


TABLEOFCONTENTS

INTRODUCTION5

SUMMARYSEQUENCEOFEVENTS8

COREDAMAGE13

THERMALHYDRAULICS14

CHEMISTRY16

TMI-2DECAYPOWERANDFISSIONPRODUCTS22

CONTAINMENT:TRANSPORTOFRADIOACTIVITYFROMTHETMI-2
CORETOTHEENVIRONS23

RADIATIONRELEASESANDVENTINGOFTANKSFRIDAYMORNING,
MARCH30,197924

ALTERNATIVEEVENTSEQUENCES26

TMI-2SITEMANAGEMENT32

SELECTION,TRAINING,QUALIFICATION,ANDLICENSINGOF
THREEMILEISLANDREACTOROPERATINGPERSONNEL34

CONTROLROOMDESIGNANDPERFORMANCE36

TECHNICALASSESSMENTOFOPERATING,ABNORMAL,AND
EMERGENCYPROCEDURES38

SIMULATORS―TRAININGANDENGINEERINGDESIGN41

EQUIPMENTCONSERVATISM49

SAFETYDESIGNMARGINS51

PILOT-OPERATEDRELIEFVALVEDESIGNANDPERFORMANCE54

CONDENSATEPOLISHINGSYSTEM56

QUALITYASSURANCE58

PRE-ANDPOST-ACCIDENTSECURITYSTATUSATTHREE
MILEISLAND60



CLOSEDEMERGENCYFEEDWATERVALVES62

PASTACCIDENTSINNUCLEARREACTORFACILITIES64

RECOVERY:TMI-2CLEANUPANDDECONTAMINATION70

COSTOFTHEACCIDENT76

IODINEFILTERPERFORMANCE83

WASH140084

APPENDIXA―MELTDOWN:APERSPECTIVEINHISTORY87

APPENDIXB―DEFINITIONANDAPPLICATIONOF
"SAFETY-RELATED"89







INTRODUCTION94

A.PLANTCONDITIONSPRIORTOTHEINITIATINGEVENT95

B.THEINITIATINGEVENT96

C.INITIALPLANTRESPONSETOTHEACCIDENT97

D.DECLARATIONOFEMERGENCYANDSTABILIZATION
OFTHEPLANT106

APPENDIXA―DECAYHEATREMOVALMETHODS―TMI-2108

APPENDIXB―SIGNIFICANTEQUIPMENTPROBLEMS115

APPENDIXC―SUMMARYOFINCORRECTOPERATIONALACTIONS120

FIGURES126





SUMMARYANDFINDINGS4

INTRODUCTION6

ZIRCONIUMREACTIONS7

Findings8

FISSIONPRODUCTS9

Findings11

HYDROGENBUBBLE12

HydrogenBurnedinContainment12

HydrogenInventory13

GettingRidoftheHydrogenBubble14

HydrogenExplosionintheReactor?･14

Findings･16

MAXIMUMHYDROGENEXPLOSIONINTHECONTAINMENTBUILDING18

Findings19

HYDROGENRECOMBINATION21

Findings.･....22

REFERENCES23





SUMMARYANDFINDINGS30

INTRODUCTION31

ANALYSISOFREACTORTRANSIENTSATTMI-232

Finding37

STOPPINGTHEREACTORCOOLANTPUMPS38

Findings38

NATURALCIRCULATION40

Findings42

REFERENCES44





SUMMARYANDFINDINGS50

INTRODUCTION52

THECOURSEOFDAMAGE53

RuptureoftheFuelRods54

OxidationoftheZirconiumClad54

ReleaseofFissionProducts55

THERMALHISTORYOFTHECORE57

MOLTENFUEL60

REFERENCES61





WASH1400SUMMARY68

THREEMILEISLANDEVENTS70

WASH1400Accidentsvs.ThreeMileIslandAccident72

WASH1400PREDICTIONS73

LessonsThatShouldHaveBeenLearnedFromWASH140074

POTENTIALACCIDENTSRESULTINGFROMTRANSIENTSINB&WREACTORS76

GeneralDescriptionofPossibleOutcomesofPWRTransients76

OutcomeofTransientsinWestinghousePWRs77

OutcomeofTransientsinB&WReactors78

SignificantOutComeofB&WTransients80

USEOFEVENTTREESINSAFETYANALYSIS81

FINDINGSFROMSTUDYOFWASH140084

FIGURES85

NOTES88





INTRODUCTION,FINDINGS,ANDSUMMARY95

CHRONOLOGYOFEVENTS100

SPECIFICALTERNATIVEEVENTSEQUENCES104

Case1-EffectontheTMIAccidentifAuxiliaryFeedwater
WasAvailableasDesigned104

Case2-EffectontheTMIAccidentofPilot-OperatedRelief
Valve(PORV)ClosingasDesigned104

