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Regulatory Research on Systematic Analysis of Human and Organizational Factor based on

Human Factors Engineering

TAKADA Hiroko, TAKITA Masami, and KAWAI Jun
Division of Research for Severe Accident ,

Regulatory Standard and Research Department,
Secretariat of Nuclear Regulation Authority (S/NRA/R)

Abstract

In a nuclear facility consisting of mechanical systems and human / organizational
systems, compared to mechanical systems, human systems, and organizational systems (operators,
maintenance workers, operation teams, etc.) have autonomy, flexibility, and emergency response.
While the latter has excellent abilities, its performance varies widely and is unstable. In order to
ensure the high safety and reliability of nuclear facilities, it is important to reduce the occurrence of
human error and improve human reliability based on the characteristics of such human and
organizations.

In this safety study, with the aim of further improving nuclear safety design, the
following two items are studied on how to evaluate the complex cognitive behavior of human beings
in response to uncertain situations in the event of severe accident, carried out.

In "Acquisition of technical basis for evaluating human factors engineering in design of
reactor control room, etc. regarding response to severe accidents", based on the results of examining
the application of human reliability analysis from the latest survey of human factors engineering in
design and human reliability analysis, the basic concept of the framework for evaluating human
factors engineering in design regarding response to a severe accident was shown.

In "Development of human reliability analysis methods applied to the evaluation of
human factors engineering in design regarding response to severe accidents, etc.", the latest
technological trends of human reliability analysis methods, which are important element in the
evaluation of human factors engineering, are investigated, a procedure for a specific method of
human reliability analysis to realize the framework for evaluating human factors engineering
regarding response to the severe accidents was created. In addition, the feasibility of this method

was confirmed by focusing on the cognitive process of human error that describes the cognitive causal

il



relationship that leads to the occurrence of human error and cognitive context that individually, concretely,
and objectively describes the recognition of the plant situation held in the operator's head and the
intention of the response based on that recognition in human error event. In addition, the applicability

of this method to the inspection regarding operator’s behavior was shown.

il



Lo FFRA oeeeeree ettt ettt bbb sttt s st 1
Ll B0 ettt et sttt bttt s ettt s sttt n et s s s e 1
L2 Y ettt 2
L3 B R T R ettt 2
2. ZRR et 4
2.1 ERFEHIFE ORI T 5 RS =455 O AN M TG 2 5- 3 5 72 0 O 5l

HIARIIL D EIIG .ottt 4
2,11 NG FE & ARG SRR 508 O ST Bh A O A o 4

2.1.2 AR TR ORI F6 0 2 A FRME SEPEARAT Bl O IS BE 4 25 %5 2 05 Ot &
OVE R F IR OIS BT 2 AR THEAOFME 7 2 AD 7 L— LT —

/2O OOSORORRRRON 8
22 HERFERFE OIS S AH LGOI # H 3 5 ARG AT FIEO
B vttt ettt ettt ettt ettt et ettt ettt a e 12
221 NRBEHEPEREHTHEAT DT oo 12
222 ERFHFFE OIS 2 A M LG o R m 2@ H 9 2 ARG ST Fik
D BRI D IRTT oot 13
223 AN LRGN O RHmIZ @ 9 2 ARG F1E 0 BARR 72 515 0 B R FiF
B~ DT FH FTBEVE DFETR oo 13
224 ARG O M H 3 5 A MG EEIEMAT F15 O BRI 72 HIE O A~ D
FHTTHEE oo 19
B FER e, 20
3.1 FREE D TR oottt 20
3.2 HIIDTEELIRIL oottt 20
33 A DZATREE (oo 21
330 JRFDBET ORRE B FEFIZE FEAUD AT (i 21
332 ERESEIC H DIATE e 21
3.4 R DIEFHEE oottt 21
3.5 BIEDFREREZE oot 22
R IR B oottt ettt ettt 23
B T ettt s e 26

v



#21
#£22

#*23
* 2.4

® H

IAEA SSG-51 1B A AN L& iHo L v 2 —IEH

wr

NUREG-0711rev.3 [ A L¥&xe 70 /I LOFEEET/IL] O 12DLE 22—
T ettt ettt e ettt ettt 6

FH TV AT D FIEE ...

