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and aging management
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Division of Research for Reactor System Safety

Regulatory Standard and Research Department,

Secretariat of Nuclear Regulation Authority(S/NRA/R)

Abstract

The following four studies were conducted in this research to develop
technical knowledge on evaluation methods for aging degradations in components
and structures of nuclear power plants that is to be used for confirming the
technical adequacy in licensing reviews of lifetime extension and aging

management.

(1) Study on cable integrity evaluation

The electrical insulation performance of major types of cables used as part of
severe accident (SA) measures was examined by exposing the cable specimens to
simulated SA conditions. In addition, several condition monitoring techniques
for cables were tested to examine their applicability to continuous integrity
monitoring. The effect of deterioration in cable flame retardancy was also

studied

(2) Study on integrity evaluation of concrete structures

Material examinations were conducted using concrete specimens irradiated with
neutrons or gamma rays and their results provided technical knowledge concerning
the lower limit value of the cumulative radiation dose which might affect the
degradation of concrete strength. In addition, an example of the alkali
aggregate reaction test flow of concrete structures effective for reactive

aggregates was proposed through comparison among various domestic and



international aggregate test methods. Furthermore, an example of the alkali
aggregate reaction diagnosis flow of concrete structures was proposed by
conducting tests with several methods using cores which were sampled from the

concrete specimens and the concrete structures.

(3) Study on comprehensive safety evaluation method for aged nuclear power
plants

A preliminary study has been done to evaluate the effectiveness of maintenance
activities by means of risks evaluated using Probabilistic Risk Assessment (PRA)
taking into account the differences in the failure rates of structures, systems,
and components (SSCs) depending on the maintenance activities. Based on the
result, the comparisons of core damage frequency and containment failure
frequency before and after the change in the maintenance activities were

attempted by using a simple PRA and simple model for aging degradation.

(4) Study on integrity evaluation methods for components of a primary reactor
system

For Reactor Pressure Vessels (RPVs), the guideline on Probabilistic Fracture
Mechanics (PFM) of RPVs which compiles a procedure and technical justifications
for considering the applicability of PFM to the integrity evaluation of RPVs
under pressurized thermal shock events was developed. In addition, PFM analyses
of Japanese reactor pressure vessels embrittled by neutron irradiation were
conducted and the importance of inspections regarding failure frequencies was
confirmed. For piping in a primary reactor system, PFM analyses of dissimilar
metal welds in pressurized water reactors were conducted and the importance of
inspections regarding leak probability caused by primary water stress corrosion

cracking was confirmed
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Table 2.1 Conditions

F0.1 SABEOREERERS: B2

for tests to simulate severe accident environment

s - R R ‘ R _
(kGy) R (°C) JE/)(MPaG) | #RERIARE(h)
M1 PWR 1000 155 0.444 336
et 2 PWR 500 200 0.620 168
543 BWR 1600 171 0.600 336
St 4 BWR 800 200 0.620 168
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Fig. 2.1 Electrical insulation resistance per meter as a function of time, under
the steam exposure at 155 °C and 0. 444 MPaG for 336 h to simulate severe

accident condition
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Fig. 2.2 Principle of BIS method
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Fig. 2.3 Results of degradation location for FR-EPR cable by BIS method
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Fig. 2.4 Principle of PEA method for space charge measurement

_12_



(3) IM¥%

IMIEE, K 2.5 173 K912, MBIEREICA 72— ((HE) 2 LIAR, EDFED
BB 2 EOAREZRIE L, MEOEREHE S 2RO THL E22 ) R0
AESE. FR-EPR, SiR X ONPEEK (Z2WTIE, [RIFHILIZ L 0 B LRI L7 b O HEST
T D2 ENTE MBPHIRIE L 720150 2 & 2 LTz, —J7  FR-XLPE X OV XLPE
TIEFLRICHA_RTHERZD /NS W LRI N,

el .\1@5& % IM/{tgdé///
- . 40N
| =

ZENL (mm)
() IMBITEIZ R 1 2308 & O BAfR (b) IMJBI & 7 — % {3

\

F,IM#%ZEE T 5 fmEO LR

F,—F, F;IM&3ET HMED LR
IM (N/mm) = ————— xp F,L 725 & X OMstoa(
Xpa — Xpp oy Fpl 70 & & OFHOLENL

