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Abstract

The NRA has enacted the new inspection program in April 2020 taking into account the
recommendations from the Integrated Regulatory Review Service (IRRS) mission of the
International Atomic Energy Agency (IAEA). The risk-informed daily inspection and the
significance determination process of the inspection findings have started in this program.

In addition, as part of the evaluation to improve the safety of nuclear reactor facilities, the licensees
conduct PRAs for their nuclear reactor facilities, evaluate the effectiveness of their efforts to improve
safety, notify the NRA of the results, and make them open to the public. Furthermore, the NRA
confirms their evaluation methods and technical rationales for the PRAs conducted by the licensees.
Since the activities using PRA for safety regulation has been increased as mentioned above, the
improvement of accuracy for PRA utilized and the extension of its scope to include earthquake and
tsunami have been indispensable. The NRA, in FY 2017-2021, developed PRA methods and models
and investigated the measures toward the use of PRAs. This report presents a summary of the results
obtained in the five years.

Major points of these activities are shown as follows:

(1) Introduction of the latest PRA methods and models

The analysis code for coupling the thermal hydraulic analysis and PRA has been developed for the
dynamic PRA which can take into account changes in required systems and equipment to prevent a
core damage in response to an accident progression. This development has been done by the Japan
Atomic Energy Agency (JAEA) under the auspices of the NRA. With regard to the human reliability
analysis (HRA), the NRA has reviewed and compared three methods, EPRI method, IDHEAS, and
PHOENIX, to select the one to be used in further research on PRA. The NRA has also selected the

suitable PRA codes and developed the basic design of the PRA model for consistent analysis of level
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1 PRA and level 2 PRA.

(2) Development of internal fire PRA and internal flooding PRA methods

Experimental results of fire propagation behavior have been analyzed, and the detailed fire modeling
for fire propagation analysis has been developed for the internal fire PRA. In order to construct the
internal flooding PRA model, the conditions for loss of equipment function due to high temperature
steam caused by high-energy piping failure were investigated, and the range of loss of functions of
SSCs (Structures, systems and components) due to steam was investigated. Then, a steam diffusion
analysis in the reactor building was conducted using a computational model for flooding propagation

analysis, and the results were introduced into the internal flooding PRA model.

(3) Development of seismic and tsunami PRA methods

Severe accident countermeasures have been incorporated into the seismic PRA model of ABWR
plant. For PWR, the seismic PRA model has been improved to take into account the multiple steam
tube breaks in multiple steam generators. A prototype code to analyze the inundation behavior in the
buildings of a run-up tsunami has been developed. With regard to multi-unit seismic PRA, in order
to adapt to the actual situation in Japan, the evaluation was expanded from the conventional
evaluation of only two units to a larger number of units, and trial and error analyses were conducted.
In addition, a method to consider the deterioration of the working environment for outdoor work due
to an accident at an adjacent plant was studied, and a trial analysis was conducted assuming that
outdoor work is not possible due to the accident. For the high wind PRA, gusty PRA and volcanic
PRA, the equipment that may be damaged by the high winds, gusts and ashfall, and its effects were
examined, and also trial analyses were conducted. For the seismic and tsunami PRA, the evaluation

method was studied, and trial analysis was carried out.

(4) Examination of measures to utilize risk information for oversight and assessment system

Based on the review and analysis of Significant Determination Process (SDP) of inspection findings
including those during flooding and fire events, a flow for screening events, a simplified risk
assessment code for use in SDP and a handbook summarizing risk information have been developed.
Furthermore, in order to review the adequacy of licensees’ PRA models, the flow of review process,

the review items and the viewpoints of review have been clarified.
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Table 2.2.1.3 Parameter setting for sampling
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Fig. 2.2.2.3 Example of decision tree for data effectiveness
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N ‘ﬁiéﬂ)ﬁ%?ﬂ:%éﬁeﬁ&ﬁﬁ%& L C THERP (Z X BT RE2 W2, Zh b 05HH

AN HUZ HCR/ORE % FVN 72356 O AU - BR U0 B E 0 R Ui =R 12 0.38 TH V)
AR CBDTM % W 2556 O R BHE B DR B E O SR A R 1 8.8 X107 L7 o 7,

(4) IDHEAS FiE 4 A 72 st

IDHEAS I%, PRA THR-Fy—Fr A, 77 FORGHEH, EIEPIEESE )L ¥ R
7T E TV, [K22.24 O XD IiEERE XN A Y27 7 & (Crew response diagram: CRD)
RS 2. ROBFWAR 7 AR EHEE RS G2W, FaR, BIRE) DR R IE %2 3=
LTEY FEOR Y 7 AREIHERED B O U J1 80 Oy KRB 2 3R LT 5, RIS,

HIRE XN Y A Y77 LAOXEIEICE L CEEEE NS 52 KK E— F (Crew failure
mode: CFM) Z45E L. HIsB ORI E DT 5, FESHIZ CFM IZDOWTH#K 2222 (2
AT 14DOT 4T ary ) —% AT AWBRMEELH T 5, X 22252 IDHEAS ©
T4 vYaryV—oflzrd, REIIZWIRICEERERSTEENMIT S CFM

(% 2.2.2.2 No.1 AR Key Alarm Not Attended to) (ZF3 57 1 > a Y U —ThHU ., KRk
TRBITRE R 2 R LTV D,
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%2222