i U AT 5 FIEE ES-01



X 1.1
X 2.1

X 2.2
¥ 2.3

LERAIFTE D BRITER (oo 3
HRFHE OB 2 AN HMEEEPERRNT 258 H L 72 A L7k at o 34
IZARD TN (T LT =0 ) e 11
T FBIITE T IV oottt 12
FHBNHE 7K R DBERE RITEI oeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeesennenan 15

vi



ACRS
ASEP
ASME
AFW
AFST
ATHEANA
CBDT
CFM

CSFT

CRT

EFC
HAMMLAB
HFE

HRA

HSI

IAEA

IDA
IDHEAS

IRRS
NRC
NRC/RES

OECD/NEA

PIF
PRA
RAW
SG
SPAR-H

SRP
SSG
SSR

B B OR

Advisory Committee on Reactor Safeguards (Jil 7-/FZZRFEMEHR)

Accident Sequence Evaluation Program (F-#(> — 7 > AFH 7' 1 7 F A)

The American Society of Mechanical Engineers (K [EFMR 7 2)
Auxiliary Feed Water (f#iBh#37K)

Auxiliary Feed Water Storage Tank (ffiBh#G/KATH & 7 )

A Technique for Human Event Analysis (B8R84 £ 467)

The Cause-based Decision Tree (F5i~— Z i Bk & B )

Crew Failure Mode (A FyitizE D FHA)

Critical Safety Function Tree (HEZE7p7ZEHRE>Y Y —)

Crew Response Tree (GE#izxf i U —)

Error Forcing Context (EFRFEH =7 F A 1)

Halden Man-Machine Laboratory (/L7 U fF~ v~ o 2 FEBRAT)
Human Factors Engineering in Design (A ] T.%73% 5t)

Human Reliability Analysis (A {5 #EMEAEHT)

Human System Interface (bt 2 —~ > L AT LA LV Z—T = A R)
International Atomic Energy Agency ([EIBS R+ J1H&R9)
Information, Diagnosis, Action ([F¥RINEE. ZWr B E, 17H)
Integrated Human Event Analysis System

(e NBYIERE B 34 & A T L)

Integrated Regulatory Review Service (¥4 HiilZFAlh— & R)
Nuclear Regulatory Commission (J&1 /il & B %)

NRC/Office of Nuclear Regulatory Research

R+ A Z B SR D HSIEZE )

Organisation for Economic Co-operation and Development/Nuclear Energy

(FE % 1 ) B T A i1~ TR BE)

Performance Influencing Factors (/X7 o+ —~ o X 22 BE[K] 1)
Probabilistic Risk Assessment (FfE=ZFmAY U A 7 3F4h)

Risk Achievement Worth (U A 77 B /i )

Steam Generator (75 FEALR)

Agency

Standard Plan Analysis Risk-Human Reliability Analysis
(FEAEZF I AT U A 27 - NS e ML ARAT)

Standard Review Plan (FEVEZE A F5ET)

Specific Safety Guide ({E5IZ4F5#)

Specific Safety Requirement ({5l 42 4= % {4)
vii



THERP Technique for Human Error-Rate Prediction (13 it 1l 1)

UCLA University of California, Los Angeles
(TN 7F V=T RKErH B AK)
V&V Verification and Validation (FRFE & 264 RS

viii



L1 Ex

MR & AR - MR GEEEE. RAFIEER. AR, T —2%) THRSND
JRF IR BT, BboR & g5 &0 AR - MR 1L, AR R dME, By
DFERENFEIEND — T T DR T =< RNIE LD ENKRE LS AREREN D 5,
JRF- e D et R OMEFEME 2 PR L T 72DI02iE, £ 9 L7z AESe/HR o Frit:
i E Z CTABEBERORAEL IR L, A OEEMEZ N ESE5 2 ENNETH D,

JRF IR, FEFERT O Y7 MEICET 2L RO 2O OIEE &2 7l 2 729
12 AL LS < AR E IR O R R 0TI DN T Bt 7 r =7 FTA
il - MARICARD Y 7 b i DL BB~ ORI OS] (R 26 42~ AR 30 4R)
BT, UTICRTMETQ) 2R E 2 THRF21T-> T& 7,

