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Abstract

plants throughout Japan. During this period, several events related to nuclear power plants have occurred. One

Every three years from 2003 to 2021, a safety climate survey has been conducted at nuclear power

example is the severe accident at the Fukushima Daiichi Nuclear Power Station that followed the Great East Japan
Earthquake and Tsunami (2011). After the accident, all nuclear power plants were forced to shut down, but some
have gradually been restarted under new regulatory standards. However, there are still many nuclear power plants
that have not yet been restarted. Questionnaire surveys have been conducted periodically before and after these
events to record the perceptions of the safety climate of the personnel working at nuclear power plants as data for
this survey. An overview of the major events that may have influenced changes in safety climate, such as accidents,
regulatory trends, and nuclear plant operating conditions, shows that the safety climate at nuclear power plants is
sensitive to developments on the regulatory side. It is also recognized that the subsequent increase in workload,
rather than the 2011 accident, has hindered the improvement of safety climate.

Keywords  nuclear power plants, events, safety climate, changes, questionnaire survey
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Age Differences in Safety Climate Assessment of Nuclear Industry Employees

¢ 7 (Tsukasa Teraguchi) 1

BH  ZeR4 L 3EER 2 RTINS SHBBRELCE T 2, EAMTRAT 2T THD.

A TIPEEIZB W TR ER LT O R 22725 ECEERERO 1 2o TWD. £
DI, FREEENLZER 2 —FICE BN TE AMRENEE L. LrL, ZRE TOMF
TRAZB W T HHEEB DFEMIC L > TE O R B A REEARB SN CR Y, oMM —§
LWV, Z 2 A Gl 0z 2R + O ENEMIC L > TEDL L D), £-F 0O
FR A RRHE LT, ZORE, 2B 113 20 AL T MR L v bEEEfAE W &
BRENT. = CTHEGE T — LTI 20 AR TR L E <, 30N TRIES R, T0kE
{Ipo TV ZEWNRENT. EEL, Finb LR EOREM s OBRE KT 2 /B R ER
RSN oTz. SRV ELEZD.

F—I—F ZalEd, Zasxy, HRsE

Abstract Safety climate is the shared perception among employees of an organizational environment that
leads them to safe actions. In the nuclear industry, safety climate is one of the key factors in maintaining job
safety. Therefore, it is desirable to have a work environment in which each employee has a uniformly positive
perception of the safety climate. However, previous studies have suggested that this perception may differ
depending on the age of the employees, and the trend has not been consistent. Therefore, this study explored
whether evaluations of the workplace safety climate vary with age and what are the moderating factors. The
results showed that safety climate evaluations were higher for employees in their 20s and younger than for
other age groups. On the other hand, workplace morale was highest for workers in their 20s and under, lowest
in the 30s and then increased. However, no significant factors were identified that moderated the relationship
between age and safety climate evaluation. Further studies are needed to understand the relationship.

Keywords safety climate, safety culture, generational difference
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AARENOE T HBLEPER OB ICx LT H S Okt
DLEEB TN ONTEIZEZ RO TND. SEIOGHT T
2021 FEEOFAET — 4, T O LT 2012 FEEOFA
T —X &\,

ZOPFEDEZERITFXETH CERIH L 0D, R
HIE U CGRERFE Y DL FIIEEB 2B N EIE SR L7 o
TRY, ARERIIRETIFEBLCOND. 2021 F
FECIE 32 #1103 ZHEETS 25,388 A, 2012 4EAETIE 32 4195
FEE 16,832 AR Lo TUNE. 7235 2012 AEEECxf
Ga L Tp S TR EEEER D 57.425%1F 2021 R TH AT S &
ASoNEAY il

INHDEEEEZTIERE Z LICZ ORBENEN DB
SAERAAN, A ERERPARD 2 DI L TWDS. ZRFNo
ANBUF 2021 AREECIIBIHMI 16947 A &5 BT
8441 N, 2012 L CITBUGHFIN 12362 A & E BT
4470 N T 7.

3.2 EfER

ZRALT v — R CIREFEICB W TR TR
T HMER R A SRV S RENEISHEFEEIC L -
THEARY, 80 HA THR I TN, 7272L, Zhb
D56, FEHF (2012) , FIE (2021) , FO (2022) THE
AL aeltRNED ko288, [EE LR
DR, [ EORSGNESR ), [ AREATE, €71,
MfEssy, [ERed), DREehEd) oFF 8 2K 32 11
H (Table 1) 2O\ TIIARA A8 L TRk E Il S 4
TW5. I OBRMA~ORIZEITTT1(F 5 b7y
~5(FHEH) O S HIETH 7. RBZ0 8 ERD S
B, kO EE, NEE LRIORE, 20y

13

WiEFE), TZAeRREITE), €70 13 (2012) 0%
R REZ, HER), TERBE), DL 13X
=R (1984) DET—ANEEZTIZLIZLDOTH D, A4
RTIXZ D2 SORTEEZ N [ZRemt) TG
F—)V| RS, T CIISER O EMIZIZZE DO
K& ENDTRTOER OBEOEEZEH L, e
L L CEER L (2021 4R a = .944; 2012 4FJE: o
= .937) BLOWEE T —/L (2021 4/ o = .885; 2012 4F
JE: o= .882) IZOWTHREEMAZRH LTz,

o, TETTT 4 v 7 EHE UTHR LB
TEP TV D AFIIZ OV TIE 2021 AEEETIEN29 5% LA T,
130 m%f%, T40midky, 50 7%f%), 160 mElh ) @ 5 BfE
T, 2012 FFEETTIE 129 5% LA T, 130 7%, 140 mkfR,
150 mELd ) @ 4 B ClIE LTz, AT
TIEINGERE L, 120 ARELT), 130 mfR), 140 5%
R, T50mfRLh ) D4 BepE L LTz,

TEALIZ DWW IS, XM THSRGIERND
L5H00, FONENORE L —RFE, EEIKD 2 Sl
ST THNTEAT ST,

4. FER

SIHTIETXTR 4.1.2 TIThiz. ZeRBAMIE LI
BT L DBETEAT 5. T OB, KT TN (2008) 12

Table 1. “ZZ4E HREEDIH H il
fE R EAR E
2021 2012
EUEd LA {1 RS
et ko ZAEO IR MIRT KT D FE B TR O B .853 .840
LRES - BRABRMED->TL S
LWRNTRET 2 BHRLHY MA 2 R T O
HIE@EHTIND
EIE LR -0k, BEE LR SFcEE 855 842
% BYDWEIZ DN THED WV BN 2 &
nctnsd
bpfzOEE LT, T ORI RE A
Foriie L7z BT, (BoEsHEELRD

REAY-)
BRD Hip =D TlE, BRSOV THE LWL 872 .865
MR L bab L5 &) BRI H D

bIp - ORES TR, BEEROTZDOER

RTAFT
WARRE WO,
178 SOWEHATYH
LTV3%
Wby O fRRIL, LR RO Z VR T L4
TEOfRZER LTV D
ETN I 7 Tz OWRY; TIE, MR O W b 628 608
P RTROPRLEHL THEEET D

SRTWD
BORWVESE B2 B 860 882
T D RIS A A el

ZEMRRENLEE S TVDARZ
bR T ORES;CiE, FMO 205 BRI -
V= L0 S EG IR IR RN D5 A0
b5 (GFtRIEH)
e MEER HREOBBOMEIEF LT -8R 873 .889
ET =/ NGAY-)
bl 13 A OB OO —B Tz
BlEvE bhloB)ELEE, o e sk 731 756
O FI LTS
bt DBERRST AT T REPTELH
TLE-T, EOoFETHRO TRV ER
DL RBENRH D GUIRTH)
FMdLE RIS OREESLDHTLENZNERE 713 716
S LpbDH (WEREE)
—MRINTV o T, HARTITERE LS %
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Table 2. “ZZ A\ F-FHMOZSKIMG B

200 1L LT 304 & 40i5 1% S0 LL

N M SD N M SD N M SD N M SD

4678 4240 0.727 5903 4.045 0.801 6645 4162 0.757 8042 4243 0.708
4692 4145 0785 5919 3882 0.863 6667 3.985 0.813 8067 4.042 0.758
4672 4227 0.680 5888 4.009 0.733 6625 4.034 0719 8011 4.068 0.710
4659 4300 0.619 5886 4.069 0.674 6620 4.112  0.658 7990 4.138  0.649
4680 3.765 0.734 5904 3.651 0.769 6651 3.815 0.743 8045 3948 0.723
4695 4.127 0.782 5917 3913 0852 6662 3.996 0.809 8062 4.036 0.765
4683 3.904 0.784 5908 3.717 0.797 6654 3.838 0.781 8043 3.935 0.771
4690 3.251 0.956 5911 3.160  0.939 6662 3.415  0.926 8070 3.635 0.924
4697 4.162  0.589 5922 3.949  0.650 6668 4.033  0.635 8073 4.092 0.618
4697 3.745 0.704 5920 3.588 0.721 6669 3.746  0.710 8076 3.874 0.697

eV, BERE? 12OV TiTe?> 01 2R/, o?>.09 &

IR, o> 25 ZAEEAE U THIRT 5.
4.1 B =E

LR RE D FERNZONT, AR O EORE
YR ZE1E Table 2 DY Tho7z. EFTHEFRUBNTE
PIEDS 5 Rt 4 KB AL BREEEICR b0, g
HIRKIEEIZ D EEAD. FIZRRAIT 20 AL AV
HRbEEAE <, 30 BATR BEVEZ S HHEAICH S
(Table 2) .

4.2 BEGI TOLHE

DAZHROEAZ K D F M DB OENE T D720, —
ittt B & E BRIk & 12 TR OB A R LTe. 2o
L&, BRI T30 AL B EE LTz,
30 LA LD S ot & Uiz, SHTICIIR. (— s -
) LAEHS (30 AN - 40 BN ¢ 50 ALY & A
SRS, R AT T — L L R T A
FE] 2 BRSO 2 72 (Figure 1)
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Figure 1. 2248\ LRl AL & RS G- 2 5 38

ORGSR, BT, T 7 —/N & I & Fino
TR0 B, BB LR L 0 b EE
DOIF LR L (F(1,20468)=199.976, p<.001, *=.010) ,
B5€ 7 —v (F (1, 20650) = 345.539, p < .001, o* = .016)
DFFEERENZ EP RSN, ROV TENRE
N Holm IBIZ L DS EREToT- L 2 A, el (F
(1,20468)=5.956,p<.01, ®*=.001) TIL305H%f (M=4.012,
SD=0.650) &V 50 &Ll E (M=4.072,SD=0.618) &
FnAECES (p<0l), BT —/V (F(1,20650) =
36.990, p < .001, o = .003) TiL, 30 &% (M=3.704,SD=
0.721) , 40t (M=3.770,SD=0.710) , 50 WftLi L (M
=3.849,8D=0.697) DIBIZFEEMENEBIZRmMN T, 7272
L, Bz, Fn e BICREI NSV, 228, AERKH
ERIZN TN BB bR T,

501 ALk

4.3 BFETOLLR

BN K DFIR O BOEN AT 5720, T
M (BUGEMR - RPN , ERE (FEOath - EAR
FELISN) DR RE LIz, 7o, SRlE EOMAIMTo%E
REPEZ D L, — AR TE IO 72V 2+
FEEMEAN S S DO, Flinli] TR & R & DA

Table 3. #LLRIZF61T 2 2B Jm AR O ZERIHL R

205 AR LA T 30k 1% 40i% A% S0aE R B
N M SD N M SD N M SD N M SD
L5 TA — B 4694 4.162  0.589 5584 3.941 0.651 3859 3.942  0.656 3303 3.962 0.651
P . . . 336 4.082  0.610 2807 4.159 0.583 4765 4.183  0.577
7z TR B85 50 P T 3683 4.181 0.580 3479 3.945 0.654 2761 3.957 0.638 2290 3.959 0.653
4 A BIER  k 1011 4.095 0.616 2105 3.936 0.647 1098 3.903 0.696 1013 3.968  0.649
JR erE C=)) 2573 4.197 0.561 2827 3.985 0.633 2236 4.004 0.600 1690 4.014 0.625
+ &S LAk 2121 4.121 0.619 2757 3.897 0.667 1623 3.855 0.716 1613 3.907 0.674
fREE 20214F J& 4694 4.162  0.589 5584 3.941 0.651 3859 3.942  0.656 3303 3.962 0.651
20124F 4037 4.025  0.585 4284 3.877 0.644 2584 3.892  0.620 1251 3.894 0.652
HE oz et B 4694 3.745 0.704 5582 3.574 0.721 3859 3.620 0.720 3305 3.705 0.712
ik =gzl . . ) 336 3.834 0.676 2808 3.919 0.659 4766 3.993 0.661
% T B85 50 P T 3684 3.738  0.695 3478 3.538 0.718 2762 3.608 0.708 2291 3.677 0.700
% B P Rk 1010 3.769 0.735 2104 3.632 0.721 1097 3.651 0.748 1014 3.766 0.736
7 ¥ CW 2574 3.773  0.680 2826 3.614 0.719 2235 3.668 0.691 1690 3.738  0.700
| & LISk 2120 3.711 0.732 2756 3.532  0.720 1624 3.554  0.752 1615 3.670 0.724
Vo 20214F J& 4694 3.745 0.704 5582 3.574 0.721 3859 3.620 0.720 3305 3.705 0.712
20124F 4037 3.726  0.667 4284 3.611 0.700 2584 3.618 0.674 1251 3.652  0.672
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Figure 2. “ZZ )@\ LRI CHRAE & ARl s - 25 R

PRI VAL O BORY " ECTLED. £Z T
T At B DR A SHTOXE L L (Figure 2) .

FTRFEIZOUVNT, MR TR (BRI - B
R & AR (20 BEARELT -+ 30 mfX - 40 5AX - 50 mEAR
PIE) , R Rt BT T — L LT A
W2 BRSO 21T o 7. T OSSR, 22 L ClIRE
(F(1,17432)=10.391,p< .01, o*=.000) 4E#it (F(3,17432)
=78.631,p<.001, 0*=.013) OEZNEHFRDH HA, Holm i4
IZ X DL EIIROFER, 30 % (M=3.940,SD=0.651) -
40 7% (M=3.930, SD=0.656) - 50 LI (M=3.963,
SD =0.651) &H~T 20 mfRELT (M = 4.138, SD = 0.589)
TREEMD @MW EAVRaSNTe. £72, 2ZHAEH (F G,
17432 =3.832, p < .01, @* = .001) 2FBDHHH, 20 % WLAT
&40 IEA TS MR L 0 A BRIk S 32 42 )A
TRHERIRNZ EAVR STz, 72720, RO TR0
RHAERZOWTINWT N O RIRED 3 TRNEFR
5.

—F, BGET — /L CIIRE (F (1, 17432) = 27.255, p
<.001, @®=.002) -4 (F(3,17432)=46.205, p <.001,
=.008) DOFZNEMNFRD B, Holm BT L DL E R O
B, 20 mRARLAF (M =3.753, SD = 0.704) 75 30 %% (M
=3.585,SD=0.721) TABEIGGEEMEN TRV, 40 %% (M
=3.629,SD=10.720) , 50 ALL L (M=3.722,SD=0.712)
TEEEMED L TWEHmavREN. 727 L, FER
RHEMTRD HAVT, ERIFRITOTIUH B ED N E 0
LEZD.
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Figure 3. ZAJR L3I 3600 & AN - 2 D 58

15

af — 202145
— eeseee 20124F

35 — 20214

- = 20124F/E (T —)

205 fRELF 305 40551% 50k

Figure 4. 2R LA ZAREE & ARl AN - 2 D 58

IO A RFTT 2720, NI A M (B
b - BIEtLAN) L FEE (20 TRARELT - 30 mRA - 40 5%
50 LA L), ERABAERER LT EGE T —1 &
T H BN 2 BRI E T 41T > 72 (Figure 3) .

ZTORER, 7L, BHET T —1 s bICERE (DR
+: F(1, 17432) = 114.228, p < .001, 0* = .006; FGHE 77—/
F(1,17432)=53.914, p< 001, *=.003) - ‘i (41
F (3, 17432) = 133.041, p < .001, o? = .022; BpBET—/L: F
(3, 17432) = 57.171, p < .001, & = .010) DOTZNREIFRD 5
N, BERZEERIGRO biehoTz (Rt F G,
17432) =2.589, p <.10, 0* = .000; FkiHE 7 —/L: F (3, 17432)
= 1.048, n.s., @ =.000) . Holm J£IZ X % 2 HE L OFE R,
LA AT 20 LA T ML OER L 0 S ENAEIC
m<, BT 7 —/LCiE 30K, 40 m%fR, 50 % (RLLE,
20 AR F DA REEEA SV Z &R STz,

44 HROEEOBKRE

FlEIC BT 2 EEDOE NP HROFEIZ L 5D
DMER ORI L D b ONERETT 5720, 2012 AR
L2021 FERE L OT —F AW THIRE T2, B
TRENTITIST AR (2021 4R - 2012 4RF) L 4R
(20 FEARLA R 30 kAt - 40 m%fX - SO kAL L) | TERAEK
AR LS T — v E T ASINE M 2 ERSEGY
Mr&4T 7= (Figure 4) .

FPTLAE TN OWTIIFE (F (1, 29588) = 98.040, p
<.001, @*=.003) - 4Ffn (F(3,29588) =161.743, p < .001,
o = .016) OFENENFED B, Holm 1EIZ K 5L HE I
DFER, 30 5 (M =3.909, SD = 0.649) , 40 i%f (M=
3.917,8D=0.642) , 50 miftLL E (M=3.928,SD=0.652) I
T 20 WACLL T (M =4.094, SD = 0.591) CREEMEAE
WZ EARENTL. ETAERIHEEM (F (3, 29588) =
7.765, p < .001, o = .000) 23RO HILTND HDOD, ZhH
BITHRD T/,

TE5E 7 — /L CIIAESy (F (3, 29588) = 70.722, p < .001,
®* = .007) OEZENZRD SN, Holm JEIZ L DL ELE
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DOFER, 30 WA (M =3.592, SD = 0.711) , 40 % (M =
3.619,SD=0.702) , 50 XLl E (M=3.678,SD=0.702) ,
20 MARLATT (M = 3.736, SD = 0.687) DONEIZFEEAN 7>
Sl FTRAESRRHEIER (F(3,29588)=4.476,p< .01,
=.000) DFEDHNTNBDHDOD, REIIHD T/HhEW,

5. ER

AWFFED B WL -7 B pESE0E 3 B ORS00 22 428
T OFHMK T D FEROEE LT 228, ZLTED
FPREERIZOW TR 21T ) 2 & Tholz. el t Lk
BT — M OWTIRET 1T o2 & 2 A, ZAaR LTl

DFHRITIEA~T 20 AL R OFFEEA EV MENZ 8 > 7.

—7, BT T — oW T 20 LU R COREEEN
Bbm<, 30N CROIES A2, 405, 50 Ll E
TEEEENE < 72> T o T2, E724EE & i -7 &
OEMROFHEEHR & UCHREAL, B, 3/, i1 T
REEAT S T2 b DD, +43 72 R B OFEEEIR TR S/
Mmooz,

5.1 LR eRLTMIc5z 28

AIFFEOFER D, BARENOFT ) BEREE I
BN THEERLOFRZEITIRD b Z EIVRE Tz,
AARENOF T 1IREEATZBO T G 22RO
ENRBOLND Z LIRS Tnizb oo (fwH,
2012) , TDORFFETIE 1 DOBEERRITHADM TN T
W2 ARFZECIE B AREN 32 fhic g a I TR Y, X
0 — AL SN R RITBN T HAEMON R MR TE T
W5, REII B L UNSWETIEH D L0, JFT7
FEATRE O (e.g., fEIH, 2012; Lee, 1998) CEHER
{RE~DISE (e.g., Glarcher et al., 2022) & [7] U < A D%)
RO TE TS, ZRB IOV TIE 20 AL T 2>
5 30 W E TOMTRERLFEEMELS 20, Z0% |k
F LW EWHEE, BT T — oW TE 30 BT
—PEREEN TR o 72%%, v L & BIZREENS ER LT
I TH o728, fEH (2012) TiT 40 mfUE THEM L &
BIZFFEME T 5 &V i VB 2R LT 5. A<
& 20 RADND 30 AT TR A FHEAME T
D EVIFEROEBEMEIEEST2EF A5,

£, AW TIT 2021 FE TOFHERER L 2012 4FHE
TORERER L 2B L7200, AT X 2 8NTITR
ERATIRD S TR RITAFEERT K 2 FEE D Fln
ZOHOD (ie,20 5%, 307K, 40 5fR) TIERL, HD
FRE DR FR 2R L= R (e, 2000 FEREEH,

16

1990 XA FE A, 1980 FFRAEFEN) ITXDHDRDTH
UL, 2021 EETO 30 w5 50 mREL L CTOFFEM
113 2012 FEEE T 20 sAREL T2 5 40 R COREEE M)
WL 2B 3TTHD. L LAEORER TIZZD L 5
TRAEANERRD DAL TR, Z D7 iRz X 2 8T
72, HARICEIRA < FET DFMIC L A ETH L L5
265, P B Zuc X 0 BIoRATRENE R 1 S8k
B9 b2 ENRHRIEEEZDTEAD.

72721, ABFZEN BAERMOEOIC X > TRERLREE
WEWITRRD B2 OO, ZDfERO—EMEIC SV T
RO B B . AT L [F U X 9B 3 ER R
ZRG L LIcseo ¢l ENOE IS0 1 fhzxtg &
L7=f8H (2012) OBFZE L 13- fHm NS b= b o0
MOWIE TITEERBEVIE EFTEENEHL 72D (eg, Lee,
1998; Lee & Harrison, 2000) , & L < (%30 A E TIHE T
L 40 %%, 50 kit & TREEMEDS B LT U 8o
BIRINERD HILD (e.g., Lee & Harrison, 2000) . ftho>3EFE
EEoiuE, WL AERIGE LI (Taylor et al., 2019)
WZBW TR & DA DOBRMFED TR Y oV MM\ T
200, AR L AT HERITZ Lo,

ZIVE TOMIE S E O Tl & 2R LREE & DRIk
IZ—BHERD BN, ZORKRD 1 DIZEZHNDD
TR REONETHD. wait bk kR E %
LROEE L PATINE AMMEREE CH v, (BT
HEHETHEOMBEEEN URIEFREIC LI FrE 29
(e.g., f&FF, 2012; Zohar, 1980)] L ERINDHDOD, &
FIZBNTHA TV DL RER L OMBRER T TN TR
72%. B 21% Lee & Harrison (2000) T 3Bssii & HE o5
DY AT Lr)Lie EEER IR CIkSG O Z 2R & 51
THY, EEREINC 20 BN 5 30 HARICHIT CREEME
TL, ZO%ERE L HICEFTHHEEICIEH D HOD
ZNH TR TOER T L TODRRTIEZR.
ZATHRIETE R A D U R 7 BRI N TITER & &
BICREED EAT MM 2R LTS, 2O X 2 IZRZEm
T 2R OB XL AR L0 & Ofilifn, £ DR
\ZE A TED D AREMEN B D . AWFZE TIIAZHEMER S
DENT ERfER SN0 koL 2% THE L
FDOEEL) [REDWGNER) T£T/V) OS5 2&Fbht
T Mty MhrERR), TEReiE), et o
308/ ET GTT—v) O2WNTE O EIT-
TWDH, FAL 8 KR CRARDEAIVREND Z L HE
Z5ND. SO IR LI K 55— FOEmRo /THEM:,
F 72T OFHEEDOBLE N DAFTE Tl 72 b 0D, %
VENDERNZ G372 L CHFln & OBIRE M 2 Fik
IIEZNDTEA).
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P bEX b, FEEEOERIC X - TR RHn R
STL DI EIITREINT O, ZERALDE SV -7
EDFFERDN e S HITHET L TV ZENRRELEE R
bD.

52 SABREROORIIICLAEHOEE IO+
ANt

P EOFFEEm Z MR 5 £ T, AW TIHRRNIC
WAr, ToRRE, EFEZIFHEEIR L UTRFT L. Ll #
P bR EEZFFOR B ERITRED bLT, Flms
LR TRFEICRFTHEL AT 2087 0t AR
X727, Lee & Harrison (2000) ClXikfE & AEfin oD
RANERP—EHORERL, BEE CHEATE IV b O
D, AL TR TNSWIRE T UL MHER TE TR
V. D7 E B ANITETIY B Te 2R IZ BV T,
TR L > THERO PR FL 72 HIRFRITERD B D >
7o, Flin & AR IFEE & OB THE T 5 BRI OB
ZEAETONTELT, o7 THRFEEA LT 24
ERHDLLEERDIEAD.

—7, REERE U THWERML I ER L LT+
DR EEB LT, DF 0, —EBIC I TER
WD i N B A A AT i Bl LT ye. BRGz, i
DEWE EGO R LR L% & T2 Z & ixohE
THLRINTEY (e.g, @I, 2012; Lee & Harrison, 2000;
Parker et al., 2017; Rubin et al., 2020), {5213 Parker et al.
(2017) TIIEEB LA —F— - v 3=V ¥ —k & & bl
L7ZBS, R LY b —TF— - ==V v — RO ST DL
ERTEFERTHELTWD Z AR LTS, EVERIA
L AFHE A2 S D D 7t AD 1 DI2iE, B 23S
Z L TRRERSEMM B L T o TR, TGS R E S H B L,
FEOWRNFN XV ZERLFFENR T 4 Tl o7
WO RIHEMENE 2 HD. T O RITIAEORERTE 2
i, TEGE 7 — 1 To 30 W n 50 L LTk
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SN CIIIBAL DB E PR3 B 7o It B GEE BT
DIrHERGE U= atT->C&E 7= LavL, UL %
HETH-o7=E LTHINIGOZE, FRROEIFET S, £
U CEAUTHFEENITIS U T ENRAFREMEII 228 2 b
5.

TiE, 20 iARELT 225 30 mef U ToZ R REE
EORTIMZL>THbINDHDEA D D Filz1E
B (2012) TiE TEWHAS TR RO T2 DI B 2
AT AND DD, A E < ZRAUTHRBFBIENRH Z & T
HWIFRFKYEDR B30, FERIICEEEEN T35 ) 2 &3 RAE
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ThHhDEHEML TS, F£72 Lee (1998) TIIPEM A4
AT BHEICHDO 5 FFETRILL TV Z & TR
BIRTDEHRER T 0 TITEHME L7 < 725 E THIL
TWD., Iz =v7 - 7 v—H—%h%E
(Dunning - Kruger effect; e.g., Kruger & Dunning, 1999; iR,
2017) ICRDENEZ NG, X =T« I N—TT—%)
RETAFANRKRATHD L BOOREINIXTT DA X R
HBENN TR, ZDOTEOI LY bE < Fi LT
LE D8I NA T A%FET. TN EER L ~DOFEICH
EETWDEEERHD. DF Y, HFIZEEWZIENY T
EBITEN TR WS AITIX RIS T 2585 b E
STELT, THHOMSGI I LETHD ] LiREIC
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REFRE L AFNANHIZONWTE L XITIELWERET
TSR DRI CTE D726, FHRIIIZ 30 s RLIKE T
LERMIFEEN TNRD EBZ DD, ZIUTFERMOENC
£ DT  EFFROENT LD LW S T
ThD. FHCHARTIIRIERTHLHI7% L, Fnom
15 & Bt mURASEE T~ 2355 A3\ o, S A
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PLEX Y, FloE I &0 FEECET S, AF LD
EOWNEEN, FOME L L TLEREEEICEN RS
o EHEIENS. 72721, Lee(1998) Tilal Uhigisrdk
W TEERE L7238 T bR BN 51 E L2 3EEMN
RIOT 4 TN D T ERRIN TN D, SR BFHIN
HTHAH).

53 RFERE

AT O OEARH 5. 7, AWFETIT
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13X Lee (1998) Tl & AR ERFHAESUZ DV TRET &
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S > TSR BENE b= Z ENFERTH D & 55
OTHIUL, ENORS RS, EG R L % RN
WCHIET D2 ENEZLND.

7z, BEORERLFTEDT — X TR ERH 5
AREMERMER STV D (eg., JBEM, 2018; ¢, 2022) .
T4 OB L 1T OT —F (e, FHEBEDLE
JEEFEEAE) 25 1 DD T N—TER (e, HHEMR) 12X
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“Does a Focus on Risks Change Young People's Attitude Towards Nuclear Power Generation?”

b =7 (Atsuko Kitada) *1

BN AT, 201t 601&%?@%&#5%@%&1, FFNRBEOV AT+ —H AT D
ZEN, VTV —ABRKICEGE 28BN Liz. VA 73 —HAEMEL LT, FRFREEDOU A
I DOEIZOWTORER L, BRSCCTRFNIBEIZOPDDIIIT 4 TheFREefEr L. (1)
20 %, B NIREOTFH L AL 60 & VBMMNMEN-T2. Q) Bl hEWnWbon Y A7 7
F—H AL STY L —RITHEEMNZ 2> T=D1F 60 &t TH 7=, (3) 20TV A7 74—
NANZ LT, R I EORHL (FHBFOWE, JeHpOBREREY) ORI . LrL, 3
BIHEOFTHRICB N T, BT BEXEEOL S ZERTHHEAITEDLLT, V7 L—RC
BEMNCRLZ b Rhol-. FHEBNGER LV IEFHREONMICEEN 2 —KE LT, =
2 — ANDPFRN DI, JRFTIEEDO YV AT WThPD DRI VN ERREIN TS

AFOFERIL, £H1E056 L 0o T, Fﬁﬁéﬁ%ﬁ%47iﬁ$% IOWVWTOERICEEL, )xa
ORIEIZEFR 2 T U, BBICAHICEERICEDD ] E0WHIDOTIERNI EEZRLTND.

F—0—F  JETRE, Vebiid, RBEAR, BNZE

Abstract  In this paper, we conducted an online survey targeting people in their 20s and 60s, and analyzed
the impact of focusing on the risks of nuclear power generation on their approval or disapproval to replace
old nuclear power plants with new ones. As a risk focus condition, we asked only questions about the risk
aspects of nuclear power generation, and presented negative facts about nuclear power generation in the
questionnaire text. (1) People in their 20s were less aware of the strengths and weaknesses of nuclear power
than those in their 60s. (2) Although the change was small, women in their 60s became negative about
replacement in the risk focus condition. (3) Among people in their 20s, awareness of the weaknesses of
nuclear power generation (e.g., possible massive damage in an accident, radioactive wastes) increased under
the risk focus condition. However, the tendency to emphasize low electricity rates over safety in the selection
of power generation methods did not change, and there was no negative change in replacement for those in
their 20s. It has been reported that one of the reasons why younger people are more positive about using
nuclear power than older people is that they are less exposed to newspapers, news broadcasts and internet
news, and less aware of the risks of nuclear power generation. As an answer to the question posed by this
paper, “Does a Focus on Risks Change Young People's Attitude Towards Nuclear Power Generation?”, the
results show that when young people are exposed to information about negative facts and turn their attention
to risks, they do not easily become negative in their attitude to nuclear power generation.

Keywords  nuclear power generation, web survey, attitude change, generation difference, knowledge
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People's Attitudes toward Achieving Carbon Neutrality in 2050
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Abstract In this paper, we surveyed people's attitudes toward carbon neutrality. It can be said that the goal
of becoming carbon neutral by 2050 is still in the process of being shared with the Japanese people.
Although the number of people who are aware of the term "carbon neutral" is increasing, it was found that
the awareness of the term has not led to an understanding of its contents, judgments, or ways of thinking.
Analysis of the groups that are not aware of the carbon neutrality issue shows that it does not reach "those
who consider themselves to be unfamiliar with social issues." To increase the dissemination of carbon
neutral information in the future, it is necessary to study how to reach those "people who consider
themselves to be unfamiliar with social issues.” However, there is a limit to the amount of information that
can be provided to them by relying on "providing scientifically supported information to process
information in a logical manner." The amount of information that can be provided to this group is limited,
and efforts to motivate them to share information are needed.
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Risk Communication in Energy Issues

--What it means to show a willingness to thinking together--

ZH %72 (Mikihiro Tada) *!

B <DV R «ala=l—a ORETIE, HELTWEEL ZODOEREMEE LV &
Wo DT 2T HIENE. ZORETIIFTET HICEZXDH-OOBMEZEZETUILYY LES
THZ LI THEOEEMEZIRL, TNICL > THFBICED LI REERDL DO EHBF L. 20
2ODHED T OENEFGRT D70, HEHASEZREL, AW HEEBORBEE2D] ZEEFE
BRI E T2 EEITo7-. FERIL, XV FTHIaIa=r—raraezd 53 \NEEORSERL, =
R A== arEZITANIEDOEBPMEHOD Z LX) TS« NEREEER T D] &) [RIA D
MU, %0 FORMET HHERICHTIEEENEE D 2 EBNMREIN. EBEOEBNaIa=r—a
VOREYTFLasla=r—varEZLNIEEEIND LT, 2T DHAOED FITHTHIESFE= R
2= = arOiHMliOmmE Y N R SNT-. SRS EEON L O S £ 0 R N O R O
BEVLHERLTCND. EOZ LD, SRIOMENTRT EZAICENE, aIa=r—ar0ik)
FRIEBORE) 252, a3 a=r—2a &2 ANEORTIEHEEOERE NEFINDZ LT,
SVHARRBREOaAI 2=/ —va NIBRDZENRENT. ala=lr—Ta Ok FREEoRsh
ERL, ZITDNEZOESB LA LU 2RI 281%, LVBWI RS «a3a=Fr—TarD
LB D—DTH D Z ENRIBINS.