(i EEHE OHiFHIX1.0~4.0 N)

AT A —FY 27 AIMDRKRD

(2.5 IMEDOHE R
Fig. 2.5 Principle of IM method
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Fig. 2.6 Changes in infrared absorption due to carbonyl acid at 1713 cm! and

elongation at break, as a function of aging time
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2.2 JRBERBRN ORI EGRBRORE R P2

Table 2.2 Results of flame—propagation test and oxygen index test

JISK
IEEE Std 383- IEEE Std 1202-
EREIEN 7201-
" 1974 2006
. AL 2:2007
lr—>7)v
=t V=R V=R .
B () AL AL PR
5 DX K
¥y b N AE R N it ETER 4
pge | | wEEE | ('j "
0
(mm) (mm)
SiR v a—r A 0 500 Pass 680 Pass 39.3
=71 | v)a—rah 3,552 660 Pass 710 Pass 42.9
SiR v a—rIA 0 790 Pass 570 Pass >100
r—T02 | T AREM 3,856 400 Pass - - >100

({3 /st DA = el 2

. R 0 860 Pass 830 Pass 37.5
FR-EPR NV s SN

r—7n1l | yaa AR AERY
8,418 | 880 Pass 1180 Pass 47.3

xF L

R F 1L e L
FR-EPR %wf 7 . 0 710 Pass 840 Pass 44.3

. NP = N

=72 . -

4= = B 4 Vs QYN 11,646 640 Pass - - 54.9
FR-XLPE | #EAZEFER Y =T L v 0 740 Pass 1060 Pass 33.2
br—7 )| SERRES R E = L 5,476 910 Pass 1060 Pass 37.6
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(a) Before test (b) 10 minutes passed (¢) 20 minutes passed

2.7 1EEE Std 383-1974 (2 U 7= BREE-RIER
([FIRFHAE SiR r—7 v 1) &2
Fig. 2.7 Flame—propagation test conducted in accordance with IEEE Std 383-1974

for SiR cable 1 pre—aged by simultaneous thermal and radiation exposure
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Fig. 2.8 Oxygen index test in accordance with JIS K 7201-2:2007 for SiR cable 1

pre—aged by simultaneous thermal and radiation exposure
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Fig. 3.1 Relations of estimated dose and compressive strength ratio

120

ol 39 i g

80

60 r

40

JEAEIREE L (%)

O BHEUIHF])

20 BT (S )

0 1 1 1 1 1 1
0 50 100 150 200 250 300
pEAGETENQED)

[X13.2 NEAERR & JERERE L OBIR (BB B, BHF)

Fig. 3.2 Relations of heating periods and compressive strength ratio
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AT XD, RGBT OIRFE B 2 R L 72 InBGRBR IR\ T, BT X B ERE TR
DIETIIA LN o7, ZNHOMERIE, BKE (M F) 2 Hnwec=a 7 U — R
ETHREERCThH o7z, ZDZ ehn, H RS RN 2X10° k6y £TIE, =27V —h
DHEMETRE DK T AR ON72NT & ZffEd LT,
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Fig. 3.3 Relations of estimated dose and compressive strength ratio
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Fig. 3.4 Relations of heating periods and compressive strength ratio
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Fig. 3.5 Relations of estimated dose and compressive strength ratio
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Fig. 3.6 Relations of heating periods and compressive strength ratio
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3. 2 v U—MEEMOASR (T/Vh VEMBIL (BT 505%8
3. 2. 1 ‘B ASRABRFEOHRTS

