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Study on Practical Application of Probabilistic Structural Integrity
Assessment Method for Reactor Pressure Vessels
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Abstract
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Reactor pressure vessel (RPV) of the light water reactor is the most important safety related component. To
prevent non-ductile fracture of RPVs during operation, the degree of irradiation embrittlement of RPV steels is
monitored by surveillance tests, and structural integrity assessment of RPVs is conducted based on the test
results. The assessment method based on probabilistic fracture mechanics (PFM) is known as a rational one in
assessing the integrity of RPVs, and efforts for practical applications of the PFM method are actively promoted
in foreign countries as well as Japan. In Japan Atomic Energy Agency, we have developed a PFM analysis code
PASCALA4, which implements evaluation methods considering both irradiation embrittlement and pressurized
thermal shock events for RPVs in pressurized water reactors. In addition, we have also developed a guideline
which provides PFM analysis procedures and their technical bases. In this paper, improvements of PASCAL4
for enabling the PFM evaluation of RPV in boiling water reactors along with an analysis example are presented.
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Table 1 Main PFM analysis conditions

Item Parameter/Condition
Inner radius: 3187.5 mm,
RPV geometry Base metal thickness: 160 mm
Clad thickness: 5.5 mm
Transient LTOP event> ;
Occurrence frequency: 1.0x10”[/ry]
Neutron fluence 54x10" [n/enr’, E > IMeV]
- Ave.: —25°C for base metal and weld
Initial RTypr Std. dev.: 9.4°C for base metal and weld
Cu Ave.: 0.08 for base metal, 0.07 for weld
Chemical composition Std. dev.: 0.01 for base metal and weld
Ni Ave.: 0.58 for base metal, 0.63 for weld
Std. dev.: 0.02 for base metal and weld
Embrittlement prediction | JEAC4201-2007 (sup. 2013)”
Fracture toughness Weibull distribution model
Crack arrest toughness Lognormal distribution model
‘Warm pre-stress effect ACE model by French researchers
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Table 2 Potential Crack considered in PFM analysis

Item Parameter/Condition

Surface crack at RPV Orlent.atlonz circumferential
inner surface Depth: 6.5 mm

Aspect ratio and density: VFLAW data
Embedded crack near | Orientation: axial and circumferential
RPV inner surface Depth, aspect ratio and density: VFLAW data
Surface crack at RPV Onent.atlonz axial and circumferential
outer surface Depth: 6.5 mm

Aspect ratio and density: VFLAW data
Embedded crack near | Orientation: axial and circumferential
RPV outer surface Depth, aspect ratio and density: VFLAW data
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Fig.1 Mean FCl and TWCF under LTOP
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Fig.2 Mean TWCF values contributed by
different crack types
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