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国《ECUTIVESUMMARY

Introduction

OnMarch28bl979,asevereaccidentoccurredintheThreeMilelSlandUnit2(TML2)
p~izedwaterreactorhWhiChresul"inapagtialmlCltingof"cQ"si"cW"addmg
bxidatiOn,andasiPiScantrele"eofESsionpWOductsfromthehxel.哩唾rinv"ti"tions
conCludedthatatLast4S%ofthecorehadmeltedandapprmmateW19§皿kgofmoltencore
materialrelocatedandcametorestonthelcwerheadoftheIeactorvessel.

Inordertodevelopacomprehensiveunderstandingoftheaccide"seVeralre.eW
programswemcestabliShed.ThheinitialpFoggjnwasjginilygponsorpWilOGgnSaEHUr
fimgNimClear(GPUN)Corporation,3thgElectricrowerRe-hJl5titute"g),E".
NildearRegulatoiyCommission(NRq,andthe"・D"artmentofEner野のoE).mllect-
iveW,thisgroupwasknownasGEND・UndertheGENDprCgram,GPUNwaseSpmlsiblemr
ojgahigj5ntbleanupoperations,VhilefheD"wasJFsponsmpWroW"WWtatioo
MMfmStorage&tdecorcuintnpennanentdiSpoSitiOnwaS"ide4.ZleDOEa#o
gaPPbraanextaSivereSearchProjamgtheWIg""""ua"P""""
6WMvewastodewemopaconsmieniund､ldmgoftheacJdenWdtqensureihatm"
xegUltsareavanable"resolutionofsevereaccidentksues.Anadditionalresgardn"gramwas
EimgaMerthea"picesofthe"mmittecontheSa"OfNijplCarmstallalipnsofthe
OrganizationmrEcodomicCooPeratjpnan.Pewe""t(OECPlUndeg."RWWU22
孟量毘孟f石配Dc｡untriesanithe"mmissionoffheEurOpeanmnununities'JOinlRCsearCP
EEM""aedintheAccidentEvaluatipnPKogrambypermmmgdetailed"<aminatiommsof
mmPlesofhleldebris.

FOrmationoftheVesseIInvestigationProiect

WhentheGENDresearChprogramwasorigmalWestablished,itwasnot"egteqthata
signifcant"mtofmoltenmaterialhadrelOcatediplbelpwerhea4・Asaresult,hlrtherstudy
ofthcmPlicationsassociatedwiththeIelocationoffi』elandapotentialvdamagedlowerhead
WammliidetlintheGENDprogramworkscoPe.Onceitwasrealizdthatmolteq"!had
画ocatedtothelowerhead,theNRCpxOposedthattheimportantsa睦tyqUestionsraised町a
i5Ei"aama"diowwerheadb"rmCanveiii"tedihroughZ"tWW2xcWggve
irogambnderthespOnsorshipoftheNuclearBngIMgn呼価EA)oftheOEm・During
iiiimimSCdSsi｡nscmcerninghebnnationoftheesselInvestigatiOnPrqject(VIP),itjleCame
EmthafCountrieswhichdPeratednuclearpowerreactorsneededtofilrtheri"easei"
aVaalinnderstanding｡fth6T麺戸2accidenfThiSwOuldbestbeacco印plis蝿岬嘩河呼
mtemationalparticipationinanadditionalTn圧2researchprogram・Asar"ulMheOECD
IPrqecctTo血yestighteTileThreeMileBland2ReactorPressureVessel,:'compqmycaqgjjh.
TMI-ZVIP,wasestablished・ThesignatoriestothefbrmalVIPagreementaIeBelgilJm,""
FEmde,GeimanybItaly,Japan,SpaitmSweden,Switzerland,theUnitedKin"om,andtheU㎡rd
States.
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SSO.44Combustiblegascontrol
fOrnuclearpowerreactors｡
(a)Dem7jWOns.

(1)Ine『tedatmospheremeansacontainmentatmospherewithlessthan4percentoxygenby

volume.

(2)MixedatmO"heremeansthattheconcentrationofcombustiblegasesinanypartofthe

containmentisbelowalevelthatsupportscombustionordetonationthatcouldcauselossof

containmentintegrity.

(b)Requ"巴men鱈jbl･cU"宮nW-"℃ensedieaCto庵.Eachboilingorpressurizedwaternuclear

powerreactorwithanoperatinglicenseonOctoberl6,2003,exceptl℃rthosemcilitiesmr

whichthecertificationsrequiredunderg50.82(a)(1)havebeensubmitted,mustcomplywith

themllowingrequirements,asapplicable:

(1)Mixedatmosphe尼.AllcontainmentsmusthaveacapabilitybrensuringamWed

atmosphere.

(2)Cbmbustibfgascontmﾉ.(i)AIIboilingwaterreactorswithMarkIorMarklItype

containmentsmusthaveaninertedatmosphere.

