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Executive Summary

“Even thoughAustraliahas40percentoftheworld ‘is’ uranium,weonly haveabout20
percentoftheworld’s’ uraniummarket.Now, weneedto addressthatasa county...

- The Hon Ian Macfarlane MP, Minister for Industry, Tourism and Resources,ABC, 16 February
2005

“In the last 12-18monthstherehasbeena dramaticchangein price.A numberofnuclear
plantsareunderconstruction.All ofa sudden,nuclearpower is backon theagenda
internationally.”

- Mr Martin FergusonMP, ShadowResourcesSpokesperson,The Age, 12 March 2005

The significance and true valueof uranium asa strategic and clean resourceis onlyjust
beginningto be realisedglobally. Thepotentialfor Australia- with onethird ofthe
world’s uranium- is thereforeenonnous,particularlyconsideringthattheworld is already
reliantonnuclearpowerto supply16%ofits electricity,andtheworld’s energyneedswill
likely doublein thenext30 years.

Governmentandthenation’sParliamentcanplayakeyrolein helpingindustryfurther
capitaliseonuraniumasoneofourmostimportantandstrategicenergyandexport
assets.This is particularlyso in regardto appropriateregulation;projectanddevelopment
support- financialandotherwise;morereasonablereportingrequirementsand
conditions;public education;andessentialco-operationbetweentheStatesand
Commonwealth.

Thecommitteemight like to alsoconsiderthesekeypointsin its deliberations:
* World demandforuraniumis strengtheninganduraniumpricesareincreasing.
* Nuclearpoweris a greenhouse-friendlysourceof energy,with considerable

environmentalbenefits.
* Uraniumprovidesa counterbalanceto anythreatto Australia’sthermalenergyexports

arisingfrom internationaltreatiesto reducecarbonproduction.
* Growingglobal demandfor uranium,particularlyfrom Asia,will playanincreasingly

significantrolein Australia’seconomicandexportfuture.
* China,India andJapanalonewill buildmorethan50 newnuclearpowerunitsin the

next decade.
* ChinarepresentsoneofAustralia’smostsignificantfuturemarketsfor traderelations.

With an increasinglyindustrialisedpopulation,China’spowerneedsareparamount,and
assuchtheirinterestin cleanenergysourceslike uraniumis significant.
* Australia’scurrenturaniumexportsarean importantstrategicpositivefor ourbalanceof
payments,andarevaluedat $400million annually.
* Uraniumis avital part ofourexploration,researchand developmenteffortsin the
resourcessector.

Finally, uranium’shistoryis alsoan importantguide for anyconsiderationof its future
potential.Theworldhasbeenusingnuclearpowerto produceelectricityfor almost50
years. Thesafetyrecord,comparedwith Otherenergyproducingindustries,is
outstanding.In all ofthis time, Australiahasbeenan importantinternationalinfluencein
seekingto ensurethat uraniumhasbeenusedonly for peacefulpurposes.
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Outlining thesekey points againstyour specificterms ofreference:

Term ofreference1: Global demandfor Australia~ s uranium, and associatedsupply
issues.

World electricityconsumptionis forecastto grow from acurrentannual15,000billion
kWh to almost24,000billion kWh by 2025.

Industryexpertsforecastthatbetween2004and2020,becauseofadeclinein secondary
supply,annualprimaryproductionofuraniumoxidewill haveto riseby nearly28,000
tonnesor 60%,to 74,500tonnesto meetdemand.

Australia is well positionedto take advantageof the expectedgrowth in demand for
uranium and theexpectedincreasein uranium prices.Australia hasabout one third
ofthe world’s economically recoverableresourcesof uranium. Sevenof the top
twenty known uranium depositsin theworld are in Australia.

EventhesignificantextentofAustralia’sknownuraniumreservesprobablyunderstates
thepotentialbecauseoftheverylimited amountofexplorationthathasbeenundertaken
overthepasttwo decadesdueto policy constraintson theability to developadiscovery
into amine.

Term of reference2: Strategicimportance of Australia’s uranium resourcesand
any relevant industry developments

Uraniumis a veryenergy-intenseandefficientenergysource.Everykilogramofnatural
uraniumprovides500,000megajoulesofheatvalue(in aconventionalreactor),compared
with 39 megajoulesfor gas,45 for oil and20-30for coal.Onetonneofuraniumin
uraniumoxidefrom amine generatesthesameamountofheatas20,000tonnesoftypical
blackcoal.Onthis basis,thecurrenteconomically-recoverableuranium(ieore reserves)
attheOlympic Dammine in SouthAustralia’snorthhasabout4.5 timestheenergy
containedin theNorthwestShelfGasProject.

Australia retains the right to be selectiveregarding the countries with which it is
prepared to concludebilateral safeguardsagreements.As such,and with the extent
of the world’s uranium resourcesit controls, Australia is uniquely placed to exercise
evengreater international influenceto maintain the safety and security of the
nuclear fuel cycle.

Uraniumis animportant‘hedge’ for Australia’sbalanceofpayments.It will helpoffset
thenegativeimpactonAustralia’scoalexportsof any internationalmoveto reduceglobal
carbonemissions,with any fall in coal-firedpowergenerationstimulatingdemandfor
alternativefuel sourcessuchasuranium.

Globalisationofthemining industrymeansthatAustraliahasthepotentialto attract
significantforeigninvestmentfor newmines. Suchinvestment,particularlyfrom North
AmericanandEuropeanfinancialmarkets,hasbeendeterredby concernthatgovernment
policy mayrestrictproduction.Australianfinancialinstitutionshavealsobeenreluctant
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to providelimited recoursedebtto financeuraniumoperations,notbecauseofcredit risks
but becauseofaconcernaboutpublic oppositionto uraniummining. A moreconsistent
publicpolicy approachto uraniumwould help to addressthis issue.

TheconcentrationofAustralianuraniumproductionin asmall numberofrural locations
meansthatthe industrymakesa significantcontributionto regionaleconomies.

Term of reference3: Potential implications for global greenhousegasemission
reductions from the further developmentand export ofAustralia’s uranium
resources.

Nuclear powerplants are the singlemostsignificant meansof limiting increased
greenhousegasemissionswhile enabling accessto economicelectricity and providing
for energysecurity.

Thenuclearreactorscurrentlyoperatingin theworld areestimatedto currentlyavoid2.5
billion tonnesofcarbondioxideemissionson anannualbasis. Every22 tonnesof
uraniumused(26 t uraniumoxide)savesonemillion tonnesofcarbondioxide emissions
relativeto coal.

Term ofreference4: Current structure and regulatory environment of theuranium
mining sector.

The industry’s view is that legislative and regulatory requirements should ensurethe
highestpossiblestandardsof occupationaland public safety and environmental
protection, while avoiding duplication and unnecessaryadministrative burdens and
costs.

In thisrespect,the industrywould encouragetheCommonwealth,statesandterritoriesto
continueto work togetherto ensureatransparentandefficientmethodof environmental
assessmentofmajorprojects.

Theindustrywould encouragetheCommitteeto takeinto accountthelong experienceof
State(particularlySouthAustralian)authorities,in regulatinguraniummining and
associatedactivities,includingradiationprotection.

Theindustrywould alsourgegovernmentsat all levelsto ensurethattheydo not impose
reportingrequirementson theindustrythatmitigateagainstpublicunderstandingof
industryimpacts.

Theindustryrecognisestheneedto takeactionitself to encouragegreaterpublic
understandingofits activitiesandits impacts.To this end,industryparticipantsare
consideringtheenhancementof aprogramofpublic educationandinformationto
augmentwork alreadybeingundertakenin this respect.
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Introduction

Theworld is facingan energycrisis,albeitonewhichdoesnot claim theattentionofmost
peoplein thewesternworld. At leastonethird of theworld’s populationhasnoaccessto
reliableandaffordableenergy,andthechallengeis to meetthisdemandwithout
exacerbatingglobal warming.

Uraniumis oneofAustralia’smostimportantandstrategicenergyandexportassets.

Uraniumalreadycomprisesabout40%ofAustralia’senergyexports(4800PJin 2004)in
thermalterms.With moreeconomicallyrecoverableuraniumthananyothercountry,
Australiahasthepotentialto becomeanevenmoresignificantproviderofenergyto a
world alreadyrelianton nuclearpowerto supply16%ofits electricity.

Theworldhasbeenusingnuclearpowerto produceelectricityfor almostfifty years.The
safetyrecord,comparedwith otherenergyproducingindustries,is outstanding.Sincethe
adventofNuclearNon-ProliferationTreatyin 1970,Australiahasbeenan important
internationalinfluencein ensuringthaturaniumhasbeenusedonly forpeacefulpurposes.

Australiawasamemberofthepreparatorycommissionwhichestablishedthe
InternationalAtomic EnergyAgencyin 1957. In morerecentyears,the stringencyof
Australiansafeguardsagainstdiversionofuraniumformilitary purposeshasbeen
internationallyrecognised.

Now, asuranium’spotentialasanalternativeandgreenhouse-gas-friendlysourceof
energygenerationis increasinglyrecognisedin manydevelopedanddevelopingnations,
its strategicsignificancefor Australiabecomesevengreater.

Uranium,throughnuclearpower,is an importantenergyresourceto Australia,primarily
because—

- worlddemandforuraniumis strengtheninganduraniumpricesareincreasing
- nuclearpoweris environmentallybenign,sinceall its wastesarecontainedand

managed- .in particularit accountsfor virtually no greenhousegasemissions
- uraniumprovidesa counterbalanceto anythreatto Australia’sfossil fuel energy

exportsarisingfrom internationaltreatiesto reducecarbonproduction

Growingglobal demandfor uranium,particularlyfrom Asia,will playan increasingly
significantrolein Australia’seconomicandexportfuture.

It is importantthat stateconstraintsonuraniummining andon properconsiderationof
nuclearpowerfor Australiabe removed.



7

Responsesto the Committee’s Terms of Reference

(Note— Appendicesgive furtherbackgroundto thenuclearfuel cycle, currentAustralian
mines,prospectivemines,world uraniumpricesandmarkets,andotherissuesonwhich
theCommitteehassoughtadvice.)

1. Global Demand for Australia’s uranium and associatedsupply issues

Futureuraniumdemandneedsto beassessedagainstoverall electricityconsumption
trends.

ThelatestInternationalEnergyOutlookpublishedby theUnitedStatesDepartmentof
Energyforecaststhatworld electricityconsumptionwill grow from acurrentannual
15,000billion kWhto almost24,000billion kWh by 2025.This increaseis attributedto
growthin world populationandtheindustrialisationofdevelopingnations,in particular
ChinaandIndia.

Currentsharesofworld electricityconsumptionby fuel typeare—

- coal, 39%
- hydro,16%
- naturalgas,19%
- nuclear,17%
- oil, 7%
- non-hydrorenewables,2%
(2002data,OECD/IEA WorldEnergyOutlook2004)

Themostrecentdatapublishedby theWorldNuclearAssociationshowsthereare440
commercialnuclearpowerplantsin operationthroughouttheworld at theendofMarch
2005, with anaggregateinstalledgeneratingcapacityofmorethan366GWe. Another 24
plants(capacity18.5 GWe) are under construction, and planning is well advancedon a
further40 (42GWe) - in somecasesbids havebeenreceived.This newconstructionis
currentlycentredin Asiawith China,SouthKoreaandIndiain theforefront. Morethan
70 morepowerreactorsareproposed,with varyingdegreesoflikelihood ofconstruction.

Substantialgainsin effectivecapacityof individual nuclearplantsarebeingachievedin
manycountries,resultingin muchincreasedoutput.Theincreaseoverthelastfive years
(234billion kWh) is equatto the outputfrom 33 largenewnuclearplants. Yet between
1998and2003therewasa net increaseofonly threereactors.Theincreasedoutput
requiresmorefuel.

Furthermore,a considerablenumberofreactorsarebeinggrantedlife extensions.For
example,in theUnited States,30 reactorshavebeengrantedoperatinglicencerenewals. K
This adds20 yearsto theoriginally-licensedplantlife of40 years.Operatinglicence
extensionapplicationshavebeenfiled for morereactorsandeventuallyabout85 USunits
areexpectedto begrantedrenewals.In addition,Americanutilities continueto applyfor
licenceamendmentsto allow for increasedplant capacity.To March2004theincremental
capacityincreasewas3.81 GWe

In Europe,nucleargeneratorsareimplementingcapacityupgradeprogramsrangingfrom
Finland(19.5%),Spain(11%)to Switzerland(12%).
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In 2005 , total world demandfor uraniumoxideis about80,600tonnes,all of it usedby
thenuclearpowerindustryto generateelectricity. WorldNuclearAssociationprojections
(referencecase,2003marketreport)putworlddemandat 88,200tonnesin 2010 and
97,000tonnesin 2020. Theupperscenariofor 2020 is 22%higher. With diminishing
secondarysupplies(whichnowmeetabout41%of demand)“primary uraniumproduction
will needto risesharply”.

InternationalNuclear,Inc (iNi) anindependentconsultingorganisationspecialisingin
forecastinguraniumsupply-demand-pricetrends,broadlysupportsthis. It hasestimated
that global uraniumoxiderequirementswill rise to 84,000tonnesperyearby 2010,and
to almost91,900tonnesby 2020.Theseforecastsareconsideredconservativein that they
makeno allowancefor apotentialincreasein nuclearpowergenerationarisingfrom
concernsovergreenhousegasemissionissuesassociatedwith otherformsofelectricity
generation.Accordingto iNi, between2004and2020,becauseofadeclinein secondary
supply,primaryproductionofuraniumoxidewill haveto riseby nearly28,000tonnesor
60%, to 74,500tonnesto meetdemand.

Uraniumsuppliesfornuclearfuel areprovidedby amix ofprimaryproductionand
secondarysupplies,Primaryproductionaccountedforan estimated46,450tonnesof
uraniumoxidein 2004.Theshortfallof32,150tonneswasmadeup ofsecondary
supplies.

Until theearly1980s,primaryuraniumproductionexceededuraniumconsumption(for
military aswell ascivilian purposes)by asubstantialmargin.Theexcesssupplywas
representedby thefuel in nuclearweaponsanduraniuminventories.Thedissolutionof
theformerSovietUnion coupledwith aseriesofdisarmamenttreatiestriggeredthe
dismantlingofweaponsandsignificantquantitiesofuraniumenteredthemarketand
drovedownprices. In additioncommercialinventoriesbuilt up in the1980sweredrawn
on, andsomerecyclingoffissilematerialsrecoveredfrom reprocessingcontinuesto
supplyaportionofthemarket.However,input ofsecondarysupplieshasnowpeakedand
will declineprogressively.Russiais not likely to undertakeafurthermajorsell-offof
military inventoriesto theWest,andhasindicatedanintentionto increaseuranium
productionfrom mines.Accordingly,additionalprimaryproductionwill beneededto
meeturaniumdemand.

