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The Development of a Human Reliability Analysis System
for Safety Assessment of a Nuclear Power Plants
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Abstract

In order to perform a probabilistic safety assessment (PSA), it requires a large number of data
for various fields. And the quality of a PSA results have become more important thing of the risk
assessment . As part of enhancing the PSA quality, Korea Atomic Energy Research Institute is
developing a full power Human Reliability Analysis (HRA) calculator to manage human failure events
(HFEs) and to calculate the diagnosis human error probabilities and execution human error
probabilities. This paper introduces the development process and an overview of a standard HRA
method for nuclear power plants. The study was carried out in three stages:; 1) development of the
procedures and rules for a standard HRA method, 2) design of a system structure, 3) development
of the HRA calculator.

» Keyword : 2IZMM2IZEAM(HRA: Human Reliability Analysis), ZEE25oMNME7HPSA:
Probabilistic Safety Assessment), QIE2F, ¢lzZFk=3}

CHIKK  ASE
+M4g 1 2006.11.15, MAY © 2006.11.18, AAlEY @ 2006. 12.26
* @RAARATL AP



262  ®E ATEHFEREE ®mGE(2006. 12))

. ME8

438 DRhe FEA HEA WrHE M e 24
AT, J17)24E L AHeFEE F oY /¥ AFx
A7t gesit) ARG J7lngge 7171 @
A, 2% 9 25 ARE AN Ao, QA REE
€ 1 544 AA eF dolHE 47t dis ot
2k A e FEEL ARIE0] ARK A Iz ¥4
(Human Reliability Analysis : HRA) W& o]&31o
OFEES 333, HRAWES o8 77 gled oy
¥ 9AEIAL 9894 #Woke 98 AgE AsetH1)
(2)(31. .

HRAZ {7t nlg] FE 255 F38F SloAM
AeHez ZRIE FHIKX Ee(dde 29 A
Fake) A 4R ES FFHoE Eiske A
oty &3] 71z} We] UAT THERP(4)Y ASEP(5)
HRAW] 71 di] AMgsle A F shveltt. ASEP H
RA W& THERPY ©&3le wWyozr, PAd ge
AIZkEt AEA ARE 982 s THERPY @48 B¢
s AdE dhgelrt @5 A dFaoME 3 €
A2 AlAoiA Ho] A45= ASEP HRA g 712
2 3lo] g&2% kA 7N Probabilistic Safety Asse
ssment : PSA) 2 349 & FEo=2A, PSA B34
Adel Fg g42 FIn Y Az AFE BAel Fxe}
TAEE B23 dle A7t F8 Fo d2H(6)(7), °]
E 98 A 2F AL Telsia Azt G o F
& 2 5 0F FEL AMEldFY] % HRA A A
4 =78 st gtk o] =7 HRA &3t e
2 24 29 =] el dsl] 71&3)sict

Il. HRA E&3t g

21 HRA %8 =7

A A $H) WA FHES B A3t
AgE A AGE B4 B PREIHE AT 9F
88 ) AP oF BEYE FULRAERY VI
WA Urold FRekdch aelm o) 4 HFE

aA Atz A A4 LHFAPA(Pre-initiating Human Failu
re Event)# At ¥ 914 9 §AMA (Post-initiating Hum
an Failure Event)2& TFE3IAT Al A 1A LFA
e H2E, B 35T Zo] 9 & AuelA 7
Hog s AFZLE Y= A LF/E AnG
o Alm F QALRAEE (AR AR AdEe BE
AARNE 3] Fof B 07/ ARIE Dot

¥ 12 HRA BEFE W9 3 g 45z B
31 git,

21 A2 FEN

221 A W QIHRFREY

AL A QHeFe 7] Aol guiRe (AR
EE d7] Bu) Ee QRS VI Fo Ay A T
EE AR 3 Fo B & £ e L/E En.
dbHeg FrlHow sy¥dte AT AN F2 AR
ALY Agloz FAHEH7 WEd I eFE I Aln
B 7Fee FAE £ 0 =2 Avn 18 3l
o aER Aln A ARLFARG QoM A oF A
= zEEA] 4ttt

2.2.2 Ak F H2FEN

A F JQAeRE ARz FAF s A0y A
@ 2 SR YA Bk A eFEA IR
o} £YLFR Hefatgict.

