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THE LA SALLE EVENTTHE LA SALLE EVENT
((WulffWulff etet al., NUREG/CR 5816, 1992)al., NUREG/CR 5816, 1992)

THE ACCIDENT PROGRESSIONTHE ACCIDENT PROGRESSION

SCRAMSCRAM
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THE INSTABILITY EVENTSTHE INSTABILITY EVENTS
((unun--plannedplanned –– status 1997, OECD/CSNI SOAR)status 1997, OECD/CSNI SOAR)
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THE INSTABILITY EVENTSTHE INSTABILITY EVENTS
((exampleexample of of plannedplanned))
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THE ATWS THE ATWS -- La La SalleSalle eventevent withoutwithout scramscram
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SIGNIFICANT RESULTS SIGNIFICANT RESULTS ((BrookhavenBrookhaven OECD OECD ProcProc.).)
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SIGNIFICANT RESULTS SIGNIFICANT RESULTS ((BrookhavenBrookhaven OECD OECD ProcProc.).)

VisualisationVisualisation
of regional, of regional, outout--ofof--phasephase

oscillationsoscillations
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SIGNIFICANT RESULTS SIGNIFICANT RESULTS ((BrookhavenBrookhaven OECD OECD ProcProc.).)

InstabilityInstability
ClassificationClassification
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RECENT FINDINGRECENT FINDING

PunctualPunctual InstabilityInstability

““Standing DP Standing DP wavewave””
((peakedpeaked at FA middle) at FA middle) 

exp
calc
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BWRS CODES  (BWRS CODES  (typicallytypically 0D0D--NKNK) ARE CAPABLE OF) ARE CAPABLE OF
REPRODUCINGDETECTED PHENOMENOLOGIESREPRODUCINGDETECTED PHENOMENOLOGIES

PREDICTIVE CAPABILITIESPREDICTIVE CAPABILITIES
((outsideoutside qualificationqualification domaindomain) ) 

ARE QUESTIONABLEARE QUESTIONABLE
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TYPICAL BWR CORE NODALISATIONS FOR  TYPICAL BWR CORE NODALISATIONS FOR  3D NK3D NK--THTH
COUPLED CALCULATION ARE GIVEN BELOWCOUPLED CALCULATION ARE GIVEN BELOW

11--byby--1 FA NK and 1 FA NK and severalseveral tenstens (over (over ~ 800) ~ 800) of of parallelparallel hydhyd--chch
modellingmodelling possiblepossible. . FullyFully 11--byby--1 1 recentlyrecently achievedachieved. . 

3D NK

Fictitious
3D HYDR
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LIST OF APPLICABLE BWRS CODESLIST OF APPLICABLE BWRS CODES

SOAR ON 
BWRS
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•• IT IS IMPORTANT TO DETERMINE WHETHER  THE ACTUALIT IS IMPORTANT TO DETERMINE WHETHER  THE ACTUAL
OPERATING CONDITIONS ARE IN THE STABLE REGIONOPERATING CONDITIONS ARE IN THE STABLE REGION
OF OPERATION FOR THE SELECTED NPP.OF OPERATION FOR THE SELECTED NPP.

•• THE DECAY RATIO (THE DECAY RATIO (the ratio of the ratio of twotwo consecutive consecutive maximamaxima of theof the
impulseimpulse responseresponse)) MUST BE DERIVED AT EACH TIME. MUST BE DERIVED AT EACH TIME. 

•• SEVERAL METHODS AVAILABLE TO CALCULATE DR FROM SEVERAL METHODS AVAILABLE TO CALCULATE DR FROM 
LPRM & APRM SIGNALSLPRM & APRM SIGNALS
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(TYPICAL) OUTPUT FROM MONITORING SYSTEM(TYPICAL) OUTPUT FROM MONITORING SYSTEM
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LICENSING STRATEGIES:LICENSING STRATEGIES:
A)A) REGIONAL EXCLUSION (SEE BELOW)REGIONAL EXCLUSION (SEE BELOW)

