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SCC Initiation in Cold Worked Alloy 690 TT under Simulated PWR Primary Water (4" Report)
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Abstract SCC initiation behavior of cold-worked Alloy 690 TT in PWR primary water was investigated
using a blunt-notch CT specimen. A cavity formation treatment was performed at 450°C, and an induced SCC
initiation test was performed for 26,007 hours under a simulated PWR primary water environment. No clear
SCC was observed, but micro-openings, which are considered to be a precursor to SCC initiation, were
observed. Periodic observations of the micro-openings showed that they propagated along the length of the
specimen surface and grew to a width of about 2 um, but tended to be arrested at about one-grain boundary.
The cause of the arrest is thought to be that the local stress and crack resistance differ for each grain boundary,
and there are few grain boundaries where the conditions for crack propagation are satisfied. Therefore, it was
concluded that in materials with excellent SCC resistance such as Alloy 690 TT, the growth of micro-openings
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may be arrested.
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(stress corrosion cracking, SCC) PEIZEN D HIELE LT
JE/KTURR 7K 4 (pressurized water reactor, PWR) @ 1 ¥GRIE )
Ny FY—=THNLN TV, BITEETOE 25, Eik
2B T SCC HAEDHEFT <, FREICK T HERE
TH IR CRANTET D Z LA m T AT R Y 7
B L LR G, SRR 2N A 72455512 SCC
RO Z T 2 E BRI TN D720, EEEER
DML LT, SCC A4, RIS B0 AT
bhT&i9,
TT690 A& M THIZ OV T D SCC HRIFSEIZOU
TIE, WBFEICFHET SCC &4 U I/ 600 54 & DLk

* 1 (B R ARE AT DFFERT £ 2T LFTERT

EWVDIETEENHED 5T 5. EPRI (Electric power
research institute) /X NRC (nuclear regulatory commission)
DY R— b &S RFERFX 2R L, MRP-386 & L
TRHMlAE IR A AR LT D, ZOWMEFDO R TIE, RTHY
VZEHI L7=854, 600 G4 & BT TT690 421 38 50
UGEENIR D FLAE N D Z E BB BTV 5D, TT690 &
&0 SCC ERAEEDBENERITOWTIE, —RICH B
DY v MBS DE NP EL TWD EEX LN
T30,

TT690 54212 Bd % SCC H#ERICBIT 2 B #1741, R
\CRAEDEAELTGETYH, BEMETHETE D L O ITHh
FPMTHONTND H DT, KETILXLPR (Extremely Low
Probability of Rupture) 7’1 <= 7~ COIEHIEE ST
W2 O Z 0 xLPR IR T A IV, MREEIZ A]

*2 o0 (BR) BFHLET AT LERT ki A7 LAFJERT Bl BMES) ()



INSS JOURNAL Vol. 31 2024 NT-4

REMEDMEWA LR RIZ W T B LSS ORI B9 2% Y
AT R 5 L0 TH DM, 2D, TT690 54D X
AR T SCC MEIEA DB G FHlIRICE £ D
W, BERY AT BREICHEET 57201013, AZHER DS
2o, AT L THEMEERD D Z ENEEL VA D.

BITE, SCC FAFRERIZ AW TIIERAIREN TH S b
DD, TT690 A4xid SCC WFAE LER MBI CH D Z &)
JRS FNHATND U fi 21X, Maeguchi 591X TT690
BeOEMMES | FRRBR TOMGT, 11 HRRaiRes T
t SCC IZ X DM AE T T2 2 L TR Y,
TRHESAFZ IR L 72 GR Tl SCC RAITA L &5
2 BND. —J5, HERI7RED M L LTIE, Arioka &
(S1073 BHRAT A COBZOEAFERITHLY $7, B+
ET « QAN BIIE AT D AR Z R LT
. BBRICIE TT690 A4 20%M M I ARV b, 7
T h ) v TR % 400°CLL EOEIRT AR T J—
THEREITO 2 & RRTENAE T A FERE L T
. ZORFERIL, RIFEERICSHT 2L TRy ET
A AR KV RIRFEE DR T2 2 & 2R d 555
Thb. £z, Zhai 5PPT 7= 31%CWESTFIN TR D
360°CEREE FICRIT 2BRCIX, 15 um 2B 2 D%
¥ BT 4 AR E o TR BN AE U 2 MR ST
W5,