Aa F A F = JFeFmistake) + F2JLF{slip)

+

2 A1 ¥ QdeRgEe UneRsEd sHoRY
g9 oz YehAlh

Pr(¢Ee®) = Pr(T2eR) + Pr(53e®)

wgha] QIzte] AT FHEL they Zo] Hrisiglth.
Pr(age®) = Pr(712 4R * 23 factor
Pr(712 Ao
= f (A AT = 38217 - 4234170
B factor © FEHZY, MM, A, B8/F,
O e s

Azt FYLFHAEL T 2ol BT



LAY 22 GAN WHE AT Q2 NPT B4 PHE A 2 AQ N2d PR 263

Basic {Hagnosis Task ailowable time,
diagnosis |¢— available  jefe Percelved time,
Dlagnosis HEP time Exgeution time
HER (" Primary task,
- MM (atarm).
we;?x;?g -~ Decision ioad, Sum {execution time}
Procedire,
Education/Yraining
O81—
Initiating Fo————
HFEs ¢ Exgeution |
Task type S“mfk ccémniex:ty, Ime for each |
of subtask | ocedure, sublask |
Task famiftarty  J b= = = - -
Basic
execution
Execution HEP Avaik?bée tirm?.
HEP Strass lavel chnaixw seve;lty,
of subtask | nulronment,
Education/Taining,
Experence
[Recovery Avallable time,
faiture Supervisor,
HEP WM (foedback)
Basic
execution HEP
(5.0E~3)
Hevised
exscution
Fra— R HEP PO Frocedurs.
inltiating Exe:ggon \ W&;g}chtg?o Managoment,
HFEs MM!

Hecove
overy Supervisar,
tailure Periodic ch
HEP eriodic chack

8. EE HRA U2 8| THE
Fig1. Framework of the standard HRA method

P9 = 5 (Pr(R9IHRIR)) * Pr(epasl))
Pr(RARIOR) = F (48, 2EH24E)
A0 = f (SRIEIE, MM, B, AT 45

2EHAFE = f (ARRIFA, 48024, 29984, e ——
5 Xt oy E
nE/FH) - ’f’;”;’ Wrder zh’xi!:::u rrYy
= B (R H I RR %
Pr(E574sl) = f (ARKRISA, 25/80 MMD N ELEI

(% 728 Rt

st Ro] BrkE Aze) NBLRYER $YLRAE
- . awy ug f
o Fozd dzte AHeRUEL ANT £ Jon), ® e e
. N _ = 5%
#8€ HRAPES HRASAO glold Hag 2E 2% e o e M [
- " - e ; Y VU O B :
o & 2 A} A YR 5L gaHo= X3} #F hos an o e HoiSelw o (MR % W om | e | 82 | eem
o Ronaik 2 URATE BT RUEE HRA22 ster-biesiend S UQRY W )
. HRA &4 X[ T A T I MO
€& 3 jaziaig < BN AR HOBR ARELY BRI g Y
WA = HRA 4HYe o] &3l HRA BAS Salsly s iy Ia@?ui‘fmﬁws‘ BEE | 9w | me | s
e ‘fda A S8 59 ! JRI2. HRA 2/ 24 (2490
AeiMe 282¢k 22 A8 Y RS o8l A8E Fig2. HRA calculation sheet (example)

y¥3la, o] 7122 HRA ¥A& £33



264  WE DFEEREE HGE(2006. 12)

7204 Hisule} Zo] HRA 7]12A1 sl 24
o "Wad 7E AE L gk #d FH gglm £ w3
AEEEL Jgstn o]E 718 A oF &8 (HEP)S
Alsld .

2 APdale 99 2L HRA EF Wil w2 <zt
Agle BAL 57 98, 4F Aed 2= 2 de€gk o
Y 72 A% 14 52 AE siglen, 7} 87 AR
< soRslgi). o8 7|22 DB T2 AAlE] AdedF
2 FPoF Hold AAT oF FHs] AT AN
Tz aRg AgEch

