia~s uranium resources and associated
supply issues

2.1.1. Global Demand for Australia’s uranium resources

Mineproduction
Fromthe startofproductionatMaryKathleenminein 1976,Australia’suraniummining
industryhasgrownprogressivelyto becomethe world’s secondlargestproducer(in termsof
annualmineproduction)with approximately22% of world productionin 2004,whenRanger
mineproduced5138t U308 (11%of world production),OlympicDam4370t U308 (9%) and
Beverley1084t U308 (2%).

Exportmarkets
All of Australia’smineproductionof uraniumis exported.Tounagesof Australianexports
haveincreasedsteadilyfrom lessthan500t U308 in 1976 to arecordlevel of 9648 t U3O8in
2004.Exportsfor 2004 werevaluedatA$411 million. In thermalquantities,uranium
accountsfor approximately40% of Australia’senergyexports(4083PJin 2003-04).

Australianmining companiessupplyuraniumunderlong-termcontractto electricityutilities
in the following countries:UnitedStates,Japan,EuropeanUnion (UnitedKingdom,France,
Germany,Spain,Sweden,Belgium,Finland),SouthKorea,Canada,andto Taiwanunder
UnitedStatessafeguardsagreements

Australiahasastrongreputationas areliableandresponsiblesupplierof uraniumto world
marketsfor peacefulpurposes.It is well positionedto beableto sustainthisrole becauseof
its very largeidentifiedandpotentialuraniumresources,providedthe developmentof theseis
permittedby future governmentpolicies.Theseresourcesareamenableto low cost
productionwith minimal long termenvironmentalandsocialimpacts.

Potentialmajornewmarket
Chinais apotentialmajornew marketfor Australianuraninmas it pursuesan ambitious
nuclearpowerprogram,with assistancefrom Canadian,FrenchandUS companiesin the
designingandconstructionof nuclearplants.However,abilateralsafeguardsagreement
betweenAustraliaandChinamustbe signedbeforeanyexportscanoccur.Chinahasnine
nuclearpowerreactorsin operationwhich currentlyprovideabout2-3%of the country’stotal
electricitygeneration.A furthertwo powerreactorsareunderconstruction.Total installed
nuclearcapacityis approximately10 Gigawatts.Additional reactorsareplannedto give a
four-fold increasein nuclearcapacityto 40 Gigawattsby 2020.China’sknownuranium
resourcesandmineproductionareinsufficientfor futuredomesticrequirementsfor
electricitygeneration.

2.1.2. Supply Issues

Transportofuranium concentrates
During thelast few yearstherehasbeenincreasingreluctanceby someshippingcompaniesto
transporturaniumconcentrates.Themain reasonsfor ‘denial of shippingservices’ include:
• Securityandliability issueshavebecomeof increasingconcernto shippingcompanies,

operatorsof charteredcontainerships,portauthoritiesandgovernments;and
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• Manyintermediateportswill not permitthe transitof radioactive(JABA Class7) cargoes.
ShipsoperatingbetweenAustralianandEuropeandestinations,in particular,areunableto
entersomeportsof call enroute; for example,all Italian ports arenuclear-free.

In 2004,chartershippingcompaniesoperatingthroughPort Adelaideannouncedthat they
would no longerhandlecargoesofuraniumconcentrates.Theynegotiatedwith WMC
ResourcesandHeathgateResources,as aninterimmeasure,monthlyservicewith limited
capacity.The companieshaveconductedasuccessfulthreemonthtrial wherebythe uranium
concentrateswererailed from Adelaideto Darwin to accessthe shippinglines fromPort
Darwin.

2.2. ToR 2. Strategic importance of Australia’s uranium resources and any
relevant industry developments

2.2.1. Strategic Importance of Australia’s Uranium Resources
GeoscienceAustraliaestimatesthatas atDecember2004,Australiahas701 000 t U in the
categoryof ReasonablyAssuredResources(RAR: UraniumGroup terminology)ofuranium
recoverableatcostsof lessthanUS$40/kgU. Australiahasthe world’s largestresources,
with 40% of world resourcesin thiscategory.Othercountrieswith significant low cost
uraniumresourcesincludeCanada(17%), Kazakhstan(16%),SouthAfrica (7%), Niger
(5%), Uzbekistan(4%), Namibia(3%) andRussianFederation(3%).

Approximately90% of Australia’s total resourcesinRARrecoverableat~US$40/kgU are
within six deposits:OlympicDam(SA; ~70%of total), Ranger,Jabiluka,Koongarrain the
Alligator Riversregion(NT), Kintyre andYeelirrie (WA).

Olympic Damis the world’s largestdepositof low costuranium.Basedon orereservesand
mineralresourcesreportedby WMC Resourcesas at December2004,GeoscienceAustralia
estimatedthatthedepositcontains499400 t U in RARrecoverableat <US$40/kgU. This
represents30% of the world’s total resourcesin this category.

As atDecember2004,Australiahas343 000 t U in EstimatedAdditional Resources-
Category1 (EAR—1)recoverableatcostsof <US$40/kgU — by far theworld’s largest
resourcesin thiscategory.Theseinferredresourcesaremainly in the south-easternpartof the
Olympic Damdeposit,wherecurrentdrilling is discoveringlargetonnagesof additional
resources.

Australia’s total IdentifiedResources(RAR + EAR—l) recoverableat<US$40/kgU amount
to 1 044 000 t U, as atDecember2004.

2.2.2. Industry Developments- Australia

OlympicDam expansion
WMC Resourcesis investigatingthe feasibility of amajorexpansionof the operationsthat
wouldincreaseannualproductionto 500000 t copper15 000t U308 and500 000 ounces
gold. Thiswouldrequiremining 40 Mt of oreperyear.Thestudyincludes:
• A majordrilling program(90drill holes)to betterdefinetheresourcesin the southern

partof the deposit;
• Assessingthe alternativemining, treatmentandrecoverymethodsfor the southernpart of

the deposit;
• Identifyingandevaluatingwaterandenergysupplyoptions;and
• Logisticsplanningthatmayincludelinking OlympicDam to the nationalrail network.
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On-goingdrilling continuesto identify largetonnagesof additionalresourcesin the south-
easternportionofthedeposit.Thetotal resourcesas atDecember2004 arealmost30%
higherthanin December2003.

Beverley
CommonwealthandSouthAustralianGovernmentagencieshaverecentlyconsidereda
proposalfrom HeathgateResourcesto optimisetheBeverleyoperationsto produceup to
1500 t U308 peryear.GeoscienceAustraliaandtheBureauof Rural Sciencesprovided
technicaladviceon thisproposalto Departmentof Industry,TourismandResources,andthe
Departmentof the EnvironmentandHeritage.

In 2004,afterconsideringthis technicaladvicetogetherwith furtherreportsfrom the
company,the Minister forIndustry,TourismandResourcesapprovedtheextensionand
grantedHeathgateResourcesanewuraniumexportpermit.

Heathgateannouncedthe discoveryof anew zoneof uraniummineralisationapproximately3
km southof the Beverleydeposit.This ore zone,referredto as the DeepSouthzone,was
discoveredusingarangeof geophysicalsurveysfollowed up by anextensivedrilling
programcomprisingmorethan120holes.

Jabiluka
Jabilukais aworld classuraniumdeposit.Mining wasapprovedin 1999 subjectto over90
environmentalconditions,but did not havetheconsentof the Aboriginal traditionalownersat
that time. ERA Ltd hasannouncedthattherewouldbe no furtherdevelopmentatJabiluka
withoutthe formal supportof the Aboriginalpeople,andsubjectto feasibility studiesand
marketconditions.Theprojectsite remainson long-termenvironmentalcare.

Honeymoon
Following alengthyenvironmentalimpactassessmentprocesswhichlastedalmosttwo years,
SouthernCrossResourcesreceivedenvironmentalclearancesfrom governmentto develop
the Honeymoonin situleachproject.The companyhasalsobeengrantedauraniumexport
permit.Following a reviewof developmentoptionsfor the Honeymoonproject,adecision
wasmadeto focuson a400 t U308/yearcapacityplantwith amine life of 6-8years.
Developmentof the projectis currentlyon holdpendinganinvestmentdecision.

