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AGAPE-ET: A Predictive Human Error Analysis Methodology for
Emergency Tasks in Nuclear Power Plants

Jae-Whan Kim' - Won-Dea Jung
Integrated Safety Assessment Division, Korea Atomic Energy Research Institute
(Received February 17, 2003 / Accepted May 26, 2003)

Abstract : It has been criticized that conventional human reliability analysis (HRA) methodologies for probabilistic safety
assessment (PSA) have been focused on the quantification of human error probability (HEP) without detailed analysis of
human cognitive processes such as situation assessment or decision-making which are crticial to successful response to
emergency situations. This paper introduces a new human reliability analysis (HRA) methodology, AGAPE-ET (A
Guidance And Procedure for Human Error Analysis for Emergency Tasks), focused on the qualitative error analysis of
emergency tasks from the viewpoint of the performance of human cognitive function. The AGAPE-ET method is based
on the simplified cognitive model and a taxonomy of influencing factors. By each cognitive function, error causes or
error-likely situations have been identified considering the characteristics of the performance of each cognitive function
and influencing mechanism of PIFs on the cognitive function. Then, overall human error analysis process is designed
considering the cognitive demand of the required task. The application to an emergency task shows that the proposed
method is useful to identify task vulnerabilities associated with the performance of emergency tasks.

Key Words : human reliability analysis, human error analysis, probabilistic safety assessment

.M E

A AL 2 qEAAGY A
7} EEA 52Xk A 7NPSA: Probabilistic
Safety Assessment) 7]®Ho] AMRE 31 glow, <17k
2 =2 2(HRA: Human Reliability Analysis) &2 &
QAW A 27HE 75s AEHer F
3 754 S gEHor Ykl FEE 999
T A HRA o4 mEsls Azl aA A
A Az, AR ZA) i xR,
AT QIZMEAE Vs = ok Abd 1z
ol AAAre] B @ AP A Dol 2T
A& AHOFANH F HAA dEdS = FQ

*To whom correspondence should be addressed.
Jhkimd@kaer.re kr

104

Az R 71719 wizkgEe] ol Qi QR4
% EFR gom, Anfd APl U

A PSA M= 27|41 Wzl WA A © & (impli-
city) #1713 e B, =S FPAAEL
2 aHAE GEH wAYeR, AR QI
9] LOCA, SGTR#} 2+ B4 27410 wijo g
A s AA Fol AEE A A el
A Are] F5 3 4slE fsl) AelA 8t
715 e A%FE oFa Atk



u
o > @ ot
o 12 o N

O_& rO -
N
£
o 1o
- £
o
%
il
flo
0,
N
N,
0%
do
2
=,
o

2o
Mo u
2,

)
w2 K ‘ro.
o 32 SL
4 > 22
g
L o

2

=

HE

12

=2
o
o

e I v B A A A O G i
rl\g
2
I
o
o

o 3

-
E
oo
%
ol
s
i
N
o4
fo
rO
o
X
o2 Hu Ao
e

fi
o

|

T o= k=3
AL 7|8 AAE sH= CREAM”, MERMOS” %5
ko] A¢kE¢las, EOC(Error of Commission)& X
e oo f¥e AHAdE wAY $
ATHEANAY ®lwio] Abs]Qlc). g, o]2fdh Wy
5& 44 PSA HRAE 91 9483 &85 flelA
FAMQ A o] Bad WHE 9l B4 HHol
Bajal @ ¥4 Aol 87¥0] AA PSAd 2]
g-go] Aofo] ddEE FHE Utk

B oA PSAA 27 EE JFFeA
of thatel 71Ee WA SFHAN AFH] 3
Y HRAS ®ebslr] §18 mgon g3 £
7128 F =2 HRA HPH<l AGAPE-ET (A
Guidance And Procedure for Human Error Analysis of
Emergency Tasks)Z #A¢Hstch. AGAPE-ET
/A F aFEE o] S gasel
AL ) Alshol g Et 2 ok(task vulnerabilities) )

saglel PAFD B LHAAS AAHA BA
A

gud

o] 1=
DA

LFEwEe
A4S 23] £23 4= 9J= HRA 2 o]t} AGAPE-
ET Wo] &82 7]BA o7 PSA Alal AlubElQ.
A FAolA motE = kYol tle] o] Fol
2tk AGAPE-ETE: vl abAbaL Alutel e dolst 4
A Zlko g F g Pdflete] AAE E

o sjebe qkaglol Tk 0F FedE B
7K 4 Sl oItk olF TSP Slskd &
Welo] oxlay BYS Helshun AHEYsol
Fe HAE UGS Agsg 2en e
2o} 2 AR5 FaH IFE T A4F L Y
Ak Dejste) AT BE Fo LFHY
He BES, Folrl AT QXY 2750

SRERC T
. ohou) 2k w2l

T A QFEA o] disle] avldch A3
o A= AGAPE-ET & #Hxje
AA ) ohs) Argskar, 4G4
Hel A d2A Fagddd A e 2 Y &
A gt e HeANE oaslaL, AH5lM A
285 Ayt

d
!

