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INTRODUCTION

The U.S. Nuclear RegulatoryCommission(NRC)developedthisreportasrequiredby
Section 103(e) oftheNuclearEnergyInnovationandModernizationAct(NEIMAortheAct),
whichrequires theNRCtosubmittotheappropriatecongressionalcommitteesareportfor
(1)completing a rulemaking toestablishatechnology-inclusiveregulatoryframeworkfor
optionaluseby applicants inlicensingcommercialadvancednuclearreactortechnologiesin
newreactorlicense applications and(2)ensuringthattheNRChasadequateexpertise,
modeling,andsimulation capabilities, oraccesstothosecapabilities,tosupporttheevaluation
ofcommercialadvanced reactor licenseapplications,includingthequalificationofadvanced
nuclearreactorfuel.The Act includes requirementsforthedevelopmentofthisreport,including
coordinatingandseekingstakeholder inputinitsdevelopment,providingcostandschedule
estimates,andevaluatingvarious policy andtechnicalissuesassociatedwithadvancednuclear
reactortechnologies.TheActdefines "advanced nuclearreactor"asanuclearfissionorfusion
reactor,includingaprototypeplant, with significant improvementscomparedtocommercial
nuclearreactorsunderconstructionas of thedateofenactmentoftheAct.

TheNRCisanindependentregulatoryagency whose missionistolicenseandregulatethe
Nation'scivilianuseofradioactivematerialsto protect publichealthandsafety,promotethe
commondefenseandsecurity,andprotecttheenvironment. TheNRCandtheU.S.
DepartmentofEnergy(DOE)havedistinctroles,but have workedjointlythroughseveral
memorandaofunderstanding(MOUs)(asdescribedin SECY-21-0010, "AdvancedReactor
ProgramStatus,"datedFebruary1,2021(Ref.1)).The NRC andtheDOE'sOfficeofFusion
EnergyScienceshaveinitiatedroutineinteractionstodevelop longer termstrategiesforthe
possibledeploymentofsafefusionenergysystems.

ThisreportaddresseseachoftherequirementsofNEIMASection 103(e), "ReportToComplete
aRulemakingToEstablishaTechnology-InclusiveRegulatoryFramework forOptionalUseby
CommercialAdvancedNuclearReactorTechnologiesinNewReactorLicense Applications and
ToEnhanceCommissionExpertiseRelatingtoAdvancedNuclearReactor Technologies." In
July2019,asrequiredbyNElMASection103(b)andSection103(c),theNRC sent tworeports
toCongress:(1)"ApproachesforExpeditingandEstablishingStagesintheLicensing Process
forCommercialAdvancedNuclearReactors"and(2)"IncreasingtheUseofRisk-Informed and
Performance-BasedEvaluationTechniquesandRegulatoryGuidanceinLicensingCommercial

AdvancedNuclearReactors"(Ref.2).Thesereportsprovideadditionaldetailsonspecific

aspectsrelatedtotheNRC'spreparationforlicensingadvancednuclearreactors.

BACKGROUND

TheNRC'sPolicyStatementontheRegulationofAdvancedNuclearPowerPlants,issuedon
July8,1986,inVolume51oftheFederalRegister(FR),page24643(51FR24643)(Ref.3),
andreissuedasthePolicyStatementontheRegulationofAdvancedReactorsonOctober14,
2008,inVolume73oftheFR,page60612(73FR60612)(Ref4),providesallinterested
parties,includingthepublic,theCommission'sviewsconcerningthecharacteristicsofadvanced
reactordesigns.ThepolicystatementidentifiesattributesthattheCommissionanticipated
wouldbeconsideredinadvancednuclearreactordesigns,includinghighlyreliableandless
complexheatremovalsystems,longertimeconstantsbeforereachingsafetysystem
challenges,reducedpotentialforsevereaccidentsandtheirconsequences,anduseofthe
defense-in-depthphilosophyofmaintainingmultiplebarriersagainstradiationrelease.Inthe
policystatement,theCommissionalsoencouragedtheearliestpossibleinteractionof
applicants,vendors,othergovernmentagencies,andtheNRCtoprovidefortheearly
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identification ofregulatoryrequirementsforadvancedreactors.Suchinteractionprovidesall
interested parties, includingthepublic,withatimely,independentassessmentofthesafetyand
security characteristics ofadvancedreactordesigns.Theseinteractionsalsocontributetowards
minimizing complexity andaddingstabilityandpredictabilityinthelicensingandregulationof
advancedreactors.

Followingtheissuance oftheadvancedreactorpolicystatementin1986,theNRCinteracted
withtheDOEandreactor developers onthepotentialforreviewingandlicensingadvanced
reactordesignsbased in partondesigninformationprovidedintheformofapreliminarysafety
informationdocument.These activities resultedinthepublicationofassessmentsofpreliminary
designssuchasNUREG-1368, "Preapplication SafetyEvaluationReportforthePowerReactor
innovativeSmallModule(PRISM) Liquid-Metal Reactor,"issuedFebruary1994(Ref.5),and
NUREG-1338,"DraftPreapplication Safety EvaluationReportfortheModular
High-TemperatureGas-CooledReactor [MHTGR)," issuedMarch1989(Ref.6).TheNRCstaff
identifiedseveralpotentialpolicyissues during itsassessments ofadvancedreactordesigns
andproposedapproachestoresolvesome oftheseissuesinSECY-93-092,"IssuesPertaining
totheAdvancedReactor(PRISM,MHTGR, and PIUS[ProcessInherentUltimateSafety))and
CANDU3[CanadianDeuteriumUranium)Designs andTheirRelationshiptoCurrentRegulatory
Requirements,"datedApril8,1993(Ref.7).The Commission approvedtheNRCstaff's
proposedapproachesinastaffrequirementsmemorandum (SRM)datedJuly30,1993(Ref.8).