INHOHRERIET S &, TT690 &4t SCC Ml
BNDZ LITRETH D HDOD, FFRITHh- Y SCC A4
Ui & 5 0z Il 2121, FEs R0 72 BRfE & (it
BRICE D RIEFENNEE LB 2 D, YRFSERTIC IV T
1%, TT690 A4 SCC HERE - FAEMFZEI T3 L CHLY fHA
ZHED, I TCBRE S DR LU SCC FAED ]
REMEITHRT U CRTMi & 2 L C & 720719, BECUTAE 1T SCC %
AT DFHMICIES U, B2 TR T D515 0 H
XX v BT o AR A FENET 2 & T, ek
OB ODOARIMEESND Z L MR L CTE - Z O
B D% SCC AN I T DR E R T LRI DD,
HRCIEIHRETE 2V 0.1mll FTOW A X E-TED,
FRFRR 714212 SCC 12 5 AlREMEITHIfE & 72 o TUWVRL.

AHETIL, ZIVE TOFHMTRD HAVMUINH A 23,
ZOHBOEIFZ £ - T, T 5 flEEMEIZ DUV TR
LTERERICOWTRRS . BRIZIE, v B7 ¢ ARkl
PZ XV SCC A L= BRIz >0 T, PWR1K
TARHEERBE CRERI O SCC A3 BR A ke L, MUl D
NELT DIRMEBE L=, £, R TRAEDREEND
IEIEA~OBATEE 2 BT 572012, i EIZ 5 ) L 7= SCC
TR 12 Ui 7e 2z DWW THRHMIE L 72, 2h

34

2LV, SCC BAEBRMBOHR LE X LN/ 0D
WG, BEOMGEIRICE A FEENCOWTELE LT

2. EEAE
2.1 HEMRUHERR

PEMITIE, £ IR T EFHART, MR,
700°CC 15 WFfil D TT #LPE (thermal treatment, RFERZLER)
Zfiti L 72 TT690 &4 % 20%MRIAN L L CTHIV -, &2 (fik
B O E T, B ICRERARBRICHW TS
>/ » T CT(blunt notched compact tension, BNCT)#5#
Rk E 7R3, 3BT SCC #EERBRITIA < AV BT
% 0.5TCT (compact tension) FERA & [FEROTIRIZD, />
Tz R=0.5mm & L PRAZITEA L TW7au. iR O
WU T AR O ERRE SRS STV D T-L Fhr e
L7z @2V SCC AT D/ v FIRENES A 7L Ri—
AN lum BT & L. ZOFRHET T, @ OMEERR
R A REE TERRRE SN, WU N OBIENRES
270 %.

K1 P OEZHARR (wt. %)

C Si Mn P S Cu Ni Cr | Fe

0.019 { 0.30 | 0.32 | 0.009 | 0.0006 | 0.04 |59.25 | 30.189.42

F2 RS OB

N T E .
e w | HECO | 0.2EI0P) | SRS 0P
0,
=tk 716 790
320 620 660
20
360 546 613
450 551 608
31.2
| 25
129 I 2-¢B.4Y-7
1T ER 6 R=05
[te] N ] Sao
R c'; ................... 6{1’ .............. 8
S IO _ T] ) " 135
i

a=11 5mm{EDM)

1  BNCT & ok



INSS JOURNAL

2.2 {BHESCCRAERER

it SCC WARBRDSEMA2R 3 1T, #BRiE, T
SCC HAZEHET 2 TE L LT 450°CORKH T &1+
HL, RRxy 7 ¢ OEMEIR L. ZORi ¥y 7
SRR LTI, BEORRESELL, 7V —F
®£T%ﬂﬂ%ibﬁw*@&bfnoﬁ%£mbk