IDHEAS ® CFM 7 4 > ¥ 3 7 U — DO FE¥H

Table 2.2.2.2 Types of IDHEAS decision trees for CFM

NO. |identification|Decision trees NO. Jidentification|Decision trees
1 AR Key Alarm Not Attended to 8 RP-1 Misinterpret Procedure
Misread or Skip Critical 9 |RP-2 Choose Inappropriate Strategy
2 |MP .
Step(s) in Procedure
Data Misleading or Not 10 [E-1 Delay Implementation
3 |sAT Available
val Critical Data Not
4 |sa-2 Wrong Data Source Attended | 14 |g_p Cheeked/Monitored with
to Appropriate Frequency
5 |SA-3 Critical Data Misperceived 12 [E-3 Fail to Initiate Execution
_ Critical Data Fail to Correctry Execute
6 SA-4 Dismissed/Discounted 13 |E-4 Response
7 SA-5 Pr.er.‘nature Termmatl.on of 14 |e-5 Fail to Correctly Execute
Critical Data Collection Response (complex Task)
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Cognitionlndication Selection Operation

1 Success

L———> 2 Failure

3 Failure
4 Failure
5 Failure

2224 HEEXMIEZA YT L (CRD) O
Fig. 2.2.2.4 Example of crew response diagram (CRD)

FIFs(DT branch point)
Distraction | HsS1 | receVed | bih NO.
Urgency
1
High Poor Low
2
High
3
Good Low
4
High 5
Low Poor Low 6
High
8 7

Good

[¥ 2.2.2.5 IDHEAS O EERERA~EENMT ONRWT 4 P a v ) —ofl
Fig. 2.2.2.5 Example of decision trees for “Key alarm not Attended to”

Tl — 7 A EFIEENG K 2.2.2.6 1253 T RFHIEBR DR EAEICMR D CRD ZER L L,
11 fEOEEE ETEN A FFE L, 10 DY I NY ORREMAFFE LTz, £ 2223177 L9
2. ZWHZR T 5 CFM, #1EICBT 2 CFM 2% E L, % CFMIZOWTHRT 5T 1 v
aryY U —%RKEL, U EZBELTH CFM OffR 2 F i LT,

#2223 1289 KL 912, IDHEAS % TR U7 AR B4 BR U0 B0 oD S e S 1
7.3X10% L7257z,
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EEFR B OBHERR/FRR A(oFRE  DRET RZ(0FRR 2 o7k RMOFORKEY QT

AMUFRR  AAUFRH

2226 fURHIEERUIEHRIEICHRD CRD
Fig. 2.2.2.6 CRD for switching of alternative recirculation
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20 A1 FRIEKR
KM, A FRREK
A%, OMETIER
SEM, HRO# DR
6% M, A1 F RN
150, A FRREK
sk M. OHfE RN
9K, A{oF HIFEN
10%M, A4 FRREK

1M, DHHREN
REM, BEEK



#2223 HCFM THEH LT 4> P a v —EZFR 6 ABAMESR

Table 2.2.2.3 Decision trees of each CFM and those human error probabilities

FovVay | UHARY | FovTa &7 7 F | AR
v — DR Y =D DR R fife ==
75 F
AR 4 4.4x1073
Node 2
B MP None 4 2.7%1073 7.1x1073
2k
E-2 12 4.9x10°
Node 3 E-1 7 1.7x1073
o Node 13 1.9x10°°
NIEEEEPN E-4 6 1.6x10°
Node 4 E-1 7 1.7x10°°
. Node 14 1.9x10°°
AA v FEN | E-4 6 1.6x10°
Node 5 E-1 7 1.7x107?
. Node 15 1.9x10°°
AA > THEAE | E-4 6 1.6x10°¢
Node 6 [M8aF5 | E-1 7 1.7x10°
B Node 16 1.9x10°°
R 2 E-4 6 1.6x10°
Node 7 E-1 7 1.7x1073
. Node 17 1.9x10°°
AA v FiER | E-4 6 1.6x10°¢
Node 8 E-1 7 1.7x107°
. Node 18 1.9x10°°
AA > THEAE | E-4 6 1.6x10°¢
Node 9 E-1 7 1.7x1073
Bl AE Node 19 1.9x10°°
E-4 6 1.6x10°
Node 10 E-1 7 1.7x1073
o Node 20 1.9x10°°
M EEFE 1~ 3 E-4 6 1.6x10°
Node 11 E-1 7 1.7x1073
. Node 21 1.9x10°°
AA v FiER | E-4 6 1.6x10°¢
Node 12 E-1 7 1.7x107
3 Node 22 1.9x10°°
AA > FHEAE | E-4 6 1.6x10°°
A B O BRI A 2R 7.3%1073

30




(5) PHOENIX % F 7= g bir

PHOENIX i%, EPRI F£X° IDHEAS FE L 0 & A ORI &L OFMBEK £ ZE IS E L,
RAPT e BV =T « Xy hU—27 B2 NTEESOERN & AAGBEO KN LR E T
TMELTWD, XA VT - B —7 « Xy FU—7 (%, FHlixIR L 722 2 FROFTEE
BREFXy hU—JRHTRIL, Xy NV —JBOMERE A AOEHCTHEAT H 2 & TiF
ikt DR AR Z RO D FIETH D, Ml L a2 EIRB OERIEORIN L T2 & EHIKE
DOEAERBUCK T 2HEBOFKRE * > T — 7 XTI T, EiEE ORIERKROMRE
R ZADEBTHEIBTED, 2O PT BV —7 « Xy b T —7 TlL, FRBIFIK
DB L FMAT EHETRMT 2720, FEHEREICME O BRERTFOEEHREOLE | L
L CARFAHERZ RN T 5 Z L3R Td D, PHOENIX DR OMEEEX 2 Z [ 2.2.2.7
(2779, PHOENIX Tid, @ IDHEAS [Ffk, £9 PRA ET7 NV CHREFHS —F A 7
7 v b ORGHER, EIEFIEEEND X X7 52170, [X2.2.2.8 O X ) REIEE XS Y
U — (Crewresponse tree: CRT) Z{ERT 2, KOF WA v 7 AIFEIHREIS AR L, #k
IR R A% RITKIEANAZR LTS, EO%, BERECERE L Vo o BEREIC
BHELREFHROEE (Information) . BERE (Decision) M OTHE) (Action) % EHE B #E
D3FEF L L2 IDAET /L3 HS & HEEE B #IED KIE — K (Crew failure mode: CFM)
EREL, 74— YV - TEEE ORIEREZETMET 5, EEHED/NNT +—
< U ADE BB D ENE X T g —~ o AN F (Performance influencing factor,
LIF TPIF) &9, ) & LTREL., ABBRRZ E&FHET 2, X 2.2.2.9 (2@ B KMCE
TNOFZRT, KO TN CFM 2R L TEBY, ENH0 or 77— b TRs I, HiiZ B
TED R NET ML ENTWD,
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PRA Model _ , N