Duringthe1990s,theNRCcontinuedtodevelopreview and licensing approachesforadvanced
reactors.Theseactivitiesweredoneinparallel,andsometimes interwoven, withtheNRC's
effortstoimproverisk-informedandperformance-basedapproaches withintheagency(e.g.,the
Commission'spolicystatement,"UseofProbabilisticRiskAssessment Methods inNuclear
RegulatoryActivities,"publishedonAugust16,1995(60FR42622) (Ref. 9)).TheCommission
providedfurtherclarificationinthewhitepaper,"Risk-InformedandPerformance-Based

Regulation,"datedMarch1,1999(Ref.10).Intheearly2000s,theNRC continued toidentify
andresolvepolicyandtechnicalissuesduringpre-applicationactivitiesonadvanced reactor
designs,includingthegasturbinemodularheliumreactorandthepebblebed modular reactor.
InAugust2008,theNRCandtheDOEjointlyissued,"NextGenerationNuclear Plant Licensing

Strategy,AReporttoCongress"(Ref.11).TheNRCstaffcontinuedactivitiesrelated to
advancedreactorsfollowingthespecificworkrelatedtotheNextGenerationNuclear Plant. In
August2012,theNRCpublisheditsstrategyforandapproachtopreparingforthelicensing of
advancedreactorsinits"ReporttoCongress:AdvancedReactorLicensing"(Ref.12).

In2016,theNRCissuedits"NRCVisionandStrategy:SafelyAchievingEffectiveandEfficient
Non-Light-WaterMissionReadiness"(AdvancedReactorVisionandStrategyDocument)
(Ref.13),inresponsetoincreasinginterestinadvancedreactordesigns,includingpossible
legislation.TheNRCconsideredtheDOE'sadvancedreactordeploymentgoalsdevelopedin
the2016timeframewhensettingprioritiesforitsreadinessactivitiesandcontinuestoreassess
itsactivitiestosupporttheDOE'sdeploymentgoals.

ToachievethegoalsandobjectivesstatedintheNRC'sAdvancedReactorVisionandStrategy
Document,theNRCdevelopedimplementationactionplans(IAPs).TheIAPsidentifiedthe
specificactivitiestheNRCwouldconductinthenear-term(within5years),mid-term(5to
10years),andlong-term(beyond10years).TheNRCreleaseditsdraftIAPstoobtain
stakeholderfeedbackduringaseriesofpublicmeetingsheldbetweenOctober2016and
March2017.TheNRCstaffalsobriefedtheAdvisoryCommitteeonReactorSafeguards
(ACRS)onMarch8and9,2017.TheNRCstaffconsideredtheACRScommentsand
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stakeholder feedbackinthefinalnear-termIAPs(Ref.14)andmid-termandlong-termIAPs
(Ref. 15),datedJuly2017.

Thenear-term IAPsaddresssixindividualstrategies:

(1) Acquire/develop sufficientknowledge,technicalskills,andcapacitytoperform
non-light waterreactor(non-LWR)regulatoryreviews.

(2) Acquire/develop sufficient computercodesandtoolstoperformnon-LWRregulatory
reviews.

(3) Developguidance for aflexiblenon-LWRregulatoryreviewprocesswithinthe
boundsofexistingregulations, includingtheuseofconceptualdesignreviewsand
staged-reviewprocesses.

(4) Facilitateendorsing,asappropriate, industrycodesandstandardsneededtosupport
thenon-LWRlifecycle(including fuels andmaterials).

(5) identifyandresolvetechnology-inclusive policyissues(notspecifictoaparticular
non-LWRdesignorcategory)thatimpact regulatory reviews,siting,permitting,
and/orlicensingofnon-LWRnuclearpower plants.

(6) Developandimplementastructured,integrated strategy tocommunicatewith
internalandexternalstakeholdershavinginterests innon-LWR technologies.

Basedoninputreceivedfromstakeholdersonthedraftnear-term IAPs andACRS
recommendations,theNRCassignedhighestprioritytoitsexecution ofStrategies 3and5;
however,activitiesareongoinginsupportofallsixstrategies.TheNRC staff issued
SECY-21-0010,"AdvancedReactorProgramStatus,"onFebruary1,2021 (Ref. 1).Thisisthe
fourthannualpaperthatprovidesthestatusoftheNRCstaff'sactivitiesrelated toadvanced

reactors,includingtheprogressandpathforwardoneachoftheIAPstrategies. Italsoprovides
anoverviewofthevariousexternalfactorsinformingtheNRCstaff'sactivitiesto prepare forthe
reviewandpotentiallicensingofadvancedreactors.

Inthe2016AdvancedReactorVisionandStrategyDocumentandmid-termandlong-term

IAPs,theNRCidentifiedthepotentialneedtoinitiateanddevelopanewrisk-informed,
performance-based,andtechnology-inclusiveregulatoryframeworkthatfocusesNRCstaff
revieweffortscommensuratewiththerisksposedbytheadvancednuclearreactordesignunder
consideration.InNEIMA,CongressdirectedtheNRCtoestablishthisnewregulatory
framework;theNRCplanstodevelopinTitle10oftheCodeofFederalRegulations(10CFR)
Part53,"Licensingandregulationofadvancednuclearreactors,"byOctober2024.

COORDINATIONANDSTAKEHOLDERINPUT(NE1MASection103(e)(2))
TheNRCstaffcoordinatedwiththeDOEandotherstakeholdersindevelopingthisreport.
Specifically,theNRCdiscussedplansforthepreparationofthisreportwithDOE
representativesonOctober23,2020,andreceivedDOEinputonthedraftreportinMay2021
TheNRCalsodiscussedplansforthepreparationofthisreportduringpublicmeetingson
November5,2020,andonApril15,2021,toseekinputfromlicensees,tradeassociations,a
diversesetoftechnologydevelopers,vendors,membersofthepublic,andotherstakeholders.
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The NRC staffinitiatedextensivestakeholderinteractionsinaseriesofpublicmeetings,aswell
asregular engagement withtheACRS,andthesediscussionshaveinformedthedevelopment
ofthis report. Aspartoftheseinteractions,theNRCstaffisimplementinganovelrulemaking
approach of periodically releasingpreliminaryproposedrulelanguagetofacilitatepublic
discussion. This allows forearlypublicinputastherulelanguageisrefined.TheNRC
successfullymanaged thechallengespresentedbytheCOVID-19publichealthemergency
withoutanysignificant impact tothedevelopmentofPart53byquicklyadaptingtoavirtual
workingenvironment and conducting virtualpublicmeetingsandworkshopstofullyengageand
encouragestakeholder participation. Stakeholdershaveprovideddiverseandsignificantinput
onthepreliminaryproposed rule language duringpublicmeetings,withsomecommenters
expressingtheirdesiretosee additional changesinresponsetotheircomments.TheNRCstaff
isevaluatingthecommentsand will consider thevaryingstakeholderperspectivesasit
continuesdevelopmentofPart53.