Theproportionof demandcoveredby secondarysuppliesis estimatedto fall from 2004’s
41%to about17%by 2025.

Australia is well positionedin terms of its identified resourcesto take advantageof
the expectedgrowth in demandfor uranium and the expectedincreasein uranium
prices.Australia hasabout onethird ofthe world’s low costuranium. Sevenof the
top 20 known uranium depositsin theworld are in Australia. HoweverAustraliamay
fail to takeadvantageofpositivetrendsif it allowsthepresentlevel ofanti-uranium
policies,which arepresentlysterilizing muchoftheresourcebase,to stayin place.

iNi predictsthat overtheperiod2005to 2020,theaveragespotpricefor uraniumoxide
will be aroundUS$22.50/lbfor uraniumoxide,risingto overUS$26/lbin thelongerterm.
This is approximatelydoubletheaveragespotpriceof US$13.25/lbachievedoverthe last
decade.
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EventhesignificantextentofAustralia’sknownuraniumreservesprobablyunderstates
thepotentialbecauseoftheverylimited amountofexplorationthat hasbeenundertaken
overthepasttwo decadesdueto policy constraintson theability to developa discovery
into amine.

CanadahaslessthanhalfofthereservesofAustraliabut its annualproductionofuranium
oxidehasbeensubstantiallyhigher. KazakhstanhaslargerreservesthanCanadaandhas
saidthat it is aiming for a fourfoldmine productionincrease.However,Australiahas
goodrelationswith themostrapidlygrowingmarketsfor uranium,thosein EastAsia, and
is apreferredsupplierinto thosemarkets.Australiais currentlynegotiatingasafeguards
agreementwith China.

Caiaciai aid Aus~iai share of ~wu1dLraiLni pmcljction

(U
4.1

U’ ECanada
V DAustralia

Japan,alreadytheworld’s third largestconsumerofuraniumaftertheUnitedStatesand
France,confrontsthehardesttaskamongstthecountriesthathaveratified theKyoto
Protocolin meetingsits emissionstarget,with relativelyfew opportunitiesto increaseits
alreadyveryhigh levelof energyefficiency.It plansadoublingofnuclearshareand
nuclearcapacityby 2050 in orderto addressthis. In addition,some20 GW ofnuclear
heatis expectedto berequiredfor hydrogenproductionbythen. Australiahasbotha
well-developedtradingrelationshipwith Japanandapartnershipagreementthat includes
coverageof greenhouseissues.

Anothersupplyconsiderationis thegeographiclocationofenergyresources.More than
60%oftheworld’s oil and40%ofits gasis concentratedin theMiddleEastregionwhere
historically,political instabilityhastranslatedinto veryvolatile prices.Onthe otherhand,
potentiallyeconomicdepositsofuraniumcanbefound in NorthAmerica,Europeand
Africa aswell asin theAsia-Pacificregionmeaningthatin theeventof interruptionto
productionin oneregion,theimpacton theentiremarketwould bemuchless severethan
for oil or gas.

o ~- c~~J m ~ LA CD N. W ~) 0
0)0) 0) 0) 0) 0) 0) 0) 0) 0) 0 0 0
0) 0) 0) 0) 0) 0) 0) 0) 0) 0) 0 0 0
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2. Strategic importanceof Australia’s uranium resourcesand any relevant
industry developments

Uraniumis a veryenergy-intenseandefficientenergysource.Everykilogramof natural
uraniumprovides500,000megajoulesofheatvalue(in aconventionalreactor),compared
with 39 megajoulesfor gas,45 for oil and20-30for coal. Onetonneofuraniumin
uraniumoxidefrom amine generatesthesameamountofheatas20,000tonnesof typical
blackcoal.Onthis basis,thecurrenteconomically-recoverableuranium(ie orereserves)
at theOlympicDamminein SouthAustralia’snorth - theworld’s largestknownuranium
resource,hastheenergyequivalentof6.6 billion tonnesofsteamingcoal,or if thewhole
resourceis considered:25 billion tonnesof steamingcoal.Thusthereserveshaveabout
4.5 timestheenergycontainedin theNorthwestShelfGasProject.

Known RecoverableResourcesofUranium

tonnesU % ofworld
Australia 989,000 28%
Kazakhstan 622,000 18%
Canada 439,000 12%
SouthAfrica 298,000 8%
Namibia 213,000 6%
RussianFed. 158,000 4%
Brazil 143,000 4%
USA 102,000 3%
Uzbekistan 93,000 3%

World total 3,537,000

ReasonablyAssuredResourcesplus EstimatedAdditionalResources- category1, to US$
80/kg U, 1/1/03, from OECDNEA & IAEA, Uranium2003:Resources,Productionand
Demand.

Theabovefigure for Australiain this tablewill increasein the2005 editionofthe“Red
Book” dueto reappraisalof Olympic Damtakingthe total to 1.15 million tonnes.But as
is evidentfrom thegraphin Appendix2, virtuallyno newuraniumexplorationhasbeen
undertakenin Australiasince1983,duein part to confusedgovernmentpolicieson
uraniummining andexport.

However,oneaspectofAustralia’suraniumexportpolicy hasbeenconstantsince1977,
andacknowledgesthepotentialmilitary significancewhichdistinguishesuraniumfrom
otherenergycommodities.

Thispolicy is basedon therequirementsoftheNuclearNon-ProliferationTreaty(NPT)
andthe IABA safeguardsinvokedunderit. Superimposedon theseareadditional
conditionswhich arerequiredby bilateralagreementwith customercountries’and
implementedby theAustralianSafeguardsandNon-proliferationOffice (ASNO). This
meansthatAustralianuraniummayonly beexportedfor peacefulpurposesandbilateral
safeguardagreementsprovidefor:

1 Australiahas18 bilateralsafeguardsagreementscovering36 countries(theEuratom
agreementcovering25).
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• Coverageofuraniumexportsby InternationalAtomic EnergyAgency(IAEA)
safeguardsfrom thetimetheyleaveAustralianownership

• Continuationofcoverageby JABA safeguardsfor thefull life ofthematerialor
until it is legitimatelyremovedfrom safeguards

• Fallbacksafeguardsin theeventthat JABA safeguardsno longerapplyfor any
reason

• PriorAustralianconsentfor anytransferofAONM (Australian-ObligatedNuclear
Materialto athird party,for anyenrichmentbeyond20per centofuranium-235
andfor reprocessingofAONM

• Physicalsecurityarrangements

Thestringencyof Australia’sapproach,ensuringAustralianinvolvementin regulatingfor
the full life of its nuclearmaterialthroughASNO, is internationallyrecognisedfor the
contributionit hasmadeto ensuringsuchmaterialis notdivertedformilitary purposes.
Australia retains the right to be selectiveregarding the countries with which it is
prepared to conclude bilateral safeguardsagreements.As such,and with the extent
of theworld’s uranium resourcesit controls, Australia is uniquely placed to exercise
evengreater international influence to maintain thesafetyand securityofthe
nuclear fuel cycle.

As it is, whilean incidentin auraniummine or elsewherein thenuclearindustrywill
generatemuchpublicity, thisby no meansindicatesthattheindustryis unsafein
comparisonwith otherenergyproducers,asillustratedby thetablesbelow—

EnergyAccidents— HighestFatalities (1969— 1996)

Energy Date Country Phase Fatalities
Oil Dec 1987 Philippines Transport 3,000
Oil Nov 1982 Afghanistan Distribution 2,700
Hydro Aug 1979 India PowerPlant 2,500
Hydro Aug 1993 China PowerPlant 1,250
Hydro Sept1980 India PowerPlant 1,000
Chernobyl;

Nuclear April 1986 Ukraine PowerPlant 31

EnergyAccidents—HighestInjuries (1969— 1996)

NaturalGas Nov 1984 Mexico Distribution 7,231
Oil Jan1980 Nigeria Extraction 3,000
Oil April 1982 Mexico Distribution 1,400
Oil Oct 1988 Russia Distribution 1,020
Oil Dec 1982 Venezuela PowerPlant 1,000
Chernobyl;
Nuclear April 1986 Ukraine PowerPlant 370

Source:PaulScherrerInstitute — SevereAccidentsin theEnergySector,First Edition

In additionto thesecatastrophicevents,it shouldbenotedthat6027workersdiedin 3639
separateaccidentsin Chinesecoalmineslastyear. (China‘s StateAdministrationofWork
Safety— Jan 17 2005)On average,therewere4.2 fatalitiespermillion tonnesofcoal
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minedin China.This compareswith 7 fatalities/Mtin Ukraine,0.034/Mt in USA, and
0.009/Mt in Australia.

To put this numberintoperspective,China’splansto morethanquadrupleits nuclear
powercapacityto 40 GWe (to 4%oftotal projectedelectricitydemand)by 2020will
obviatetheneedto mine anadditional 17 million tonnesperyearofcoalfor power
generation.

In relationto Chernobyl,all ofthe 13 remainingSoviet-designedRBMK reactors,
identicalto theChernobylreactor,havenowbeensubstantiallymodified,makingthem
morestableandaddingsafetyfeatureslike fasterautomaticshut-downmechanisms.The
accidentwastheresultof aflawedreactordesignthatwasoperatedwith inadequately
trainedpersonnelandwithout properregardfor safety. It hasledto aprofoundchangein
operationalculturein theformerSovietUnion.

Theauthoritativesourceofinformationon theeffectsoftheChernobylaccidentis theUN
ScientificCommitteeon theEffectsofAtomic Radiation(UNSCEAR) - notablyannexJ
ofits 2000report: As well asthe31 deathsatthetime oftheaccident,therehavesince
beenabouttendeathssofar attributedto it from thyroid cancer.No increasein leukaemia
is discernibleyet, althoughthis is expectedto showup in thenext few yearsalongwith
greater,thoughnotstatisticallydiscernibleincidenceofothercancers.Therehasbeenno
substantiatedincreasein congenitalabnormalities,adversepregnancyoutcomesor any
otherradiation-induceddiseasein the generalpopulation,eitherin thecontaminatedareas
orfurtherafield attributableto Chernobyl.

While thepsycho-socialeffectsof thisaccidentarealsoacknowledged,andhavebeen
similar to thosearisingfrom majordisasterssuchasearthquakesandfloods, the above
commentsseekto put theChernobylissueintoperspective.

In termsofAustraliandomesticstrategicconsiderations,uraniumis an important‘hedge’
for thebalanceofpayments.It will helpoffsetthenegativeimpactonAustralia’scoal
exportsofanyinternationalmoveto reduceglobal carbonemissions,with anyfall in coal-
firedpowergenerationstimulatingdemandfor alternativefuel sourcessuchasuranium.

Globalisationofthemining industrymeansthatAustraliahasthepotentialto attract
significantforeigninvestmentfor newmines.Suchinvestment,particularlyfrom North
AmericanandEuropeanfinancialmarkets,hasbeendeterredby concernthatpublic
policy mayrestrictproduction.Australianfinancialinstitutionshavealsobeenreluctant
to providelimited recoursedebtto financeuraniumoperations,notbecauseofcredit risks
but becauseofa concernaboutpublic oppositionto uraniummining. A moreconsistent
public policy approachto uraniumwouldhelp to addressthis issue.

The concentrationofAustralianuraniumproductionin a smallnumberofrural locations
meansthat the industrymakesasignificantcontributionto regionaleconomies.The
mineralsindustryaccountsfor over30%ofthegrossproductoftheNorthernTerritory,
with uraniumaccountingfor around10%ofthis. Overtheperiodit hasoperated,the
industryin theNorthernTerritoryhasdeliveredalmost $200million in royaltypayments
to local Aboriginal communities.Australia’sotheroperatingminesarein SouthAustralia,
which hasasubstantiallylargerandmorediversifiedeconomy,but the local impactofthe
industryis still marked.TheOlympic Dam andBeverleyminesannuallycontributemore
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than$30 million in royaltiesto thestategovernmentandsupportdirect andindirect
employmentofmorethan5,000people.ThepotentialexpansionoftheOlympic Dam
mine will createmorethan10,000jobs duringtheconstructionphase. Beverleyis also
responsiblefor up to $1.0million peryearin NativeTitle royaltiesandotherpayments
madeto thetraditionalownersoftheNorthernFlindersRanges.

Industrydevelopmentsin Australiain responseto theemergingrisein world demandand
priceshaveincluded—

- increasinginvestmentin explorationforuranium
- theproposedexpansionoftheOlympic Dammine at acostofmorethan$4 billion

However,therearesomefactorswhich hindertheindustryin Australia. Oneof theseis
difficulty in shipmentofproduct. Thenuclearindustryandsomeotherindustrieshave
beenexperiencingdifficulties transportinguraniumoxideconcentratesandotherraw
materialsin bulk quantitiesthat containverylow concentrationsofnaturallyoccurring
radioactivematerial(NORM), whicharecategorisedas ‘Class7’. Denialoftransport
servicesis evidentandappearsto be increasing.

Reasonsfor denialoftransportincludethefollowing:
• Vesselowners— uneducatedreproduct,easierto ship othercargo
• ShippingCompanies— excesspaperwork,consortiumwill notgive authorization,

uneducatedreproductandregulations,insurancedifficulties
• Transportcarriers(rail andsometimesroad)— unableto obtaininsurance
• Rail — delays,uneducatedreproduct,excesspaperwork,regulations.
• Portsof discharge— nuclearfreezones— political, uneducated(lackofawareness)

andregulations
• Portsoftransit— Thuclearfree”zones— political, uneducated(lackofawareness)

Furtherdetailsfor SouthAustralianproducersin Appendix9.

F
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3. Potential implications for global greenhousegas emissionreductions from the
further developmentand export of Australia’s uranium resources

Theburningoffossil fuels to providetwo thirdsoftheworld’s electricityalsogenerates
onethird ofhuman-inducedgreenhousegases.

Inevitably,internationalpressurewill continuefor limits to be imposed.In thecontextof
theKyoto Protocol,a carboncostof at leastoneUS centperkWh needsto be factoredfor
coalgeneration,andat leasthalfthat for gas(onthebasisofvariousproposalsand
EuropeanUnion EmissionsTradingSchemetransactions).This would effectively
increasecostsby 20 to 30%. By comparison,nuclearenergyhaszerocostfor carbon
emissions.Nuclearpower plants are the singlemostsignificant meansof limiting
increasedgreenhousegasconcentrationswhile enablingaccessto predictable and
economicelectricity.