Z D%, PWRI UCRIE#EK & L TAFKREZIRM LTI
S, KER{LY T 27K (500 ppm B + 2 ppm Li + DH 30cc-
STP/kg-H0) Bifii N CREWID SCC F8A47-8k 4 52 L 7-.
SCC FAaR, EHIRYIC IS ARl L v A 2 By
HL, BAORARIUZ W T ERRE IS (scanning
electron microscope, SEM) |2 CHIZEZ S0 L7z, T4 BT
MR DRI, BERICRELIZEBY THHY. 5
FIFCONTIE, Ak, BANEAINTWRWRBRAIC
JEIIERBEE (K ) OBERILEAH TE 22003, CT 3BT
DOISSREEL L THEIE LT WS TH D 2 Enh, AMF
FETIHEE b, BEDPFET H5EIZ 40MPay m FHH D K
EERD5TREBR L. b OaMmEIZ K& T &
PWR 1 AR TR —CTH 5. H5INTWBIEHD
IR, 24 BOHEHE TiRR5.

* 3 BERIGEERRORKIT

Vol. 31 2024 NT-4 35

23 SCCHEREHRERF OWmIZH T2 i

T HEM L7z SCC HEERRERCIT, 5A AR L s
Dol=REBR AH Y, WEOREITRAREAICT L THR
BEEZHLOEEZ LN, £I T, SCCHEERERT O
2L, BRI A A B D B EEE S EER T I
DUV THIH A S0 L7z, MRFHT gt U723 B oA
I 4 RO LB TH D, SCC HEEFERIL, it SCC
FEAFRER & [FIRED TT690 542 20%CW #1%& FAV 7=, 3BT
FEARIZIX 0.5TCT B 2 FAVy, T 2.5 muiffE D5 T8,

SAAE N 724, 320°C D PWRI VCREEHEERSE N2 C 24,129
R C3EhE L7z, Zofth, SCC =R TEOFEMIT
BERICE o LB THD @,

F4 BB Uiz SCC HERERER i OB S

BT | BPRERfE | BUBUREE | FE(N) | USRI (h)
GKT69C | Alloy690+20 A20C, 6. 91kN
oy N7 .
208 | %CW(T-L)#F PWR;;ZT@ Keaopas | 2129
e

2.4 {RESCCHABRF DILKE

SCC FAERBRIFOILIIIRRE A FIREFEY:  (finite element

VR A o = ~ M
. S PR AR AT method, FEM) |2 J 2 BUBPERRATIZ & 0 #EA L 7. 3
o TR () | BRI (h) | IR (C) | RAEaABAIs R (h) PR & 7 UAPRNCER L7 BUS — BB i 2 O, %
20L60KT JFA e U T B IR ESR YT = — K ABAQUS®|C
69C20BNOSTL 450 220 360 26, 007 DEE L7, B4RMIZIE, X 112R L7z BNCT BB A ﬂ%ﬁ(
(2, 92k N OfFEEZINZ 7254 (R2MT D K fE 40MPay m
700 1200 0.02
Mises TEHEAAEGEA RS H
600 0.018 690_20CW_450° C_K4O
1000 0.016 1} ® 690_20CW_360° C_K40
T T 5 © 690_20CW_320° C_K40
% 500 £ 0 ~ 0.014 :,.
e 400 E 5 0.012 '.::.
g 4% 600 F gg 0.01 e
€ 300 = H o008 | P
X R oM o
ey 2 400 r 0006 | %
| 200 690_20CW_450° C_K40 H : %
" ® 690_20CW_360° C_K40 690_20CW_450° C_K40 0004 |
100 ® 690_20CW_320" C_K40 200 I o 690_20CW_360° C_K40 .
© 690_20CW_320° C_K40 0.002
0 1 1 0 1 1 0
0 0.5 1 15