TheNRCwillcontinuetointeractwiththe DOE andotherstakeholderstogatherinformationto
informthedevelopmentofPart53aswellas other NRCadvancedreactorreadinessactivities.
TheNRCstaffupdatesitspublicWebsiteand the associated docketonRegulations.gov
(DocketIDNRC-2019-0062)asnewinformation becomes availableandcompilesallreleased
preliminaryproposedrulelanguageinonelocation (Ref. 16).TheNRCwillcontinuetoengage
withstakeholdersasappropriatethroughouttherulemaking process.

SinceJuly2016,theNRChasconductedabout50publicstakeholder meetings,approximately
oneevery6weeks,todiscussadvancedreactortopicsofinterest, including Part53,advanced
reactorcontentofapplicationefforts,stagedlicensing,advanced reactor fuelqualification,and
consensuscodesandstandards.TheNRChasalsoconductedadvanced reactorsessionsat
itsannualRegulatoryinformationConferenceandconductedseveral briefings tothevarious
ACRSsubcommitteesandtheACRSfullcommittee,whichwereopento the public. TheNRC
staffwillcontinuetoconductpublicmeetingswithstakeholdersapproximately every 6weeksin
additiontotheseparatepublicmeetingsdedicatedtothedevelopmentofPart 53. TheNRC
staffalsohasroutinepublicmeetingswithdevelopersofspecificadvancedreactors related to
design,review,andlicensingissues.TheNRCandtheDOE'sOfficeofFusionEnergy

ScienceshavealsoinitiatedroutineinteractionstoinformtheNRCstaffanddevelop longer

termstrategiesforthereviewandpossiblelicensingoffusionenergysystems,andthese

interactionshavebeenacceleratedtosupportthedevelopmentofPart53.

THEABILITYOFTHECOMMISSIONTOCOMPLETEA RULEMAKINGTOESTABLISHA
TECHNOLOGYINCLUSIVEREGULATORYFRAMEWORKFORLICENSINGCOMMERCIAL
ADVANCEDNUCLEARREACTORTECHNLOGlESBYDECEMBER31,2027(NEIMA
Section103(e)(4)(A))
ConsistentwithNElMASection103,theNRCstaffwillestablishbyDecember31,2027,arisk-
informed,technology-inclusiveregulatoryframeworkforadvancedreactorsforoptionaluseby
applicantsfornewcommercialadvancednuclearreactorlicenses.TheNRCstaffpresentedits
proposedplanforthisrulemakingtotheCommissionforapprovalinSECY-20-0032,
"RulemakingPlanon'Risk-Informed,Technology-InclusiveRegulatoryFrameworkforAdvanced
Reactors(RIN-3150-AK31,NRC-2019-0062),"datedApril13,2020(Ref.17).OnOctober2,
2020,theCommissionapprovedthestaff'sproposedapproachinSRM-SECY-20-0032
(Ref.18)anddirectedthestafftoaccelerateitstimelineandprovidetheCommissiona
schedulewithmilestonesandresourcerequirementstoachievepublicationofthefinalruleby
October2024.TheSRMalsodirectedtheNRCstafftoinformtheCommissionofkey
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uncertainties impactingpublicationofthefinalrulebyOctober2024.OnNovember2,2020,the
staff provided aresponsetoSRM-SECY-20-0032(Ref.19)outliningascheduleforpreparinga
rulemaking package thatconformstotheCommission'sdirectiontoachievepublicationofthe
finalrule byOctober 2024.

Asdescribed intherulemaking plan,Part53willdefinetechnology-inclusive,performance-
basedrequirements foradvanced nuclearreactors.TheNRCstaffplanstofocusthe
rulemakingonrisk-informed functionalrequirementsbybuildingonconceptsandlanguage
foundinexistingNRC requirements, Commissionpolicystatements,andrecentactivities
undertakentoimplement the NRC'sAdvancedReactorVisionandStrategy.Theperformance-
basedrequirementswillsupport a risk-informed approachthatwillacknowledgedesignfeatures
thatpreventadverseconsequences. Thenewrulewill(1)continuetoprovidereasonable
assuranceofadequateprotection ofpublichealthandsafetyandpromotethecommondefense
andsecurity;(2)promoteregulatory stability, predictability, andclarity;(3)reducetheneedfor
exemptionsfromthecurrentrequirements in10CFRPart50,"Domesticlicensingofproduction
andutilizationfacilities"(Ref.20),and 10 CFR Part52,"Licenses,certifications,andapprovals
fornuclearpowerplants"(Ref.21);(4)establish newrequirements toaddressnon-LWR
technologies;(5)recognizetechnologicaladvancements inreactordesign,whereappropriate;
and(6)credittheresponseofadvancednuclear reactors topostulatedaccidents,where
appropriate,includingslowertransientresponsetimes andrelativelysmallandslowreleaseof
fissionproducts.

ConsistentwithCommissiondirectioninSRM-SECY-20-0032, theNRCstaffisconsidering
appropriatetreatmentoffusionenergysystemsintheregulatory structure. TheNRCstaff's
assessmentsofthepotentialrisksposedbyvariousfusiontechnologies andpossibleregulatory
approachesforfusionenergysystemswillbedoneinparallelwith development ofthedraft
proposedrulemakingpackageforPart53,andstaffwilldevelopan options paperfor
Commissionconsideration.ThedraftproposedPart53rulewillbedeveloped withtheaimof
accommodatingfusiontechnologiesasmuchaspossibletomaintainflexibility forfuture
Commissiondirection.TheNRCstaffisconsideringaseparaterulemaking to address fusion
energysystemsthatwouldextendbeyond2024butwouldbecompletedbefore 2027, whichwill
allowadditionaltimetoassessfusiontechnologiestobetterincorporatetheminto a technology-

inclusiveregulatoryframework.