Evenwithout acostfor carbon,nuclearis alreadycompetitivewith otherformsof energy
in manyareas.Wind power,themainno-carbonalternativeto nuclear,typically costs
significantlymoreperkWh generatedwith its unpredictableavailability requiring
additionalinvestmentin back-upcapacity.

Thenuclearreactorscurrentlyoperatingin theworld areestimatedto now avoid2.5
billion tonnesofcarbondioxideemissionson an annualbasis. Every22 tonnesof
uraniumused(26 t uraniumoxide)savesonemillion tonnesof carbondioxide emissions
relativeto coal.

At its World EnergyCongressheld in Sydneyin September2004,theWorld Energy
Council concludedthat - ‘All energyoptionsmustbekeptopenandno technology
should be idolisedordemonised.Theseincludetheconventionaloptionsofcoal,oil, gas,
nuclearandhydro(whetherlargeorsmall) andthenewrenewableenergysources,
combinedof coursewith energyefficiency.’

TheeminentBritish scientistandenvironmentalleader,JamesLovelock, creatorof the
GaiahypothesisoftheEarthasa self-regulatingorganism,hassaid— ‘by all means,let us
usethesmall inputfrom renewablessensibly,but only oneimmediatelyavailablesource
doesnot causeglobalwarmingandthatis nuclearenergy.Oppositionto nuclearenergyis
basedon irrational fear fedby Hollywood-stylefiction, the Greenlobbiesandthemedia.
Thesefearsareunjustified,andnuclearenergyfrom its startin 1952hasprovedto bethe
safestof all energysources.Wehaveno time to experimentwith visionaryenergy
sources;civilisationis in imminentdangerandhasto usenuclear— the onesafe,available
energysource— now orsufferthepainsoonto beinflicted by ouroutragedplanet.’
(htt~://arzument.independent.cc.uk/commentators/story.jsp?story)

Therearemanypublishedsetsoffiguresfor emissionsfrom variouswaysofgenerating
electricityandwhileeachdependson specificassumptions,theyagreewell. No reputable
figuresdepartverymuchfrom about950 g/kWh for blackcoal,around500 g/kWhfor gas
andsome20g/kWh for nuclear(using centrifugeenrichment),all consideringwhole life
cycle (andin thecaseof gas,ignoringcarbondioxide emissionsat thewellhead). The
following barchartshowsa rangeofvalues.
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Thefollowing numbersarefrom UIC briefingpapersquotingJapan’sCentralResearch
InstituteoftheElectricPowerIndustry,Vattenfall(1999)- apopularaccountof life cycle
studiesbasedon thepreviousfewyearsexperienceandits certifiedEnvironmental
ProductDeclarations(EPDs)for ForsmarkandRinghalsnuclearpowerstationsin
Sweden,andKivisto (2000)reportingasimilar exercisefor Finland. Theyshowthe
following CO2emissions:

g/kWh CO2 Japan Sweden Finland
coal 975 980 894
gasthermal 608 1170 (peak-load,reserve) -

gascombinedcycle
solarphotovoltaic

519 450 472
53 50 95

wind 29 5.5 14
nuclear 22 6 10-26
hydro 11 3
TheJapanesegasfiguresincludeshippingLNG from overseas,andthenuclearfigure is for boiling waterreactors,with
enrichment70%donein USA (diffusion plant),30%in France& Japan,andonethird ofthefuel to beMOX. The
Finnishnuclearfiguresarefor centrifugeanddiffusion enrichmentrespectively,theSwedishoneis for 80%centrifuge.

A furthersignificantenvironmentalconsiderationfor nuclearpoweris radioactivewaste
management.Wasteis createdin relatively small quantitiesbecauseoftheefficiencyof
nuclearfission.A 1,000MW plant operatingfor oneyearwill dischargeabout27 tonnes
ofusedfuel,or two truckloads.However,this usedfuel is hot andradioactiveandis
thereforecontainedandmanagedratherthandumped. It mustbestoredandeventually
disposedof carefully,andtheindustry’s recordofmanagingusedcivil fuel overnearly50
yearshasbeenuneventful.

Theindustryroutinely containsandmanagesall its wasteswith thecost(including
eventualdisposal)internalisedin powerprices.Thereis internationalconsensusthat deep
geologicalrepositoriesarethe safest,mostappropriatewayto disposeofhigh-level
wastes.No technicalimpedimentsto this technologyhavebeendemonstrated.Interim
storagehasallowedtheradioactivityofusedfuel andseparatedhighlevel wastesto
decreasesignificantly - to about0.1%oftheoriginal level afterabout40 years- before
disposal.High levelwasterepositorieswill be operationalin severalcountriesby about
2020to providefor final disposal.
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4. Current structure and regulatory environment ofthe uranium mining sector
(noting thework that has beenundertaken by other inquiries and reviewson
theseissues)

Therequirementforhigh standardsofsafetyandenvironmentalperformanceby the
uraniummining industryis appropriate,butno moreso thanfor anyotherindustrial
activity involving peopleasworkersorneighbours,orhavingapotentialimpacton the
environment.

Thecurrentregulatoryregimeis onerousfor the industry,particularlyin comparisonwith
industriessuchasagriculture,forestry,tourismandmanufacturing.

Thesectoris alreadyextensivelyreviewedaswell asregulated.

Since1996therehavebeentwo Senateinquiriesandtwo majorreviewsin South
Australia.In this period,theOlympicDam and Beverleymineshavealsobeen
extensivelyassessedthroughthepublicationofenvironmentalimpactstatements.Before
it commencedproduction,theRangerminewassubjectto thepublic Fox inquiry lasting
two years.

Theindustryis subjectto arangeofCommonwealthandState/Territorylegislationand
regulations.For aslong asAustraliahasa federalsystemof government,theindustry
assumesthat the statesandterritorieswill maintainregulatoryresponsibilityformining
andmineralprocessingoperationsandthattheCommonwealthwill continueto exercise
exportcontrolsandadministerAustralia’ssafeguardspolicy. An areaofpotential
duplicationbetweenthejurisdictionsremainsenvironmentalassessmentandregulation.

Theindustry’sview is that legislativeand regulatory requirements should ensurethe
highestpossiblestandardsofoccupational and public safetyand environmental
protection, while avoiding duplication and unnecessaryadministrative burdens and
costs.In this respect,the industrywould encouragetheCommonwealth,statesand
territoriesto continueto work togetherto ensurea transparentandefficientmethodof
environmentalassessmentofmajorprojects.

Theindustrywould encouragetheCommitteeto takeinto accountthe long experienceof
State(particularlySouthAustralian)authorities,in regulatinguraniummining and
associatedactivities,including radiationprotection.While therehavebeenenvironmental
andsafetyincidents,no adversehealthorenvironmentaleffectshavebeendemonstrated.
Oneindicatorof industryperformancein relationto occupationalhealthandsafetyis
radiationexposureto mine andprocessplantworkers.Suchexposureis extensively
monitoredandregulated.Theoutcomesdemonstratethat the industryhasminimised
exposuresto levelswell below thosestipulatedby internationallimits. Any radiation
exposuresto thepublic asa resultof the industry’sactivitiesarealsokeptwell below
theselimits and areclearly insignificant.

Theindustrywould alsourgegovernmentsat all levelsto ensurethat theydo not impose
reportingrequirementson the industry,thatmitigateagainstpublic understandingof
industryimpacts.Forexample,someoperationsarerequiredto publicly reportspills that
haveno environmentalor safetysignificance.Suchreportingcanleadto unnecessary
public concernormisrepresentationofoperationalimpacts.If correspondingrequirements
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wereplacedon otherindustrieshandlinghazardousmaterialstherewould be an outcry.
Theright ofthepublic to be informedaboutmattersthatcanaffectsafetyorthe
environmentis acknowledgedbut this needsto bebalancedwith therightoftheindustry
to haveits reputationprotectedfrom exaggeratedormisleadingpublic commentaboutits
operations.

Theindustryrecognisestheneedto takeactionitself to encouragegreaterpublic
understandingofits activitiesandits impacts.To this end,industryparticipantsare
consideringtheenhancementofaprogramofpublic educationandinformationto
augmentwork alreadybeingundertakenin thisrespect.

It is relevantto noteherethatthecurrentanti-uraniumstanceofseveralstatesclearly
hinderstheexplorationfor anddevelopmentofuraniumresources,asdoesalackof
bipartisansupportatfederallevel.
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Appendix 1.

The Nuclear Fuel Cycle

Thevariousstagesassociatedwith theproductionofelectricityfrom nuclearreactionsare
referredto collectivelyasthenuclearfuel cycleandaredescribedbelow.Thecycle starts
with theminingofuraniumandendswith thedisposalofnuclearwaste.With the
reprocessingofusedfuelasanoption fornuclearfuel, thestagesform atruecycle. In
Australia,thecycleis undertakenup to thestageof uraniummilling to produceuranium
oxideconcentratefor export.

1. Uranium

Uranium is a slightly radioactivemetalthatoccursthroughouttheearth’scrust. It is about
500timesmoreabundantthangold andaboutascommonastin. It is presentin most
rocksandsoils aswell asin manyrivers andin seawater.It is, for example,foundin
concentrationsofaboutfourpartspermillion (ppm) in granite,whichmakesup60%of
theearth’scrust. In fertilisers,uraniumconcentrationcanbeashigh as400ppm(0.04%)
andsomecoaldepositscontainuraniumin concentrationsgreaterthan 100ppm(0.01%)
Mostoftheradioactivityassociatedwith uraniumin natureis in factdueto otherminerals
derivedfrom it by radioactivedecayprocesses,andwhichareleft behindin miningand
milling.

Thereareanumberof areasaroundtheworldwheretheconcentrationofuraniumin the
groundis sufficientlyhighthat extractionofit foruseasnuclearfuel is economically
feasible.Suchconcentrationsarecalledore.

2. UraniumMining

Both excavationandin situ techniquesareusedto recoveruranium.Excavationmaybe
undergroundandopenpit mining.

In general,openpit mining is usedwheredepositsarecloseto thesurfaceand
undergroundmining is usedfor deepdeposits,typically greaterthan 120m deep.Openpit
minesrequirelargeholeson the surface,largerthanthesizeoftheoredeposit,sincethe
walls ofthepit mustbeslopedto preventcollapse.As aresult,thequantityofmaterial
thatmustberemovedto secureaccessto theoremaybe large.Undergroundmineshave
relativelysmall surfacedisturbanceandthequantityofmaterialthatmustbe removedto
gain accessto theore is considerablylessthanin thecaseofanopenpit mine.

An increasingproportionoftheworld’suraniumnow comesfrom in situ leaching(ISL),
wheregroundwaterwith addedperoxideis circulatedthroughaveryporousorebodyto
dissolvetheuraniumandbringit to thesurface.ISL maybewith slightly acidorwith
alkalinesolutionsto keeptheuraniumin solution.Theuraniumis thenrecoveredfrom the
solutionasin a conventionalmill.

Thedecisionon whichmining methodto usefor aparticulardepositis governedby the
natureof theorebody,safety,environmentaland economicconsiderations.

3. UraniumMilling
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Milling, which is generallycarriedout closeto auraniummine, extractstheuraniumfrom
theore.Mostmining facilities includeamill, althoughwhereminesareclosetogether,
onemill mayprocessthe orefrom severalmines.Milling producesauraniumoxide
concentratewhich is shippedfrom themill. It is sometimesreferredto as ‘yellowcake’
andgenerallycontainsmorethan80%uranium.Theoriginalore maycontainaslittle as
0.1%uranium.

In a mill, uraniumis extractedfrom thecrushedandground-uporeby leaching,in which
eitherastrongacidora strongalkalinesolutionis usedto dissolvetheuranium.The
uraniumis thenremovedfrom this solutionandprecipitated.After drying andusually
heating,it is packedin 205 litre drums asa concentrate.

Typically70 to 90%oftheuraniumin theore is recovered.

Theremainderoftheore,containingmostof theoriginal radioactivityandnearlyall the
rockmaterial,becomestailings,which aredepositedin engineeredfacilities nearthe
mine.Thesearecloselymonitoredandregulated.Tailingscontainlong-livedradioactive
materialsin low concentrationsandtoxic materialssuchasheavymetals.However,the
total quantityofradioactiveelementsis lessthanin theoriginal ore,andtheircollective
radioactivitywill bemuchshorter-lived.Thesematerialsareisolatedfrom the
environmentfor theperiodnecessaryto allowtheirradioactivityto reduceto background
1ev~ls.

4. Conversion

Theproductofauraniummill is not directlyusableasafuel for anuclearreactor. -

Additional processing,generallyreferredto asenrichment,is requiredfor mostkinds of
reactors.This processrequiresuraniumto be in gaseousform andthewaythis is achieved
is to convertit to uraniumhexafluoride,readyfor theenrichmentplant.

S. Enrichment

Naturaluraniumconsists,primarily, ofamixtureoftwo isotopes(atomicforms)of
uranium.Only 0.7%ofnaturaluraniumis ‘fissile’, orcapableofundergoingfission, the
processby which energyis producedin anuclearreactor.Thefissile isotopeofuraniumis
uranium235 (U-235). Theremainderis uranium238 (U-238).

In themostcommontypesofnuclearreactors,ahigherthannaturalconcentrationofU-
235 is required.Theenrichmentprocessproducesthis higherconcentration,typically
between3.5%and5%U-235,by removingover85%oftheU-238.This is doneby
separatinggaseousuraniumhexafluorideinto two streams,onebeingenrichedto the
requiredlevel andknownaslow-enricheduranium.Theotheris depletedin U-235andis
called ‘tails.’

Therearetwo enrichmentprocessesin largescalecommercialuse,eachofwhichuses
uraniumhexafluorideasafeed— gaseousdiffusion and gascentrifuge.Theybothusethe
physicalpropertiesof molecules,specificallythe1% massdifference,to separatethe
isotopes.Theproductofthis stageofthenuclearfuel cycleis enricheduranium
hexafluoride,which is reconvertedto produceenricheduraniumoxide.
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It is oftenclaimedthatenrichmenttechnologycanbemisusedto producenuclear
weapons.However,whilenuclearreactorsrequireuraniumenrichmentto no morethan
5%,nuclearweaponsmusthaveU-235 enrichedto about90%.Basedon thetechnologies
available,this is not only adifficult processto master,but avery expensiveoneto
operate.

Theinitial barrierto stoppingenrichmentbeyond5% is thecomplexityofthetechnology.
Thenthereis theworkoftheInternationalAtomic EnergyAgency,the internationalbody
responsiblefor the inspectionandauditofnuclearfacilities, andthenon-proliferation
treaty, signedby 186 countries,pledgingthat no plantormaterialwould bedivertedto
weaponsuse.