K

31 AZEQN AU Fe
HRA EF uhg& #Aske HRA #4 A A =Z=2
a3 Adslyl A ATEe] AA ez ted Ao
(83(91(10).
- HEP A4 A58 : HRAY $39) 4% BR(FS
AR $9P8)5S DBl Ay 278 48 #
o wt eFEYE, FH)HES AF AN Hrt
1=
- A8 DB3} : £ AMEE EE FE DB
A A Zeg P2z Aoz AFIh
- B4 EFEE 24 e g de™e] A AdE
Blo] BAS BEHII
- 243 2 QA BY EE reeA R Y 2
g BAsleta AHERlY] a7l 3 EuxE FSE
283l 7)%S ATt
- B &4 2= HRA AY : A £82A(Full Power
Operation) ¥ FA&HEE &4 (Low Power and
Shut Down Operation)o] Wele] Am & 94 &
F o Al F A4 of B Ve AFe
- KIRAP & AIMS 94 : 948 3= 97} &2e
209l KIRAP 2 AIMS ¢ GA=lol 918 25 7
2 AZe) AEE M2 m dhe 715 AFP

4

B
L

32 HRA 24 X|¢ H& =203 e

a92¢] HRA 923 ARE EUZ 4% Z3 HRA
24 A =79 doleulolxo] AgeF ¥ FPLFe
2 S0 58 J1FeR 49 HeolEe A8
TF49 dojEdelx HolEg 71ERITLFARI(HFE) H)
AL F(HE) HlolE, FIALNLRF(HE) Hel
B g2); e R Heolge s Heolgd 98 A4
glo]Zolth, WA 7|E HFE Ho|&E QALeFARIY 71&

o,

A9 HRSe A 3w, A ANeF Holge A
o) gRE ABE AR, 54 QAR HolRe 53
Qs B8 3H 2 59 9TE ARED AT o9
ol e HuEE AR ek 7 HlojESe] Agdol
of sk Bs 5 S& Theut o) H SRH1L).

2ok FAR)

- AR A R

- A L (ARIAIE 2 AR S)

- ASRR(HPIE P

- Al TAH(RAA, $YY AEA HEY, FAEE)

i

;

¢

- BAZMML 2R R B8/FASE AAASES

(o7 t2%7)

- 7EAR(AS/FEFE AN TET

- SAH (AR, AR AN =T AT

- DA (BRE AN FE AYISET)

- 2EYAFFE AR AVE 38 AR,
A4, ISFAFET

g

N L R

TR
cuny na&Fs =
SunE NeAEULE ARIN

12(3. dioleHolA EfolE 7 2T
Fig3. E-R diagram

1338 HRA £4 A4 Al2=5l9] dojEuo]2~ T4
AR otk aolA BE uie} Zo} ALl 3 (EventID)
2 7B 72 Agdld 4 kg 7t YRS BEFo
o, T2 Hlo]E zholl BALHAIY 272 AHEIFTH



A AL AN WS 98 A2 VA B PHE AL 2 A 2" 7 265

b
.uk%»*w’”.’,.

= «Wa"’i’mm ‘:wmw”