HFE 2 — (.)

System B Fails ()
A (.)

Crew Response Tree HFE 2

Human Event / p »
A —><ES1), & Human Event Human Event; ES2
| : ‘ .

e Human Event
D

: (ES) Syccess End State : :
:Legend :
: @ Failure End State -

Crew Response Tree HFE 1

Failure in Human
EventB

)

[

Failure in Collecting Failure in Making the Correct Failure in Taking the Correct
Human Necessary Information (1) Decision (D) Action (A)
Reponse [
Model () () ()

i) M. Ramos, Kanoko Nishiono, Haruaki Ueda, Yoshikane Hamaguchi, Ali Mosleh, "Phoenix
Human Reliability Analysis Method: Application to a Feed and Bleed Operation," PSA 2021
International Topical Meeting on Probabilistic Safety Assessment and Analysis, 2021.%

2.2.2.7 PHOENIX % H\ 7= 3FAff 0> 42 4[4
Fig. 2.2.2.7 Schematic diagram of PHOENIX evaluation

MSRV I——> ES_3
—\) Operator A opens

-~

’ \ Operator A follows the MSRV

' init F——> the appropriate

Yo ? procedure @
EF_2

Hi#) The B. John Garrick Institute for the Risk Science, “Human reliability analysis for nuclear
power plants using the extended PHOENIX methodology” , GIRS-2019-02, University of
California, Los Angeles®!

2.2.2.8 CRT ®[¥
Fig. 2.2.2.8 Example of CRT
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Hi#) The B. John Garrick Institute for the Risk Science, “Human reliability analysis for nuclear
power plants using the extended PHOENIX methodology” , GIRS-2019-02, University of
California, Los Angeles®!

42229 HEIREKKET LOX
Fig. 2.2.2.9 Example of crew failure model
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(6) WEBF G DR ARG BR UV RAE I AR D AR IEE D £ &

WS CRIEMT LOCA) R DR FRIE SR UV HEIZ DWW T EREG)~G)ITR L7k D
|2 EPRI Fi£, IDHEAS & U PHOENIX TAM#EMERZHH L7z, £7-. THERP FiED
AHBEFRFESRIC OV T, BEEICEE LR Y 2 o2 BIRrTo LI Lz, Zh
6@%%%%2n4:i&wfmﬁozmﬁmﬁmﬁ%1@m%&®Hamef%%L
7 NBGERFER DM O FEEZ AW EAICHTE Y, L, BREMTECL-T, £
D — Az mbf@m%Aﬁﬁé ENEBETHD,

#2224 REHIBERUVEBRIECHRD ARRZMESR (WEHHER)

Table 2.2.2.4 Human error probabilities of alternative recirculation switch

AT XIS | B L2 FIE BRI K oD AT A
L= F5 Z 85k
I =S THERP 3.2x107
(R e e EPRI F¥£ (HCR/ORE 3.7x10"!
LOCA) M)
(CBDTM fi ) 8.8x107
IDHEAS 7.3x107
PHOENIX 9.2x1073*

*H{#) The B. John Garrick Institute for the Risk Science, “Human reliability analysis for nuclear
power plants using the extended PHOENIX methodology” , GIRS-2019-02, University of

California, Los Angeles®!

(7) HUEZ B [E L= NDUERR MR O R

HIFED X 5 BT OZALICK L T ARBIRERZ R ET 272012, BEEREZZET D
=D HEERE Uiz, t40E, (2) Tk <72 KAkkr LOCA 128 1F 5 R E R O #EC
o5, L~V 1PRA THIMI L TV 2D AREBFRZ f R 2 F i LT,

(D PSF Z MW TERERELK 4 & J& L 7 sk fiftr

— 2O J{EIL, THERP Fik, EPRI FiE & T IDHEAS FiEICx LT, A ML REDHE
KaxBRETDDICN—RA L RLIBERMIEREZMIET D7+ —~v U A= 7
777&(MTFmR|&wﬁo)mﬁﬁmiépw(uTF%ﬁij&wﬁo)%ﬁm
L7c, 22T, RERHBIZ LV WEISEREBICREN L TWD &{E L T PSF i 10 £i%
&ﬂﬁbtoﬂmmyﬂi£%¢MF%%@LT%%W®u§%$ IRLTI0OfET B2 &
THH L, CBDTM & O IDHEAS TIIBEH SN/ ROmAMERICx LT 10 53552 &
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TEREPSFAEETLZ L E L, 2OX DT L THELEREE PSF 25 E L7-5E 0 AR
PRMER A 222512077,

2%, PHOENIX Tl BB @ PIF 2 X510, MUEFAERFOFEERRIIM L 25 2
EAEFELTPIF O EfEEZ K& < LT, ARBRMREEZET L,

#2225 EREE PSF =5 [E L1546 OG5

Table 2.2.2.5 Trial calculation results considered environmental PFSs

W7z Tk UNEDRGERY R

THERP 1.2x10"!