Metallurgical recoveryof uraniumfrom branneriteores
Mosturaniumis recoveredfrom the commonmineraluraninite,but therearesignificant
amountsof uraniumin themineralbrannerite[(U,Ca,Ce)(Ti,Fe)206]in somedeposits.
Metallurgicaltestsandotherstudiesin recentyearshaveachievedconsiderable
improvementsin the recoveriesofuraniumfrom branneritemineralisation,whichhavethe
potentialto significantly increaseAustralia’s recoverableresourcesmainly at OlympicDam
andwould, in turn, haveimportantramificationsfor Australia’suraniummining industry.

Exploration anduraniumprices
Expenditureson uraniumexplorationin Australiahavefallen almostcontinuouslyoverthe
last20 years.Annual expenditureson uraniumexplorationreachedapeakin 1980 of $35.0
million (A$ 105 million in constant2003A$)anddeclinedto $6.4million in 2003.

During the late 1970sandearly1980s,up to 60 companieswereexploring foruraniumin
Australia.As marketpricesfell from 1980onwards,mostofthesecompaniesceaseduranium
exploration.By 2003 only 5 companieswereactivelyexploring foruraniumandthiswork
wasconfinedto areasadjacentto knowndeposits,mainly westernAmhemLand (NT), Frome
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EmbaymentandGawlerCraton-StuartShelf(SA). Despitethe lackof discoveriessince1985,
Australia’s low-costresourceshavecontinuedto increasedueto the delineationof additional
resourcesatthe knowndeposits,particularlyOlympicDam.

Overthe lasttwo years,spotmarketuraniumpriceshavemorethandoubledfrom around
US$10/lbU308 in early2003 to US$26.25/lbU308 in May 2005 (Ux ConsultingCompany,
LLC). This increasewasdueto anumberof factorsincluding:adecreasein the availability
of secondarysupplies(mainly highly enricheduranium)from the RussianFederation,very
highworld oil prices,temporaryreductionsin supplydueto floodingof the McArthur River
mine (Canada)anddamageto the metallurgicalplantatOlympicDamcausedby fires in
2003.

Theserecentpriceriseshaveresultedin increasesin explorationactivity andthenumberof
small(speculative)explorationcompanieslistedonthe AustralianStockExchange.Currently
therearemorethan20 companiesexploringin Australia.

2.2.3 Industry developments— International

Secondatysourcesofsupply
Uraniumis uniqueamongenergyfuel resourcesin thatdemandis beingmetby a
combinationof mineproductionandsecondarysources,including:
• Stockpilesof naturalandlow-enricheduranium,heldby electricityutilities and

conversionutilities (up to 30%of currentworld demand);
• Down blendingof highly enricheduranium(HEU) from RussianandUS governmentex-

military stockpiles(10%of world demand);
• Re-enrichmentof depleteduranium‘tails’ — residualfissilematerialis recoveredfrom

depleteduraniumtails at enrichmentplants(3-4% of world demand);and
• Uranium from reprocessingof spentreactorfuels (very smallproportionof world

demand).

Since1990,mineproductionhasaccountedfor lessthan60% of world requirements,with the
balancebeingmet from secondarysources.

Overthe lastfew years,mineproductionin the RussianFederationhasbeeninsufficient to
meetthe country’sgrowingdemandfor electricitygeneration.As aconsequence,suppliesof
HEU (downblended)arecurrentlybeingretainedby the RussianFederationfor domestic
electricitygenerationratherthanbeingsold onworld markets.

2.3. ToR 3. Potential implications for global greenhouse emissions reductions
from further development and export of Australia’s uranium resources

Sincethe Kyoto Protocolcameinto effect,nuclearpowerhasbecomeanimportant
considerationfor manycountriesas theydevelopstrategiesto reducegreenhousegas
emissions.Giventhat it hasahighproportionofthe world’s knownuraniumresources,
Australia’suraniumproductionwill beneededto fuel nuclearpowergenerationaroundthe
world in the foreseeablefuture.

Fornuclearelectricity thereareno emissionsof greenhousegasesduringelectricity
generatingoperations,andemissionsfor thewholelife cycle fornuclearpowerarelow
(5 — 20g CO2 equiv. perkW hour), severalordersof magnitudelessthanfor fossil fuel power
generation.
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Submission by Geoscience Australia to the House of Representatives
Standing Committee Inquiry into the Development of Australia’s Non
Fossil Fuel Energy Industry:
The Strategic Importance of Australia’s Uranium Resources

1. INTRODUCTION
GeoscienceAustralia1is aprescribedagencywithin theCommonwealthIndustry,Tourism
andResourcesportfolio. As Australia’snationalgeoscienceandspatialinformationagency,
GeoscienceAustraliaundertakesawide rangeofactivitiesonshoreandin themarinezone.
It servesthegovernmentandhelpsthecommunitymakeappropriateandinformeddecisions
aboutmineralandpetroleumresources,themanagementoftheenvironmentandthesafety
andwellbeingofits citizens. To this end,it maintainsa rangeofregionalto nationalscale
fundamentalgeosciencedatasets,which areavailablefree online oratthemarginalcostof
transfer.

GeoscienceAustraliaproducesannuallyanationalinventoryofAustralia’smineral
resources,includinguraniumandfossil fuels andprovidesadviceinto governmenton arange
ofissuesin relationto resources,exploration,mining infrastructureandregional
development.It hasfacilitatedgeneralaccessto suchinformationthroughdevelopment,with
supportfrom theRegionalMineralsProgramandtheMineralsCouncil ofAustralia,ofa
nationalon-lineinformationsystem,at http://www.australianminesatlas.gov.aul

Dr IanLambert,aGroupLeaderwithin GeoscienceAustralia,representsAustraliaasVice
Chairof UraniumGroup— a joint initiative betweentheUN’s InternationalAtomic Energy
AgencyandtheOECD‘ s NuclearEnergyAgencywhichcollectsandreportson datarelating
to uraniumresources,productionanddemandfrom some44 countries.

This submissionprovidesbackgroundinformationon Australia’sconsiderableuranium
endowmentandaddressesthreeofthetermsofreference(ToR) for this inquiry. It doesso
with mostauthority in relationto the first two, drawingon ourresourcesandadvicerole in
theAustralianGovernment,which is facilitatedby our involvementin theUraniumGroup:

1. Globaldemandfor Australia’suraniumresourcesandassociatedsupply issues;and

2. StrategicimportanceofAustralia~s uraniumresourcesandanyrelevantindustry
developments;

Wealsoprovidesomeinformationon thethird ToR:

3. Potentialimplicationsfor global greenhouseemissionreductionsfrom further
developmentandexportofAustralia’suraniumresources.

In thiscasewemakegeneralcommentsbasedon informationwehavedistilled fromother
sources,accessedthroughtheUraniumGroup.

Thefourth ToR, dealingwith regulation,is notaddressedhere. This issuehasbeencovered

exhaustivelyin arangeofearlierinquiries,andGeoscienceAustraliahasnothingto add.

GeoscienceAustraliagrewout of the Bureauof Mineral Resources(BMR) andtheDivision of National

Mapping,both of whichwerefoundedsoonafterWorld War2. BMR becametheAustralianGeologicalSurvey
Organisationin 1992,severalyearsafterDivision of NationalMappinghadbecometheAustralianSurveying
andLandInformationGroup(AUSLIG). AGSO andAUSLIG mergedto becomeGeoscienceAustraliain 2001.
Furtherinformationis availableatwww.ga.gov.au.
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2. SUBMISSION IN RELATION TO SPECIFIC TERMS OF REFERENCE

2.1. ToRI. Global demand for Australia~s uranium resources and associated
supply issues

2.1.1. Global Demandfor Australia’s uranium resources
Australiahasthreeoperatinguraniummines:Ranger(NT). OlympicDam andBeverley(SA)
(Fig. 1). Recentproductionfrom theseminesis shownin Table 1.

Tablel: Recentproduction(tonnesU308) from Australianuraniummines.Percentageof
world productionin parentheses.(a) estimate(WMC, 2005).

