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A SUBMISSION BY THE SUBMARINE INSTITUTE OF AUSTRALIA
INCORPORATED

1. INTRODUCTION

1.1 THE TERMS OF REFERENCE

This submissionwill focuson thestrategicimportanceof Australia’suranium

resourcesandrelevantindustrydevelopments.
Weareconsciousof thelimitationsof theTOR andseethem asonepieceof a
largejig saw. TheInstitutesuggestsit is difficult to drawsensibleor balanced
conclusionswithoutaddressingthequestionsraisedby theinquiry in thecontext
of thebroadercontextof anAustralianenergypolicy, globaldevelopmentsin the
energyfield and,morebroadly,of Australia’slongertermstrategicoutlookand
defenceforce capabilityplanning.

TheInstitutetakesawide view of ‘industry’, within whichweincludeAustralia’s
nuclearacademic,medical,engineering,technologyandmining capabilities.

Finally,as is appropriatefor an institutefocusedon matterssubmarine,we wish
todrawout someof thedefenceimplicationsarisingfrom considerationofthis
issue,particularlyastheymightapplyto Australia’ssubmarinecapability in the
future.

2. DISCUSSION

2.1 AN AUSTRALIAN ENERGY POLICY

Thequestionsto be addressedin suchapolicyexaminationwouldinclude:

•. WhatareAustralia’senergyrequirementsin themediumto longerterm?
Thisshouldinclude:

> Energyrequiredto desalinatefresh water.

~ Reducingourdependencyon hydracarbonsfor transport.

~ Reducingourgreenhouseemissions.

SecuringAustralia’sEnergyFuture,AustralianGovernment,June2004
2 TimeTo BeOverA Barrel,AllanFels& FredBrenchley,AFR,5 May 2005.

Australia’s energypolicy promulgated in the White Paper Releasedby the
Government in June 2004 ~ addressesmany of the issues; however it
dismissesnuclear power generation asan option for Australia without any
seriousexamination. It is time to re-examinethis issue— ‘eventsofthe past

~10monthshaveshottheground out from under thewhitepaper’2
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~. Whattechnicaloptionsexistto meetthese?

~ Theseare wellcanvassedin the2004 WhitePaper, with thenotable

exceptionofnuclearpower.
~ Whatistheworld energysituationandtrendsfor themediumterm,say30-50

years?

~ Including thoseofglobal energysupplyanddemand.

> ABAREpredictsthatworldenergydemandwill morethandoublein the
period2010—2050. ~

Howwill thisaffectouraccessto the increasingamountofoil wewill
needto importandthepricewewill havetopayfor it?

> Australia’senergydemandgrewby28% in theperiod1990—98andis
forecastto growbyat leastthismuchagain by theendofthedecade4.

•. How canAustralia’sgreenhousegasemissionsbereducedto improveout
environmentandmeetourglobalobligationstoreduceemissions?

> Australia’sstationaryenergysectoraccountsfor 48%ofour totalgreen
housegasemissions,electricitygenerationaccountsfor 69%ofgreen

S
housegaspollutionproducedby thissector.

~. Whatis Australia’scapabilitiesto meetits futureenergyneedsagainstthis
backdrop?

~. Whatis nuclearenergy’srole in meetingtheseneedswithin this context?

> In theUSA,whereit supplies20%ofelectricalenergy,6nuclear
generatedelectricitymaintainedits positionasthecheapestproducerof
electricity lastyear.

•:. Whatis theindustry,academic,engineeringandtechnologycapability
requiredto underpinthiscontributionto Australia’senergysupplies?