F—D—F IRLFE—ME YRV -a3a=45—ay, #E BEREET

Abstract. In many risk communication settings, we often proceed in the manner of "I want to provide you with
information to help you understand.” In this paper, we examined the impact on the dialogue by replacing this initial
approach with one that declares, "We want to have time to think together" and indicates the importance of joint
thinking. In order to confirm the difference between these two ways of proceeding, a mock briefing session was held
and a survey was conducted with the experimental condition of "conveying the attitude of co-thinking" in the
introduction. The results showed that when the sender exhibited an attitude of "consideration with others" and this
attitude was conveyed to the receivers, the receivers "felt that the talk was neutral and impartial" and the "reliability
of the information" provided by the sender was increased. When the sender and receiver share the same attitude toward
the sender, the receiver's evaluation of the sender's nonverbal communication increases, and differences were observed
in the sender's evaluation of the sender, such as his/her likability and his/her sincere listening to the receiver's voice,
and this leads to a more natural form of communication. It also leads to an increase in the overall satisfaction level of
the planned briefing sessions. We found that showing an attitude of mutual consideration leads to a dialogue in which
risk information is easily shared. It is an indispensable social technique in risk communication that the sender shows
an attitude of mutual consideration and shares this attitude with the receiver to develop communication.

Keywords energy issues, risk communication, thinking together, central location test
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Measuring Science and Technology Literacy in Social Surveys:
Evaluation of Factual Judgments about Energy Issues and
Nuclear Power Generation
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Abstract The extent of the scientific and technological literacy of the general public can be measured in terms of the

accuracy of factual judgments behind their decision making. Therefore, we designed survey questions to measure how people

make factual judgments about energy and nuclear power generation issues, and we conducted a social survey that included

these questions. We report the distributions, response pattemns, and correlations between variables of the results.

Keywords: awareness survey, literacy, knowledge, factual judgment, distribution
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Causes of Evolution and Influence on Failure Strength of Thermal Crazing

%4 B3 (Masayuki Kamaya) *2

EH BFRAZNIBYE SRR T TR O I RBZIEIETH DN, TORET R XX
FTIFEfE S TV ARY. Z LT, BFRAIIIES FIICESBE LW EX R ST
W5, AR TR, 3 RTARERT 2 AV CTARRARORABRET T hle Y I 2 b —
Ta rTHE L. AZRMOHOMEERORZIER L OMERIC KIET BT 57290,
Abaqus ® X-FEM #fE&FIH L CRHEEZET ML LT, TO/RE, AFRAZIIES R oEE
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MM T A E—RIUCE XA D T L TSR IR RS Tl & 7.

F—0U—F  ATRAR YIAR, L)), BZUEW, WIRGTHE, Ak

Abstract Craze cracking is a typical cracking morphology caused by thermal fatigue loading; however, the
reason for its cause by thermal fatigue loading is not fully understood. It is known that craze cracks do not
grow deeply. In this study, evolution of craze cracking was simulated by Monte Carlo simulations using three-
dimensional finite element analyses. Cracks were modeled using the X-FEM technique in Abaqus in order to
consider the interaction between multiple cracks on the crack initiation and growth. Craze cracking was
observed only when the growth in the depth direction was arrested. Since cracks kept the same depth for a
long duration, many cracks could be initiated and craze cracking occurred due to the equi-biaxial stress state.
Next, to investigate the change in failure load due to craze cracking, the limit load of a straight pipe subjected
to a tensile, bending or internal pressure loading was analyzed. The simulated craze cracking was assumed to
be located inside the pipe. It was revealed that the change in the limit loads due to craze cracking could be
predicted well by replacing the craze cracking with an equivalent single crack. Although the replacement rule
prescribed in the fitness-for-service code of the Japan Society of Mechanical Engineers predict reasonable
limit loads, it did not result in conservative prediction. Conservative limit load could be predicted by setting
the equivalent crack length to be the maximum extend of distributed cracks.

Keywords  crack network, thermal crazing, thermal stress, crack arrest, limit load, combination rule
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64 mm
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Fig. 1 Model assumed for simulations. The plate was
subjected to thermal fluctuation on the surface.
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Crack tip on the surface
Crack tip on the surface

Y

Crack depth a

Fig. 2 Shape of crack assumed in the simulation. The depth
of crack was constant while the shape on the
surface varied according to the stress and stress
intensity factor derived by finite element analyses.

Fig. 3 Shape of crack modeled for X-FEM. The edge of
crack was chamfered to improve accuracy of stress
intensity factor calculation.
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Fig. 4 Finite element model around the simulated crack. The mesh size was 0.25 mm around cracks. The size was increased
to 2 mm at the maximum case when the distance from the crack was large, which the size in the depth direction
was kept as 0.25 mm. Cracks could be initiated from the nuclei which were assigned every 0.5 mm.
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Fig. 5 Crack shapes on the surface assumed when crack depth reached 1.25 mm. The shape was determined using the

direction of the maximum principal stress.
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Fig. 6 Boundary conditions for analyses assuming uniform tensile or bi-axial load.

. Table 1 Constants used for thermal stress analyses.

i
i% £ Density 8000 [kg/m’]
i% ;s: Specific heat 487.96 [J/kgK]
o% E Heat conduction coefficient 15.86 [W/mK]
!% B T AT | eeeeen ) Heat transfer coefficient 25 [kW/m?K]
!% < : =|-< . > Young’s modulus: £ 195 [GPa]
!/% ! ! T Poisson’s ratio: v 0.3

) ¢ ime

Heat expansion coefficient: & 1.64 x 107 [1/K]

Fig. 7 Boundary condition for thermal loading and change in fluid
temperature on the surface assumed for thermal analysis.
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Fig. 8 Von Mises equivalent stress distribution obtained by
X-FEM analysis. A single crack was assumed
and tensile stress was applied perpendicular to
the crack. The mesh size was assumed as 0.25
mm for whole region.
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Fig. 9 Normalized stress intensity factors along the crack
front obtained by the X-FEM analyses and
conventional FEM analysis. The X-FEM analyses
were conducted for the full mesh, for which mesh
size was 0.25 mm for the whole region, and
reduced mesh, for which mesh size was increased
as shown in Fig. 4.
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Fig. 10 Schematic drawing explaining how to derive the stress intensity factors for crack propagation in the surface and
depth directions. Equation (5) was applied to calculate averaged stress intensity factors for each direction.
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Fig. 11 Crack distributions obtained by crack initiation and
growth simulations assuming uniaxial and biaxial
loading conditions. The simulations were stopped
due to crack penetration in the depth direction.
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Fig. 12 Von Mises equivalent stress normalized by applied

stress co obtained by X-FEM analyses for the crack
distribution shown in Fig. 11.
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Fig. 13 Change in crack length and depth with the number of cycles obtained by the simulations for a uniaxial or biaxial

loading condition. The crack was assumed to be initiated when the depth reached 1.25 mm. The crack depth
exceeded 8 mm within relatively short cycles after the initiation.
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Fig. 14 Crack initiation and growth simulation for thermal loading. The simulation was stopped when the number of
cycles reached 101, which was more than the limitation of the X-FEM code.
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Fig. 15 Von Mises equivalent stress distribution obtained
by X-FEM analysis for thermal loading. Initiation
of 100 cracks resulted in spread of the stress
relaxation zone on the plate surface.
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Fig. 16 Distribution of cracks and enriched area, which
was assigned around the cracks. New cracks
could not be initiated in the enriched area and
existing cracks could not propagate into the
enriched area of other cracks.
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Fig. 17 Simulation results obtained for thermal loading. The
constant Vini defined in Eq. (1) was determined
using different random numbers as used for
previous simulation. The simulations were stopped
due to initiation of more than 100 cracks.
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Fig. 18 Change in number of cracks obtained by
simulations assuming thermal loading.
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Fig. 19 Change in crack length and depth with the number
of cycles obtained by the simulations for thermal
loading condition. The results of cracks of the
maximum length were shown for each case. The
change in crack depth was saturated and the
simulations were stopped before the depth
reached 8 mm.
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Fig. 20 Stress in the surface direction obtained by thermal
analysis without a crack. The thermal stress had a
gradient in the depth direction and it was altered
with time.
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Fig. 21 Relationship between the crack depth and stress
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obtained for the primary crack of each case. The
SIF tended to decrease as the crack became
deeper due to the stress gradient shown in Fig. 20.
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Table 2 Size of combined cracks according to Rule 1 and Rule 2.

Case 1 Case 2 Case 3
Leg(axial) Rulel 29.0 mm 28.5 mm 27.75 mm
Leg(cireum) Rulet 37.5 mm 23.0 mm 26.25 mm
Leg(axial) Rule2 56.5 mm 56.5 mm 56.5 mm
Leg(circum) Rule2 56.5 mm 56.5 mm 56.5 mm
Depth 7.0 mm 7.0 mm 6.75 mm
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Fig. 22 Straight pipe with single or multiple cracks at inner surface used for failure analyses.
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Fig. 23 Combination rules for multiple cracks. Rule 1 corresponds to the procedure prescribed in
the code, whereas Rule 2 was proposed in this study.
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Fig. 24 Von Mises equivalent stress distribution obtained by
limit load analysis using X-FEM for a pipe
subjected to tensile load. The stress was
normalized by flow stress or =200 MPa.
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Fig. 25 Change in applied load with displacement at the
edge of pipe. The limit decreased due to cracks.
No difference was found between the results
obtained using X-FEM and conventional FEM.
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Observed from inside

Fig. 26 Von Mises equivalent stress distribution obtained by limit load analysis using X-FEM for a pipe with
multiple cracks subjected to tensile load.
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Fig. 27 Change in applied load with displacement obtained by limit load analyses assuming tensile load, bending load or
pressure. Well converged limit loads were obtained by the analyses using X-FEM.
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Fig. 28 Normalized limit load obtained assuming single equivalent crack for tensile, bending and pressure loads. The
limit load was normalized by that obtained for the original multiple cracks, which is denoted as Prcraze). The
limit load obtained applying rule 2 resulted in the conservative limit load.
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Fatigue Life Assessment for Variable Strain in a Mixing Tee by Use of Effective Strain Range

=4F 3L—  (Koji Miyoshi) *2 %% B3 (Masayuki Kamaya) *2

EH EARIE KN AT 5 T FRE T, HEEND OB, TENEICER Y ARy
FEIER L, ZOEh& 3RS HEBEZ & 2. TOME, WHAANEETHREEND S,
AW CIE, T FEETEBICTAET DL 75T 2 M mIBED R OV, iz, 20T
FHMHEFIEC OV TR Lz, Ay b ARy NEZDOOT AL, BREIFERIC THIE L&
IR L AIRESRMITIC L VRO, B 5N OTHITH T DR o R EHEEEIT 1 RiET
bHolz. Ky FARy FELOOTHIIEGRNB KA E RN H Y, HEEEDEICX
D FMBET LT, BEMERRROME, 0B RKOTHNBHMNOTAZETSE, f
HOTHHFAELEMEETNWE Z ERbhoT-. WIT, FOEOT G OIS % AR IRIC
RiAteZ & C, ~AF—HNCL Y, N BREBERZHHE Lz, TOME, 1ZE A EOKMETH
WiF O RREIREGEIT 1 L L o7, REFECTIRE LRl FIEIX T T O 5 Hi %
BRSFHNC TR CE D L0 5.

*F—0—F ®&Y, TFAWH LBH0T%, WEEEDR, A0 2

Abstract Mixing flow causes fluctuations in fluid temperature near a pipe wall and may result in fatigue
crack initiation. Movement of the hot spot, at which the pipe inner surface was heated by hot flow from the
branch pipe, causes thermal stress fluctuations. In this study, the effect of the loading sequence on thermal
fatigue in a mixing tee was investigated. In addition, the prediction method of the fatigue life for the variable
thermal strain in the mixing tee was discussed. The time histories of the strain around the hot spot were
estimated by finite element analysis for which the temperature condition was determined by wall temperature
measured in a mock-up test. The accumulated fatigue damage around the hot spot obtained by Miner’s rule
was less than 1.0. Since the strain around the hot spot had waveforms with periodic overload, the loading
sequence with periodic overload caused reduction of the fatigue life around the hot spot. Crack growth tests
showed that a single overload decreased crack opening strain and increased the effective strain range. The
increment of the effective strain range accelerated the crack growth rate after the overload. The accumulated
fatigue damage for the strain in the mixing tee was calculated using Miner’s rule and the strain ranges which
added the maximum increment of the effective strain range. The accumulated fatigue damage was larger than
1.0 under most conditions. The proposed procedure is suitable to predict the conservative fatigue life in a
mixing tee.

Keywords  fatigue, mixing tee, variable strain, loading sequence effect, effective strain range
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R IFRZRIT OWEIRT 7 T A ZRRICKTT 5 Si DFE

Effect of Si on Solute Atom Clustering in Reactor Vessel Steels

FEH 75 (Katsuhiko Fujii) — #@# #9  (Koji Fukuya)

EH SRR ZREN P TR CR T DIRE R T2 7 A X OFEREEEZH L e+ 5 2 &
AN, RFERSROET VA4 Th 5 Fe-Mn-Si &4 L U Fe-Mn 54:12% LT, Fe 4 4>
W ERE 7 b AT e —7 (APT) W& 326 L, (KIREECORER T2 7 A X EIcx3 5 Si
DORBEEFT-. TORERE, B3 LT Si REOREBIT NI NI B850 o 7. APT 0TI &
DIWEIRT T T AR L LR E OB Z T LIER, Si 25088 TIiEY 7 AX O E
Wk L CTHEEDRKRE W ERgno7=. ZHUL Si WINA Mn 7 T A X D& HET D508
HDHEEIRET S, BEHEFBIRT (SIA) & SIA Y 7 AR GO /V—7 & ORSHBIAT
THZET, SiNMfFET 5L Mn OERERIHI S AEREZ NS,

*—0—F BNk, RFPEER, 7 AT e—T, WHEET7 T A, Si IR

Abstract To investigate the influence of Ni on the solute atom clustering in the reactor vessel steels irradiated
by neutrons, ion-irradiation experiment was carried out using Fe-1.5Mn-xSi alloys with Si concentration, x
between 0 and 1 wt%. Specimens irradiated by iron ions at 290°C to 0.16 dpa were examined by nano-
indentation hardness measurement and atom probe tomography (APT). It was revealed that the effect of Si
concentration on radiation hardening was small. As a result of examining the correlation between the
formation of solute atom clusters by APT analysis and the amount of hardening, it was found that the amount
of hardening is larger than that estimated by the amount of cluster formation in alloys containing Si. This
suggests that Si addition contributes to suppress the formation of Mn clusters. It is thought that the reaction
between self-interstitial atoms (SIAs) and dislocation loops including SIA clusters precedes the reaction, and
the coexistence of Si suppresses the Mn clustering.
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Keywords  radiation embrittlement, reactor vessel, atom probe tomography, solute atom cluster, Si effect.
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# 1 BB O (Wt%)

Alloy C Si Mn P S Ni Cu (e} N Fe
FeMn 0.004  <0.01 1.54  0.001 0.002 <0.01 <0.01 0.0040 0.0004 Bal.
FeMn0.25Si 0.003 0.25 1.54  0.001 0.001 <0.01 <0.01 0.0027 0.0006 Bal.
FeMn0.5S1 0.004  0.51 1.60 <0.001 0.002 <0.01 <0.01 0.0011 0.0004 Bal.
FeMn1Si 0.003 1.03 1.61 <0.001 0.001 <0.01 <0.01 0.0010 0.0006 Bal.
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Ni &S O SCC BN E O A4k

Visualization of a Stress Corrosion Cracking in Ni Based Alloy Weldment

M =&  (Hitoshi Ishida) *1 JIlig#E—FF (Koichiro Kawashima) 2

B CHETICEE OIL, #MEESAT D XEOENEO P TEULICAR) & S D i
HEIC & - T, BEROBELRR OEENRRE V& S5 Ni S S EIC A LN 5 LTz 7)
JERFINOEBIEAFTREZR Z L 2R LTz, BUTHETHDBEWR IV RED S b b S ERFEL
SNDT ==X RT LA BT 2 T, Ni GG 500 LS rzs D &l 2 e
L, maids e ol WESRMGLE LTomra & BARS ORI 2 m A 257,

¥—D—F TGRS, IRBBT, SR, T — X RT LA B, Ni EE4, IS aENn

Abstract The high harmonic method is effective for visualizing the crack surface having cracks which are
close to each other or which are connected. So far, we have demonstrated that the high harmonic method is
able to visualize stress corrosion cracking artificially applied to Ni-based alloy welds, which are greatly
affected by ultrasonic scattering attenuation. Using a phased array probe, which is one of the most advanced
devices for the currently available ultrasonic pulse technique, we measured stress corrosion cracking applied
to Ni-based alloy welds and compared those results with results obtained by the high harmonic method. We
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obtained knowledge about the effects of refraction angle and focal depth as measurement conditions.

Keywords  ultrasonic testing, nonlinear ultrasonic wave, high harmonic wave, phased array probe, Ni

based alloy, stress corrosion cracking
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Evaluation of grain boundary cavity distribution of a creep tested cold worked Alloy 690TT

specimen and its correlation with stress distribution of the specimen

KEE  #(Toru Oumaya)®L |/ il (Takuyo Yamada)*2
B4 HEF (Kohei Kokutani)™3 £ 2% (Koji Arioka)*2

B TT690 54 TiL, RIFUTH ¥ BT 1 BNEKT 2 BG4 PWRI KRB AKIZE » TRES L
EHMEH%ZIC SCCHAEIZE D RN R SV TV D, 2Ok v © 7 ¢ ORI ITIG 1Ak
NEHETDHZENT T b v F CTHRBA Z AW TR IS TWS . ABFFE T, 5IEA
FEOG ST NSNS BIERET D T — MG A 2 VT, RS v ©F 1 4570 & IS oA
DEUREFI T, FORR, mii7 V—7RBIC KV AER LR R F Yy v F D 5ERIE, I—F
ZIS T DIS A L R 2 ST CHRARIEZARD Sz, ZOENSHBIMIICLVEASH
T2 LG ST A A BB ) & U CRIEIIBICERE L TR T Yy BT o AR L2 2 LR S
7.

F—D—F 11690 &4, WHIMNT, 7— PR, YT 48k, 7V — 7R Bk

Abstract Cavities formed on grain boundaries of Alloy 690TT may lead to SCC initiation when exposed to
PWR primary water after long term operation. Stress gradient may involve in grain boundary cavity formation
based on the previous researches employing blunt notched CT specimen. In this study, a tapered flat specimen
which has stress distribution along loading axis direction is newly introduced and the correlation of grain
boundary cavity distribution and the stress distribution is investigated. As a result, the grain boundary cavity
coverage obtained by high temperature creep testing in air and the mises stress gradient both exhibited two
maximal points. The result indicated that cold work induced vacancies were motivated by stress gradient and
accumulated as cavities on grain boundary at higher stress region.
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BFEMGIL 7 F 5T 0 —TIC LB PHTFRHRT L0
KLRARAT OO FEAT

Evaluation of Grain Boundary Segregation in Neutron-irradiated Stainless Steel by Electron
Microscopy and Atom Probe Tomography

=3 MY (Terumitsu Miura) *1 JEJE 322 (Katsuhiko Fujii) *! %4 #k&] (Koji Fukuya) *1

BH HE TR 2 T 2 L AFHORLIURAT O E B, T A— b A XIZETFE— A
EAL o T E - HEMEE (TEM) & 5 WI3EAERE IS (STEM) & =33 —2 50 X
IIHIHTEEE (EDS) ZFAA DR IWENILS BB TWER, ITETIE I RITOF T~ v
TRBAGATEE/R T A7 e —7 (APT) ZHAWEoWER b HE S5, (S)TEM-EDS /0 &
APT ST CIERSED GHTRERBEOND L OWERH D b O D, JIESMMNT SEIXZEE 12
FOMFTLHHE SN TELT, WAL L 2R ZHR M O ECoORIESCHIT EOEE
REPASNCTDMERDH D, ARG TIIIRE & 18.8 dpa O TR 2T > L 2D [F—hi R
Z %812 STEM-EDS 4347 & APT 43#T % 3 L, (S)TEM-EDS /4TI vy b2 K O & &
R A A —2 (FIB) LI K 2HERBIERE O X A — Vg OBz, 7 VIESGHEE
APT Z5Hr il 5 & D EiIC X 0 2243 FREE DB/ & EBANTHRET L7z, 2L Z fLRRIZ DWW T
IHTETRERBEWVITRD DN T, EMICTRIRENFITE 5 2 L AMR I NN, R
{22V TIX STEM-EDS Z#r D578 APT o471 & 0 LR RTINS < FHis iz, ZoFKE &
LC, (1) STEM-EDS 5T TIEEF E— LB TIRA 5729, ¢l nm OEFE—ALATHHTLT
b ZE M EREITE & 50 nm O HEREGENCHI 3nm, E X 80 nm OFEREI TR 6nm 720, EX 1
nm ORFERO T~ v 70 BFFHH L 72b I TR 22 E - TEMEiS D Z &, (2)FIB
MTIZEDFA—VBIEFESHE nm Tho CHRARITRZ /NS SEREBERHH 2 LN
Ez b, 22 REE 2 7 U2 44X, STEM-EDS 23871 & APT 0TI L 2R FURmAT O 3 FAfif 5
R D 2 E BRI, RISEAT O & BERFmIC B Wi, WET — & 0L fiFfe % A

RTDHZEMIETHD.
F—0—F  PETHE, T2 U R, ORIRUEAT, FETBMEE, =B X BT, 7 b A
Tn—7

Abstract Although analytical methods combining transmission electron microscopy (TEM) with a
nanometer-sized electron beam or scanning transmission electron microscopy (STEM) with energy dispersive
X-ray spectrometry (EDS) are widely used for quantitative evaluation of grain boundary (GB) segregation in
neutron-irradiated stainless steels, quantitative evaluation using atom probe tomography (APT), which can
acquire three-dimensional atom maps, has also been recently reported. It has been reported that (S)TEM-EDS
analysis and APT analysis yield equivalent analytical results, although the measurement and analysis
conditions are not standardized among researchers. Thus, it is necessary to clarify points to note in
measurement and analysis when treating the results of both analytical methods in a unified manner. In the
present report, STEM-EDS analysis and APT analysis were performed on the same GB of a neutron-irradiated
stainless steel with an irradiation dose of 18.8 dpa, and the effects of the thickness of thin foil specimens used
for (S)TEM-EDS analysis and the damage layer on the specimen surface due to focused ion beam (FIB)
micro-processing were quantitatively investigated from the viewpoint of spatial resolution by comparing with
model-based calculations and the APT analysis results. There was no significant difference in the obtained
bulk composition between the two analytical methods, confirming that the elemental concentrations were
accurately evaluated. But for the GB composition, the amount of GB segregation was evaluated to be smaller
in the STEM-EDS analysis than in the APT analysis. The reasons for this were thought to be as follows. (1)
In STEM-EDS analysis, even if the electron beam is ¢1 nm, the electron beam spreads within the thin foil
specimen, so the spatial resolution is approximately 3 and 6 nm for thin foil specimens with a thickness of 50
and 80 nm, respectively, thus the GB segregation was evaluated to be smaller than the GB composition
evaluated from the atom map of the GB with a thickness of 1 nm. (2) The damage layer due to FIB micro-
processing had the effect of underestimating the amount of GB segregation even if the thickness was several
nanometers. By making the spatial resolution the same, it was confirmed that the evaluation results of GB
segregation by STEM-EDS and APT analyses became equivalent. In the quantitative evaluation of GB
segregation, it is important to clarify the spatial resolution of the measurement data.

* 1 () JRFHLET AT LWERT il 2T LRFERT
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1. [FL&IZ

PP RREHT LR 9 2T o L RSO RL FURIT I X R
ISJIEREEIFL (Irradiation Assisted Stress Corrosion Cracking,
IASCC) DFAEZRD—> L LTHBAL TN L, i %
AT T2 AT 2 VAT, KRR T Cr & Mo 23 RZT
LEEHIT, Ni & Si R T 2 REHFHRREITAEC 5.
FEIDRLR T Cr RZIZ X - CThIFURHTI X KIFZE O EhilE
K CRESRL R MBS LT D JRRICR D LB X BT
F 0@, JASCC ZEB) D IEME 72 BRI I RLFURT OREEE F
FERAHEA LB L 725,

BSURAT O EEFHMICIX, F/ A— huihoA X8
B — A E o o iB i E - BHMBE (Transmission Electron
Microscopy, TEM) & 2% W\ 3 ERE P58 (Scanning
Transmission Electron Microscopy, STEM) & T /L% —43#%
B X M55 (Energy Dispersive X-ray Spectrometry,
EDS) Z A G ORI R HHENIRS DB TN D23,
BOl Tl 3 YotDIR T~ » 7 EIF A7 7 b A7 m—
7" (Atom Probe Tomography, APT) % = /oWrisi b
HESNTHWDHY, 7pds, KA TIE TEM-EDS 74T &
STEM-EDS /54T % Ao Tk 5 4, (S)TEM-EDS 34T
LFKFT 5. (STEM-EDS 73071, AR L3k
BHZBE M A AL, BhEIER 2R CRAET D5 X #i
R CIEL T, TOZRALF =AY hL

(X BROTFNF— & ZOFH) 1> BRI ORIE R
EOEEFMGAAT ) HIETHY, 1 RLR 2 IRILDILHRsy
HOFHES AIEETH D, F72, APT b, $RRIERITIN
T U730 desil S mE e 2 UV ARITEIIN L, BEARZR
IR B OIR T ZNARA A AL ST, 2B
HAHCBLET 2 £ CORR EALEZTET 5 Z & ThT
DEESHTE 3 WL~y BT %175 HIETHS.
(S)TEM-EDS 34L& APT pHmiEDRH A 1 1R
TESRITXT DL DV T L T — K — R4
D&V, FEHT Ko TIIMEROTR OFRIENEHE LWGE D &
%, Fiz, ZERINREEIC OV TIX APT HTENMEN TH
5H DD, (STEM-EDS HE T H EIET R /L —0>D
M<RONTZE B — % HW, dlE < (ER L 723082 Hv
5 Z & CRIFRZEMINRREZ 15D Z L 3 ATRETH H. 4D
W UEFEOEHIRIORENEL THHZ &0, i< 22 b
i, L SNTTETHLE WIS Z L DIEboX
PNSWEHIFEND) LWV o ToFHFE O#BLA Tk
(S)TEM-EDS ATENMEILS . (S)TEM-EDS 734k & APT
INHEZFIRNC VT, BEWOREEMH Z LN EE
EEZLND.
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neutron irradiation, stainless steel, grain boundary segregation, electron microscopy, energy dispersive X-ray

Jiao & Was?ix, 7'v b VB L7z AT o L A2 D
T STEM-EDS 73#r & APT o4 TRIFURHT &4 70, Wiy
WrECRIS O EEFMEFE RN G OND Z 2 HEL TV
%.—J7, Lach 5@, #E/KAR K AF (Boiling Water Reactor,
BWR) THWET-IRET ST 304 AT 2 LA S/ERLL
TR O APT 3BHZ-OWT STEM-EDS #1435
i L, JEE 90nm @ APT #EHZ-2U T STEM-EDS 7347 C
MG U 7R S YRAT &I APT 200 CRfili L 72 fRir &L 0 b
INEL 2D Z b, ZOFKITREF OFE T B — L DJER Y
WX DZERIGRREDIR T TH D Z L2 WE L TV D. iy
HHEIZ 1T 5 HIE SR SR I ZEE I L D T L
b — SN TI O T, RIFURAT ORI S A 58I O
T, ESCHEHT EOTEBSE A NS T MRS 5.
FFIZ, (S)TEM-EDS Z#7 CIFEEHIAS L= E T v — 240
OB CHUELIZ K W ISR B 728, ZEMISfRREIIARNE T £
—AFELYD HRELRY, EVGEHT & 22/ iFReh = <
2% . WHTEZARMRNCEE O BT, ZEHI S RREDBLI
D5 (S)TEM-EDS 7941 & APT HrHEDENEHHE LT
BLIEREETHD.

—f&AI72(S)TEM H O HEREERELOE XX 100 nm LA FC
HDM, EDS HHrzEE LT o5 A1 5 0 #<
TEESND ZENZ. LnL, REVESREFE—L05%
OB Z S L CWO DI IEZ < 720, £z,
REFOERUFIEICIE, KE L FBRIEF= v F 7% v
LHEEAF =D AW T L 5 Hk0
WONRHD. A A B— %AW FECITEEEREIC 4
A—VRBNERDLBAEND DD, TN ERITHMIIC T T
BOHHR L METH D, T 2 CAMRE TIL, ISR 18.8 dpa

(displacements per atom) OFMEF-HEE 2T L ZFHD[F]
—hIR % %5 STEM-EDS Z3#r & APT Z3#ra 3kt L,
(STEM-EDS ZHTIZ AV B 5 B0 R & LR A
4 B —2 (Focused Ion Beam, FIB) LT K& 2 wifsme)
REDH A—VEOKELE, €T MIHESEHE L APT
ORGSR & O HERIT X 0 22 fRRE DBLS )N & TE BIIC
WAt LTz, 728, 1EROMITECIERe AR % /54T LT
DHENZ D, RIROMRIC L 0 W EEh N e b Z &
WEHIVTND T2, Z OB YERT 5720, AT
AR & U TN EN O TR R ERL LT,

2. A&
2.1 HHEH
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#1

(S)TEM-EDS Z3#7ik & APT Z3HHE DRSO i

(S)TEM-EDS 43 #ri%

APT 34Tk

sV (~100%x100x100 nm?) ©.
s T HT®.

7 am LUV, =L, S

RTA—=Z DY) BRESE
BRIMAEDT—T 4777 b#A
EERZ D, F2, 3WITOFRT
~ v 7 & B ATRE.

EMEORETORTLEICH LT, 4H

b, FEOREEAHT 50, 72721,
BB NE U A A i X B
TRV (B2 IE, SNitt & BFe?,

).

BUBHERIC AL BT 5B 5 5

CRLS AT, 55). (ERGEIT b L

BIERE A PR (um Yo X) ©,
IR, O : WA (HaRE N ATHE)
AT
7= A BBtrlanm LU, BT E—LASE
oy fiEE LB DET E— ADIERY
\CIKAF. 725~ BRI T 5 04
Ed s (HAEMITIE 50nm LI
(8)).
L9 AR X BORIUH RS TR O
BRI L < 2 BRI H D, BT
FTENC (BHAHWEB) Lok
DI TTRE. H5PE X M /12—
ASENTER I KB (62
£, Mo & S, %).
e O : SBHERITLBIO% 5 T, (EIE
5 e LTV B, Hlr R T B
i 7 R IR Y T E.
WRE O EEOURBELTHY

fisz ) 7 KR SRR BE C 3 AT 203 AT

P
HE.

TV, MREHF S TIRRE P ICHUR
DRAR LS <, BIEDSNEER S5
b5
— A EEEOERITEREA TE 5T,
—HE D SEHERY 2 RFOWF R R T
DI 53HT AN FIRE.

MR IZIE, KEOIMEAILEAKSE  (Pressurized Water
Reactor, PWR) T &, HPE7-FRE 25215 72/ fiin L
316 ZAF L ASABD Ny 7T 4 —~< RV~ (Baffle
Former Bolt, BFB) #4% i\ /=, 7235, BFB MITF T4
HIEHEAE O TRRGHES /B &EIL JASCC) BB )
HEOTHH SN C U TR OEMTH%. BFB
MO Z 2 2 1R T, FERIEIE 74 um TH Y,
W TR 20% CTd 5. 302°C T 3.8x10° dpa/s DIFH
FEEEICC, 18.8dpa FCHWE MR 2517 T\ 5. BFB#
OEERPINEE S X 7 v fiikE K ORI AL AR SE X Takakura
HUNZ LY STV D,

HAZIREL B RS b AR » - 7RI T BFB M —
AU L, BRI X VRS 0.2 mm OFERGEEHIIN
T U7zt%, SIS B, )ic, AEE I
(Scanning Electron Microscope, SEM) & & 1-t& J7 #iGELIaI T
(Electron Backscattered Diffraction, EBSD) A7 A% W
CRUBER I OGS TR 21TV, B ONLE &Pt OF
2 FE) AR L. F T, HAZED 50~60 LD
T U H PRI EBRE L, FIB INLIC X VR | A G~
A 7 aikEh FVE D 20x10x10 pum) ZEREL L7, EREL L 7=
~A 7 aikkl g, ENAFSERRIEA B AR IR e
1 BOEFE L HE ISR BT R HF AR 50T A O

#2 MOk (wt) (0
C Si Mn P S Ni Cr Mo Fe
0.05 0.55 1.55 0.021 0.025 1245 17.71 2.26 balance
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Ao HTEE (2022 4EEEPASH) & Tk L, STEM-EDS 43
Hr& APT 0Tl L7z, 728, SEMIZANANA T2 /1
—XHL SU-70, EBSD % TSL i OIM Data Collection 6,

FIB EEIZ AN ANA T2 /v o— X8 FB-2100 % AV 7=,

2.2 BFMER

EHRA A BT E—LINTEIESEE (FIB-SEM, AL
AT ) aP—XHENB5000) & HWT, ~A 7 ikl
M [E—RIR 2 & T STEM-EDS 24 O Gk & APT
ST FHOEREZ 40 KV D Ga A A B — A TERL
7o, EREGCRHT 2 EERIL, RIS OIE X 2224 50
nm & 80nm |[ZFEE L7=. 7k, EEGEAEIOE X, e
% STEM THERMBIE LBk io o h 7 A hoZs
(A > TEMli L7=. 7=, FIBINITIC LY Mlsapho i
ANENDZA=VRBIZOWTIE, 2kV D Ga A A2 B — A
THAIN LT 5 Z & TIREA X > 7= (ERL L 7= skt o
B (EE50nm) %X 11TRT.