(1) BMRERTIED

ENORERSE (JIS A 1145 b5k B80 ROV IS A 1146 BAZ LN—E GL9) L
BT RIC S ERB I N TV DU ORER 715 (RILEM AAR-2 fRiEE L& LoN—ik &
S8 O RILEM AAR-3 =27 U — b7 A5kl B*Y L ORILEM AAR-4 etz 7 U — k7
U XL CHY) 12X 2 EMEBRAIT. ENOLEIEE A 2 FE:T0, SI)) & BT
it As (3 %8 : WI, HE, GK) 2k 202 MR L7z, RILEM AAR-3 K U RILEM AAR-
4 0%, TR VIR IRMEO T L H ) N L CRitE+ 5 2 &) OB ClEE 28/
Pl L CW A AREME MR S LT D B30 310 = Lok, 7Ll VIR &g T e AT &
RBRIRIZELS T AN Y T w7 (Alkali Wrapping, LAT TAW) &5 ) B9 24y
L7, # 3. 1 ITBMRBR A IED iR 2R,

23 LR T L oIT, RuligsREEHIE, EORBGIETHBETRWVWIIAE L HE
ST, BIEERARMEEMIX, AR THOWLI TS JIS OBRECITEE S HE SN D
D3, WA OFERTVETIIAEELHESND Z L2l Lz, £o. BERsENEH (W)
(%3 % RILEM AAR-4 I X 55 8R T, AWWH Y & AW 72 L& el L7oRER. AV & 0 DR
DRELS D MR LT,

# 3.1 BMERBTIEO R
Table 3.1 Comparison of the aggregate test methods

S — %ﬁ%:ﬁé‘f%%@%ﬁ FRIERZ R BB
TOML#EE) | SIHERE) WIEH) | HEWUE) | GKOWN)
JIS {bk WECh | BETRY | BEThRN il HEE
JIS B B i it 26 BT | MEETRV | BWETRN fek pilisS Fllae
0.100%L4 (0.415%) (0.216%) (0.038%) (0.059%) (0.022%)
RILEM AAR-2 K14 BT HE HE HE % HE
(ASTM C1260 #H4) 0.10%24 1 (0.54%) (0.40%) (0.23%) (0.30%) (0.23%)
RILEM AAR-3 Kb 52 T HE HE % HE il
AW 51 0.05%LA I (0.242%) (0.205%) (0.095%) (0.097%) (0.046%)
RILEM AAR-4 Kb 15 T % % HE % HE
AW 51 0.03%LA I (0.186%) (0.182%) (0.080%) (0.095%) (0.066%)
RILEM AAR-4 Kb 15 T fE %
AW 72 L 0.03%LL L | (0.215%) - (0.037%)
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(2) "BHro> ASR B 7 17—

BIE U7z ENO 2R B & SRIERRIE B 2 T BN OREBR 7L & ok
BROTiE A o U7 R 2 I U, B0 ASR 3R 7 1 — & et L7=, [X13. 712, ‘B8 D ASR
AR 7 v —ofl R L, LUNICFIROBZEE 2R,

O fRCEmEBL
BE L7BEMISR LT, RGBREEBIE CEM OEREL OS2 RE L, EHEHM 05
FAERIRE 2R T D,

@ fietEE /L & )L S—3BR (RILEM AAR-2)

RILEM AAR-2 GRERIADIERIFIENFEMICEIE S4U TV 2 RILEM AAR-2 & akBRZEA173 A
BED ASTM C1260 ZHEFA) OIEHET L X7 N S—RER A 1TV, B O SOGSHED G 154 E
L. BUSMER OBEET. RGBSR ORE R & 0T SURMEEM )~ & 5 D Z iR
T2,

@ etz 27 U — F 7 U XLk (NRA AAR-4)

R CBEIS SRR OFE R LR L Z NV N—RBROFE RS | BEIRIEE M LS O5E
I%. NRA AAR-4 (RILEM AAR-4 ZM38 L7- % W H Y, FERAIZ L 238k 12Xk HEdEa
Y7 )= Y RLFBRELIT D, ARBRIC L IEE TRV EHE SN SA TR &
L. \ELHFEINHATE. NRA AMR-3I1ICLD a0 7 U — 7 RAREREZ1T 9,