Theoriginal safeguardssystemwasbasedon materialaccountability,physicalsecurity,
containmentandsurveillance.An additionalprotocolagreedin 1997providesfor more
disclosureofnuclear-relatedactivities,greaterinspectionrightsandmoreco-operation
with inspectors.

Thesebarriershavemeantthatin no casehasthecivil nuclearfuel cyclebeenusedto
produceweaponsgradematerial.

6. FuelFabrication

Reactorfuel is generallyin the form ofceramicpellets.Theyareformedfrom pressed
uraniumoxidewhich is sintered(baked)at ahightemperature(over 14000C). Thepellets
arethenencasedin metal tubesto form fuel rods,which arearrangedinto a fuel assembly
readyfor introductioninto areactor.Thedimensionsofthefuelpelletsandother
componentsofthefuel assemblyarepreciselycontrolledto ensureconsistencyin the
characteristicsoffuelbundles.

In afuel fabricationplant greatcareis takenwith thesizeandshapeofprocessingvessels
to avoid criticality (a limited chainreactionreleasingradiation).With low-enrichedfuel,
criticality is mostunlikely, but in plantshandlingspecialfuels for researchreactorsthis is
avital consideration.

7. PowerGeneration

InsideanuclearreactorthenucleiofU-235 atomssplit.(fission)and,in theprocess,
releaseenergy.This energyis usedto heatwaterandturn it into steam.The steamis used
to drive aturbineconnectedto ageneratorwhichproduceselectricity.SomeoftheU-238
in thefuel is turnedinto plutoniumin thereactorcore,andthis yieldsaboutonethird of
theenergyin atypical nuclearreactor.The fissioningofuraniumis usedasasourceof
heatin anuclearpowerstationin the samewaythattheburningofcoal,gasoroil is used
asa sourceofheatin afossil fuel powerplant.

8. UsedFuel

Overtime, theconcentrationoffission fragmentsandheavyelements,formedin thesame
wayasplutoniumin afuelbundle,will increaseto thepoint whereit is no longerpractical
to continueto usethefuel. Soaftera periodtypically 18 to 24 months,this ‘spentfuel’ is
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removedfrom thereactor.The amountofenergythatis producedfrom afuel bundle
varieswith thetypeofreactorandthepolicy ofthereactoroperator.

Typically,morethan45 million kilowatt-hoursof electricityareproducedfrom onetonne
ofnaturaluranium.Theproductionofthis amountof electricalpowerfrom fossil fuels
would requiretheburningofabout20,000tonnesofblackcoalor 13 million cubicmetres
of gas.

9. UsedFuelStorage

Whenremovedfrom areactor,a fuel bundlewill be emittingbothradiation,principally
from thefission fragments,andheat.Usedfuel is unloadedinto a storagepond
immediatelyadjacentto thereactorto allow theradiationlevelsto decrease.In theponds
thewatershieldstheradiationandabsorbstheheat.Usedfuel is held in suchpoolsfor
severalmonthsto severalyears.

Dependingonpoliciesin particularcountries,someusedfuel maybe transferredto
centralstoragefacilities. Ultimately, usedfuelmusteitherbereprocessedorpreparedfor
permanentdisposal.

10. Reprocessing

Usedfuel is about95%U-238but it alsocontainsabout1%U-235thathasnot fissioned,
about1% plutoniumand3%fission productswhicharehighlyradioactive,with other
transuranicelementsfonnedin thereactor.In areprocessingfacility theusedfuel is
separatedinto its threecomponents:uranfuni,plutonium, andwastecontainingfission
products.Reprocessingenablesrecyclingoftheuraniumandplutoniuminto freshfuel,
andproducesa significantlyreducedamountofwaste(comparedwith treatingall used
fuel aswaste).

11. UraniumandPlutoniumRecycling

Theuraniumfrom reprocessing,whichtypically containsaslightly higherconcentration
ofU-235 thanoccursin nature,canbereusedasfuel afterconversionandenrichment,if
necessary.Theplutoniumcanbedirectlymadeintomixed oxide(MOX) fuel, in which
uraniumandplutoniumoxidesarecombined.

In reactorsthatuseMOX fuel, plutonium-239 substitutesfor theU-235 in normal

uraniumoxide fuel.

12. UsedFuelDisposal

Thelongerusedfuel is stored,theeasierit is to managefinal disposal,dueto the
progressivediminutionofradioactivity.After 40 to 50 yearsof storage,theradioactivity
levelofthefuel falls to 0.1%ofits original level. This, andthefactthat thevolumesof
wasteinvolvedarenot, relatively, large,havemeantthat final disposalfacilities (as
opposedto storagefacilities) havenot beenoperatedsincecivil nuclearpowerprograms
wereintroduced.Technicalissuesrelatedto disposalhavebeenaddressedandanumber
ofcountrieshavedeterminedtheirown optimumapproachto thedisposalofusedfuel and
wastefrom reprocessing.Themostcommonlyfavouredmethodfor disposalis placement
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into deepgeologicalrepositories.TheUnitedStatesis nowbuilding anationalrepository
underYuccaMountainin Nevada. It is scheduledto beoperationalby 2012. Swedenis
proposingto haveadeepgeologicalrepositoryin operationby about2017andFinlandby
2020.

13. Wastes

Wastesfrom thenuclearfuel cyclearecategorisedashigh, mediumorlow levelby the
amountofradiationtheyemit. Thesewastescomefrom anumberof sourcesandinclude

- low levelwasteproducedat all stagesofthefuel cycleandfrom a wide
varietyofnuclearapplications(thoughnotethaturaniummill tailingsare
not normallyclassifiedaswastesin thiscategorisation,astheysimply
containleft-overradionuclidesfrom theoriginalorebody,not
radionuclidesarisingfrom nucleartechnology)

- intermediatelevel wasteproducedduring reactoroperationandarising
from reprocessing

- high level wastecontainingfission productsfrom reprocessing,ortheused
fuel itself in thosecountrieswherethereis no reprocessing.

All ofthesewastesarehighly regulatedin eachcountrywheretheyariseasaresultof the
useofuranium,includingAustralianuranium. Wheretheyhaveanypotentialweapons
proliferationsignificancethosearisingfrom AustralianuraniumaredesignatedAustralian
ObligatedNuclearMaterial (AONM) andaretrackedthroughASNO safeguards
accountingandauditingprocedures.

A fuller accountofwastemanagementis in Appendix6.

14. Energyyield

A considerationregardingthewholefuel cycleis how muchnetenergyit yields, since
someextravagantandunsubstantiatedassertionshavecastdoubton this in someof the
anti-nuclearfolklore. Usingcentrifugeenrichment,which is rapidlybecomingthe
industrynorm as1950splantsarephasedout, abouttwo percentoftheenergyoutput
from nuclearpoweris requiredfor fuel cycleinputs.

SeeUIC briefingpaperEnergyAnalysisofPowerSystems.

r
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Appendix 2.

Uranium Exploration and Mining in Australia

Theexistenceofuraniumore in Australiahasbeenknownsincethe1 890s.In the 1 930s
uraniumoreswereminedat RadiumHill andMount Painterin SouthAustraliato recover
minuteamountsofradiumfor medicalpurposes.

Followingtherealisationduring thesecondworld warofthecommercialandmilitary
potentialofuranium,uraniumoresassuchwereminedandtreated from the 1950suntil
1971 in Australia’sfirst phaseofuraniummining. RadiumHill, RumJunglein the
NorthernTerritory andMaryKathleenin Queenslandwerethelargestproducers.
Productionceasedeitherwhenorereserveswereexhaustedorcontractswerefilled. Sales
wereto supplymaterialprimarily intendedfor themilitary programsoftheUnitedStates
andtheUnitedKingdom.However,muchofit wasusedin civil electricityproduction
whenit beganin the 1950s.

Thedevelopmentof civil nuclearpowerstimulatedasecondwaveof explorationactivity
in Australiain thelate 1 960s.Newcontractsfor uraniumsales(to beusedonly for
electricpowergeneration)weremadeby MaryKathleenUraniumLtd., Queensland
Mines Ltd. AndRangerUraniumMinesPty. Ltd. In theyears1970-72,successive
CoalitionandLaborfederalgovernmentsapprovedthesecontracts.MaryKathleenbegan
recominissioningits mine andmill in 1974andproductionrecommencedin 1976. At the
endof 1982, theMaryKathleenminewasdepletedand finally closeddown.

FollowingtheRangerUraniumEnvironmentalInquiry initiatedin 1975, theFederal
Governmentannouncedin 1977 thatnewuraniummining couldproceed.TheRanger
minein theNorthernTerritory openedin 1981.

In 1979,QueenslandMines openedNabarlekin thesameregionoftheNorthern
Territory. Theorebodywasminedout in onedryseasonandtheorestockpiledfor
treatmentfrom 1980.
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In 1988 theOlympic Dammine in SouthAustraliacommencedproduction,andlatein
2000theBeverleymine, alsoin SouthAustralia,startedoperations.

—Exploration Expenditure A$ million

— — — Spot Price US$/Ib U308 (historical)
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Mary KathleenandNabarlekmine siteshavebeenrehabilitatedto ahigh standard.

- currently operatingmines

a) Ranger— Its initial productioncapacitywas3,300tonnesofuraniumoxide,
subsequentlyexpandedto 5,000tonnesperannum(tpa).Salesareto Japan,
SouthKorea, France,Spain, Sweden,theUnitedKingdom, Canadaandthe
UnitedStates.Rangeris ownedby EnergyResourcesofAustraliaLtd (ERA),
asubsidiaryofRio Tinto Ltd.

b) OlympicDam— Initial productionwas1,800tonnesofuraniumoxide. It is
now4,500tpawith plansnowbeingdevelopedfor furthermajorexpansion.
Themine alsoproducescopper,goldandsilver. Uraniumsalesareto the
UnitedStates,Canada,Sweden,theUnitedKingdom,Belgium, France,
Finland,South KoreaandJapan.In March2005, theBoardofWMC
ResourcesLimited, themine’sowner,recommendedshareholderacceptance
ofanoffer from BHP-Billiton for all oftheWMC’s assets.

c) Beverley— Australia’sfirst in situ leach(ISL) mineis licensedto produce
1,180tpaofuraniumoxide.It reachedthis level in 2004. Themine is operated
by HeathgateResourcesPtyLtd, anaffiliate of GeneralAtomicsbasedin San
Diego,California. GeneralAtomics is a miner,processorofuraniumanda
designerofinnovativenuclearpowerreactors.TheBeverleyminehasmarkets
in Japan,SouthKorea,EuropeandtheUnitedStates

- Australia’s othermajor depositsandprospectivemines

Deposit GradeU305 ContainedU308 Category
Jabiluka— Northern
Territory

0.5 1% 71,000t reserves

0.57% 88,OOOt measuredand indicated
resources

0.48% 75,000t inferredresources

Kintyre— Western
Australia

0.2 — 0.4% 35,000t reservesandresources

Honeymoon—South
Australia

0.11% 3,300t resources

BillerooWest(Gould
Dam)— SouthAustralia

0.12% 2,000t Indicatedresources

Koongarra— Northern
Territory

0.8% 14,540t reserves

Yeelirrie — Western
Australia

0.15% 52,000t Indicatedresources

Westmoreland
Queensland/Northern
Territory

Upto 0.2% 21,000t Inferredresources

BenLomond
Queensland

0.25% 4,760t resources

Maureen—Queensland 0.123% 3,000t resources
Manyingee— Western
Australia

0.12% 7,860t Indicated& inferred
resources

Oobagooma— Western
Australia

Not known 9,950t resources

Valhalla- Queensland 0.144% 16,500t indicatedresources
25,000t inferredresources

Angela—Northern 0.13% 11,500t reserves

H
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Territory
LakeWay—Western
Australia

Not known 4,000t resources

Curnamona— South
Australia

Not known Not Known

ProminentHill — South
Australia

0.01% (asby-product
of coppermining)

9,000t inferredresources

ExplorationExpenditureandKnownUraniumResourcesin Australia

676971737 777981 83 8587899193959799
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It canthusbeseenthatAustralia’sknownuraniumresourceslargelyreflectexploration
effortsmorethan25 yearsago. Very little explorationfor uraniumhasbeencarriedout
since. Thereis now significantpotentialfor increasingexplorationin thelight ofhigher
uraniumprices,but stategovernmentpoliciesneedto bepositive.

Thepotentialfor newdiscoveriesis great. Not only havemanyprospectiveareasnot
beenexploredat all thoroughly,but alsogeologicalknowledgeevolvesandexploration
technologyimproves,sothatthereis increasedsophisticationandeffectivenessofthe
explorationeffort goinginto thefuture. A significantexampleofthis is thatin themid
1970swhenthemainuraniumdiscoveriesweremadein Canada’sAthabascaBasin,
airborneelectromagneticsurveystherewereeffectiveonly to 100 metresdepthbelow the
surface,todaytheyyield usefuldatadownto onekilometer. This is particularlyrelevant
to uraniumexplorationin NT, muchofwhichtargetssimilargeologicalformations.
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Thefollowing companiesare the main onesinvolvedin uranium exploration in
Australia, or are holding assetspendingtheir developmentasmines.

Company Management
basefor U

Main Australian Uranium Interests

AFMEX P/L
(COGEMAAustraliaPIL)

Perth plansfor SA;
BenLomond*, nearTownsville, Qid

Arrowfield ResourcesNL• Perth LagoonCreek, NT

CamecoAustralia PIL Darwin ArnhemLand, NT andWA nearKintyre

CurnamonaEnergyLtd• (from
HavilahResources)

Adelaide Curnamona/Kalkaroo,SA

EaglefieldHoldingsP/L Perth Mulga Rock WA (U~Sc)*

EnergyResourcesof Australia Ltd. Darwin Jabiluka,NT*

HeathgateResourcesP/L Adelaide Beverley* extensions

KoongarraMines P/L
(COGEMAAustralia P/L)

Perth Koongarra*,Alligator Rivers,NT

LaramideResourcesLtd Toronto Westmoreland*,NW Qid
Maple Minerals Inc Brisbane PurchasingBen Lomond*

MarathonResourcesLtd • Adelaide Mt Gee,Mulga Well, CoondamboSA
OxianaLtd• Adelaide ProminentHill*, SA
PaladinResourcesNL. Perth Manyingee*& Oobagooma*,WA,

also FromeBasin,SA (with Heatligate
Resources).

QuasarResourcesP/L Adelaide Arkaroola, SA

Rio Tinto Ltd~ Perth Kintyre*, WA.