THEEXTENTTOWHICHADDITIONALLEGISLATION,ORCOMMISSIONACTIONOR
MODIFICATIONOFPOLICY,ISNEEDEDTOIMPLEMENTANYPARTOFTHENEW
REGULATORYFRAMEWORK(NElMASection103(e)(4)(B))
Therequirementsof10CFRPart53willbeconsistentwiththeframeworkoftheAtomicEnergy
Actof1954,asamended(AEA),includingpromotingthecommondefenseandsecurityand
adequatelyprotectingpublichealthandsafety.TheNRCstaffevaluatedtheAEAand
determinedthatitprovidesanappropriatesafetyandlegalconstructtosupporttheuseofrisk-
informedandperformance-basedevaluationtechniques.TheNRCstaffiscommittedto
developingaframeworkthatachievesthegoalsoftheCommission'sadvancedreactorpolicy
statement(Ref.4)andtheNRC'sprinciplesofgoodregulation(independence,openness,
efficiency,clarity,andreliability).Therefore,atthistime,fornuclearfissionreactors,theNRC
staffhasnotidentifiedadditionallegislation,Commissionaction,ormodificationofpolicy
neededtoimplementanewregulatoryframework.
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THE NEED FORADDITIONALCOMMISSIONEXPERTISE,MODELING,ANDSIMULATION
CAPABILITIES, ORACCESSTOTHOSECAPABILITIES,TOSUPPORTTHEEVALUATION
OFLICENSING APPLICATIONS FORCOMMERCIALADVANCEDNUCLEARREACTORS
ANDRESEARCH ANDTESTREACTORS,INCLUDINGAPPLICATIONSTHATUSE
ALTERNATIVE COOLANTS ORALTERNATIVEFUELS,OPERATEATORNEAR
ATMOSPHERIC PRESSURE, ANDUSEPASSIVESAFETYSTRATEGlES(NEIMA
Section103(e)(4)(C))

Forthepurposeofthis section ofthereport,theNRChasfocusedonthefollowing
technologies:light-water small modular reactors;non-LWRs,includinghigh-temperaturegas-
cooledreactors(HTGRs),liquid metalfastreactors(e.g.,sodium-cooledfastreactors(SFRs)),
andmoltensaltreactors(MSRs); andmicroreactors. Aspartofaholisticefforttoensurethe
NRChasaccesstoadequateexpertise, modeling, andsimulationcapabilitiestosupportthe
NRCstaff'sevaluationofcommercial advanced reactorlicenseapplicationsandresearchand
testreactors(RTRs),theNRChastaken steps toaugmentexistingcapabilitiesinthefollowing
areas:

e NRCstafftrainingandknowledge management

e acquiringanddevelopinganalytical tools

Givenavailableresourcesandthepotentiallylonglead times foraddingcapabilitytoexisting
computercodes,theNRC'splanningisbasedonacurrent understanding ofindustryplans.
Changesintheadvancedreactorlandscapeordevelopers' accelerated effortscouldresultina
needtorevisetheprioritiesassignedtoaugmentinganalytical tools. Inparticular,theNRChas
verylimitedexpertiseonfusionenergy.Atpresent,theNRCstaff isworking withtheDOE
OfficeofFusionEnergySciencesstaffandinteractingwithstakeholders todevelopknowledge
andcapabilities.

TheNRChasadequatestaffingandexpertisetoaddressitscurrentadvancedreactor activities

anddoesnotexpectstaffingtobeachallengeforreviewinganticipatedfutureadvanced reactor
licensingapplications.IAPStrategy1focusesonstaffdevelopmentandknowledge
managementandsupportstheobjectiveofenhancingadvancedreactortechnicalreadiness.

Asdescribedbelow,theNRChastakensubstantialactionstoincreaseNRCstaffknowledge of
advancedreactorsandtheuseofrisk-informedandperformance-basedlicensingapproaches.

TheNRCalsohasassessedthestaff'stechnicalreadinessandidentifiedandfilledcriticalskills
necessarytoreviewadvancedreactorapplications.TheNRCstaffhasalsoincreasedits
capabilityandcapacitytoacceleratedevelopmentofregulationsandguidance.Theseefforts
willcontinueaspartofthenormalmanagementofagencyprograms.

TheNRChascontractedwithexpertsfromnationallaboratoriestodevelopandprovidetraining
onvarioustechnologytypes,includinganMSRtrainingcoursedevelopedandprovidedbyOak
RidgeNationalLaboratory(ORNL),SFRtrainingdevelopedandprovidedbyArgonneNational
Laboratory(ANL),andHTGRtrainingdevelopedandprovidedbyANL.Thetrainingmaterials
forthesecourseshavebeenmadepubliclyavailable,andthetrainingwasvideorecordedto
facilitatetrainingadditionalstaffasneeded.Further,severalstaffmembershavereceivedmore
specializedtrainingintheuseoftheDOE'sMultiphysicsObjectOrientedSimulation
Environment(MOOSE)code,GRIFFINneutronphysics,Grizzlystructuralanalysiscode,and
BISONfuelperformancecode.TheDOENuclearEnergyAdvancedModelingandSimulation
(NEAMS)projectactivelydevelopsthesecodes.
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The NRC staffhasalsocollaboratedonaseriesofinternalseminarsonadvancedreactor
technical andregulatorytopicssuchasprobabilisticriskassessment,microreactors,and
accident source terms.TheNRCstaffhasbegunleveragingNRCinternaltoolstorecordthis
information and provide ittoawiderNRCstaffaudience.

TheNRCstaff will continue toassessandfulfilltrainingneedstofacilitatereviewsofanticipated
technologiesusing a variety oflicensingprocesses.Inadditiontothetrainingavailableon
variousadvancedreactor technologies, onlineandinstructor-ledcoursematerialisavailableon
RTRtechnology,oversight, andlicensing.IncoordinationwithitsTechnicalTrainingCenter,
theNRCalsooffersstaff hands-on trainingonRTRoperationattheUniversityofTexasat
AustinTraining,Research,Isotopes, GeneralAtomics(TRIGA)reactor.Additionaltraining
materialisunderdevelopment to familiarize staffwithRTRtechnologyandregulationinthe
eventthatadvancedreactordevelopers choosetopursueRTRsaspartoftheirregulatory
engagementplans(orlicensingproject plans).

