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B = —hHIKEE K (BWR) (51125 HEEEIN(SCO)-

-BWRIZ & [+ HSCCOEE

1970 1980 1990 2000 2010 2020
e

SEUER T L R DSCC(304E TEBEL & A 1EER)

NiEEEDSCC(L 15V RYR—b%)

JESRBUE (IR FR) AT L ASCC(304L/316LS 159K, B & A1 ER)

v 19705 I, BEAELEICLHHEUE (CrRZB D) IR E &7 5HSCCHZER
vV BIBERZENGWMERRAT LA RAFE SN EAXMRELTERICERA
v 1990 KMo BRFAT UL AHFIHEEICHLSCCA AL (BHEAITSLY)
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B = -MEKEEKE (PWR)IZE1H 55 NGB EIN(SCO)-

v PWRIZEWTIE. NIREEEIZEWLVTSCCERERL TETULVA A AT L REIXSCC
RS ERIEWNEEZAONTE =, LALEAS IBETIIRTUL RSB ZEERIC
B TESCCEHIMNIHESINTETLNVS,

« EEIBH ATULABEEL—IIVRDBEER(20074F)

o KER3EHE MEB/RATLASAUEE DBEER(20204F)

P

ER2EH
(200749A)

(H 8- $EFEEAR— LR—T2008%2R)

FHo, RFNFER KIEFE R F12EEFFHESR (2011)
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asn
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MNews releases Bublications ASN's videos

Q, | ASNINFORMS | ASN RECULATES | ASM INSPECTS | ABOUTASN | INTERNATIONAL RELATIO|

lews releases » Stress

Stress corrosion phenomenon detected on
the safety injection system of Civaux NPP
reactor 1- Shutdown of 1450 MWe reactors
for inspections

Published on 2112/2021 at 14:07
Information notice
On 21 October 2021, following ultrasonic inspections performed during the

ten-yearly outage inspection of the Civaux NPP, EDF informed ASN that it had
detected indications [1] on welds on the elbows of the pipes connecting the

asn
—

News releases Publications ASN's videos

Q, | ASM INFORMS | ASN REGULATES | ASM INSPECTS | ABOUT ASH | INTERNATIONAL RELATIONS

Stress corrosion phenomenon detected on
Civaux 1and 2, Chooz B2 and Penly 1
reactors

Information notice

On 21 October 2021, following ultrasonic checks scheduled during the second
ten-vearly outage of Civaux NPP reactor 1 (1450 MWe reactor), EDF informed
ASN that it had detected indications[1] on welds on the elbows of the safery
injection svstem piping[2] of the reactor’s main primary svstem (see image
below).

As Civaux NPP reactor 2

ras the only 1450 MWe reactor not yet to have undergone these

Weld with cracks

Support

Pipe elbow

Weld with cracks

vV ATV ATHE DT EEAREEBIED
TSCCZE4

vV BHORFF DR —RMTSCCHREEL

- =

L Z80“ B #EE " TSCCHREL

» AT
> TIUrORMBARARICERT HME

https://www.french-nuclear-safety.fr

tvpes of checks, EDF sl in November 2021 so that thev could be ¢ out ahead
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AR : (1) FrENEEEZZ B L-2EEL - /0MBELE2TE (RALXK)

B16LEATIG R EEF = MEAMEL T BEMEBOF S I/2)E—2320 07254 MED
MRS MRS OICEE NS REE - S /DB E L ESZHSMICL =,

316LEATIG IS

NP D ‘? i _q_u;.ﬂ/ 5mm
BESBRDIISAE, % BESEDIISAMED T
Chemical composition, wt%

Material C Si Mn P S Ni Cr Mo N Fe
316223356 0.013 | 049 | 1.60 | 0.024 | 0.001 | 12.77 | 17.28 | 2.61 | 0.101 | Bal. 0.046 (F&R)

/ I
316L Weld metal | 0.018 | 049 | 1.69 | 0.025 | 0.001 | 12.05 | 1921 | 2.19 | -~ Bal 0'0/2\3(J:”B)

S HTE
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AR : (1) FrENEEEZZ B L-2EEL - /0MBELE2TE (RALXK)

J6LEBRERAICOLT, HEE R RMEAREGOORITHET HEEIC, BREKPY
0 (IH) ILEBI= KU B T4 R B ROABIZ DUV T . HER DF v 505 H—Sav e R LL-.

1340°CLE 844




AR : (1) FrENEEEZZ B L-2EEL - /0MBELE2TE (RALXK)

SENAIL, MR- PR - EFER - IRRICE T OMEMDEEFOERL S
ENENFHITHT=,

REFR) - BRI R REFRNBE 1340°CLL 841
TEM
mag. 100K
TEM
mag. 25K
¥ iﬂ:’“‘: * - h’..:- - ‘“ '-l: - T AR g [ - “.I ] 3 z
HAEER (BHEAD (MoAS =% E DI e
BE | maonty ; it L ;R L
cc Fe N Mo ' o Fe N Mo ' Fe  Ni Mo
JITAME| 2381 sas1 ass 1670 | 2665 6058 570 7.07 | 2413 6065 502 10.20
:Ftﬁﬁﬂbi 2473 56.21 428 14.78 E 26.78 6047 548 7.27 E 2347 6024 535 10.94
(wt. %) 2432 5885 549 1134 i 2686 6014 531 7.68 | 2362 5042 550 1146 9




AR : (1) FrENEEEZZ B L-2EEL - /0MBELE2TE (RALXK)