ScimitarResources. Perth NearKintyre & Manyingee,WA
SouthernGrossResourcesInc Adelaide Honeymoon*,Frome Basin,SA

SummitResourcesLtd • Perth Valhalla*, nearMount Isa, Qld

WMC ResourcesLtd • Melbourne Yeelirrie*, WA

• Listed on AustralianStockExchange
* Identified andquantifieddeposit,seeUIC Mines paper# 2.

Assessingthe extentof federal subsidies,rebatesand other mechanismsusedto
facilitate uranium mining and resourcedevelopment.

Thereareno subsidies,rebatesor otherfinancialmechanismsprovidedspecificallyfor the
uraniumindustry.

In factstateandfederalgeologicalsurveysandscientificorganisationshavedirected
virtually no resourcesto uraniumover the last20 years,constitutinganegativesubsidy
whencomparedwith othermineralcommoditieswhichprovidelargepartsofthe
Australianresourceeconomy.

K
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Appendix 3.

Australian Uranium Production and Exports relative to World Production and
Exports

Australianproductionandexports

In calendaryear2004productionwas 10,592tonnesU308 andexports9402tonnes,
averagingA$43,710pertonne.

Australianexportsoverthepasttwo yearshaveaveragedabout22%ofworld supplyof
mineduranium.Inthefive yearsto mid 2004,Australiaexportedalmost44,000tonnesof
uraniumoxideconcentratewith avalueofmorethan$2 billion.

Australia’suraniumis sold strictly for electricalpowergenerationonly. Safeguards
(internationalaccountingandauditingprocedures)areinplaceto ensurethis. Australiais
apartyto theNuclearNon-ProliferationTreaty(NPT) asanon-nuclearweaponsstate.Its
safeguardsagreementundertheNPT cameinto forcein 1974.

Australiais apreferreduraniumsupplierto theworld. Thefollowing showsAustralia’s
majorcustomersby areaofdestinationandtheextentoftheiruseofnuclearpower.

Australianexportsbydestination

Country AustralianU308
suppliedperyear
(approxtpa.)

Numberofreactors
in operation

% oftotal
electricitysupplied
by nuclear

USA 4500 103 20
Japan 2500 54 25
SouthKorea 1000 20 40
EuropeanUnion 2600
Spain 9 24
France 59 78
UnitedKingdom 23 24
Sweden 11 50
Germany 18 28
Belgium 7 55
Finland 4 27

Australiacouldreadily increaseits shareoftheworld marketbecauseof its low cost
reservesandits political andeconomicstability.

Nearlyall ofAustralia’s702,000tonnesofReasonablyAssuredResourcesofuranium
aloneto US$80/kgU (US$30/lbU308)arein theunderUS$40/kgU category.Thisfigure
compareswith Kazakhstan(384,000tU), Canada(334,000tonnes),SouthAfrica (232,000
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tonnes)andNamibia(139,000tonnes).Thefollowing tableshowstheseplus Estimated
Additional Resources—

World’sknownrecoverableresources* ofUranium

TonnesU Percentageofworld
Australia 989,000# 28%#
Kazakhstan 622,000 18%
Canada 439,000 12%
SouthAfrica 298,000 8%
Namibia 213,000 6%
RussianFederation 158,000 4%
Brazil 143,000 4%
United Statesof America 102,000 3%
Uzbekistan 93,000 3%
World Total 3,537,000

*ReasonablyAssuredResourcesplusEstimatedAdditional Resources— categoryl,to US$ 80/kgU,

1/1/03,fromOECDNEA andIAFA, Uranium2003:Resources,ProductionandDemand
#figureexcludestherecentannouncedincreaseinuraniumresourcesatOlympic Dam.UsingNEA’s
methodologyit is estimatedthatthe2004recoverableresourcefor Australiawill beabout1.15 million
tonnes.Assumingno changesin othercountries,Australia’sshareof theworld’s total will rise from
28%to around31%

In the 1 980s,largestockpileswerebuilt upby utilities, totalling aboutfourtimesannual
consumption.Pricesdroppedandmineproductionfell. Today,annualworld uranium
consumptionis approaching80,000tonnesU308 andproductionis only just overhalfof
this, thebalancebeingstockpilesandrecycledmilitary uranium.
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Appendix 4.

World Uranium Pricesand Markets

All mineralcommoditymarketstendto be cyclical. Pricesriseandfall substantiall~iin the
shortertermagainsta longertermbackgroundofdeclinein realprices.In theuranium
market,veryhighpricesin thelate 1 970sgavewayto verylow pricesin the early1 990s,
spotpricesbeingbelowthecostofproductionfor mostmines.In 1996, spotprices
recoveredto thepoint wheremostexistingminescouldproduceprofitably, thoughthey
thendeclinedagainandonly recoveredfrom late in 2003.

‘Spot prices’applyto marginaltradingfrom dayto day. In 2003,theyrepresentedless
than12%oftotal sales.Mosttradeis threeto sevenyeartermcontracts,withproducers
sellingdirect to utilities.

Thereasonsfor fluctuationin mineralpricesrelateto demandandperceptionsofscarcity.
Thepricecannotindefinitely staybelow thecostofproduction,norwill it remainatvery
highlevelsfor longerthanit takesto pricesignalsto encouragenewproducersto enterthe
market.

- Demand

Theworld’s440 reactors,with combinedcapacityofsome366 GWe, requireanannual
80,600tonnesofuraniumoxideconcentrate(or theequivalentfrom stockpilesor
secondarysources).Thecapacityis growing,andat thesametime thereactorsarebeing
operatedmoreproductively,with highercapacityfactors,andreactorpowerlevels.
Factorsincreasingfuel demandhavebeenoffsetby increasedefficiencies,dampening
demand.For example,overthe20 yearsfrom 1970therewasa25% reductionin uranium
demandperkWh outputin Europe.

Fuelburnupis measuredin MW dayspertonneU, andmanyutilities areincreasingthe
initial enrichmentoftheirfuel (eg from 3.3%to morethan4%U-235)andthenburningit
longerorharderto leaveonly 0.5%U-235in it.

Becauseof thecoststructureof nuclearpowergeneration,withhigh capitalandlow fuel
costs,(currentUnitedStateselectricityproductioncostsare5.77US cents/KWhfor gas;
5.53c,oil; 1 .80ccoal; 1 .72cnuclear)thedemandfor uraniumfuel is muchmore
predictablethanwith probablyanyothermineralcommodity.Oncereactorsarebuilt it is
very cost-effectiveto keepthemrunningathighcapacityandfor utilities to makeany
adjustmentsto loadtrendsby cuttingbackon fossil fuel use.Demandforecastsfor
uraniumthusdependlargelyon installedandoperablecapacity,regardlessof economic
fluctuations.Forinstance,whenSouthKorea’soverall energyusedecreasedin 1997, r
nuclearenergyoutputactuallyrose,to replaceimportedfossil fuels.

- Supply

Mines in 2003,the latestfull yearfor whichreliablefiguresareavailable,suppliedsome
42,300tonnesof U308containingalmost36,000tU. Indicativefiguresfor 2004are
nearly10%higher. This wasfar lessthantheannualrequirementofpowerutilities. The
balancewasmadeup from secondarysources,includingstockpileduraniumheldby
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utilities, but thosestockpilesarenow largely depleted.The othermain secondarysource
is dilutedweapons-gradeuraniumfrom military sources.At presenthalfoftheuranium
usedin theUSA comesfrom Russianweapons,underaUS$ 12 billion contractfor 500
tonnesofhigh-enricheduranium. This is now abouthalf filled, andno follow-on Russian
arrangementis expected,dueto Russia’sownincreasingneeds.A smalleramountof ex-
military uraniumfrom US sourcesis startingto becomeavailable. SeealsoUIC briefing
paper:Military Warheadsasa SourceofNuclearFuel.

A perceptionofimminent scarcitydrovethe‘spot price’ for uncontractedsalesto
US$16.40perpoundU308 in mid 1996.Dueto an expectationofincreasedsecondary
supplies,thespotpricethendeclinedto aroundUS$ 7 perpoundbeforepricerecovery
from 2001. It is now (25/4/05)US$ 26.00perpound.

At currentprices,only aquarterofthecostofthefuel loadedinto a nuclearreactor
reflectstheminedcost.Thebalanceis mostlythe costofenrichmentandfuel fabrication.

SeealsoUIC briefingpaper:Uraniummarkets.
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Appendix 5

The effectivenessofsafeguardsregimesin addressingthe proliferation of fissile
material, the potential diversion of Australian obligated fissile materials, and the
potential for Australian obligated radioactive materials to be usedin ‘dirty bombs’.

Australia’smain interestin internationalnuclearsafeguardsis in relationto theuseof its
uraniumin overseasnuclearpowerprograms.It haslongbeenastrongproponentofa
robustinternationalnon-proliferationregimeto enhancenationalandinternational
security. It is rigorousin seekingassurancesthatnuclearexportswill only beusedfor
legitimateandpeacefulnuclearenergypurposes.

In the 1960sAustraliaparticipatedin the draftingof theStatuteoftheIJN’s International
Atomic EnergyAgency(IAEA). Sincethenit hasbeencontinuouslyrepresentedon the
IAEA’s Boardof Governors,andremainsactivein manyofthevarioustechnical
committeesandadvisorygroupsoftheJAEA.

In AustraliatheRangerUraniumEnvironmentalInquiry commissionerspointedout quite
clearly in their first report(1976)theimportanceofadequatesafeguardmeasuresbeing
appliedto Australia’suranium. TheAustralianGovernmentthendecidedon thebasic
principlesofan Australiansafeguardspolicy, andthesewereannouncedduring1977.
Australiawasinvolved in theInternationalNuclearFuelCycle EvaluationProgramin the
1 970sandcontinuesto useits statusasauraniumsupplierto pressforhigh safeguards
standardsto beapplied. In sodoing,Australiais alliedwith Canada,theWesternworld’s
largesturaniumproducer.

Australian nuclear safeguardspolicies

1. Selectedcountries
Non-weaponsstatesmustbepartyto NPTandmustacceptfull-scopeIAEA safeguardsapplyingto

all their nuclear-relatedactivities.
Weaponsstatesto give assuranceofpeacefuluse,JAFAsafeguardsto coverthematerial.

2. Bilateralagreementsarerequired
IAEA to monitorcompliancewithLABA safeguardsrequirements
Fallbacksafeguards(if NPTceasesto applyor IAEA cannotperformits safeguardsfunctions)
Priorconsentto transfermaterialor technologyto anothercountry
Priorconsentto enrichabove20%U-235
Priorconsentto reprocess
Control overstorageof anyseparatedplutonium
Adequatephysicalsecurity

3. Materialsexportedorre-exportedto be in a form attractingfull IAEA safeguards. K

4. Commercialcontractsto besubjectto conditionsof bilateralagreements.

5. Australiawill participatein internationalefforts to strengthensafeguards.

6. Australiarecognisestheneedfor constantreviewof standardsandprocedures.
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TheAustralianpolicy asoutlinedis basedon therequirementsoftheNuclearNon-
ProliferationTreaty(NPT) andtheJABA safeguardsinvokedunderit. Superimposedon
theseareadditionalconditionswhich arerequiredby bilateralagreementwith customer
countries2andimplementedby theAustralianSafeguardsandNon-proliferationOffice
(ASNO).

Thelegally-bindingbilateral safeguardmeasuresaredirectedtowardspreventingany
unauthorisedorclandestineuseofexporteduraniumor anymaterialsderivedfrom it -

“Australian-obligatednuclearmaterials”.Theyaredesignedto deterpossiblediversionof
fissilematerialormisuseofequipmentandtechnologymoreeffectivelythanstandard
IAEA safeguardson theirown.

ASNO is responsiblefor administeringtheagreementbetweenAustraliaandtheIAEA for
theapplicationofsafeguardsin Australia. It assiststheIAEA by arrangingaccessto our
nuclearfacilities andinstallationofsafeguardsequipmentatthesites. It alsoreports
regularlyto the IAEA onnuclearmaterialsheld in Australia. ASNOalso managesthe
AustralianSafeguardsAssistanceProgram.

Internationalnuclearsafeguardshavebeenanoutstandingsuccessstoryin theUN
context. With thewisdomofhindsight,theymighthavebeenmoreambitiouswhenthey
cameinto effect in 1970,but thedeficiencies- relatedto undeclarednuclearactivities
ratherthansimplytradedfissilematerials- havebeenaddressedin the 1 990sthroughthe
Additional Protocolwhich countriesareencouragedto sign andratify supplementaryto
theiragreementswith IAEA.

Particular questionsrelatedto safeguards

Bomb-gradematerials

Bothuraniumandplutoniumwereusedto makebombs. At thesametime it was
recognisedthattheycouldbe importantformakingelectricityandradioisotopes.But the
typeofuraniumandplutoniumneededfor bombsis different from thatin anuclearpower
plant. Bomb-gradeuraniumhasto behighly enriched(>90%U-235,insteadof about3-
5% for powerreactors);bomb-gradeplutoniumwasfairly pure(>90%Pu-239,insteadof
about65%in reactor-gradeplutonium) andwasmadein specialreactors.

Today,a lot of military high-enricheduraniumis becomingavailablefor electricity
production.It is dilutedwith depleteduraniumbeforebeingusedasreactorfuel.

Depleteduranium

Everytonneof naturaluraniumproducedand enrichedfor usein anuclearreactorgives
about130 kg ofenrichedfuel (3.5% or moreU-235). Thebalanceis depleteduranium
(U-238,with 0.25-0.30%U-235).This majorportionhasbeendepletedin its fissileU-
235 isotopeby theenrichmentprocess.It is commonlyknownasDU.

H
2Australiahas18 bilateralsafeguardsagreementscovering36 countries(the Euratom

agreementcovering25).
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DU is storedeitherasUF6 or it is de-convertedbackto U308which is morebenign
chemicallyandthusmoresuitedfor long-termstorage.It is alsolesstoxic. Everyyear
over 50,000tonnesofdepleteduraniumjoins alreadysubstantialstockpilesin theUnited
States,EuropeandRussia.

SomeDU is drawnfrom thesestockpilesto dilutehigh-enriched(>90%)uraniumreleased
from weaponsprograms,particularlyin Russia,anddestinedfor usein civil reactors.This
weapons-gradematerial is dilutedabout25:1 with depleteduranium,or29:1 with
depleteduraniumthathasbeenenrichedslightly (to 1.5%U-235) to minimiselevelsof
(natural)U-234in theproduct.