Significantinformationisavailableontechnical, policy,andregulatoryissuesassociatedwith
reviewingandlicensingadvancedreactordesigns. TheNRCstaffhastakenstepstoorganize
andconsolidatealargenumberofexistingdocuments andtrainingmaterialstomakethem
moreeasilyaccessibleandsearchableandtodevelop additional knowledgemanagement
resourcesasneededtosupportstaffdevelopment. In March 2019,thestaffcompletedareport,
"AdvancedNon-Light-WaterReactorsMaterialsandOperational Experience" (Ref.22),
summarizingtheavailabledomesticandinternationaloperational experience forbothadvanced
powerandresearchreactorswithregardtomaterialsandstructural performance. Thereport
focusesonSFRsandHTGRsandpresentsvaluableknowledge tosupport NRCstaff
developmentandreadinessactivitiesinthisarea.

Additionally,theNRCstaffcontractedwithBrookhavenNationalLaboratory todevelopareport,
"NRCRegulatoryHistoryofNon-LightWaterReactors(1950-2019)"(Ref. 23), that
comprehensivelydescribestheNRC'shistorywithadvancedreactortechnology. Thisreport
hasandwillcontinuetoassisttheNRCstaffinunderstandingthehistoryofadvanced reactor
technologiesandwillfacilitatefuturereviewsofthesetechnologies.Inaddition, the NRC has
contractsinplacewithmanyofthenationallaboratoriestosupplementstaffknowledge, support

developmentofregulatoryinfrastructure,andsupportfutureapplicationreviews.

TheNRCenteredintotwoMOUswiththeDOEontheproposedVersatileTestReactoratIdaho

NationalLaboratoryandontheNuclearEnergyInnovationandCapabilitiesActtoshare
technicalexpertiseandknowledgeandtoensurethattheNRChassufficienttechnicalexpertise
toreviewadvancedreactorlicensingapplications.TheNRCplanstoobserveandparticipatein
theDOE'sVersatileTestReactorsafetyreviewteamtocontinuetoexpandstaffknowledgeand
capacitytoconductregulatoryreviewsoffutureadvancedreactorlicensingapplications.The
NRCandtheDOEarealsocollaboratingwiththeU.S.DepartmentofDefense(DOD)on
microreactorresearch,development,anddemonstrationtoguideinteragencycooperationon
DOD-sponsoredfixed-siteandmobilemicroreactoractivities.

Currently,theNRCstaffhaslimitedexpertiserelatedtofusionenergy.TheNRCexpectsthat
manyoftheregulatoryenhancementsunderwayfornon-LWRswillinformstrategiesforthe
licensingoffusionenergysystemsandNRChasformedaworkinggrouptoenhanceits
expertiseinthisarea.TheNRCandtheDOE'sOfficeofFusionEnergyScienceshaveinitiated
routineinteractionstodeveloplongertermstrategiesforthereviewofpossiblefusionenergy
systems,andtheDOEisprovidingexpertiseandadvice.InadditiontotheDOE,theNRCis
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interacting withfusiondevelopers,theindustry-ledFusionIndustryAssociation,andtheStates
through theConference ofRadiationControlProgramDirectors.TheNRChasheldpublic
meetings toexchange informationonitsdevelopmentofaregulatoryframeworkforthereview
andpossible licensing offusionenergysystems.TheNRCwillneedtoexpandexpertisein
termsofboth staff andsimulationcapabilitiestosupportthisregulatoryframework.

Near-termIAPStrategy 2isdevoted toacquiringanddevelopingadequatecomputercodesand
toolstoperformnon-LWR regulatory reviews.Modelingandsimulationofmanynon-LWR
designsinvolvecertainphysical processes andphenomenathateitherdonotoccurinLWRsor
occurinregimesoutsidethose well understood forexistingdesigns.Therefore,theNRCstaff
hascompletedeffortsto(1)identify and evaluate theexistingcomputercodes,tools,and
supportinginformation;(2)identifygaps inbothanalyticalcapabilitiesandsupporting
informationanddata;and(3)interactwith domestic andinternationalorganizationsworkingon
non-LWRtechnologiestoidentifyopportunities tocollaborate andcooperateinclosingthegaps
whileavoidingconflictsofinterest.Thestaff has alsomadesignificantprogressinfillingthese
gaps.

TheNRCstaffhasdocumenteditscontinuingapproach fordeveloping computercodesina
seriesofrecentlypublishedreports.Theintroductory document (Ref.24)givesanoverviewof
andtherationalefortheNRC'sapproachtocodedevelopment insupportofadvancedreactor
reviews.Volume1(Ref.25)focusesonin-reactorandplant systems analyses;Volume2(Ref.
26)focusesonfuelperformanceanalyses;Volume3(Ref.27) focuses onanalysesofsevere
accidentsthatmayleadtoreleaseofradioactivematerialsandoffsite consequences; Volume4
(Ref.28)focusesonlicensingandsitingdoseassessments;andVolume 5(Ref.29)focuseson
criticalityandshieldinganalysesforthefrontandbackendsofthenuclear fuelcycle.

NRCstaffeffortsrelatedtosafetyanalysiscodeshaveconcentratedonensuring theNRChas
adequatecapabilitiestoevaluatethebroadspectrumofaccidentscenariosfor designs

expectedtobesubmittedforreview,includinggas-cooled,liquidmetal,moltensalt, andheat
pipe-cooledreactordesigns.Duetothecomplexitiesinvolvedinhowdifferentdesigns

formulatetheirsafetystrategy,thereisavaryingemphasisoninteractionbetweensafety

analysesforplantsystems,fuelperformance,andconsequenceanalysis.Further,the
technologicalmaturityofthesedesignsdiffers,andtheprojectedtimelinesforapplication
submittalstotheNRCcontinuetoevolve.TheNRCstaffhasallocatedresourcesformodeling
andsimulationcapabilitiesbasedonthesefactors.

