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ABSTRACT

Objective: The aim of this paper is to introduce the activities and research trends of human reliability analysis including
brief summary about contents and methods of the analysis. Background: Various approaches and methods have been
suggested and used to assess human reliability in field of risk assessment of nuclear power plants. However, it has noticed
that there is high uncertainty in human reliability analysis which results in a major bottleneck for risk-informed activities of
nuclear power plants. Method: First and second generation methods of human reliability analysis are reviewed and a few
representative methods are discussed from the risk assessment perspective. The strength and weakness of each method is
also examined from the viewpoint of reliability analyst as a user. In addition, new research trends in this field are briefly
summarized. Results: Human reliability analysis has become an important tool to support not only risk assessment but also
system design of a centralized complex system. Conclusion: Human reliability analysis should be improved by active
cooperation with researchers in field of human factors. Application: The trends of human reliability analysis explained in
this paper will help researchers to find interest topics to which they could contribute.
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Figure 1. Representative 1% and 2 HRA methods

Aol g BRAA, TER 05 SEE BreHE 49
o] ol 2717k B oA mus) o}

g
NRE 2579 WAE AL Axkel BE 43} B
B2 of WA dAUSe) tet ola} ARaNT ok7t  THERP
H

uh o] ojgk o]8l2 St THERP W el vjg 2 3}

A% WA ok ol W] Witk olel Wi stel  THERP®] 71% /¥ Aeixte] 492 dg5goz A
A, AzE R4 Ble) A9l QIIRIFES BES] 9 BESE 2 Be5AY oF BES W F ol Rt
S, BEA ol AR Betel 7ukE £ ole] HRA W thd AT e oF 38S 78 5 vk ik

WEo] A= ek ol & 5o, B3 A F97F 10%7F =W 10+ oldfell
il s & FE AE BE A, X CE 7)EdA ¥aE 2E
Eolx 71Ed ZAE oF s Y AEU) qlvkn 7PgERE. THERPS: ©]&-3
e glek 19709 e 1980 A o] &3¢l ANt Asllshz 5 ARdell tigh HRA 53

Lﬂiﬂoﬂ 7H“a“ﬂ HRA ‘ﬂo“ﬂ | Q17re] 39NA A9 oF 3 Az o 2k
7hell 28 FaL JAThA, 1990 F4t o]F o] L& HRA
WS A oyl Mnk) e QIAF AR oF Y — A AFE SRR ARt
of & T /BEET. Bo waebd, AAE 14 - e AHshs oF $ES THERP oF & %
HRA W, 3215 24t HRA Wolg} ¥-2u} Figure 1 (Swain, 1983) |4 Zro} A7t}
< AR HRA WS ARE 0% HojFEth - FYEAIAE Hrrste] THERPIA Algahs 1F2 o
wel B4 e Asth 2 oAeM s FEAIRE
3.1 1" Generation HRA methods AEYA £33 U5 9 FGH5389E 13t
- 1A s Tt dTHE Y oF gES Toth
Figure 1 ¥4 02 A1g-9 HRA WHES B+ - 255 T o7 5 7FeAS Wkt B
tl, &7 &2 =4 F7F B e ]# HRA ““?JE FE5E Foto] Tl AE ﬂi 5 FEs e
thA] 244 Wi dErt i 7o E sk 4= Qlth - B @] oF & g dste] e AFE A
A WS o 5] HEE Ss ElE RES AX ks o5 FES de
sh, AR BeleA 2 st A4 (parameter) & 273
W AR Ao S8l @ 5F gl Ak b dETt AA HRANAM &= Rt} B2 $359AxE 183,
At 71 A GwokelA Agske Awrt oA = 71H oA (Y] FHEAE aEeta, B wAE o]Fo]
o &tk Zlog AEI}L 5] scaling 71HS B-E-3 2tk A7) Aol g HRA 24 Ad= Table 19 AE
Al L5 FES FAs ot wof ich

2o nhHo] A|otE AW THERPS o5 &
el 7120] H9low, 7Bt e i A ofF 7k SLIM
T g AR e giad Biolth & =iolA= HRA A7} I 7|0 2= Embrey (1984) 7} #|9kst SLIM



58 Wondea Jung - Jaewhan Kim JESK
Table 1. Example of THERP HRA
Action failure Nominal HEP" Factor of PSFs Modified HEP Recovery HEP | Final action HEP
Fail to detect level of Tank A 0.01(T20-10, #5)” IR 0.01 - 0.01
Fail to open Valve B 0.003(T20-13, #2) 49 0.012 0.1(T20-22, #1) 0.0012
Fail to start Pump C 0.003(T20-12, #2) 49 0.012 0.1(T20-22, #1) 0.0012
Final HEP of the Task 0.0124