1998
tU3Os

1999
tU3O8

2000
tU3O5

2001
tU3O5

2002
tU3O8

2003
tU3O8

2004
tU3Os

Ranger 4050
(10%)

3857
(10%)

4437
(10%)

4203
(10%)

4470
(11%)

5065
(12%)

5138
(11%)

Olympic Dam 1 722
(4%)

3 199
(8%)

4 500
(11%)

4 355
(10%)

2 867
(7%)

3 176
(7%)

4 370
(9%)

Beverley 546
(1%)

746
(2%)

689
(2%)

1 084
(2%)

Australia total 5 722
(14%)

7 056
(18%)

8 937
(21%)

9 104
(21%)

8 083
(20%)

8 931
(21%)

10 592
(22%)

World mine production
41139 37947 42466 43656 42502 42184 46700a
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Fromthe startof productionatMaryKathleenminein 1976,followed by Nabarlek1980,
Ranger1981,OlympicDam 1988 andBeverleymine2001,Australia’suraniummining
industryhasgrownprogressivelyto becomethe world’s secondlargestproducer(in termsof
annualproduction).In 2004,Australiaproducedapproximately22% of world uranium
productionandexported9 648 t U308. Canadaremainstheworld’s largestproducerwith
13 676 t U308 in 2004.

Ranger
TheRangermine is located230 kin eastof Darwinin theAlligator Riversregion (Fig. 2).
TheRangerProjectAreaandtheJabilukaMineralLeasearesurroundedby, but not partof,
theKakaduNationalPark.Bothareasarepart of alandtitle grantedto the traditional
Aboriginal owners.The mineoperator,EnergyResourcesof AustraliaLtd (ERA) pays4.25%
of net salesvia the Commonwealthto theAboriginal BenefitsTrust Accountfor distribution
to the Aboriginal owners.In addition,ERA pays 1.25%of net salesvia theCommonwealthto
the NT to coverthe costsof administration.

Figure 2. RangerProjectAreaandJabilukaMineralLease(Source.ERALtd Annualreport 2000).

Within the RangerProjectAreatherearetwo orebodies— RangerNo. 1 (minedout) and
RangerNo. 3 which is currentlybeingmined.Opencutmining at theRangerNo. 1 orebody
beganin August 1981 andwascompletedby December1994.Productionfrom the
processingplant continuedfrom stockpiledoreuntil opencut mining commencedatRanger
No. 3 orebodyin October1996.

The Rangermill hasanominalproductioncapacityof 5 000 t U308per year(4 240 t U),
howeverproductionhasexceededthis in recentyears.Approximately2.1 Mt of oreare
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milled annually.Themill usesa sulphuricacidleachprocessto dissolveuraniumfromthe
ore. Uraniumis recoveredfrom the leachateby solventextractionandis precipitatedas
ammoniumdiuranate(yellowcake).This is thencalcined(heatedto morethan2000Cto
removevolatile components)to produceconcentratesofuraniumoxide (grey—greencoloured
powder)assaying99.2%U308.

SinceAugust 1997, theNo. 1 orebodyopencuthasbeenusedas arepositoryfor mill tailings.
Thecompanyproposesto finally disposeof all mill tailings into theNo. 1 andNo. 3 orebody
opencuts,on completionofmining.

In 2004,Rangermine employed379peopleandproduced11%oftotalworldproduction. It
wastheworld’s secondlargesturaniummine (in termsofannualproduction),behindthevery
high gradeMcArthurRivermine in Saskatchewan(Canada)with productionof 8 490 t U308
in 2004.

OlympicDam
Olympic Damis a large-scaleundergroundmining operationusing sub-levelopenstoping
methods.Themine, which is owned100%by WMC ResourcesLtd, producescopper,
uranium,gold andsilver.

Productioncommencedin August 1988.Between1989 and1995,theannualcapacityofthe
processingplantwasincreasedin two stagesto 85 000 t copperand1 700 t U308 (1 440t U)
plus associatedgoldandsilver from theprocessingof3.0Mt ore/year.A majorexpansionof
theprojectwascompletedin March 1999atacostofA$1.94billion. Annualproduction
capacitywasincreasedto 200 000 t copper,4 600 t U308 (3900t U), 2 050 kg goldand
23 000kg silver. To sustainthis rateofproduction,approximately8.7—9.2Mt orearemined
andprocessedannually(WMC, 1997).Waterrequiredfor mining andprocessingoperations
andforthetownshipofRoxby Downsis pumpedfrom borefieldswithin theGreatArtesian
Basin.Themain borefieldis locatedmorethan175 km north-eastofthemine.

Governmentapprovalfor themajorexpansionwas grantedafteracomprehensive
EnvironmentalImpactStatementwasassessedjointly by theCommonwealthandSouth
AustralianGovernments.In additionto theexistingenvironmentalregulationsandcontrols
on theproject,newrequirementswere imposedrelatingto themanagementoftheGreat
ArtesianBasinwaterresources,futureassessmentsofthetailings managementsystems,and
impactsof futurechangesto technologyandmining practices(refer ‘Olympic Dam
expansionstudy’).

Themetallurgicalprocessesto recovercopper,uranium,gold andsilverarecomplex,
howevertheprocessesrelatingto uraniumrecoverycanbe summarisedas follows. After
crushingandgrinding,theoreis mixedwith waterand theslurryis pumpedto the flotation
plant. Copperconcentratesareproducedusing standardflotationprocesses.Thenon-sulphide
particles,which do not float (referredto asflotationtailings), containmostof theuranium
minerals.Acid mixed with anoxidant is thenaddedto leachuraniumfrom the flotation
tailings, andtheslurry is heatedto 600Cto improvetheleachprocess.Uraniumis recovered
from the leachliquorby solventextraction.Pulsedcolumntechnologyis usedto improvethe
recoveryrateandto reducetheconsumptionoforganicreagents.As atRanger,thesolutions
containingdissolveduraniumaretreatedwith ammoniaandcalcinedto produceuranium
oxidepowder.

In 2004,Olympic Damwasthe third largesturaniumproducer,with 9% ofworld’s total mine
production.The operationemploys1 670people(includingcontractors)ofwhich 283people
workedin theuraniumproductionsector.
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Beverley
TheBeverleyproject,which is Australia’sfirst commercialin situ leachuraniummining
operation,is ownedandoperatedby HeathgateResourcesPty Ltd, awholly-owned
subsidiaryofGeneralAtomicsoftheUS. Productioncommencedin 2001.Uraniumoccursin
poroussandstonessaturatedwith groundwater.Uraniumis leachedin situusing sulphuric
acidandan oxidant (hydrogenperoxide)which is introducedinto thesandstonesvia injection
wells.The leachsolutionscontainingdissolveduraniumarethenpumpedto thesurfacevia
productionwells andinto theprocessingplant. Uraniumis recoveredin theprocessingplant
using ion-exchangetechnology.The final productis hydrateduraniumoxideU04.2H20
which is ayellow powderalso referredto as‘yellow cake’.This is heatedin a low
temperaturezero-emissionsdryerto removemoistureandresidualchemicalreagents.

In 2004,theoperationproduced1 084 t U308 whichmakesit theworld’s largestsinglein situ
leachuraniummine (D. Brunt, Vice President,HeathgateResources,pers.comm.).Beverley
productionwasgreaterthantotalUnitedStatesproductionfor 2004which wasfrom a
numberofISL operationsin Wyoming, NebraskaandTexas.Beverleymine employs85
people.

Main exportmarketsfor Australian uranium
All Australia’smineproductionofuraniumis exported.Australiahasno nuclearpower
plantsandconsequentlyno demandfor uraniumfor domesticelectricitygeneration.
Australianexporttonnageshaveincreasedsteadilyfrom lessthan500 t U308 in 1976to reach
arecordlevel of9 648 t U308 in 2004.Exportsfor 2004werevaluedatA$41 1 million (Table
2; Fig. 3). In thermalquantities,uraniumaccountsfor approximately40%ofAustralia’s
energyexports(4083PJin 2003-04).

Exportswereshippedto uraniumconversionplantsin France,USA, CanadaandUK. These
plantsprocesstheconcentratesto produceuraniumhexafluoride(UF6) which is thenfurther
processed(usuallyby enrichment)to makeuraniumfuel for usein nuclearpowerstations.