Aspartoftheeffortinvolvedinidentifyingandselectingthesecomputercodes,theNRCstaff
alsoevaluatedwhereexistingcapabilitiesandvalidationareneededfornon-LWRapplications.
TheNRChasanMOUwiththeDOEthatprovidesNRCaccesstoDOEcodesforregulatory
purposes(Ref.30).TheDOEhasprimaryresponsibilityforgenericallyapplicablecode
development,verification,andvalidationactivitiesfortheNEAMScodes.TheNRChasthus
focuseditseffortsondevelopingmodelsusingDOEcodestotesttheirefficacyfordifferent
designsandtoidentifywhereadditionaleffortsonthecodesmayberequired,aswellas
augmentingNRCcodeswheretheyareappropriateforthetaskathand.Continuedeffortsto
closetechnicalgapsbetweentheexistinganddesiredcodecapabilitiesincludeareassuchas
augmentingmaterialpropertydatabases,addingadditionalmodelingoptionstoreflectdesign
safetysolutionsthatnon-LWRapplicantsareexpectedtochoose,andvalidatingthecodes
usingtestdata.
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The proposed codesuitefornon-LWRsafetyanalysisofin-reactorandplantsystemsmakes
use ofexisting NRCcodeswherepracticalandintegratesthemwithseveralcodesdeveloped
through theDOE'sNEAMSprogramintotheComprehensiveReactorAnalysisBundle(CRAB).
Useof the NEAMS codeshelpsfillmodellingandanalysisgapsintheNRC'scodeswhichhave
beendeveloped overthedecadestolargelysupportoperatingreactorfleetsafetyanalyses.
This"BlueCRAB" codesuiteconsistsofaselectionofNRCcodes(e.g.,SCALEreactorphysics,
criticalitysafety, radiation shieldingcode,PARCSreactorcoresimulatorcode,TRACEthermal
hydraulicsin-reactor and plantsystemcode,andFASTfuelperformancecode),updatedand
usedwithintheirdemonstrated rangesofapplicability,coupledwithasetofDOEcodes(e.g.,
MAMMOTHreactorphysics code,Pronghornthermalhydraulicscode,BISON,SAMreactor
transientanalysiscode,and Nek5000 computational fluiddynamicscode).Thesecodesare
interconnectedbyMOOSE, which provides ahigh-levelinterfaceandcouplingforcomputational
analysis.BlueCRABisfurther augmented byaninternationallydevelopedcross-sectionand
burnupcode(SERPENT)anda commercial computational fluiddynamicscode(FLUENT).The
BlueCRABsuiteofcodeswasselected toperform analysesonawiderangeofnon-LWR
designs,includingSFR,HTGR,MSR,and microreactor designs.Throughtheestablishmentof
aMOUbetweentheNRCandtheDOE's National ReactorinnovationCenter(NRIC),theNRC
anticipatesbeingabletoutilizecomputercode models developedthroughNRICtoaugmentthe
analyticalcapabilitiesoftheNRC'sBlueCRAB suite ofcodes.ThisMOUresultsincostsavings
totheNRC.

Forfuelperformanceanalyses,whichfocusonspecific phenomena thatmaydifferforeachfuel
concept,theNRCstaffhascontinuedtodevelopitsownFAST code.FASTalreadyincludes
manyofthephysicsmodelsandmaterialpropertiesneeded to analyze non-LWRfuelforms.
TheNRCstaffhasidentifiedandundertakeneffortstoclosegaps between thecodecapability
andtheneededcapabilityforreviewingnon-LWRdesigns,focusing ontristructural isotropic
(TRISO)-fuelandmetallicfueltoaccommodatenear-terminterestin SFRs, HTGRs,andheat
pipe-cooledreactors.Additionally,theNRCstaff,workingcloselywith the NEAMS BISONfuel
performancecodedevelopmentteam,havebecomeproficientinusingBISON, andseveral
BISONmodelshavebeenincorporatedintotheFASTcode.Thiscollaboration andtheNRC
staff'sabilitytousetheBISONcodehaveresultedinadditionalfuelperformance analysis

capabilitythatwillsupporttheNRC'ssafetyanalysesforalladvancedfueltypes and reactors.

Inevaluatingsevereaccidentsandoffsiteconsequences,theNRCstaffhasidentified areas to
expandtheNRC'smodelingandsimulationcapabilitiesforaccidentprogression,source term,

andconsequenceanalysisfornon-LWRtechnologies.TheseeffortsinvolvethreeNRC
computercodes.ThefirstisMELCOR,theNRCcodedevelopedbySandiaNational
Laboratoriesandusedforaccidentprogressionandsourcetermanalyses.MELCORisalso
usedinternationallyandthroughoutthenuclearindustryforcalculatingsourcetermsandiswell
validatedforLWRdesigns.TheNRCstaffhasdevelopedalistofspecificdataandmodel
needstoupdatethecodeforuseacrossavarietyofnon-LWRdesigns.Thestaffhasprioritized
makingupdatestothecodebasedonthedegreeofchangesrequiredwithinMELCORcoupled
withthetechnologicalmaturityofthenon-LWRreactordesigns.ThesecondcodeisSCALE,a
reactorphysics,criticalitysafety,radiationshieldingcodedevelopedbyORNL.MELCORrelies
ontheSCALEcodetoprovidefissionproductandradionuclideinventoriesaswellasreactor
thermalandkineticsparameters.TheNRCstaffhasidentifiedadditionaldataandvalidation
tasksneededandisupdatingSCALEforuseacrossaspectrumofnon-LWRtechnologytypes.
ThethirdcodeistheMELCORAccidentConsequenceCodeSystem(MACCS).MACCSis
usedtomodelatmosphericreleasesofradioactivematerialsintotheenvironmentandthe
consequencesofsuchreleases.Ithasalong,activedevelopmenthistoryandabroaduser
base,includingtheNRC,theDOE,thenuclearindustry,academia,anddomesticand
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international researchorganizations.WhileMACCSislargelytechnologyneutralinapplication,
the NRC haspreviouslyvalidateditsuseforlargereleasesfromlargeLWRs.TheNRCstaff
hasidentified andisintheprocessofperformingevaluationsofMACCS'abilitytoaccountfor
smallersites andthepotentialdifferentchemicalandradionuclidemakeupofnon-LWRdesigns.