APT M HOERKGREHZ W TCIE, ~ A 7 ikl kv
R & ETelE 2 um O/NT & FIB L CUIMI L, ¥ > 7 A
T BB (W =— F/L) IZFIB-SEM O X 7

(a) g

(b) RLAERDHERH
1 STEM-EDS 73 IR (50 nm 2 &)
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AT CAAERECREE L7ot%, U eG4 #h=R 50 nm f&
FEDOFRRIZ FIB ML U TR U7, $RREUEHT 6 AR
L7z, 728, wEINLIZ2kV O Ga A 4> B — A TEN
L7z, (ER L 728 RIRBB OB 2 (X 2 (2R3, RIS E D38
PRERBL OS2y 5 200~300 nm DOALENZ 72 5 K 9 1k
AR LTz

2.3 STEM-EDS%#t

STEM &A1& EDS 2T, i &G L7-.
TR IEFEIT Fe, Cr, Ni, Si, Mn, Mo @ 6 7t & L7z, 72
B, JEE 80 nm DOFEEAEHI W CIERRBHEE IV
70w KO3 Mo BICTH o727, DHTktBIcs=) 5 Mo &
BNz, IEREEEIL 200k & L, BB — AT nm,
TS E—LOWH AT 15mrad & L7z, STEM (ZHI A
77 ) av— XM HAD-2700, EDS (% AMETEK ! GENESIS
& SiLi) g (AL 30 mm?) & iz,

BIR LD HAET 3 UL EORGTEITH L&D
2, REFUCTRE R ST NSOV TRIR > 5450 nm DR T
BT (AR EICEERIRR R TR REIT 9) #1835
EHTVN, RLFUIEE O LA ~To. 7eds, B H1S

(a) Zcuiod> SEM 4

G

5

100 nm

(b) RIFEOHLRIX
2 APT Zp#r FHERRECE DB
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nm OFPHTIXB L Z 1 nm BRCTHEZITV, Th LD
HENL7- VB TIE10, 20, 50 nm D7 EI SV TEF 6 AIHIE
L7z, JIERRNE 1 A8z 30/ L. 728, JEF
DRI 7 & @NRArE$) MR TS, R Lo
IR DWCTIRRIERIC 0.5 nm LA BB 7= HIE S & 08T
MO L, OOV TTHIER D R Y 7 hEN SR
HE S ONE R D OFERE) A RiiE L.

2.4 APTHHT

JEPTERV 3 ot T h A7 m—7 (CAMECA #! LEAP
3000X HR) #HWT, Jefnotrz & L. JESFT
L—H#—rL2E— FE L, RS 35K, L—3F—H
7702n) L7z, WELET—X1F, ERAY 7 ho=T

(IVAS 3.8.8) L CHE “Efifh Z &I eR O A RE
L, Fe, Cu, Ni, Mn, Si D FFIZ-DU T 3 IRITD FHHHENL
HAITW, T~y 7 %2572, 708, Ni OFERFNRT
% MNi (FIEL 68.077%) & Fe DRINAD—>TH S
SFe (fE1ELE 0.282%) ([ZHOWTIEE UE & Stk 2+
Z L2 B, APT T—4 N OIHEA DR EL LD
TR THLMWERET D Z LT TE 20, ALFETIE, AN
7 KR E RRCAREE DN GRS 2 LB &R 58 DT DIE
EAUERNI ThHDHH, BEHSSIEIN & L TR -
7o, F72, FHESULELCIVTIL, Evaporation Field = 30
V/nm, Image Compression Factor=1.65 % IV C, JHIE 5]

JiF~ v 7Oz Jm) &I &k L.

3. #EE
3.1 STEM-EDS%MT

JE & 50 nm DOHEERFEEHT-SV T STEM-EDS 2Tz & v
R L 7RG R O R A A K 3 1R T 7283, STEM-
EDS THMTF L72 e IEEE IOV TIE, R 5420, 50 nm
DACBIZ IS D VAR & 7L 7 R & EF L, Z Dy
KRN 2 1R UTARSERAAR & A5 & 72 D K 5 ISt
RAMIE Lic, MiEFEOFHIISORIOTHA LT 5.
KIF T Fe, Cr, Mo D/R:Z & Ni, Si DIBLAHER ST-. (7]
BEORLFURHTIZE S 80 nm DEERENCHERD bz,
FUOSHRC K0 5 U 72RERAAR & 2 O, 38 JOSKEAR
FARR D SEIINE & 730 7 JRK & D755 TR L 7=k U RmAT
BA2E 3O, FIMRITRIL, &S 50 nm Ok C
I3 Fe:-3.14wt%, Cr:-4.52wt%, Ni:8.22wt%, Si: 1.02wt%,
Mo : -1.02wt% TH Y, JEX 80 nm DEFHAEICIE Fe : -
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30 80

e {70%
o
5 -
g K
X 10 4 60
s
0 50
60 40 20 0 20 40 60
FIRH S DERE (hm)
(a) KIS 5450 nm
30 80
g s
s {70%
B
T y
g K
210 f 1 60
s
Bt ettt
10 5 0 5 10
RIEMSDEEEE (nm)
(b) BLF7H>5+10 nm
5 5
4 4
B s
< S
Q 3 3 S
T 4
S >
g 2 2
=
P 1

HENSOEH (nm)

(¢) K% H+10nm (Si, Mn, Mo)
3 STEM-EDS Z#TZ L ARIFATEED T3R50
(& 50 nm)

0.43wi1%, Cr:-331wt%, Ni:3.55wt%, Si:0.57wt% THh
ST FEERERNE & RFYREAT RO & < Al
SNDEHAHFED T

32 APTHHT

WEORER, 6 KOMEID 5 B 1 AROREFC, KRN E
ENDO TN RIFFEOT =2 2155 Z LIS TE Iz AN
EF—4 b FEE LR T~ v 7R 4 IR, s,
ST A EE B ALY MVER S5 ISR, EEARE
E—2 O&TIZ, Fe RORFLFELE. FE~y7Ic
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#3  STEM-EDS 73412 & DRSSk & R maT &
(a) WL (S 50 nm) (b) KL (S 80 nm)
wt% Fe Cr Ni Si Mn Mo wt% Fe Cr Ni Si Mn Mo
LSRR LT
HIEA 1T 6230 1231 2143 1.63 094 1.30 HIEA T 6494 1433 1632 1.06  0.99 -
W@EM2  63.10 13.15 20.08 140 1.08 1.09 WER2 6510 1449 1562 118 1.26 -
HEM3 6132 1410 2050 1.67 1.00 1.32 WEm3 6481 1438 1607 112 1.27 -
FEH e 6224 13.19 20.67 1.57 1.00 124 P il 64.95 1440 16.00 1.12 1.18 -

K@ -3.14 452 822 1.02 -0.55 -1.02

KRR -043  -331  3.55 057 -0.37 -

Fe

Ni

4 RIFSEEDIR T~ v 7 (53x51%53 nm)

:J;sm‘é*ﬁ?% VXEEOEI T ) L C 35 FEOMAETAST
% 2(b)lZ7R L7 STEM 1412 %6+ﬁ%®ﬁf&~
ﬁbfmk_kﬂg,ﬁﬁﬁm IBWTHELR

Evaporation Field & Image Compression Factor (DfEANEE] T
ol Z LHEES L2, KR TIE Cr, Mn, Mo D2
ENi, Si DEALRBO BTz, £z, PIZOWTH, Rt
THOTNICEE L TODEET DD B,

B 4 (R LTERF~ y O A 7SV 7 /R E
L, R4ITFT. LT R E 3R 2 1R LT b &
DPLLEDENT 03%LL T TH Y, APT DT LY STk
EZIELFHUETE TS Z EMPHER SN/ K411
TRF~ > TG, RS EORE ST AR 6-5 nm~

10 nm OFiPHZ 2010 nm OEFAFEOR 7 £/L (20x10x15
nm) THIV L, RIRE2S 1nm Z &R 4 2 il
L7t RA2 X 6 12~ d . X 3 (2~ Liz STEM-EDS Z34T1C
K B IEEA & [RERIC, RIS A FULaZ45 nm O#IFH T Fe,
Cr, Mn, Mo D/KZ & Ni, Si, P DL b=, £7-,
B2 HU0NZ 20%20 nm OFAFAZJE S 1 nm TH) Y H L7
T~y 7&K TIOR8, RREIZEBT D Fe UAORE
T O %R LTRY, MLEIc X of%’gﬁ%m&%‘f
O E1dd 5 b OO, R IR A EIR O 0 1338
WO Tz. APT ¢k, HIESTH (fﬂkuitﬂmm
HI) A2 DWW T OZEMSREIT IR R <, xEDIREET
SAUIHE T B L~V D22 53 fiRRE (~0.1nm) Z A L,
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B SUS Laser BFB
Mass Spectrum oW Fe

_ Count _
CLALLLE LY
goF~vozzo

) 3
Mass-to-Charge-State Ratio (Da)
ipdate
B SUS Laser BFB
Mass Spectrum oW Fe

ganananqen
9oF vozF0R

. cout

» 13 ) 3 ) 3
Mass-to-Charge-State Ratio (Da)

5

%

5 HEEMANRT MV

# 4 STEM-EDS Z#HTiZ L D RIFHARL & v 7 #H RS K ORI RAT &
wt% Fe Cr Ni Si Mn Mo P C Cu
SV MARE 6549 1747 1271 0.52 1.66 1.94  0.021 0.021 0.17
W AR 5579 1029 27.62 402 070 089 0.073 0.013 0.14
WiSmATE 970 -7.17 1491 350  -0.95  -1.05 0.052 -0.007 -0.03

HEFEET AN DUV TIE~0.5 nm DOZER N REZ AT % RIS EFR L, ZERIOMEREZ 1 nm & L ORISR
O, LinlL, BRRFEDO LG SHRE S BRRLMN1H 5% ZopHil L7z, RIFGERL &, KSR & oL 7 fk D755 T

BETIE, Boom BEDOIERGENE LS Z LAH 50 T LIRS RIT R 2 % 4 (1R, R T Cr, Ni, Si,Mo
ARG UL, B 7 IR LIS B DR 7~ » 7OV OREIZZNZI 10.29wt%, 27.62wt%, 4.02wt%, 0.89wt%
ThoT-.

100 ;

80 | Fe 33 STEM-EDSH T EAPTHH DEERD L
% 0 | Wn B

E :
;jﬂé a Cr : THETIZERS PWR THMET RS Sz mfEn T
T m{bﬁm: SUS316 AT L LA T T v 7 AL TAF 2—F
0 NS : . (Flux Thimble Tube, FTT) #4 & BFB #4125 C TEM-EDS
-10 -3 0 5 10 53T & APT AT & 2 KL SRR OREAMifG SR 2 e o0 L

BRSO EEE (nm)

(a) Fe, Cr,Ni OJpE o Cr
o Ni
> :
YT ('5 e Mn
:\; 3 ! e Mo
5 Mo ! ® o
- o i o Cu
L 1k Mn '
P : o}
0 M

-10 -5 0 5 10
B H OFERE (nm)

(b) Si,Mn, Mo, P D&
6 APT ZHTIZ &L BRI D540 7 RIRE DT~ >~ 7 (20x20x1 nm)
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TEY, 6 EAFIOREMR L O ZX 8 1277,
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4, ER
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HAPT
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g0 =
5 Cr [] I.l_h—- Mn Mo o g
& —IUU Ni Si IUI_I IH )
i - iz
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E-10 b 1 E
£ &

20 2

X9 STEM-EDS %34T & APT Z9#4TiZ
BRI B0 Lhg:

TO Cr, Mo DRZF XN, Si LAV < FHl S,
F 7z, HIEEEINEL 725 k*iﬁfﬁﬁ FEOMEIL LD /)
& < FHfi =7z, STEM-EDS 23471361 nm O -2 — AT
1To72D, BUBHC A L2 BT B — 235 Tl s
TIEM D128, ZEMRREIE 1 nm LV <25, 20
728, JEE 1nm DJFiF~ v 7Tl L 7= APT 4T ORI
AR T, STEM-EDS 2347 C ORISR HRHT D
HEEHIE SN SVRHIRE R 2R o 72 L B2 Bivd.

BB — A K 0B b S AV TREE X B3R AT
LEEEE, A5 ET B — R L RBH TOBE T OREL
LD E—LADENRVIZEVRDDZENTEL. ETE
—LDIEMN Y IZOWTIE, Goldstein H72MEZ L, Reed™
\Z L B &7z Single Scattering Model (2553 < Rl
NIy (G ATR

Z /p\1/2
b=721x105—(=) ¢3/2 1
£, (A) (€Y)

ZIThIFEFE—LADENRY (em), Z FAEIOFEIH
RIFFES, B l3EFE—200ET R X— (eV),
I (gem?®), A IIMEIOVRIR2H 15, t i%ﬁﬁ
BIOEE (em) Th 5. SR 2t CETM
—[E7ZTHEL SN D & LI REICESSHEXTH . JE
& 50 nm DOWEEEREHZ ST, Z2=26,E0=2x10°, p=7.8,A
=55845 D&MD L L THET L L, BT E—LDIANY
1£3.92nm (2725, Reed™Z LB L, B—2aftd DAKE
TAEERRIE G b H T AR O S3AG A MERE L T
WHDTHIUE, EHBIRE DB B — L% CIRRAUC
KkEB.
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d'=dz+b2 (2)

AHE TIEl nm OEFE— L ZMHH LTV 52, Fé
50 nm OEEEEUEL 2 % 13¢4.04 nm (ZIRAHEHEIC
%. TEESEH @R OE T B — LD Rs (a“foezb
BRI Ze W fFRE) 1L, MRS Adtim (Fim) <
OBERZ d, Mo GEfm) CToOBERE L LM%
JhLREIR S ET D &, A TREIND.

= (d + m)/z 3)

JEE 50 nm DOMEFEEEHC WY, EiEEhEE T o
B E—AOWHRIT 2.520m LEFEEND. ek, (1)
NHERB)THN TN D E—=AERLE—LDEN YT, B
—LFEED 90% & FTHIPHICOVWTER SN HOTH
D, HURGAICET D 1/10 fEhE (Full Width at Tenth
Maximum, FWTM) (ZHHY T 2. Bk Sz e7 itk
DL B RREDFHUEA T H 223, FERERSE LT L
PIEIZE DV alb—ya & LB LIRED D,

P X BROZEMRAEO & L TR GRS T 50,
7L, H< EFTETE— AL DR E B LT-A
THV, %, Schmitz & Cappellen'®(Z L Y, Doig 5173
$£242 L7z Multiple Scattering Model Z-~<—A(Z, H#: X f
DI ~OBIZEDEL R b TN 722 b EE fE I 0 SR
(ZE[#153FRE) Rm & BEE LIoRADMER Sz,

Rm = gq ’02 + %ﬁ(kt)3 4

o=d/q ®)

q=2y2n{1/(1-Q)}  (6)

B =500 (4—2)23 %)
B E,) A

k = 0.1345 + 0.6098Q  (8)

Z 2 ColIAREF B — LAROEMERZE, q & kiZQIZH
WU ERCT, Q IR LI X BRofEuzx4 2%
ATHD. Q=090 & LT, &4 LIHE X B 9 Bl
B DRI OV T, B fiFRE A RO TSR, &
50 nm OFERFEREHI OV TIL 2.82 nm, JEE 80 nm DI
FREHZDOWTIL 542 nm ERFEo7-.
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JE X 50 nm OEMEFEHI OV TIE, T 2.82 nm D22
Sy fiERE TR DR T 24T > TV D EHRIZ/Z2 D72, [
Ty T IBIES 1 nm TR EZ Y0 1 U CRHIE L 7=
APT Z3WT ORISR & Lb 2 & 2SI fiREAS 3 fEHE 2
L7 D GBI O - B — A DR ) AR &
INSLSFHIE D EFERTHD Z & ERAET D720, K7
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nm F T EHTBERORIFHAR DO LA Z T, APT 734
DZERFIRAEA AR T ST BRIZ STEM-EDS Z3#r OfEH &
FEEIC/2 5 Lz, X 10 [FF~ v 7TOE S LRI
FRROBMRZ R T T~ v T ORI BN 522N T,
KR4 B S D Fe, Cr, Mo OILEEIIHEINL, ki
FCHsET D8 D Ni, Si DOFEFE LD Lz, JE &S 50
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HTZ & 2 FHIE D )5 23 & 72 B AR AT R DA HE A K &
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1%, ZERREEE 5.42 nm ITARY 9%, JEE 5 nm DF 1~
v IR T DY A 1L Fe-13.08Cr-19.49Ni-2.05Si-
1.07Mn-1.11Mo T# Y, STEM-EDS Z3#7 DAl R Fe-
14.40Cr-16.00Ni-1.12Si-1.18Mn & [E_T, 2654 APT 43
HrOFHMME D J5 23 F 128 B AR B OREHIE 3 KR & WOk
RThoT-.
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STEM-EDS Z3#H7(Z K 2 RIS URAT SO S 5723 APT 47
HHZ LDl R L /S < e o e BIDHER & LT, #
RN O FIB M TAZ X % & A — VOB RITH
95, FIB N LOED Ga A A2 B— LD AFHZ X - C,
SIZTIHTENT 7 ABRELCDEARHY, £12, AT
L ATTIX FCC 725 BCC ~RZERENRE U 25808 H
%18 STEM-EDS ATl A U 7= #lEakHE: FIB N C
ERLL TRV, BN TE2kV O Ga A A BE—LTHE
i LT FIB # A—VEOMHEZR > TWDH D0, 3
FIHTIE Ga ZET FIB X A —VENETED LTS
5. BHEINTHED Ga A A DAFHES %, W5
Ga A A DAFHAEZ 10 £, TR LXF—%2kV &
LT, 5 2 — F SRIM201309% TR L7558,
3nm Th o7z, HEEORT & EIHIZIE, 2kV O Ga A
T =L X B EE 6nm D FIB X A —Vf@H3 %> TV
L0 EHESND.
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MaAMEA S, £72, BCC ~OHERLELTWASZ &
D TRRZ I, MEAROREED S KE ML L= b DI
STV EEZBND. TERITKIR TH > 72HFTIZ OV T
b, BRSO (RAT) ZHERFCE TV DA TH
%. b L, FIB# A — U Gk oh SR 251 2
LTWDETDE, RIFURHTO & 5 72545 D & 2 3kt
% FIB ¥ A—V@alE LU CHE LSS, RESAIER
F o THIE SN, BEYRITEOHHED N & < FHli S b
AREMER B D, F o, AL CILEREE R X 2 ERHE
BREORIREROD 2 b T A FOZEALE W TEHME L T
573, FIB & A — VR CIERI & R CE Tuven k
T 5 &, ZOHETHHESILDE S TR HEIED 72\ FIB
FA=VEEEATELT, BIEAOEDE XY, EE
50 nm OFEFEELEFCIL 56 nm, JE X 80 nm O CIE
86nm TdH D AIREMEN 8 5. £ 2 C, Mkl OJE X % FIB
HA=VBEIMZTBMEICE S5 & & HIZ, FIB # A
— U OB AT 2N L CrL 7 fik & RIS e -
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TWDEREL, FIB X A — V%@ L ORISR 2 3
LI B ORI L) et Lz

N; = (Ni,GBWGB + Ni,BulkWFIB)/ (Wgg + wgp) (9)

ZZT, Nildoc# i ORFURETH Y, »IL 7Rk & [R5
DR E AT D EAGE LT- FIB # A — V458 L CREf
LA OB TH 5. Nigs (X APT 04T TR R
DT~y BT HIHE 1 OFERETH Y, i~
T ORI I XV FHE S D LR RREICHS T 5
EZEEH L. Nipu (13707 FHRICEB T A58 1 O
THY, wes & wrslTZNEIRI 2 b T A M TR L
TR DIE S & FIB # A—VBDOESTHD. FIB X
A—VRBOEXOEETF S R F R XU ChE
SRR S D b0 & LCRIE L.

JE X 50nm OFEEELEHZ DUV TS, FIB % A — @400
ZTAREHE X 56 nm &72 0, (@) L 0 Reb7- 22/ 45
AEIE3.290m & 72 5. JEX 329 nm ORIR D~ 7
DR IE Fe-11.88Cr-23.00Ni-2.73Si-0.91Mn-0.95Mo ¢
BV, FHE L 72RO AT Fe-12.48Cr-21.89Ni-2.49Si-
0.99Mn-1.06Mo & 727z, FIB ¥ A —VBDOEEAE L
TR LR SRR, STEM-EDS ST K % 2F-ATE Fe-
13.19Cr-20.67Ni-1.57Si-1.00Mn-1.24Mo & Hb_T, 1%FRE
DFETH 72, 32 3 1R LTz STEM-EDS 9411Z & DR
OESHORERTIE, BERIZE > TIE NI < Cr O
FEMR N%IEE R > TR Y, FIMHRONEM & FHHEMED
EWIEO X OHANTH L. JES 80 nm DOfEUE
IZOWTIE, FIB ¥ A—VfEa iz -3 BE & 1% 86nm &
720, @)LV ROTZZE M RREIL 6.02nm &7 5. JEX
6 nm ORISR DR A~ v 7 OFEFA AL Fe-13.69Cr-
18.04Ni-1.79Si-1.16Mn-1.18Mo TV, RIFHEL OF AL
1% Fe-13.95Cr-17.67Ni-1.708i-120Mn & 72V, FEAMAE Fe-
1440Cr-16.00Ni-1.12Si-1.18Mn & DFEIZ H 5 1%FEE
Tdh 7. (STEM-EDS /4T ChLSHmAT % & il § 5 B
W20, B 2B U — AR D 2 & X D 2eM s fihe
DIE T EFEEERE O FIB ¥ A — Vg O Chi R &
OREHEI NS S FHl SN D Z S IZKRE T D 0ER S
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HENTEAN L7ZPWRIKR R EREE /K U231 5 TT69044 D
JE RN T T IEF KB IRE D 28

Influences of dissolved hydrogen on corrosion behavior of Alloy 690 TT
in zinc-injected simulated PWR primary water condition.

4B BS{F (Yoshiari Kaneshima) *1 4[] 2:# (Takahiro Sasaoka) *2

(LIF  Eif (Takuyo Yamada) *1 E4% #FF (Kohei Kokutani) *3 #7627 (Koji Arioka) * 1

B IR S MBS 2 B L LS B OKEEHORERF OB +5 2 &
ZHIEL, EETEA L PWR 1 ACRIEHRKEREE T TT690 A4 % A WRIERR 21TV, 770 b
TEERFEFIPE (270~320°C) CTOFAZEENIRT 28T /KFE (DH) REOMEZ N L=, DH
JE 30 cm’/kg, DH JRJE 45 cm¥/kg TlE, FEEBEIZIA X VEBIL O BB STz, NEBR L
DJF S LFRBREERE D S HBGE B B kp [m2/s] RO I-FER, WEATEABREE T T, DH IR 30
cm’/kg {2 HE#E L C DH #REE 45 cmP/kg Tkl HEF L TRV, i, HEEALRWES LHE O
BT, £, HEWEALZRWERICHANT, &5 50 DH RETHk, T/ SVMEEZRL
7=, U Em G, MENEARREE FIZBWThH, & DH BRI CEENIME SN AN ~ENS & &
Bz, FEMEAIL LD B OR I S5 2 & RS L.

F—U—F

PWRI1 %K%, TT690 &4, IAAF/KFIRE, MMLEFEES, #nEA

Abstract Aiming to help optimize future water quality management for the purpose of reducing radiation
exposure and suppressing material degradation, immersion tests were conducted using Alloy 690 TT in zinc-
injected simulated PWR primary water condition, and the effect of dissolved hydrogen (DH) concentration
on corrosion behavior in the plant operating temperature range (270-320°C) was evaluated. At both DH
concentration 30 cm’/kg and DH concentration 45 cm?/kg, only spinel oxide was observed on the outer layer

oxide film. As a result of determining the parabolic rate constants k,, [m%s] from the oxide film thickness

and the test time, in the zinc injection environment, k,, was lower at DH concentration of 45 cm/kg than at
DH concentration of 30 cm*/kg, and this trend was similar to that without zinc injection. And at both DH
concentrations, k, was smaller than that without zinc injection. From the above results, it was confirmed
that corrosion tends to be suppressed under the high DH concentration condition even in a zinc injection
environment, and oxide formation was suppressed by zinc injection.

Keywords  PWR primary water system, Alloy 690TT, Dissolved hydrogen Oxygen film thickness, Zinc injection

1. [XC®HIZ

IEARE 745 (PWR) O 1 R TIE, BREFO S
HIE-PHE TS DI BINHNC X 2 AR B2 H i &
LT, KEFBIEGHIESX, EMUNIRROKENEEL
INTWD. L, EBRIIEEIT 5K ERET
HEM OFAIC K-> TR, #Hlx1E SG mEVE L LT
FANSN TV Ni A4 D 600 54T, 1 RsEBIG
JIEREI (PWSCCO) &z %2 o Z LA bLnTE Y,
EWNATL L DA - ERFEFHRE S TE 200, 20

k1 (R BUFIILET AT MMRFEHT £l A7 DHF5EHT

720, 600 A& HEHLTWE T FTILEME L
it PWSCC % [A)_E & 872 TT690 A4 (RikELE L
72 690 B54r) ~DOZBBIED BN, BEETOLE ZAE
H%C TT690 A4 PWSCC SAEDHIEFN L2,
BREESRIED 5 B FKHRIRE (LT, DHIRE & T 5)
1%, Ni A4 PWSCC BACHER, BB EORE
LOFRFTET 5 2 MBI TN D®,

TT600 54X° TT690 A4S0 Ni 25475 BNi 234
HT 2 &, 1 IRBERNZ X0 RN ~RRDIA E 4, R
FCHHH LT bS5 2 L1 & 0 SR

*2 o (B JRTILED AT DFGERT i AT LHFEET B BRI I0)
*3 gt (B0 WFNREIAT LIERT Bl AT LWFTEET Bl (BK) A= L3R5
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THDBCo 72D, F-NIIEININIO (428 Ni & NiO)
TES PRI IR L, ZOFREZ AL DH
JERE LR IR D Z N -o TG 9L 51T,
DHIEE %< 5 2 LT X v Ni 2R DR\ 48 Ni
ETHZETHHEMHIL, RAFRN~OBITE<Z
& MBCo DIEAEZMHT HBLENDITANTH D & S
Tn5 9,

PLEZESEZ D E, Ni D Ni/NIO BEFRCOE )27
LERRED LN, Ni EEOEREFENEL T D
& L7284, DH BELT Tl < BERE L& OTE

WSS, X < KIS DB 7 DH RS
DOBEIIIMLETHDL Z LD, AIHROIZBW T,
PWRI UCREEEKERBE I (B:500ppm, Li2ppm) T,
BRIREEZS 290~360 °C, DH JREEDS 0~45cm’kg DA T
703~4090h J& &7k L 72 TT690 &4 D5 &12%4 % DH
TR D FCBES M S 7z

ZORER, LT OMRENG B, @O 7 MEis
TREEFPH T D 290°CH> 5 320°COMESZRBV T,
DH J2£ 30 cm’/kg LU _E2NE BAHI OBLEN B E Lk
EBZ OIS & ORI ST,

O IR DH R SR I X v K& <AL,
{i DH 2 ClIIsHk OB bAs, & DH JREE ClThL
WoZ e B> L, REICKYIEL DH
RECHLIENE LT 5.

OWNBEIE X2\ T DHRE LIEEIC L W &L
L, {5 DH R TIEMEGE F TR b T3 523,
340~360°C D iR Cl & DH #EE 23\ TS
HITL, 290 & 320°COARIRAN Tl <AL 28
NdH 5.

2L, ZFEBEO PWR 77> bl #E<{EHE B Y
[ZHEERMEADM TONDHERH 0, #a3 <KW & MRS b
iz BE9 & UTe oK b SARE DT 0121, dighiE
AN%HBE LTz DH REDREFMEALE L E 2 Hb.

Z T, ABETIE, dEnEA L7 PWRI YGRS
B FC DH IRE 2 2L ST BRRBR AT, R o
AV BT 21T 5 Z &2k v, DH JRELEEICLD
TT690 A4 DI BT DI LA TN L /iR 2 Md 3 5.
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2. HEAE
2.1 HEH

AFRBRICHZ 690 Aai b oAz R 1 IOR
3. BRI 20% G TN L4 i L 72 TT690 &4 % Fv 7=,

#1690 A4 O LA (Wt%)

C Si Mn P S Cr Fe Cu Ni

0.019 0.30 032 0.009 0.0006 30.18 942 0.04 59.25

22 BESRR

HEMEA L7z PWRI1 YGREREE/K  (B:500 ppm, Li:2 ppm)
AL, 770 MERAREHF (270°C, 290°C, 320°C)
\ZC DH IR DR % Wl 2 1B R 2 5 Fily L 7.

i1 DH JREE DS OMIN 2 4292 BRI G, Ei T Z
> h OIEFEERARF OKE ST D DH IR 30 cm’/kg &
XV E DHEECTH D 45 cm¥kg Oiklpz Ehe L7z, 2
(BB 2 o3, BRI 228 E R 72 N B IR LR IS T
S5 EEZHND 500 B Z Hik b L7,

#= 2 RSt
270°C 290°C 320°C
=R 52
uﬁgﬁﬂ?ﬁ:’ 30cm’/kg 30cm’/kg 30cm’/kg
B R
FEY - DH 270°C 290°C 320°C
45cm’/kg 45cm’/kg 45cm’/kg

- EEEATRAE I 30~40ppb % Hifk
o 1 23y FOFRBRIFIIIHT 500 B

RIERBRICIL, REE XA VEL FX—X ] (DP) 3
pm CHFEE U CHEI & L7z 15%15x2 mm OB HR O
B2 Tz, 01,2 (SRR O AMBLIS I ORER U
W Z AT, BSOS EATIEICIL, BRRER S
(ZnO) Z BN LT iRl |\ /oK & —iE Bk § 5 2 & T
BARIZET 72 LT din 2 E AT 23y 7R A T A £
L7720, SRAMMOFELRET D702, HEAHE
99.99% DA b H N FR IR (R AL bl EE L2 e T ) 2
MW, K3 ICHSREARM A T

EHERBR O EMifE 23 3 1R, EENEREIL 30~40
ppb TH o7z,
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23 RIEHR

RAEARBRIR (21T, AFRE 2 im & SRS VR e A -
#%8% (Field Emission Scanning Electron Microscope, LA I,
FE-SEM &4°%) (ZTHIEZEL, MRAERMOIRDZ ik
Bl L. &blT, 7eAEr v arRKY vy (CP)
\ZCRRBR AT W 7 1A & INCAFEE L, FE-SEM IZ KV &
i DR M OISR S DML 21T > 7.

3. HERER

3.1 SEE=

RO E ORI OIMBLZ X 4 1R 45 DH RIS
BT, REOENT L DML LD TR bR T
23, DH JREEDENT LY REOESWITHIES LS4,
DH 4] 30 cm/kg DT 308kt ta ke & L Cuz,

7o 290C 0T

DHiR &
soemifke |

4tppbzn

Smim 5mm Smm

woc 300°C

AR TBASA LY

X3 HEREA R o | .