Table 2: ExportsofAustralianuraniumandaverageexportvalues.Note: Exportvaluesare
free-on-board(fob). (Note: AnnualaverageUS$/A$ exchangeratecalculatedfrom RBA
daily rates). Source:DepartmentofIndustry,TourismandResources.

Exports 1996 1997 1998 1999 2000 2001 2002 2003 2004

tonnesU3Og 5424 6916 5553 7578 8766 9239 7637 9612 9648
Value
A$million 248 287 270 349 426 463 363 398 411

Average export values

$A/lb U308 20.75 18.82 22.03 20.89 22.07 22.72 21.58 18.78 19.32

US$/lbU3O8 16.18 13.96 13.83 13.47 112.85 11.77 11.73 112.24 14.22
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Australianmining companiessupplyuraniumunderlong-termcontractto electricityutilities
in the following countries:UnitedStates,Japan,EuropeanUnion (UnitedKingdom,France,
Germany,Spain,Sweden,Belgium, Finland),SouthKorea,Canada,andto Taiwanunder
UnitedStatessafeguardsagreements.Australianuraniummining companieshavegaineda
reputationasreliablesuppliersto customercountriesandutilities.
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Figure 3: Australian uraniumexports(tonnesU
3
08.).

Table3 showssales(deliveries)ofAustralianuraniumin 2004to meetlong-termcontracts.

Table 3: Australianuraniumsales(deliveries)by regionfor 2004.

TonnesU308 % of total (rounded)

USA 3513.89 38.4%

Japan 2292.49 25.0%

EuropeanUnion (a) 2284.36 24.9%

RepublicofKorea 930.00 10.2%

Canada 136.08 1.5%

Total
915682

(b) 100%

(a) EuropeanUnion salesto France, Germany,Sweden,Finland, UK andSpain.
(b) Totalsalesc4fferfrom totalexporttonnagesfor 2004becauseoftimerequiredforshipping.
Source:DepartmentofIndustry, TourismandResources.

Potentialmajornewmarket
Chinais pursuinganambitiousnuclearpowerprogramwith assistancefromCanadian,
FrenchandUS companieswith designandconstructionofnuclearpowerplants.However,a
bilateralsafeguardsagreementbetweenAustraliaandChinamustbe signedbeforeany
exportscanoccur.Chinahasninenuclearpowerreactorsin operationwhich currently
provideabout2-3%ofthecountry’stotal electricitygeneration.A further two powerreactors
areunderconstruction.Total installednuclearcapacityis approximately10 Gigawatts.
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Additional reactorsareplannedto give afour-fold increasein nuclearcapacityto 40
Gigawattsby 2020.

China’sknownuraniumresourcesandmineproductionareinsufficient for futuredomestic
nuclearelectricitygeneration.As an outcomeof ourparticipationin theNEA-IAEA Uranium
Group,China’sNationalNuclearCorporation(CNNC) requestedthatGeoscienceAustralia
facilitateavisit by aCNNCdelegationin February2004,to discusspotentialfutureuranium
suppliesfrom Australiato fuel China’sburgeoningnuclearpowersector.In organisingthis
meeting,GeoscienceAustraliainvited theUraniumIndustrySectionoftheDepartmentof
IndustryTourismandResources(DJTR), InvestAustraliaandtheAustralianSafeguardsand
Non-ProliferationOffice oftheDepartmentofForeignAffairs andTrade(DFAT) to make
presentationsto clarify theGovernmentpoliciesandsafeguardsissuesthatwould haveto be
consideredin relationto China’s accessto Australianuranium.

DFAT hassubsequentlyhaddiscussionswith Chineseofficials regardingthepossibility of a
bilateralsafeguardsagreementwith Chinain relationto exportsofAustralianuranium.

2.1.2.Supply issues
In recentyears,mineproductionofuraniumoccurredin sevenmaincountries(in descending
orderofproduction)— Canada,Australia,Niger, RussianFederation,Kazakhstan,Namibia
andUzbekistan.In 2003, thesecountriesprovided88%oftheworld’s uraniummine
production.Thetwo largestproducers,CanadaandAustraliaaccountedfor morethan50%of
worldproductionin 2003. SoAustraliais acrucial supplierofuraniumto globalmarkets.

World mineproduction(referredto asprimarysourceofsupply)is insufficientto meettotal
world uraniumrequirements(demand)for electricitygeneration.Figure4 showsthe
relationshipbetweenworldmineproductionanduraniumrequirementsfor electricity
generation(includingthe formerSovietUnion andtheEasternbloc countries).Since1990,
uraniumrequirementshaveexceededmineproductionandin recentyears,mineproduction
accountedfor lessthan60%of worldrequirements.In 2003,worldmineproduction(35 772 t
U) providedonly about52% ofworld requirementsfor nuclearelectricitygeneration(68 435
t U), the remaindercoming from secondarysources(seesection2.2.3.).
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Figure 4: Comparisonsofworld mineproductionandworld uraniumdemandfor electricitygeneration
(Sources:OECD/NEA& JAFA, 2004, WMC, 2005). The deficit betweenmineproductionanddemandhasbeen
filled by uraniumfromsecondarysources.
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Denialofshippingservicesfor Australian uranium exports
Duringthe last fewyearstherehasbeenincreasingreluctanceto shipuraniumconcentrates
(andotherClass7 cargoes).Therearevariousreasonsfor such‘denial ofshippingservices’,
including (IAEA, 2004; Colgan,2005):

• SinceSeptember11 2001, therehasbeenincreasingreluctanceby manyvesselowners
andshippingcompaniesto be involvedwith the transportof Class7 cargoes.Securityand
liability issueshavebecomeofincreasingconcernto shippingcompanies,portauthorities
andgovernments;

• A largeproportionofcontainershipsarecharteredratherthanowned,andin recentyears
thesecharteroperatorshaverefusedto carrynuclearmaterials.Chartershipping
companieshavebeenciting high insurancecostsandonerousrequirementsas reasonsfor
refusingto handleradioactiveores;

• Containershippingcompaniesareusuallymembersofaconsortiumin which several
companiescontributevesselsandareentitledto containercapacityon eachvessel.
Uraniumconcentratesaregenerallyexcludedfrom suchcapacityswappingarrangements
andrequireacceptanceby eachship operator;

• Many intermediateportswill notpermit thetransitofradioactivecargoes.Shipsoperating
betweenAustralianandEuropeanorNorth Americandestinationsareunableto enter
someportsofcall on routebecausetheserefuseto allow entryof Class7 cargoes,for
example,Italianportsarenuclear-free.

Concentratesfrom Olympic Dam andBeverleyhavebeenexportedthroughPort Adelaidefor
manyyears.In 2004,chartershippingcompaniesoperatingthroughPortAdelaideannounced
that theywould no longerhandlecargoesofuraniumconcentrates.A monthly servicewith
limited capacity(17 containers)wasnegotiatedwith WMC ResourcesandHeathgate
Resources.Thecompanieshavealsocompletedathreemonthrail trial wherebytheuranium
concentratesweretransportedfromAdelaideto Darwinto accesstheshipping linesfrom Port
Darwin.This trial wassuccessfulwith no incidentsandthecompaniesareexploringthis as
an on-goingoption(Fig. 5).
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NuclearSafeguardsfor Australian uranium exports
A comprehensivedescriptionofAustraliannuclearsafeguardsandtheroles oftheAustralian
SafeguardsandNon-ProliferationOffice will beprovidedin thesubmissionto the inquiry
fromtheDepartmentof ForeignAffairs andTrade.Consequentlyonly a briefdescriptionof
nuclearsafeguardsfor exportsofAustralianuraniumis presentedhere.

Exportsof Australianuraniumarecontrolledby stringentsafeguardsagreements.These
exportsareapprovedunderbilateralsafeguardsagreements.This meansthatthe importing
countrymustbe asignatoryto InternationalAtomic EnergyAgencysafeguardsarrangements
andmustalsohavesignedanagreementwith theAustraliangovernmentto adhereto
Australiansafeguardsobligationsfor exportinguranium.Thesesafeguardsagreementsensure
thatAustralia’suraniumisusedonly for electricitygenerationandthat it is notdivertedto
anymilitary purposes.This complianceis monitoredby theAustralianSafeguardsandNon-
ProliferationOffice,DepartmentofForeignAffairs andTrade.Australianuraniumis
appropriatelyaccountedfor asit movesthroughthenuclearfuel cycle.