@ @7 U — 7Y XL B (NRA AAR-3)

RCTEMBBE OB R LIRET L X VA= EROER NS | SRR O5E 1L,
NRA AAR-3 (RILEM AAR-3 Z i L7- iAW B0 . EREIC L 2B, 70 U & 3 K
WL 12837 ) — U XAFBREITH, ARBRIC LD BETRWEHES
NSRRI E L, E\E L HE SN GEI SRR E T 5,
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Fig. 3.7 Example of ASR test flow for aggregate
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3. 2. 2 a7z U— MEEWO ASR BETHEORRE

(1) ASR @ik

ASR BWITITIEIZ DWW TR, LI TEPE ORI, JEdEfZiRatBROFHM & OY ASR (280 %
fblicas 27 ) — MEEYIC K20 Ef L. LT ORI Z2157,

© HALETEPE ORI

PACEATERE (W1, ), %) oRRDar 7 U — FRBRENSERRL Iz a7
TN DIBBIE S OVEAFRRER 21TV ARBROFKERD 6 ASR 12 L 55 LIREDE %
W9 52 LN TEI,

@ (EREREBR O

PR (B OAME) | BRESM (REROT VAU &), BMEE (Gl XITEIT)
T2 2/ NREBRIR (65em £) D a7 7V EBEL ., (R (7 V0 U IR
R B ROV JCI-DD2 i B 21T o T,

TV H VU EEGREE (802°C, 1£0.01mol/1) X, EHIRTRERENSE LI, B OBE
FOSHEZ R CE 203, RBRIAHE (¢50mm) /NS IESOENKREVWT LICHENL
HEThdH, /o, JCI-DD2VE (40x2°C, HHXHREE 95%LL |) 1%, =7 ¥ 7 L DA E
PEATHIT 5 2 &N TE 505, EIERREMEEHM CREIM AR S R ATREER H 25, Wisd
BOTEE b FERO ASR U A7 5l T 282, BB LRDLMAEHEL ZENTE D,

@ ASRIZE VAL Lizar 7 Y — MEEWIZ L DM

ASR IZL b Lizar 7 ) — MEEY (BEXA L NIGOX AL UEER) hbardo T
VAL, SMBIBIE, AR B N OMEERRR 21T o7, 27 U — hod ik
RE. SUGCHEBM OFEEA, RO ASR U A7 EZFHITE 5 2 026, ABRITIEDS ASR 2
Wihike LCarr ) — MEEMIZEHTE D Z LR LT,

(2) ASREZWr7m—

BACHEATEEBEO RN, (EHERZIRRBROFHM &L NASR IZ L W b LTz 7 U — &Y
IZ X DFHMORERZ ML, =7 U— MEEWO ASRZI 7 v —%2 Mt Lz, X 3.81Z
ay U — MEEWO ASR 2Wr 7 a—ofZR L, BLFICPIEOME 2 /~7,

72k, HRROMSRIL, BT 2HINCEHIESHBEEL S Z T 52 L &
T2,

O BEAE (BB, EFARE)  ASRIZED200EINE, 22RO

@ BEAFRLERORA  MIEM AN (i, #EmAL e e . SREtk
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(OB, ZRIREE) | HE - TR F08k N O (RUSPEEH,ASR 12 X 55k
Hl DA 1)

@ I - ARG (OUERLRL OFT Y DA HE) | WEM QBB GREE, 11
BE. RoRRE K OVR/K DA 1)

@ arTyr7LosEiEs (REEGE (FEDLRT UTEEE) kU SUTEEERR
82 - BMOLIRY L, BB OOOEINOHERS M O ASR 7L O

® BRI (RIRAO SUIERAREE) « BT & ARLROHEE S O
(A ERIULE) DORTE

® EAFRERER (R X BRET, RCEESEER O UL 7 A VA AF v F)  ASR 24T
TBM OEFE « OSSR DORIE & OBALIRIORHE (&Y A, OOEIRNUL TN ASR &7
L)