Depleteduraniumis not classifiedasadangeroussubstanceradiologically. Its emissions
areverylow, sincethehalflife ofU-238 is the sameastheageoftheearth(4.5 billion
years).Thereareno reputablereportsofcancerorothernegativehealtheffectsfrom
radiationexposureto ingestedorinhalednaturalordepleteduranium.

Somemilitary personnelinvolvedin the 1991 GulfWar later complainedof continuing
stress-likesymptomsfor which no obvious causecouldbe found.Thesesymptomshave
attimesbeenattributedto theuseofdepleteduraniumin shellsandothermissiles,which
aresaidto havecausedtoxic effects.Similar complaintsarosefrom laterfighting in the
Balkans,particularlytheKosovoconflict.

Depleteduraniumis aheavymetaland,in commonwith otherheavymetals,is
chemicallytoxic. Becauseit is also slightly radioactive,thereis thereforesaidto bea
hypotheticalpossibility thatit couldgiverise to aradiologicalhazardundersome
circumstancessuchasdispersalin afinely divided form so that it is inhaled.However,
becauseofthelatencyperiodfor theinductionof cancerfor radiation,it is not credible
thatanycasesofradiationinducedcancercouldyet beattributedto theGulfandKosovo
conflicts.Furthermore,extensivestudieshaveconcludedthatno radiologicalhealth
hazardshouldbeexpectedfrom exposureto depleteduranium.

Therisk from externalexposureis essentiallyzero,evenwhenpuremetal is handled.No
detectableincreaseof cancer,leukaemia,birth defectsorothernegativehealtheffects
haveeverbeenobservedfrom radiationexposureto inhaledor ingestednaturaluranium
concentrates,at levelsfar exceedingthoselikely in areaswheredepleteduranium
munitionsaresaidto havebeenused.This is mainlybecausethelow radioactivityper
unit massofuraniummeansthatthemassneededfor significantinternalexposurewould
bevirtually impossibleto accumulatein thebody, anddepleteduraniumis less thanhalf
asradioactiveasnaturaluranium.

AustralianObligatedNuclearMaterial

Thefollowing extractfrom thelatestannualreportoftheAustralianSafeguardsandNon-
ProliferationOffice (ASNO) providesusefulinformationaboutAustralianObligated
NuclearMaterial (AONM)

“A characteristicofthecivil nuclearfuel cycle is the internationalinterdependence
of facility operatorsandpowerutilities. Apart from thenuclear-weaponstates,it is
unusualfor a countryto beentirelyself-containedin theprocessingofuraniumfor
civil use and evenin thecaseofthenuclear-weaponsstates,powerutilities will
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seekthemostfavourablefinancialterms,oftengoingto processorsin other
countries.Thusit is not unusual,for example,for aJapaneseutility buying
Australianuraniumto havetheuraniumconvertedto uraniumhexafluoridein
Canada,enrichedin France,fabricatedinto fuel in Japanandreprocessedin the
UnitedKingdom.Theinternationalflow ofnuclearmaterialenhancessafeguards
accountability,through‘transitmatching’oftransfersat thedifferent stagesofthe
fuel cycle.

“Theinternationalnatureofnuclearmaterialflows meansthaturaniumfrom many
sourcesis routinelymixed duringprocessessuchasconversionand enrichment.
Uraniumis termeda ‘fungible’ commodity,thatis, at theseprocessingstages
uraniumfrom anysourceis identicalto uraniumfrom anyother— it is notpossible
physicallyto differentiatethe originofuranium.This is not uniqueto uranium,
but is alsothecasewith anumberofothercommodities.Thefungibility of
uraniumhasledto theestablishmentof conventionsuseduniversallyin the
industryandin theapplicationofsafeguards,namelyequivalenceand
proportionality.Thesearediscussedbelow.

“Becauseoftheimpossibilityofphysicallyidentifying‘Australianatoms’andalso
becauseAustralianobligationsapplynotjustto uraniumasit moYesthroughthe
different stagesofthenuclearfuel cycle,but alsoto materialgeneratedthroughthe
useofthaturanium,- e.gplutoniumproducedthroughtheirradiationofuranium
fuel in areactor,theobligationsunderAustralia’svariousbilateralsafeguards
agreementsareappliedto AONM. AONM is a shorthandwayof describingthe
nuclearmaterialwhich is subjectto theprovisionsoftheparticularbilateral
agreement.

“This approachis alsousedby thoseothercountriesapplyingbilateralsafeguards
comparableto Australia’s,principally theUnited StatesandCanada.These
countriesattachasafeguards‘obligation’ to nuclearmaterialwhich theyupgrade,
hencegiving rise to thesituationof ‘multi-labelling’, for example,AONM
enrichedin theUS will alsobecomeUS obligatednuclearmaterial(USONM) and
its subsequentusewill haveto meettherequirementsofbothAustralianandUS
agreements.This is acommonsituation,thatis, asignificantproportionofAONM
is also characterisedasUSONM andis accountedfor bothto ASNO andits US
counterpart(DOE).

“The equivalenceprincipleprovidesthatwhereAONM losesits separateidentity
becauseofprocesscharacteristics(egmixing) anequivalentquantityis designated
AONM, basedon thefactthat atomsormoleculesofthesamesubstanceare
indistinguishable,anyoneatomormoleculebeingidenticalto anyotherofthe
samesubstance.In suchcircumstances,equivalentquantitiesoftheproductsof r
suchnuclearmaterialmaybederivedby calculationorfrom operatingplant
parameters.It shouldbenotedthattheprincipleofequivalencedoesnotpermit
substitutionby alower qualitymaterial— eg enricheduraniumcannotbereplaced
by naturalordepleteduranium.

“The proportionalityprincipleprovidesthat whereAONM is mixedwith other
nuclearmaterial,andis processedor irradiated,aproportionoftheresulting
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materialwill beregardedasAONM correspondingto thesameproportionof
AONM initially.

“Somepeopleareconcernedthattheoperationofthe equivalenceprinciplemeans
therecannotbe assurancethat ‘Australianatoms’ do not entermilitary programs.
This overlookstherealitiesofthesituation,thaturaniumatomsare
indistinguishablefrom oneanotherandthereis no practicalwayofattaching
‘flags’ to atoms.TheobjectiveofAustralia’sbilateralagreementsis to ensurethat
AONM in no waymateriallycontributesto or enhancesanymilitary purpose.
Evenif AONM wereto be in aprocessingstreamwith nuclearmaterial
subsequentlywithdrawnformilitary use,thepresenceoftheAONM would add
nothingto thequantityor qualityofthemilitary material(NB asnotedelsewhere
in thisReport,thosenuclear-weaponstateseligible for thesupplyofAustralian
uraniumhaveceasedproductionoffissile materialfornuclearweapons).

e Accountingfor AONM

“Australia’sbilateralpartnersholdingAONM arerequiredto maintaindetailed
recordsoftransactionsinvolving AONM, and ASNO’scounterpartorganisations
arerequiredto submitregularreports,consentrequests,transferandreceipt
documentationto ASNO.ASNO accountsfor AONM on thebasisofinformation
andknowledgeincluding—

- reportsfrom eachbilateralpartner
- shippingandtransferdocumentation
- calculationsofprocesslossesandnuclearconsumption,andnuclear

production
- knowledgeofthefuel cyclein eachcountry
- regularliaisonwith counterpartorganisationsandwith industry;and
- reconciliationofanydiscrepancieswith counterparts.”

UseofAONMin dirty bombs

In the light oftheabove,theprobabilityofAONM beingusedin a dirty bombis
miniscule. Substantialamountsofspentmedicalandindustrialradiationsourcessuchas
cobalt-60,andin somecountriesspentresearchreactorfuel, wouldbemorereadily
available. This threatunderlinestheimportanceofIABA programsto find andsecure
suchsourcesin countrieswith lessrigorousaccountingandsurveillancethanAustralia.

Seealso:UIC briefingpaperon SafeguardstopreventprolWeration.
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Appendix6.

Whole oflife cyclewastemanagementassessmentof the uranium industry, including
radioactive wastemanagementat mine sitesin Australia, and nuclearwaste
managementoverseasconsequentto useof Australian exported uranium.

• Nuclearpower is theonly energy-producingtechnologywhichtakesfull
responsibilityfor all its wastesandfully coststhis into theproduct

• Theradioactivity ofall nuclearwastesdiminisheswith time
• Safemethodsfor thefinal disposalofhigh levelwasteare technicallyproven:the

internationalconsensusis thatthis shouldbedeepgeologicaldisposal

• FundamentalPrinciplesofRadioactiveWasteManagement

TheInternationalAtomic EnergyAgencyhasestablishedthefollowing fundamental
principlesofradioactivewastemanagement.

1. ProtectionofHumanHealth.
Radioactivewasteshallbemanagedin suchawayasto secureanacceptablelevel of
protectionfor humanhealth.

2. Protectionoftheenvironment
Radioactivewasteshallbemanagedin suchawayasto providean acceptablelevel of
protectionoftheenvironment.

3~ Protectionbeyondnationalborders
Radioactivewasteshallbemanagedin suchawayasto assurethatpossibleeffectson
humanhealthandtheenvironmentbeyondnationalborderswill be takeninto account.

4. Protectionoffuturegenerations
Radioactivewasteshallbemanagedin suchawaythatpredictedimpactson thehealthof
futuregenerationswill notbegreaterthanrelevantlevelsof impactthatareacceptable
today.

5. Burdenson futuregenerations
Radioactivewasteshallbemanagedin suchawaythatwill not imposeundueburdenson
futuregenerations.

6. Nationallegal framework
Radioactivewasteshallbemanagedwithin an appropriatenationallegal framework
includingclearallocationofresponsibilitiesandprovisionfor independentregulatory
functions.

7. Controlofradioactivewastegeneration
Generationofradioactivewasteshallbekept to theminimumpracticable.

8. Radioactivewastegenerationandmanagementinterdependencies
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Interdependenciesamongall stepsin radioactivewastegenerationandmanagementshall
beappropriatelytakeninto account.

10. Safetyoffacilities
Thesafetyof facilitiesfor radioactivewastemanagementshallbeappropriatelyassured
during theirlifetime.

• Introduction

Uraniummining andnuclearenergyproduceoperationalanddecommissioning
radioactivewasteswhich arecontainedandmanaged.Although experiencewith
radioactivewastestorageandtransportoverhalfa centuryhasclearlydemonstratedthat
civil nuclearwastescanbemanagedwithout adverseenvironmentalimpact,thequestion
hasbecomepolitical with afocuson final disposal.In fact,nuclearpoweris theonly
energy-producingindustrywhichtakesfull responsibilityfor all its wastesandcoststhis
into theproduct— akeyfactorin sustainability.

At eachstageofthefuel cyclethereareproventechnologiesto manageanddisposeof the
radioactivewastessafely.

Theradioactivityof all nuclearwastedecayswith time. Eachradionuclidecontainedin
thewastehasahalf-life — thetime takenfor halfofits atomsto decayandthusfor it to
losehalfof its radioactivity.Radionuclideswith longhalf-lives tendto be alphaemitters,
makingtheirhandlingeasier.Thosewith shorthalflivestendto emitmoreofthemore
penetratinggammagays.

Eventually,all radioactivewastesdecayinto non-radioactiveelements.Themore
radioactivean isotopeis, thefasterit decays.

Themainobjectivein managinganddisposingofradioactive(orother)wasteis to protect
peopleandthe environment.This meansisolatingoroccasionallydiluting thewasteso
that therateor concentrationofanyradionuclidesreturnedto thebiosphereis harmless.
To achievethis,practicallyall wastesarecontainedandmanaged— someclearlyneed
deepandpermanentburial.Noneis allowedto causeharmfulpollution.

In theOECDsome300 million tonnesoftoxic wastesareproducedeachyear,but
conditionedradioactivewastesamountto only 81,000cubicmetresperyear.In countries
with nuclearpower,radioactivewastescompriselessthan1% oftotal industrialtoxic
wastes.Mosttoxic industrialwastesremainhazardousindefinitely.

• Typesofradioactivewastes

Mineswastesaregeneratedby traditionaluraniumminingasfine sandytailingswhich
containvirtually all thenaturallyoccurringradioactiveelementsnaturallyfoundin
uraniumore.Thesearecollectedin engineeredtailings damsandfinally coveredwith a
layerof clayandrock to inhibit theleakageofradongasandensurelong-termstability.
In theshortterm,thetailingsmaterialis oftencoveredwith water.After afewmonths,the
tailingsmaterialcontainsabout75%oftheradioactivityoftheoriginal ore.
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Low-levelwastes(LL W) aregeneratedfrom hospitalsandindustryaswell asthenuclear
fuel cycle. Theycompriseitemssuchaspaper,rags,tools, clothingandfilters which
containsmall amountsofmostlyshort-livedradioactivity.Theydo not requireshielding
duringhandlingand transportandaresuitablefor shallowlandburial.To reducetheir
volume,theyareoftencompactedor incineratedbeforedisposal.Theycomprisesome
90%ofthevolumebut only 1% oftheradioactivityofall radioactivewastes.

Intermediate-levelwastes(IL W) containhigheramountsofradioactivityandsomerequire
shielding.Theytypically compriseresins,chemicalsludgesandmetal fuel claddingas
well ascontaminatedmaterialsfromreactordecommissioning.Smalleritemsandany
non-solidsmaybesolidified in concreteorbitumenfor disposal.Theymakeup some7%
ofthevolumeandhave4%oftheradioactivityofall radioactivewastes.

High-levelwastes(HLW) arisefrom theuseofuraniumfuel in anuclearreactor.They
containthefissionproductsandtransuranicelementsgeneratedin thereactorcore.They
arehighly radioactiveandhot, sorequirecooling andshielding.Theycanbeconsidered
asthe‘ash’ from ‘burning’ uranium.HLW accountfor over95%ofthetotalradioactivity
producedin theprocessof electricitygeneration.Therearetwo distinctkinds ofHLW, as
describedbelow.

• Conversion,enrichment,makingfuel

Uraniumoxideconcentratefrom mining, essentially‘yellowcake’ (U308) is not
significantly radioactive,barelymoresothanthegraniteusedin buildings. It is refined
thenco~vertedto uraniumhexafluoridegas(UF6). As a gas,it undergoesenrichmentto
increasetheU-235 contentfrom 0.7%to about3.5 to 5%. It is thenturnedinto ahard
ceramicoxide(U02)for assemblyasreactorfuel elements.

Themain by-productofenrichmentis depleteduranium,principallytheU-238 isotope,
which is storedeitherasUF6 orU308.Somedepleteduraniumis usedin applications
whereits extremelyhighdensitymakesit valuable,suchasradiationshieldingandeven
thekeelsofyachts.It is alsoused,with recycledplutonium,for makingmixed oxidefuel
andto dilutehighly-enricheduraniumfrom dismantledweaponsin its conversionto
reactorfuel.