Australiahas 19 bilateralsafeguardsagreementswith: Argentina,Canada,CzechRepublic,
Euratom(EuropeanUnion SupplyAgency),Finland,France,Hungary,Japan,Mexico,
RepublicofKorea,RussianFederation2(limited), Sweden,Switzerland,UK, USA (also
coveringsuppliesto Taiwan),NewZealandandEgypt. Thesebilateralagreementscover27
countriesin total (includingTaiwan).

2 TheAustralia/RussiaAgreementcoverstheprocessing(conversion,enrichmentor fuel fabrication)of

Australianuraniumin Russiaonbehalfof othercountries,butdoesnotpermitthe useof Australianuraniumby
Russia.

Figure 5: Locationofuraniumminesandmain road, rail andport infrastructure.
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22. ToR 2. Strategic importance of Australia’s uranium resources and any
relevant industry developments

2.2.1 Strategic Importance ofAustralia’s Uranium Resources
GeoscienceAustraliapreparesannualestimatesofAustralia’suraniumresourceswithin
categoriesdefinedby theUraniumGroup.Theseestimatesarepublishedbiennially in the
OECD/NEAandIAEA publicationUraniumResources,ProductionandDemand,commonly
knownasthe ‘Red Book’ (becauseofthecolourofits cover).

UndertheNEA/IAEA resourceclassificationscheme,IdentifiedResourceestimatesare
dividedinto two categoriesthatreflectthe level ofconfidencein thequantitiesreported:

• ReasonableAssuredResources(RAR; comprisingthecategoriesProvedandProbable
Reservesplus MeasuredandIndicatedResourcesoftheJointOreReservesCode [JORCI
usedfor commercialreportingin Australia),

• EstimatedAdditionalResources— CategoryI (EAR—i; comprisingInferredResourcesof
JORC).

Theseresourcesarefurtherseparatedinto categoriesbasedon thecostofproduction:
<US$40/kgU; US$40-SO/kgU; andUS$80-130/kgU.

Nationalagenciesfrom eachcountryprovideestimatesofresourcesin responseto
questionnairesdistributedby theNEA/IAEA UraniumGroup.All the resourceestimatesare
expressedin termsoftonnesofuranium(t U) recoverablefrom minableore; i.e. theestimates
includeallowancesfor oredilution,mining andmilling losses.

Table4 showsestimatesfor Australia’sRARofuraniumasatDecember2004. Australiahas
theworld’s largestresourcesin RAR recoverableat=US$40/kgU, with 40%ofworld
resourcesin thiscategory(Fig. 6). Approximately90%ofAustralia’stotal resourcesin RAR
recoverableat =US$40/kgU arewithin six deposits:Olympic Dam (SA), Ranger,Jabiluka,
Koongarrain theAlligator Riversregion(NT), Kintyre andYeelirrie (WA). Othercountries
thathavelargeresourcesin thiscategoryincludeCanada(17%),Kazakhstan(16%),South
Africa (7%), Niger (5%), Uzbekistan(4%), Namibia(3%) andRussianFederation(3%).

Olympic Damis theworld’s largestdepositof low costuranium.Basedon orereservesand
mineralresourcesreportedby WMC Resourcesasat December2004,GeoscienceAustralia
estimatedthat thedepositcontains499 400t U in RARrecoverableat<US$40/kgU. This
represents30%oftheworld’s total resourcesin this category.

As at December2004,Australiahas343 000 t U in EAR—i recoverableat<US$40/kgU
which is by far theworld’s largestresourcesin this category.ThemajorityofAustralia’s
resourcesin this categoryarein theOlympic Damdeposit,particularlythesouth-easternpart
which is currentlybeingdrilled.

Australia’stotal IdentifiedResources(RAR + EAR—i) recoverableat<US$40/kgU amount
to 1 044000 t U asatDecember2004.
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Table 4: ReasonablyAssuredResources(t U) asat December2004

Cost Ranges(a)

=US$40/kgU
(~US$15/Ib

U308

US$40-80/kg U
(US$15-30/Ib

U308
Australia
Brazil (b)
Canada
China(b)
Kazakhstan(b)
Mongolia(b)
Namibia
Niger
RussianFed.(b)
SouthAfrica
Ukraine(b)
USA (c)
Uzbekistan(b)
Others d

701 000
26 235
297264
26 235
280 620

7 950
57 262
89 800
52 610
119184
15380
NR

61 510
7 445

13 000
59 955
36570
8 825

104 005
38 250
82 035
12 427
71 440
112480
19250
102 000

0
67 420

Total adjusted
for losses e 1 742 495 727 657

Sources:Datafor Australiacompiledby GeoscienceAustraliaasat December2004.Estimatesfor all other
countriesarefrom OECD/NEA& JAFA (2004).

(a) Resourcesin US$40-80categoryareadditionalto thoseresourcesin =US$40category.
(b) In situ resourceswereadjustedby NEA/IAEASecretariatto estimaterecoverableresources.
(c) USA onlyreports total RARrecoverableat =US$80.Theproportionofthis total that is in =US$40category
is notreported.
(d) Algeria, Argentina,Bulgaria, CentralAfrican Republic,Congo,CzechRepublic,Gabon,Greece,Indonesia,
IslamicRepublicofIran, Italy, Malawi, Mexico,Peru, Portugal, Slovenia,Spain,Zimbabwe.
(e) Totalsarehigherthansumofallfigures in thetable becausecertain countriesdonot reportresource
estimatesfor reasonsofconfidentiality.
NR: not reported
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Figure 6: Distribution of ReasonablyAssuredResourcesamongcountrieswith majorresources.

Typesofuranium depositsandtheir economicsignqicancein Australia andworldwide
TheOECD/NEA& IAEA (2004)haveclassifieduraniumdepositsworldwideinto fifteen
deposittypeson thebasisoftheir geologicalsetting.MostofAustralia’suraniumresources
occurwithin foursuchdeposittypes:

• Hematitebrecciacomplexdeposits: some70%ofAustralia’stotaluraniumresourcesoccurin
Proterozoichematite-richgranitic brecciasat Olympic Dam. Broadlysimilar, butapparently
smaller,hematite-richbrecciamineralisationis beingevaluatedelsewherein thesame
geologicalprovince,atProminentHill. Theseareexamplesof ‘iron oxide coppergold
deposits’with higheruraniumcontentsthanmostdepositsofthis type.

• Unconformity-relateddeposits: about18%ofresourcesareassociatedwith Proterozoic
unconformities,mainly in theAlligator Rivers field, NT (Ranger,Jabiluka,Koongarra).

• Sandstoneuraniumdeposits: constituteabout6%ofresources,mainly in theFrome
Embaymentfield, SA (Beverley,Honeymoon)andtheWestmorelandarea,Queensland.

• Surficial(Caicrete)deposits: constituteabout4% ofAustralia’suraniumresources,mostly in
theYeelirriedeposit(WA).

Governmentpoliciesinfluencing uranium mining andexploration
CommonwealthandStateGovernmentpoliciesonuraniumexplorationandmining have
influencedexplorationexpendituresin Australia.Thefollowing is a brief summaryofsome
relevantpoliciesandlegislation.

During theearly1 980s,theVictorian andNew SouthWalesStateGovernmentsintroduced
legislationto prohibit explorationandmining ofuranium,consequentlytherehasbeenno
uraniumexplorationin theseStatessincethen.TheWesternAustralianStateGovernmenthas

17



prohibitedthemining ofuraniumfor nuclearpurposesfrom anymining leasegrantedafter
June2002. TheQueenslandStateGovernmenthasalsoactivelydiscouragedpotentialnew
minedevelopmentsdespitetheabsenceof anylegislationthat specificallyprohibitsuranium
mining.