1) HEP: human error probability provided by THERP handbook

2) (T20-10, #5) means that Table20-10 and item 5 of THERP handbook
3) 1 = Multiplier of PSFs(optimum stress level AND skilled operator AND step-by-step task)
4) 4 = Multiplier of PSFs(moderately high stress level AND novice operator AND step-by-step task)
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Figure 2. Framework of K-HRA method
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Figure 4. Weighting factor for revised HEP of diagnosis error
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3.2 2nd Generation HRA methods

14t HRA ®H e 71 & el & sfvk= <)
A g = A R B L{FE Al
A %Z‘E"/‘rb XqO]E‘r A= “41351 &Od H3H°ﬂ #
QA QHF <
k= é 4 RIPN B BW Foll A ‘?a_“ﬁﬁ}% o] 8k
Rt AR 140 HRACIA = QIA S black box
2 AHspglon, o]yl o]EF FHopow OJ‘H 71&E e
HRA A&7}, Q7bE8 FopZFE] e
(Apostolakis, 1992). 181} x4 sy} Q14| ¥-ske] wt
Aoz Azre A et A Aol EH?IF_ AAA 54
I A 2w de A A AR/ W !
Zof] gt A% Gl o, olo] wet QIXF EA

24E& 9 HRA 9] 7ol AJZtE St
1A HRA S tiF-2 oF 29 &2 ¢glou}
TEE B Brks 38 wellA AR B4 =
933 Qlvk =gk Zgte] ARE A oR
s TR BUe A, AYgApt EAE Q)
= ¢ AR5k A7 9

3
A AEe DA F g 2AS
y

1o
o
fz

Mo S
@

IS @ FE AdE 54 Z3kelch
(Jung, 2001). Z12v} A4} o] 2HE3hE 1 T4 52
H iy A|AEeA ] QIZEe] o3k AR ZRAl9) 21
7} 2ol 94*?@’901 Q3 A EA4o] glrh wEkA] 1A
HRA W @574 0] =249l 52491 AJAgle] ki
Folnt o 04] = HF TAZR aE Wl Rl
[ v = A 9\,1‘3}.

1990 FHHAE idE] 7] AJAFSE 2400 HRA &
A2 7Yl 51'471]—3* e l‘ﬂiﬂ e e e A
FEY ERAA D F7TY H“ﬁﬂ
‘—:‘ Tz % 7&,“&7%* LA S FAS 2Ad YRR

A A, AT st 24 4
FE AT 7 e S AXEe
S

3
Aoz gapHolel= do] qlth 24t HRA
v [e) =]

o_&o{
SN
[*]

t)E A2 24) HRA W © 2+ HRMS (Kirwan, 1997),

CREAM (Hollnagel, 1998), ATHEANA (US NRC, 2000),
283 MDTA (Kim, 2005; 2008) o] it}

HRMS

HRMS (Human Reliability Management System)+=
Kirwan(1997) el ¢Jal] 7e=on, 14272 4734
A AR S B oL Qe QIRRIE R EAA)
Alolth, HRMS+= Rasmussen(1994) o] Ajthe] A4
283} Reason(1992) 9] GEMS & 7bto g ¥%
Aol eRRXo] /5 E gk LREAS 95k 9
A 9 763 (external error mode), W2 oFLATZx
(psychological error mechanism) 2 $85/3<1x} 59

ERAAE AFska vk oF 24 AldE 24 753
I 7 AT ZE Uy, ST/ 7Y
7Fe’d H7F Alell AHg-Ht

HRMS®] A4 o7 32 2427 ol Xﬂ
T8 A Tl i Aol diste] 2 Thsd o
P& Mulsta, Ao /Rl diste] dakd uiF iﬂ-‘r

TS AT 5 A Atk 3FH oR Wk 9
M se] o%@ AR ARk glom, 9 sl
94 2Rl tato] B FASHAA BE El
A o BEe FRaES B

CREAM

Hollnagel (1998) ¢l 23] 7% CREAM (Cognitive
Reliability and Error Analysis Method)-& ¢17F2] @1%] 3}
o] Rasmussen®] ARFet Atche]E AbA A R E oA 2 H
=214l (sequential) Z1©] oz} £3-4 (recursive) ©] ™,
AAA Aoj= AFE] FFel wet vg] Az ofe s
% StE A== Ao| okt GA] A3 (context) ol &
3 ek 7HE nig o R sl odEd] eFEAE 4
3llA Rasmussen?] o1& ©HA|S] X7 o] 2lA| 2]-gollA
ofE o] vtz B3 o] 4% (observation, inter—
pretation, planning, execution) 2] Q1X|7go 72 W4=3}3}
Ark.

CREAMeIM = 25 57dol whe} 4o x Fo3h Ql
A ol lvka 7pgsta, i JAXAFFEHE 157
FALE ERE E]r whepa BARE ;A EpE At

1 ] 5

o
Kol
in)
of
ol
2
N
N
RY
N
o
o

Performance Conditions, CPC
=2 2FAES A9t



Vol. 30, No. 1. 2011.2.28

Human Reliability Analysis for Risk Assessment of Nuclear Power Plants 61
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