EPRI F¥£ (HCR/ORE fi —

) (1.0 ZB 2 D7 D%t 5
4t)

EPRI F1%£ (CBDTM f# 1.3x10"!

M)

IDHEAS 7.3x1072

PHOENIX 4.2x1072 %

*Hi#) The B. John Garrick Institute for the Risk Science, “Human reliability analysis for nuclear
power plants using the extended PHOENIX methodology” , GIRS-2019-02, University of

California, Los Angeles®!

@ T4 Vary )=y E BN L GG OB

TOoOBDHEE LT, T4V Var Y —0OSIRIIH LT, MEEEELH LVl
EEGDHEEREF Lz, ZOFIECONTE, T4 vV ary U —%HHW5 EPRI T
® CBDTM } OF IDHEAS Z X Gl it 2 L7, X12.2.2.10 IZH LWl A2 BN L 727 «
vVa vy ) —oflERT, RRIEASEORMBITOMEEERST, T X OEAEIRDLT
43V ar Y —IZBF 5 Workload D~T o 7 xR, MIERZZRE L7728 LWl
[Very heavy workload| ZiBIL7=, Z @ & 5 ITH LWyl & 5% TIT o 7o iR AT D i 2%
32226 TRT,
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#2226 Ta4vTa YV —IZH LWl &R T 7256 O RARAT S R

Table 2.2.2.6 Trial calculation results considered new branches

W= Tk PNGORIGE-Y 2
EPRI F1%£ (CBDTM f# 1.5x1072

)

IDHEAS 7.1x10%2

@ T 4vvary ) —0~T 47 &BINLIZSA OB

ZowDHEELT, T4V Var V) —D~T 4 I LT, BiLnAT 4 7%
BT 5 HFEIZOWTHE LTz, ZOHEICHOWTIE, TP a v —%Hw5 EPRI
F-1:0 CBDTM } O IDHEAS % IR 217 - 72,

22211 IZH LWAT ¢ 7 (T 4 74 earthquake) B LT 4>V a vy
V—Of%R~d, RIS EIORMBNITERERT, 7T —FOEREIRLIT 4T a vy
U—lZBNWT, HEO~T 1 7 %BIML., SlEEeR Tz, LW ZBINLIZSGA &
DAL, HERICAMN NS WEEZIT O BE 2 BB TE L2 L TH D,

ZOEITH LWWAT 4 v 7 EF T THT o IeBRIT OFE R & K 2.2.2.7 1T7”- T,

#2227 T4V ar V=l LT ¢ T R 8E ORISR

Table 2.2.2.7 Trial calculation results considered new headings

M7= Tk PNGORIEELY
EPRI F¥£ (CBDTM 1 1.5x1072

M)

IDHEAS 7.1x1072

36



Low vs. Hi Check vs. Front vs. Alarmed vs. peb
Workload Monitor Back Panel Not
Alarmed
(a) ﬁ‘é i Ar
+0.0) &
* (0.0 T (b) 0.00015
+0.003) o (©) 0.003
1.0 005 (d) 0.00015
+0.0) o (e) 0.003
X (0.003
( 005 () 0.0003
. +0.003)
1st Choice 1.0 (g) 0.006
. (h) 4wy
2nd Choice <005 4
+0.0) () fm g Ay
| X 1.0 i3
X
I (0.0 005 () 0.00075
+0.003)
i 1o k) 0.015
I >0 T 1) 0.00075
+0.0
i ) 1o (m) 0.015
I x(0.003 Y () 0.0015
+0.003)
1o (0) 0.03
(p) M #5 w]
X 0.05 e
+0.0) (@) fm @ =]
| X 1.0 i3
x (0.0 T ) 0.0075
+0.003)
<10 (s) 0.15
I_E o
+0.0
) 5 W 0.5
Z Doy A BN X (0.003
005 (v) 0.015
+0.003)
X1.0 (w) 0.3

2.2.2.10 FHr LWyl &

RITT-T 4> Tar YU —of

Fig. 2.2.2.10 Example of decision trees that include that include new branches




Low vs. Hi Check Front vs. Alarmed

earthquake vs. Back vs. Not p:b
M Monitor Panel Alarmed

(0.0 . (b) 0.00015
_7WWV%:::§i: (¢) 0.003
1.0 . (d) 0.00015
_7WW_%:::§i: (¢) 0.003
(0.003 () 0.0003
—immﬁ4:::§i: (2) 0.006
T.0 - (h) fEMATRE
—mmr—{:zzi: () M ATHE
(0.0 ' () .00075
_7WWV%:::§i: (k) 0.015
3.0 ' (1) 0.00075
w (m) 0.015
(0.003 (n) 0.0015

]
(lisﬁoice i <T0 (o) 0.03
(zi?l%ice I +0.0.) (p) AEHLATHE
0.9 - (q) 0.0015
—imwv4:::$i: ) 0.03
' (s) 0.0015
_jmﬂ_4:::$i: ® 0.03

(0.003 (w) 0.003

(v) 0.06

(w) MEXLATRE
(x) HEEHLATHE
(y) 0.0075
(z) 0.15

(aa) 0.0075

(bb) 0.15

(cc) 0.015

(dd) 0.3

X1.0

X 22211 FHLWAT 4 VT 2R TT=ZT 4> Yary U —of]