In 1983theCommonwealthLaborGovernmentintroducedthe ‘Threemines’policy. Under
this policy, exportsof uraniumwerepermittedonly from theNabarlek,RangerandOlympic
Dammines.The ‘Threemines’policy wasabolishedby theLiberal—NationalPartyCoalition
uponelectionto Governmentin 1996. This clearedtheway for thedevelopmentofnew
uraniummines,providedtheycomplywith strict environmental,heritageandnuclear
safeguardsrequirements.

In general,foreigncompaniesandorganisationsconsiderthaturaniummining in Australia
remainsapolitically sensitiveissueandthat governmentpoliciescouldchangewith changes
in political partieselectedto government.

Somegeneraluneasehasbeenexpressedinternationally,including within theUranium
Group,aboutpoliciesandphilosophicalconcernsthatcould limit mediumto long term
uraniumsuppliesfrom Australia(andsomeothercountriesincludingCanada).In Australia’s
case,concernscentreon the “No newminespolicy” oftheAustralianLaborparty.

2.2.2. Industry developments- Australia

OlympicDam expansion
Orereservesandmineralresourcesfor Olympic Damasreportedby WMC Resourcesare
shownin Table5. Theseestimatesweremadeusingthe following assumptionsfor long-term
metalprice: A$1.42/lb for copper,A$30/lb for U308 andA$500/ozfor gold. Long-termmetal
pricesarethebasisfor estimatingthe reservesandresourcesbecausecopper,uranium,gold
andsilver, all contributeto theeconomicparametersfor theseestimates.

Table 5: Olympic Damore reservesandmineralresourcesatDecember2004(Note: The
MeasuredandIndicatedMineral Resourcesare inclusiveofthoseMineral Resources
modifiedto producetheOreReserves)(WMC Resources,2005).

Reserves/Resources
Classification

Million
tonnes

Cu
(%)

U308
(kg/t)

Contained
U308

(tonnes)

Au

(g/t)

Reserves Proved

Probable

119

642

2.1

1.4

0.6

0.5

71400

321 000

0.5

0.5

Resources Measured

Indicated

Inferred

650

1420

1740

1.5

1.1

1.0

0.5

0.4

0.3

325 000

568 000

522000

0.5

0.5

0.5

Total Resources 3810 1.1 0.4 1 415 000 0.5

ThehugeOlympic Dam depositis theworld’s largestresourceof low costuraniumwith 30%
ofworld’s RAR recoverableat lessthanUS$40!kg U, theworld’s fourth largestcopper
resourceandfourth largestgoldresource(WMC Resource,2005).
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In 2004,thecompanycommencedastudy to investigatethe feasibility ofamajorexpansion
oftheoperationsthat would increaseannualproductionto 500000 t copper15 000 t U308

and500 000 ouncesgold. This would requiremining 40 Mt of oreper year.The study
includes:

• amajordrilling program(90drill holes)to betterdefinethe resourcesin thesouthernpart
ofthedeposit,

• assessingthealternativemining, treatmentandrecoverymethodsfor thesouthernpartof
thedeposit,

• identifying andevaluatingwaterandenergysupplyoptions,

• logisticsplanningthatmay includelinking Olympic Damto thenationalrail network.

Recentdrilling hasidentifiedsignificantadditionalresourcesin thesouth-easternportionof
thedeposit.Theresourcesasat December2004arealmosta30%increaseoverthe resources
to December2003.Thecompanyconsidersthat theseresourcesare ... . .of sufficient sizeto
supportanexpandedworld-classoperationfor manydecades’(WMC, 2005).

Evaluationofthevariousmining methodsandthescaleofoperationswascompletedin
March 2005.Two mining optionswereevaluated:underground(sub-levelcavingorblock
caving)andopenpit (Fig. 7). Fromthe resultsofthestudy,thecompanyselectedopenpit as
thepreferredmethodbecauseit provides‘cleareconomicbenefitsoverthealternativesbased
uponcommerciallyproventechnology’(WMC, March2005).

Figure 7: Mining methodsstudiedfor theproposedexpansionat OlympicDammine. Thecurrentandproposed
areasto beminedby sub-levelopenstoping(SLOS)methodsareshownin thenorthernportion oftheorebody.
Sub-levelcaving(SLC)andopenpit mining methodswereconsideredfor thesouthernportion oftheorebody
(CourtesyWMCResourcesLtd).
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Beverley
Thetotal in placeresourcesminableby in situ leachis currentlyestimatedto be
approximately16 300 t U308.HeathgateResources(1998)estimatedthat total recoverable
resourcesfor Beverleydepositprior to commencementofmining was 10 600 t U3O~. This
estimateassumedthat in situ leachmining wouldrecoveraminimumof65%ofthetotal in
placeresources.From thecommencementof productionin late 2001,a totalof3 065t U305

wasproducedup to endofDecember2004.

During 2003, in situ leachmining atBeverleyprogressedfrom theNorth orebodyinto the
muchlargerCentralorebody.Installationofthemainpipelines(trunklines)connectingthe
plantto theCentralorebodywascompletedandby early2004,productionreachedan
annualisedrateof 1000 t U308,the licensedcapacityoftheplant atthattime (Fig. 8).

CommonwealthandSouthAustralianGovernmentagencieshaverecentlyconsidereda
proposalfrom HeathgateResourcesto optimisetheBeverleyoperationsto produceup to
1500t U308 peryear.GeoscienceAustralia(GA) andtheBureauofRuralSciences(BRS)
providedtechnicaladviceon this proposalto DITR andDepartmentoftheEnvironmentand
Heritage.GA andBRS advisedthat thecompanyshouldberequiredto undertake
groundwaterstudiesto determinethehydrologicalimpactson theBeverleyaquiferwhich
couldresultfrom increasedratesofdisposalofliquid wastesfrom the in situ leach
operations.

In 2004,afterconsideringthis technicaladvicetogetherwith further reportsfrom the
company,theMinister for Industry,TourismandResourcesapprovedtheextensionand
granted Heathgate Resources a new uranium export permit. As part of the export permit, the
Minister imposedanumberof conditionsincluding (interalia) that theBeverleyoperations
areto becarriedout on thebasisofaneutral water balance,ie. total volumeoffluid
injectedinto the aquiferfrom all sourcesmustequalthe total volumepumpedout.

Figure 8: Beverleyin situ leachoperations.
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Heathgateannouncedthediscoveryof anew zoneof uraniummineralisationapproximately3
km southof the Beverleydeposit(Brunt, 2004).This orezone,referredto as theDeepSouth
zone,wasdiscoveredusingarangeof geophysicalsurveysfollowed up by an extensive
drilling programcomprisingmorethan120 holestotalling 23 745 m. TheDeepSouthore
zoneis within sandssimilar to the mainBeverleydeposit.Resourceestimatesfor thiszone
havenot beenreportedto date.

Thecompanyhasalsorecentlyreportedotherdiscoveriesin andaroundtheBeverleyMine
areain additionto the DeepSouthzone.Thesemorerecentdiscoveriesarenewandrequire
additionalfollow-up, however,the successof on-goingexplorationis expectedto increasethe
life of theproject.

Ranger
This mineis ownedby EnergyResourcesof AustraliaLtd (ERA) asubsidiaryof Rio Tinto.
Mining of No. 3 orebodyis expectedto continueuntil at least2008,withmilling operations
continuinguntil atleast2011.From2008 onwards,theNo. 3 orebodyopencutwill beused
as a tailingsrepository.ERA is currentlyexploring for extensionsof theNo. 3 orebody.The
latestcompanyestimatesof orereservesandmineralresourcesfor RangerNo. 3 orebodyare
shownin Table 6.

Table 6: OreReservesandMineral Resourcesfor RangerNo. 3 orebodyatDecember2004
(ERA. 2005).