(1) A BUHFEAN Y — & 2 (IRRS)IZ I 1 2 Fe ) EHL IR O B g

Rk 28 4 1 IR F D& B 2% LU C3EE S 4172 1AEA (International Atomic Energy
Agency : EFEF T B, LIF MAEA] &9 ,) @ IRRS (Integrated Regulatory Review
Service : A MBIFEM Y —E 2, LLF TIRRS) W9 ,) "izBWT, R IHEIEZEES
F. TRTOFF IR ICHONT, 7T > b ORGHIBET D NRFARREIER 0 & A 8iE
BT DR RBB LN, R ATIEF IC L 2BEFHICBW TN Z L 2N b
DEFTLHOOBME L, ZNEHliT 272D DR M OB Z AT 2 1 #iHZE B
ROEREZTDRODET LI LIZOVTHHTLOIETHD, (1S S9)) LfEfsLT
W5, FFARMEZEBRRIIZORE 22X, AR ZER 2 5% 5T BRE CARIICE BT
HZ &% IRRS O —2L LTREL TS (IRRS #FE No.14!' : AW ER O E
JE)

(2) IAEA (Z861) D NH TR aE M OV RUE B MEREA (262 2 2 FE HE O #)j[a)

IAEA {5 % 2k SSR-2/1 T+ REAT D4 « ixGH] 2 OO 32 THEERE DK
WRBEOTOORKE) T, ba—~vr~vi A0 ¥ —T oA A0 AW LFORK
RBIIRIRET T E%ﬁ%%77/ DFRFFT BB RADOY MO E FiL, E-RERDE
PR LB LT L T RITIER LR LEanTWnWd, ZOEFED S LI AM
TGN T 222 et & LT AFICEIZ SSG-51 TR /15 EAT DX FHI B T 5 AT
T (BLF MMAEASSG-51) &9, ) 33 TSN, TR DFEEIICHIT 5 A/
DYV AT Efg/MEL, B a—~vr RT3 —<  Auiibd b2 L] HME LT, %@

EE NN DL B, B OREFTB W TERRMIC AR L% Z R L7 3 % 254
HIODERFHDPELEH I N TS, ZO X5, IRFIBEFROLEMELHRT DD

D F 5 NOLREMICEEE S5 2155, AHRHEE Woz Y 7 FEOER A IAEA OEBRIENETII AR
FARRABEIR &S, ARREEICBWTHIEAIE LTI ONFRE HWD,
1



(ZiE. AR OEEMEZ AR LSRG WO TN T 7o —F I Ko T LS8, ARIEER
DYV A7 ZAEKRT 5 Z LA, EERICHBERREL L TRESN TN D,

b X oz, ERZEMET Y =7 FTiE BIES 2 HHL B o o8 m o §i 4
ZFEML., WAEORBIGIES L oKL FMLT-, /o, TOMREEE A, &5 - &
BB IC BT 5 N[ LFPakEt OF il 7' 7 & 2 il 3 2 AR B2 MY £ LD, —
T ANBET T FOMBEEMNEZH O NFITFE TR, ERFHEEEICBWNT, NEFER
IRBLUSRIIET D NF OAEHE/LFBINTE) 2 3F 3 2 TIEEOMABA T+ ThH D Z & 4 21
firAy it & L TRWE LT,

RZEMIETIE, ERZEMIET m Y =7 FORRZZIT T, ARIRRRAY EA DR a1 B
P2 D DRRHI R B BB 2 B E ORISR 2 L0 @B 5720, ERFEFEFIZB T
2 AR I RDUT K IE T D N H O EME 2R G INATE) & 54T 9~ % J5 155w 2 it L7,

1.2 BH

ARLZEII ERROYREF 2, BRrhweo—jgontbtxXNsZ %A E LT,
BRF R T 2 AR E RISk D AR OB MR R TE 2§19~ 2 s #
W R A ST 57010, SMITEENOSM3EEIINT TCEBLIEZLDOTH S,

1.3 278

RLRMIETIL, ERFEFEICB T 2 NI 2RI ka3 2 A M O M 70 38 5017 H)
ZRHI T 2 FIEICOW T O 2 HE AR E L CRRE LTz, 2 BR O3 B\ T
ZOEEBREEimrRET D, MROBMBITEREK 1.1 1IT7T,
O FERFHIFE O RS BT 2 BT 40 fil 0 =8 2 o A\ T2 5 2 31l 92 72 9 O H iy

FRHL O B

N T 5% 5 O FFl T35 & NG AT 2 OfRFdhim oA %2 I L, R FIE
DX BT 2 A TAEak 3 ORI 381 2 A RME AT O SB35 5 2 & Ft
L7, Fo, ANMEEEMRT 28 L AN LEEHOFM et A0 7 L—L0T— 7 %