Forthelicensing and doseassessmentcodes,theNRCstaffhasidentifiedseveralcodesto
supportdoseassessments forinitiallicensingreviews,NationalEnvironmentalPolicyAct
reviews,sitingreviews, emergency response,andotherhealthphysicscalculationsuniqueto
non-LWRtechnologies. The NRCstaffhasdevelopedastrategyforupdating,consolidating,
andapplyingthesuiteof NRC licensing andsitingdoseassessmentcodesinordertobetter
evaluatenon-LWRdesigns. The strategy isgenerallyorientedtowardgenericactivitiesthat
benefitallnon-LWRsdesigns; however, theNRCstaffhasidentifiedknownissuesforspecific
technologiesandisaddressingthem. Specific taskstheNRCiscurrentlyundertakinginclude
(1)codeconsolidationandmodernization; (2)sourcetermdeterminationaccountingfornormal
(routine)reactorcoolantsourceterms, accident sourceterms,andtransportationsourceterms;
(3)atmospherictransportanddispersion modeling toincludenear-fieldatmospherictransport
anddispersionmodelingupdates;(4)selection ofdosecoefficients;and(5)aquaticpathway,
environmentalaccumulation,andhumanand non-human biotaconsequencemodeling,
includingtritiumandcarbon-14modeling.

TheNRCstaffhasdevelopedaplantoevaluatethenuclear fuelcycle(e.g.,transportationof
materialsusedtomanufacturefuel,fuelfabricationoperations, andspentfuelstorageand
transportation)fornon-LWRapplications.Thegoalistounderstand, control,andpredictthe
behaviorofsystemsthatcontainradioactivematerial.Thisis accomplished usingneutronics
andradionuclidecharacterizationcomputercodesthatarefast,portable, wellassessed,
understood,andeasy-to-use.TheplanleveragesexistingNRCcomputer codes(i.e.,SCALE
andMELCOR)andconsequencetoolssuchasMACCStoestablishNRC non-LWR fuelcycle
safetyanalysiscapabilities.

Aspreviouslydiscussed,theNRCstaffcontinuestointeractwiththeDOE,the Electric Power
Researchinstitute(EPRI),nationallaboratories,reactordevelopers,utilities,and the

internationalcommunityrelatedtocomputercodes,analyticaltools,andadvanced reactor fuel
qualification.Asmentioned,theNRChasanMOUwiththeDOE,andtheNRCandDOE staff
collaborateextensivelyonthedevelopmentandusageoftheNEAMSandBlueCRABcodes.

InMay2019,EPRIsubmittedatopicalreporttotheNRCintendedtoprovideafoundational

basisforestablishingthefuelperformanceofTRISOparticles.Thisreportisuniqueinthatit
providesajustificationforfuelperformanceindependentofthefinalfuelformorreactordesign.
ThereportrepresentsthefirststageinqualifyingfuelforaTRISO-basedreactordesignand
laysthegroundworkformultipleadvancedreactorvendorstosupportqualificationoftheir
respectivefueldesigns.TheNRCstaffissueditsfinalsafetyevaluation(Ref.31)approvingthe
topicalreportinAugust2020.TopicalReportEPRI-AR-1(NP)-A,"UraniumOxycarbide(UCO)
TristructuralIsotropic(TRISO)-CoatedParticleFuelPerformance,"issuedNovember2020(Ref.
32),isnowapprovedforuseinfuturelicensingactions.

Also,inMay2019,ANLsubmittedatopicalreporttotheNRCdescribingthequalityassurance
programplanforSFRmetallicfueldataqualification.Thetopicalreportdescribesthequality
assuranceprocess(es)bywhichattributesofhistorical,analytical,andotherdataassociated
withSFRmetallicfuelwillbeevaluated.TheNRCstaffissueditsfinalsafetyevaluation(Ref.
33)approvingthetopicalreportinApril2020.TopicalReport,"QualityAssuranceProgramPlan
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for SFR MetallicFuelDataQualificationANL/NE-16/17-NP-A,"issuedOctober2020(Ref.34),is
now approved foruseinfuturelicensingactions.

Aspart of a related effortunderNEIMA,theNRCstaffisintheprocessofdevelopingguidance
relatedto the qualification ofadvancednuclearreactorfuel.NRCstaffeffortshavebeen
informedby interactions amonganextensivegroupofexternalstakeholders,includingthe
WorkingGroup on theSafetyofAdvancedReactorsthroughtheNuclearEnergyAgency,
ORNL,ANL,and the industry-led AcceleratedFuelQualificationWorkingGroup,amongothers.
Fuelqualificationis important indemonstrating thatfuelbehavesasestablishedinthe
applicablelicensingbasis, andtheNRCstaffwillcontinuetoengageexternalstakeholdersto
ensureithasadequateexpertise tosupporttheevaluationofcommercialadvancedreactorfuel.

THEBUDGETSANDTIMEFRAMES FORAQUIRINGORACCESSINGTHENECESSARY
EXPERTISETOSUPPORTTHE EVALUATION OFLICENSEAPPLICATIONSFOR
COMMERCIALADVANCEDNUCLEAR REACTORS ANDRESEARCHANDTEST
REACTORS(NEIMASection103(e)(4)(D))

AsdiscussedintheAdvancedReactorVision and Strategy DocumentandIAPs,theNRCplans
toachieveitsoverarchingadvancedreactorreadiness strategicgoalsandobjectivesbynolater
than2025,includingassuringreadinesstoeffectively andefficiently reviewandregulate
advancedreactorstoensuresafety.Aspreviouslymentioned, currentlytheNRCstaffhas
limitedexpertiserelatedtofusionenergy,andtheNRC has initiated routineinteractionswith
DOE,thefusionindustry,AgreementStates,andotherstakeholders toexpanditsexpertisewith
fusiontechnologies.TheNRCstaffhasimplementedstrategies forenhancing commercial
advancedreactorandRTRtechnicalreadinesstofulfillthenear-term objectives ofidentifying
workrequirements,criticalskills,andstaffcapacityrequirements; assessing theNRCstaff's
currentadvancedreactortechnicalreadiness;andclosinggapsintechnical readiness. The
NRCstaffhasacceleratedreadinessactivitiestopreparetoreviewpotential advanced reactor
applicationsandwillcontinuetoassesstechnicalreadinessandidentify critical skillstoexpand
itscapabilityandcapacity,asneeded.