A oy
».aa:r& i

HFE OlWeE 22 |
e L I o

£y ke AR BT X fsad PERY A
TR i Sk b i
% 5 ;;! BaR IR Faon I‘ku 5
~~~~~ ecision
i ) ' Support
g B}
L ; " Report
3 Generation
Database
Management
pamennl w e e f osw) j
FHOFAN | == o smgw
m - . "sw ne ' i;gjsrﬂjm
2. HRA 24 x| HMA Z2 R 8 5B
Figd. Framework of the HRA calculator
V. HRA &4 X[ M4 Z233 s BB Ty S
‘ ] aznal | wx powene
g ey ] e H
HRA ¥4 A9 A4 Zaade oes 2o 243 | _
D]'. ’é‘ A]—ﬁ 76]5‘___ %:'% -‘4‘13]'6}-7] qu_ HRA O]B{]E E] , (18 39) gmiw:sasaNm?a?m’n.asiﬁn) :
N [FSOPVSIAS L ag}gg)ﬁﬂ” TAS HE G S E N W AT MLOCA
Z]— ‘;-l Z_]" O] Eoﬂ ’[;Ha]—(xi 7]%‘__ }\}7-} %‘i’ Ta— & }gi g H LTRSS I Y U O MK
+4 of ue ¥re] vE2 P ARS YT [

£ Y8, ¢EE ARERY HWlE oF #EL A :
Akt FHESIETH11)(12). | TR S

;L-u:rvsnwsn\s-; s el E;J;/l IDE
410l4E Balx} e e e o e

Figh. The Event Manager
AF oF EA9| 7]Eo] He <13 oF oMEEZ A
3Rz 718 ZEolt}. oME Felde oiE MA/FH/ /A
A/EBYAYRE 75g Zm slon e ANE AF 42 ol7F AT 24 BE

94 2 FHE 5 AlEi @5‘}%‘14. ARgAke olWIE # QzF AFYE BM REL o7t 9RARY) 2 AR

HAE Folel BH3RA e A OF MES HAF 5 9 quonyy B ULLAALE AT AL
F. A 2NEE HAse] AT olIES dIE B BN pg a3 2908U" 2 SosAAS DAY
< & gl FEARER 7%}



266 wE AFEEHREE w2006, 12)

4.2.1 HFE Yt FE 43

REeFAE el 712EQ Fy R Am B
Avkele, B A% B 7171, BANS R ARE Y
% Wldl] A BE2A, A7) Shis) DR

- FVERT : FS0PYE
LT R HY0R

[EFET] "]

Augi F!‘Enm LR 2T T
ggxg fﬁtxﬁﬂ ¥ SIS JTE

- EERpT B

%mw1 !

155 =
o O &
127 e D ot
BNA. EUEREE ST eemu, 91
- e ¢
LOBERMpEYT T I i
: TG ngse 2
 omgEn FEEEE S NONRr — - N "
D emen i o TS gt
anuy] =3 4
. -
o O g, AT s [&m""“ aw W

26, OMIE dt FE 21
Fig6. The Event Editor

4.2.2 4M AT &4

gtk AR AR sl AAAd BF
doleE sk REolth AL ddlz IA I &
F 48R 79 ofF dERE st e of &

Fe Alme] 24 o °]7‘]57— AR s ] AR
of Al FE 2 2HY (LA oF AAE 2HE)
AT 4F Fo B '—4 FEE dFgted. 7Y R/
A ¥ Atae] digl] A F 2A6h7] AsA syt
T 99 AUSe U FEE g A gkl
il QEse P AL oAF A R T oF
2852 AA3le F8 AAEA I AF ARlelnt

ﬁm} e S ST
Tuebtam 11 POREERRRE W {HHERY
cwhmm}‘”“‘?"‘ i HREX mm
| GaaedRRE §T gy BEERETR i
ey nwow 1 i mmn‘é Lk
BET S SR R

BT T s BT b —————
::“::f”"“" sl
BRerg TR gy i”!m"'

M Eamen | ss | wif we ] ;
o Jomae [pman [eemmnsluen [N 900 DRI ]g,, ?f_‘i ;-
3 i3 it 3 T X S Y .
¥ SOERIY RO & x
3SR TR [EW AT R £ q
L4 i3 o R 1 B
B DRI FVE 1] L e BIF A
. ;1

D77, AN FR 24 sjn
Fig7. Task analysis

423 o8 2F &8 Mt
A AT BAGN EE AT 2 4 250t
4oz AF oF BEE T BEolt FWe A

A A oF BF AP $9 9F &8 ALY 293

o Trle) BE AVRE B AT B THes
S OF GEVE 2 54 BY Al el 299
2ol A7 B9 53 o HES

2% ditean 73 47t Ao

S A 3 Fl 2 FES

[ ~nogmn-CRnyA ;
RSHE LIRS

BAGUHER