Bt L7,
@ ERKFEMRFE OB T 5 A L2550 REM 2 38 5 2 A RE AT Tk 0
i

RS OIS B9 D AT Tk it ORI E 3 5 N FE AT Tk 2 %
RUEET D720, AFEEMERIT SN ZRE L, £, ERFELFOMNICICET DA
] C22ie it ORTAMG 208 9 2 NS SR AT FiE O BB SV TRET LTz,

GE2 WS HEMEMENTIZ, PRA(Probabilistic Risk Assessment: iRm0 U 2 7 fiffr) 5V EICBESHTWD
T2 POREFETTFTIVFICBNT, HH5AMBEBESZN EDO X O 2 NIRBRMER L 725 O E IR
PIZHESWTERBLT B ZEICERPIEINTHESEHTH S,

2



H H A RNICAE BN 2 AEFE BN 3 AERE

O ERHESREE O IR BT
2 J - I il 4 =2 5% O N T
FREt 2R D 720 DL
P AR AL 0D B A%

@  ERFHREEOKIRICET

% N [H] T2k i oo 3 iffi 12

M2 NG AR AT ik

D Efjig

1.1 ZEbTEO R BT
Fig. 1.1 Master Schedule of the Safety Research




2. Aim
21 ERFHREORMCETIEFFHEZEEOAMLEREH ZFM T 572D 0N
FIR LoD B S
REEFFICENTE, AFLFD S 5, A O R4 B £ 2 T ABYEER A K%
L. AMoE@EEZm B+ 52 2B LT, HIEECRHIHIEEEE 2 & osdE 2 %5t
T2 L, KOHEBRFIEECIM T 77 Ll 77 o MERICET Y — V&2 B3
D TR H 2 %5 & U CRFgE R 320 L 7= 5%,
HRFHFFICBNTET, 77 MRORHEEMENHE L, FioERES b 2H0T
HEEBHIT, AHOXEIC G EHERBMEN N RO DD, REH TIX, AR LY%E
DOFFM FIE & N FUE FEVERRAT H A O BB @8h i OFRA 2> H AR T2 O fF iz 381 5 AR
(S REPERRAT O3 A IC B3 5% 2 05 2 Wit L7kl R L OV U 55 & A RIS s vE i % 3tk
L7 N T3 0l 7 2t 2 23 Lk s Wb 4 5,

2.1.1 A TEERGHEHE F ik & ARSI B o BFBim oRE
(1) AR L% 35T T 5 O B Bdh ) o 7 A

BRI FAT S 472 TABEASSG-51 O B, T IR EIT O R/ HIR A R b O
295K NBEEDO ) 27 2ig/Mb L, £t a—~ o R T p—~< U A b T 57
WDIZ, ba—<wrvy A H—T 2 ZAORF KR OYGEITHT D A LHEOBHIZ O
TOWEL SN BELA L TR & 224552 L ThH b Y, % 2.1 12, TAEA SSG-51
BT DR T HIEBEFORICEDLE AM TR0V 2 —HAKRZONEE R, AH
TR FHC BT 2 ABME MRS OB Iz oW Tk, TAR RSB 25 MGE & 2%
PEREZR ] OO EIE I AN T2%H e 2o Bbns A7y ho—ok LTHR
SN TW5, TAEA SSG-51 1%, K[E NRC (Nuclear Regulatory Commission:Jii-1- JJ Ll & B
22) 12X % SRP (Standard Review Plan: fEVEFRATRS) 55 18 & ¢ KN LFOKE 7 1
B 2T 5 A% NUREG-0711 rev.3 T AR LFERE 70/ 7 L0FEEET V] (LLF
[NUREG-0711rev.3) £\, ) "&#FEITER ST D B9 | SRP % 18 3 [ AR L%
. HIEHEEOR R MK NSEE G L L CAM L PO Z2H AT 2B, KE NRC O XA
Sy T PERT 204 H A THY, PRHEEEZ Db ODEMAFRSHEELFEAST 2D
TlERL . A TFOFANCES SR T ot 2Tt TREDBRENTVDE D, 1o

(#3)  TEA(International Ergonomics Association: [EFE AR T8EA) 1L D A T2OERIT, (VAT AICE
FTAHANMEMOERE DA 2T 7 v a b Z8ETH5-00RFNEMTHY, Vot —g T
AT LEBEDONT 3 —< o AL O ERK DT, B - B - 7T — 2B L OFEEZRENEH T %
S THDH] LE3NTEY, AMLEOMGBIILHBIZDTZ2HDOTH D,