475 °CIZEWTIIGHERIER AL E Z 5N BNI-Si-MoY TR F—1E LU IZMoR L B A Sl T
HY. ZOFERIT. REDFIRV2)IZEITHEEHBRIMNEMoZELEEICTHELTIE. GHEDE2
Bl FEEELLTHEAETLHSDIEIMNTIEGELMoTH S, IEBETHEEZEZbNT=,

1 | 10000 hr 400°C for 10,000 hr __ S __

SN

20ar 2R Annr A7E ?J‘ ;'h‘ e iR
ORDEARILTH SHEDTEMBIREHS

S

548 (475°C- 1000B RS Sh41) D TEM-EDX 4 22 “ 10



HARER: (2) T3 AT RZERELI-E T RE

FEE (NIMS, dEFELK)

SWIUO0MABEIETAETIL

MBETIIEELHBET—24ER (Physical Modeling)
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(Batch Processing)
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Thermodynamic parameters for G-phase
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MZERE: (2) T —32 AT RZFERFELIIEEREO SV IVO0MBE L FRIETIL
FEE (NIMS. deF:K)

BHPEEETIVESERRHT (ML Acceleration & Inverse Design)

D. ¥O% — FEFILIBSE

Gig#fritl - (R TR T —%
#AR)

iEE (ML) .
e Rt 1= SV Sy Rty B
< Ay ERER

Hi=EE
ET7ILE
A 4

gE=EYO05—-FETIL
HEERBFRA: < 1 msec

b oy

SAmFEIETILD
AL RESTA

E. [GA: ¥ v 7L & EER

@ #rii < v 7 (Precipitation Map) @ I - #L3R (Application, Extensin)

2FMHE—BTARL

i RIS 7 N E BIRRE:

Bl BE7OLX:

500°C, 24h
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MRAR: (2) T VAT RZEFEL A MREOS VI /OBBEIE FRAETIL
EE NIMS, LX)

ARARICEWTHEELECHRANZFETIVICESEHEFER R EEICERL TULVRLEE R
HWHICEVWTLIIRERT —FERIFLG—HZRL. RIGE~DELVAEIEREZREIL =,

B2#AE: Fe-20.4Cr-10.5Ni-1.0Si-2.4Mo-0.8Mn-0.03C (350°C)

254 MB#RE [at%]" GH DR TTREIE [at%]
Ni: 6.32 Mn:3.5 Mo:3.3 P:0.1~
Si: 2.27 2500h 18.6 8.5 19.0

- £ o/’ Interface? : : .
Mo: 2.13 10:35 002
Mn: 0.59 10000h o = ' : w TN
C: 0.01 o/a’ Interface? : . :

Fe:0
Cr: 24.96 Mn:4.1 Cr:2.4
Fe: bal A5% T e
THE 9.7mol%
BNi si lMn Mo [ Cr | Fe P
Si,Mn,Mo,Cr,Fe:0

BItEFA ABqC; B FOMRTREE [oth] S
(CrFe,Min,Mo,Ni Si) EWS?A__
B8 FB Ni,Si:0 Fe:

(CrFe,in,Mo,NLSi) a'nﬁ%BéE!n_ﬁ

El#&FC M%rhl?oztl): <
(Cr,Fe,Mn,Mo,Ni,Si), EI#&FC 96.8

FFELI-GHENZET VKL HHI

1) R. Badyka, S. Saillet, J. Emo, C. Domain, C. Pareige: J. Nuclear Mater., 555 (2021) 153123. 13



ARAER: (2) T3 AT RZERELEEgED S LS/ 0MEBEE FRETIL

FEE (NIMS, dEFELK)

AARICEVTHRELGHRBANFZETILICEY, FEOHERE STEESEHE T TCHD L EHE
B ARRER - TR hE E M TS HOREBEHEILLT,

71x71MEERE wt% Fe Cr Ni Mo Mn Si
SUS316L(1) 70.96 18.57 6.54 3.17 0.24 0.514
SUS316L(2) 71.68 17.59 7.35 2.38 0.30 0.686
SUS304L 73.75 19.31 5.71 - 0.74 0.495
SUS316L GHH{EiEE 66.75 20.05 8.75 2.38 0.87 1.197
SUS316L G#E#Nl 74.65 18.00 4.49 2.25 0.36 0.244
12 12 . -
‘ SIBLUNIEEIIGHOREMY
0 SUS316L(GHE1EE) o £50. CrizAoMERET 3.
LB RE S LUV ERTEROE
= 4 T 4 MNITHBRER EEEXXET 5.
e, [
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R = B EEE525,
ym 6 sus3teL(l) | Z 6 )
¥ B SUS316L(2) c—EDORKRIZEIEDOD, B
g2, B, | ST ISH 1T 2GHMTHFEI<D
(O] 2 =, T8 3
BETH .
2 2
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000 10 102 10 104 105 10 0000 100 102 108 10¢  10° 108
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GHTHEHICRIZIEEHEROEE
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MEBRR: (3) IS NEEIFNEREHRIEEN2FEBB OB (RALX)

Z. Fu, H. Abe, Y. Watanabe, Journal of Nuclear Materials, 2025. DOI: 10.1016/j.jnucmat.2025.156

B16LEHE M I L TRERERANEZRER T 5L T, MRICERIEHN LMLz
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MEMAR: (3) I NBEEENERBRIEIZEN2MEBBORIMK (RILX)

Z. Fu, H. Abe, Y. Watanabe, Journal of Nuclear Materials, 2025. DOI: 10.1016/j.jnucmat.2025.156
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(e) 5s-A (f) 5s-B




FEOIBREZETECEBN-RERART UL AMBEEREOHKTTEEHIRE]

REDBEGCOUICICNERENTECEBNE-AT UL AHBEEEEDOREHZRE
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