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ABSTRACT

The core shroud of rector vessel internals (RVI) of OPR1000 and ARP1400 is made of Type 304 stainless steel (SS)
by bending and welding process that may induce high deformation and residual stress in manufacturing. This work aims
to evaluate the susceptibility of stress corrosion crack (SCC) initiation of bent parts of RVI in high temperature primary
water environment. For SCC initiation test, tensile specimens were fabricated from the 90 degree bent plate of Type 304
SS (DT specimen), that is an archived part of a Korean APR1400. After the SCC initiation test, the specimen surface
was thoroughly examined by optical and scanning electron microscopy, and compared to the specimen fabricated from
the as—received plate of Type 304 SS (AR specimen). The surface observation revealed that SCC initiated on the AR
specimen surface in typical intergranular (IG) mode, while SCC on the DT specimen occurred in transgrannular mode as
well as IG mode. It was also found that the size and number of SCC on the DT specimen were larger than that on the AR
specimen. This was attributable to a strain—hardening during the bending process. To compare the susceptibility of SCC
initiation, total crack density (TCD) was calculated from the total crack length divided by the measured area of AR and DT
specimens. TCD of DT specimen was 4.6 times higher than AR specimen in average, indicating that higher possibility of
degradation of bent parts of RVI for a long—term operation.
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A Lo A& Fig. 1o =AEF ZU APR 1400 Y7o
AHEE Type 304 SS HybA|2 A RolA H3fsto] A
AR AAES AAskleh. A5 A 2ol AR
Type 304 SS ¥HA9] Heat No.+= 841927 ©]i, 1038
TollA EAgt & sysialon, oFsH4 244 Table
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Fig. 1 Drawing of reactor vessel internal(CE Type), photograph
of bending part and tensile specimen for SCC initiation test

Fig. 2 Drawing of tensile specimen for SCC initiation test
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Table 1 Chemical composition of Type 304 SS(wt. %)

C Cr | Ni | Mn | Si P S N | Co

0.018/18.34(10.50| 1.73 | 0.33 {0.028{0.001| 0.06 | 0.04

S, HER 308, &R F 1A 239 MRS
AAEFATHY. AH dul 3 Electron Backscatter
Diffraction (EBSD, Oxford symmetry detector) 2.
AR 9 DT A|H v 224-S st

2.2 NI 22 2 SCC 7HA| DIZE AlF HH
At Aol 5% IASCC
A& PWR 12} AleE HARE S04 YATE
sejlziaze] $URATY SAL WA 91D
S AARHZA, 13AE 3
Aol W A= I 17} AFS
Water Circulation System), 1L
SEZYo|H, AH FHE <
420122 A3 7] (Slow Strain Rate Tester, SSRT)Z
T+ 134 Ass 3= 14 A AR
BaoA FHH 3ot fHS o HEZE o] §5to]
Qmar)el eEIeoln Wiz 25y ¢t
B

A

(a1}

AbgEIT 9% 12 A 54 = Back Pressure
Regulator(BPR)2 ¢&-& {23 AejollA FHFAE
ARA A% BAR A £BEHE H2 Fxo|t

A& A4S HAE 7= AEELE (Servo-motor) &
BEAE 20 W ot uig
Atk Fig. 32 & o)l A ARGRHITL v Abzlofet,
A 1345 8-S BARE] 9184l B 1200 ppm,
Li 2.2 ppm 529 &9 §Ha AMESIQlL, &&4ka 5
ppb ©J3k, 8242 10 ~ 30 cc/kg HY, A7|AEE 40
uS/em o3k, pH 6 ~ 7 {92 4318k 275 A ofslSit.
SEZHo|H YRE FohE= F52 oF 10 L/h o|§ith
SCC 7§A] Al&ofA SSRTE| strain ratex= 1.85 X
107 /s o]%laL, =3 QI Al AlolA Zol¢) 10 %<l
0.9 mm=z AAsIGich FA4 AR $5 &, AlH 219
A 22} SCC Al AR5 wEstr] 9fs) et ¢
Scanning Electron Microscope(SEM, JEOL 1T100)<
AHgatglTh & AtollA SCC 7HAl ¥ EE SEM
oju]z]ojl A SemAfore 2 ITH(JEOL, v.5.21)< 0]-8-5}o]
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Fig. 3 Primary water loop system, SSRT and controllers with
data acquisition system in ITL
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Fig. 4 EBSD (band contrast, inverse pole figure and GB char-
acter) maps of (a) AR and (b) DT specimen
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A2 77} 257 MPa, 852 MPa 9 0.81¢] ¥Fd<], D
AJHE| S FEAE, JAdIAEE 2§ AAES 747
769 MPa, 990 MPa 2 0.32& Upehy}1, o] At 2
W7k 71l &gt ol

Fig. 62 325 C, 15 MPa?] 13} A% HA} 40| A
SCC /WAl Al & Fetddn]Fdor #agt AR 9 DT
Aol s Apxlolh. Q1A AJHE] Ao A @ oo A
w80 FUO|(TCL) 0|25 H ZF +¥ Y=(TCD)E
Z43517] 94l AR AHO| A9 B 99 DT AJH9
Co D g9 SEME o|gsto] Y wH #ES
S35kl