Million tonnes Grade
(% 11308)

Contained U308
(tonnes)

Stockpile

ProvedandProbableOreReserves

6.34

11.65

0.20

0.27

12 878

31 017

Total Reserves+ Stockpile 17.99 0.24 43 895

MeasuredandIndicatedResources

InferredResources

7.06

7.86

0.19

0.18

13 549

14520

Total Resources(exclusiveof Reserves) 14.92 0.19 28 069

Total Reserves+ Stockpile+ Resources 32.91 0.22 71 964

Jabiluka
Jabilukais aworld classuraniumdepositwith totalProvedandProbableReservesof 71 000 t
U308 andan additional92 000 t U308 in mineralresources(total Measured+ Indicated+
InferredResources).Mining wasapprovedin 1999 subjectto over90 environmental
conditions.As with Ranger,Jabilukais surroundedby,but is not partof, KakaduNational
Park.In considerationof WorldHeritageconcernsabouttheimpactof Jabiluka’s
developmenton the park, ERA haspreviouslyagreedthatJabilukaandthenearbyRanger
operationwould not be in full operationsimultaneously.

ThetraditionalAboriginal land-ownershaverefusedto granttheir approvalfor development
of the mine.ERA Ltd hasannouncedthattherewouldbeno furtherdevelopmentatJabiluka
without the formal supportof Aboriginalpeople,andsubjectto feasibility studiesandmarket
conditions.Theprojectsiteremainson long-termenvironmentalcare.

In February2005,the Mirarr GundjeihmiAboriginalpeople,ERA Ltd andtheNorthern
LandsCouncilsignedanagreementon the long-termmanagementof the Jabilukalease.This
agreementobligesERA Ltd (andits successors)to secureMirrar consentprior to anyfuture
mining developmentof uraniumdepositsatJabiluka.

21



Honeymoon
Following a lengthyenvironmentalimpactassessmentprocesswhichlastedalmosttwo years,
SouthernCrossResourcesreceivedCommonwealthandSouthAustralianGovernment
environmentalclearancesto developthe Honeymoonin situ leachproject.The companyhas
alsobeengrantedauraniumexportpermit.

Explorationhascontinuedin recentyearsatboththe HoneymoonandGouldsDam deposits.
Table7 showsthe latestresourceestimates.

Table7: Mineralresourcesfor Honeymoon,EastKalkaroo,GouldsDamandBilleroo
deposits(SouthernCross,2004).

Resource

category

Million tonnes Grade

% 11308

Contained

U308tonnes

Honeymoon Indicated 2.8 0.12 3 300

EastKalkaroo Indicated 1.2 0.074 910

GouldsDam Indicated 5.6 0.045 2 500

Billeroo Inferred 12.0 0.03 3 600

Total Resources 10 310

Following areviewof developmentoptionsforthe Honeymoonproject,adecisionwasmade
to focuson a400 t U308/yearcapacityplantwith a minelife of 6-8years(PIRSA,2005).
Developmentof theprojectis currentlyon holdpendinganinvestmentdecision.However,

assumingapositiveoutcomeon feasibility studywork, productionis possiblein late
2005 or early2006’ (SouthernCross,2004).

Metallurgical recoveryofuraniumfrom branneriteores
Conventionalacid leachplantsareusedwidely (Ranger,OlympicDam andmanyothers
aroundtheworld) forrecoveringuraniumfrom uraninite(U02) ores.Brannerite
[(U,Ca,Ce)(Ti,Fe)206],anotherimportanturaniummineral,is not dissolvedin thesesulphuric
acid plants.Thiswasconfirmedby theAustralianAtomic EnergyCommissionduring the
1 960s,afterresearchon bulkmetallurgicalsamplesfrom braunerite-richmineralisation
(Valhalladeposit,Qld).

Metallurgicaltestsandotherstudiesin recentyearshaveachievedconsiderable
improvementsin the recoveriesofuraniumfrom branneritemineralisation.Forexample,
SummitResourcesrecentlyengagedaresearchmetallurgicalcompanyto investigatepossible
technologiesfor recoveringuraniumfrom branneriteoresin the Valhalladeposit.
Investigationsusingincreasedtemperaturesandpressuresfor theacid leachprocesshave
yieldedimprovedrecoveries.

A costeffectiveprocess(es)to recoveruraniumfrom branneritewouldresultin asignificant
increasein Australia’s low costresources(recoverable)of uranium.

Uraniumrecoveriesfrom theprocessingof OlympicDam oreshavealwaysbeen
comparativelylow. Currentlyonly about70%of theuraniumis recoveredandit hasbeen
lower thanthisin pastyears.Olympic Damuraniumoreshaveamixtureofuraniniteand
brannerite(about30%). Thebranneriteremainsin the heavyfractionwhich is sentto the
tailingsdamfor disposal.WMC Resourcesis engagedin amajorresearchprogramto
investigateuraniumrecoveries,andis testinghot leachingin conjunctionwith other
techniques.During 2004,the companyimplementedthefirst phaseof thesemetallurgical
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improvements(so-calledtailingsleachprogram)andreportedrecoveriesashighas77%in
the fourth quarter(WMC, 2005).The implicationsoftheseresultsarefar reachingbecause,if
theycanimproverecoveriesup to 85%(asproposed),this will haveamarkedimprovement
in productionandrevenues.In the lowergradeoresatOlympic Dam,the ratio of
brannerite:uraniniteincreaseswith decreasingoregrade.It is very importantfor future
expansionsoftheoperationsinto thesouthernsectionoftheorebody(lowergrade)that this
brauneriteproblembe solved.

Exploration anduraniumprices
GeoscienceAustralia(andpredecessororganisations)undertakesan annualsurveyof
uraniumexplorationin Australiaaspartofits work in providingtechnicaladviceto
Government.Thefollowing analysisoftheseresultsshowsthe impactsofmarketpriceson
explorationexpenditures.

Historically, uraniumexplorationin Australiahasbeenhighly successful- duringtheperiod
from 1969 to 1980manydepositswerediscoveredincludinganumberof world-class
depositssuchasRanger,Jabiluka,NabarlekandKoongarrain theAlligator Riversregion
(NT); Olympic DamandBeverley(SA); andYeelirrie in WesternAustralia(WA).
Explorationleadingto thediscoveryin 2001oftheProminentHill deposit(SA), wasfocussed
on copperandgold. This deposit,like Olympic Dam, compriseslow-gradeuranium
mineralisationassociatedwith copperandgold andis within hematite-richbreccias.On
presentknowledge,it is muchsmallerandhasloweruraniumgradesthanOlympic Dam.

Despitethesteadygrowthin mining andexports,expenditureson uraniumexplorationin
Australiahavefallenoverthe last20 years(Fig. 9). Annual expenditureson uranium
explorationreachedapeakin 1980of$35.0million (A$105million in constant2003A$).
Duringthe late 1970sandearly1980s,up to 60 companieswereactivelyexploring for
uraniumin Australia.Explorationwascarriedout in ‘greenfields’areasaswell astheknown
uraniumprovinces.Subsequently,expendituresdeclined,bottomingat $6.4million in 2003,
whenonly 5 companieswereactivelyexploringfor uraniumin areasadjacentto known
deposits,mainly in westernArnhemLand(NT), theFromeEmbaymentandtheGawler
Craton-StuartShelf(SA). This long declinewasinterruptedby two briefperiodsof
increasingexpendituresfollowing thediscoveryoftheKintyre deposit(PatersonProvince,
WA) in 1985,andtheabolitionofthe ‘Threemines’policy by theCommonwealth
Governmentin 1996.

Thedeclinein explorationexpenditureresultedfrom severalfactors:

• Falling uraniumpricesover two decades;

• Restrictionsin somejurisdictionson uraniumexplorationandproduction;

• Increasingavailability of suppliesfrom secondarysources(mainlyhighly enriched
uraniumstocks);

• Decreasingcostsofproductionresultingfrom large-scale,low-costmining in Canadaand
Australia.

Despitethepaucityofdiscoveriessince1985,Australia’slow-costresourceshavecontinued
to increaseasa resultofthedelineationofresourcesatknowndeposits,mostlyatOlympic
Dam(Fig. 9).
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Uraniumpricesdecreasedprogressivelyovermorethantwo decadesfrom 1979up to 2003.
Spotmarketpricesfell from an averageofUS$42.57/lbU308 (US$110.67/kgU) in 1979 to
an averageofUS$8.30/lbU308 (US$21.60/kgU) for 2002.Although thespotmarket
representsonly arelatively smallportionoftotal annualuraniumtransactionsworldwide
(saleswereapproximately10%ofdemandin recentyears),it remainsan importantindicator
oftheuraniummarketas long-termcontractshavebecomeincreasinglylinked to spotprices.
Themajority ofAustralianexportsaresoldunderlong-termcontractsthat arenowpriced
well belowthecurrentspotprice. As contractsexpireoverthenextfew years,Australian
exporterswill be ableto takeadvantageofmuchhigherlong termpricesduring the
negotiationprocess.