Fig. 2.2.2.11 Example of decision trees that include new headings

(8) HIEE % B JE L 7= BT DO FE S

HEIZ L DBRBEOENDOZEIZONT, EO~@IRr Lz 51, BE PSF (L <
IXBREZICARD PIE) . T4V ar V) —DREDEN, T4 Yar V) —D~F
7 OBEIND =2 D51k % Bt LRI 21T o 7o, SR OFER %2 2.22.8 128 L=, &
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AT OFE L, IDHEAS 1= > D FETAMEBMEREDO R E 2 Bbn o2 b 00, ftho
FIETIXEREE PSF 25 B L7256 O NP HERN K& <o T,

#2228 HEZERE LN O RO

Table 2.2.2.8 Results of trial calculations taking into account influence of earthquake

Hit = THERP PR 5% PSF 1.2x10"!
(Kfkl§r LOCA) | EPRI £ (CBDTM | BR5E PSF 1.3x10"!
it 1)
Sy BN 1.5x107
~NT 47 DE | 1.5%102
o
IDHEAS PR3 PSF 7.3x10%2
Sad SADFENI 7.1x102
T 47 DB | 7.1x107
n
PHOENIX BRBEIZERD PIF | 4.2x10°%

*Hi#) The B. John Garrick Institute for the Risk Science, “Human reliability analysis for nuclear
power plants using the extended PHOENIX methodology” , GIRS-2019-02, University of

California, Los Angeles®!

(9) 2D FIED i

G)~(NTHIZMUS>OFIEIC L MR R AL R 2229 1777, NEHFESLO AR %
FHEAZ LI BT I B WV Tk, BRER OB &2 xt G & Lz ARME R FIE D 5 B,
EPRI F£ (HCR/ORE /) TEHAE L7 AR MO FEEZ WSS I TE
WZ ERGmoTl, T2E L, FEICL s THEETHARER F2 825729, HEP O ZHH
2 ERNZ O W TR E T F ORE A LETH D,

F 72, PHOENIX FEOR#ME LT, PIF O IEEEZMMNABEETE D Z BT,
EDIL, RATVT Yy V=T« Xy hT—=JEHNTND Z LMD, EHEOERBEE
DOHT%BREZ XY NV =7 RKIZ KV ET LT 5 2 &R TE ., ARIRFEREROF R I
AL Z EMTEDLZ N ol

>0 NEUSTEYERNT FIED O B T O SR E OBIEICHB T 2 ARyiliame %
M % THERP FiE & OVEPRI FiEiX, ZHE THREL TV o o BIMERER EDNE
75 B R O R ALER AR D EAED N FERER Z RN T 572 0Ic VNS Z LR L VY, —
J7. IDHEAS Fi£ } O PHOENIX Fi£1T, B R FHE L O #AF IR 3 5 AN B iR fi
RIZTF Tl <L I, HERE OSSR O B R R O OB 3 T E S 4D i
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FAFRER O NBIERRFER DR HIZ B W TH . ADREH M OSMBEK %2~ — A2 AR R
REFHT LN TELREOHBEREGLS . ABROLEMIETERMENZ LT HZ L
IZE L CWAZ EDRMRTE T,

B2, WO NFUEEMMNT FIED 9 5, PHOENIX FiEFA XU RV U —KON7 +
— bV =2 AW TCEEBEE N EBIEZRNT 50 Yy 7 ZA T, EiE BN EEE K
TOEFZOMEY (I=~vAr Wy by M) ZHET2ZLNMRETHL, ZOHIER,
— %72 PRA THWTW A KONERILOFHFIELFE U THY . AMGEEMMEITET v
EPRAETIVEDENEL ThHDHZ LR TE T,

S H T, PHOENIX FiklE, EEOELBEREORZEREZNA T - B —T7 - Xy
NO—=ZICXVETMETHZENTED, 20D, PRATHLND TR TV A% K
2. BEEOBEBEBRIELZET LT 5 Z & T, FEMe ANPIEFBREROFHEN R L 720 |
S REAEE OREE 2 17 L& &2 FR R Sz, S 512, ARIRRO KA AR Y
BR T OMEEE LTRESND 720, FOBREA~E 2 EREBIERIRO TR oW 135 5
LD LR TE T,

ANHEFEMST FIE & PRA BT V& K0 BEIHAGDE D Z & TARBEBBHEROR
AN S ZIRETE 52 &0 PRA 2O 15 511 5 FH 2 A RHME MR ICHEL Z0A B0
<o FEOH L AR O RN L OREH L7 AEERMERE PRA ICHAALLT VT
ERNEE R D20, 5%O NBUSHIERRIT IR A58 W T, Y 74 V=T K%
DSBR%E & #6587 5 PHOENIX Tk & HFZExf 4 LTz,

#2229 oD FEDORMEHTHEE

Table 2.2.2.9 Trial calculation results for four methodologies

AT TR | EH L ek BRI E K oD N HY I A
RIZLIZH = 85k
%
RS THERP 3.2x107
EPRI F¥£ (HCR/ORE 0.37
il 1)
(CBDTM fii ) 8.8x107
IDHEAS 7.3x1073
PHOENIX 9.2x1073*
= THERP PSF 1.2x10!
EPRI Fi£ (CBDTM | PSF 1.3x107!
il )
Sy BN 1.5x107
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NT 4T D | 1.5%107?
BN

IDHEAS PSF 7.3x1072
SN CARBENIL 7.1x102
NT 47D | 7.1x107
BN

PHOENIX PIF 4.1x102"

*Hi#) The B. John Garrick Institute for the Risk Science, “Human reliability analysis for nuclear
power plants using the extended PHOENIX methodology” , GIRS-2019-02, University of

California, Los Angeles®!