@ ‘SRR CETEMEUE &)  MEH (273 7 osME - RS EE) | ME
M RS TE - RA b o oT 4 7))

ASR 7L DEIER - FHEONT GERAVE F-FEMEE (Scanning Electron Microscope, PAF

[SEM] &9 ,) Bl =X —5380F X #OoHTEEE (Energy Dispersive X-ray

Spectroscopy, LA TEDS| &5 .) 4347 @ BOG LIS o FRE (GolElgErE : 7 U &

FRZA B, RUT 4~A b, A=), It R=— HTREE BIEFEN

B R E A . BB Y A BN D=2 MO OOYEIRL, ASR 7L OFRAR
iz, ASR 7V DfEEAE D[R E o O ASR &7 /L O S3HT

© ASR DI & SR OFHI - D~OD M 438 LT, AR ORI 2 %k
FRIE & 7

SRR - @OFHIFER B AR OR &M
<ASR RT3 v VTl >

O~Wfth, ZEEHE LT 7 U — MEEWORSROBHER RN TR R %
MRS D728, IERZRAER (7 L VISR AR OV 3% JCI-DD2 i) & FEh 2.,
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Fig. 3.8 Example of ASR diagnosis flow for concrete structures




4. BET T v N OMEGHZRZATHI AR DA
4. 1 REFEOENIEES U AT OWMGRIFIEICET 2508 &

PAETT o MZBIT D RBTHEENOEWITLE O Hes, RIEEOBIEHRROEEICLY | 7
T DY R OEACETERT D Z LD ARE TG LT, T ORER, RETEENC
fEoE, BIFELOMERD 3 SORHIZ IS DR, G0 Ol 4 2 b S Chfesg
GO Y A7 B (Probabilistic Risk Assessment, PAT [PRA] U 9,) &S L., JFL
HEHERE (Core Damage Frequency, LA FICDF | &9 ) R UM bl A8 (Containment
Failure Frequency, LAF [CFF) LV29,) %70 L THET 22 & T (BENGBIIEET
K OHHEN S £ TP CDF X% CFF D74y % ACDF XX ACFF & L TR LT 5 =
&), IRETEERIOFENEA U A7 CRET D HiEZBMMMEeT o2 L & L, 4.1 123
%, BUEKONERD 3 DO T OB DR 2 7EH L PRA % % L TH372 CFF D7
53% ACFF & UTHRM L THIT 5 HIEDOA A=V &R,

1E-11

A% RE BE
b chETo °1 _ chreo 42 1E-12 |-
TR u;mm @81 | vxomm | @Bl L %
OEYEY
882 wiz | 2% [eme o H
ACFF p—pi ACFFpi-az 1E-13 -
P w3 mss N