Fig. 7% AR AJHE A% B o4 2000 vf&=
AolAl F HMAlol| sl Y3t F 1082 SEM ARlS
Fsto] A Ao, Fig. 8& DT A[H9 C9 D
FllAl 2008 &= Alo]A] Z AAol el FF3t F
107%9] SEM ARxlg E3sto] =ARE Aot} Fig. 73
8oll41 SCC 7HA] Aol & Al B FYstA A4l
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Fig. 5 Stress-strain curve of AR and DT specimen
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Fig. 6 Optical micrographs of gauge section of (a) AR and (b)
DT tensile specimen after SCC initiation tests. Red box indi-
cates locations of detailed surface observation using SEM

10 % 271004 1ol FRE|QLoL, AR Al Hsl DT
A9 Y7 (necking) /o] thar FEA|A Uyttt
ESE AR AJHO B3] DT AJHO| w#E-2 74t 2717} &
Ao Uyt

SCC /WAl AIE & 92 7t S8t wiges 2419
23}, Type 304 SS ZA9] AR A4 SCC 7HA] AIY
F72 249 94E 10 % & o, 97F 532 9F 390 MPa
AR S, A5 DT A4 Q7§82
°F 900 MPa =& ZA =Gt SUSH AAlE 2rdofA
ol7} $29] Z7}H= Fig. 49} 594 AAJE v} 7Fo] DT
Al 9] 71g7gstol| o3t Ao g A, DT AJHOA 554l
U7 @3 o+ o] Adider Fued dgler
=] STk,



A 12} A=

A- X200- {]'1 B--}(E_D(J—ﬂ1

Tensilé axis

Fig. 7 SEM images obtained from A and B locations of AR
specimen (Fig. 4(a)) after SCC initiation test at 325 C and 15
MPa for 5.25 days

Fig. 9= AR AJHZ} DT AlH9| Alo]x] ¢ oA
AE FEE 100089] HfER FJeh SEM ARIES
ZAISE Aol Fig. 9(@)ollAl AR AJHS #48S YAE
w2} IG(intergranualr) FE|Z Y1t ol H|3 Fig.
9(b)oll 4] DT A|HE] #+E-2 IG et &7 2 Yi=
Au}sl= TG(transgranular) HEE Zro] YA +4
FHI} jRollA FH ARtEEo] FRsH| Holal glom,
BE Fee SCCR AWHYUTE AHHOR AR AT

g DT AJ#HO] WA SCC 27| E A7t B2 2
sholskgit). Kim et al. & SCC ¥17t=ol wg} IGSCC
modeZ Au}sl= 229 TGSCC mode® Au}sh= 74,
SCC W=7t #+% A7l vA& P Hiagt 8t
ATk
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Fig. 8 SEM images obtained from C and D locations of DT
specimen (Fig. 4(b)) after SCC initiation test at 325 C and 15
MPa for 5.25 days

AR A3} DT AJ#H2] SCC 74 WIS Agaos
i A5 glskel, Fig. 72+ 89 2000 S
oju|AZRE FH| F70] TCLE &4311, ol ‘_g
EHH MAR throl, & w9 U= TCDR 433)s}o]
Table 20| A|AJ8}3Ic.

Fig. 11 AR AJH¥} DT AJHY A, B, C, D $JoA
AL F #E Uwet 7 A Hit 7Y YES Lol
TARE Aolnt. HgtE vlastH AR AlHET DT
AlHe] SCC Al RIET} oF 4.6 F7t8l= AoR
uehdeh, T8 Alojz] GoflA 9121 TCD gre] Hxk=
AR AJH| A2 B 7%, 0.06 mm ™Yo |3 DT AJH2)
C D 4%, 0.61 mm'OZ F7I8k= A2 YEl =T,
ol Ul @Al o w5l &8 W MIFE Aol
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Fig. 9 SEM images of SCC in (a) AR and (b) DT specimen
with a magnification of 1,000X
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Hs) W3t 7k ASFDT Al)e] S92k 2AR] ot
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Fig. 11 Comparison of SCC initiation sensitivity based on TCD
of AR and DT specimens after SCC initiation test at 325 C and
15 MPa
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Lo A= Zf APR 14000] AHE-E Type 304 SS
Ao} HIEo] A SCC A ATdS f18f 2173 Al AR}
DTS 27 ARkt %, 325 C, 15 MPa9] 13} Al54
WAL 8o A SCC 7HAT AledE 4=3315ie}. SCC 7HAl
A7l o] ol QI AJHO AlolA] FoA EHS OM}
SEMC & ¥t A7}, AR A|He] Hlg] DT AJHo|A
SCC w29 7=t 27|17} S7tete A2® Yty
AR A9} SCC= tH-4: 1G Fejelel Hlsl DT A|#9)
SCCE IGS TG Fej7h s EA= ] A%tk &
4@ WE TCDE AT 43 23, DT AJHe) sCC
7HAl W17E= AR Al B3] oF 4,682 F7FESAL,
A A= A vepytt oleet dike A3E 9

Table 2 Total crack length(TCL), measured area (MA) and total crack density(TCD) obtained from various regions on AR and DT

specimens after SCC initiation tests

Specimen AR DT
Measured region A B C D
TCL(mm) 240 244 9.54 9.67
MA (mm?) 1.48 1.46 1.28 1.20
TCD(mm™) 1.62 1.67 7.43 8.04
Average TCD(mm™) 1.64 7.60
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