3. AUSTRALIA’S NUCLEAR INDUSTRY CAPABILITY AND ABILITY
TO CONTRIBUTE TO THE GLOBAL ENERGYAND
ENVIRONMENTAL SOLUTIONS

3.1 A SOURCE OF URANIUM FOR FUEL
Australiahasan outstandingstmtegicassetin its uraniumstocks:

•~ The largeststockof theworld’s known,economicallyrecoverableuranium. 8

3NuclearOption LoomsLarge,Alan Mitchell, AER 16-17April 20054COAGEnergyPolicyDetails—8 June2001
~CurrentEnergySituation,TheSustainableEnergyAuthority Victoria
6 A CaseForNuclearGeneratedElectricity,ScottW Heaberlin,table7.4

Nuclear:It’s TheNewGreen,LeslieKemeny,TheAge, 28 April 2005.
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•:. The secondlargestproducerof uraniumfrom minesin 2003 (Canadawas the
largest).~

This standingis moreimpressivegiventherestrictionson thedevelopmentof
uraniumminesin Australia

Yet we do not fully exploit our world standing, we confine our industry to
mine and mill the ore and leave the value adding of further processingto
convert, enrich and produce fuel elementsfor power production to the end
usersofour ore.

~ ByrestrictingAustralianindustry’s capacityto processthe uraniumorethe
werestricttheeconomicreturnfor ourresourcesanddenyourselvesthe
industrycapabilitythatwouldevolvefrom suchactivity.

~ Thebreakdownofcoststo operatea typicallight waterpowerreactorin
the USA indicatesthat theseadditional3processingstepsrepresent
almosthalf thefuelcoststofuel thereactor.

An importantconsiderationthatthisinquiry shouldaddressis therelationship
betweenamorefully developednuclearindustry andAustralia’s role asan
adherentandaproponentof the NuclearNon-ProliferationTreaty(NPT).

~ The NPTis amatterofgreatpolitical andstrategicsignificance.

~• As along-termsupporterof theNPT,supporterof theLABA and,sincethe
mid-70s,proponentof astrict internationalnuclearsafeguardsregime,
Australiahasanenviablerecordin advocatingextendedcontrolson the
proliferationof nucleararmaments.

•:• ButAustralia’srole wouldacquireadditionalsubstancewere it to bebacked
byamodern,efficientandproperlyregulatednuclearindustry.

4. INDUSTRY, ACADEMIC AND R&D CAPABILITY
A promisingstartin thefieldsof nucleareducation,researehanddevelopmentand
engineeringmadeby Australiain the 1950shaswitheredto a verylow level.

~. Australia’sonly schoolof nuclearengineeringestablishedattheUniversityof
NSWwasdisbandedin 1986underconsiderablefundingandpolitical
pressure.

•. Whilst ANSTOprovidesanationalcapabilityto adviseon mattersnuclear
today,onewonderswherethe nextgenerationof engineersandscientistswill
comefrom?

of Uranium,WorldNuclearAssociation,August2004

UraniumMining, WorldNuclearAssociation,July2004
NuclearEngineering,Ronald AllenKneif, Table17-1
A PowerToo GoodTo Refuse,LeslieKemeny,TheAustralianNewspaper,30 March2005.
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4.1 PUBLIC PERCEPTIONS

•. Despitethe unfortunateaccidentsatThreeMile IslandandChernobyl,nuclear
powerhasprovedtobe anextremelysafeformof energygeneration.

> Thesearethe onlymajoraccidentstooccur in over11,000 cumulative
reactoryearsofoperationin 32 countries.12

~ TheChernobylplantwouldneverhavebeencer~fiedforoperationunder
theregulatoryregimesofWesterncountries~ withnuclearpower
industries,dueto reactordesignshortcomingsandlackofsafeguards.

4 Despitethesetwo accidents,nuclearpoweraccountsfor thelowestnumberof
world widedeathspermillion Megawattsof electricitygeneratedin primary
energyproductionin the22 yearperiod 1970 - 92 ‘4.The figureswere:

> Coal— 342

~ NaturalGas—8S

)~ Hydro —883

~ Nuclear—8

4 The wastegeneratedby thenuclearfuel cycle requirescarefulhandling,
storageanddisposal. Theindustryhasagoodrecordin doingso.