A0ppbZe

D20%CW TT690, DH /% 30cm’/kg, 40ppb Zn
5mim
7% 3 RIERBR O St R -
armim
IREE[CC] »
= %

270 290 320 ©20%CW TT690, DHi/E45cm’kg, 30ppb Zn

TG

» 30 | 464h | 464h | 464h . )
DHi}f—zEf 40ppb X4 JEEaRERg O:ER T O/ B
/\ L [

[em’kel | 45 | so3n | so3n | so3n | TR
30ppb
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32 REKEST

SITORTIRMEE (x500) OBIZUIIBWTC, DH IREE 30
em¥kg TIX, FRESME (270°C,290°C, 320°C) & & #ifi
PREBICHAR 2721372 <, DH OFEITR bR T,
72, DH IR 45 cm’kg T, FHRESA: (270°C, 290°C,
320°C) & HERIPIREICHIRZ2 21372 <, ZOfF3E T DH
DT R LN h o T,

—77, K 6 IR T ERER (x50,000) DOEIZRIZIHBWT, DH
TREE 30 cm’/kg TlE, FREESAM: (270°C,290°C, 320°C) &

141

HRENFLROBLNBIE SN, £, DHERE4S
em’kg TlE, FIRESIE (270°C, 290°C, 320°C) £ 2D
ERCIEARE R I IBIE SR T2y, S HICH
3% (x100,000) O@IEL (X7) 12L0, 10nm¥ A ZLLF
D Z L kiR OB L S BlIER STz, BFERODFE
BEsERERE 2D L, TRDIFAERUBRILH TH D
EEZ BN, FOKE SIIDHIEE30 em’/kg TIE100nmEL
T, DHEME4S cm’/kg TIX10nmEL F ORI A TH -
7z, 72%6, ERROBMUMIIBIEE SRz,

270°C

290°C 320°C

JGKT69C2ZN-6

DHIRE
45cm’/kg

30ppbZn

JGKTB9C2ZN-7

JGKT69C2ZN-8

ATy

7 FE-SEM |Z J % 2218 R B £%55 H4(100,000)

(20%CW TT690, DH JREE 45 cm’/kg)

270°C

290°C 320°C

JGKT69C2ZN-3

DHIREE
30cm®/kg

40ppbZn

JGKT69C2ZN-4

JGKT69C2ZN-5

JGKT69C2ZN-6

DHIRIE
45cm®/kg

30ppbZn

JGKTB9C2ZN-7

5 FE-SEM |Z & % 2 [f R IR 2255 J(<500)

(20%CW TT690)

270°C

290°C 320°C

JGKT69C2ZN-3

DHIREE
30cm3/kg

40ppbZn

JGKT63C2ZN 4

JGKTE9IC2ZN 5

JGKTE9IC2ZN-6

DHIRE
45cm3/kg

30ppbZn

JGKTBIC2ZN-7

JGKT69C2ZN-8

6 FE-SEM (T L 5 % 1f Je i 22

#EIL(x50,000)

(20%CW TT690)
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3.3 RIEEhmERE TR R IEANZR 1f 7 [ 2RI TR L TV DT
REDBIZZ S TH Y, DHIRE LIREORESRIFICEI VN

FE-SEMI” - % R i 255 50— (DHIEEE30 JEFB VRN DR S D3 E 72 DRk D3 el S A7z,

cm’kg, 270°C) #[XBIZRT. AFBATIE, 2TOSLME

x100 x1,000 x10,000

x500 x5,000 x50,000

100pm 2um

x100,000

8 FE-SEM |Z & % Rl et B (20%CW TT690, DH #2/E 30 cm’/kg, 270°C, Zn J2FE 40ppb)
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35 RIEEZDHAIE

WIZ, WIEIACEEA & SR g 27201, LT OFIA
THBRALENEDIE S OREEIT 72, WEILCP LS
I ERAL R IRBTIT DN C, IO/ g 3 18 %
B (x100k) FCIERL, PEBEEIEOE S Z21IE
L7z, WEEHEO—HZ K 9 1R

AREGHICHSE, KB OWNERILEIEO AR S %
HEL, 3 MOME V) LR E#RK 41277, %4 DH IR
FEZ Ko C, W LIRS KI5 3R BRIRE OR8N
ENRSNTZ. DH R 30 cm/kg TlE, TERNEWIE Y

x100

x100,000

T

60.29nm

x100,000

WL EITE < 72 DEA 23 /L S 47z, DH JREE 45
em’/kg T, BEICKDEFHEY RonT, 3200CTH
JERALRIEDOR0ME < 22 DM AL Bz,

—77, WBRLEIEE S 12 &IET, DH O
el b7, BRBRIEE (270°C, 290°C, 320°C) 12¥
VT, DH P2 30 em/kg (ZH~XC DH 2 45 cm’/kg D5
DSNJBIAVERE S 13 < 72 0, 320°CClE2 OfE]A LB
HEThHoT-.

& BAES
T FHES

53.59nm
46.89nm

100nm 100nm

9 FE-SEM |Z & 2 NI R ISR SHIERF] (20%CW TT690, DH JEE 30 cm’/kg, 270°C, Zn JEE 40ppb)

x4 FRBRAICRT 2 NERRILEIRO VR S

DH % NI LAZIR OO T4/ & (nm)

(em’/kg) 270°C 290°C 320°C
30 27.54 29.40 36.41
40 15.63 15.26 10.79
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4. BE

41 SNEBOREREREL DH BE,
I EADBER

B,

AFROIZBU T, TERTE A EBEE T D, PWR 77

I~ D38 FEERIR R T 8 5 290°C~320°C5:A4ClE, DH

TR 30 cm/kg LA ECAE R UIRIb/N T & L CHIZR &

iz, —J7, RRBRIZBW T, SMNERmEREIIEA B

I DO RIZRR SN TR Y, BENFEABRKE TIZB N TH

DH JBEEN 30 em/kg DL BT Ni Z2EfE L 720, Ni DR
HIASIII SN PZBRBESRIEIC 72 D Z 38 2 b,

Fio, RSN A BRIV O R E S, dlEEA
PVEVEREE (100nm F2E) (ZHA~T/NEW (100~10nm F2
) T EPMER S, JhUE, SRS
NI LR IC I GAEND Z &Ik Y, JVEE
IR TR L, ISRl S 7 2 L MERDO—2TH
HLEEZHNTZO0. F7-, DH RN 45 cm’/kg DI H3k1
TAATNEINWZ &6, DHIREEDR @SV MVERR b D4
RRAEIT R NR 55 Z E B2 B,

4.2. ABBILEEREICTT SREL DHE
EDFE

MR IEDOIE EIEL, EIREIZIEWAERIC
TERR SN D RHERIENEE L T E EEZ BN, 2D XD
PR DA L DRI TSR S 1B SO R 13
FREANZHED Z &R F B TE Y, xIINERIVE X [m], k,
VIR EE B mYs], tITREE[s] & 95 &, MRS &
K] & DBMUR A K AR L v R g 10,

144

ZIC, WERCERIEDRR D A 8 LT A A Ok
BUCHEHTH D LGE L, WIE LIz NBI LR & &3k
BRIRFEI B (1)U K 0 ky, % 3R D T, AITHRO &[RRI ZFRBR Y
[ DFRBRINFIH] D B 702 2 50k i DI D IEAT A ABRTROIZ E
L7~ 3 4 ONERMLRIED TR S & 3 BRIE X v sk
Witk, 23 5 R, B, RITIE, HIREAELOLS
DT —4 (290°C & 320°C) % HioH TR L7O. #HfpEA
B D6 Dk,% DH REICH L TTm Y b LR Z K
10 (R, FHRESRIHCHBW T, DH B 30 cm’kg (25
L C DH /% 45 cm’/kg Tk, IZIX F LTk Y, DH I
NG EBRIE S 23 < e 0 b OEIT G T v
FERPIRENT. £, 290°CE 3200CORBRIZEBNT,
FEREA DA M2 b L 7o fER A X 11 IR Wiho
BRI WY, DH IR EWE ERL DR  5TF
BNDBRNROHND &L big, WEREAREED M
k, DIEDVINE <, HEEAD BRI < L, b
DHEITZ S DITWHIT 2R o D Z LAV Iz,

WIZ, TREE Lk, ORIRAZK 12 179 KIS, L
ANEEDT — % %50 L=, DH ¥ 30 em’kg Ti, 1R
FED FFITHE Ky, SR E < 72 DHMIAVR E 417273, DH i
JE 45emkg TIE, B Chy, 283 A BRI S 7.
UL, BB OILHBEEIC X D IRERIE DAL Tz
<, @RI CERILFEROS A HIH S 5 FE DR I
B LT AIREMEDNE 2 54150 0D,

VI bAEE 2 C, WEATEA L7 PWR 1 SCRBHEKEREE
T CORERBRA M L, HEERIREE (270~3200) 12k
I} % DH 2 35 cm’/kg, 40 cm’/kg TOT — X YEF %K%
Z LT &Y, i DH R T OB EMHINRI S OV TRiET-
DLMENGD.

x% =2kt )
%5 kp RS R
DH % HEEAD k, [m¥s]
(em*/kg) i 270°C 290°C 320°C
2 HY 2.3%x102 2.6x1022 3.6x1022
O — 1.0x10?! 1.3x102
45 HY 6.8x102 6.4x102 3.2x102%
e L© — 3.4x10% 4.6x10%

(6) INSS JOURNAL 2021 L9 5IH



k, (cm?/s)

1.0E-20

1.0E-21

1.0E-22

1.0E-23
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1.0E-20
. —e—270°C. ZndH Y
[ ——290°C. ZndH ")
~ 10E21 | 320°C. znd Y
= i l\
< 10822 \.
1.0E-23
0 10 20 30 40 50
DHEE (cmi/kg)
10k, DH REDRR (270°C, 290°C, 320°C, Zn{EAHY)
3 1.0E-20
f —8—290°C. ndH Y ; 320°C. zn®H Y
[ — @ -290°C. Zn% L ® I 320°C. zn7: L ©®
.___._—0\\\ Q 1.05-215
[ ~ ~ E
: e § C
| \ < 10822 |
1.0E-23
0 10 20 30 40 50 0 10 20 30 40 50
DHEE (cm3/kg) DHIEE (cm?/kg)

11k, & DHEREOBR (Zn TEAF RO L)

1.0E-20
—e— DH30cri/kg Znd ¥
—e— DH45cni/kg Znds V)
--®--DH30cri/kg Zn73 L (6)
--®--DH45cit/kg Zn7s L (6) °
--------- "

1.0E-21 | S

K, (cm?/s)
\
1
4
/’
/
4
/,
4
¢

1.08-22 |

1.0E-23

260 270 280 290 300 310 320 330 340
BE (0

12k, LIREORIE
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5. £&OH

g A L7z PWRI UCREHEEREE T2V C, DH R
(30 cm/kg, 45cm’kg) EIREE (270°C,290°C, 320°C) %
Iz T2 TT690 G i a Foi L. Fa(bRibz &
13 L OWi» HEIEL L, R LEIEOFER JOWE
FRLRBEDIZHE & JE & & i~ Z OFEFED S HEHTE SR
BT Co DH IR L IRE OB RICxHT 2B it L.

HOENTHMEITLLTFO®EY THho.
(1) HERTEA L7- PWRI SRIEEHREE T IR\,
270~320°CH 77 > MEFAREEHIPATIL, DH #REE
30 em’/kg (ZEE~CHRE) DH REERIOD 45 em’/kg TIE R
DM SN D EAD B 5.
(2) HEEATEABRBECIE, HHEATEAME L OBRBIIZ AT
I L DIERLDS B S5 .

KBTI DITHIZ0, BRESNI= 4272 5N
A OB TIZ ZHIIN =T W= 22 AT A
WRZEFTRTEL 7 —T4 BRI, BIRPR R DL K221 7)
Bhot-. ZOHEEY THEEZRLET.

51 FASCER

(1) D ER KEOIEAEF R EN T

% Alloy600 BT TJ/3 07 o 2 i plisas D— IR Al

MISAIE &S5 D 534, 2006.

(2) R Iysed - (LR, ZAKIEER—IRITERTHIA
M8 BYAHERNR I Z 351 D R~ DRIGIT O
T (&) 2008

(3) IAEA, Stress Corrosion Cracking in Light Water
Reactors: Good Practices and Lessons Learned., 2011.

(4) EPRI, “Pressurized Water Reactor Primary Water
Chemistry Guidelines,” (2014) .

(5) EPRI, “Material Reliability Program  Mitigation of
PWSCC in Nickel-Base Alloys by Optimizing
Hydrogen in the Primary Water (MRP-213) ,”

(2007)

(6) ik 2248, (WW 55, Al 5], TT690 &4
O PWRI URIHEK 1 DI B ~D 117K
R L IRIE DR, INSS JOURNAL, 2021
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(10) {ukf  #%F—, B.A. Mohd Hanafi, ©H & , Sl
BR, “BeO BB EIRERIRIZ 31T DRER AT
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“RT L AGRD IR PG EERUC BT 2
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BRI EIZ X B A6061 T
T RE D 2L

Evaluation of the formation of fine particles in the 6061-aluminum alloy by the second

harmonic measuring method.

AT &7 (Yuuki Maeda) *1 #AH &Kt (Naoki Matsuda) 2

W 72 (Katsuhiko Fujii) *1 P ‘#.2  (Hiroyuki Hirakata) *3

= FRS AL BEIR C o DIWER 7 7 A X ORI T 2 e om A 4 BAC, #
HRLT- DT AL & IERTAR & BARARS P E OB AR~ 7. B2 995 2 &L THWHER T2 7
H ISR S VTIRIE 2 MR L7 A6061 7L 2 =7 ABERBR A ORI ST A —Z ZHIE LTz,
ML 3T A — X OFBBFARFINC LD BT 1%RETH Y, RIS WD TH -7, FERIE
RIA—=F LS T —EOMHBERRD b, SRIOMERRTIE, HHIE/ T 2 — 2 BHHIRL
T- DN HEE T I D b O DB MBS BAR IR E DS T DTERAARAT T D IREMEA
TR S iz,

X—0—F  JREREM, MREMb, JERUEEEN, IERIE ST A -4
Abstract The relationship between the formation of fine particles in the material and the

characteristic of nonlinear ultrasonic propagation was investigated to apply the second harmonic wave
measurement method to the detection of the formation of solute atom clusters, which is one of the causes of
irradiation embrittlement. 6061 aluminum alloy specimens were aged to simulate the formation of solute atom
clusters and nonlinear parameters of specimens were measured. The change of the nonlinear parameter by the
length of aging time was as small as about 1%. There was a constant relationship between hardness and
nonlinear parameter. It’s suggested that the nonlinear parameter measured by the method described in this
paper is insensitive to the formation of fine particles, but the characteristic of nonlinear ultrasonic propagation

is dependent on the formation of fine particles.

Keywords  Nondestructive evaluation, Irradiation embrittlement, Nonlinear ultrasonic, Nonlinear parameter

= U LE& ORI
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BRa iy 5 2 & TR STV DO, REERER IS

LRI, SRR HIBR S du, E@RiRIC HE%THWI:@

Ji 7 2 D RS ek O e B OFTAMIE, FEE T
DEAEIRICA R TH 5. B, BRFMEE, K1
FAPNIZEE T S 7 G ERR & T I H D L,
V%wt—@%ﬁﬁ%wﬁthﬁ$&E®@%ﬁ

* 1 (R RFNHREY AT BHIFERT Bilis 27 L0F5ERT
* 2 fEREE TR
* 3 AR TEArgeR

ERBEZITMT D2 EIIAFARTHD. 207, i
BB N 2 C N [ KL AN IR & 4072 O FER R A
EaRERT D Z &I X o CHEEEN R BT =
2 T OFERPFFIN TN D
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HRS AL O JR RN H P 7 FREF IS K 2 X 7 e AR
bThsn. MHITID2MREHNRI 7 o lfE s L
T, WER7 7 A%, RWar T A% DGR, Rt
RAT DR AT ENFITF b D, BHEORF O, WE
JiF 27 7 25 OB OIS 2 Z &,
WHEIRF 7 7 A2 OEBR L b EICHER 2 B
LHZENREINTEYO, WHEIRT7 7 A% DK
X DAL RE LD FER EEZ HND.

7 o AR R D MR REA & LT, #BAr
P B OHRNL D) ) — T R 7 U T B 2 OFER
S WAt 2 e FIERER ST 5.
MG AR S AR PE 2RI LT FiE o — Dl mal
BIERZET O, mailE, MERECTRAET S
2 WEFMEIRIE D O IEHIE T A — & 23 i 5 F
ETHY, WEPHBAES THLZLNBIR
WHENTWD. BEEORFTIE, EHHEES7 V—7
BERE Lo 7 B R L & FERIE R T A —
H OBRARRT SN TN DO, F7e, BN L D
I ST A =2 OEEREST 5 LT, Hritid
72 EORHIRL T & IERRIE ST A — 2 OFHBENTHA B
Nz, 7 =7 AEEOEREM BN, AT HiRE LT
AT 2L RGO E OB X D IEHRIG R T A —
2 ORI Sh, BRERhRENIC K o TIERIEN
TA—EPENTHZ ERWEINTND. Zhb
ORI O—E8I%, WAk o FER TH 5 E 1
7 T AL DR E T 5 Z & & BIICE i S vz
@O LaL, MR OTER R & MG/ R T A — &
DOEALEOFBITILT L LM ST,

AFFIETIE, SR FIF 4 D RS IfE b~ D FEfk R
fivEDE M 2 BRI, it flo 7 v =0 545
& TR OWGIRLF DI & IERRIE X T A — & OB %
PRIz ek, BRI RO A8 AT 57
DIZ, BRI ORNIBHEOT 2z 5 2 7.
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2. AEDRE

—MRIZ, BRI & A7 SIS S RAE DU
BTSN T H DT s — O BB OHERIY
PERRBO BN D . 5 — OF AR ORI
(2 & T, MR TS O JERE S 0 B H A 0 A I
Bz b oG (EREH) 8RAES 200 22T,
SEPERIC AR f OBER A AF LI & 252 5.
FEERITIC LD &, A 2f OB ER (2 K
DARNE A> & JEPE f OREFE EARR) OIRIE 41 D
BEARIZ,

_ Bk*x
=3 1

EEZ B0 KNZBWT, kIR ORI,

A, At

x (TR EE O Ch 5. hlES BT, HMIE

R Ay LIRS WK TR TH 5. FARKIER,
Wit LT IRIE/5T A— 4 B 12 & 0 BRRD I & 7P
5 5.

ARALCIL, SRR T- PSR L7 B 0 JE A
WSy AN, 2 AR A % IV R 73T
RT A5 BRI LT AR 7RIS 5 A — s
RUTFOXRTERS .

y:%% @)

FIXHIO A IEBI$5 A — 4 1%, ()T Ldk
BRIE/NT A —% L HBIRRICH 5. 2 D BESIE
FRRIEKGFT H120, R—DOERFZTRD Lz
FIXHO IR ST A — 5 % ol L, AHH 729
55 A — 5 OB R B LB 5.

RERAE
3.1 HEBRA

BEEAMIZIE, IO A6061 TV =T LG54 % H
Wz, JISH4100 12 L » THE S LD A6061 7L =
7 AEAEOMER 1 IZRT A6061 TV =
AEENORREER T %2 6 (KRB L2, WCRER
DO~HEK, 30x 180 x 7mm THD. R DOIE %
X1 zRd.

1 A6061 7L =7 AAEOMAR"
Si Fe Cu Mn Mg Cr Zn Ti Al
0.4~ <0.7 0.15~ <0.15 0.8~1.2 0.04~ <025 <0.15 bal.
0.8 0.40 0.35
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6 ROFER 3~ TITH LT 540°C T 4 B OVER
{LALER (solution annealing, SA) % J&fii L 72 D HIZ /K
L7z, 6 KD H H 1 RITRIB TR L. ZOREBR A
Z SAMEFES. %Y O 5 RITTRERERE (AG50KN-
I, SHIMADZU) TR OEFHMIcBB L2 2%
WO HE G525 K 91C8E- 2. RBRA 0B
OPFHE 02%0MM 1 Z2F 2 1R L. BHEOTREE
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Configuration Management Learning from Operation Experience Analysis

M FK  (Hideo Tanaka) *1

B9 U 27 GG O EZBICHENT 28IE 75V ROT 7 v a 7T U RnERNEHEEE O
HTRARIN, RT3 —v U AR—ADY AV EREIEH LIZBERIREICLD Y RT v R T A
b%iié%%tbf,:y74ﬁv~vay%@ﬂmﬁﬁﬁBMTw5.:@:y747y~
Va VEHOREICE LIRS EEX THOETLZ LT, N7 TUERO RS IR IEHE A
HT 2 5 EERETS. m&®h%@¢ﬂ5wa%mo%%ﬁét@@ﬁ& LT, FTT
NOFRKRERD, a7 4 7 Lb—3a UEBRO3SEZEORYMEZ 1 37y —RIHETH. D3
FHE A BRMISREL, HAEEIBONEERARED Z LT, REWHEO IOV TRHMET
& D AR A T

F——F avI7 4l —vaEH, VRS, KN, BIEHE

Abstract A strategic and action plan for the realization of risk information utilization have been jointly
released by domestic electric power companies, and configuration management is positioned as a function
that supports risk informed decision-making using performance-based risk information. This paper proposes
a method of extracting corrective measures from overseas trouble information by classifying the
inadequacies of configuration management from different viewpoints. As a methodology to gain as much
insight as possible from the limited information available, we classify the imbalance of the three elements
of configuration management, which are the causes of troubles, into 13 cases. By specifically selecting
these three elements and attempting another classification from a different perspective, we show the
possibility of evaluating the sufficiency of corrective measures.

155

WS NS TSN RSO T 4 T L — g VEEBIZOWT

Keywords configuration management, risk, cause, corrective actions

1. [FL®HIC

av 74 L= aEEH (LT O LI
1S09000 @ 2015 4ERR CHi7-IZBINS iz, LaL,
KEV T, EHHF - MIEERCBWT, &R T
RIEME] &7z Lo, EdhO B AARES D 20
ORGLEATEZ BRI E L2 O 1992 4EICHE ST
W5, FR)S MIL-STD-973 (1992), TH Y, %I
ANSI/ETA-649-1998 |ZiE X Halo > T\ 5. —F, KE
- AEERICE W, KkET RV —4 (DOE)
DO NREEINCBITS M Tl T 5004 R
@ O3 1993 4EICHIR STz, 1996 EICREAE LTz
Millstone Z&EFTT® Spent Fuel Pool Cooling IE
?ﬁﬁ%#%% LT DB FEF ORI ~DRED

, KIE NRC D3 RREHEVERE D& BlLIs K OMERFIZ DU
T% L ICRE 2RO, ZOHELEDT
CM DA K v AR G s E B2 (NIRMA)
@ ANST/NIRMA CM-1.0-2000 (2007 EC&RThR) THUY £

* 1 (BR) JRPHREY AT ARGEFT Hilis 27 AFTEAT

Loz,

KENZHWTIE, CMBG &9 R T 7 ¢ 7 7248k
231993 FENBIAE Y, CMIZEET A5 MATHAD AR
FTHNTWDS. OMBG DIEENOT ¥ 7y & LT,
NIRMA 2K [E i 1 /)56 iR h e (INPO) DA R
REICHEBNL TV D, BARNSITR T /12t
22 (LUF JANST &H&E) SR CEOEHEEN
MTHEAEL TS, ZOAX— MRERBFLL HHA
IZRBW T, ERAFAEX R O BGEN A & — » L7z
LRI THD. K1 SHEO SR EIRGHGE (30
RO ZERT HICHZ0, BICH DX
HBORRLT, T NA—=H (V= AT 4T NY
Ath b ZZEBE L) IRE SN TWZEREKE LA
LIERL LT\ 5. 2O, BIEE IR T
BRERE Y AT 29I, Fknfybﬁﬁ:ow
THHESIT R+ TIEARL, TOEEIC B v
B L BatR IS %&Lt08®%ﬁ%%00 &m&
M LB e T EDOREAFIZ Y ) — ADPBEA S HLT- R



INSS JOURNAL Vol. 30 2023 NT-9

Thotz. KEIZBWCLEER T A £ A EHOE
BICHE I AT L - s - 5 (LUTFSSCE )
FOERNPULETH o722 & b RENOIEE) & (et
TRFEEB R TV ebDEBEZHNDY.
AARIZBWTIE, BENZeEm B2 ELT,
UAZIEREEN LIZBERREE FITT DRV A
YRR T AOBAENDHIIHIZY, ThEXZAD
BERED — D> TH HMDIEEN &, S+EET I E IR
LTW%. F£7z, JANSTIZEWT, 77 b OBEERHE
%ﬁﬁ’ﬁﬁémﬁ4ﬁﬁ4yﬁwm ET S,
BAf 22 B o F 55 2 A4 5 T 0 IO B4 5 U
—F 2 7 DRRRRICBIE S 4, *@mm BB
LKESOEEIZ OV T HIFRPILEIN TV
KECMBCEA DI HB VT, INPOIL, %HE%E@
HERS T20164FIZOMIC BT D eENHEA TN D & LT
Web DD, KENRCOBAREFIZHS <, O
2 x4 5 =l S #E “ Information Notice
2019-03; Inadequate Implementation of Clearance
Processes Results in Configuration Control
Issues” P29 IZRHEITESNTND. & HIC
Information Notice 2019-01Z3WNT, —HFAY7RER
AERIZOWTHIEfMEShTEY, T bR E
%i%ﬂé%%f%é ZNEZZT T, 20194 D
KECMBCE AT, INPOILIR Y e Jk i & Rk 9
A%Ti&wkbf,ﬁﬁﬁﬁﬁﬂﬂb,%%&ﬁ
BT % U A7 OwEYIRRE & BB A fEEICETT
Dz, Fio, BEHEHEORER O SR O AR E 23
ELWZ &2l 2720, EICmER ) N&ET
bHEEHERELLTND

2. COMA{iE & [ arh

CM X, JRTHFEEFT O RM - Hids - WD (CLT
SSC EWET) MEEFFTERLIZ L0 ICRUE - =&
S, M - HEFF STV D Z & ISR, PRAE
TOHHMATHY, FEENT T N a2 R - HEFF
BHL WL ZDICHNHEOEHE 0 /7 L5 THD.
BARBIIZIE, 4 SSCIZOWTELFD 3 SDEEN &
HAEEEELTND I EAMEEL, FEHL T L
BN D, D 3EHEITHOVTKE CMBG TOHAIC
HESNWTEERMIT TH L0 EBZ THD.

T, [EEHEM) o2 Th D, KE MBG T
X, BREFEME TR, EREE LT, BEEREHIK
MEN5279A4 A7 a0 AL LIREL
TeHIREFCTH L EER LTV D. BRI

156

s MBEX N DRERE R FAT T H 1D E R T A 'Y
ADFFMEENT A—=F (FTA B A= LI
o)

CERREESER YA L5 END. NRC
DA, T emAR, Nk, EEGE, TV
A DIfHIRE

cFRCHTRR DY E, B THEE S TEE O B4

LEINTWD. ZogAE (BEHEEE) OEMF,
Bl ZIX, oA 7 VRBEH ORI LGRS 2 %
DT TNVEEOICHD X DI, thEm LA ENE
EEZOEME LIELANENICHS 725, B MhE
M E&2RD LT, TERICRVEREHE EE L 72
b 5T, FERBRE TR E S 2 25720
WIZARY, ZOZ L TERBFHEEBESRSEDLZ L
Lol EHITH D, ZAUE TR GREHEM)
R U7z TBREORERL) (DT HREGEZE Z S8R
WD TERFHE) D3k S L7205 T2 O AR D
H=HITHD. TREHEME) DRGHEERE #xl DA T
RN EICERBLETH D, (k1 BREA -
TR - PREEHE & OHATHORILE)

T, IEREEM) 2RSTERTIEDNDF
B X TEZ D L, HHI IR, T-Spec. , ZAF%E]
HARTEEE, FEMEREE, BLEREE, JE LEREHENE 2
bND. IHIT, EHRAREO TR LG OKEIC
Yoo TORETH D LEXFLEZLND. Hlx
X, KEFEOBLETIE, EHRERO TR E
LHTOBRENPREICRENETHD. 20X,
[RREHEE ) 2GR RO 13T, K< &
HRDHIET, RLEEIO L O GTEE O E R HIH
THHINEVIBEEF- T, T ik
Hm) < PR L ORI ZRFTT 52 &
DREITHD.

Iz, THERRERE®R) oW CILmE Sy 2T
A (LLF QUS &H53) TXEREBHHT T
HIEMIZEENTVDDOTHD TEZETLEIL e
V. 72, NI TAKEETA =0t
DOHERHENLE L R 55 P HE, Zhvi T
AR R ICMZ D ERH DN, LT LbHEN
FEETETERE L TBLE T W ESbhT
WD,

g 0 I%@%%%Jmowfm‘iﬁm%:
Wb Dkl - HEE L LTRENRDZENRZWL. L
L ,mﬁ%ﬁ%ﬁ X, YeT TV b (B
TSALIEY) HSEEDOEEKIZIT TR, BEEP



INSS JOURNAL Vol.

FrEMECHHREIN TS, flxE, b I
FEE] ThDH. 2D XLHITERDLE, SAXILY
FHEZ VDB LE252 8T, Fbzit
NIATRE, TBRORER) 25 TERGEHEE) &Rty
k&ofwé LIRS e, HRHEHE S D
DUIERT % &, BRI ORENIC SOV TO R
b TRRGETEE) L2055, H—, SAMIEOER
D TR LI BEZ Fr o A D3 FTE DI FINIZ S8 E
FICIEENEFTERVETE, Zhd TRREHE
1 2% THERORERL) ICKBREN TRV S &7
D15,

T BEEIRERL ) D SSC MRS L THREDME T3
HHELE MAMHCEDTZO LR LT XS, Hagsik
HOENDEED TR BHRLR->THDY
BlE, HEEOHER, BANflEKS 7T o MEIROE
RARA v N ThDH. EEERICKIT 2 ERE O
P EICRTIULT T > MIEIETE eV, Z0
fOEEIZBNTH, HKiEZRDOHNLD. FEOH)
M& LT, TAEA @ SALTO Y7 L B = —9 ¢, fiElk
{23 T Configuration/modification management
and design basis documentation 23 ¥, E£7-, &
1% F:Human resources, competence and knowledge
management for LTO DFEFRARA > h& LT, “Does
the plant have a process to ensure competent human
resources for LTO including external support?”
Wb, ez Eie 32 AR I
H72 8 E THER T 2 RPN 5 DT, EEDLE
Thsn. Zoetzmn b3 T 2oiciE, ks
NWHBREICIR D BREL L E 5 & RIF A HNERH D
T LIFEEVORMITRV. ZDOEHE L ULEE DR
BlokoTbEAEND. 20 iR O
PHHIRBUC K> THRRY, ERNIZBNTL, mEH
—REATFMATR CRE << EboTo. BfEREDO K
WAFERL Ny 77 4y MHIEEANILD, mEFH—

SEBATFMALIIBINS N2 SSC I mmd = &, BERR
7 SSC T HIBNN S AL HEREAN B OIS [HE RS AR R 1 )
IS, REEE DR END E O I LTt
MBIV L, BINS I ERERE D HERF S LD &9
HE - RN SN HEOMRNEE LD,

UboD X512, 3URBROAEMEN M AMETHD &
LT, HEREOWAFTRLERMOAIMDE 2 512
EODR DIV, MO -7 T AR D05y
P& OEEZEPHTS 2D LBEZHND. Wh /e
Kzt b7 7t SRt 2 720, M

30 2023 NT-9 157

BENPRKRESHRWE I IZTOIRERH L. £DT
O, SHrREOFERRZ RIS 5.

3. CMR{ED7%E

CMAIC L D~ 7 7, 3%%@7%%?%6
DT, H L rpﬂnJrgﬁ:J MBI S D D& BRI IE
JRERRYICIE, BYRBZLND. 1%¢@M@
1 ERITK Bﬂ%ézhit#ot/f A (6#Y) + 1%
RO 2 BRI S NR oo r—A (3ED)
+2EBNMMO 1 BRI IR 0T —A
(31@Y) O&EFH1 2@ ITHFETED. £, Hr
LW TEREHZE) AT s skiEw £
7ol TBReofERk) L EEENAEC D — A 2B
HE, 13X —VIZHHETEA.

O MpEporEec) 2 [HEsRERCE ) IR S /e
Do 1o Fi
@ ThasERcE ) 2 BRI S /e
o T2 FH A
@ TEREFIESR] Y TR ISR S 72 o
7= =45l
@ TERETER) 2y THEgRRERIE ] ISR S e
- T2 F
©® sipotipk) 25 [EREFEME] IS S 2o
7o
© MhastEpciEm) 25 TRREHEE) ISR S u7ein
- 7= F 45l
@ TERGHEAME) A T RiaoRER) & TR Rl
WM S 7 o T 45

® MsxtERcE®) 2> BRI & TRREHE{F
VM E e o T Hi sl

© TWEipgrERk) 2 THERAE R R & TERGEHEE{t
VI E A7 o T Hi sl

O TEREHEME) & THuRAERE R 25 T BRI Y

ML S 72 s o T 5l
@ TERFIEME) & TWBRORERk) 2% THEER RS AN 21

WM S a7 o 7o 545
@ MhEEAEREH ) & TPRRRER) 23 TEREHEF)

(2R S U7 7> o 7= gl
@Fr Ly [EREHEE) s, @OIcAEE s

TRy -

Z T, OMOWFEITHE I EZFEN TV D KECTAR
INTND M T T NERTH 5, KENRCH HAFK S



INSS JOURNAL Vol. 30 2023 NT-9

#1 mR%W@CM“%#%

158

E # W LR Y MR A AT A
\ O | @3 fF ®4 fF
Wy ER A %, @9 1 @2 1
e @9 1 ®1 7
RS o] ©5 1 T
@6 1+ @4tk | @3
Iﬂﬂ+g1¢ @28 14__
;ﬁﬁ‘ Lb‘p};ﬂ'%{q: @1 {4:
LT b License Event ReportZ U TCMAE D4y B T« SRR T T, BREFELE L sk

WARAT. ST LT —21%, 2020F1LALHE MM D
20224E8 H 1 A & TIZ o4 L723141F &2 6 8T # L
To. RONTAERN S, REFTMF - SEax s @& -
WIS & FFE L, OMRfi L it T& 7=, 84
HTHY, BIERO2NTH-T2. TORRE, £112
R ARTORFEICK LY TULE L2 HF0IEH Y,

oA,  [EGEHEME) 25 ThBiaofRk) & Thg
AT R (AT S R Do T D3
R <, TEORERR) & THERURE @) L O

B QLS
5.