41



(10) PHOENIX FiED SR

NS HEEAENT 2 PRA ET /VICHLAIATEE, PRA ET/LOA X2 v U —THRIIN
TWDH Y —r v A% RKIC, BIEE OBIEOHHI% OBIEOBERIEE B 2 2 LERH
%, THERP L TlE, HiZ B OBEETIAZ FIZ HRA 4 X b U —Z{Ek L, % HRA A
N YU =D BV THIB DEAE & DIRGFIERE 2 b2 5E1E, KIF Lzl
M, AR L AL LAL m L L ROTE RIS O 5 FlEED DERGE L TR RRAE R A Al
EL, 20 NiRiaiME = HH L T\\Wab, £72, EPRI FIETiX, PRA OFERLHE LN
LI=AAy by MCEENLEBERELZME L, HROBLERENTEND
=<y ey AR 2E B OBRMEICH L TE 1 & B OBIEOKRLF L~V &AL,
KL~ FL~b & LUV R OSERIKAE O 5 TR DR E LT, iSO ERR
BEEORBHERZHFEH L TV D,

ZOXDBRFEGIEIMHETH DM, KAF LIV OBRERIL, KF LT L DRIk
TSR DR OARILEE | BT 72BN Z L, D7D B 74 V=T KFEEWH LT,
B O EER BEAE ORI BR D E T Ak & BIRMED SO0 & DR & OFFAl 5 1E DRt & %
i L7z 2,

Bl z1E, —oDEEEEIENH - 725 A . PHOENIX TETIXZNENOHBIEICK LT
HEHR B XY U — (Crewresponse tree: CRT) Z1EpkT %, ZivE CiE, EEEERSY U —
WTHEBLTWD PIF OBMRMEIL, _RAPT v BV —7 « 2 hU—Z TEEL TV
HLOD, ZHOOMEEEXINY U —HOBREITBER LTI otz SEOBFHIBWT
X, _"ATPT B —7 « Xy NU—7 TEET HEBORFHABROMERN>X %, PRA
DARY IV Y —=TRELTWDLHW—FT U A~NEBHL, KERXAMTVT B —7 -
v MU — 7 OBMRMEDORERE & M L. PHOENIX OfEHT Y — /L 2 ITHLAGA A T2,

B L 7= PHOENIX Of#HTY —/LZHWT, K 22212 128 T X222 KADEIBEE T
A= 7V R7YV—=RFOZOOEEBEEBRIFLFHAE L E A, ZOFES—ATIEE
22210 IZRT X O CEEE B EER ORFIEE BT 5 2 & T 14%REOIMN A b i,

LN, XRAVT v s BV —7 « 2y NI =7 ZHOTERFEBR OB D X DR LT
ST, 14%FEHE & Uy 9 #EINIE THERP Fi5X° EPRI FIEORFHEEZ BB LG H L0 £
BRYNSWFERZRT-, 202D, thOTELE OFHEMREOBEB NN RKEZ WLV S FRE
WG LI, ShiE, 20 X O i A AT L. ARUEEEMEMAT OS2 17 95 2 & T,
PRA BT /VICHAIAT Z L DO TE D5 NMEEMEMITZRE CE 5 L b s,
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#22210 2WREDEIAEL T 4 — K7 v R7 Y — FEIEIZB T 2 KRR
Table 2.2.2.10 Results for the failure of secondary side recovery and the failure of feed and bleed
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724 PVC2 F 0.1 1427
725 PVC2 F 0.15 1427
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Table 2.3.1.2 Example of initiating event database
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Fig. 2.3.1.14 Display screen of the initiating event selection code




99

—: HNE
% PHEEEREBL

HEES-T
: FlES-JL(RE)
L STES-JV(RIE)

NEXBIER : NKEXEE :

NEXBEES Cc/B1-3

NKX B PRERFEAEERE

2= BIE2E(C/B)

PRES (m?) 995.0

AKX BCHD NI/ T — [ : RICIED

ZEE(MJ) 736,353 JD(.W)

KIGBE(MI/m?) 740.1 i

SMAKEER(Gh) 1.0

NEEBHBPHNE - -
NSARFNDFER HNEER HNTTE

ERAE IFOVLENEE =] ) —

BTAS =T ABREE =]

NERBCHZNIGE :  CIFOVLEXEEREDR)

>

Bhoy-7L

BREEHESRABEEI00

BOREHERABEE SRR kE

FREREEHERBEENER

BOREHERABEE SRR kS8R

EEBEENERSREDS I HER

SREABER

NKICENEBR T BPHEN HREEBME - EE5-J): _

EEF-7I
- HEr-JL
tES-JI

N X BICREET DMK B NSREREE
IBEXEES _7:,@___*_.?_&&;% REREOREE KEQTHXER[h
C/B1-4 I=] BEAHKRITE K TR 3.0
C/B1-7 BIrRBs KAy I 2-2(35@) BO=5D B
C/B2-3 B BO250 BR
C/B3-7 EZ0E8 TAECREZ 3.0
C/B3-9 fgﬁﬁﬂﬂﬁﬂﬁiA ﬁ%gfﬁﬂ 3.0
C/B3-10 S RO- Lt IERUESBEN BO=50 BR
W/B1-1 BOER LI IRULYTE BOE5D bt
W/B2-1 IRFBRIYIRURY T = BOZ50 B