2

0 0.5 1 15

2

1 2

JUFERHND RS S A~ D EEEE(mm)

(a) I —PRHY DI
2 TT690 A4 (20%CW)

JIFEERMDREFTEAD FERE(mm)

(b) ST TT W DIES]

JYFEEDDREH FAD I (mm)

() BPEO 7

, BNCT 3B D FEM \Z L A S St 5



INSS JOURNAL Vol. 31 2024 NT-4

) & L CREEIT- 7. FHIIES v E T ¢ kST
H5 450°CE PWR BB TR LTRAL
72 360°Cis L Oy 7e il B4l & LC 320C CEME L 7.

X 2 | FERER AR ST HgE o FIEE HRES (B
ZADHERRT 2 J518) ~DIS TR L OB OT B0 5 A[Ic o
WCORERERTH S, X 2R Lz —EB2A0/MYE
N, WTFNOBRERTY /) v FEBCTRRNGNEZRL,
WERME LR T4 5 2 L3305, 320°C, 360°C, 450°COL
BCIHRIRSRIHE ERVIS T &0 TS, Zhudzh
ZIOIRFERITIT DI ERROE N L 0 ERAET
b THD. I —FAOMYIEN DR NEIIAERAIRM
KT D& 22 o TN D.

2 (b) (/R LIoArES MOS0, BRAENT5
HWDIEITTH Y, T HIENERD 0.5 moF2E OFEIRIC
BRIER DD . ZI D OFFEDN EO IR I RO B
AT ¥ BT 4 BNELHENHGRSN TN D 9, RBRA
D/ v FIEEB T, E— (@ L2 LISNBKT L
TWAHHDOD, TAXY bErEEFa ORI E T T
WD EBTND.

MRIOBHEOTZAIREE L LCix/ » T EHT 0.013-0.017
BE LTI, WTInoERE CHENIEENAE T
RAET, WMEEZJENDHE SN T DB EfiFIR SN D.

3. #EE
3.1 JyFESOHE

450°C X 220 IR D KRZH ¥ v 7 ¢ AR I 360°C
X 26,007 IRFfiH 0> SCC F AR A FEhta L7214 D / -~ FIEERD
FIRREZ X 312”7 ARRBRTIZOWTIE, 18,037 HHFfH]
FTORBRRMAZBER THFETLTWD, ZNETHHE
TCHEECTE 2 L 2 BAIIMEE SN TV o 72,
26,007 REEFGEEERTY, ZORBUE TR, Bl
BIIERRITITE > TRV, L LARNRS, BERTHIBR~R
7238 SEM IZ X A REILZETIE, K3 oD 1080 2 0
21T, MUNBOBRED LN THAWO. BiD 1 &Bn 21
RFpHI L L TR0, Ui b EEOBOBNEE SN
TV Wb B RAERD D E IR S 41, SEM T 250
FEFLEE DBIEL A i L= IR IR T 72 b DT, BRI
592 X5 2222 20T IIE LT,

3.2 #UNBEOORRZEL

X 412, FEHACERERZEL L SEM (& DR L7-6R
0 1 OFEE(LZRT. BIOEED b A0 R i3,

36

2,269 BFERGE LB C 74 um & L CGRHBIE =, 20
%, 2269 BRI 10 524 EIT K 5 26,007 B E Gl 2 Mk
BLTHWDD, BIRESII2micBEY, KEpERIT

SRS,

—F, REDOEERAERD OIRIUITRRRE 72 L3780
BALT-. 2,269 FERANE 10,859 B ORIE, B OEIEEICZ%
< OBEAERDOEEIEF L TEY, BHONE
B0 LT UNRIL E 72> TWVA. L, TD 15,886
REILARRE, B 55 L < BRI EE L, 26,007 IR
kI A% 1B 1 OAZIE DS LS VIR L 225 72,
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