Z DCM 3 FHE DALk iBlz >\, Bt A T3
PR, 2O THE T ® &L, T
Wt Z&H7 1 3NEES ST 5.
X1z
RO X Famd. FE

THOEGDED L EEE L TWY

FT 2 9 5 LT OiEE)

, BRT B & R R i & OB 2 R L,

EERIEH O —H 2 BH L7z, PO (1) 75 Tl
ZRRE A TG L LGh, MERE 0K
EREIT THas ARG ) S BIITE, HA @16 T
i, BUERGHE TRRGHEEE) & L, 1R
REFOMEZEEGAEL s pklE ) SR TE 5.
firz By (B &%, KMsd~x i (1§

W) NENNT, R1OGEOLEZIZYTIXTEDLD
IMNINEDD.
F7m, FELLSHRENT-EEZEMEOERICIELL

KBLE LTV &0V S Rl E Efions (v~
Ay EFRENS (K7 vy ) LT, Bl
TS ETFHE (S RAT T RET L) ~

LS AT 37— AT 1 3SHOHEABELT-.
[hy T & o]
DHE@ TERFHEM) 2N TS 1k

AL L C, B ERRE, SRR IO IR To ] BARRFHT RS TEREHEME] 2
R EE R BB ETER RIGHET - EAERRE
» 70 § _
B | FREEMG TEERE | METE%E
f T i —
= |t | | EARE | | wa®s *’%@ Ti2EE
# e Y [z =
pre : 5 v
=n %ﬁ%ﬁ%ﬁ %Eﬂﬁhﬁ%: EXERE
® T 2T ;gﬁ—:s ()] L & ERETEIE : EI X
B o RIIRFE & £ DIRW o WERE . ; HNRRAIRE
v e OUyIRME :
& ! ; FIEE | =
il i a

X 1

R

SRR AR AT e & o> BEE



INSS JOURNAL Vol. 30 2023 NT-9

BW7EETIUL, ENRKMES TRV TR
RRAEHR ) &%, FEARRGEE - FEMERGE - BUERRGE -
TG CERFF O REAMTFAN S GT), LUK
SAEEEHEE - FIEE, HNLV—AVERH 5.
Tikata TRRGHEME] & T HUTEEEEEFD Tk
HEIE®R) b, EOLN TRRFHZEMN 23
PRAIRERL ) ([T E G 2720y, b L BRI
INTWVDLIHET, ERMEAE R (CKBsh T
TRV BN D — R 5.

SEQ THs s pcE @ 2% TBRRORERL) (T Rme
SN T H ] THERAERE R IBEE L T
HERERL) 1295 2 EDBWMSTRO LN TWVDEH, £
SRLNDHFEFIE LTIE, FIEEBCRWVERELZ LE
BanENCY 5.

SO TERFHZEM) A B (SR S
IR T TRRGETEAE ) A ThEsRAE RG] 12X
BTETWThH, ERAIRERL) F TIIRRTE TV
RWEAETH L. BlZIE, RV RO vy B R
IZBWT, A — I BHEET 2 bV 7 EBHLE S
NTWT, ZBMEEFIRFICHRZ ST &L
To, FEMICEPIES 2T/ L, BEITHROIA A
ThEDAH T e ol 2 & ¢, MR PICA L R
TR, KERGEEEEN MR L ool — AN ZhiC
Y5,

[hy T ¥ D HEERE]

SO TRREEME) S TERiofEak) & Thiskss
FRAB ) S S e o Fo Fofl  TRRFHEEE) A8 Thi
MR B ISR ST, I 51T WEEARERL
ORI NTWRWEGATH D, B8 LEERE
PRIVERIE SN TV D AKX BT, HBAEORK
BERMEZHE L CO QWSS R T s i
D= AN IICHETZD.

SO ERFHEME) & Tttt 2 e
AR (S SN2 o Te S, oD h T T
DOFNZ— DD T T2 < BAEERNNH 556
W, ZHVUERBITHMERH DL Z LD, OF D,
Z0 T TNVELGITL, RREFEMS (CEE LA L
BHELUBRMDoTemRnbdy, BELIZAIZOWNTIE,
it ARG W) (SE YN RN e SN b DD
TBREIORERL) F TR ST, F£72, 2l
B TERFEM IEE SN ol b DD, Tiigk
R IE ) ICEHERE L TWT, Fs Bk
) IS T NS 23BN D — AT

159

2.

[RbAT v 7]

SO TP 2% THEs S A iE ) (Chme
SN0 T2 QUISHIMT E RN TZSSCTIE,  [ak
FERAT R (TR STV AR WSSCTEIET D 2 &1
ETRNEEZLND. LvL, SRR LM
INRNWTARNTA v (B - 90) 2 Thaax ity
W PORTEDLTCWDr—ARNHDH. AT ULA
PRBCE DAL K D IS E R EI L O K B BHIRE I
TANTANCBEPRERLINTZ. IOENITR
RENTENDL o= b0m, F0 Tk 8
DT TV, HERMENOI ST, @A
FCHE SIVTWERTREERN S o T2, WS TIET R
N7 A DIRIROHRE 1L D . £ DSSCITHT 2
BAFHENR 2N E VS ZEIFEEIR TV RN E WD
I L THD. EiE3SORKEE MM FS " bR
HU AL ITEL T2 ERNRETHRAELE
FLRTHLZLFERTERLRW. 22 THhhD
Tl TRTHAELL KMENTNAD AR LN D
BUVARZIET, FITHRITE LR RO Ei# L
TWBHZERKRUITHD.

SO THisE g @R 23 TREEHEE) oM s
7R 7=l & DSSCOMSREIR T3 s 27 H 4
ROMSEEIR FICHBE 5 2 1256, [RREHEM) 20
JE S D SSCOZEEMEITIALHNE Utz [ ha i s
W WU TRRGHEME ] IR SN WIEETH
%. EiE 3 5OECHEM P DL Y, BELI-aY Y
7 AR L TWehotz, D% 0, T s H
THHuY v 7 KPEEEZ -5 O FHI R S
TWRWZ LT, HMENORERLREFI & L=
Thd. AFREBICE LT, BHT~DJANSIO[EIZ
IR EHRGE Y A 7 A T hiLEFER N E L
Tn5.

SO TERrEe) 23 TREHEM) ITKms
IR TR FHE LCUE, BVROBREMEEZ H I
fEV, BROWMRE BB LT, BTN
RO EHER S — 2N 5.

[R ba7 v 7 EE ]

SO THERORER] 25 THEEAERITH & [
AP (RS R o o] TSR T
& HSSCHANBREIAAL THIL B IME S NI GG, £
N TPRLTWaeho T THEB R lE i) ~b R



INSS JOURNAL Vol. 30 2023 NT-9

THL, TNEIEIC U TRRGHEMG) T b BT 2.
Q@ THisERE®) & THERORER) 2 3%
FHELE ) TR S LR o T MR ELE LT,
TBREIRERL) & THERRAERIE ) (DWW Tl
BB TV & L’C% EOWRMEAC T R AFRE
-2 YN ARVt m%#a S GIrEVE D
ﬁMT%EKﬁ#tzt , ARBVEREME T L
SEeGi e -4 YAANAY/Ea 973 %ﬁ% NPRQAY AT

—AMEBZHND.

[SRAT T T AT ]

SR [ERFHEME) & TWBRRORER) A% [hieaR i Ak

T S S e o o TG & T

PAOMERL ) 2 A E S EoNAELZBET D sk

TR ST DR8I, —Eo [HEskgaiE#R) (F

EE 2 &) ~DRER 72 I T RWEETHS.
SFE® THisk kiG] 25 TEIRER) & TE%E

160

TR EICED N T TNADRREELTZHBET
H5.

[Z D]

SR L TEREHE:) 2B S, MEEICA "
InApo o EH (ERFHENR) & T)FRRE )

AND/OR gttt (ZHIAEDS A U= fl) 5 Ny
77 4y NEMEEDTBEINBOELII D Z
&, Bz By ek iEais iy <o [ BRAIRERL )
CHEE A A U AN D — AT 5.

Z T, AUHESE B, b OFAE TMlns o
BRTHONTT 5 ERRNEDD Z L&y, FH &
LT, KRfR3 SO T4 LEOEBH TOHE
HHEH Y TEZTHD.

ZOFEGL, IEHEREICN T B iE T ST
#o%% PINGIR I EEIR (BUFSCC L BET) 7358

Tl RS R o 7] B O L BB LTS, BRROIALL
BV, ZRICEBAZIT S BN 1R S ﬁ% (EHFEHE) TRATHEZHEEL TV
NTELT, Mo [RAEE] ~ORBEHEL BRI b DD, WO EFICoNT, AT
RS 18 FAER
el o | SCCHTHN SR ; Bugey#3
B o5 ammrtomiris || BREH
=Y s W SN & |
g EoENEOETE PaNy il CETIRA
# i w
ol i N 5 Q)
=
| Tl ~
gl | ZLERIME | | EBEEEHEmE
AN " <
1; AomEomTER || || @ B gﬁt’!ﬁfg;ﬁ;iy; Srpnes
1| @ ;El.z y TLEER N\ ‘H“ N\
= | i e sTEmEALShTLS N O ﬁ:ﬂ -
1$E R (1) w| || COBEOBIRS o
= : \“\\ S~ .
4 s—e—my NN
: HE i 0 ‘\ wa \ N\ £9120mm
% v E 9 \/ i 0= B ER) :
|| B IFERAGENT | e —@ IHESLERTIT | |
b 554 2 SRR | A UEENEE | N\
i | (EREEL TLHBORE |  Ftooms, |
: lig*}%_‘f) : §102mm@
| o CEEEMLEEERLES) | Bt

M2 JERFIEAS

L
4

Fl

0.5 7 il A R IR B 2 A 12 70 © D PRI F451 DAL AL



INSS JOURNAL Vol. 30 2023 NT-9

PEZT 5 X O ICEME IR ESh, EofEiiE
EOEEENTM L= b BiE A — B IZFisk e LT
I TWiz, RS OfEIROE R EZEHET D%
BRI IIMEE PR CTH Y, AAD D DB O EIEEH
ThH D7D R HEFTIES DIT/EEBRENEWIC
L b LT, ETHUICE LSh. Larl, &
D SRR D BB T L <23V MBI O — BB 12 SCCFs A=
ERHIET DREDONTHEN S TIcESh, £
DOEFHCRUNEELEZLOTHSD. ZOFEMN
BIERA—TNTHEZ D &, i %mmﬁjf%5%
TEXHE NS 7 B E S, M LReekssE S
Wzb Do, BRI & L COBEEIREIIN
T WFEE DS SR S 7R o AR (1) B 2R, T
ARG 23 THBELRIRERL) IS L7205 T
=B pEQEMBITE S, —J, BHFEERT
WEEHE (NiFEA4) DOSCOBAIER & LT, éx77/

M3 A AE N 2 LTARTHER S LT
52 LG, EFETERIRO MR EARECR 2 2R LIF
WA SR A R 2 dod TH 2 50 LTz
ZOBREOER S - XE (REErERnE - LI ihk
L) N THiRAERE R, CTh Y, ik TEEHE
i GREHER) | Th H60FEMABRNBREAE LN &
EMRETEDHLDOTHo7=. UL, i sd Al &
D—>TdH %M TRREIZ IS < S 7 B DMt A 3
i CTHASE L 72SCCBh Ik & 72 DR EIZIEMIT Bt T W
73?75)0 7= TBRRORERL ) OMRBEDSERE L T\ &

SEANIAE LT-HA(2) &3 X, 604 Az
ﬂ%ib&w:kkkbk MRRETEE) & Thisss
RAG ) A T BRAORE R ) (2 Sk S V72 D3 o T 3]
SO TE S, RIEHEE LT, RINE0HE
@LT25&, ®FE, MEHEY I LI TWDZ
LA BEBRRE CHER T 21T R/ZBINT 52 L& X
b5, —F, BREZS5EOET5E, L, X
B ICHE LS TWD 2 EaiERT 52 & LT
DM AEREITSCCR IR & L Tz N 7 b
Bar+5Z LEBRTHIIENREALNS. K21C
AT XL, BRI E > TRROSERRR Y, %t
RICHLEEBNH T DA[REMENH D Z VL. £
D=, NETHREICHREZEZDZ LB REUTH
5.

4. RGHERMODHE

HESLORTE HILE N OBEARED X 9 i@ EIT VD

161

DD, BEEL PRI - A - xR THER STV D DT
DIRVEBRN D THHAEEZDHZ LIZL -, xR
MWERDH T EEHMERTED (KOL) OTERNMNE
Bz, TNELLTFOFEFITHRT 5.

4.1 T3V FANIHRERDEH

—oRIE, FUZNLE—E IR E %O YR

mﬁiﬁﬁ6%mﬁfhﬁﬁ¢m,ﬂ@%ﬁﬁﬁm
REDIRBAEFICLHEMX v v 7 ORFART
EE?m~7@MﬂW$ﬂ&—EV%&%MLTE
HWERN) v 7EHALTC, EX—E MY v 7ITk
WIRFIFHEIR 2 5 5 LR 2R T 5.
IR, 2 — el 2 —ifiE s, Eis
DE—E OB X (TR 2 EERE 2 LEE
TIIRGER T, B LW — b v EEEE AR R 2
L E DZEMF vy TREN AL LI ETHD.
REMHEE L C3HANERIN TS, @A —
T DHARRBEDOBAHI 72 ik & SAEEY 27 ZWGET L,
AV AT OFOERFTEEDY AT T XA —H Gk
A, BRE, T & —BRRT DM T — T LD
TERZ R 5. OEINE L OHNEEIZ S E LT
¥ — b v ElERER e & ¥ — B Bl & DO ZERFX v
/7%35\/1/#%50\/1/ CEET A, B, TOkE
DZEFE X v v TREITATI N, OFRBED TS %
ﬂétwt 2, FIEETEANEZOY 27 LRl
S INEETEN, FEBY A7 OEOEITNEE D=0
ICUGTSNBHREBEY AT T A —X (REMH, #%E,
SHE) OFMeREERT S5 2 LA ERTH. 0K
WZIX, BT A =%, FiRT A—5%, FFREHEOHR
PLASFERE S 4L, WS = FF AR BRI SR LI
AN R
ZOFEFTIE, SEHRELZLUTOLIITHKRET D &,
JEDZEMF ¥ v T EREFOFR EARMA H LV 22 F %
O TEEGHIBE L CW RN Z LI E D BELTELD
LEZHN, © TR ®R 23 TEREHEME] 12
ﬁ%éﬂ&#ot$mt PHETE D, ZhE, FEA
At E TRGHEM) L LA () ThD.

v mﬁgﬁj ST LDWEREHIER L T NEish o
Z— B OB X ICRT 5 HERRE ) IHED
< 22 v v TR

v ThasRAERE SR EE T n—T L X — B
DZEMF v > 7 [TEOMERDZEM X v v TRIE
THDHATI V] OF%ERLSE H

v TEIRORERR)  EE T R —T X — o



INSS JOURNAL Vol. 30 2023 NT-9

ZMX v v 41I1)
(L) MR pl i s & R 7 Bl CRERH M 2 MR
T B WER O ERHIMERL & LT

MOBRTIE, SEREZUTOIIITHRET D L,
PR L7200 KD 225 v » T ERENE (A=
HREEET) ISR TWRWZ Ik REAELE
bOEEZ LI, @ FREHEM] 2 TR
& THaRA ARG ) (SR S L7g o 7o) & 48
TE 5. TIUTEARRGZ [RREFEME) & LA
2)Thd.

v TEREREME) HE T — TN F — B & R

L7z e (UR7)

v THERREERIE S A — b OfEREE T22MX ¥ v

7353 1)

v TWERORERL) g T — T L X — D 2E

Mx¥vy>~7 (353I)

RIEHE TRENZ3HD Y B, @IFHEA ) ITR
TURFROEZENRIRTHY, ZEHF v v 7K
Fta TRRGHEME) & L7efimThd. —F, O
ROIITRT IR ZRFELEET D &V ) AR
e TRGEHEME) L LA ThD. @BEhb%E
HBOENEEREELE LEEbDOThHD. Hink
B2 THEEBRIENTWD Z &b 5 HpT
b5

42 IV HANV—RERDEH|

t 9 =X, BREHBURE L, 224 R4, 16kVEERR
(2ETB) 2N HMHFEI CIHE SN RET, B LY D%
EREBEEERRBRICB VT, 2B 4 — B LB EHE
(DG) X LAEFEANZE SDIC LV EE LT\ =23,
2ETBIZIZPEA L TRV IRTE T, 2BDGEfTY —7
FoVEy "I, 7T TURBO)RY Y IR
PR CHEB L7261 2 B EiF 5.

JRIKNE, DGR v —7 > OBOBEICEET D%
FtEoI2Thy, #it LORBORWERETH
5. FHERIZ, FEIHAEOREOREHTUEE 1L
MIHIZ, D87 A ~ Z [A MR DR FI A FIZ SN TAL
L2 THD. TOEMITI N T — v —tk
DT H A ~ T, REFREII A —F A T A F+EHRIDST
AA<ThHD. B ET—nr=—tBD8T4 A ~DE
v 7Ty TREENE, AT E I OBICEIER 72 <

162

B2 b O Th T2, LI —F AT 4 |k
D87 X A ~ DY 7 T » TREIE, A& HID
MK VB ORIENH Y, 3REt EORBNR -
oo ZD728, BOLSIDRIHE D, F721ESIE
BOBRMLDY &y MEFIBOT ¥y 7 AR o TIEE)
LCLEIZERDHDLZENHIALELDOTHS.
EIEHEE S LC2HAMERIN TS, @kF
L ONEgEE A RIS D 12 IR FHEEESMMER S,
Uty MY L—OE S ZB0EKIZEMNT 52 T
At EORMEMIEL, Yy o7 v TR L
RN IS, EIEHIR 2 L 2B DGO AT — o v
FIZFEET D, OISO IA L IBODGA ST — 7 v
R ORRFIERZ TS 2 FETH L0, TNk
M A5 E TOR], 1A& IBODGEL S — 7 %t
L CRERE A i 5. Z ORMEFEIZ, Ay
— Uty MRY U EHTRDYIC, ARy
— 7 Y HEER T L — D ERAT 20 THD.
ZOHEFITIE, SEREUTORIITHET D &,
% ORFHERICE S TR S NZICL b b
T, BELZbOEBEZ LN, © [WENMER] 23
Mgl & TRGHEME) (T E 2o
TRl ENFETED. AU, THERAIRER) & L
TEHINDSSCHRE SN HAICKEE Tl -
THEZWRT HILERDHLHE (1) THD.
v TG - RGO MEsItE [RXGE LR & fig
WL, ©v 77 v 7RI & Pk
v THERAERE R BRG L oMsstE 2R3 57
DICRFEEEZIERL, By 7T v TR
LanE 212Uty MU L—EBO$ 8 ZB0A
INEYL
v TSR 0 BOR Yy 7 OREEI R S
Bl —F 254 "MEODTZ A~ (ANHHRID
5 UBBIECY v 7 7 v TR R < §%5F E
DRI T2 oT2)

WA EEbE, b9 —208 Q) &2
Z TR,

BE @) T, BEREZLUTOLIICKRET DL,
BH EORBMRRL, BOR Yy 7 NiE S TES LT
bOLEZ LR, @ TRFHEME] 2 THEREIRE R
& THEsR ARG IR S e o T2 51 & 43 JE
T&E5.

v O TEREEE) BOLSIDREIFHME S5, £7213SI

ZEn60Y vy MERIBOR Yy 7 278 - TE



INSS JOURNAL Vol. 30 2023 NT-9

163

R (2) TEREEH)
&y FEFIZBOOS v o &
BoTHEBSELRNI E

EAu
L
N

/

Rm (1) TREHEH
RETDMEENE “EvoTvT
FrfEl I2iR7F" ZHERR

EARERE

B (2) THEERERIER) [ spmenstmE R (1) THExERER

RIFDRETEE L HIBTL
T IRBLE R

£3 U4y b L—EBOEAZ
\ y{*ﬁ'ﬁ D Bomgsi=sam

PIERIRERK

@ TERETEM) A THEME

RBEEOD—FAF4 FEDDIZ A IDIRASFEL T,

RBRENTEA o -5

B & (iR (- eom () TEBOD Dy D ZRfEE & 1 Flm

Ewv 97y THRBICEELGZLD

© TEERERL WY THEERAE
RRiFHR) & TERETEMH) I

B QTIERMBREELR LAV HENERATES KB = A > F-ZE 45

AHARBDIIUBBETE Y 7T
FEARSRE LORBI KA1

K3 BREFEOIRCEDBTTIvr T NaYy 7 OFBRIEREH]

gz L
v THERRAERE R AIEPEORRGHE R &Il L7
RAER (8> 7 T TR OB R
v TWHEIRRERR) (BOR Yy 7 ORAEEN AR S
T —F AT A MEODSTE A~ (BT v
R L2 K5 Uy M L—D8ER %
BOEIFINSENIIFS)

FEIERE T, RO 1) DX 51, FEEE
R L 7o 23 M b A Akl S - 2 7200, THAKE R &
LT, Evr7 vy 7RMICEFELARNnE 21y &y
FU L— DS EBORIFEICEBMT 5 2 & &2kD, H
IHRIRMFET T HETOMONREHFEE LT, EH
EEFETDHELTND. b — 208K (©2) T, [F
S DR FEE DRSO T T, AW DO NS &
HDOBINTKI6 X U B ORIENFE L, FHABoR
Uy B EEZHZERARSH, T TR
FAELTZ LITEEART, (A% OBRGFEE O
ORBEL] BREEEhbZEbEZLND. 20O
ZliE, FATENIEOTURICEE L TOER A
E LT AR ZEN 2 TR & 5 Z & Tt
THMRDBMLETHLZ LETRBLI-FFHTHY,
REMRAEY AT LOPOEERETHILEHEZH
no.

PLED X9z, MORHIZOWT, BEARA7 3 3
FREBEL, HAEEZXOLNDHDOIZHONTIE, J
DR EERBRD LT, MLFERTH, REHFEN

TR ONE VD REFHETE DATREMEREEND.
DIRNEROPNSED L THROE 2/D DI,
DX D BB TS b T T VDR & SR IR
Bz Rl L, ENOIRENI KT E 202 RETS
LHZLITAERTHLLEEZEADLND.

6. FEDH

MO 3EFETH L TRFIEM] ORKEELEZDZ
LT, SEROARBMHOH VARNERY, ZhIZX
DS b T T OEHICELR S R EREE SN B
MIEEFENPOERLESLZ EHLAETHD I & &R
L7z, DhnER»r K3 255700 —o0D);
EELT, NITAGHICELTL, 133%—r 0
MR EEE#R LT, SAEELXDHZ LB
BT DI ENEELL.

51 A>Tk

(1) Jon Sears, “Configuration Management
Fundamentals” , 29th Annual CMBG conference
(2022),
https://www. cmbg. org/conferences/2022. aspx

(2) U.S. Department of Energy, “DOE STANDARD,

Guide for Operational Configuration

Management Program, Including the Adjunct



(3)

(4)

(5)

(6)

(7)

(8

9

(10)

(1)

(12)

(13)

INSS JOURNAL Vol. 30 2023 NT-9

Programs of Design Reconstitution and
Material Condition and Aging Management,
Part I” , DOE-STD-1073-93-Pt.1, (1993)
U.S. Department of Energy, “DOE STANDARD,
Guide for Operational Configuration
Management Program, Including the Adjunct
Programs of Design Reconstitution and
Material Condition and Aging Management
Part I” , DOE-STD-1073-93-Pt.2, (1993)
CMBG,

https://www. cmbg. org/papers—publications. a

Spx
BHTERE ST, “IRT IR BRE v AT LD,
https://www. kepco. co. jp/corporate/pr/2016/
pdf/0524_1j_01. pdf

Kent R. Freeland, P.E.

“Configuration
Management Operating Experience” , 28th
Annual CMBG conference (2021),
https://www. cmbg. org/conferences/2021. aspx
NRC, Information Notice 2019-03 “Inadequate

Implementation of Clearance Processes
Results in Configuration Control Issues”
HfFHR, “REERICET 5 M mAic o0
T” , INSS JOURNAL, Vol.25 (2018) fi#si
TAEA, “SALTO WORKING NOTE OUTLINES, 2020 Apr
217,
https://www. iaea. org/sites/default/files/2
0/04/salto-wno_2020_draft_20200421. pdf
—a2—v7, “BH1BREEARKT AT
A VEEOOIZONTT
http://www. nucia. jp/nucia/kn/KnTroubleView
. do?troubleld=268

“Fik 3 5 U REEBHEE IS

=a—v7,
SNT7,
http://www. nucia. jp/nucia/kn/KnTroubleView
. do?troubleld=2490

=a—v7, “KRE3BAFFHT 4 —ELR
EHE R T2 2 BENT IR K 2 S
DHIBRDHBEIZHDNT”

http://www. nucia. jp/nucia/kn/KnTroubleView
. do?troubleld=13374

Exelon Generation, “Core Monitoring System
Software Modeling Error Results in Condition

Prohibited by Technical Specifications”

(14)

(15) Entergy Operation, Inc.,

(16)

164

Licensee Event Report 2021-001-00, Clinton
Power Station, Unit 1

=a—v7, K3 BITIFAS LS
T PRBRENLE [ U 2 5 B DIFIRIZ DN T,
https://gkjanti. gengikyo. jp/nuciamem/kn/Kn
TroubleView. do?troubleld=2390

“Reactor Scram Due
to Main Turbine Trip” , Licensee Event Report
2020-002-02, Grand Gulf Nuclear Station,
Unit 1

Duke Energy, “Valid actuations of the 2B
Emergency AC Electrical Power System and B
Train Auxiliary Feedwater System” , Licensee
Event Report 2021-01, McGuire Nuclear

Station, Unit 2



[XC&HIZ

INSS JOURNAL Vol. 30 2023 NT-10
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Abstract An analysis was performed based on the Mihama emergency exercise scenario conducted in 2022
by Kansai Electric Power Co., Inc. The analysis assumed event occurrence and subsequent multiple failures
of engineering safety equipment, accident management (AM) , etc., and from the obtained results, the specific
event occurrence time, plant response, and AM were evaluated. Among the current AM, the alternative core
water injection using a permanent alternative low-pressure water injection pump was adjusted from the rated
flow rate of 120m3/h to 40m%/h in order to extend the time for water injection into the core. Comparing the
analysis results for the two rates of 120m*h and 40m’/h showed that it was possible to extend the water
injection time to the core by about 11 hours, and there was a time margin of about 11 hours before the core
was damaged. From this result, it was confirmed that alternative core water injection by adjusting the flow
rate of the alternative low-pressure water injection pump is an effective AM.

Keywords  emergency exercise, accident management, scenario analysis, MAAP (Modular Accident Analysis
Program)
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Effects of Liquid Viscosity on Flow Characteristics in a Vertical Pipe under Flooding Conditions

A

{295 (Toshiya Takaki)"!, ##f 1EHE (Michio Murase)"!, [lI'F #k#& (Masaki Yamashita)?,

A (Ryo Kurimoto)™?, #& /A% (Kosuke Hayashi)?, &Il BI% (Akio Tomiyama)®

BH AHFTE DGR FIF OB BT 2 HE R TOWRBAETH Y, BRNIHEETO
7T T 4 TR BT DI HEHIBR CCFL, RA R ag, BEREEEARE £, FHEBEEIRE 12
B4 2HBERORHENS EZHI/NT 22 THD. THETIS, SEE TOZEX - KOKIHHHE
B A4T\, CCFL, IR X 6, fu, filCkIT HMBERXEER Lz, ARG TIE, B 40mm TET
W7 U Ry VOREER L OER L BRERERNT, 7T v T 4 v ZIREETO CCFL ##i,
JEJVAE dPldz BE N ag ZPNEL, fi & fixRD, ZIETITIRE UM & HEEn L7z,
CCFL & fild, SRR pohu 2 AW TIREFOMBERES B L. BT 7 v 5 4 v & T
D S ITMRBFEOFBX TERET-. £ OMEITIREF OB & BEFERAEIT RV, floxhd 2K
R REF OB THE & el o7z,

F—I—F  SEE, KBS, ARA R, BERASEARE, FUREEEARE, WA

Abstract The subject of this study is flow characteristics in piping systems of nuclear reactors under accident
conditions, and its objective is to decrease uncertainties of correlations for counter-current flow limitation
(CCFL), void fraction ag, wall friction factor fi, and interfacial friction factor fi in vertical pipes under
flooding conditions. We have carried out gas-liquid countercurrent flow experiments with air and water in
vertical pipes, and proposed correlations for CCFL, the liquid film thickness J, fw, and f.. In this paper, we
measured CCFL characteristics, the pressure gradient dP/dz and ac under flooding conditions in a 40 mm
diameter vertical pipe with rounded top and bottom ends in air-high viscosity liquid systems, and obtained fw
and f; from the measured data, and compared them with results computed using the previous correlations. The
correlations for CCFL and fi, were improved by using the viscosity ratio of gas and liquid uc/us. The 6 values
under flooding conditions at the upper end were well expressed by the previous correlations. The f; values did
not significantly differ from results computed using the correlations. However, the effect of high viscosity
liquids on f; was not expressed by the correlations.

Keywords  vertical pipe, gas-liquid counter-current flow, void fraction, wall friction factor, interfacial friction factor,
liquid viscosity
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KA Wallis 512 X0 2 < OEBRBITHmEo, i
FRRREZ i B 72K (SF: smooth film) & LV VR HE

(RF: rough film) 12X LOO, BARFEE T L& AW
T fo &k iDSFHE & 7=, Wallis 513 RE (CH LT f =
0 &Il L CIESAER dPldz DREM-ID fi 23R
fi MR ARE L7, —J7, Goda LI, $AEED T
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WMNY Y =T Ty P TO M7 T v T 47k D
REZ %5 L LC, [EED =20 mm& 40 mmOENEE %
FANWTER - KREBREZITY, FREOIEZ O TZacll
TEAE & dP/dZREEN S f L fi 23R, foD B 5 AR
TERWZ &R LT, TakakiH®O (%, $hEE O B
WMNY Yy —T Ty VTOEMT T T 472k D
SFaxt5 e LT, Godab P& FEkDEREIT, D=
20 mm & 40 mm C DR EME 2 HW TRIEE S 636 L OV
i Lz, £72, BT T v T 4 v 7 TIEELER
527 DIRNLhu?SCCFLFFEIZ BT 5 L #5001
ZHSE 2, D=40 mmOFHEE ZHEH L, ha=0.1, 0.2,
0.3 m COCCFLEER X OdP/dz & acDRTEM S f &
fi RO, TN OREENPD, hu HCCFLEFME,
S, BROSKLAICKETRELFMLIZ. =618, fi
FHBIZ A A Ry PRI L CIRIRR S o D AHRE
XA L, BEFFZEIC X 50 OREM % IV CREE
L, WkFH LA 7 )V AERer A K & WEEFAIZ % L CAAHRY
KOZ IV E BT L7209, Lo, Fikik
A a6l BAE TR DR EFNL, Goda HINAZER L 7
Ut U KR & 2 skt 2 v TD = 20 mmdD
PREE C T 7 7 v T 4 v 7I281F 5 CCFLEHER &
WdP/dz & o JITE LT LISMZ RS 72 B 70,
AHTIE, BIRIOLFE U< E TSR R=D2O
77 R TD=40 mmDFEE M L, Godan!d &
FERICZER E 7V | UV OKEEIRIC X 5 mEkivEiR & H
W CCCFLEHER L UdPldz L ac NE L=, £T2, &
itk D ag, F8 LU Efi 1T RIETREE TN L 7=

2. EEREBELAE
2.1 EEBREE

B TOZER E KD D VDI E R & VW 7
T T 4 v EROLEEEZ RURT. SEELRE 10
EREICTHY, REBRFCTH HEEEITESR D=40mm,
£ X800mm, b FHiIX#s R=D2DZ 7 KT, L
W s, ghEME GURE) , XHEBIER, THZ
Y7, WK, BRIORREHGE R TR ST S.

FEERTIL, TEZ o7 Ml DA FT DL 5 E IR -
WEDER %, Ly 712Kk D0 IZE kIR
(25+5°C) ZfbfE L, SRR a R S 87, $aE
BODWE T LIIRIE TR Y v 7 12, By v 7N
DORFEITYEE T A 2@ L THPKE~RE L. % T
ROFEENL TS > 7 DR EFHENBRDIZ. ES)
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AR dpld\ ZENEEE O B L TR =% v 7
WZEE N7 VAT 2 —H &2 0, WELE. Jl
EXMIZ640mm, V7Y v EIXIms, 7L
BE50000 55 THEAME 2 Lz, SEEIMEDIS%IEHH
XENZBIT D ARMEN ST EL.0%LNTH > 7. acDH
EZDWTIE, FRFFEIEE e, pkEEI% oK%
WE U TR RFEE 2k, 60[E1IE L 7= -2 fE % £
A LT, 95 %EHEXMICIIT D acD RHED S XM E fE
DE2.0%LLFThoTe.