4 Forexamplein theUS nuclearpowerindustry no seriousincidentswere
recordedin the30 yearperiod1966— 1997, 15 thepopularimagethatwaste
fromnuclearpowerstationsposesanunmanageableriskorwill overwhelm
storagecapacityoverstatesthecase:

~ Reprocessingthespentfuelremovesa significantportionofthelong term
radioactiveisotopesandallowsthismaterial to bereusedinfuel to
generatepower.

> Havingtakenthissteptheradioactivityofthebalancefallsquickly, it is
1/1,000oftheoriginal levelin 40yearsandfulls to thetoxicityofthe
original orein 300years. 16

12Safetyof NuclearPowerReactors,WorldNuclearAssociation,November2003.
13 A CaseForNuclearGeneratedElectricity, ScouWHeaberlin,p119.

“~ Safetyof NuclearPowerreactors,WorldNuclearAssociation,November2003.
‘~ A CaseForNuclearGeneratedElectricity, ScottW Heaberlin,Table6.2

Electricity,NuclearWaste,World Nuclearassociation,Chapter5.1

There can be nodoubt that the trenchant oppositionofconservationgroups
to all things nuclear hasbeena major political factor in Australia’s policy.

This stanceagainstthenuclear powerindustry hasnot beenvalidated by
history.
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> Thevolumeofwastegeneratedis verylow, typicallylessthan 1%ofthe
volumeofashgeneratedfroma coalfiredpowerstation.17

~‘ Putanotherway, a 1,000MegawattPressurisedWaterReactorwould
produce3 cubicmetresofspentfuelperyear~

• Thiswouldbesign~ficantlyreducedbyreprocessingthis spentfuelas
only3%oftheoriginal spentfuelemergesashigh levelwastefrom

18thisprocess.

• Thiscanbeplacedin a stablefonn, suchasvitrification intoglass
blocks 19 pioneeredbyAustralianscientistsatANU.

• Thebalanceof97%thefuelcanberecycledinto newfuel. 20

~ Storingthiswastesafelyto allow theradioactivedecayto takeplaceis

important,but isnot an insuperableproblem.

~ Bycomparison,theproposalthat weshouldsequesterandstoreC02from
coalfiredpowerstationswouldleavean enduringandgrowing legacyof
storedgaswith enduringtoxicity

+ Greenhouseemissionsareamajorglobal issueandacritical measurefor any
futureconstructionof additionalpowergenerationin Australia.

~‘ Globally, burningcoalproducesabout9billion tonnesofC02eachyear,
2170%frompowergeneration.

• TechnologiestosequesterandstoretheC02areperhaps10 yearsoff
thetechnicalandeconomicviability haveyettobedemonstrated.22

~ Renewableenergysourcessuchassolarandwind, canonlybeexpectedto
meeta minorportion oftheworld’s demandsforelectricity.

~ In Australia’scasetheycurrentlymeetabout5%andthisis onlyexpected
to growslowlyfromthislowbaseto approximately10%. 23

~ Renewableenergysourcessufferfroma numberoflimitationsasa base
loadpowersource;thisis reflectedin therelativelylowpotentialexpected
fromthemabove. Theyare relativelyexpensivecomparedto nuclear
power.24

‘~‘ A CaseForNuclearGeneratedElectricity,ScottW Heaberlin,Table6.5.
IS NuclearElectricity,WorldNuclearassociation,NuclearWaste,Chapter5.1 - NuclearWaste.

Engineering,Ron~dAllenKneif, p570.
20 A CaseForNuclearGeneratedElectricity,ScottW Heaberlin,p192.
21 “CleanCoalTechnologies”,WorldNuclearAssociationpaper,July2004
22 SecuringAustralia’sEnergyFuture,AustralianGovernment,June2003,p 75.

~Ibid,p 26.’
24 NuclearOptionLoomsLarge,Alan Mitchell, AFR, 16-17April 2005.
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Nuclear is the only technology currently available with a demonstrated
ability to meet the base load electricity requfrements in an economicand
safe fashion, without adding significantly to the world’s green house gas
problem.