NKICEDEER T DENR ¢

[X] 2.3.1.15

KPP Z & D KNG WD FEPLE R

Fig. 2.3.1.15 Results of organizing fire information for each fire section
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Table 2.3.1.3 Arrangement of initiating events that occur in the fire compartment
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Table 2.3.1.4 List of fire occurrence frequencies for each unit type
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Table 2.3.1.5 Correspondence table of initial events and evaluation models when hot shorts occur
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Table 2.3.1.6 Simple fire scenario in each fire section
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Table 2.3.1.7 Extraction results of simple fire scenario with large impact
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Fig. 2.3.1.16 Detailed scenario evaluation flow
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Table 2.3.1.8 Detailed scenario example of evaluation conditions for evaluation
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Table 2.3.1.9 Evaluation result of detailed scenarios
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Table 2.3.1.10 Example of evaluation of the effects of fire and hot short
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Table 2.3.2.1 Arrangement of flood information in each section
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Table 2.3.2.2 Results of selection of sections that cause ISLOCA
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Table 2.3.2.4 Analysis cases in typical compartments
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Table 2.3.2.7 Flooding occurrence frequencies in each compartment
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Table. 2.3.2.8 Core damage frequencies of each flooding compartment
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3-3 n 94 x10° #90%
RER 2R%
3-12 EMAR AR #5x 105 #10%
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7-11 K%k #7x10° $936%
7-13 99 %107 $95%
6-10 2 x 10712 $90%
BEMAKR FHEL # : #90%
5-3 #91 %1072 #0%
it | #92x10° 100%
#2329 HERKFREO CDF G HE)
Table. 2.3.2.9 Core damage frequencies for each initiating event
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Table 2.4.1.2 Example of equipment selection for severe accidents
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Table 2.4.2.1 Evaluation results of steam generator tube rupture probability

gune | BT | BEAE | L w HEEEIL )L (Gal)
BARER EE(mm) | KE(ER) 57 300 570 700 1000 1300 1600 2000
IR1 169.15 732|  101/1.007E-15|3.542E-15(6.427E-15[1.991E-14/|5.731E-14|1.960E-13]6.124E-13
IR2 396.83 530] 221|2.360E-09|1.205E-06(8.847E-06[2.298E-041.966E-03|8.821E-03|3.535E-02
g (1R 591.48 508| 237|5.273E-09]2.800E-06(2.004E-05[4.809E-043.782E-03|1.565E-02|5.688E-02
IR4 848.23 762|  268|2.374E-08|1.256E-05(8.397E-05[1.691E-031.118E-02|3.958E-02]1.202E-01
IR5 1222.78 746]  291|6.453E-08|3.268E-05(2.067E-04[3.650E-03|2.133E-02|6.781E-02|1.828E-01
IR6 1520 14|  304|1.091E-07(5.321E-05(3.269E-04|5.353E-03|2.929E-02(8.789E-02[2.226E-01
ORI 169.15 16/  101|1.007E-15(3.542E-15(6.427E-15|1.991E-14|5.731E-14[1.544E-13[6.124E-13
OR2 396.83 12|  299|8.980E-08|4.414E-05(2.748E-04|4.635E-03|2.600E-02|7.976E-02[2.06 7E-01
5} &R |OR3 591.48 12|  440|7.056E-06{1.962E-03[8.679E-03|7.107E-02|2.191E-01[4.142E-01[6.526E-01
OR4 848.23 20|  364[8.695E-07|3.446E-04|1.829E-03(2.169E-02(8.971E-02[2.138E-01|4.236E-01
OR5 1222.78 30]  308[1.237E-07/6.011E-05|3.665E-04|5.888E-03[3.167E-02[9.367E-02|2.335E-01
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Fig. 2.4.2.1 Classification of SG tube sections for fragility evaluation
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Fig. 2.4.2.2 Classification of the number of ruptured tubes by hierarchy tree
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Fig. 2.4.2.3 Occurrence point of secondary system piping break

108



[£5 (MPa)

350

300

250

200

150

SR (degC)

100

50

EHDE

|

! —na&%ﬁi&i& :

—SG-AK—L4

L —SGCh—L

—SG-BR—4

L

|

FHE (Ke)

0 1800 3600 5400 7200 9000 10800 12600 1440016200 18000

BFfE (s)

BEDRE

T I

—ABBERE
L —ARRERE

0 1800 3600 5400 7200 9000 1080012600 1440016200 18000

fl (s)

3000000

2500000

2000000

1500000

1000000

500000

0

MEFREALFDFREHE

—PORV F§)
- -BERNATHEIC

rHY T KE

1

5 (s)
JKAL

0 1800 3600 5400 7200 9000 1080012600144001620018000

— IES
—SG-A B HIUNT
—SG-BA I HT
—SG-C #H hv
— - SGIGEAETESS

fil (s)

2424 2 WREW DS 72 W IGE OfRATHI (12 A/%E)

0 1800 3600 5400 7200 9000 1080012600144001620018000
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Fig. 2.4.2.6 Event Tree without Secondary System Rupture
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Fig. 2.4.2.7 Event Tree with Secondary System Rupture
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Fig. 2.4.3.1 Image of cross section from water intake to reactor building
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Fig. 2.4.4.5 Comparison of core damage frequency for each model
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Table 2.4.5.1 Classification of impacts on plant
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No. Bl
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3 S EREIRTER HEPEIRIERBRERD, EFFEENNYT

4 ZOMIBEER BEERCLD, RFIFBEENYT

5 FEFIE REMERBR(CELD. FENSIE

6

- ERSBR(RFIFEL)CEFESRZL
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Table 2.4.5.2 Example of organizing impacts on plant
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Table 2.4.5.3 Wind speed classification for high winds (such as typhoons)