B)B) ‘‘QUADRANT QUADRANT APRMAPRM’’ (GE(GE-- BWRBWR--2  design)2  design)
C)C) LPRM BASED (envisaged/LPRM BASED (envisaged/desirabledesirable))
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RELEVANTRELEVANT
QUESTIONSQUESTIONS

(US NRC & W. (US NRC & W. WulffWulff))
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RELEVANT ANSWERS (W. RELEVANT ANSWERS (W. WulffWulff etet al.)al.)
Q1 (Q1 (causescauses of of oscillationsoscillations))
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RELEVANT ANSWERS (W. RELEVANT ANSWERS (W. WulffWulff etet al.)al.)
Q2 (Q2 (inherentinherent limits & limits & relatedrelated mechanismsmechanisms))
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RELEVANT ANSWERS (W. RELEVANT ANSWERS (W. WulffWulff etet al.)al.)
Q3 (ATWS)Q3 (ATWS)
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RELEVANT ANSWERS (W. RELEVANT ANSWERS (W. WulffWulff etet al.)al.)
Q4 (Q4 (fuelfuel pelletpellet))
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RELEVANT ANSWERS (W. RELEVANT ANSWERS (W. WulffWulff etet al.)al.)
Q5 (MCPR)Q5 (MCPR)
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RELEVANT ANSWERS (W. RELEVANT ANSWERS (W. WulffWulff etet al.)al.)
Q6Q6--Q7 (PSP Q7 (PSP relatedrelated –– not strictly connected with the subject)not strictly connected with the subject)

Q8Q8--Q11 (Q11 (answeranswer belowbelow,  ,  notnot givengiven byby WulffWulff etet al. al. becausebecause
3D NK3D NK--TH TH neededneeded))

Q8 (causes for regional oscillations): LOADING PATTERNS, DIFFERENT
FUEL, ASYMMETRIC PERTURBATION, DP OF INDIVIDUAL FA

Q9 (inherent amplitude limits for regional oscillations): SAME AS FOR 
IN-PHASE OSCILLATIONS

Q10 (control rod patterns causing regional oscillations): VARIOUS, INDIVIDUAL
NPP-CORE ANALYSIS (PLANT SPECIFIC) NEEDED

Q11 (are LPRM useful for detection of regional oscillations): BASICALLY YES,
UPGRADINGS OF CURRENT DESIGN COULD IMPROVE THE 
CAPABILITY  
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RELEVANT ANSWERS (W. RELEVANT ANSWERS (W. WulffWulff etet al.)al.)
Q12 (Reliability of computer Q12 (Reliability of computer codescodes): ): generalgeneral commentcomment providedprovided in the in the 

ConclusionsConclusions

Q13 (are Q13 (are stabilitystability analysesanalyses usefuluseful ifif theythey are are performedperformed withwith
ImposedImposed neutronneutron fluxflux oscillationsoscillations?): NO ?): NO 

Q14 (Q14 (useuse of of frequencyfrequency or time or time domaindomain codescodes): ): …… partpart 11
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Q14 (Q14 (useuse of of frequencyfrequency or time or time domaindomain codescodes): ): …… partpart 22
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BWR INSTABILITIES ARE WELL KNOWN TO THE TECHNOLOGY AND 
DEEPLY INVESTIGATED SINCE THE BEGINNING

BWR NPP OPERATION HAS BEEN AFFECTED BY INSTABILITY EVENTS
THAT (SO FAR) DID NOT POSE UNACCEPTABLE SAFETY RISK   

COMPUTATIONAL TOOLS ARE AVAILABLE THAT REPRODUCE KNOWN
STABILITY CONDITIONS. CAPABILITY TO PREDICT INSTABILITIES 
OUTSIDE THE QUALIFICATION DOMAIN IS QUESTIONABLE

MONITORING IS EFFECTIVE IN PREVENTING INSTABILITIES. THE 
LICENSING FRAMEWORK APPEARS ADEQUATE 

NEW FRONTIER CONSTITUTED BY THE COUPLED 3D NK-TH 
COMPUTATIONAL TECHNIQUES CAPABLE OF SIMULATING THE 
PERFORMANCE OF INDIVIDUAL FUEL ASSEMBLIES