(ii)AllboilingwaterreactoEwithMarkIIItypecontainmentsandallpressurizedwaterreactors

withicecondensercontainmentsmusthavethecapabilityfOrcontrollingcombustiblegas

generatedfromametal-waterreactioninvoIving75percentofthefUelcladdingsurrounding

theactivefUelregion(excludingthecladdingsurroundingtheplenumvolume)sothatthereis

nolossofcontainmentstructuralintegrity.

(3)EqujPmentSurvivabintybAIlboilingwaterreactorswithMarkIIIcontainmentsandall

pressurizedwaterreactorswithicecondensercontainmentsthatdonotrelyuponaninerted

atmosphereinsidecontainmenttocontrolcombustiblegasesmustbeabletoestablishand

maintainsatshutdownandcontainmentstructuralintegritywithsystemsandcomponents

capableofpermrmingtheirfUnctionsduringandafterexposuretotheenvironmentalconditions

createdbytheburningofhydrogen.EnvimnmentalconditionsCausedbylocaldetonationsof

hydrogenmustalsobeinduded,unlesssuchdetonationscanbeshownunlikelytooccur.The

amountofhydmgentobeconsideredmustbeequivalenttothatgenera"dfromametal-water

reactioninvoIving75percentofthefUelcladdingSun･oundingtheactivefUelregion(excluding

thecladdingsurroundingtheplenumvolume).

(4)"onjtorW7g.(i)EquipmentmustbeprovidedfOrmonitoringoxygenincontainmentsthat

useanineltedatmospherefOrcombustiblegascontrol･EquipmentfOrmonitoringoxygenmust



belilnctional,reliable,andcapableofcontinuouslymeasuringtheconcentrationofoxygenin

thecontainmentatmosphercfbllowingasignificantbeyonddesign-basisaccidentf℃r

combustiblegascontrolandaccidentmanagement,includingemergencyplanning.

(ii)EquipmentmustbeprovidedfOrmonitoringhydrogeninthecontainment・EquipmentfOr

monitoringhydmgenmustbefUnctional,reliable,andcapableofcontinuouslymeasuringthe

concentrationofhydrogeninthecontainmentatmospherefOllowingasignificantbeyond

design-basisaccidentfOraccidentmanagement,includingemergencyplanning.

(5)Anaﾉyses.Eachholderofanoperatinglicensei℃raboilingwaterreactorwithaMarklIItype
ofcontainmentorfbrapressurizedwaterreactorwithanicecondensertypeofcontainment,

shallpermrmananalysisthat:

(i)Pmvidesanevaluationoftheconsequencesofiargeamountsofhydrogengeneratedafter
thestartofanaccident(hydrogenresultingfromthemetal-waterreactionofuptoand

including75percentofthefUelcladdingsurroundingtheactivefUelregion,excludingthe

claddingsurmundingtheplenumvolume)andincludeconsiderationofhydmgencontrol

measuresasappropriate;

(ii)Includestheperiodofrecoveryfromthedegradedcondition;

(iii)UsesaccidentscenariosthatareacceptedbytheNRCstaffThesescenariosmustbe

accompaniedbysufficientsupportingjustificationtoshowthattheydescribethebehaviorof

thereactorsysmduringandfOllowinganaccidentiesultinginadegradedcore.

(iv)SupportsthedesignofthehydrogencontroIsystemselectedtomeettherequirementsof
thissection;and,

(v)Demonstrates,fOrthosereactorsthatdonotrelyuponanineltedatmospheretocomply
Withparagraph(b)(2)(ii)ofthissection,that:

(A)Containmentstructuralintegrityismaintained.Containmentstructuralintegritymustbe
demonstratedbyuseofananalyticaltechniquethatisacceptedbytheNRCstaffinaccordance

with550.90.Thisdemonstrationmustincludesufficientsupportingjustificationtoshowthat
thetechniquedescribesthecontainmentresponsetothestructuralloadsinvoIved・Thismethod
couldindudetheuseofactuaimaterialpropeltieswithsuitablemarginstoaccountfOr

uncertaintiesinmodeling,inmaterialproperties,inconstructiontolerances,andsoon;and

(B)SystemsandcomponentsnecessarytoestablishandmaintainSafeshutdownandto
maintaincontainmentintegritywillbecapableofpeil℃rmingtheirfUnctionsduringanda仕er

exposuretotheenvironmentalconditionscreatedbytheburningofhydrogen,includinglocal
●

detonations,unlesssuchdetonationscanbeshownunlikelytOoccur．

(c)Requ"色me"""r勉如鱈wat己ﾉ毛･COOﾉedr管aCtCrapp"℃antsand"仁e"sees.2Thelequirements
inthisparagraphapplytoallwater-cooledreactorconstructionpermitsoroperatinglicenses

underthispart,andtoallwater-cooledreactordesignapprovals,designcertifications,



combinedlicensesormanubcturinglicensesunderpart520fthischapter,anyofwhichare

issuedafterOctoberl6,2003.