W |_> mEa |_> mEa
1E-14 | ﬁ
I RME ZEOHR >
1E-15

|ACFFo—m| |ACFFD‘—H| CUSIEEET PR ERT

XK 4.1 @EE. BEMEE OEED 3 SOEY %15 L7 CFF O DA A —

Fig. 4.1 Image of comparison of /ICFF using three periods in past, present and

future

4. 2 RAEEBOEVIED U AT OFHEiFE B8 4
BEER. BRSO LFGA~ORAIEB O kil ORI ILFERH) 12X v4T
LHIEHEROEEZBET D 2 LIk ERFROFAEBENEL LW EGE LT
72 PRA 2RI L C, RETEEIDOEINEE U A7 TRIT 2 HIECONVTHRET LT, 20
TR RSB O RIE LA ICIIT 5D PRA OTIZ X W ACDF X% ACFF Z%H L4
LHEE, LTOONPLEODFIEE LTE LD,
O FHfixge T U A OBRE
fiEbrxige & T o RERFGZBTET 5 (FIAIX, FLOFE LWEREOBL IR HE
KIELOBEIL, PR T8 FH#s —4 A, BIR TT7 Hs —4 v AN, EFEEH
JRFIF e OV OB IEaE OALIE, s & OBRHOFEEIZBI 9~ 2 I OMER. Rk 29
4 A5 AR IHIRIZRESUIE) B8 ROFERRERIR R 2 0EER
1B R Se OEAN S 2B AR Lt R O A2 ts M2 B9~ 25 AT A PRk 25 4 6 H
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19 HEFDHRIZEERRE) 40 TRENTWD,),
© HaR, BRIHEDRE
WA R FGOMER F LRI E D Fil s — 7 v A2 ZMIICER T D 7201,
BN HEHS S — 7 AR DRNFZRIES T U A2 BEL, EOR CHE
EEZ LNHHERR, RIFFEIZOWTHIHT 5,
@ Haw., RiEEDOET L
FhH U7opss, BRIGSEIZTOWVWT, ZOBRENLO T +—/v MY U —Zfiftr 17—
2 & UTERT %,
@ HIERHEROBRIE
BHgEs BRI EOYIERERZ AN TA N b U — % T — % & LTS+
%o T T BAELIA~DOXIR & LT L7z XS T E OREIEEN 5 Has.
RIFFOSEHRROZELZZRE L, BEE GREMESUIRTEORAIEEI L S i
=) . BIEME GUEORBIEENI L O BlRaess) K OWERIE (RS UTIKIE
DOEETEENC R EE T 2 ML) O 3 DOMBEMERICEH L CRET 5,
® fiEbr
3 DOMPEMEREZHNT T 4+ —/L bV U =K A X Y U —IZ XD 21T 5,
® fENTHERZTEH Lo
FENTIC &> TR DN TR E BHE E TR OEUEN SR E TO CDF i CFF @
72453 % /ICDF XU ACFF & L TR L, (RAEIEEIODEWIZMED U 27 25T 5,

4. 3 BEHFEFFOBER RS T 70 —FIC X5 FEOREAMEOEE &t 19

BARBFFFOREE LTPWR (HN 3 /1—7) KROBIR BWR-5AY) Z56tBRIc, 2430
B ) ERER LT FG S — AL LTGREL, TORRFLIED TV A2 EL, /i
4. 20~@DOFIEIZ LY FEOBWAMEEZ R LI,

Tz, BAepr 7 u—F L LT, PR CIERGHRHCRT DISREIE AR A2, Bakik
30 ERRIH L 72 RERIC 30 1T HRSRETE MR A BIfE, Rt 40 ER0E L 7o Renllc i) 2 1kee
PERfER AR E UTRIE L, BUEOREIE MR 2 BLE & LT, BhAUBERER Cldldamess
DEAbZ EMET /L THRGE L, Fs CIIEEAE T LV CIRE T 2 HiEZ 272, BIR T
IXECE OFCAUIERE R0 5 JMREICER L, @ (10 F450) . BUELONER (10 4
%) O 3 ORI TOKEDBEIT L 2B O ATEMBHR G R 2 (5E 2 k& AT,

B DRI OFAZ MG, TNENERIR DT 7 a—F 2 &0 RAFEOM M%7
L7ohESRs, ERFERORABE DL L SGE L7 fil% 72 PRA ZFH LT, END
BE £ CTROBENSESKEE TO CDF X CFF D7#%% ACDF XTI ACFF & LTHRET S Z
& T, REIEBIOE OIS ) B, RHSEO Y A7 OB R T, ME LY U A
(B DR, BRIFSE I A IRAETREIOAIMEE U A7 CRETE D2 LE2R LT,
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5. JFTIF— U RiaR Ol MR VAR D05

5. 1 REHFENERICBET 2050

PWR D AL R AR AT FH S S DR R LR D AT I\ T, RPY. & kf 2T i
STV D PTS FLUTKT 2RO FIEDO S ELE K D 7o, KETHBNIEH S
A TUND PRM B3 2 H AR 2 54 L. PRM Z =3 RE O At 2/t Lz,