JEBES EARLE(m/sec)*

X5 lEE N B E Rt
5 H731 5 70 115
4 Hh73V 4 58 70
3 ERERE 54 58
2 IEEICTRVEE 44 54
1 (A=) 33 44
0 a& 17 33

*ELUE (107 [E1FE)
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#2454 = (FEEF) OEIHXSy
Table 2.4.5.4 Wind speed classification for gusts (such as tornado)

JEAPES [EUE(m/sec)*

X5 PR U E LF
5 JEF5 95 140
4 JEF4 81 94
3 JEF3 67 80
2 JEF2 53 66
1 JEF1 39 52
0 JEFO 25 38

*: 3T

7% 2.4.5.5 FRE KL OZEROREX Sy T L ORIMEFEITFR D ANHIERR R

Table 2.4.5.5 Human error probability in outdoor work for each wind speed category of high winds

and gusts

JRGE X 53 5 JEL (5 L 5 ) 22 JE\(FE & 5
5 1.0 1.0

4 1.0 1.0

3 1.0 1.0

2 1.0 0.1

1 0.1 0.05

0 0.02 0.02

R F 5 0.01 0.01
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Fig. 2.4.5.1 Initiating event hierarchy tree
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Table 2.4.5.6 Results of level 1 high wind PRA

(core damage probability for each wind speed classification)

EEER FERXS
0 1 2 3 4 5
BERIEE NGNS ERIEE 3.91E-21| 8.02E-15| 5.01E-12| 1.34E-10| 2.39E-09| 1.79E-06
[EFIFEts R AE K AL EETE R (R TEKR) 5.65E-15| 1.14E-09| 2.18E-07| 3.01E-06| 2.88E-05| 4.30E-03
S EPEEIRTE L 0.00E+00{ 1.15E-15| 4.10E-13| 3.18E-11| 6.58E-09| 5.60E-05
ZOMEEER 0.00E+00{0.00E+00| 2.11E-13| 3.09E-12| 2.70E-10| 1.80E-07
FFEIE 0.00E+00{ 7.31E-18| 7.13E-13| 1.07E-11| 9.27E-10| 5.22E-07
IR BIEHER 5.65E-15| 1.14E-09| 2.18E-07| 3.01E-06| 2.88E-05| 4.36E-03

#2457 LoUb 1 REPRA OFE (RS 2 & O LGHES)
Table 2.4.5.7 Results of level 1 gust PRA (core damage probability for each wind speed

EAFS el
0 1 2 3 4 5
BEEENMSINSE8E 1.73E-17{ 6.86E-13| 4.69E-10| 4.15E-08| 1.10E-06| 9.50E-05
[RFIPH DA EK REE R K (B HEKR) 6.91E-12| 4.37E-08| 8.06E-06| 2.59E-04| 3.01E-03| 7.19E-02
S EREIREER 2.33E-18| 4.61E-14| 8.75E-12| 7.54E-10| 8.13E-08| 1.33E-04
ZOfMEEESR 0.00E+00| 2.49E-17| 6.14E-15| 4.42E-13| 1.09E-11| 8.08E-09
FHEIE 0.00E+00| 3.26E-16| 6.93E-14| 3.32E-12| 8.28E-11| 6.97E-08
SR NMEGRESR 6.91E-12| 4.37E-08| 8.06E-06| 2.59E-04| 3.01E-03| 7.21E-02
classification)
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7o KINR DR, HEFEIZ K OMFERFEOE B ER L, BIMEEOEHEIIFKED &
IZEBE LT,
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Table 2.4.6.1 Ashfall amount classification
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#24.62 FBBIKEXSZ L ORIMEEITIR D ANHEER

Table 2.4.6.2 Human error probability in outdoor work for each ashfall amount classification

W SR B X 5y B A fie 5

5 1.0

4 1.0

3 1.0

2 0.05

1 0.02

0 0.01
NER S5 0.01

#2463 L~UL 1 KL PRA OFFR (BEIKEX Iy T & ORMEAHF LR EHER)
Table 2.4.6.3 Results of level 1 volcano PRA (core damage probability for each ashfall amount

classification)
EEES bEIKEX 7
0 1 2 3 4 5
EBREENUBINSESEE 1.00E-11| 1.00E-11| 1.00E-11| 1.00E-11| 1.00E-11| 1.00E-11
[RF P S AEK RIEEETE R (258K) 7.33E-03| 7.33E-03| 7.33E-03| 7.55E-03| 9.53E-03| 2.93E-02
S EREIRESL 1.52E-06| 1.52E-06| 1.52E-06| 1.60E-06| 2.19E-06| 1.29E-05
ZOMLHEEESR 3.16E-11| 3.16E-11| 3.16E-11| 3.36E-11| 5.49E-11| 8.30E-10
FES1E 2.93E-11| 2.93E-11| 2.93E-11| 3.24E-11| 6.69E-11| 1.52E-09
IR MBEHEE 7.33E-03| 7.33E-03| 7.33E-03| 7.55E-03| 9.53E-03| 2.93E-02

O EXx
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F. SWS BEREIER DO F G DR REL 2D AREMENH D Z L B3 o T,

YN KN E DA LDHEED ) 27 3R T 2720101, SEORFTEE LRI o7
WAL DT T h~ORBE KILORBORMEZILET ZLERH D,
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Table 2.4.7.1 Status of equipment for each tsunami induced flooding scenario
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Fig. 2.4.7.1 Proposed evaluation procedure for tsunami on seismic
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Fig. 2.4.7.2 Contribution ratio of each seismic acceleration and each initiating event for each

tsunami induced flooding scenario
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Fig. 2.5.1.1 Proposed screening flow for findings of initiating event cornerstone
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Fig. 2.5.1.3 Input window of simplified risk calculation code
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