' ...... I Upper tank Cross section of A-A' (Drain system)
[ $220 mm
X 800 mm SS

§
A A %

/]
I Water level: 100 mm
Drain R

G ; v
Tedk saifion Cross section of B-B' (Air supply systerm)

Pump l

—— \V

Inlet section 4 Y€
[ $100 mm ]

X 200 mm
\
Lower tank

$220 mm

‘J [X 500 mm]
(Compresear)

9 Pressure gauge

() Flow meter

(R) Regulator

Drain

= Al =P Water

M1 FEBREE O
22 BRERETIL
BRI T & D &, SR NIRRT C O

SR ARRICIERT 2 o) AV IFKTRE
569,

2
dP s 4
—+ +== e =0
5 tPa8 2pG|:aG —ay | Dy @)

2
Z)Jr[ﬂcacng(l—aG)g]—J;”ﬂL(ILI;GJ %= 0@
CITIRFGELIIZENENTMHEWEMEERL, g
(/s VL EE I EE, J [m/s] i ARREFE R, P [Palid/E 7y,

z[MIEENEEEAE, p kg | IXEETH D, NS AIX
km&EaiEE L, R(1)TLIZTATHS. Bharathan and
Wallis©1%, (1) Cl/(1-a6)<<JslacZE Li=. Li>
L, ZOMREITIH/NE S LBRKEWGEICEHmRE 2
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B RELT B, IS B, dPldz, acZINEST 5 &,
KWL RED, XQHADBKRE S.

23 REREH

AETIE, KAHIZZER, WK E T2 L mRs R &
LCZUED > (MiEE9.0%LL L) KisH (40 wt%,
LITF40% &\, B0 wt%, LLF60%EWV D) %
AW, ZhooiEE£ 1ITRT. 22T, ulx
107 Pa s[ITHKEE, o [x 10° Nm]iZRHEHNTHD. K
REPE DAL R E V.

#1 WIRYEE
Gas Liquid PG PL UG L o

Air  Water 1.205 996.8 1.882 89.0 73.5

G-W
Air  soln.  1.205 1098 1.882 315 67.8
40 %

G-W
Air  soln.  1.205 1151 1.882 891 65.8
60 %

pe, prilkg/m®]  ue, ur:[x 10° Pas] o:[x 10° N/m]

G - W soln.: Glycerol-water solution

3. EER#ER
3.1 CCFL4%%

SR AF R & Tuv A WallisViz & A CCFLFE B,
fREESIIw 2HVWS L, kATEans.

H?+mH"* =C, (i=KorW) 3)

1/2
H, =Jk{p’f} (k=G orL) o)
gW(IOL _pG)

ZIT, HIZERTARTR TH L. Ak LOE
BCGIZEBRICIVRES N, BRFKLEWIENLTHL
Kutateladze/X 7 A — % L Wallis/ X7 A —Z (ZxtsT 2
Z & &7, Bankoff 5 WMIIRATREFEE Sw ZER
L7

w=D'"PIf 0< <1 (5)

1/2 (6)
L= ”}
{g(m - pg)
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ZZT, DIFER, L7777 AES, oldKmENT
b 5. KEG)THIL, f=0TWallis/ ST A —ZJ L 720,
p=1TKutateladze’X7 A — XKL 72%. ETFWio v
R OEEE TOCCFLIZ® L, IWARLINIL = 0.5%1E
L. A OIREHEEO B OV Tn =
0.90, Cos=(1.58+0.15)(uc /ur)* %R L1-. —7%,
PEBF HONXERD =20 mm, EFWiR=DR2OT 7 R
TEBREITW, BFET—¥ bz, EFSm7 VR
TOCCFLEHEE, B D #h =R 8(R) & EAA(D) DR
BT 52 L MR L, R=0.75DCTOHCCFLMAR L
L Tm=093, Cos=1.1F0.06%#% 7.

1.2

CCFL,D=40 mm

Water
40% GW
60 % GW
20 mm, Water
-3 Sano et al.
Q
&
To

o 1 1 I 1 I 1 ' 1 I 1

0 0.2 04 06 08 1 1.2
JL‘1/2 D’l/s

X2 ERDDOEEEE /- CCFLEHE

1.5

§ CCFL,D=40 mm

P &2 O  Water
5 A 40%GW
3. o  60%GW
%‘ 1r X  20mm, Water
= [ & Eq.(7)
<
S 2
Q A y=-1.15x+1.34
& 05 N,
N ¥2s = +0.04
ﬁ

0 1 1 L L L 1 1 1 1 1
0 0.5 1 1.5

JL*1/2 D*/8 (uG/“L)o.oa
B3 AR M DR 2 B 8 L 7o CCFLAFE
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D=40mm, | TR =D/2TOARER L L5
X BDCCFLMBRXZ X2 L B0 T 5. f=0.5~0.6
THEMREN RN IRoT272%, =052 L TREE
X% w=D"L% L L7, D=20mmé& 40 mm CHHELN
HFRip o TS, EHCoslE, FEELNZL D 1.58
(w6 /u)=1.03~121 L W FEF LN L 511 (=R -
AK) iV, 22T, FRICH L, B ZRiETmE
Cx R, KW o/ D R BIH A FHWTLL R D
FHBE A VERR L7z

0.10 134 4 0.07
*1/2 *1/2 +
g s He | e J13420.04 ;g'o Lo | (7

ZZCDIIDILTERIN IR ICEERTH L. ik
WA CCCFLAFE I BN KX VW OIZmTH Y, ¥
BINTTHLDIFRGITEEN, adX@)IzEENT
Wb Z 25, Hy(7)TliEKusunoki 5V E FEEIZD Lo
EEFERWIERITCE L L CucnZBIN L2, f=0.50
ST CH (UG /ur) D007 L 72> TN D O IIATHE 519
LRILCTHD. 1B LZCCFLMBER(T7) & HIE DR
REK3IRT. GWIEZ Y | Y VKRR Z 7. JIE
EIZ X9 DM B DOIERER 21T = 0.02TH W /h S0,

32 ENBER. REGERERBEHE

SOAH IR R B R Je & M R T JE S A B |dPldz]” =
—(dPldz2)/(pr—pc)g & DRARA X4, I AFE R o & D
BIER 2 X5 TR T, JeDBEIMT L~ C, AR FE Ro HME
T4572D, L7774 v 7IZKHSFE T 7 7 v
T 4 7N X BRETIX|dP/d| 733 5. SED SRE~
DR (TR: transition) TiE, ETFMT7I7v T 47
WAL, JeDEEIMIFE - T, REE SFOBEFRNE A H < 72
D |dP/dz|" 3 ¥ N9 5. BEmEEEEIE, NQ)EVal
|dP/dz|" DZETH Y, SETRKE S RF T/ IV FmEEIH
1%, R &LV dPd I2IFIEE L L, SFC/HhELRFTK
TV ALK E K Fe D b, SFCRERBREHN K X
<720, RECHREBEBEN/ NS 2oTND.

BER BB EAZ RO D121, RQIEBWTa =
(lI—ae) ZET D2 MERH 5. faHERE L TRBITIL,
dPldz7 — % £ () D BacZ (1) & F i BEELR S %
RDDHZENTED.

TREIRAE Dtime-stripl {5 % K612~ 3. @l v T
A A AT ZH, 350 frame/s T8.571 sty L7-. #hiE
B O OERATUT O i % 1-pixelliEg THiTH L, il
% & FERSINCELE S5 2 & CHRE S 7 L@z, B4

174
0.15 -
Pressure gradient, D = 40 mm
---@--- Water
==/ - 40% GW
i e 60% GW
01 F
3 Foo0q
= ?zﬁzﬁﬂ\ \
3 4 F R A8
- i® % Ay
005 | o B B A
SR 0 .
) OSeef? 1 @ \
© ATR X
& A
SAX
O 1 1 1 1
0 2 4 6 8 10
J; [m/s]
X4 ER ST ) AR
0.25 — -
[ Liquid volume fraction, D =40 mm
i & ---2--- Water
0.2 f -~/ - 40 % GW
@ ceeedeen 60 % GW
I SF
015 F %
) [ %&\5@@.
I 0 o RF
LOVR LYY
R
; SpEP  omdo
0.05 } >o§%§
O [ 1 1 K 'l A L i 1
0 2 4 6 8 10
J; [m/s]

X5 AR AR

i 73 K¢ [ £ D Time-strip Bl 2 /ERK L 72, Goda & D34
W40 mm T Ry ¥ — 7 = v POMEE %2 T
725- /KR DCCFLERR 21T\, ENFEENIREE TORFIZ
BIL, & P CRAE LT BELIE NS B E TR T 5
Jilh (rough film-I : RE-1) & EELEE 38 N CTRIFRES %
B AT BV ED (rough film-I1 : RF-II) @ —FHEEIC X
4y L7, AREBRTIEISF, TRIIMZRE-TI AR SN7=.
SFCIEE EMHCT T v T 4 V7 BEETEY, £
ERREWVIEEEBILENENTEZSRELTNS.
TRCITE T CHA L7 BELE 2, Wik (BA) &0
TEBEVIKLTWD. EiE 53 BifE CEd 8
LD RONDN, IFEACIFENTHREL TV,



INSS JOURNAL Vol. 30 2023 NT-11

z [mm]

!is]
(a-1) Smooth film (water, Jc = 1.85 m/s)

z [mm]

660
560
470
380
290
200
10
207} i : :
0 20 4.0 6.0 8.0

tis]
(a-2) Smooth film (40%GW, Js = 1.85 m/s)

660
560
470
380
290
200
110

; : ; : |

0 20 4.0 6.0 8.0

0 20 40 6.0 8.0

ts]

(a-3) Smooth film (60%GW, Jc = 1.85 m/s)

z[mm]
660

560

470

380

290

200

110

20 i } } } ]

F t t } {

0 20 40 6.0 8.0
tis]

(b-1) Transition (water, Jc = 5.08 m/s)

z[mm]

0 240; 4.0‘ 6.0} 8.0‘
t[s]
(b-2) Transition (40%GW, J = 5.08 m/s)

z[mm]

1 I I |
0 20 40 60 80
tls]

(b-3) Transition (60%GW, Jc = 5.08 m/s)

175

z [mm]
660

560

470

380
290
200

20
[ : ! | |
0 20 4.0 6.0 8.0
tls)

(c-1) Rough film II (water, Jc = 9.15 m/s)

' , ]
0 20 40 60 8.0
t[s]

(c-2) Rough film II (40%GW, Je = 9.15 m/s)

z [mm]
660
560
470
380
290
200
110
* k t t + |
0 20 4.0 6.0 8.0
t[s]

(c-3) Rough film IT (60%GW, Jc = 9.16 m/s)
X6  time-strip/fi{4

KEPEA R & 2T ERAT HEBELI 0BT L L, & B
HETETDILONE . S OICKMAERERRZ K E
KT 5L, WEZRRF-IZ R TICRF-T OmENER L
7o WREPEDS N 5 LRI DOET /NS < T o T
D.

4. EBEEERZRH
4.1 EBEEEEGRHEOMEERX

foERODIZIE, dPldzb a2 ET D MENH D A3,
BEAFAFSE Cou DR EMEIT 722 <, T — Z IR BT
W5, MO EWAOHEBERAER T VR, K0
EDRK S 72dPldzT — 2 L OB E H DT Q@)»
DukRODHENTED. BARLIOISFERFE X
LWL OMBIR S L TR ERE LT,

f,,=ma

®)

26500  0.70 0.079
ReL2 ’ ReLo.so ’ ReLo.zs

Z 2T, ReldIWAH VA )V AETRer=J.D/ve, vi 1%
B CTH D, NQ@)TEE, ERk, ELikicxtd 53
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EHABEDETELOTH S, BRI L LTI 52
IEHEARRICR T2 ER U THDH. Godab i, D=
20 mm® Py v — 7 = v U TEMER TOT — X
ZHITEL, fi=0056/(J." " Re> ) Z5T=. 1=72L, Z
DX TR Re COSFITTH KIS TH 5. RIBRE
BIEHE L AREBRTIESE, TR, RFE b &N TV 5.
So LAV A ) )V ZERer DR A XTI~ [F—
DI CTHAEMEZ K& T2 &, BERBEENKE /e
DAMMRKEL 2D, RIS IR DBED TR X
VY. ERIE) O ELIE CTIRIR R E DB 2 Re, TR DE
TWDD, JEii TIERet AN DB 4 BT
HVHENHDH. Ty ¥y —7 =y YOD =20 mmTO
FEBRTIIREIRENLRE L TEY, ADIELOED/)
. —F, ETFET7 7Y ROD=40 mmTOEET

1000 - —
> Wall friction, D =20 mm
F O AN O Waterl
100 E o a "X X  Water2
E N A 40 % GW
F o B Xy o 60%GW
10 E o ANy mmme=- Ea. (8)
E S A \Q
i 0,8
1 L <o AA X
A
0.1 E
Data: Goda et al.("(19) \QO
0.01 EFETETTIT BRI TTTY B R AR R TIT | %‘m_.....
1 10 100 1000 10000
Re,
10 ¢ x —
E o . Wall friction, D = 40 mm
[ ¢ b\ O  Water
<o . A 40 % GW
1 b 4a A, \ & 60%GW
F AN meee-. Eq. (8
o \‘\o a.(8)
[ P 6A> )0
201t &é ‘\\o
E S
Ao
0.01 E S~
0'001 1 Ll 1 i a1l
10 100 1000 10000

X7 WAL A v R I Re, & BE I EEIRIR IR & O B

176

XSG SERRE V. XQ@)DEFITHRT AT, Hfkx
72 B RS COBEAF T — # 12 X D Rer<1000T Df,,
OREMEZEHNT, fi = a/Re "B Dabnk i/
FIEIT L VR 7200,

K@) DB i3 B TR KGN D B A f k4
51-012, fu=alRe"\TOUWTTORIEM D B e/
Tl Talnz R, [WKMEuc OB TR L.
KXE)DOFIRICH T HHEZEEL, RO)TRIND.

/. —ma a 0.70 0.079 ©)
w ReLn ’ ReLO.SO ’ ReLOAZS
D =20 mm¢& 40mm Ca & nDMEITELL L TWAH R, 1

SOFERXNCT D ERIENINRELRDZEND
D =40 mm% X5 lalnk RDT-.

a= 57exp[290’uG] =1 17exp[25.5ﬂG] (10)
Hi I
LoD ABIZ(9) & (10)1Z & 2 B R frvca & T TE i fonexp
DA KBIZ IR T . frucar D freplZ 5T D HEHER 551X
49% & RZ V., BEROISADHBX D 0k L OO T
N RIEFTHETHD.

10 E Wall friction, D = 40 mm el
[ O  Water f 6%60
A 40%GW VS
1 & 60% GW , T

f w,cal

: fm
01 k $
F &1 o
F R0
| o
001 g
S ETs=*49%

0.001 Lomut i i
0001 001 01 1 10

f w,exp

8 fi\/a)gﬂl’%'fﬁfwml& YE”E’TEfW(’\’p@tt$§

4.2 HBAXOFEMNSDOZE

dP/dz D EE R K OSOFBEF9) & (10) & vz
H B caZ W E B arep & LEEE L TR, SEH
5TRE L OTR2 BRE~DZEALT, oD FHHRAE T E
L 0 BRI A2 > TWB D, dPldzD I EE %
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177
AT B720, SENBTRE R CRE~DOE(L 2 35 0.8 —
) Interfacial friction, D = 40 mm
TELHIALTNS. | O Water
9&:?0\ bj’ %) (XL@%"‘%{@(XL,M[ & YﬁuﬁfﬁaLexpo)tt$§ 7‘8 A 40 % GW ,]:
IOLCE_\‘?— aL,caIO)OCL,epr%J"?—%’Dﬁ%@fﬁ?ﬁsli@ﬂl & tl: 06 B ¢ 60 % GW qo
$§‘CE@/J\ é < 5 %aL%%b\TGL,calﬂiaL,exp& J: < —ﬁ LT B ,,Q
W5 . dPldzDNERE & ar D FHE B owcaZ IV TR D72 < &&QsziAHG
FOAF e & BIE B i & DA BN U S < 04 £
DfsoplZ5ET D IEAER 25 132.1% L/ SV, Zhlda I
DRHED S DO T FAET B/ S WD & &R 0.2
LTW5. '
0.25 “
[ Liquid volume fraction, D =40 mm 0 —_
3 d O  Water, data 0 0.2 0.4 0.6 0.8
02 F A 40% GW, data frexs
- & 60% GW, dat . hex N
O e Water, cal o BA11 iR ca & T TE NS exp D ELHE
0.15 i "o - = =-40% GW, cal
: [ G 60 % GW, cal "
. i A ' 5. RIER S & REEERY
S [ @By %
01 [ Eﬁ%'%gw“’o
Tl O _ w00 51 BREESE
%OO/ 'OAAOO\
[ I
0.05 -3,%§ 77 v T 4 TRETIE, RJ6C ORISR A R
[ " N . - .
[ e WTERIRIE & 72 0, RA FEag & AR IO
0 R RA FRag & WRIFEIE ST LT o (1) B L
0 2 4 6 8 10 (12) DBIRNR 3 5 .
Jg [m/s]
9 JGL:;(‘j“jAéaLOD%I*%'TEaL,mI& LB\IJ E'fﬁowexp oG = 1- ar (1 1)
26 6 1-a5”
025 Miquidvolume fraction, D = 40 mm %G = (1_D] T, (12)
[ O  Water
02 L A 40%Gw 1 SERDH D ENTENL, ac¥utRHODZENT
© 60%GW ,/ % 7. Takaki 5 CFISFTOMNR L TR(13)Z L LT-.
B © 1/3
015 L max{(:;ReLj L0.32Re, 0,076 Re, } (13)
E L !
64‘
01 k96 = +0.02 REBRTOSFIZH T D60 RIEM & R(13) & D Iz
B1212 7R3, BRI T oD EMIFE(13) & 1EIFE—
005 F HLTERY, X3)TERIERICBIT ASFIZ b T
[ x5,
O [ b 3 3 2 L3 a3 a3 1 3 3 3 3 1 3 3 1. 3

0 005 01 015 0.2 0.25

aL, exp
K10 oD E A o car & B E M 1L, exp D L
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40
Liquid film thickness

D =40 mm, SF [
[
' i
30 | O Water 0
A 40%GW o
o 60%GW ¢
+  Water, 20 mm P>

20 F =-=---- Eq.(13) /2

S/L,

10 F 7

100 1000 10000
Re,
X112 JRIEE X6
5.2 FREEEFRH

SF L RECIIMEIRFEN R D Z &b, MBI

ILSFERFENZENICK LIRS TWD. L@
IIRFIZH L TR (14) 25 L=,
0.15D" 1.14K "
fi= 0.166 <XPy~ 0?33 (14)
Ha He
Hy Hy

Takaki 5%, KOROERBESRGICEALTY
LAY 2 A HE I3 A U722 WSFIZH T 5 0 A B
(15 Ew|E L.

0.76
« 3.76( P *
= Aexp\BK, |, A="+—| L D,
fz p( G) 104 (pcj

0.11
32_0'654(&J D6 (15=D'<187)  (15)
P

SIOREME 2B & ol U TRII3ITR” 7. FHBEC
(14) & (15)TiE, BAHOMPEEIZK L 60 %27 U &Y
KIEWEZ W, Ko B B80S 5 L fil ’iﬂ“é?ﬁz*&ﬁ

DEEIIIEH) NS L, dPldzT — % DATRINE D
BRARKEWV, X)L REEREBEEIX4CRLE
|dP/dz| | ZAFIE LB 2 23, (DITIERIR S i D ZETE D

178

BTG EN TRV, 207D, afMkE < KR
HOEENKREL 2D L, filTkEL< 725, KKe"DSF
TD40 %2 ) U KR TIE, HSICRLZE 91T
alIKEVETREVDR, fIZKEV/NELR-TH
O, WIS REEE IR L EX2 NS, K
K" DSFTD60% 7 V& UV /KEIKRTIE, BISITR LT
L9 ICalIARE Y RE <6 (a-3) IT/R LT L 9 ITIK
Jo (IKKG") DSFTHIEELILAE LT < 2 0 ADED
KELIRDD, FOMEMITAD LLIT40 %7V kY
VKR E RS TH Y, @M XD R E AT O
HOFBELEZBND. —F, FEKeORFTIX, Wk
PERE L 722 1F EdPldz" L olF/N S 7o T D (1K
43 L ONS) 23, fOBIEMEIZITHARE D BIL R &
j’bfcﬁb\ T, @K TlEar &N/ NS REER L

I W &, BROEBEMETIER(D) THDOETH 5
JL@?f@XﬂﬁZ’?VJ\é < ffﬁ v (22D, Jsloc—Ji/(1-ac)|
WhEL b &I ZDEIIZ, fITIXCCFLEs
P () B X ONdP/dz| kamﬁ”i?a”ét&), SiE R
FIB=UE T2 Z L3 L.

K(1H)F, BRESEOER « KR TOdP/dT — %
L DHEBEXN DA RO THESMELZb D TH D
B, ERSER A~ AT X < v KAsHiE, ko
BTEREEDEK - KF~OHHAEEEL, X (13)
IZE Do DFREMZIEH L CER LZMEERTH 5.
XA bfi~DWRNED B Z BB TETWVWD LITE
27, L L, fisORBRIIEMETH Y, X(14)
L5 EWBRT DA, REBRFESZT T <@
IR BEMEZIE L CTRETT 2 0B R’ S 5.

0.8 . — O  Water
Interfacial friction, A 40%Gw
- D =40 mm ®  60%GW
Eq.(14), water
06 F & e Eq.(14) 60%
o v — - - Eq.(15) water
. ..’ PP Eq.(15) 60%
w5 04 F x
0.2 |
0 . : '
0 0.5 1 1.5 2
KG*

X113 S EEER LS
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53 HHEADOBERE R

LX) QBT LRI, Jo, Ji, dPldz, ac, f,
HTHD. X)EQDBAPIdz% WL, Ji% CCFLAH
A TH %, i OMBRE T H T IUTIA KT Do
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METRIZ 2FHEIC IS 1T 2 AEHEET LV OEH
(EBERMITHT T 2 RHED> ST DA ZHETE)

Application of Surrogate Models for Statistical Safety Evaluation
(Bayesian inference for uncertainty analysis of PWRs)

AT #8%  (Ikuo Kinoshita) *1

Bl ONEAIE AR O /NS B T S A it 5 & L T2 T4 = — N RELAPS (2 L 5 #Et
B RIS LC, RN e 7 Z 2V 755 Stan & W CTREHEHE T VIS K 2k E e
BEIREDSA AHEE (T o 72, BT T VICE D 95%E DTG EE IC W T, Al ngEn
LAVTF, 3A4F, SAVTFOERIIH LT, FRT—XOV 7)o 7 EER L THRERICHK
U2 BRI ORISR LT, WIS Y v S RERAT A LIk o T, REEFET MIC L
5 95%IEDFHMIIE, RELAPS #H5H D 95%fE & k< —% L, WEFFHFEL Y bBENR L, BE#n
INEWZ EERHER L. F, REREETAICTL D 95%/95%EDFTIX, RELAPS #E D 95%
EEY b RESLZRMOFME G252 L 2B Lz, —F, TOEBOEHIL, 31 > Tl
VEFEHEHEDOEBOFMPIZE LN, 1 A FME 5 4 o FRr I, IEEREHEIC L A%
BOFPICEH T, RFNRFME 7eo 72, BT A E2 LD EEREEO R WL DIz
IE, TR TOMEY A X2 LT, 95%/95%(i 1% RELAPS 550 95%1E L W & 22T, 2olE
R E & e U R ORI PE L3l e b & ZE 2 b 5.

F—I—F  GRHAOZERHE, FOSREIE TV, RN SR, A ZHEE, ST v

Abstract The present paper discusses Bayesian modeling and inference using the probabilistic programming
language Stan for the RELAPS uncertainty analysis of fuel peak cladding temperature during a small break
LOCA scenario in PWRs. For the break sizes of 1, 3 and 5 inches, the accuracy of the 95% value estimated
by Bayesian modeling was examined statistically by changing the sampling of the training data sets. By
repeating adaptive sampling for each break size, it was confirmed that the 95% value estimated by Bayesian
modeling was almost the same as the 95% value calculated by the RELAPS code, and more accurate and less
variability than the order statistics. The 95%/95% value evaluated by Bayesian inference gave a safe side
evaluation compared with the 95% value of the RELAPS code. The range of variation of the 95%/95% value
was included in the range of variation of the order statistics for the 3 inch break, but was not included in the
range of variation of the order statistics for the 1 inch break and 5 inch break, resulting in an overly
conservative evaluation. If the surrogate model used in Bayesian inference had better generalization
performance, the 95%/95% value estimated by Bayesian inference for each break size would be on the safe
side of the 95% value from the RELAPS5 code and would give an assessment excluding excess
conservativeness compared with the order statistics.

Keywords  Best estimate plus uncertainty (BEPU), Statistical surrogate model, Uncertainty analysis, Bayesian inference,
Adaptive sampling
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Numerical Simulation of Gas-Liquid Counter-Current Flow in a Vertical Pipe with

Rounded Top and Bottom Ends

EA BYR (Toshiya Takaki) !

EH BUEFARTIF (CFD) =— R & AW 7= Bl i A I HE T AR AL S SR AR 2R B R F
B LTS 2 DICER R FETH S, L, MESITBIT 550 Mo BEE I
KTh LN RS 72 5720, £ 2T, AIE T, CFD =— K FLUENT %# ] L CE#E 40 mm
T ETFWwRNT U FOMES % T Z225 L K TOX AR ERT — &% THEEMT 217, CFD =
— RO IR~ A2 3 L7, FEZBR Tk B T/ROE FRHIR SN 5 KA AR Jo
DINSWGEIFICKT L, % F/RRTERER Jo OFFITIEE & L < —H LD, % FREORIKA
T COBMEIEH K E RAFRFER o ZIRKRICFHE Lz, Zhid, B TIENICL Y KRR
[ COEABILE NP 2 53, SREAE CIFEMEIEB A ME 2 IAMER LianZ LIk 5. Je 3
K&t b, ERTIIKOETHN TR CHIREND A, HETHE L OBONKE L FTHTOE
TAKHIRE BB CE /My o7, CFD 22— RAESHEE CTORIRE RGO G55 A 3 2 11X E i
NN L AR LT,

F—D—F  8EE, KEEmE, BERA)Y (CFD), % FAKRHNRE, A1 KR

Abstract Numerical simulation with computational fluid dynamics (CFD) codes is a useful approach to
evaluate effects of scale and fluid properties on thermal-hydraulic behavior. However, accurate CFD results
have not be obtained for gas-liquid counter-current flows in vertical pipes. In this report, therefore, we used
the CFD code FLUENT to carry out numerical simulation for experiments of air-water counter-current flows
in a vertical pipe with the 40 mm diameter and rounded top and bottom ends, and we evaluated applicability
of the CFD code to counter-current flows. For a small value of the gas volumetric flux Jc where the falling
liquid volumetric flux J. was experimentally restricted at the top end (i.e. flooding there), the computed J.
value agreed well with the measured J;, value, but the computed liquid volume fraction oz, was larger than the
measured oz due to the numerical diffusion of the gas-liquid interface. This was due to there being no force
to suppress the numerical diffusion in a vertical pipe, though gravitational force suppresses the numerical
diffusion in an inclined pipe. In the region of large Jc, flooding experimentally occurred at the bottom end,
but flooding at the bottom end was not numerically simulated. We confirmed that there are some technical
issues when applying the CFD code to counter-current flows in a vertical pipe.

Keywords  vertical pipe, gas-liquid counter-current flow, computational fluid dynamics (CFD), falling liquid volumetric
flux, void fraction

WEF R B— (Yoichi Utanohara)™
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TN W EAVE 2R BT 5. BHRRERIIER ToOBIs
FERICE<SHEP LTS, P=0.1~8 MPaT/{T A —
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L72Eq. (1) & 1.5 MPalZ k9% 7 1 v FREq. (2) D
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— - == Eq.(2)
=05 |
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0.3 —
0 0.1 0.2 0.3 04
(JL*)1/2

Eq. (1): Jc'2 = 0.608-0.238J."12-1.28J."
Eq. (2): J6'2+0.79 J.2= 0.68
(b) CCFLEFEDFFAE (D =0.75m)
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0.2 f
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O 1 1 1 1
0 0.2 0.4 0.6
J, 12
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H AR I 1T D BIFNAR R & R DIBERAE D> & O BE [ EEfE

Wall Condensation from Saturated Steam-Air Mixture in Natural Convection

FIYE  SERE (Michio Murase) | mAR YR (Toshiya Takaki) o
AR A# (Tomonori Suzuki)™? HKEFIR F5— (Yoichi Utanohara)™?

B AHEOBEMNIL, R FOFRIFICRIT RS (CV) N TOAFARE) 2 5l Fis
1% (CFD) =— R & HWWCHWW RV THE T 2 BRI, SLREN SV 7 OISV Tl ¢
& DUEHREER g OMBEIRARUET 22 & TH D, ZHETIZ, AAEEROBEEKEOS] %
WAERRLE LT, RPICER LIV A VA Rey &2 v — T v B Sh(Re) & VD Z &1 X
D, WERO g OMBEREIFBEO O ANV 7 IGEATE D2 L 2R L. LL, FiEcR
% CVINTORBITEICHRMK THSH. £ 2T, ARETIE, BWHIXHRICKT 2 Sh(Re) % 7T
AR T7H Gr & SHGHIZZEE LTHARMIIIRT 5 g DFBERA R, 56K D B IRxHRERET —
LW LT, ZOREE, Rdiz g OMBERIIERT — % Of/ME & L < —F L7z, Bl T8
mh b OERE y 2D T2 &, BRIREMET T 5720R D72 g OHBIRIC & 5 FHEE geca 133
YI L. 22T, qe OMBEREEREICHEN T 5720 DEBERERD .

F—O—F WA, P, BISE, BORZRA, BEm R

Abstract The final objective of our studies is to present a correlation for the condensation heat flux g., which
can be applied to the wide region from the turbulent boundary layer to the bulk and can be used for coarse
computation cells in CFD (computational fluid dynamics) analysis for thermal-hydraulic behavior in the
containment vessel (CV) of nuclear reactors during accident conditions. Previously, we confirmed that
existing g. correlations for forced convection flows of steam and air mixtures could be used from the turbulent
boundary layer to the bulk by using a locally defined correlation for the Sherwood number Sh(Rey), where
Rey is the Reynolds number. However, flow fields are mainly due to natural convection in the CV during
accident conditions. In this study, therefore, we obtained a g. correlation for natural convection flows by
changing the Sh(Rey) correlation to the Sh(Gr) correlation, where Gr is the Grashof number. We compared
results computed using this g. correlation for natural convection with existing experimental data. The g
correlation provided results that agreed with most of the minimum values among the existing ¢ data. When
decreasing the distance y from the wall in the turbulent boundary layer, the g.ca value computed with the g.
correlation decreased due to the decrease in steam concentration. Therefore, we derived a correction for y to
allow application of the g. correlation to the turbulent boundary layer.

Keywords containment vessel, flat plate, natural convection, saturated steam, wall condensation
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Abstract Wall condensation is one of the important physical phenomena that affect thermal hydraulics in a
containment vessel (CV) of nuclear power plants during accident conditions. In this study, we carried out
numerical simulation with the GOTHIC code for a heat transfer experiment on wall condensation using a flat
plate, and we evaluated appropriate cell sizes for computation of condensation heat transfer. The sub-volume
model, which is coarser than computational fluid dynamics (CFD) code and more detailed than the lumped
parameter (LP) code with LP models, is implemented in the GOTHIC code, and distributions of physical
quantities and flows can be computed like in CFD codes. From the simulation, we judged the sizes of
computation cells within the turbulent layer were suitable in the GOTHIC code, and we carried out stable
computations. We confirmed that the GOTHIC code was suitable for the analysis of thermal hydraulics in the
CV with a huge volume. The computed condensation heat fluxes were a little smaller than those obtained
with existing correlations. This suggested that the heat transfer model in the GOTHIC code may be used in
the bulk.
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NI TERSINTMABEXAZEEICET T 5 &, #mE,
R, RRIREDMMET T 5720, qey®iHmES KiEIZ
’FT2Z N5, 2Dz, 77 O
XA U TR BB 2 ORI 3 5 72 0121,
EAEZERE LY b RELSTOILERDHD. L
L, K142k L7= X 9 CGOTHICTIE, #HE /L2
Jiig (y7=5.8~58) IZFRE L T b qe,DaFHMMEDOK T 23
SN TND Z &b, BEmMAERIZL Y, go,DIET
o DR LT D LT E D,

4. FEO

AR PR ERER & X202, GOTIHCIZ K % 2R
AT 24TV, SEESAR, RESAE, ARIBE AR
T OB SR~ D F L LR D BB A F AT L 7.

GOTHIC T, ELIRMEIROEESAMICONWTIE, &
JVSHED /N TR b A R ORI 3 A L O R
DDz, FEMEERE D S ERE C I, R, &
SEESREBRICHE LZ. GOTHICTIE, BEEIC
B 2 B L 2 ELIRE ICEE T 2 008 THh D &
EZHND.