NRCeffortsarefocusedontechnology-inclusivecapabilitiesforNRCcodes,and on enhancing

understandingandregulatoryreadinessrelatedtotechnologiesandmaterialsanticipated tobe
proposedforuseinadvancedreactors.TheNRCexpectsthatitsreviewswillbecome more

effectiveandefficientasitscodesandexpertiseevolveandmature.Ifadditionalfundsare

neededforcodedevelopmentforemergentdesigns,suchfundingwouldbesoughtthrough the

budgetprocess.

COSTESTIMATES,BUDGETS,ANDTIMEFRAMESFORDEVELOPINGAND
IMPLEMENTINGATECHNOLOGY-INCLUSIVEREGULATORYFRAMEWORK,INCLUDING
COMPLETIONOFA RULEMAKING(NEIMASection103(e)(3))
TheNRCstaffwilldevelopatechnology-inclusiveregulatoryframeworkandwillprovideadraft
FinalRuletotheCommissioninMarchof2024,toallowforpublicationofthefinalruleby
October2024.Thestaff'stimelineforthecompletionoftherule,includingspecificmilestones,
isoutlinedinthestaffresponsetoSRM-SECY-20-0032(Ref.19).TheNRCexpectsa
consistentlevelofoff-feebasedfunding.Thosefundswillbeusedtocontinueeffortsrelatedto
thedevelopmentofrisk-informedandperformance-basedevaluationtechniquesandguidance
forlicensingcommercialadvancednuclearreactors.Ifadditionalfundsareneededtoensure
publicationofthePart53finalrulebyOctober2024,suchfundingwouldbesoughtthroughthe
budgetprocess.Toprepareforthereviewofpotentialnear-termapplications,theNRCstaff
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prioritized activitiestoincreasetheuseoftechnology-inclusive,risk-informed,andperformance-
based licensing approacheswithintheexistingregulatoryframework,andtheseactivities
continue toinform Part53development.

CONCLUSION

TheAdvancedReactor VisionandStrategyDocumenthasguidedthedevelopmentofIAPsthat
supporttheachievement oftheagency'soverarchingstrategicgoalsandobjectives,including
ensuringreadinessto review andregulateadvancedreactorseffectivelyandefficientlyto
ensuresafety.TheAdvanced Reactor VisionandStrategyDocument,relatedIAPs,and
subsequentstatuspapers(e.g. SECY-21-0010) describetheobjectives,strategies,and
contributingactivitiesnecessary toachieve advancedreactormissionreadiness.

TheenactmentofNEIMAandsubsequent direction fromtheCommissionhaveacceleratedthe
NRCstaff'seffortstodevelopthenew regulatory frameworkforoptionalusebyapplicantsin
licensingcommercialadvancednuclear reactor technologies (10CFRPart53).TheNRCstaff
initiatedextensivestakeholderinteractions through theiterativereleaseofpreliminaryproposed
rulelanguageandaseriesofdedicatedpublic meetings onPart53aswellasregular
engagementwiththeACRS.Theseinteractions have informed thedevelopmentofPart53.
TheNRCwillcontinuetointeractwiththeDOEand other stakeholders togatherinformationto
informthedevelopmentofPart53aswellasotherNRC advanced reactorreadinessactivities.

TheNRChasimplementedactivitiestotrainstaff,isenhancing safety analysiscodes,and
continuestointeractwithexternalexpertstobestfacilitateaccess toadequate expertise,
modeling,andsimulationcapabilitiestosupporttheNRCstaff's review oflicenseapplications
forcommercialadvancednuclearreactordesigns.Asthereareawide variety ofnon-LWR
designs,theNRCstaffhasprioritizeditseffortsbasedontheadvanced reactor landscape

consideringanticipatedlicensingsubmittalsonthenear-andlong-termhorizons. Asthis
landscapeevolves,theNRCstaffwillcontinuetoassessitstechnicalreadiness andaccessto
expertise,modeling,andsimulationcapabilitiestobestpositiontheagencyto review

commercialadvancedreactorlicenseapplicationsofnon-LWRdesigns.
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ACRONYMS

ACRS AdvisoryCommitteeonReactorSafeguards
AEA AtomicEnergyActof1954,asamended
ANL Argonne NationalLaboratory
CANDU Canadian DeuteriumUranium
CFR Code ofFederalRegulations
CRAB Comprehensive ReactorAnalysisBundle
DOE U.S.Department ofEnergy
EPRI Electric Power Research Institute
FAST FuelAnalysis under Steady-state andTransients
FR FederalRegister

HTGR high-temperature gas-cooled reactor
IAP implementationaction plan
LWR lightwaterreactor
MACCS MELCORAccidentConsequence CodeSystem
MHTGR modularhigh-temperature gas-cooled reactor
MOOSE MultiphysicsObjectOriented Simulation Environment
MOU memorandumofunderstanding
MSR moltensaltreactor
NEAMS NuclearEngineeringAdvancedModeling andSimulation
NElMA NuclearEnergyInnovationandModernization Act
Non-LWR non-lightwaterreactor
NRC U.S.NuclearRegulatoryCommission
ORNL OakRidgeNationalLaboratory
PARCS PurdueAdvancedReactorCoreSimulator
PIUS ProcessInherentUltimateSafety
PRISM PowerReactorInnovativeSmallModule
RTR researchandtestreactor
SAM SystemAnalysisModule
SCALE StandardizedComputerAnalysesforLicensingEvaluation
SFR sodium-cooledfastreactor
SRM staffrequirementsmemorandum
TRACE TRAC/RELAPAdvancedComputationalEngine
TRIGA Training,Research,Isotopes,GeneralAtomics
TRISO tristructuralisotropic
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