Therecanbeno doubt thattheanti nuclearcampaignhasbeenvery successfulin
generatingfearandconcernin themindsof thepublic aboutnucleargenerated
electricity.

Achievingamorebalancedandaccurateunderstandingcanbestbeaddressedas
partof a completereviewof Australia’smediumto longtermenergyneedsand
solutionsto meetit, as advocatedin theprecedingsectionof thissubmission.

5. THE DEFENCE ASPECTS
Therearemanyissuesrelatingto thedefenceaspectsof adevelopednuclear
industryin Australia. While theSIA appreciatesthattheseissuesgo well beyond
thetermsof referenceof thisinquiry, it maybeusefulto summarisesomeof them
for futurereference.Theyincludetherole of nuclearenergyasapowersource
for shipsandsubmarines.

6. NUCLEAR ENERGY AS A POWER SOURCE FOR SHIPS
Smallreactors,operatingon similarprinciplesto thePressurisedWaterReactors
usedin Western,secondgenerationpowerstationshavebeenusedto provide
energy(steam)to propelmerchantships,surfacewarshipsandsubmarinesfor 50
years.

4 In theWesttheyhaveprovedtobe reliableandsafe,allowingmobility
unrestrictedby the needto refuelfor thedurationof thereactorfuel cycle,
typically 10 years.

+ Morerecently,submarinereactorshavebeendesignedto operatefor thelife of
thevessel,30-40yearswithout theneedtorefuel.

+ Merchantship applicationshavegenerallybeenconfinedto specialistvessels
suchas icebreakers.

+ In warshipsthecostof constructionandownershiphasnowrestrictedthis
technologyto highvalueunits,suchasaircraftcarriersandsubmarines.
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7. WHY DOES AUSTRALIA HAVE A SUBMARINE CAPABILITY?
To appreciatetheimportanceof submarineforcein thedefenceof Australiait is
necessaryto summarisethecapabilitiestheyprovide:

+ A uniqueability to operatein watersandunderair spacecontrolledby
another,withoutcounterdetection,orcausingadiplomaticincident.

+ Thisprovidesanability to operatethroughoutourregionof interest
conductingsurveillanceandintelligencegatheringwherenecessary.

+ The longdistancesinvolvedrequiresubmarineswith alongrangeand
endurance,suchas Australia’sCollins Class10,000nauticalmilesand10
weeks,to beeffective.

+ Submarinesrequireadisproportionateamountof effortto counterand
certaintycannot beassured— thereis alwaysanelementof doubtasto their
locationandintentions.

+ In periodsoftensionthesubmarineforcethereforeprovidesastrongdeterrent
againstanopponentescalatingasituationto conflict.

+ In theeventof conflict, submarinesareableto operatein anopponent’s
critical areasto observeandreportbackandwhendirected,conductoffensive
operations.

8. REGIONAL SECURITYTRENDS AND THE IMPLICATIONS FOR
THIS CAPABILITY
Australia’smaritimeinterestsstretchfrom thePersianGulf, thesourceof muchof
ourhydrocarbonenergy,northto the NorthWestPacific andinto theSouthWest
Pacific. Within this extensiveregion anumberof maritimesecuritytrendscanbe
notedin warshipandsurveillancecapabilities.

PerhapsthemoststrikingaretheprogrammesChinaandIndiahaveunderwayto
moderniseandextendtheir maritimecapabilities. To considerjustsomeof the
trendsin submarineforces:

+ Thenumberof submarinesis increasingandthelevelof capabilityrising as9
2~countriesin theregionacquirethiscapabilityfor thefirst timeor modernise
andupdatetheir existingcapability.

+ Chinaoperatesthelargestregionalsubmarineforce.

~ Theirfleetincludesbothnuclearpropelledattacksubmarines,nuclear
propelledandarmedballisticmissilesubmarinesandconventionaldiesel
electricsubmarines.

> China isexpendingsign~/icantresourcesto moderniseits’ submarine
force, utilising thelatesttechnology,acquiredfromRussia.