Case3-EffectontheTMIAccidentofNotThrottlingHigh
PressureInjection(HPI)105

Case4-EffectontheTMIAccidentRadioactivityReleaseif
ContainmentIsolationOccurredwithin10Minutes105

Case5-EffectontheTMIAccidentofProperlyFunctioning
IodineFilters106

Case6-AuxiliaryFeedwaterRemainsUnavailable106

Case7-PORVRemainsOpenat142Minutes107

Case8-PORVRemainsClosedat192.5Minutes108

Case9-TheHPIRemainsThrottled110

Case10-ContainmentSumpPumpOperationContinues110

Case11-ContainmentNotIsolatedIll

Case12-GreaterDeteriorationoftheIodineFiltersinthe
AuxiliaryBuildingIll

Case13-AllHydrogenfromCoreDamageBurnedinthe
ContainmentBuilding112

Case14-EffectontheTMIAccidentifanAdequateHydrogen
RecombinerhadbeenAvailable113

Case15-EffectofDifferentMeteorologicalConditionsinthe
VicinityofthePlantSite114

Case16-CriticalityoftheTMI-2Core114

Case17-TheEffectontheTMI-2AccidentiftheCoreFuel
WereinEquilibriumatEnd-of-Cycle115

HYPOTHETICALFUEL-MELTINGACCIDENTS118



REFERENCES123

APPENDIXA-ConsequencesofaHypotheticalFuel-Melting
AccidentatTMI125

APPENDIXB-FuelDamageEstimateswiththeTransientReactor
AnalysisCode(TRAC)137

APPENDIXC-PotentialforDamagetoReactorVesselor
ContainmentduetoSteamExplosionsAssociated
withFuel-MeltingAccidents149

APPENDIXD-PenetrationoftheConcreteBasemat157

APPENDIXE-FissionProductsWithintheReactorContainment
BuildingasaConsequenceoftheHypothetical
Fuel-MeltingAccident163

APPENDIXF-BehaviorofIodineUnderAccidentConditions
atThreeMileIsland･175

APPENDIXG-AnEstimateofAirborneFissionProductsinthe
TMI-2ContainmentAtmosphereforPostulatedFuel
Melting195







TableofContents

I.INTRODUCTION1

II.SUMMARYANDCONCLUSIONS2

III.ASSUMEDACCIDENTCONDITIONS4

IV.AIRBORNEHALOGENSINTHECONTAINMENT7
ATMOSPHERE

V.AIRBORNEPARTICULATEFISSIONPRODUCTSIN16
CONTAINMENTATMOSPHERE

VI.REFERENCES33





I.SUMMARY4

II.INTRODUCTION8

III.ANALYSISOFSELECTION,TRAINING,QUALIFICATION,LICENSING,
ANDSTAFFING9

RequirementsforSelction,Training,Licensing,and
StaffingofReactorOperatingPersonnel9

ImplementationofRequirements10

EvaluationofOperator,Selection,Training,Lincensing,
andStaffing28

NuclearRegulatoryCommission28

BaboockandWilcox35

ThreeMileIsland60

IV.FINDINGS85

ACRONYMS89

NOTES90

REFERENCES97

APPENDICES98





SUilMAKx.,105

INTRODUCTION107

ANALYSIS.1O8

OperatingProcedure2102-2.1,PowerOperations,
Revision11,March20,1979108

OperatingProcedure2103-1.3,PressurizerOperations,
Revision3,July19,1978109

OperatingProcedure2103-1.4,ReactorCoolantPump
Operations,Revision6,Aug.16,1979110

OperatingProcedure2104-1.3,DecayHeatRemovalSystem,
Revision11,June23,1978Ill

OperatingProcedure2102-3.3,DecayHeatRemovalvia
OTSG,Revision6,April17,1978112

OperatingProcedure2104-1.1,CoreFloodingSystem,
Revision8,Sept.29,1978*113

OperatingProcedure2104-1,4,ReactorBuildingSpray,
Revision3,April18,1978113

OperatingProcedure2104-6.3,EmergencyFeedwater,
Revision4,June8,1978113

OperatingProcedure2105-1-3,SafetyFeaturesActuation
System,Revision2,Oct.25,1978114

