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Industry Practice for the Neutron Irradiation Embrittlement of Reactor Pressure Vessel Steels in J apan
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Neutron irradiation embrittlement of reactor pressure vessel (RPV) steels is one of the important material
ageing issues. The Japan Electric Association Code, JEAC 4201-2007 “Method of Surveillance Tests for
Structural Materials of Nuclear Reactors,” was revised in December 2007. A new mechanism-guided
embrittlement correlation method was adopted. The surveillance program was modified for the long term
operation of nuclear plants by introducing the “long-term surveillance program”, which is to be applied for
the operation beyond 40 years. The use of the re-loading, re-irradiation and reconstitution of the tested
Charpy/fracture toughness specimens is also specified in the new revision. This paper reports the application
and practice of the JEAC4201-2007 in terms of the prediction of embrittlement and the use of tested

surveillance specimens in Japan.
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Fig. 1 Relationship between Cu and Ni contents in the Japanese Reactor
Pressure Vessel steels
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Fig.2 Relationship between neutron fluence and flux in the Japanese
surveillance program
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Fig.3 Transition temperature shifts of the Japanese BWR and PWR plants
with neutron fluence
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Fig.4 Comparison of the measured transition temperature shifls in the Japanese
surveillance program with the old and new Japanese embrittlement correlation
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Fig. 5 Comparison of the US surveillance data
and the JEAC 4201-2007 predictions
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and the JEAC 4201-2007 predictions
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Fig. 11 Surveillance data and predicted trend curves
of the Japanese PWR plant (low Cu content)

4.2 EBERERT—RICEIHILFRADHIE
WAL TRIEDOIER TIX, BROBRRBRT — 2 g
HMESNdZLickoT, FlIZT—ZIC8bYCHITE
THEND ZEBTONTE T35, JEAC 4201-2004
T, FRAEMR A ERRRT — 2 oAby CEs
T 5 Z & THIEZIT > TE 7223, JEAC 4201-2007 T,
TRUE RIS EREMET S 2 & THERTY &1 )
BLUWHESENRES NIz, ZOWEEITY 2 Lic
£, JEAC 4201-2007 O THIREZE OIEHER 21T IERT
D IACHLHE/RD 55CE TRIBICHKET S, =D
£ 9 IRHENFRRIZ 22 o - D1, JTEAC 4201-2007 Tit
ML MEA) 2B 5 X5 B RERRT — &
~OBREEE LN TN -0 Th 5,

JEAC 4201-2004 & JEAC 4201-2007 DFFEEDE VA,
Fig. 8 DEE | ZHOT — & 2N R TH 5, BERHHAE
T—HDOERE L BIT, B 6 BOBERRRT — % DF
BAEZR ED X 51T 5023 % Lz, JEAC
4201-2004 TIXMHBEORENEF I TR
¥, JEAC 4201- 2004 OFHIE TIIIEBRH 7 — & (B3
B &% 4 BIOBERBMBRT —4) ZWMEICHNRNE &
& L7z, Fig. 12 8L Fig. 13 I JEAC 42012004 &
JEAC 4201-2007 D FHHEZ M 1E LSRR %2 T h Thor
9, JEAC 4201-2004 Ci¥, BERRBRT—&MAWx 52
LITHIIE SNz PRI R E S B LT 5, $7-
% 6 BDBEHRERT —4 BMELN S ETHE 6 B DR
RBRT —ZIIRBE LS PHIT A LR TERY, Zh
WL, JEAC 4201-2007 DFEITIL, BT — ¥
PEBELCHOTEEIISE Y KX BT, Fm

- 350 -



BB OF—Z FHEICAVTHE 6 RIOERRRT
— 2 BNEINZ TR SN T\ D, JEAC 4201-2007 DBH3E
TIEohD 6 AOT—FEFEALTEY, BEIST
BITE D2 LITUARTIED DD, BRICHI > THH
ICFPREEEA /NS THOTIHRL, ko MEm)
PEBT L LICEEL, oo TRIERRICERE A
BHEVND TRNELRERH LIz Z &8, ZE Lo TillZn]
BlIZLTwdEnz ko,

100

90 §

80 |

70

60 |

50

ART\pr (°C)

40 }

-
-

30 F

A -~ Adjustedwit] 8.2
/, -~
20 |, ;5./’ —mms" Adjustedwi, 285
o s — Adjustedw#1,2,586
o 2 O ! Lowflux cansule
o . .
0 1E+18 2E+18 3E+18

Neutron fluence (nfcm? E>1MeV)
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Fig. 13 Adjusted predictions by JEAC 4201-2007 with high and low flux
capsule data of the base metal of Tsuruga Power Station Unit 1
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