(1)j"xedatmo"her℃.Allcontainmentsmusthaveacapabilityfbrensuringamixed

atmosphereduringdesign-basisandsignificantbeyonddesign-basiseccidents.

(2)Combus助ﾉegasco"ty℃ﾉ.AIIcontainmentsmusthaveaninertedatmosphere,ormustlimit

hydrogenconcentrationsincontainmentduringandmllowinganaccidentthatreleasesan

equivalentamountofhydrogenaswouldbegeneratedfromalOOpercentfUelclad-coolant

reaction,unimrmlydistributed,tolessthanlOpercent(byvolume)andmaintaincontainment

stmcturalintegrityandappropriateaccidentmitigating"atures.

(3)鈎叩me"tSurWvab"tybContainmentsthatdonotrelyuponaninertedatmosphereto

controlcombustiblegasesmustbeabletoestablishandmaintainsafeshutdownand

containmentstmcturalintegritywithsystemsandcomponentscapableofperformingtheir

fUnctionsduringandafterexposuretotheenvironmentalconditionscreatedbythebumingof

hydrogen・EnvironmentalconditionscausedbylocaldetonationsofhydIDgenmustalsobe

included,unlesssuchdetonationscanbeshownunlikelytooccur・Theamountofhydrogento

beconsideredmustbeequivalenttothatgenerated何℃mafUelclad-coolantreactioninvoIving

100percentofthefUelcladdingsurroundingtheactivefUeiregion.

(4)"onitorng・(i)Equipmentmustbeprovidedibrmonitol･ingoxygenincontainmentsthat
useanineitedatmospherefOrcombustiblegascontrol・EquipmentfOrmonitoringoxygenmust

befUnctional,reliable,andcapableofcontinuouslymeasuringtheconcentrationofoxygenin

thecontainmentatmospherefOllowingasignificantbeyonddesign-basisaccidentfbr

combustiblegascontrolandaccidentmanagement,includingemergencyplanning.

(ii)EquipmentmustbeprovidedfOrmonitoringhydrogeninthecontainment.EquipmentfOr
monitoringhydrogenmustbefunctional,reliable,andcapableofcontinuouslymeasuringthe

concentrationofhydrogeninthecontainmentatmospherei℃llowingasignificantbeyond

design-basisaccidentlbraccidentmanagement,includingemergencyplanning.

(5)S"uctU厄ﾉa"alysE.Anapplicantmustperibrmananalysisthatdemonstratescontainment
structuralintegrity・Thisdemonstlationmustuseananalyticaltechniquethatisacceptedby

theNRCandincludesufficientsupportingjustificationtoshowthatthetechniquedescribesthe

containmentresponsetothestructuralloadsinvoIved.Theanalysismustaddressanaccident

thatreleaseshydrogengeneratedfromlOOpeにentfUelclad-coolantreactionaccompaniedby

hydrogenburning.Systemsnecessalytoensurecontainmentintegritymustalsobe

demonstratedtoperfOrmtheirfUnctionundertheseconditions.

(d)Requ"℃"7e"鱈"r"tI"石"O"Wat己作COOﾉedJ色aCtOra""ca"Eand"CenSeeSandcert冒伽
●

wateFcoofd『短actorapplta"tsandnCensees.The『巳quirementsinthisparagraphapplytoall

constructionpermitsandoperatinglicensesunderthispart,andtoalldesignappmvals,design



certifications,combinediicenses,ormanufacturinglicensesunderpart52ofthischapter,fOr

nonwater-cooledreactorsandwa"r-cooledreactorsthatdonotmllwithinthedescriptionin

paragraph(c),fOotnotelofthissection,anyofwhichareissuedafterOctoberl6,2003.

Applicationssubjecttothisparagraphmustinclude:

(1)1n1℃rmationaddressingwhetheraccidentsinvolvingcombustiblegasesaretechnically

relevantmrtheirdesign,and

(2)IfaccidentsinvoIvingcombustiblegasesarefbundtobetechnicallyrelevant,infOrmation

(includingadesign-specificpmbabilistlcriskassessment)demonstratingthatthesafety

impactsofcombustibiegasesduringdesign-basisandsignificantbeyonddesign-basis

accidentshavebeenaddressedtoensureadequateprotectionofpublichealthandsafetyand

commondemnseandsecurity.

[43FR50163,0ct.27,1978,asamendedat46FR58486,Dec.2,1981;50FR3504,]an､25,

1985;50FR5567,Feb.11,1985;51FR40308,Nov､6,1986;53FR43420,0ct､27,1988;57

FR39358,Aug.31,1992,61FR39299,July29,1996;64FR48951,Sept､9,1999;68FR

54141,Sep､16,2003]

zTherequirementsofthisparagraphapplyonlytowaterecooledreactOrdesignswith

characteristics(e､9,,typeandquantityofcladdingmaterials)suchthatthepotentialfOr

productionofcombustiblegaseSiscomparabletolightwaterreactordesignslicensedasof

Octoberl6,2003.
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