AbnormalProcedure2202-2.2,TurbineTrip,Revision7,
Oct.25,1978114

AbnormalProcedure2203-2.6,Post-AccidentHydrogen
Control,Revision1,June23,1978115

EmergencyProcedure2202-2.2,LossofSteamGenerator
Feed,Revision3,Oct.13,1978116

EmergencyProcedure2202-1.5,PressurizerSystemFailure,
Revision3,Sept.29,1978117

EmergencyProcedure2202-1.1,ReactorTrip,Revision6,
Oct.25y1978120

EmergencyProcedure2202-1.3,LossofReactorCoolant/
ReactorCoolantSystemPressure,Revision11,Oct.6,1978...121



FINDINGS126

ACRONYMS129

APPENDIXA--ThreeMileIslandNuclearStation,Unit#2
EmergencyProcedure2202-1.5,Pressurizer
SystemFailure130

APPENDIXB―ThreeMileIslandNuclearStation,Unit#2
EmergencyProcedure2202-1.3,LossofReactor
Coolant/ReactorCoolantSystemPressure142

APPENDIXC―DukePowerCompany,OconeeNuclearStation,
LossofReactorCoolant168







SUMMARY･････････180

INTRODUCTION183

ANALYSIS184

General184

NuclearRegulatoryCommissionRequirementsandIndustry
Guidance184

DescriptionoftheTMI-2ControlRoom185

Evaluation188

PerformanceoftheControlRoomDuringtheAccident190

AidsThatMightHaveAssistedtheOperator191

FINDINGS194

APPENDIXA:REGULATORYANDINDUSTRYGUIDANCEREGARDINGCONTROL
ROOMDESIGN196

REFERENCES202





I.SUMMARY4

II.INTRODUCTION6

A.PurposeofReport...6

B.ClassicalRoles6

C.NRCRequirements....,7

D.OrganizationsInvolved8

E.ScopeofInvestigation,･9

III.ANALYSIS11

A,RequirementsandRegulations11

B.TheOperationalQualityAssuranceProgram21

C,ProcedureSystems,Generation,and
Execution71

D.NonconformanceReportingSystem77

EConfigurationControl87

F.ComparisonoftheNuclearAssuranceProgram
toThatofOtherSafetyCriticalPrograms95

IV.FINDINGSANDCONCLUSIONS100

A.SpecificFindings100

B.Conclusions*105

ACRONYMS107

METHODOLOGY109

REFERENCES110





SUMMARY124

INTRODUCTION126

ANALYSIS128

RelatedActivityJustPriortotheAccident128

ReportedPost-AccidentInspectionResults128

Pre-AccidentRelatedExperience129

Design131

Procedures133

RecordsSearchandQualityControl134

RelationtoAnotherEquipmentProblem135

Post-AccidentInvestigationofCondensatePolisher135

DETAILEDFINDINGS137

SIGNIFICANTFINDINGSANDCONCLUSION139

REFERENCES140

APPENDICES141





SUMMARY148

Findings148

Conclusions149

INTRODUCTION150

AnalysisPlans150

GeneralDescriptionofFeedwaterSystem151

ANALYSIS152

MaterialfromReference1152

AnalysesinConjunctionWithThoseofReference1154

AdditionalAnalyses159

FINDINGSANDCONCLUSIONS163

Findings163

Conclusions164

REFERENCES165

APPENDICES166





SUMMARY174

Findings174

Conclusions175

INTRODUCTION176

RoleofthePORVintheTMIAccident176

ThePORV:WhatisIt?WhereisIt?176

LongHistoryofPORVFailures177

Design,Review,Standards,andVerification179

ScopeoftheInvestigation179

ANALYSIS182

GeneralDesignConsiderations182

PORVDesignRequirements183

CodesandStandards186

InspectionRequirements188

PORVFailuresOtherThaninB&WUnits189

PORVFailuresinB&WUnitsOtherThanTMI-2191

PORVFailuresatTMI-2198

ConfigurationControlatTMI-2200

RoleofthePORVintheTMI-2Accident201

PerformanceandReliabilityofPORV202

SingleFailureCriterionandthePORV206

FINDINGSANDCONCLUSIONS209

ACRONYMS..211

FIGURES213

ATTACHMENTS219



Attachment1--Letter,J.SchuylertoM.Green,July24,
1979,re:ANSIB16.41219

Attachment2-Memorandumforrecord,visittoPlant,
DresserIndustries,Alexandria,La.,
September20,1979220

Attachment3-Memorandumforrecord,visittoDresser
Industries,Alexandria,La,,
September25,1979222