~ABHAAE ERET
SE MR 23R OILH W
: azzﬁ - + Azzgy [REOR )
suntng M i ; >
wma B F

wwsmd—N/A o
' =T waRee AT

4 HILUAEPAY

Extremely High.

]
1 ;
P (3 nmeeens || A" ‘
. —-— P—
HELEBE - W.WWWWE i g T STy
_ 200202 ERse
) [ s “Tobij %= | &= |lea]
28, T ¥l 2F &8 A

Fig8. Subtask analysis



AYE B4 PNE A 9 A9 N2d FE 267

W omTEn -
ZetRge [T neEs IRREREATTY
THEROE  umEmT ned% FUIRTEE

B FeL gy o ¥ N
EngReie 0w [T geangu [T g T aveny [T
BEEENY |SUEW % SEsupes [ LD D SO A0 UE BEE [N

€ R iy !‘?

SLmER " g ey 3D

wa 3 G
o ‘
ASBEURE. - o . e o - -
SRLuTEN
) jparasmer]nuen aes Tovsy annceouce des nnaeoRer
Tzl w 7 SR
(N AT UG o o B R
T SRR T e Wy o S RS
i oy JW0TLY = & 4
Pl Rey e = A s S S
Lihond E
545 See R ’ y . )
: Py
B S wal - SR g
s
B E
m':”f,“ isge [LTTET """ » ¢ su [TBIHT > il ¥
2
HEMER B {mn&mu

209, QNFEE Faksl palein
Fig9. Human Error Probability Quantification

B =Re oz AEE RUS 5] 93 949 AT
oA A3 HRA 33 e HRA 84 X|¢ =79 7
ol thsid FlesdT HRA X8 SEe 9F 29 A
Aol B3 3 HRA B4 QoI BEAYS Hassp)
A% okt 2y T So wxsh] 29 Do} ALl
Rolch. ol e F23 PHe 92 EE A9 BF
29 a4 Wkl A9 AAssnh 24 A9 £79 HR
A XY AxlE @A) 785 715 32 39 9ok A
o] gEEW, ¥F EF 94 PSA 299 oIzt AlzlE B4
& F3ske BHASO) S48 BAETE AMSE Aol

H2n23
(1) PRA Procedures Guide, NUREG/CR-2300,

American Nuclear Society and IEEE, 1982

(2] Hiromitsu Kumamoto, Ernest J. Henley, "Probabilistic
Risk Assessment and Management for Engineers
and Scientists”, IEEE Press, 1996

(8] ASME, "Standard for Probabilistic Risk Assessment
for Nuclear Power Plant Application”, ASME
RA-S-2002, 2002

{4) A. D. Swain and H. E. Guttman, "Handbook of
Human Reliability Analysis with Emphasis on
Nuclear Power Plant Applications” NUREG/CR
-1278, S.N.L, 1983

(5] A. D. Swain, "Accident Sequence Evaluation
Program Human Reliability Analysis Procedure”,
NUREG/CR-4772, S.N.L, 1987

(6) AEd), 2y, AAEEAL A7 A13)% HFE W E A
¥ KAERI/TR-2961/2005, KAERI, 2005

(7) A<, 2id, Developing a standard method for
human reliability analysis of nuclear power
plants, ‘05 I=UREES EASLRI], 2005

(8) &ud, A3, i &4 7| AR AW §= AFH
AEE3 =24, 108, A3E, 2005

(9) e, ZHdo}, “UNISQL/XZ ©]-83 XML &4 A% Al
28] A R 74, 33 AFE FEg =874, A6R,
A1%, 2001

(10] A58, A, A7+ 3= B4 A A28 7fagA
T, 05, UrEEE FASsEHE], 2005

(11) Hed, AT A2z 4 Al25l] FEof BgH AP, 05
mg Btels] FAENRR ], 2005

(12] A8, "FEEH A w715 A AR ) Alzd]
W, S AFE A2 =2R), #1049, A6E, 2005

27

e

U

1990 : it HFEF HAt
1990~ F=eARATA HAA7
ALk HolEMolz:, XML, el §

s
oy &
2

riok

A

2000 : g=aprlad FEamt
1987 : @3aErled FEHA
1987~ : T AL A7l
TilEok: Aedge, Qg