~ Iran,Pakistan,India,Singapore,Malaysia,Indonesia,Taiwan,China,Japan
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+ Indiahasaprogrammeunderwayto acquireacurrentgenerationnuclear
propelledattacksubmarinecapabilityfromRussiaandis modernisingits fleet
of conventionalsubmarineswith WesternandRussianvessels.

Air, surfaceandanti submarinesurveillancesystemsin theregionarealso
improvingas newtechnologiesandcapabilitiesareintroduced.

Thebottom line is agrowing degreeofcomplexityand capacitytoconduct
offensivemaritime operationsby regional players and an increasingly
difficult operatingenvironment for Australia’s submarines

.

+ Australia’ssubmarinesareacritical partofthe AustralianDefenceForce’s
capacityto counterthesetrends.

9. THE ADVANTAGES OF NUCLEAR PROPULSION IN SUBMARINES
Nuclearpropulsionallowsthesubmarinetoproceedathigh speedwithout
enduranceconstraintsandfreesit fromhavingto exposeitself to rechargeits
batteries.

+ Nuclearpropulsionconfet~impressivemobility thatallows thesubmarineto
respondquickly, (aparticularadvantagein theshortnoticecontingencies
expectedto arisein ourregion)andgreatlyreducestherisk ofcounter
detectionof thesubmarine.

+ Whilst nonnuclear,air independentpropulsiontechnologies,suchasfuel
cells,areavailable(andbeingintroducedin regionalsubmarines),theseareof
limited powerandendurance,restrictingthe submarine’smobility whenusing
thisenergysource.

+ Nonnuclear,air independentpropulsionis generallyusedwhilst loitering in
anoperatingareato reducetherisk of counterdetection;it doesnot improve
thesubmarine’smobility on longtransitsor overallendurancewithout
refuellingperse.

Giventhatthetrendsin the securityenvironmentnotedabovecontinue,it is
highly likely that Australiawill chooseto replaceits’ submarinecapabilityas
Collinsnearstheendof life in 2020-2025.

+ Thepotentialdemandfornuclearsubmarinepropulsionin anewgenerationof
longrangesubmarineswouldof coursedependon the changingstrategic
situationin whichAustraliamightfind itself.

The replacementoftheCollins Classwill undoubtedlyrequirean air
independentcapability to operatesafelyand effectivelyin themore
demandingsecurityenvironment likely to prevaiL

Nuclearpropulsion should be consideredasoneoftheoptions to meetthis
requirementgiventhemobility and enduranceadvantages.
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THE INDUSTRY REQUIREMENTS TO SUPPORT A NUCLEAR
POWERED SUBMARINE CAPABILITY
It is generallyacceptedthatanuclearindustry,basedon anindigenouspower
generationcapabilityis essentialto sustainanuclearpropelledsubmarine
capability:

+ All of thecountriesoperatingor introducingnuclearpropelledsubmarinesin
ourareaof interesthaveanindigenousnuclearpowercapability.

+ Without thiscapabilityin servicesupportandmaintenancewould become
extremelyexpensiveandhighly dependenton anoverseassupplier.

THE LINK FROM NUCLEAR POWER GENERATION TO NUCLEAR
WEAPONS
Powergenerationandits associatedfuelcycledo notnecessarilyor easilyleadto
anuclearweaponscapability. It ispossibleto haveeitherwithout theother.

+ Thelevelsof fuel enrichmentfor powergenerationaremuchlower at2-5%

thanthatof 95%requiredfor constructinganuclearweapon.26

+ Byproductsfrom usedreactorfuel can bereprocessedto achievetheselevels,
but this isnot asimpleprocess,liable to bedetectedandis’ controlledunder
theNuclearProliferationTreaty.27

26 A CaseForNuclearGeneratedElectricity, ScottW Heaberlin,p 165.
27 Earmneering.RonaldAllenKneif. p602.

10.