BEH COBRFEAIZ OV, MBS/ S Wt A~HE
ERE LTI, BE LI EGHENARETH D =
& el U B AN R o EE B SR BT b
AT/ NG & 7572 2 & 0v D, GOTHIC DEEEEMA
EET ISV COFHEBELLET LV E RS
TWAHEEMERDH S, L2 -> T, EMmEVEEL Y
Rl 2121E, B -HEZ S BICKRE LT HHER
hodEEZLND.
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F—RFF A FRAT L ARG ET O
BRI/ SCC 1t R 2 H)
~ZIE TOMERIRIL & S 1% DR E-

SCC growth behavior in weld HAZ of austenitic stainless steels
in a simulated PWR primary water
-Current research status and future program -

(L &.B5 (Takuyo Yamada) *, A %] (Koji Arioka) ™

B A—AT A FNRAT ULV AHOERAKTIS B EEUL, BRI TIC L 0@k 5 L
HENDZENMONTND. REAEZERLELT HBENH 5N, FolbiEamz g4 s L
72 SCC HEJRZFEICBIT D2 HEMHT D72 <, ZOBRIIMT AT > U A5 & IRBEEES B O R{LER D
SCC HEEZEB DO EMRIZEET D313 < 22\, INSS TiE, Z OEMIoEIEAKS SCC HERAEE)C
DUWNT, 2010 EEH L VRV A TE 7=, KRG T, £ SCC AT B 2 AFZeRUE 2 %
HLTHRNMTDELHIT, SBROMEEZIRRS.

AT v U ARG R O SCC HEE BN L, [F U & OmBIINTAT O SCC #EEEE, WOl
IREERAENE E R OB A2 R Lz, ZOZ ENBIETIINTH O SCC R 258 TR &AL,
BB SCC ZFh & FHIFREL B2 Hivi=. 72721, SCC #EJEER CIIAlE IR BEE 01 e S 50 M
INTIEERD SCC Wy EHEAHET 5 2 ENEEECTH H. Z OENLIE, SCC FHAEMM DB K&
DD, AHRMIRRIZZRHMESS A 1 =X LGE: £ O SCC IR, &V MEEMEMER O
T-OICEETHD.

F—IJ—F A7 L AMEPIEN HAZ), KIS RER (SCC), SCCHEfRMEE, REIRIFIE,
AKIE (LWR), - ANJE KR4 (PWR)

Abstract It is known that SCC growth rate of austenitic stainless steel (ASS) in high-temperature water is
accelerated by hardening of cold-work (CW). The weld heat-affected-zone (HAZ) of the ASS is also harden
by deformation by weld shrinkage. However, only little have been reported on the SCC growth behavior in
weld HAZ of the ASS in hydrogenated high-temperature water. There are not many discussions about the
relationship between the SCC behavior of the both conditions. Since the 2000s, INSS has studied on the SCC
growth behavior in the weld HAZ of the ASS. In this report, research results in INSS on the SCC growth
behavior in weld HAZ are reviewed, and future subjects are described.

As aresult, the SCC growth behavior in weld HAZ of ASS showed similar rate and temperature dependence
on SCC of the cold-worked material with the same hardness. It was considered that the SCC growth behavior
of the cold-worked material and the HAZ could be estimated by hardness. However, in the SCC growth test,
it is difficult to directly evaluate the SCC behavior of the near the surface area, such as SCC initiated portion.
In the future, it is important to study the SCC behavior from the viewpoint of microscopic evaluation and
mechanism to ensure high reliability for light water reactor (LWR) for SCC evaluation.

Keywords stainless steel weld heat affected zone (HAZ), stress corrosion cracking (SCC) in high-temperature water,
SCC growth rate, temperature dependence, light water reactor(LWR), pressurized water reactor (PWR)

1. [FLBHIC 19704EARICBWR Tl S =8l (CrBbodrHiC

EBRIRCHEDIET) A7 2 L AFHOSCCHFIA 5>

F—=ATF A FRAT L AHNE, 8K (light water
reactor, LWR) OBELEM B2 &L LT, /KR TIF
(boiling water reactor, BWR) <CHIJE /KB 747 (pressurized
waterreactor, PWR) TIALfEHINTWD., ZDOA—RT
TA FRAT L AHOFEEICI T HSCOREIR & LT

* 1 (BR) FFIRES AT DR Bl AT 258

IWTEY, ZOBZOXMNERM & LTI SN IRREAT
Y LAEICEBNT S, 20000ERICBWRD Y = 7 0 ROF:
TEERECAE DR BN (heat affected zone, HAZ) ¥ CDSCC
HHIDRE SN TOAE®), Z OIFBIHIRKERT L
AZPHADSCCHEHITIE, FEHAF & L TRE DR MIN TR
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PERGCBC L DR LSBT LB LN TN E®, 2
D% Z OIEBUBALARIRSE AT L A G DSCCHERZEE) |2
B3 2 WFFE 03K IR AT 4L, BWR DI /K E (normal
water chemistry, NWC)? & 9 735 %57 0288°C D il Al
K TOSCCHEREHE T — & MBS - g S0, F7-
HAZE ORI LR C, R TSCCHER DM E S5
ZERELHEINTNDY.

PWROD LIRS HMERSE FClE, BWRONWCD L 9 7R
FREETLEWVEREMEER T L8220, KFEMRIZLVE
BEMPHFTTTONTRE L 2> TRY, 20X 57
TRV VS B BAEREE N ICB W T, #ERAT > L AETSCC
TR Z 572 e STE . FHE, mEDOPWRIZET 5 A
T L AHHOSCCHRNE, R DR 21T 72IASCCTNRR
FRRIFRIN 72 ERR IR EHIOID L DN ETH 72, L
LIEFETIE, 77V AIZBT 25O 2521 7= type
316LED b — % 2 —Z2DSCCHHI®, N L S iztype
316LAAR L h DSCCHFAI, HARIZKIT H—7 = R
B (SUS3168Y) IABEBGEELT R OB E I S H)0112, 2
T LA BE (SUS3168Y) FEHEBGEERROSCCHAD, 75
VAT DREFENREE (type316LNEY) DiEHENY
BELOSCCEH NS S, WINOGE b A8
LIEHER SN TR BT, SCCOMEHRT- & L CId#Em /2 L
DFRIN TR BN K D LR ERE L= b D
EHEESH TS,

—75, FEBETIE, muvmBinLzx2id52 8280,
BWR®D7KFEFA  (hydrogen water chemistry, HWC) Eg5ES°
PWRODTRGHRA D & 9 2RV B ERE 2T
b, PP A — AT T A FRAT L AFHOSCCH M=
L5 Z L MR S, T AEE L= BloSCCiE B2
BT DA TFEHE S AT & 72152,

INSST%, ZDOPWRIZHIT D 1IRGEM h OIS A
— AT A FFRAT U AHHOSCCHEENZEI LT, /i
LAEBELZAT L AHOSCCHERFEM®, W
HAZ ORI A xF 52 & L 7= SCCHERE A7 & %,
20104 & 0 S L C & 7o AR ClE, FRCZNETHE
fiti U C & 7=HAZFR O L AEII d5 1T 2 SCCHE R 8 DHF
USSR A N, BEROWNAE 2D TR LED £ LT
5L &bl R DEWENIZER L A% ONEE
W7,

2. THETOHRRKRESERDRE

223

F—AFFA NRAT v L AEHD HAZ E OfF{L AR C
@ PWRI WRHMEREE T (REAEREE T) ORI
DOWTIE, ARRD EBVREN TH-722 b H Y, it
BillEZ < 72V INSS TIERL b ZOMBEICER L, 2
MHOVEBHT O HAZ FOmH LK T SCC Rl %2 %
i L L C & 7227,

AHETIE, ZHHOMENEE, T G Et o R ER
JEOBLRT2.1 & 22 TUTE & DT, FEMITHRIRT 5,
A Q1) X7 m vy 7 RORT VA Vi@
BASED TIGHSMAW (2 L HEHH T, H%E (TR 25
@ TIG THEELZLDOTH D, ARETIE, WED
FERAO CTHILEL L, HAZ RO O Lk & i
INTEE & ORGR (2.3 ), EE)~ 6 OFFREIZIG U7z SCC
HERZE) (2.4 1), SCC HEREEIO K KM & ML
DS (2.5 ), SCC HEREREE Ol R &
T & Dbl (2.6 TH) & U CTHEEEE LRI L, Ifkic SCC
ZENZ RIETE OMOMEHRF L A% OBE 2.7 3H) %
WARZ.

7235, INSS DOWTEIANLH J O HAZ FH{ b iEIk D PWR1
WG BREE T o> SCC HERHE IR 57 — & @M,
KEEAWFEFT (EPRD OEA#REE (MRP-458) PNk
W, ORFZEE DT — 42 & & HITER S, SCC HEEE
BEERXDPMER SN TN D.

2.1 TIG+SMAW;B @D

AT U AR, Tl 3161 35 KT 308L #H
ORIV, ZhZh SUS316 & SUS304 12V B
Jek i L, #EE% (tungsteninert gas, TIG) VA#%, HRETHR
3BT — 7 vt (shielded metal arc welding, SMAW) (Z &
D5 TRUWELT- b O &AM & Uiz, iR T
DIMBLE X 1 (@) R B O A 1 ITRT. 20
BERNE, 71y ZIROBH Z KD X5 [T A ICEE L
TORRECIREE LTs. K1) ZiEEE~ 7 afiik & CT iy
PRIIE, F STENE 2R g, AEEEAIT, AR
WD SCC HERFHICODT=DIZ, T a7 DFEFNG
BRSCIN T2 6 L CYAHE L 7= 00 C, 1l H ORE 224 E IR D
BB T ANEROY =2 7T L, £7-0)E
TRBETUTEE O MFE-Om AR b, FERRORLE & 7
BEOSME L IIREICIIR 22 b0 B BND. ok, K
TR X BRSOV TIE, 2.3 TEICTHRAT 5.

SCC HERERBRT 1L, K 1(b) (TR L& D1, I
51 BEO3mm OAET, SCC MRS L
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172725 X 9 ITEER L, SCC BRI fik U7, 3BRaef:
DT, BERC 2SR S 720, SCC R DR
Bz oW T, 2.4 LS TR 5.

2.2 BBAKTIGEEMC

b (v 277 v 7H) OSFERZRR@IRT. 2
DOEHRE, BEM R ETIGEE L= b DO TH 5.
Mz A7 LG SUS F316 TH Y, MEHRZ 2R
7. B2(b) (TR 7wk & CTRUBR A BRI, fifl S
MENLE Z 7R X IR L& 91T, SCC R I
WHER D 1,2,34mm ONE T, SCC HERE T FEHE
BREFATIC D X DI L, SCCHEmaABRIZHt L7z, &
BRI OFEMIT, BERCYZ SISV, SCCHEREHE D
BRI OV TS, 24T LIS TR 5.

2.3 HAZEPDIEILAER DB & AT E
& DORER

43 & 412 CTRUR A BB SR 351 2 i KA &
TR O OREFECIS U OR L, ARG OFEEOIREE
M OHAZEOBUBEEE, 10 mm FEEEDNLE > B IARHR
(17> TR LT DM 2R L, Wi & b ITHHERs
DAZBHOETHLLI-bDEEZ LD, K3D
TIGHSMAW O LA, [X4DBBHIETIG ORE KA A &
W72 72137 <, FAIL Tz,

BSIZ1E, HAZERORE(AER %, SUS316 & SUS304% [FRF
\27 oy b ULl U COR Lz, i ORI LB 2 AR 7 22
(ESTHEY gWAY oY el

WIZ, VEBETIED $L75 2 SUS316 DRFAAEH & ZEAMIZ L
T 572002, IEEERD> 520mm F TOEH O S % [F—
777127 my FLTISIOR Lz, G, REERIS
10 mm DAL E 7> & IR [ 5> > TREL$ DB,
TIGHSMAW (FH) EHBRAETIG () THhEV LD
F, EEEERLEE (1~4mm) OFPHTIE, RBiIFEOH/
8 & e RAEIFHY (0.05) =215~238, & 1XHV (0.05) =220
~245OFPHTH Y, Z OFIFH O S IZBAMR7R 23727
72 =75, 10 mmPL FRENLAAZE I, TIGHSMAWA T
HV(0.05)=170/1#%, $&BHSETIGH CHEFAHV(0.05)=150F2EE
& AHV=20REEDOZEN B o T2 Z ONCE O S TR S
N2 b 0T, BMOFEM (SUS316E
SUSF316) i S 2R HoTob D & Bbis. ko L)
2, R SIZETOELSH D b OO0, EEEE; TOM
AN R 2 221 T L D e o 72

224

I CHE DR LI D EBEEEZ D, T,
ek (TIGHSMAW & 2FETIG) |, BRJeIER GEE B
ERRBRSE) HEAR DN, T ay VRO E EIE LT R
&, BEE G EOEN K OREDOENE D, £,
BASEIEIR DN DWW T, B BRGSO EIs &
DIEBEOY G, O UERIY, AEN LV LL, %E
AL &, F-EE NIRRT L W bT D L
EEINTNDO, EIZOWTIE, LY RKORORWEEE
VE T LT D EADHE STV D0, IERETIEOE N &
LT, 7ry ZROBMEZEE Uik, BEEHN
WEEOE R DD, 12120, KGO T vy 7RO %
RV EEEFIACIE, R 2 sa e Ui Lic e
b, RHERFOEEZRET D Z LT, fERE U RS
WEOBREL L HHREHFBTE b0 EBL2OND. £
7z, AT THA Lol SPERCENY, CTRUBR T BBk
TR EONEITHY T 5 K 912 Lic/ed, BlE R
JE 7 RN R S BT & 7o > TR Y, £k
DHOHEEL B2 D LLED X 5 IO TR R 5 7=
DRI RRAHT DALV, wEEETE, BRI, B
BETIE, BRERENRRD OO, #iF e LTZOMED
A LEAEC OB & oo T b D EBZ HND.

2 Z°C, HAZE O bk & N LE & OBMR A%
2. %. HAZE OBAVSEIROM S 1%, WESFTC L2537
FHRENT &5, EHEHH DAmmE TOM SHFH 4
INSS ORI T CHUAS L7288 & & 4N T o BRI
7y b LTK6OITRT. XD KL 912, 2RO OlFI5E
O SHV (0.05) =215~245% 711y 45 L, HREN
TRETS~9 %Y & RFEE i,

24 BREEISOIERICHE CL1-SCCEEZ
8 (EPRIC &k 5 #i8LETM & TEM/EDS 54T
HRLEDOBER)

BATIZEE e~ & DB 64 2 SCCHE R 27~ L7z,
HAZH OSCCHEIREL Y, WHaf OB 1~4 mmD
PrEZIZd F 0 BAE T, [FIFRE OSCCHERHE %7~
L7z, F72SUS304 & SUS316MDHIFER] D7 & B T/a <,
S BIZTIGHSMAW & BRBHIETIG & D7 IR Clde o
7-.

BUL (CrEAbONTHIC L ARURCHEEE DIET) otk
AR O =8, TIG+ SMAW R B @ SUS316 8 L Y
SUS304DHAZ R CHUBLEE (electric polarization reactivation,
EPR) JHIE % %l L7223 E7REPRIEI IR Sy, Sifik
{biTE S e h o 7=, EPRIEIEIC X 2 St L R L 0
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bR A A9 5 728, U LEERIERH O < 7 afiikel
SER (SUS3040M1) A X8I/~ . Sififfl Loy
BERCHU LR CUL, S LEERER I I 27 ikl
BhT 5L, FEME LR ORI R HICEIR 3 2R O
BRSNS, T &) IEMNIBIES T, FE 7 o
BEIZBOTYH, SBULOIEIMER SN2 h - Tz,

S BIZ, R Dot HZEE PR IR DR D 7=
DIZ, BBRIETIGIZ DWW T, Fi - BEEE (transmission
electron microscopy, TEM) BIZ2(Z J %5l 4 2kt L 7249
ZORERIZE B &, EED D102 mmOALE OBIEE
BT, DINCCRIDP BRSNS r—ARH Y, £
ZAUTHED DT DRRLRCRE DO T bR S 4L, 3
AL DIMENBIZZR SN TWA. 72720, KR LTZ
SCCHERIRIE 1T, VAR & OB L CHARR 2 251370
<, DX TS b oI EIE, SCCHERIZH E

WEBELRWHLDOLEZ b, 7ok, FEEEROTEMBIEH,
RENZONTE, BERESHRI 2.

BISITR L2 K 91T, WEEEtin & OFEBE 1~4 mmO7E
DOFIFATIE, B SITHRERENRD>T2DT, SCCHERE
WE G FRRE L o2 b D EBZ HILD.

2.5 SCCHEEBFEEDKIRTEYE EARBMIHF
EDHER

X9\, HAZEBRHALRE D SCCHEEHEE DG LR AR SR
(K) Az R, FARRKIKF 2w 210, 7

— BENDIRNDS, K=30~40 MPa + m"2D#iPHOSCCHEE
AR DO L B F, HE W Eb Lo
K=30 MPa - m"> il CILEIITSCCHERHE MK 42
2385 X HICRZIT HNDD, ZO/ITS HITHFED
VETHZ. 708, BT, RS L BRIE ) W
BITEAHETTay b LR, ZNENOZEIHETIX
VAQIRESY

Z OHAZEBSCCHE L 2 7 N TAF OKAK A7 & b
i U CI0IR Lz, I T o7 — 2 138 TREAE L L,
MR~ —7 #EB L ORLEZ. ®G, HAZERO
SCCHEREHEE 1T, 10%CW316(TS)A DSCCHEEHE &y
BETHDLZ LTz,

26 SCCHEBEEDEEEREMEL SBEMI
MEDLEE:

X1 102, HAZEE b8k DS CCI: it E O BE (R A7 &
R9. HAZERODSCCHEEHE O ERTFIENX, 250705

225

R0COHPATILT L =0 ARDREKENEEZ L, D
#340°CTHII L, 320°CHTfHIC B — 2 & FE ORI A
RUTz. 7036, TORITHHE, AL L SRILE DS
TEXH L7y LD, TNENOZETHR TIER
Mofo. —Hb, RKAE LR LI=T — 22550, [K9DIKKAE
MICEWVSCCHEREE DT —X LHEEA L, iDL BIVK
EAMENZOIZSCCHERIFENEL IeoTebD B RS
ns.

Z DOHAZHSCCHE R 2 1 N T ORERATIE &
b U C1212R L=, HAZE O T — 213, KNI R Lz
HLO LRI THDHH, RIRD & 30 AR S O fEfE
T DFEWNDIRNT LD, JHES ZRET D T2 DRl & R
HEOHHHNTE DX IC~—7 LONTEEFE L. Bl
MIMOT—21%, 2TREL L, MTERICY—7 25
B L ORLZ. K235, HAZEOSCCHEREHE L, 2T
H10%CW316(TSH DSCCHEREE LTV MECH Y, Ho
IRERAAES, RN LA &P/ T 5 Z & 3 orino
7-.

27 SCCEBIZRIZTZDHOMHHATFE
SHOEE

Z 2T, SCCEEN LTI MEHAF-OBLET, =2
TORER L ZOMDOBEFTRERFIZONTELEDS.

ARG THVWIZTIGHSMAW & 3B JETIGOHAZERIZ 1,
BI8-CREMR™ S Cor L7z L 2 ISRz 8t (Crikfb o
HrH ERURCHREDIKT) 13RS o 7. SCCOR
R T DOHNDO—>TH HHMULDOREINRIZ /R > T-D
T, B &3 U TN T & & AR EALL L= b
LHEESNLD. 72k, Bk EDREND - 1255,
PWRIKAGEM B T2 DRISRIL DOIF(ENE, SCC
MR ZTe LAIIHIT 595 2 L8 S Tunp@, %
72, MBIOCHRE D BED I TE Z 1286, CrREOKT
BRIE, PWRIKMEMEREE FicdkW\Th, SCCHERHEE
OHMER L 720 55D L bWEESNTWD. UL ED X
INTHHALIZ K> THE U7 B 2RI E 2 7286, SCC
SN D BN D OC, SUBALSBR T B 4R
BT, Crifb D8 L Cr/RZ DOFBONE 2 BB
ANNVDVER D D.

AT LA B (SUS3168Y) A HEENG BT O SCCH1) T
I, EHEOWIEHRTES C XL KE I AR & DB TR
IR S| TR o Te 2 EM—R & &, F7-SCCHATBALI LA
PRI L, TOWNRE O > = 7T L B kT
B BIZ L VBN L T2 LR N s ST
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5. ZOENE, NEREO Y =2 ZINT L EEEEERE O
HEIZ Lo C, REEHFORBEMSIS 100, L0#E
MHCTh ot LESIA. —JF, BWROFEERAE DSCC
FHITIE, SCCOFRANBITEBER TN D EH D3,
2~4.5 mm BENALE L ERESH I TN D, ETZPWRD
=T NEE ORAEINFHNZ BN TS, BN 5
3~5mm BEN/MIE CTho72 2 ENHECRDINTEY,
SCCHANE DB CTIHENS RH5. SCCIZIETH
BHAFOBLETIE, SN O E SOEERRFLEEZ LR
260D, SCCHANE L DHEBNTOWTIIEEM H7% 5.
ZDEHEE L, 55T OMOMEHN T OFELZEICA
oo, KVEEMiFNEEND.

AT LA B DSCCHAITIX, % D% OIS T O
70T ATSCCITHE SV TUVVRV, 7TV ADLE4A
ENRECE OSCCHFRFITIE, TOROMAE T 1 /T L TH
PELEFTOSCCOMERTIRE SN TH 0 9, FHEIRSIFICH LD
2, GEERH DT INAFIET D ATREMED & 5 Wk DS,
BRI A O A E OO ATREME R EMER ST
WD ZIBDRIZOWT HENINTAE L 0 SRR A
SR Ens b L Bbhd. AHETIE, MERTIC
DUWNTIRAT X 72, MR 7132 OIS NS08 4
(RS> TEDHRNEDVIFDLDT, TORGEZDIHHE
KRl & HETH 5.

3. FEH

AT LA HAZ FoE{kadisk (SUS316, SUS304) @
PWRI1 KGHBESEK T O SCC ZEEOWT, ZHET
OWFFTIRIL A S TREEL L, #30 L. B8 eflm & 5%
OEIZOWTLATIZR R 5.

(1) AT VA HAZ TIIEEREOBEL S0 LY
kL, ZOmfbIZfE O PWRIT RIGEIMEBREE FCO
SCCHEREMNMNTH LD EEZBND.

(2) WEFRRHDO HAZ SO LA E, VaRERRT R 2T
SN T L, EERND 4 mm fF2EETO
HPHTIE HV(0.05)=215~245 FLETH Y, AHED
2 FESE D VR OB LAE AN K & 72 TR o 72,
O ST TEINTE 10% 0 SUS316 & [FIFEETH
D, SCCHEREEE 10%CW316 & [FIfRE TH-T-.
F72, SCCHEEHEDIREKRFIED, 10%CW316 &
RO g &R Lz, LD HAZ #R L ek o
SCC HEREASENY, i S 23 [EFEE DM T4 SCC

226

HEREBZ NS Z LT L 5T, & BIREEHEN aTHE
LEZOLND.
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F1 BRI
C Si Mn P S Cr Ni Mo | Fe
SUS316 | 0.047 | 0.44 | 1.42 | 0.024 | 0.0005 | 16.47 | 11.05 | 2.08 | Bal.
SUS304 0.04 0.31 1.59 | 0.031 0.001 18.34 | 9.21 0.37 | Bal.
#£2 RO
C Si Mn P S Cr Ni Mo N
SUSF316 | 0.05 | 0.52 | 1.81 | 0.023 | <0.001 | 16.08 | 13.11 | 2.11 | 0.04
(A DY (b)~ 7 v ik
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Actions to Make the Company a Great Place to work : Classification by Text Mining

%% % (Manabu Goto) *1

EH BERVOHDLEEOW Y MAAMCET LRI HONVTTFA b~ A =2 7 &7\, B
MANEOSEER R, Ry FT—7 BN 13 Oaa=F 1%, (1) HEK
IR 2R, (2) AMERICET2E A, (3) EidtAIcET 2| #Ha, (4) =
Loy VIR RSB DR LA, (5) FEEEBRICEET AEY A, D50l
B L7, SR HACHEmTHIEEREE LT, e 0E0EESE 2 28 E L2 A
X0, BB O— KA D D E AR ST

F—J—F  @BER0bIYS, BVESE THFA IS =0T

Abstract We conducted text mining on descriptions of the actions implemented by companies that are a
great place to work, and we attempted to classify the contents. Thirteen communities were obtained from the
co-occurrence network and their actions were organized into the following five categories: (1) actions related
to reviewing the rules to make them easier to work with; (2) actions related to human resource development;
(3) actions related to shared awareness; (4) actions related to communication activation and a sense of unity;
and (5) actions related to social contribution. Common to all of these actions were respect for the will and

231

ideas of individual employees and the enhancement of a sense of unity among all employees.

Keywords  a great place to work, actions, text mining

1. [=E - BM

FLEIZE ST MBEBVOH 5 AT, EAZREDY
FHADMTOIVTNDDTEA 9 h. ZIUE, £ < DIEZERRE,
B AN IAOELETH S I . T2 TAR
T, P T HE RV OH et L LTELSFHES
AVTWDBIGS ED L9 72 il a L T2 DD, D
i S AR, 2O W e RNH D Z Ik - T,
AL TIL ED & 5 A E AR L <ATHIL T\ D D0, B
FCE% ED X D B FHADLEL IR O), HETT D T
MV HEDEEBEZLND.

@& 23, SDGs (EEREAA#E % —,2019) O
THES MBiEAn bR & LTEASH, T3
TOAND M ZE DN E 53720 D B 5 {15 (decent work) |
2O Z EMEftAlie et RIC L s THBETHL Z &N
LTINS,

FEADERAOPE S - MR BT, & 23\ B S
T OSTARO P CHER ST E T2 AFA~OIFENL, HEH

k1 (BB B HRET AT MIFFEHT #a 27 AMFET

JEF1D X5 728550 & ORIFRPEFH I L - TIRE S 11D

U FIIENEST) . £O—FT, IRV T &I
Lo TR PNREURE L, L0 —EEVICEY e
e THhIEENHEES D (NFRAERESIT). ok
2, BEDVAHHIREEICIT, FRBICEEN, X0
GBI T D 2 & &, I e 2 & 20 b DI
HEB L TND Z L andic B2,

AT MBE RV OH L5t EZORY AL LT,
Great Place To Work® Institute Japan (GPTW Japan) @ [
ENVDHLHEAE] TS R R 100 D HP T
— X A LTz (& 23 )0 3 B4 WEFERT, 2023) . Great
Place To Work® (GPTW) %, 15459100 » [ET Mz 3
Wb Dt AR IGEOIECHA - L, &EO
HHAT 4T TIUF U TREFRLTND.

GPTW T, MijEsv) & Mhxods) & RN
VW ORI TH D L EFRT D (BEN
WD B HEFARTERT, 2023) . = LT, GPTW BNEDH L 2H
B @hE BN DdH Dtk BT TESW T T-> T



INSS JOURNAL Vol. 30 2023 R-1

Wb, ZOETATHE, MBEirnobsath) L, <
RV A N EWER L ORIEERH Y, — AN E D DORE
NP BED T DI KRR EN STV D& i
T E oWV ol ERAEEE (RNY 2—) U
— B TIRHY, A )= 3 v U TR
FEE2R-TENTED. FTHLwRUAL FEREEAD
W MER 1ZEET, [FEEMERT D 5 DOMER &
LT MEM) T8E] [ALE) 1550 ) DK BHiT o
TN,

GPTW (XD MBIx B0 Haxtlh) i, B< A~
DT or— R &, B~DT v — D 2D T A —
N CHERE STV D ABHED 5 SO ERE &2 ET 58
M2 HulIS, B BRI BT 2 B R 2800 U7 8
SANDEZA T v ir— b &, ULt EE, AF
MR (BRH, fEfEG OB RIS, (EEEDOOE RIS
B, B, ZA—2T 4, D=0 T TNRTURA,
Fhes - ISR HRIEEN 722 &) O BRI MANE % LR
— MERCTRESEL8E~DT U r— b5, 20
2HOT - — MR ERICFHE S AL, MBiE W0 bh
Lt NEHInG.

Al ZEWPEERSL T — X%, L7 r— kR
FERIZ Lo ORI ESNZANA R 100 B4R A7, —1L
DI E DN EEO LI A (T4 FA I EA)) &L
T, N ENTWEbTH 5. < O AT S
LR EN DT, ENERYMARNRTHETEH &
LFELWEEXZ. T—XOBHEICHIZ>TE, 7FA b
A = TN K DT R, T ) W T EIEE T,
KK, KIiE (IEM,2017) 72 EOFEEAWT, Bl
DHLHDEFE LD THHTHZENEATHD. LL
RING, BRIOL T —ZOUENEL, 14 (14
DT —Z OHFNHEELOE Y FAA DGR STV, 4338
WIS DO TR0 D. £z, WHEORBIMEE SO 57
DIV, BEROBDDENR G LEBE LS OLERD
D, YR~ N\ =2 BT 5. TXRA YA = T EE
3252 L CZOMOHEFEN E 2 F THEMICTE
DO, FNRDHINTEDONRET 5.

2. A&
2.1 &

GPTW Japan MR8 « R LT D, HARIZKITS
M@ nnodbhsrett) 7% 7 RA K100 DYA k
IR SN TV D, &0 THik4 ) & T4 T4V E
Ir) BOMTRIGE LTz, MasRA 34 30 TR, A T4

232

THY FAARE 200 THEEET, TR /IR S
DMERL LT X TRl S - b o Th - 7.
2019 4E~2023 4ED BAERI DT o v VhtG e Lz b
A, 7660 DT F A N T—H PGB, BAFEED
NRRIZ, 2023 4Ffil 100 #E (15,40,45), 2022 &R 100 £E
(15,40,45), 2021 4FAf 160 #E (25,65,70), 2020 #FiK 155
tt (25,65,65), 2019 4EhR 145 11 (25,60,60) TH-7= (F
NI, 3R OEIRI DT — 2 ¥k~ d) . 2021 4R
AR 100 2L EOSHRN BTN TV D23, ZHUE 100 £
WCIRERE I —EKMEEL B IR BE DO HHE
) L TEHIN TV EICED. 20T 071
25 NPAEDTEFET DIEAREIC L D=0 MU — =TT
PINTWDT0, FAEFEICT % v/ SN DHEICITEE
DoV, F—EEIEHEEEENLTWDLZ EBZ0. ThE
W AT A VIO DI DT XA N T =X X
T, R (2019 4F~2023 47), {RFEHUE CRBGTM, +
HUSERFS, /NEUREEY) &40 E LT L. i
B, KP/ho 3ERC, KBS crEES 1,000 A
Pl HHAGHETC 100~999 A, /IR C 25~99 A
TRAaENT-.

22 WAE

TXANT =X ONEE BT XA M~A =0T %
1To7-. HriciE, $E0 (2020) @ KH Coder3 % v 7=,
IHTEAT D BNCLL N ORTWEE 1T > 7. (1) LUNOHGE

RNV a— Ivvay, =T, EVar, Ny
) 1%, HBBEENR L, 2o, JEEERLE RN
RIEL T2, ZRUBICHOWTIE, HEERTL A I T
B L. (2) EEBDY L, [EER) WEEHR)
DNWTIHE, EAFEORIER A S TERhH L7z,

3. #&R

(M4 & A FATEO A B leD 660 {07 ¥
A NT =L, HhREER 77,307, B0 FEEL 4,985 T
660 1: 2,780 XDTF A N F—X Th-o7=

#1112, &7 FA T —Z OHEEEEAT 50 FEOHE
[P SR A R Uiz, BRI, 1 ChlEED ik
Bl I 8E T HHBIOBEIZHE S 7 h L TWD. 3T
T, 1O TOERMEHIT T R LT ZRWn

b MEH SIZFEL THR) T, HEEEL 949 [5C
Hoto. R 13660 FOFEROHF T 415 1 (62.8%)
THEAIN T, EALOFE, HBIREN S OGEIE ESC
EHL L, FLS) (a2 M 13k X5



INSS JOURNAL Vol. 30 2023 R-1

HBUEEL 20 S OO SCEENTIUT EL L RVEED A
L.