Overthe last fewyearsspotmarketpriceshavemorethandoubledfrom aroundUS$10/lb
U308 (US$26/kgU) in early2003 to US$26.25/lbU308 (US$68/kgU) in May 2005(Ux
ConsultingCompany,LLC). This increasewasdueto anumberoffactorsincluding:
decreasesin secondarysupplies(HEU) from theRussianFederationfor saleon world
markets,veryhighworld oil prices,andtemporaryreductionsin supplydueto floodingofthe
McArthurRivermine (Canada)anddamageto theOlympic Dammetallurgicalplantby fires
in 2003.

Thesemarkedpricerisesin 2003 and2004haveresultedin considerableincreasesin
explorationactivity andthenumberofsmall (speculative)explorationcompanieslisting on
theAustralianStockExchange.Currentlytherearemorethan20 companiesexploringfor
uraniumin Australia.Explorationexpenditureincreasedmodestlyin 2004,andthereare
indicationsoflargerincreasesfor 2005.

— Exploration expenditure

- - — Low cost RAR recoverable

at <US$4Olkg U

I ~

I
, ~ — I

Figure 9: Trendsin uraniumexplorationexpenditures,discoveryofdepositsandtheincreaseinAustralia’s low
costRAR.
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2.2.3.Secondarysourcesof supply and impacts on uranium prices
Uraniumis uniqueamongenergyfuel resourcesin that asignificantportionof demandis
suppliedfrom secondarysourcesratherthanmineproduction.Secondarysourcesinclude:

Stockpilesofnaturalandlow-enricheduranium,heldby electricityutilities and
conversionplants(up to 30%of currentworlddemand).Thesewerethe legacyof over-
productionduring the 1 970sand1 980s(particularlyin the formerSovietUnion and
USA). Early forecasts(during 197Os) ofgrowthin nuclearelectricitycapacitywereover-
optimistic,andmine productionincreasedin responseto theseforecasts.However,
expansionofnuclearcapacityworldwidewaslessthananticipated,resultingin abuild up
ofstockpiles;

• Downblendingofhighly enricheduranium(HEU) from ex-military stockpilesin both the
RussianFederationandtheUSA that havebecomeavailableto commercialmarkets(10%
ofworlddemand);

• Re-enrichmentofdepleteduranium‘tails’ — residualfissilematerialis recoveredfrom
depleteduraniumtails atenrichmentplants(3-4%ofworlddemand);

• Uraniumfrom reprocessingofspentreactorfuels (verysmall proportionofworld
demand).

Since1990,mineproductionhasaccountedfor lessthan60% ofannualworlduranium
requirements,with thebalanceofrequirements(upto 40%)beingmet from secondary
sources.

Uraniumfrom secondarysourceshashadasignificantimpactonthemarketandit is
anticipatedthat secondarysourceswill continueto play a majorrole in supplyingcommercial
marketsin thenearfuture.The IAEA suggestthat suppliesofHEU will be exhaustedby the
year2023 (IAEA, 2001).

Secondarysuppliesaresoldatcurrentmarketprices,ratherthantheoriginal costsof
production.Despitethe importanceof thesesecondarysourcesofuranium,thereis
uncertaintyaboutthesizeofavailablestocksbecausemanycountriesareunable(due to
confidentialityrequirements)to providedetailedinformationon stockpilesheldby
governments(ex-military stockpiles)andconsumers.

In asignificantdevelopmentoverthe last fewyears,mineproductionin theRussian
Federationhasbeeninsufficientto meetthecountry’sgrowingdemandfor electricity
generation.As aconsequence,suppliesofHEU (downblended)arecurrentlybeingretained
by theRussianFederationfor domesticelectricitygenerationratherthanbeingsoldon world
markets.

2.3. ToR 3 Potential implications for global greenhouse emissions reductions
from further development and export of Australia~ s uranium resources
The Kyoto protocolhasledmanycountries,in consideringpossiblemeansofreducing
greenhousegasemissions,to looktowardsnuclearpowerin theiroptionsfor generatinglarge
amountsofelectricityrequiredto meet‘base load’ demands.Giventhat it hassome40%of
theworld’s known low costuraniumresources,it isveryclearthatAustralia~s uranium
productionwill be neededto fuel nuclearpowergenerationaroundtheworld in the
foreseeablefuture.

The following is asummaryofinformationwhichdiscussesthe relativecontributionsof
differentsourcesofelectricalpowerto greenhousegasemissions.This is drawnfrom
informationgatheredby a majorelectricityutility company,ElectricitedeFrance,which is
involved in electricitygenerationusingvariousfuel typesandoperatesa largenumberof
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nuclearpowerstationsin France,andfrom theUraniumInformationCentre
(http://www.uic.com.au).

Areva (2004)reportson Life CycleAnalysisstudiesthatwereundertakenby Electricitede
France(using ISO 14040)to determinetheamountofgreenhousegassesemittedby various
typesofelectricitygenerationandvarioustypesoffuel. Thecompanyis oneoftheworld’s
largestgeneratorsofnuclearelectricitywith leadingexpertisein thisarea.The resultsareset
out in Table8, wheretheyarereportedin gramsofCO2 equivalentper kilowatt hourof
electricity,from ‘cradle’ (productionoffuel) to ‘grave’ (wastedisposaland
decommissioning).Thesefigurestypify thesituationin FranceandsomeotherEuropean
countries.The resultsshowthat for nuclearelectricitythereareno emissionsof greenhouse
gassesduringtheoperationof electricitygenerationandthat emissionsfor thewhole life
cyclefor nuclearpowerarelow (5g CO2 equiv.perkW hour).In contrast,emissionsfrom
coal,fuel oil, gasturbineanddieselpowergenerationaremuchhigherfor theoperationof
electricitygenerationandfor thewhole oflife cycle

TheUraniumInformationCentresupportsthevery low whole oflife emissionsof
greenhousegasesfrom nuclearplants,putting this atabout20 g C02/kWhon average.The
whole oflife emissionratefor nuclearpowerplantsin France(5gCO2 equiv.perkW hour)is
lower thantheaveragefor othercountries(20gCO2 equiv.perkW hour)becausenuclear
electricityis usedin theenrichmentplantswhich fabricateuraniumfuel, whereasin other
countriesthesefuel fabricationplantsuseelectricityfrom coal-firedpowerstations.

Table 8: Greenhousegasemissionsfor differentsourcesofelectricitygenerationandvarious
fuel types.Dataaretypical for FranceandotherEuropeancountries(Source:Electricitede
France,reportedin Areva,2004).

Energy source Operation

grams CO2 equiv. per
kW hour

Remainder of Cycle

grams CO2 equiv. per
kW hour

Total

grams CO2 equiv. per
kW hour.

Coal600MWe 892 111 1003

Fuel oil 839 149 988

Gasturbine 844 68 912

Diesel 726 159 895

Hydro-pumpedstorage 127 5 132

Photovoltaic 0 97 97

Hydroelectric 0 5 5

NuclearEnergy 0 5

Wind generation 0 3 3

GeoscienceAustralianotesthatwhole oflife emissionswill varysomewhatdependingon
circumstances.Forfossil fuel powerplantstheseincludetransportdistancesandgases
emittedduring production.For nuclear,thekind ofenrichmentprocessusedis a variable.
Overallwe considerthat theassessmentsaboveprovideareasonableindicationof
greenhousegasemissionsfrom ‘cradleto grave
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APPENDIX: Images of Australian uranium mines created from the
Australian Atlas of Mineral Resources, Mines & Processing Centres.

TheAustralianAtlaswasdevelopedby GeoscienceAustraliawith supportfrom the
CommonwealthDepartmentofIndustry,TourismandResources(RegionalMinerals
Program)andtheMineralsCouncil ofAustralia.http://www.australianminesatlas.gov.au

/
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