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Background

€ The implementation of probabilistic fracture mechanics (PFM) on
integrity assessment standards of reactor pressure vessels (RPVs)
is not yet actualized in Japan.

& Guideline JEAG 4640-2018 was established in 2018.

» JEAG 4640-2018 describes framework and preferred specifications
for assessing frequency of crack initiation (FCI) and through-wall
crack frequency (TWCF) in Japan.

» JEAG 4640-2018 is established in conformity with Japanese
structural integrity standards. Various part of standards are
different from other countries.
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PFM analysis approaches in CRIEPI

@ CRIEPI takes following 2 approaches to develop PFM
analysis basis for RPVs.

1) New development of JEAG 4640-2018 consistent code,
FERMAT (Fracture mechanics Evaluation of RPV MATerials)

2 Localization of US code FAVOR16.1 to JEAG 4640-2018
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Concept of FERMAT

@ PASCAL has already been developed for Japanese RPV by JAEA.

@ There is difference in concept between PASCAL and FERMAT.

» PASCAL has various options. That feature makes PASCAL one of
the best codes for comparable research.

» FERMAT is developed as a simple code for practical application.
This feature is achieved by referring JEAG 4640-2018.

& FERMAT can assess FCl and TWCF based on JEAG 4640-2018.
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Graphical user interface of FERMAT

@ All processes (including pre-processes and post-processes)
can be finished in one code with graphical user interface.

FERMAT - Fracture mechanics Evaluation of RPV MATerials

SR 50

Al 13.18 | A2 6.71| A3 0.0337
Bl 15.88 | B2 42,21 | B3 0.0121
3
c1 4| C2 Cc3
L]
m
o
=
=
#
VIPS FE I LA, i
7
&

=

A1/42783
B1/B2/B3
C1/C2/C8

WP FE AL .

— S8R | 5L MEER | PRSI | BEES | EEEE | SIS0 | @ITE | (L¥Rs | PRTRME | BERE e |Enm|
0

BT A R D 1T - RE AN T, HREIE AL O LY R D,
f3d5. G2 & C3 | TEBEINETRETHD.

Kie = Ar + Br[-In(1 — &)]Ycr

Ar =A1+ A2 exp (43 = T)
By =Bl + B2-exp (B3 = T)
Cr=Cl+C2.exp(C3=xT)

CCT Ky | JERAREME(MPa m), O |IREEE, TIZRE(CITHD.

fdE, ASOOARR ITHORIREE. MR TR ORISR D EEOR R TR T,
BELEROCHERCHLT WPESEER TR FEELAL -
BIHTIBFIE BRI EED D A RE AN T D, BRHCIBT ERENE I O LR D,

1 EECT)
R R 500, a2
73 0.0137 p=mh(Kp) - —
M1 2569 M2 739 | M3| 00127 2
=)
o 0.162 L r;lrlfmzfms Kio =M1+ M2 exp (M3 xT)
E CIOT K, | TRERN - B EHEIE R RS O A(EMPa ). TIZRE T,
= wE g3 N2, BRSBTS O R OB R E TS,
% tad. SSOMAE T BRNTIE S L IR, #1535 o OEBEDRFRERT,
o
&
i
it
L
0
0 EE(TY
#TEATE E B % 7F RRAFEEIT #® T
ETOT —FEIr IbEsAHE LR,

© CRIEPI 2024

Central Research Institute of




B R
Objective

@ The outcomes for crack initiation and failure assessed by FERMAT
were compared with those of PASCALS with Japanese model case.

@ In this presentation, the following was compared.
» Stress intensity factor for deterministic part of analysis

» Failure probability and frequency for probabilistic part of
analysis
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Input parameters for PFM analysis for RPVs

@ Pressurized thermal shock (PTS) is [ Frequency of event occurrence ]
targeted for PFM analysis of RPVs
for PWR plants.

€ Uncertainty of parameters in right
figure is considered.
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Analysis conditions

Transients Determine transients

Crack direction

Crack depth [mm]

Crack direction
Embedded flaw . depth [mm]

m Model of Warm prestress (WPS)
Neutron fluence Spatial distribution
[n/cm?] Mean value
(E>1MeV) Standard deviation
Neutron flax [n/cm?/s](E>1MeV)
Irradiation temperature [°C]

Surface flaw

Irradiation
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Dominant 13 transients selected from

transients of Beaver Valley [2]
Circumference flaws [1]

6.5 [2]
Circumference and axial flaws
Determined by VFLAW [1]
Basic model of JEAG 4640-2018
Maanshan Unit 1 (Taiwan)

7 X 101° (48EFPY)

13.1% of mean value [1]
4.62 X 1010 [1]

288 [1]

Base metal: 0.16, Weld: 0.14 [1]
0.01 [1]

Base metal: 0.61, Weld: 0.80 [1]
0.02 [1]

Base metal: -5.0, Weld: -50.0 [1]
9.40 [1]

[1]JEAG 4640-2018, [2] J.Katsuyama et.al.,JAEA-Data-Code-2017-015
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Sensitivity analysis for the number of RPV samples

€ 1000 was chosen as the number of RPV samples for PASCAL by JAEA [3].
@ For FERMAT, FCl and TWCF were assessed with various number of

RPV samples.

» 10000 was chosen as the number of samples for analysis in this study.
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Results of deterministic part of analysis

(Stress intensity factor)

@ Stress intensity factor for small breaking loss of coolant accident
(SBLOCA) calculated by FERMAT and PASCALS were compared.

@ Although there are some differences in model used to calculate
stress intensity factor for surface crack, difference in stress intensity
Jactor calculated by FERMAT and PASCALS was not as substantial.
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Results of PFM analysis

(The frequency of crack initiation and failure)
@ The frequency of crack initiation(FCI) and failure (TWCF) assessed
by FERMAT and PASCALS were compared.

» Outcomes were well corresponding each other regardless of

used code.
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Conclusion

€ A new PFM analysis code FERMAT has been developed.

€ Outcomes of FERMAT were compared with those of PASCALS.

» Stress intensity factors calculated by FERMAT and PASCALS were
well corresponding each other.

» The frequency of crack initiation and failure assessed by those two
codes were compared. They were well corresponding each other
regardless of used code.

Those results indicate that FERMAT and PASCALS provide equivalent
results for assessment of failure frequency of RPV.
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Future work

@ Public release of FERMAT is planned right now.

[Post-presentation update]
FERMAT is now publicly available:
https://criepi.denken.or.jp/en/fermat/index.html

€ Modification of FERMAT for analyze failure frequency of RPVs in
BWR plants is ongoing.
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