GO ANMT2CEE T 5458 LCZ o, SSG-25 [+ 77 bOEHEZELV Ea—] 5 TlE, ifixf
G T 5814 0ZERTOI B, ZRRT 11 TFIE] K12 TAMRE T 128\ T, AR T BhE
D8, Pz T ~&E & LTWnD,

(FES) SRp 45 18 & [ AfS T2¢] O (Acceptance Criteria) 1%, B1#9 %5 NUREG XE L ST HE T
RESNTND, 205 bEEL LTI AR LR OMMEREMEICBE 2 3 M &% NUREG-0700 8 &
NUREG-0711rev.3 2L T\ 5,

4



-7 atbt RAERETHT o —F 2 H-oTW\5,

#2.1

IAEA SSG-51 IZB1T A A LEEFO L v —IaH

Table 2.1 Review Elements of Human Factors Engineering on IAEA SSG-51

ABIZT0TSLER

ABIZTOERETIL. TZ2TOSHMIEITEARITEEE)
BELRERDLE 21—, BEEED T, BEREEL 0. 2R VDT . BEERE - AR R U EREE D 2.

N\
R BB AR DIIEL
Ea— R A A~ DT A ZADRE AT AR RUREF S KRH~OHS . R
RUEHE. #IHRE. I HEORODRE L OEBSE, J—I 2T — a0 OREH-H
- HHARTEOER. 77t AR £ RSB BB -8R TEDEM. bk

HEZEDEHDEL—IUIIAVE—TIAADHKET. PREIHMEDERE. BEHEOEE
HIE, RE/NTA—AEARTRDFZET. HBIHHE. FRNOR B CHER . ZHEE. FIE

EOERE. IHEDKE

AMZERIZE Y HREEE REARUZLHHERO-ODTELE. REBRAE. /\T+—I R IER. R EE, 241

RHEHER HRHR, T —2ORERUVL T (AFEIEEERTT—4230) . BR
ABITERGDERE  REAShZAMERINRET~OEL, FHLAVEENRLET S0 ESH DT

ot):%—*; VINTFNDR pet st HAEE . b a— v S TA— REEET S L TOEESEIE

HEBIESNT=-FIEDE StEBILEN=FIEL AT LD =HDEA—TII A B—TA X FHEER. #Ee L
FZETEABIZ0E DREN. LILESE, —EDBHHL— VX, BEtSN-—ED —45 2 RIZEITHHR—IL

A FARAU L, T

N ELORETOCR e min B ORELIE. REFORS. EMRELE 2—

BMBREFAZITETS

AR T 2200 8 BEAREE. BAOBRR M, T/ \CLEHR

H#)  TAEA, “Human Factors Engineering in the Design of Nuclear Power Plants”, Specific
Safety Guide No.SSG-51, 2019.3 % J& (2 VER,

NUREG-0711 rev.3 IZ AN T22%FHC B2 7 0 20§l 217 5 7291, AR ORFES
BT A BEMEIRFIRET T FORE T R A THEUNI KM ST S IO B L
2% 12 DL Ea2—EBIREL/EL, TOHEBILICHAEELZRRILTVND, £ 22
NUREG-0711rev.3 DA THICBITS 2 DL B a—HEELZRT, Chb 2Dl a—E
#FiT, A LERF T o RIS 4 50— R 7B T3l & o) TEkEr) THGE &
TMMERER KO T L EER) LRk Tns, AREEEMITroE X Fiir e
2 —BEED—DOTh 2 [HEREREFIEORIF N IZE EN TV D23, NUREG-0711 rev.3
TIE, HEEEDRERANCRE LY A7 T 2 U TR E L 2 IR B RIS L T &
L9012 TR 7 Do Th NHEEMEMTOF 2052 v %, NUREG-0711 rev.3 23K
IZB T DR AR MEL R L TV D DITKF L, TAEA SSG-51 TlX, MBEENN LA TE
HPERREIH L L CHKEORZRDRWICEBNTH#MMATE 2 L5 e AN LEHFO# IS
WTOFF & Lo TWNG FO

(6 JAEA SSG-51 lZb a—~ >~ A v ¥ —T x4 A, NUREG-0711 rev3 It a—~ L AT LA v
5



# 2.2 NUREG-0711rev3 T\ LERH 70 /T LOHFRET V] O 12D E 22—

FtEIED T

REEET A1t

2
ait

MEILEER

#
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