5. 1. 1 PPMRATEREOMRFT

HpE - BREFIZ X0 MEfk L 7= RPV @ PTS HRRFO R MEFEAM -~ PRM OTE 2 AT T PFM
FRATDOFNE, FAEZEOIARIN 725 2 J7CHMHARILIZ DUV T, PRM T EREE LT Lo
fz BRI OREHOME A X 5. 1 IR T, AREFHIT, PPM AT OFEARFIHZ £ L 7= AR
& DOHEATHHRRILZ A U 7= fifai. [EIN RPV OffdT &2 323 25 L CILEL L 70 2 b 15 M
OENET VT —ZWNCEN S 2 AW TfT 362 £ & O IRTER TR SN D, A
ZHEL, ENEMZAEDIESGEREL, HONCEREZKMRIET-LOTHD, LT
VCAARAT EEREIZFD L 7238 B K ORI O E 2 7~ 5,

A X

15 —#&=E1E

2F PTSHKEEBHBREDOE
3E WERIME izﬁﬁ%@a
48 WEBAEDOHE

5 BiF&

fiz &

T E

[ 5.1 PRM fEAT EAHOAERK
Fig. 5.1 Framework of PFM guideline

(1) —fixdIR

AREREIT PTS S5 ORIEESH O RPV OFEAEMARIEE 25t U CHFBBEEfRNT 217 9 728

DEFUZOWVWTEEDHTEHDTHY , fEHIRAE C L TND 21T 5 PWR @ RPV 4F LiEIEE %
b OxfG L LTz,



(2) PIS IREEER MO E

PTS REEERHIFRORREIZE LT, PTS FEUZ K D IFEMEIEICFH 53 2R FR 41
BEFRRL L GRET DL &L, JEAC4206 ©1 'Y KUSKIE T PTS (22U T D PRA fiftfr
FEER BLR) A = | RIEA IR HE e 535 (Large Break Loss of Coolant Accident,
PLUFTLBLOCA | &9 ) L Hlk s FA4 5E 2 2l (Medium Break Loss of Coolant Accident,
LU TMBLOCA] & N9 ,) o /MRS EIM HE 2525554 (Small Break Loss of Coolant Accident,
LIF TSBLOCAJ &Vh9.). FARKE N (Main Steam Line Break, LAT MSLBJ &\ 9.)
M O—RZDFFOBAED (Stuck Open Valve in the Primary Pressure Circuit, LAF

[SO-11 &£ 9H,) ZE LT, WHIRRIS 1040 1E, BUEROZAETIRER Y T v R
PR L DI04 BV BET AL L LT, *EE%ﬁ'J F. KETHEM I L7z RPY
DREEAER N O EAER - L 2 B OF AR &2 % . BROFEE (WHMAW
i) . Jrmm (R OVE) . ~HE, EECUIEE, &@fjgﬁ (lVL *K&U\{ﬁ%ﬁﬁ) ERET
DTl b Ule, ISIEREE (K) OFEMICIX, BET D RPV OHE, IS0 Rk OV
JREREE 2D 2 & L L, AAMMERHER R O @52 | JAEA Of **Y FUCEA @
fig B0 ZEORLT,

(3) MBS RS O E

MBI EER AR O EIZEI LT, W7 PRI E IR ST 1R O K O 2R T D22
MR 7202 EAlRE L L. RIE 7 T v MBI NEm O G0 %0 L LTHRA L,
(B IE,. MBI Lo — MESUTEERRERER 7 O Wit 2 P4 & U CIERDARIZET
METHZ & &L, ERNOHETRNEICE £D Cu KUNL Z25%ETHZ & & Lo, B
BE RTwr) OPMMEIL, EN RPY HOF — & X— 2 R OHMFEOE R A E 2, IR
#£% 9.4 CETHEMMMTET /METHZ L L Lz, BEEEBITE (ARTw) I3,
JEAC4201-2007 (2013 4EaBAfifR)  ®°7 DML THIEEZ AW CRHETD 2 L & L, BEd
P (Ki) BT, B9V v 7 Bl & W o B O A A E 2 U A TS TS
ML, BEUSRREIEEINE (Ku) #hfi, EWNEM T — 2 OFELED RUWOSHIGER 346 T
TFMETHZ L E L B8P