• ManagingHLWfromusedfuel

Usedfuel givesrise to HLW whichmaybe either:
- Theusedfuel itself in fuel rods,or
- theprincipalwastearisingfrom reprocessingfuel rods

In eithercase,theamountis modest— about25 tonnesofusedfuelorthreecubicmetres
peryearofvitrified wastefor atypical largenuclearreactor.Both canbeeffectivelyand
economicallyisolated,andhavebeenhandledandstoredsafelyandvirtually without
incidentin 31 countriessincenuclearpowerbeganalmost50 yearsago.

To ensurethatno significantenvironmentalreleasesoccurovertensof thousandsof
years,‘multiple barrier’ disposalis used.This immobilisestheradioactiveelementsin
HLW andsomeILW andisolatesthemfrom thebiosphere.Themainbarriersare:
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- immobilisationofwastein an insolublematrix suchasborosilicateglassor
ceramic

- sealinginsideacorrosion-resistantcontainer,suchasstainlesssteel
- locationdeepundergroundin a stablerock structure
- containerssurroundedwith animpermeablebackfill suchasbentoniteclay

if therepositoryis in awet environment

If theusedfuel is reprocessed,asoccurswith fuel from British, French,Swiss,Japanese
andGermanreactors,high-levelwastescomprisehighly-radioactivefissionproductsand
sometransuranicelementswith long-livedradioactivity.Theseareseparatedfrom the
usedfuel, enablingtheuraniumandplutoniumto be recycled.Theygeneratea
considerableamountofheatandrequirecooling.Theyarevitrified in borosilicate(Pyrex)
glass,encapsulatedinto heavystainlesssteelcylindersabout1.3 metreshigh andstored
for eventualdisposal.

If usedreactorfuel is notreprocessed,it will still containall thehighly radioactive
isotopes.Theentirefuel assemblyis accordinglytreatedasHLW fordirect disposal.It too
generatesalot ofheatandrequirescooling.However,sinceit largelyconsistsofuranium
(with a little plutonium)it representsapotentiallyvaluableresource.Hencethereis an
increasingreluctanceto disposeofit irretrievably.

Eitherway,afterbetween40 and50 yearstheheatandradioactivityhavefallen to one-
thousandthofthe levelat whenthereactorwasswitchedoff to enabletheir removal.This
providesatechnicalincentiveto delayfurtheractionwith HLW until theradioactivityhas
reducedto a small fractionofits original level.

After storagefor about40yearstheusedfuel assembliesarereadyfor encapsulationor
loadinginto casksreadyfor indefinitestorageorpermanentdisposalunderground.

Direct disposalhasbeenchosenby theUnitedStates,Finland andSweden,although
evolving conceptsleantowardsmakingtheusedfuel recoverablein theeventfuture
generationsseeit asaresource.Thisrequiresallowing for aperiodofmanagementand
oversightbeforearepositoryis closed.

Increasinglyreactorsareusingfuel enrichedto over 4%U-235andburningit longer,to
endup with less than0.5%U-235 in theusedfuel. Thisprovideslessincentiveto
reprocess.

• Recyclinguraniumandplutoniumfrom usedfuel

Anyusedfuel will still containsomeofthe original U-235aswell asvariousplutonium
isotopeswhichhavebeenformedinsidethereactorcore,andtheU-238. In total these
accountfor some96%oftheoriginaluraniumandoverhalfoftheoriginal energycontent
(ignoringU-238). Reprocessingundertakenin EuropeandRussia(andplannedfor Japan)
separatesthis uraniumandplutoniumfrom thewastessothey canbe recycledforre-use
in anuclearreactorasmixed oxide(MOX) fuel. This is the ‘closedfuel cycle’ and
representsverymuchwhatis to happenwith thesmall quantitiesofusedfuel from the
Australianresearchreactorat LucasHeightsin Sydney,andthenewreplacementreactor.
Someusedfuel from LucasHeightshasalreadybeenshippedto Europefor reprocessing,
andthesmall amountof separatedwastewill bereturnedto Australiafor disposalasILW.
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Plutoniumarisingfrom neutroncapturein thefuel comprisesonly about1%of
commercialusedfuel. After separationin reprocessing,it is recycledthrougha MOX fuel
fabricationplant whereit is mixed with depleteduraniumoxideto makefreshfuel.
Europeanreactorscurrentlyuseover 5 tonnesofplutoniumayearin freshMOX fuel,
althoughall reactorsroutinelyburnmuchoftheplutoniumwhich is continuallyformedin
thecoreby neutroncapture.Theuseof MOX simplymeansthat someseparated
plutoniumis incorporatedinto freshfuel. (Plutoniumarisingfrom the civil nuclearfuel
cycleis not suitablefor bombs.It containsfar too muchofthePu-240isotopebecauseof
the lengthoftime thefuel hasusedin thereactor).

Major commercialreprocessingplantsoperatein France,Britain andRussia,with a
capacityof some5000tonnesperyearandcumulativecivilian experienceof80,000
tonnesover 50 years.FranceandBritain alsoundertakereprocessingfor utilities in other
countries,notablyJapan,whichhasmadeover 140 shipmentsofusedfuel to Europesince
1979.At present,mostJapaneseusedfuel is reprocessedin Europewith thevitrified
wasteandtherecovereduraniumandplutonium(asMOX) beingreturnedto Japanto be
usedin freshfuel. Russiaalsoreprocessessomeusedfuel from Soviet-designedreactors
in othercountries.

• Costsofradioactivewastemanagement

Thecostofmanaginganddisposingofnuclearpowerwastesrepresentsabout5%ofthe
total costoftheelectricitygenerated.Mostnuclearutilities arerequiredby governments
to put asidealevy (eg 0.1 centsperkilowatt hourin theUnitedStates)to providefor
managementanddisposaloftheirwastes.Sofar morethanUS$20billion hasbeen
committedto theUnitedStateswastefundby electricityconsumers.

• DisposingofusedfuelandotherHLW

Theworldhas about270,000tonnesofusedfuel in storage,muchofit at reactorsites.
Annualarisingsofusedfuel areabout12,000tonnes,andonequarterofthis goesfor
reprocessing.Final disposalis thereforenot urgentin any logistical sense.

HLW from reprocessingmustbesolidified. Francehastwo commercialplantsto vitrify
HLW left overfrom reprocessingoxidefuel, andtherearealso significantplantsin
Britain andBelgium.ThecapacityofthesewesternEuropeanplantsis 2,500canisters
(1,000tonnes)ayear,andsomehavebeenoperatingfortwo decades.

An Australian-designedwasteform,Synroc(syntheticrock) is amoresophisticatedway
to immobilisesuchwasteandmayeventuallycomeinto commercialusefor civil wastes.

To date,therehasbeennopracticalneedfor final HLW repositoriesassurfacestoragefor
30 to 50 yearsis first requiredsothatheatandradioactivitycandissipateto levelswhich
makehandlingand storagesaferandeasier.

Theprocessof selectingappropriatedeepgeologicalrepositoriesfor HLW is now
underwayin severalcountrieswith thefirst expectedto becommissionedin thenext
decade.FinlandandSwedenarewell advancedwith plansandsiteselectionfor direct
disposalofusedfuel. TheUnited Stateshasoptedfor a final repositoryin Nevada. (A
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deepgeologicalrepository- WJPP- formilitary transuranicwastesis in operationin New
Mexico.)

Afterbeingburiedfor aboutathousandyears,mostoftheradioactivityfrom HLW will
havedecayed.Theamountofradioactivitythenremainingwouldbesimilar to that ofthe
equivalentnaturally-occurringuraniumore from which it originated,thoughit would be
moreconcentrated.

Thefollowing tableindicatesthemeasuresthatsomecountrieshavein placeorplannedto
store,reprocessanddisposeofusedfuel andotherradioactivewastes—

Country Policy Facilities and progress
towards final repositories
Central wastestorageand
underground laboratory
established.Construction of

Belgium Reprocessing

repositoryto beginabout2035

Canada Direct disposal Undergroundrepository
laboratoryestablished.
Repositoryplannedfor usein
2025

China Reprocessing Centralusedfuel storagein
LanZhou

Finland Directdisposal Usedfuel storagesin operation.
Low and intermediate-level
repositoriesrn operationsince
1992.SitenearOlkiluoto
selectedfor deeprepositoryfor
usedfuel from2020

France Reprocessing Two facilities forstorageof
short-livedwastes.Siteselection
studiesunderwayfor deep
geologicalrepositoryfor
commissioningin2020

Germany Reprocessingbutmoving
directdisposal

Low-level wastesitesin use
since1975. Intermediate-level
wastesstoredatAhaus.Used
fuel storageatAhausand
Gorleben.High-levelrepository
to beoperationalafter2010

India Reprocessing Researchon deepgeological
disposalforhigh-levelwaste

Japan Reprocessing
Low-level wasterepositoryin
operation.High-level waste
storagefacility at Rokkasho
murasince1995. Investigations
for deepgeologicalrepository
sitebegun,to operatefrom2035

Russia Reprocessing Sitesfor final disposalunder
investigation.Centralrepository
for low andintermediate-level
wastesplannedfrom 2008

SouthKorea Directdisposal Centralinterimhigh-levelwaste
storeplannedfor 2016.Central
low and intermediate-level
repositoryplannedfrom 2008.
Investigatingdeephigh-level
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wasterepositorysites.

Spain Direct disposal Low andintermediate-level
wasterepositoryin operation.
Finalhigh-levelwaste
repositorysiteselection
programforcommissioningin
2020

Sweden Direct disposal Centralusedfuel storagefacility
in operationsince1985.Final
repositoryfor low to
intermediatewasteinoperation
since1988.Underground
researchlaboratoryforhigh-
level wasterepository.Site
selectionfor repositoryin two
volunteeredlocations.

Switzerland Reprocessing Centralinterimstorageforhigh-
level wastesat Zwilag since
2001.Centrallow and
intermediate-levelstorages
operatingsince1993.
Undergroundresearch
laboratoryforhigh-levelwaste
repository,withdeeprepository
to befinished by 2020

UnitedKingdom Reprocessing Low-level wasterepositoryin
operationsince1959.High-level
wasteisvitrified andstoredat
Sellafield.Undergroundhigh-
level wasterepository
envisaged.

UnitedStates Direct disposal Threelow-levelwastesitesin
operation. Decisionin2002 to
proceedwithYuccaMountain
geologicalrepositoryfor 70,000
tonnesusedfuel & HLW.

Disposingofotherradioactivewastes

Generally,short-lived intermediate-levelwastes(mainlyfrom decommissioningreactors)
aredisposedofthroughnearsurfaceburialwhile long-livedintermediate-levelwastes
(from fuel reprocessing)will bedisposedofdeeperunderground.Low-levelwastesare
alsodisposedofin nearsurfaceburial sites.

A small proportionoflow-level liquid wastesfrom reprocessingplantsaredischargedto
thesea.Theseincluderadionuclideswhich aredistinctive, notablytechnetium-99
(sometimesusedasatracerin environmentalstudies),which canbediscernedmany
hundredsofkilometresaway.However,suchdischargesareregulatedandcontrolled,and
themaximumdoseanyonewould receivefrom themis asmall fractionofnatural
background.

Nuclearpowerstationsandreprocessingplantsreleasesmallquantitiesofradioactive
gases(e.g.krypton-85andxenon-133)andtraceamountsofiodine-131 to the
atmosphere.However,theyhaveshorthalf-lives,andtheradioactivityin theemissionsis
diminishedby delayingtheirrelease.Also, thefirst two arechemicallyinert.Thenet
effectis too small to warrantconsiderationin any life-cycle analysis.

F-
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Wastesfrom decommissioning

In thecaseof nuclearreactors,about99%oftheradioactivityis associatedwith thefuel
which is removedbeforeinvoking decommissioningoptions.Apart from anysurface
contaminationofplant, theremainingradioactivitycomesfrom ‘activationproducts’ in
steelcomponentswhich have beenexposedto neutronirradiationfor long periods.Their
atomsarechangedinto differentisotopessuchasiron-55,cobalt-60,nickel-63 and
carbon-14.Thefirst two arehighly radioactive,emittinggammarays,but correspondingly
with shorthalf-lives sothat after50 yearsfrom closedowntheirhazardis much
diminished.Somecaesium-137mayalsobe in decommissioningwastes.

Somescrapmaterialfrom decommissioningmayberecycled,but for usesoutsidethe
industryverylow clearancelevelsareapplied,somostis buried.

• Naturalprecedentsfor disposal

Naturehasalreadyproventhat geologicalisolationis possiblethroughseveralnatural
examples(or ‘analogues’).Themostsignificantcaseoccurredalmost2 billion yearsago
at 0kb in whatis now Gabonin WestAfrica, whereatleast17 small naturalnuclear
reactorsoperatedspontaneouslywithin arich depositofuraniumore. Eachoperatedat
about20 kW thermal. (At thattimetheconcentrationofU-235 in all naturaluraniumwas
about3.7%).Thesenaturalnuclearreactorscontinuedfor about500,000yearsbefore
dyingaway.Theyproducedall theradionuclidesfoundin HLW, including over 5 tonnes
offissionproductsand1.5 tonnesofplutonium,all ofwhichremainedat thesite and
eventuallydecayedinto non-radioactiveelements.

Thestudyofsuchnaturalphenomenais importantfor anyassessmentofgeologic
repositories,andis the subjectofseveralinternationalresearchprojects.However,it must
benotedthatthe0kb reactionsproceededbecausegroundwaterwaspresentasa
moderatorin the ‘enriched’ andpermeableuraniumore. This meantthatmany
radionuclidesdissolvedin thatgroundwater.HLW disposaltodaywill beof insoluble
materialsin corrosion-resistantpackaging.
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Appendix 7.

The adequacyof social impact assessment,consultation and approval processeswith
traditional ownersand affectedAboriginal peoplein relation to uranium mining
resourceprojects.

• The industiyseeksto ensurethatlocal andregionalcommunitiesin particular,
benefitfrom itspresence

Australia’sthreeoperatingmineswere,prior to receivingregulatoryapproval,subjectto
extensiveassessmentprocessesdirectedby governmentwhich includedpublic input and
consultationwith communitiesliving in thevicinity oftheproposeddevelopments.

In relationto Aboriginalcommunities,proponentsof themineswererequiredto
demonstratethatanypotentialimpactsonculturalheritagewereidentifiedandminimised.