F1 HhHEE (250 58) OHEREL & S0

R RS EREY XE™ R RS EREY XEH
(1) 845 415 26 F—A4L 121 92
2 e 04 214 27 #R 120 87
3 #HE 283 167 28 E® 119 73
4 &< 235 153 28 BE 119 75
5 75 28 176 30 BYEH 117 102
6 B& 193 127 31 wEAL 117 92
7 #R 180 145 32 HZ3 115 91
s BRE 189 160 33 & 114 79
s =& 187 151 34 Evar 108 59
10 &% 183 121 35 #£f 106 84
11 #2R 171 105 3% 28 106 90
12 =B 157 115 37 2IazH—Tav 104 75
13 & 157 123 38 @8 104 82
14 #%F 147 110 38 B 104 95
15 % 147 106 40 E¥ 104 61
16 B 147 72 41 BT 102 91
17 &% 141 108 42 2B 100 81
18 A 140 99 43 HE 99 61
19 Hi 138 115 4 92— 97 69
20 FJoPom 137 79 45 32 95 77
21 Asi— 133 90 46 F@E 93 57
22 ALt 128 101 47 € 92 75
23 24 128 99 48 =23 89 50
24 %8 127 85 48 U7 88 56

25  Xik 124 76 50 XY 86 75

3.1 @ELVDHLSELOEmY HADEE

M4 & A FA VI flAr) ORT —ZIZonTH
Ry U= S5 EIT o1, BEHEED THEE) 1%, H
DRANE & R RICh > THER STV
Emn, B LIE ETOr L=

o/ INEES 50 DL ORI W TR v h T — 2 B1E
L7z (K1), HEEomnELEY (3225 1)
N I3HHENE G2 2, 34IH). Z2hhb, ELiE
DFEORDE DR S & HHEIC, dLil 5 B fA & S B D
ZEnTEE (FF4VIE). £ZIT, 30aIa=74
LU oS TE LEOT, JRMCEEIT 5729, B
VAR B - B OB, FHED 5 OITKRYE LT
(R 1HIH). KT (1) HIEERHEICRT 2 H0
Z(C1,C4), (2) AMMERICEIT 2H0 #74 (C11), (3)
BRI BT 2B A (C3,C5,C8), (4) a23a=
r— 3 IEEAL & RIERICBE T A LY M (C2, €7,
C10), (5) H=EEICETHEV A (C13) THD. Z
NSO 3 a3 2=F 1 (C6,C9,C12) LIV MADNE
T b O TR <, BRI AN & i3 D EfEE
0, B0 MBI T 250k & B HUREIC & o T alE i &
nTRL, [Zofy 5L 2T, HlExy vY
— I PBEBNT, FEOOE DIROGEREZ T 01, B
0 RLAD BRI 72 NICHOWNT, LLF O X 5 IR L7-.
ERIZ BTz > T, SRy NT =2 0G5 AIHRTE
TR, EREOTBRAREZSZR LN bR L. &
21Kl 2 =T A ICEENTREE, VA L LA

233

B s 2 &, FBRORGIZ £ & ic. EEROTTRBIIIX
R0 KA % Pkl L7z

R I B9 D B0 fA0 L, AFHRIEE & i) & 5ot
BT 5 My 7 b 7o TV SR, OfE
DF LT 2 AR ANEHII KB S5 2 &, @
SO B D D TIER L FEE— A& U AFRAYIZ
XX VT HBINL, ZO@NE SR - BET 5 L) 7l
BOIERH D Z EMBE DD H LTI Z B 5
Nz, ZOVSZHIENRHHZ LIZL-T, EVarnE
BUCIT TR BN NEZ B CE HRENTELHD
EHERISID.

BEHFLETIE, Oant@mzEonid s LIZEEY
BT Ly 7 A OEN, QLB ORI o TIRFES
T—7 A5 A (REELENES, Weehds) 2 FiITEIR - 28
WTEDHIE, @FAN—IT 4 ZMEL, ZRERAM M
FHLIEBTEZ D Z ENEHERN OO H DL <GB
v,

AMBERICET 20 A s LT, Haxoxy 7T
T AL AMBRRIE D B A A, AMELTETOEEIC
L TEFEN L —=2 770l 7 ARHESh TS
TREDTRPRINTND E Vo Flilk A ENL 7.

FENT, ERRIEA ISR B0 A, BRSO E LD
2% - 7 B, OEEEEOREISR S, h¥ED
FEERSCHEZ RS S B0 MA, Ot L LT
WrHEC TN AL Y 2 45 S5 72 O OHLY A AMEN & 28
WOB DI Z B O, £ LT, OHEALEE
FHL LA B 28O RET 5 2 LT, thottBEOE#R % &
DL FANE L Sh ST, 72, Ml & TN
U a—] OFEE, FFEOSHORIC L - TEFIZE THW
ONTWAY A b B o), MiFEFFEE LTEL DR
MoTeDIZlE, TN 2—) & TR TRE ] OFEO/FD
DEMNINS T2 TH S.

I a=b— g AR B E BT EE T D B fHA
F2 e b ORI S s, Ot oS, @
Ra=b—va AR bE B E LB A (1] T

2 U TTNEE), T 2 AR— R YY), @A R
b B EE, HRERT, Ly AT A —T LR E)
DBENZ L ERENT W, £, fLEOFHER—FEIC
BINTED LI oA MTOWTDOELNRENZ &N
FHRchH - 7=

B2, SDGs 72 E Ot EHR, HUBERZ BR9 & L7
B0 #HAR DN T ORI BT,



INSS JOURNAL Vol. 30 2023 R-1

234

Community:
o1 [Dos
Coz oo
oz Hi1o0
o4 [O11
Hos [J12
Hoe [113
o7

Frequency:

100

150

200

250

300

Nodes 60 (114) , Edges 60 (6276) , Density .034, Min. Coef. .163

K1 MBEBoOHL80 OB AW TOIESR Y hT—7

32 EEH, FERERTORE

BZ DD B D EALDI FHADS, HEEECAFERITU L
TR DODNHT D728 WH&XEfJ&FEm%X
DRI DRSS ﬁ%ﬁot

FHHEE X AR DS OEE, 2019 4EED [Ta =7 b,
2021 4FFE, 2022 4EHED T [ 51 2, 2023 4R
D 13 T | OHEBBERELS, fhoAERE L b LTl T

lamg) & FU T4 ) 12N a HEORN A
SEZDHE, IENIEOFEIFFOfbn T ThoT- &
EZoNDN, [7uever b R 3k MlifE) (2onT
%, BB A RS 2 LN TE R T2

FhHHRE X BFEHHECIE, FHE7SE TR o T

4. B

BE DD HHETITHON TS ERD AT 570
BIZDONWTTF A b~ oA =2 75T, B BANEDSHR
Eild-. HERY =IO 13 Dala=T
o B RIRHNTEIS 572, FEEN I ARSI HEL,
(1) HIEERHIC BT 2B /2, (2) AMBERICRET 5
DA, (3) ERA IR 2D #H7z, M):¢;:7
— g AR E —AEICBIT D E A, (5) #SEHR
%ﬁé@@ﬁ&%mmfét.%@if,@%#w@&éx
FEOMRI72HL 0 FHAA BT D RTR AR L7, B A3 o
B DB UV L1727y, BIffE/e 2 L 13BIRER
THEHWZ ARV, filx OBOESESE X ZEEL, v
T ECPRESED K5 R0 AR, AR O—NEA &
D5 LRIV FBNE ST LN R D,

THXA A= T HEHNDZ EIZXY, 1HT 5
FTLY, FBEEOMOOXICLAFELED (=23 1%74)



INSS JOURNAL Vol. 30 2023 R-1

#2

MBI X 25D g D3t DI $HAZAERT DINE

RHH

FEAI2=ZTAICEENT-EE

YA E LTHRABRNS Z &

KHROERY] (—EBIRE L TBR)

I EERE A

Cl

ca

=it HIE. RS @< BE. X
B, BET. Y3 . A
= BE MR XE —ADL
Vo Fx U7

B, EE. ARF AV I,
T—7. A, HE B

- NS

¥ v U THEOLDOXE
SEYarvoRBICAETTERES
NENERETE 2REELBRT

CEE®H. VE-FT—00 TL
7= DHEN
CHEBBRT—ORRAN, T—0F
4 7 D

F BREAMOEE

cAOFBREBIEOREKE LT, EEHH LEETF S

CFFIITIEE K B EMRHIEEICTHE S W o AR

HIE. BEHRERALTWLD

THEVEVVDEYDBEERBRICEZ ST v ) THEHNE
CHEICIEOHAREICTEHENERBD ERI~DBEL L

T, HLTHMWE~NEFTED
A
7 ZBENBA ST

CEBTATARANEEE L AEEAHE
TS EHWELGBT+/ T—0 747 /Ay on—Y sy

DEODATITY—TEHERUEDZREHELTWND

AMEE

Cl1

AWM BR. B 70774

AMBERK. BEHBHE

C AMBFE T, U —Z—BRCHRNEROFAFISEAL,

BRETOV 7 L0 ERENBERERERELTVD

CHEBINThOBENTELNHEE LTOIBTHELT

HoL, ZThICL Y RLEDRNERL, #eLTorL
CTroENEEY. DANVRRTEDHEHEF>TND

C3

C5

C8

b BR X, FHE. B

HA, ffE. K8

PHEE B, BEET - BEER
ERBEIED

ffifE (8) oH*HF

MW (Sysay, E¥ar

Ua—) ZFRTBANERE

- REBPIZBATHALEN—ZICRL, Y27V —4—h

SREXITO W TEREFRDEE FEARROREICKI >
w3

CEBEDCESOAEORUOTOREKS. BEESCHE

ICEDWTHORARRETL. BICRETHRENE-
TORETEBICRYEDE L5ILTWD

CBHDKRYICT D HBOMERE £ LD, TNESH EICHR

PEBEBR DAV N=DT A RNy avERD,
EBIEL LRAATVD

BB

- B TR, BEROKE - BEHORE - BROXBFEIT I

B, B2E, HERENSMT E2AERFLT>TWND

c AN 2 —OFEREEAETHRORRICHOAND I LT, &Y

BN 2 —%BRE L, 2Ho—hRBEERT S LS Al
HILY ETH>TVD

cRARIEOSHI-FT 47T JRENY 2 —ZFRLAMAE

EITS>HBICH L REZEIT>TVD

a2z

viEE

Cc2

c7

C10

#HW, a2z —vav

AR b M

2EBMOBEOCY, HEANWE
%

i| = &

ot

HAI 2= —varoiEkl

HRA > b ORE

- BROEUHRHETHAICBVABEEOEEZZXI( K>3 —T

BALTVS

CHERERTTZOOLUNBHELHY . FLLBHEAL

B LRI RAZICHEELT VD

- &R, BPMORRMERR. KHEHEORERTMER Y

EAVTAVTHREL. HRTI 2= —va v ERELT

- BBPIFCHERO T Y F. 77 T EH OB L EDHAT I 2

—r—ravALoRYErERELTVS

CTRTEHT ARV Za =T, HT7 2 AR=RIC

L elcs Y Ao N—RAT0EgARE AY, #RT T2
= avhEREICE ST

- REBEAOSUEE~AEOES ([HYHES]) Z2EE

RABHRARY b ASHFEESATNHS

CFUSAYTIAL YRR, NOATq4 ARV b MRS

DiMER EELTWD

- FRS0EOHAFHE P I FHER, HERIT. 74— 4%

L& LA A Ry b abE - ELTVLD

C13

HEEHBVES. SDGs

S HEEE YRS 1 o b

THIEWCHISERR, EFaL L
4 15 EE & 1T 5 72

- REMBESOHKERMICONEZANTE Y, YRERE LT

CO2H)R A E D4 IR A EITo TN D

Z0ft

C6

C9

Cl12

B9, B

e, R

N OR

MROBECHDBREIRMT S

BEETD

cBAOHREDINII =T 1 %7 Ty b RIABEEIC &

Y, HTHLEEBICERL, SMTEIRENE->TWB 0,
BOBEDRHTHI I LE2RRTE, @HENVEEFI L
ANTED

cEREXEO S, BRRICHIREERELTWS
CREENRHOBEELRBAREICSINTEIRRERELT

(A

- 2HER - HABHME - IROBA L. ERRY TALTEE

YDAV TA Y THERT DA 7Y v FEEETL #
Tl EAL OBRICHE LTV D

CHREEOF Y R=FT A v IF—LH. A IL—ZV S

F070Y T LEER - RiEY 2. BENLEROBEDY
ICBhATLD

235



INSS JOURNAL Vol. 30 2023 R-1

LT ENTE D, iU, KIYE (IEH,2017) ©TF
5L ZADE—BRE UNTNA—T) OHF Y —43FITIE
WIREEDFER L E 25 THA 9. £ Z L TOMEEBIRICS
WL, EHOE ) CHIFFICHED 5 Z LN TE 2. 1272,

ZOW%, L0 EALDOHT Y —ITE EDDEFZHONTIL,

FEHEOTFA M~ A =0 T OFATCIE, #ARIK 7 H 0 FHLA
EHIFETEDH LD NI, TV ZEIETE 2o
o, ZO7, EHEABH T — X EMEE L, T3
—~DGFEEAT ol T T A =6 BT 3 —
FTEEDTBENR DI ONWTIL, 7 T A Z—oisE
O LE 2 O, 26 5 LERIR Al RE7e K EORE %
R0 SEIOTF A b~A = 7L D000
AT, AFR LT WT — X ORGE, T — X OFiLERD
Ik, WG T REOR A, fEROMIROMHTT 72 Elzo
WCARF370 L ZANEL, EIMSIC TR TE D408
botebD L Bbhd. 5%, 7FA v =072k
LRI DREHIINZ T, KI {ECTONFERER & Ol 5
DI G E D THE T2,

WBIZ2 D0, ARITXA N~ = T 5o T
GPTW Japan OF —# 7213 T <, [RIU K 5 7203 % i A
TELT XML H D TH A9 &b s. FFEOM
DT =L DBRFHEREZEE L QO LER S S.

51 FASCER

BB OH D AMTERT (2023). 2023 il HAIZE
J5 M obsatt 7% 7 <A 100
Retrieved  September 15, 2023, from https://
hatarakigai.info/ranking/japan/2023.html

Bl HBE— (2020) . THESFHEDT-DDOFHET F 2 Myl —
WA Ok & JERZ BFE L T— H2 k] 7=
TV HIR

JIEB R (2017). ZAEE PoAgE

[ERSEAS R #— (2019). SDGs (TR« Ff— -
—X) &iF? 17 ORI L O, HF3LHT
Retrieved  September 15, 2023, from  https://
www.unic.or.jp/news_press/features_backgrounders/31737
/

236



Fl:ﬁi%E " EE"]

INSS JOURNAL Vol. 30 2023 R-2

Fhlav U A R RGeS RRFERREICKIT S
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Status of Telework During the Mitigation Phase of COVID-19 Pandemic Infection Control

JESF Fofk (Waka Hamano) 1 %A% % (Manabu Goto) *1

B A ou ) oA L R ERYYER RIS O ITERIR S ERI S D Ic o T, T LI OFE
ERPBED L HITHB L T2, SEGGHEOKEL S LICRF L. 2E0T7 1LYy —7
DFERMRIZL, H1ERAERESHICRESEE b0, BERZRIIETL, FRLIEIZET
fHE N TWD., MZT, WEEOT LY —JikgERn (DT LY —JHE, V—1rDE
fbHEI L. TLU—7 O 2 5% bAE L TWAT LY — I —I3 2 Tk, BENRT
LU HPEBLL WD ENHEIEND D, T LU — 7 BRI HEE T 2 B 38 - T&
TWD., 5% LT LU —7 ik L TSR, (EEENRT LY —7 253 < FHTE 5
X9, LFELWMBEFIZOWVWTEELAWIHIEST S Z &0, #HLWMEIE 5o H# 2RI BEEFRR
L, MEEBIRYVBE LRI ENNLETHHEEZBND.

¥—0D—F TUvU—7s (FETEB), HREn, oot rgrx

Abstract As behavioral restrictions associated with COVID-19 pandemic infection control are being eased,
we examined changes in the penetration of teleworking using the results of various continuous surveys. The
rate of telework implementation in Japan, increased significantly when the state of emergency was first
declared, declined after the emergency was lifted, and has been in a continuous downward trend since then.
In addition, we collected information on workers’ intentions to continue teleworking and on changes in
corporate teleworking systems and rules. Although we estimated that more teleworkers want to continue
teleworking in the future and there are many potential new teleworkers, fewer and fewer companies are
actively promoting telework. We considered that it will be necessary for companies that will continue
teleworking in the future, discuss and coordinate preferred ways of working, and to clearly express their
intentions regarding the new work policies and repeatedly communicate them to employees so that they can
use the telework option without hesitation.

Keywords teleworking from home, relaxation of restrictions, COVID-19 pandemic
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Trends in Public Opinion concerning Nuclear Power Generation in the United
States and Europe after the Fukushima Daiichi Power Plant Accident (6)
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Abstract  The author surveyed the results of American and European opinion research about nuclear power
generation around twelve years after the Fukushima Daiichi Power Plant accident and analyzed current public
opinion trends toward nuclear power generation in some countries in the United States and Europe. In the
United States, one survey indicates that people's support for nuclear power is high as of 2022.  Among
people in the UK, Sweden and Czech, it was found that the positive attitude towards nuclear power plants has

248

BEFE—REENFHR O AIREICHT DS iEm D

continued to be held. In the Czech Republic, support soared in 2022.
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Abstract  The Research Project for Social Awareness and Energy Issues, Institute of Social Research is

trying to disseminate information and promote learning about energy and environmental education. In the
2021 "Questionnaire Survey on the Practice and Awareness of Energy and Environmental Education at
Schools," the "short-time video content" was given by respondents to the survey as the most desirable
online support for learning about energy and environmental issues. Since the development of the ICT
environment at schools has progressed rapidly due to the GIGA school concept, in 2022, we decided to
work on the production of digital teaching materials as participants in the energy and environmental
education Kansai workshop study group. Volunteer members formed a working group to produce digital
teaching materials and preparation of materials for two digital teaching projects was completed.

Keywords  energy and environmental education, digital teaching materials, GIGA (Global and Innovation Gateway for
All) School Concept

2021 4FFEICBIW S & HET, IrEk L UEH RO
B 2 R G1T, AR COT R —EBBE 2 ORAER

T AT DGR HERR - =L X —RENE
nYx s M, REEERY: W FEC 2Bl EE
Bn [mx VX —REHEEBY —2 v a v TifEs
(LUF, BIEW S) | OFBRAHDTWD. BIlW S,
BAVPE HiEds L ORI IR OB E & 0T, =L ¥ —BREE
BRI D EE, W ReEE D 5 A EEA T, AR
BaRHAR L U TR (FEHRZET) =/ —BREE
HE O FAREDOT Y MAZHED TND EZATHD.

el
%2

() BT N%ey AT MFRAT ey A7 MHAHT
R F R

FOFERIRGUCEIT 27 v — Ml E T o 7. T OFE
DOHT, TRVF—BREHE LT OB Fr 71T
ZFONLIE L LT, FOLIRborliFT ok
Bz E 25, T10~15 3Dk | L9 [EE
DS, IINFRE TT%, L 82%, T 87%, AR
T80%EmEL etz T, ARERNCH o F T4
VASEGE (AR, #iilant) BIERL, FAES Tk
GIGA A7 — VHEARS NEGHRITHEA 722 L N2 D RIT
HoHEBEZLND.

K3 0019 4 12 BT HRREE 235 % L= HBEHER. [Global and Innovation Gateway for All) OWET, WEE « A4E 1 A 1 BOFEE RO

v PU—I BBEOTERH AT, A EGE L S BE OFESRE IR



INSS JOURNAL Vol. 30 2023 R-4

F77, 2021 4 10 A IZBEPEW S TR L 7= =k L F—8g
BHEY VRV T A [GIGA AV —/WIZHG L= 3L
—BREHEOH Y 7] 1B TH, GIGA %27 —/LRERI
TRAX—BREHE & OBFER RN E VD 2 EPRS
.

HRUTEMORVIENR L H Y, =3/ F—[8
HLZEDOEDTHD. F 9 W\ o ImiEICITHA SR E LT
DGR RD HND. T DOEETIE, FomfRiZm
P39 07 (BB -l - B4R - 1T8) A2h5> QW ZENE
F LU

GIGA A7 —/VIEAHIZIBW I, ICT (Information and
Communication Technology) DIEFIZL D, FH~FELRK
Bl HiE, IHREINVEE R EOFENREL, FUOE
b, BRI DN D Z LRI TTWD. ZilkIZbie %
THNF—BIZONTH  Faifif &L R V152 bO%H B
Bz, BEFRE LY, thF LG LI 7582,
ICT Z{EHT 28 LWEE NN E RS 5 fTREMEN &
2.

BIFEW S TiL, Z O % =3V —REHE T KO
IR LR, =X —  REEREOBE AT AT
TE VB ORWEZEI D AT Z &I L.

2. EHA

2022 FFEEEE 1 [B] 4 H) OBFEWS O=G (LT, &K
D) TTT VX NVBBOHIEICEY e = & 242 L, IE
AL N—FEST-, ZHCERTAREN 1244EF -
72DT [FVHNVHMEWEY —x 0 77— (LT, i
TEWG) ) ZifER L7z,

EF oA LN—DHNLELDEE LT, FRBIYS
O ICT BECHERABITHBEL TND 2 AlL) —4—%
KIEL, FIEWGEEDD Z L LT,

FTo, BHHWEO ERITFH R TIERL, HEWG X >~
N—t L, ZHE BT, HETHNTWERIZ OV TR
L, ffEL TV kL

254

3. fMEWGODEEIE AN

FIEWGIE, A 1 [EIBfE L T D RS0/ THRIAT
VY, 2022 4F 5 A LD IEENABALA, 2023 4F 1 HETA8[E
DB E B L.

T UHIVEMOFWEIC S 720, F1E 5 H) BEIWY
2 (6 H) OFTEWGIZBWT, AL _R—HEMN
ED LD BB THIUTRZETH > THTZWD, ED X
D REMEHIWE LTV R EHBICEE LA o7, B L
TW=Dix TRBEWS 25 TIEO LD EED 72V, 1%
SOFRTHSTHHWEEWN] EWHZETHY, Th
SaEEE X, HaMEE LTRO S e LTz
(1) PBL (Project Based Learning) FREEMRERSY L 9°2
Q) B2 DORVEWIIRTL, FEEEHERHES, T b

Ty bt Eoar T Y TERT HOE TRV

(3) #F - FELREETIHEOE WD LT
@) ErEfoBE =T Y LTS (5~10 HFEE)
(5) MLFEOHETHLRIMATE D HD LT ERD

b TERT 2

Fo. FBWET AREICOWTIL, BRIFFEEE G X
NFX—FOTRNF—HE 4 oOHR™] #xhth
KR&hpr—<tb Lz,

A @ TRLX—DOLERAE O

B : HUBRIRBE (LR & =L — [

C : 2R FX R L Z DFRHY

D : H T RAF AT 7 Bk
A DS D DT —<IZOWT 1 #M T oHiIfET 52 L &2k
FEL, AUASA—THELEWT—< 2R L T/ —7
U—7 TiED TN Z L & LT

4. H®Ea> TV

6 EDOHIEWG (11 A) 2B\, K7 —7Di
PRI MR L, 2022 FFEEICHINEST 2T v e L
T, A RV —DREMGOMER CLTF, A 71—
7)) & B HIERIREE(LRE & = LF—fE (LU, B
TN—"T) T—<,TBIN—TITRE L. arT
CYRNEITRO LB .

k4 RBREHEEBEBRIANF TP IANT—HE2RDOLICH72o THETREHRL GHE) L LTRLTWLL0.
SDGs T f b F— 228X — 2 F ¥ 7 (https://energy-kyoiku.meti.go.jp/about/) & b



INSS JOURNAL Vol. 30 2023 R-4

41 BEa>TVY MDD 5L->TE
57

ATN—T1F, K4mpodEza Ty [11%0< 5
LoTEH?) #ELRLE (K1),

X1 @E=arsoy

WL, HAROTZRLX—HIHEE11.3% (2020 )
WHDAEIFZ 2D ERIZHOAERILE S 2Dk, T&
HIZHRA A=V LT WO TRL TS, fi
ZAE, THREAZY 11% Loso 72\ TR AY 11% Lol
272N THOR — FRIRE OFRRO AL 1% [BhjE
FA B N %D LR DR TR EHEHT 5
FHERRF DKM 11%) 5ThHhD (K2). T THARIET
FNAF—EFIRETRAH > TND Z LIRSV BT,
AAZ GO ERE DT R — B R A R ET
L, AOAEEERT HITIEE > UL L VA
WNR L R>TWVD.

A Sz

SRES

Q@ .55

n SRET 205 ¢

2%4.181: zliﬂﬂéﬁLn‘f!i';t- \q

2415

&

255

THRNF—ERHEOHRTEH [T —DREM
D) OFRIE, 1FPOHEBMEHARD RO LW
L ENTWDN, RERTFEOBNE AL R L Eh
Lo TNAHDT, AATHATHWEEBEOIT L5
AREMED B B .

42 WEB a>T2Y MEkEsh | 58T
A+

B 7 V—71%, WEB =27 [HIERZSFIL | T
AR ZBRLE (K3).

kT A b LREICANDZET, TBHpDZET
HIUTEID 7o) LWV KEFL R L, BLARBS
BATH BN EWN D A =D ENDNAD 5T
W5,

YR E Ty
T A b

A=k

X3 WEB =T BRLAHH

NEIL, FTEEHFROLT [HEREFATZDIC0WD
AR TRIZWDIETIE] 0, 4 ANDRDsh D
BINT D (X 4).

X2 #Ear7 Y %D B LOA A=Y

RO T 1% &5 EFA EICRFRICHIZ T D D
%, FELEBER N%E NI TFEA AT LT INE
L TND T L, #EER%ET Mz 2o ) 2
ELHDDOTIERNN? ) LV olzZ E L ENTEHTE
ZTHHNENWEDEZNLTHS.

WIREFH-HIC,
HEEHOEEAFEMOTAVLARER?

WERBWLIE, FLTCONS Biw XM EORS
EBOOTREILS WE Eid, < FADCOFBT MRAHARD. WELRIZED
PEEDRLE BIEOTALPRALILE

Levey, ¥

EROERA D B D
BYMAERTOMSWY
rrrrrr

X4 WEB =o T2 EIRE M

B KV EE S ET e & BrD X A THRFREND. 4
SDEA T TRFEE HERER(LORK) | e
(BAihiss) | IR&e Tt GRED) ) [BUs% IR 1 @



INSS JOURNAL Vol. 30 2023 R-4

FNENOHEMFISHINTEY, BONEDL S 7%
AT, ZLT, TOHMEDOZS->TNHZ &IiE TIEL
WOBs RO TS, ZORIWIZH LT, FEEITA
DIZHLTHAFEZ L, BERAMSHEmCORITH 2L
ZHAE LTS,

7B, TNETNOHEMENE > TNDZ LI, Eff
TIERUVMERND LT DIRA LTS, HEFZE LWL E
BT LHBIELNI EES o TND EIERLR. Uk
OOEFRIZTEFE CHOTIERL, SESEREEND
RO ENKETHY, KB OEMZBLTIHEHRY 7
F—Re DI L - BRRICORIT S, ICT #EhF OO &
LB LWL TN,

TRLF— - BB A ICT 2B T2 D HM ONE
ICHAND Z & T, RAX—BREEHE BB D0
HEIWZHH->TH B, ICT B O D TR —
BREEHEOE LA RIELIbDE72oTND

5. SEREM ESHROERMA

FERL LT 2 DOERNT, T IIZRy AT LWF5ERT
(INSS) DAR—L—Y ETABLTEY, HHEICHER
TEHEITRSTVHEDT, HEMREDOHRLT,
L DHIZTEN 2 E, 2RV F—REIC OV TE X
B L LT & -0,

http://www.inss.co.jp/news/6908.html

F72, BEW S OR— L= 5 TH DAL
BATTHZ LR TXS.

https://kansai-ws22.1web.jp/89452.html

SR, BATEW S 2B & LICERZEFIITERY 7z,
R LT D & L b, #EhctEEnHIUTEE
M TN Z L2 LT 5.

¥72, AATINVX—BREHAETFRORERSHE TR
Bt a IR L, B OE K BfE LT <.

2023 FEIE, 4 SOHENEG C : SRk 1L —JH
EEORHY & D AR AF AT 27—~
ETDEFAHIWEIZERDY T e~<, FTITIERZBRIA L T
W5, FEENRZ AL —MEZE LS, BT EL
THESTENTELEM %2, HHEWGDRA =L &g
WZHIEL 720

BHEE

HIEWGC DY) — & — & L TEEIZ F LTV En
7o, WEKFEHEFAMETFAE BIE (RN A

256

h e #ER) B b A, NRHHEERESFER
BEvF— EEFFE LI oRSed, A= LT
TEENCELD FLA TV 72D - BEEW S R sl #E K
s T ESURAEZIILD ET DA N—DRIR S
FIHFLEZ R L BT ET

SEXH

TRANX—BREHEREY — 7 v a v (2022). =L
F—BREHET v/ Ly b 13 GIGA A7 —/WZxt
JE LT XN F—BREHEOH Y 7

RFEEE TR RN —TR— b=, K7
Ly b BADTRLF—2022
https://www.enecho.meti.go.jp/about/pamphlet/

SDGs TR /LX—FRHHER—2 %y 7 ZOVA b
DTG, =R —HEOHE [4 >DOBLA]
https://energy-kyoiku.meti.go.jp/about/

SCARF P AR — L=, GIGA A7 —/UBIRDEHIC
DT
https://www.mext.go.jp/a_menu/other/index 00001.htm



1.

[XC&HIZ

INSS JOURNAL Vol. 30 2023 R-5

KE D7) FE BT E I HIR D Z B E I & D F IR

ZH|lI f (Takeshi Suyama) *1

B HIROR[BEEEHICL Y BE, BE, AL SIC LA RN (BRAE) OFEIIFE 4RO
fHiachy, SHBWKTHZ &#%ﬁém5 AARDE - R EF IR T IEHIEZEE SO TH
FIIFEBATOEBEBTMAT A K 123D E, Hl 2 IXEGE 100m/s OFREFS L OVERIZ L DY
2T THIRFIREROLEVNCEZEN RN AR LTS, LM LEFHIREFTOLE
MAEMALTY, FEEINEQICFERRENEET 5 & B EMIECATE RIS BN T, HEH
T < ANREDOFIEOEIFIZ G2 X7 L, T HREFHTOESICHHELZ 52X 2 REENRSS.
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Abstract The scale of deadly weather conditions such as heavy rain storms, snow storms, cyclones, tornados
and strong winds caused by climate change on earth is increasing yearly and it is expected to continue to
increase. Japanese nuclear power plants (NPPs) are designed to survive assumed wind speeds of 100 m/s by
typhoons, tornados, etc. to satisfy the Japanese Nuclear Regulation Authority’s Guideline for evaluation of
influence by tornados, and the safety of NPPs is expected. But even though their safety is assured, if deadly
weather conditions hit areas surrounding NPPs directly, residential areas and infrastructures are influenced.
The dairy life of employees of NPPs and their families could be threatened, and operation of NPPs could be
influenced.

To prepare for dealing with the increase in scale of deadly weather conditions in Japan, this paper
investigated the situation in the USA. The USA was chosen because detailed information about damages
caused by storms, tornados, etc. is available in open records and the scale of the damages is relatively greater
than in Japan. By using the information from the USA, it was expected that the influence on areas surrounding
Japanese NPPs due to climate change can be predicted more realistically.

Information about recent US weather events, two hurricanes, two tornados, one derecho, one winter
storm, and one nor’easter were chosen as targets. Information collection like this investigation was concluded
to be an effective means to imagine damages to areas surrounding Japanese NPPs in preparation for the future
climate change, even though it cannot be considered that such deadly weather conditions will soon come to
Japan.

Keywords  deadly storm, hurricane, tornado, residential areas
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Integral Effect Tests on Core Fuel Damage and Relocation under Severe Accident Conditions

PEF 7% (Koji Nishida) * 1

B ARETIHVET T2 VTV MEOFEREHRE, U alr—y g VBT A RA SRR
Td B SFD 3Bk 1-4, LOFT 3Bk LP-FP-2, Phebus 3Bk FPTO IC DWW CRERL L7=. TIZ, N b DR
ER COYWBSIREE, FKEEOBEME MAAPS o — ROFEHEOERIZ OV TR L=, 3Bk
R, BUKNEMEOZEIC X 0 REHEE OIREXE)I R L 50, WEEEEONEEIIY L a=y
LKFERAITIC L 0 AMIC R L, T0%, oY ar—y a VEOREEZ I CE LT 5k
BERHD. Valr— 3 VEOSHRERN G, BEE FiRT < TS Vvl
oA PREMEES, RSN Y ar—a s L, FOLEFICUT L, Dramgh, BEORS
NUwar— gy U CHRBREBN/NES 2R 500 M03 % %5 . MAAPS O3B I 20 B335 1558 o0 R E Al
EPHT A LI, TNHOBBIOY v — g VR L, FRIRERO B L E E o6
ZTPRIL TN,

F—D—F VETT TN, FLVRERRE, Ve —ay, Uamg A-KRBRKIG

Abstract This paper reviews the SFD test 1-4, the LOFT test LP-FP-2 and the Phebus test FPTO, which are
integral effect tests for core fuel damage and relocation during severe accidents. Furthermore, a comparison
of the measured cladding temperature and flow area in those tests with the calculated values of the MAAPS5
code is discussed. Although the behavior of cladding temperature differs due to differences in test systems
and thermal-hydraulic conditions, there is a common characteristic in the measured cladding temperature,
which increases rapidly due to the Zirconium-water exothermic reaction and then changes under the influence
of fuel material relocation and other factors. Furthermore, the results of the post-examination show that
Zircaloy fuel cladding, control rods and other materials with relatively low melting points are relocated near
the lower end of the heated length, while the U-Zr-O mixture is relocated above it, resulting in a smaller flow
area. The MAAPS can predict the cladding temperatures and simulate the relocation of these fuel materials,
and the calculated flow areas can predict the trend of the measured values

Keywords  severe accident, core fuel damage, relocation, Zirconium-water exothermic reaction
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