(4) BRSO

AR G RICBI LT, BT KA K 2B 28R S HE L, ®IRTATEDOR)
REZBETDHHAT. T VAL CTHE K23 5RO COIARNER L
W) BITH L e LT, F2. %)ﬁ&&fiéﬂt&?” ’iﬂ/f Kk O K 2B L K K.
Z FEIDSEAIsEE L S HETDH L & L, . BRI D) L X VMEICE
U 7 RAE S TR A & ) S AL 2 IR TE %ELk#EL INVALIONE Y= il e =
ELTHRED 80 %% LEVMEE Lz, BELMEZBE L CHEFS D L ICAREBORMEE
R L. ZAUTHET D KIBIE SR ORI 2 5 UGl 2 Bt 7o 4 A EmE
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EEFR LT,

(5) fRtrFis

FRRTIZE 7 DN a EEOMEEGRIFRFELZ AW THEmT 2 & L L, MRESh T
LIRNTa— REHAWD Z & & Ui, T = — RORGEEFIEZ B EIC, BREEO S5 2 [ &
EBOMBIIR LTz, X620 2HT 537 A =41, HEESND XSO ORREZ R
MELTETMET DL &L, Fo, EESMOFIHEY  (LIRE & TRREDRE)
([ZDWTIE, IRV BRI U, IR IR T 2 B OB E 2 R L7 ETEELTH &
W2 Ll LT, & 50T, RPV O PEM f#HT = — R PASCAL % Fl\V N TR ZLEE@AEEE ~DRERS
DFTHEIY DR BEZ M L7l %7~ LT,

5. 1. 2 PRMfighrp

PRM DA RN Z BT $ % 7o B0l L7 = — N PRMBENTEEGH, Bt FE KR OERN T
Z > b RPV DAL S DOREN 2T =2 2T, BENT' T2 M axfR L LTl
rE LIz, —HlL LT, AARENEHEIT ST 2 IR A O R4 PEMIZ &0 #¥f L7z
fRAERT B0 RN COERBNTARIZ R 5.1, AMHTCHWIEEREIC L D
KRt HEEREDET /LA — A (American Society of Mechanical Engineers Boiler and
Pressure Vessel Code, Section XI (LT TASME Sec. XI| &uv9,) @519 poIEpkEEkpA
(1% 2 BEASTRRERIEE D GAS FEED B R IR A K X < x DMEREIcEkE) B0 &I 5.2, Y4
AEFRBER AT & 2 AR BB I3 2 20 R A4 PRI & 0 3l L 72 R & 4 5. 31T,
RPV ORKEEHEEIL, 77— ATHD  HEEh 2 32 L7256, &R Loy
B LT /2 BB UTe, 7o MR sEIs) S L oD ik & i U B fisk oD 20 (47
LD D BERKIETEO 75 W E TORMIER) Ol TRREEHEIIRE < LD LRV
Wlipotz, LLEMS . PRM fRATIC X 0 RPV ORHESEE 154 2 FERERAS 00 BB )N T
TELZ LamER LT,
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5.1 RPV O PRM fift#fr O F 7 T S
Table 5.1 Main analysis conditions for PFM analysis of RPV

SIEERL | RPV 4 OO
i WL : 2000mm, 7 7 > RIEX @ 5. 5mm
RIS+ 200mm, ARREE S @ 4000mm
Cu Ml B 0. 1dwt. %, EEHF 1 0. 14wt. %
TN PEMEIRZE  RIAF - Bt 2 0. 01wt. %
Ni SEMfE RERE ;0. 62wt. %, TAEEES 1 0. 8wt. %
IEMERZE  RAE - Bt 0 0. 02wt. %
RTwr D EHE B -5C, R -50°C
K R R - L 9.4°C
e FeR 7X10" n/em’ (E>IMeV) (60 4F@HAFHY  (48EFPY))
R
et 7% | JEAC4201-2007 (2013 4FiBHfkR) 27
WA BARE 1 77y FELHRIED 1~ 5% (FH#1)
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