In conductingtheiractivities,theoperatorsofthethreemineshaverecognisedthatthe
sustainabilityoftheiroperationsis closelylinked to the sustainabilityoftheirlocal and
regionalcommunities.Accordingly,themine operatorsseekto —

- respectculturaldiversityandprotectculturalheritage
- maintainstrongandmutuallybeneficialrelationswith local andregional

communitiesbasedonopenandtransparentcommunications
- supportlocal andregionalcommunitiesin theirdevelopmentand

sustainabilitythroughsponsorshipsandcompany-funded,jointly run
programsto providesocialbenefitsin areassuchashealth,educationand
the environment

- identify andfacilitateopportunitiesfor employment,trainingand
businessesdirectly andthroughtheircontractors

As well asconsultativemeetings,theoperatorsprovideregularinformationto local and
regionalcommunitiesthroughannualreportsandsite-specificwebsites.

As ageneralstatementof intent, theindustrywouldassertthat it seeksto ensurethat local
andregionalcommunitiesin particular,benefitfrom theindustry’spresencein any
particularareaandthat its presenceis supportedratherthanimposed.

TheInquiry shouldpursuequestionson this issuewith thecompaniesconcerned,since
theUIC is not theirspokesmanon mattersconcerningtheiroperations.
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Appendix 8

Health risks to workers and to the public from exposureto ionising radiation from
mining

• Therehavebeenmore than40 yearsofexperiencein applyinginternational
radiationsafetyregulationsat uraniummines

• Australian radiationsafetyregulationstodayare amongthemostcomprehensive
andstringentin theworld

• RadiationdosesatAustralian uraniumminesarewell within regulatorylimits
• Uraniumminingcompanieshavetakenactivestepsto reduceradiation doses

whereverandwhenevertheycan, andhavevoluntarilyadoptedthemostrecent
internationalrecommendationson doselimits longbeforetheybecamea
regulatoryrequirement

Everyonereceivesasmall amountofradiationall thetime from naturalsourcessuchas
cosmicradiation,rocks,soil andair. Uraniummining doesnot increasethis discernably
for membersofthepublic, including communitiesliving nearuraniummines.

In Australiaminingoperationsareundertakenunderthecountry’sCodeofPracticeon
RadiationProtectionin theMining andMilling ofRadioactiveOres,administeredby state
andterritory governments(andapplyingalsoto mineralsandsoperations).

• Thebasisofradiationprotectionstandards

In practice,radiationprotectionis basedon theunderstandingthat small increasesover
naturallevelsofexposurearenot likely to beharmfulbut shouldbekeptto aminimum.
To put this into practice,theInternationalCommissionfor RadiologicalProtection
(ICRP)hasestablishedrecommendedstandardsof protection(both formembersofthe
public andradiationworkers)basedon threebasicprinciples:

- Just~flcation. No practiceinvolving exposureto radiationshouldbe
adoptedunlessit producesanetbenefitto thoseexposedor to society
generally

- Optimisation.Radiationdoses(adoseis theamountofmedically
significantradiationapersonreceives)andrisksshouldbekeptaslow as
reasonablyachievable(ALARA), economicandsocialfactorsbeingtaken
intoaccount

- Limitation. Theexposureofindividualsshouldbesubjectto doseorrisk
limits abovewhich theradiationrisk would bedeemedunacceptable.

Theseprinciplesapplyto thepotentialfor accidentalexposuresaswell aspredictable
normalexposures.

Underlyingtheseis theapplicationofthe ‘linear hypothesis’basedon theassumptionthat
anylevel ofradiationdose,no matterhowlow, involvesthepossibilityofrisk to human
health.This assumptionenables‘risk factors’derivedfrom studiesofhighradiationdose
to populations(eg from survivorsofthetwo atombombsdroppedon Japanin 1945)to be
usedin determiningtherisk to anindividual from low doses.However,theweightof
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scientificadvicedoesnot indicateanycancerrisk or immediateeffectsat dosesbelow
about50 millisieverts(mSv) peryear.

Basedon theseconservativeprinciples,theICRPrecommendsthattheadditionaldose
abovenaturalbackgroundandexcludingmedicalexposure,shouldbe limited to
prescribedlevels.Theseare—

- 1 mSvperyearfor membersofthepublic
- 20mSvperyearaveragedover 5 yearsfor radiationworkerswho are

requiredto workunderclosely-monitoredconditions

Theframeworksofradiationsafetyin countrieswheremosturaniumis minedarebased
on thefull adoptionofinternationalrecommendations.

Radiationdoserecordscompiledby mining companiesunderthescrutinyofregulatory
authoritieshaveshownconsistentlythat miningcompanyemployeesarenot exposedto
radiationdosesin excessofthe limits. In Australia,themaximumdosereceivedis about
halfofthe20 mSv .peryearlimit.
Dosesareminimisedby programsofeducationandtraining,aswell asengineeringdesign

ofminingandprocessingoperations.

A numberofprecautionsaretakento protectthehealthofworkers.

Dustis controlled,soasto minimiseinhalationofgammaoralpha-emittingminerals.In
practice,dust is themain sourceofradiationexposurein an opencuturaniummine andin
themill area.

Radiationexposureofworkersis minimal in an opencutminebecausethereis sufficient
naturalventilationto removetheradongas.At Ranger,theradonlevel seldomexceeds
onepercentof the levelsallowablefor continuousoccupationalexposure.In an
undergroundminea goodforced-ventilationsystemis requiredto achievethesameresult.
At Olympic Dam,radiationdosesto designatedworkersin themine in 2004averaged3.7
mSv/year.

Strict hygienestandardsareimposedon workershandlinguraniumoxideconcentrate.If it
is ingestedit hasachemicaltoxicity similar to thatof leadoxide.In effect, the same
precautionsaretakenasin aleadsmelter,with useofrespiratoryprotectionin particular
areasidentifiedby airmonitoring. At Olympic Dam,packinguraniumoxideconcentrate
is automated,sono humanpresenceis required.

• Radiationsafetyregulation in Australia

Whenthe currenteraof uraniummining beganin Australiain the 1 970s,areviewofthe
regulatoryframeworkfor radiationsafetywasundertaken.Thisresultedin theproduction
ofthe1975 CommonwealthCodeofPractice on RadiationProtectionin theMiningand
Milling ofRadioactiveOres(the ‘Health Code’).TheHealthCodewasformulatedfrom
recommendationsmadeby theICRP andtheradiationdoselimits adoptedby theNational
HealthandMedicalResearchCouncil. (NH&MRC).
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TheHealthCodehaslegal forcein theStatesandTerritorieswhereit is adoptedunder
Stateand Territory ActsorRegulations.

Responsibilitiesfor administrationoftheHealthCodeareheldby relevantagenciesin the
StatesandTerritories.This includesensuringthatthebasicradiationexposurestandards
arecompliedwith, day-to-dayoversightofthegeneraloccupationalhealthandsafety
requirementsatmine sites,andregularreportingofmonitoringresults.

In additionto theHealthCodethereis theCodeofPracticeon theManagementof
RadioactiveWastesfrom theMiningandMilling ofRadioactiveOres(1982)— (the
‘WasteCode’),andtheCodeofPracticefor theSafeTransportofRadioactiveSubstances
(1990).Thesecodesaregivenlegal forcein theStatesandTerritoriesin muchthesame
wayastheHealthCode.

TheHealthCodeandtheWasteCodehavebeenundergoingreviewthroughaprocessco-
ordinatedby theAustralianRadiationProtectionandNuclearSafetyAgency
(ARPANSA),anda draft ofthenewcombinedCodeis published.This will bea
combinedCodeofPracticeandSafetyGuide.

• RadiationProtectionStandards

Followingrecommendationspublishedin 1991 by theICRP,theNH&MRC andthe
National HealthandSafetyCommissionjointly preparednewAustralian
recommendationsfor limiting exposureto ionisingradiationandaNationalStandardfor
limiting occupationalexposure.TheseareconsiStentwith theBasicSafetyStandardsfor
radiationprotectionadoptedin 1994by variousUnitedNationsAgencies. In thelight of
emergingscientificknowledgeoftheeffectsoflow-doseand low dose-rateradiation,they
areveryconservativeandevidentlymorethanadequate.

Therevisedexposurelimit is 20mSv peryearaveragedoverfive consecutiveyears.
Exposurelimits for membersofthepublic from radiation-relatedactivitiesremainedat 1
mSv peryear,which is lessthantheaverageradiationbackgroundfrom the environment.

All Australianmining companiesvoluntarily agreedto adopttherevisedlimits without
waiting for theimpositionoftheregulatoryrequirementto do so.
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Appendix9

History of transporting uranium oxide concentratefor South Australian producers

2000andprior years— Only oneSouthAustralianuraniumoxide concentrate(UOC)
producer,andtwo shippingcompaniesavailableto transport‘Class7’ from Port
Adelaide. Chartervesselswereusedin theearlydays,andtheshippingcompaniesin the
lastdecade.

2001 — SecondSouthAustralianUOCproducerstartedcontactingshippingcompames.
Only oneshippingcompanywould transport‘Class 7’ cargovia East-aboutfortnightly
servicefrom Port Adelaideto Europe. Shipmentsweretransshippedin Europeby
specialistfreightforwarderalsoon alimited numberofvessels.

2002 - At theendof 2002,the fortnightly servicewasrestructuredandreroutedto bypass
PortAdelaide. Theshippingcompanyplannedanalternativerouteusingthenewwest-
aboutvesselson athreeweeklybasis,connectingwith feedervesselsin Singapore,which
dischargedin Europe. All west-aboutvesselswerecharteredinsteadofownedby the
shippingcompany. This is commonpracticefor shippingcompaniesto chartervessels
insteadofowningthewhole fleet.

2003 — Thevesselownersofthewest-aboutroutedecidedthattheywouldNOTpermit
‘Class7’ materialto becarriedon theirvessels.Thisreflectsagrowingworldwide
sentimentfollowing on from September11 attacksthathasresultedin reluctanceby many
vesselowners’operatorsandshippingcompaniesto be involvedwith the carriageof
‘Class7’ cargo.

2003 — Oneshippingcompanypermittedlimited containersto beshippedfrom Adelaide
to Singaporeandtransshippedonto feedervesselsto Europe. Thisshippingcompany
only hasonevessel,which is fully owned(notchartered).

2003 — In May anewdirect servicebetweenAdelaideandVancouverbegan.Two
shippingcompaniesout ofPortAdelaidewould take‘Class7’ out of thefive who called
into PortAdelaide.

2004— In Februarythedirect servicebetweenAdelaideandVancouvercancelledits Port
Adelaidecall entirely. Dueto therestrictionofmovingclass7 cargobetweenstatesthis
routecouldno longerbeused.

2004— In March theshippingline (Adelaide- Singapore- Europe)serviceagreedto take
extrasix 20-foot containerson eachsailing.

2004— In April the vesselwasput intodrydock for maintenanceandthereplacement
vesselwouldnot accept‘Class 7’ asit waschartered(not owned).

2004— Dueto a shortageofshippingservicesoutofPortAdelaide,UOC producers
forcedto charteravesselto taketwo monthsstockout ofPortAdelaide.

2004— In Junetheshippingcompanyreducedthenumberofslotsavailablefor UOC
containersby six dueto seasonalcommoditiesandover-booking.
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2004— In October2004therail operatorbetweenCanadaandUSA putout anembargo
refusingto transportanyfurther ‘Class7’ dueto lengthydelaysexperienced.Additional
costsforcedontoUOC producersto truckUOC shipmentsinsteadofusingtherail.
Someshipmentswerere-routedto avoiddelays.

2004— In Decembertheshippingcompanyagreedto taketheextrasix UOC containers
backon everyfour weeksailing,howeverchargeswereincreasedby 40 percent.

2005 — In Januarytheshippingcompanyannouncedtheirvesselrequiredunscheduled
maintenanceandneededto go backinto dry dock. Thereplacementvesselcouldnot take
‘Class 7’ for theFebruarysailing.

2005 — January— March, trials ofshipmentsof ‘Class7’ usingtheservicesofthe
Adelaideto Darwinrailwayoverathree-monthperiodbegan. Forty-eight‘Class7’
containersweretransportedto andshippedoutofPortDarwin.

2005 — In March the(Adelaide- Singapore- Europe)vesselreturnedfrom dry dockand
servicesarecurrentlytaking 24 ‘Class7’ 20-foot containerspersailing.
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4
URANIUM INFORMATION CENTRE Ltd. E!DUE~

ABN 30005503828

TheUraniumInformationCentrewassetup in 1978. Its purposeis:

To increaseAustralian public understanding of uranium mining and nuclear
electricity generation.

Theprincipalaimsof theCentreare:

• To provideinformationaboutthedevelopmentoftheAustralianuraniumindustry,the
contributionit canmaketo world energysuppliesandthebenefitsit canbring
Australia,

• To beabrokerofinformationon all aspectsoftheminingandprocessingofuranium,
thenuclearfuel cycle, andtherole ofnuclearenergyin helpingto meetworld
electricitydemand,

• To promoteanunderstandingoftheroleofnuclearenergyin relationto othersources
ofenergy,andespeciallytheenvironmentalimplicationsofeach..

Activities

TheCentreproducesanddistributesa varietyofpublicationsincludingaweeklynews
summary(e-mail& web),abimonthlynewsletter,acontinually-updatedrangeofNuclear
IssuesBriefingpapers,andcolour informationbrochuresfor schools. It alsoprovides
materialto thenewsmedia. Its siteon theWorld WideWeb - http://www.uic.com.au is
heavilyusedandwidely cited.Since2001 it hasbeencloselyworkingwith theWorld
NuclearAssociation,basedin London.

Beforeanybriefingpaperis published,or extensivelyrevised,it is reviewedby someone
expertin thesubjectmatterto ensurethat thereareno errorsoroversights.The Centre
therefore canvouchfor and support anything it publishes,and unreservedlyoffers
to correct promptly anything that might beshownaswrong or misleadingin what it
publishes.

TheCentreis fundedby its members- companiesinvolved in uraniumexploration,
mining andexportin Australia,chiefly by thethreeuranium-producingcompanies.

Full Members:
EnergyResourcesof AustraliaLtd
HeathgateResourcesPty Ltd
WMC ResourcesLtd

Participating Members:
CamecoAustraliaPty Ltd
CogemaAustraliaPtyLtd
SouthernCrossResourcesInc
Silex SystemsLtd
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AssociateMembers:
HavilahResourcesNL
LaramideResourcesLtd
PaladinResourcesNL
ScimitarResourcesLtd

Affiliate members:
EaglefieldHoldings PtyLtd
SummitResourcesLtd