11.
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12. CONCLUSIONS
The June 2003Energy White Paperconcludesthat Australia’s energy
requirementsin themedium term can not be met without significant
expansionofthe baseload electrical generationcapacity. ~

Thereare anumberof issueswhicharisefromconsiderationof thisPaper:

+ Renewableenergysources,whilst theyshouldbefully exploited,will be
unabletomeetthis additionalrequirement.

+ Australia’sgasreservesofferanadditionalpowergenerationcapability,
particularlysuitedto shorttermloadrequirements,but cannot meetthelong
termbaseloadrequirementeconomically.

+ Thecurrentcoalbasedcapabilityposessignificantgreenhouseemission
problems.

+ Furtherexpandingthebaseloadgenerationcapabilitybasedon coalwould
onlyexacerbatethisproblem.

+ Carbonsinks,carbonsequestrationandothertechnologiesto cleanup coal
fired powerstationsemissionsappearunlikely to overcometheseproblems
andposeeconomicandenvironmentalissues— not leastof the latter is the
lastinglegacyof storedC02, shouldthetechnologyprove feasible.

+ Therecentdevelopmentsin the world energysupplyhavefundamentally
alteredthebasisuponwhichAustralia’senergypolicy hasbeendrawn.

Although it wasnot consideredin theEnergy White Paper,nuclear energy
would appear to haveasignificantcontributionto maketo meeting
Australia’senergyrequirement.

+ Therearesignificanttechnical,regulatoryandpublicpolicyissuesto be
addressedin resolvingthesequestions.

+ Theseissueswill takesomeyearstoresolve.

+ Thetimehascometo addresstheseissues.

This reviewis asmallstepon that path, but is addressingonlyasmall
portion ofthequestion.

Australia’s nuclear industry is at theminimalist end ofthespectrum.

+ It is probablysufficientto supportthecurrentdeliberations;howeverit would
requiresignificantexpansion,includinginvestmentin tertiaryeducationto
supportthenecessaryexpansionof industryto meetAustralia’sfuture
requirements.

28 SecurineAustralia’sEnergyFuture.AustralianGovernment.June2003,p 69.
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Regardlessofthedecisionon utilizing nuclear energyfor electrical power
generation,thepossibility existsto broadenAustralian industry’s capability
by valueadding and involving our current mining and milling industry in the
preparation ofnuclear fuel pellets for powerstations.

Thesestepswould enhanceour flaggingstanding in theNPT regime and
improveour capability to positively influenceglobaloutcomes.

Nuclear propulsion for warships,particularly submarinesoffers significant
operational advantagesin the regional securityenvironment likely to prevail
in themedium term (15-20years).

Future decisionson Australia’s submarine capability should considerthe
option ofnuclear power.

This option will notbe practicable without thesupport ofa broadly based
nuclearindustry in Australia.

13. RECOMMENDATIONS
The SubmarineInstitute of AustraliarecommendsthattheConiniitteeshould:

+ Note theneedfor developmentof anenergypolicy thataddressesAustralia’s
mediumto longertermenergyrequirementsandidentifiessolutionsto meetit,
includingafull anddispassionateexaminationof theutility of nuclearpower.

+ Recognizethattheir reportunderthe currenttermsof referenceis alimited,
but importantcontributionto thisneed.

+ Note thewider implicationsfor theuseof nuclearenergythatmightarisefrom
suchbroaderconsiderations.

+ RecognizethatAustralia’suraniumresourcerepresentasignificant,growing
nationalandglobalstrategicasset.

+ ConsiderthefurtherdevelopmentoftheAustraliannuclearindustry to ‘value
add’ to theuseof Australia’suraniumresourcesin thefuel cycle for nuclear
powergeneration.

+ Recognizethe opportumtyto supportfuture defencerequirementsandenable
future optionsto meetAustralia’sstrategiccircumstancesby theuseof nuclear
propulsionfor warships,particularlysubmarinesthatwouldarisefrom an
enhancednuclearindustry.

The SubmarineInstitute of Australiawouldwelcometheopportunityto elaborate
on anyaspectof theissuesit hasraisedin thissubmission.
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