Attachment4-B&Winspectionreport,March13-14,1973,
atDresserIndustries227

Attachment5-Memorandum(NRC),R.BosnaktoW.Anderson,
September26,1978,re:IWV1100228

Attachment6-TheBeznau,Switzerland,Incident,

Attachment7--ThePalisadesIncident,September8,1971..230

Attachment8―ArkansasNuclearOne-1Incident,Before
September1974231

Attachment9―Memorandum(B&W),G.FairburntoD.H.Roy,
May9,1979232

Attachment10―GPUStartupProblemReport2718,March30,
1978233

Attachment11―MemorandumBurnsandRoe,W03475,Jersey
CentralPowerandLightCompany,Three
MileIslandNuclearStationUnit2,
ElectromaticReliefValve,RC-R2
Controls,August1,1979235

Attachment12-ElementaryDiagram,B&WDiagram113658Cl..238

Attachment13--RC-RV2Logic,B&WDiagram134175239

Attachment14--ControlLogic,FSARFigure7.6-7240

Attachment15-EngineeringChangeMemorandumS5934and

B＆WSPR＃183241

Attachment16-LetteronSingleFailureCirteria,
InstituteofElectricalandElectronic
Engineers,April19,1976248

Attachment17-Excerptfrom"GenericItemsList"
AdvisoryCommitteeonReactor

Safeguards250



Attachment18―Excerptfrom"AbnormalOccurrences
ReportedtoCongress"251

Attachment19―Excerptsfrom"UnresolvedSafety
IssuesReportedtoCongress"....253

REFERENCES255

APPENDICES257





I.EXECUTIVESUMMARY263

II.PURPOSEANDSUMMARY265

III.DESCRIPTIONOFACCIDENT267

IV.DESCRIPTIONOFCOREBEHAVIOR272

V.PATHWAYSFROMTHEREACTORPRIMARYSYSTEM274

Let-Down/Make-UpSystem274

ReactorBuildingSumptotheAuxiliaryBuilding
Sump276

ReactorCoolantDrainTanktoReactorCoolant
BleedHoldupTanks278

ReactorCoolantDrainTankVenttoVentGasHeader
intheAuxiliaryBuilding280

ReactorCoolantDrainTankVenttotheReactor
CoolantBleedHoldupTanks280

ReactorCoolantPumpSealstoSealReturnCoolers
intheAuxiliaryBuilding283

let-DownCoolersCoolingWater283

LeakageCoolersCoolingWater283

VI.INTERCONNECTIONOFLIQUIDANDGASSYSTEM286

VII.RADIATIONMONITORINGINTHEPLANT290

VIII.POTENTIALPRESSURETRANSIENTSINEACHSYSTEM295

Let-Down/Make-UpSystem295

ReactorBuildingSumptoAuxiliaryBuildingSump..296

ReactorCoolantDrainTanktotheReactorCoolant
BleedHoldupTanks296

ReactorCoolantDrainTankVenttoVentGasHeader
inAuxiliaryBuildingSump..297

ReactorCoolantDrainTankVenttoReactorCoolant
BleedHoldupTanks298

ReactorCoolantPumpSealstotheSealReturnCoolers
inAuxiliaryBuilding....299



Let-DownCoolersCoolingWater299

LeakageCoolersCoolingWater299

InterconnectionPressureTransients299

IX.RESPONSEOFRADIATIONMONITORSDURINGTHEACCIDENT301

X.DISCUSSIONANDRATINGOFPOTENTIALPATHWAYS307

XI.MOSTPROBABLEPATHWAY309

APPENDIXA―DISCUSSIONOFMETROPOLITANEDISON/GENERAL
PUBLICUTILITIESCORPORATION'SPRELIMINARY
REPORTONSOURCESANDPATHWAYSOFTMI-2

RELEASESOFRADIOACTIVEMATERIAL,
JULY16,1979,REVISION0310

APPENDIXB-DISCUSSIONOFTHENUCLEARREGULATORYCOMMISSION'S
EVALUATIONOFRADIOACTIVERELEASEPATHWAYS311

APPENDIXC-COMPARISONOFRATINGOFPATHWAYSOFRADIOACTIVITY
TOTHEENVIRONS312

REFERENCES313







I.FINDINGS332

II.INTRODUCTION333

III.OVERVIEW334

IV.EXPERIENCEANDPROGRESSTODATE336

V.RADIOACTIVEWASTE-DISPOSAL339

VI.DISCUSSIONANDCONCLUSIONS342

METHODOLOGY343

REFERENCES344


	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10
	page11
	page12
	page13
	page14
	page15
	page16
	page17
	page18
	page19
	page20
	page21
	page22
	page23
	page24
	page25
	page26
	page27
	page28
	page29
	page30
	page31
	page32
	page33
	page34
	page35
	page36
	page37
	page38
	page39
	page40
	page41
	page42
	page43
	page44