1= AGAPE-ET 4

2.1, X2y Aeelx}

A M 2 FA ALY aolA e oA}
AR} EANA Eiz oAEA B g @
F7} oo} Aol ojE awlo] skl i
1ol el A13= Rasmussen” 3} Reason'” S 5 4= )
t}, Rasmussen- SRK framework-S A|QFsloii=d] &
o] ado] wel AAngel wirie] Wk
o]51, Reason& QFH-itAl A=A SRK 25+
of wel WA 71ed 2RI 5ol dHE
Asla glok ol Algkel ofe] QAR IFEA
Gl M E QA R 88 A8t olizdl, HRMS'
= Rasmussen®] 89HA] Q1A 3of 7IWhel @ 573
s gelsy eRubd AAE ANs glon,
CREAMO| A1 4709] Q17505 94 st
¥ QA B AAJEkaL 9o, ATHEANA 9A] 4
A XA ek AARHE AHgaka o)
th 7] Abe] RUEA AlzgloA] ARRE I 9
= K-HPES™i= A1 949 71%-& 1HA(detection)
52} ¥HE(observation) 758 T8I AREShT
S RJIAF S ARg-skaL ATk

AGAPEETE i el dxrg*?onny
Lol wdes aste] sEA AATITeR
TAE @y AARHE ARSItk AGAPE- ET
oA AFESRIL Qi SEA AT E 4% 2 A
o) Al(detection and activation), 73 K5 F(informa-
tion gathering), A}3}¥Hsituation assessment), 7|2
ul o] AL A(planning and decision-making), 2}5-5>3}
(task execution) TH7Aloln, Mo ol QA
TERe s@Mon EE Auigron olFefl

i AT
&) 1L L=
q’~ )?)]F S X ZI'T
[

e

o ofk

N
=

¢14) (detection and activation) TH7]

oMz o] MM W ARAGTE Sl &

105



A9 Aol BLF Y wE HRE sk

gAlolH, ARFY ZsdMe 48 Ads 95
5

o3 JRE Fise Ao, AT 7%l

M BETRE Bt & BRE Fi(integra-

tion)slo] F01x T Wi x|2L npgro R Wby
Q

49 Aeut A5 g A 21 5 7
HAAolm, A L AA 7FofrE FolA 43
HAsHA tiAsl7] §8 dRAe =3 fAHE
SHAY Hd3 2XE Adse ol HF43)
GAlE AlE T grd X5 BolHoE 53
S @Al E el

A gAY HY = AFI FHEHE B4
Ar3Hcontext) &S FZ(condition)d] GdkeS W=t}

e 24 T udd 2488 stu laon,
HRAA = ol2|g 2458 FAQFFUANPerfor-
mance Influencing Factor or Performance Shaping
Factor) &2 <33l xKInfluencing Facton)Z 72|35}
3 AN,

AGAPEET Wi & Ay olx oJgkelnt &
FAA g FHAT £ AEE T 4 ¥
B3g Al EALY AAE s dEde e
FEAA AAE FEIHA AFHoz AT
Bt 3 ‘ &
7HA 9 F, A BE E A AR, AR
3 354, AE JHA B FE, ‘T Wge
el B Fol, ?bd AlFe] A, TR At %

2

# =77 dk

22. B 24 AA
B Ho|Al& AGAPE-ETY] QAo HF AAGEAA
Aol diste] dEdch £ Aol Aol Ah
g o} ol sehAlS] AATFo R FAE 2L
JAARHG 7to 2 3te, 7} AA7|FER A5

4 g ggadlen FHY LREN 98 ®

A o

e

106

rdo

o

shch ol 2FEA qEe &S 7 QIR
59 JAAA FYEAJF old] YIS nA= 4
QAte) 7|AAEE nEste] o] Fojzich

A7 E A1 v A &1 o
ZA5 thg3t 2ol 7HAsith A4 v
2AQe 2A F A gHow 3Gl o
ek AAE AR L FAl e} rlAE e
HAA(EOP: Emergency Operating Procedures) T
3] 8- A A2} A(FRP:  Functional Recovery Proce-
dures)$} o] v]gAL A Al Y] Hslolof
¢ A% ohda e AANE vlEos o|Fol
A dgael QI T uAE ARAT o
ARAA T} A9 AP Agiolel @ e
o] ok Az 99 LAYE F AR U
A5 uHoR BEINE, AANE oz @
e 718Y g FHtn ARAE %
Apa gsletel o8 thg AL wEH ol ALt
S5 Aol e Ao® AReh

k)
—_

ofk

>, o

o o

b 9 AT BHANY L FEA

N
i
-
0

<R

Qo] G vhst gol, AxB
Mg Eil2g Angel PEsteel gone, B
Mol ME ARAY A Fs 0RFES AN
ABol o1 A4 mT} Saste] LAH) Aapalo]
& AT ALY 8F AN o2 A
HolAel 4, AAF AFlA A4, A 9
4 5 A KRR BRY 5 dtk FRAY
o] Aol whet A7} o2 S x| Arree] Yol
£ AZ9o) g v,

of F o2 ARNe e F /M P o
F 74O Ueidth S 4R gl
g 2oz @ o2 £ oF Feiel £
H, EAE 270E SHE 4% DU gt 4
2o AQY A AR LFL YEE £ 3l

A WA B9 o2 S APse ARY 4F
Bl Ao RYE G = glov, o]
Fajo] Alzg old T EAF of] Al7IAG
£ 4RE T ABANL £ Y AT Bl

Journal of the KiIS, Vol. 18, No. 2, 2003



- geln 270l YAMOR e, WA
A A WAt vheasle] QA @ke
A0l Fd Adeed s
A Au el kel 98] +9
Polxu, Be)H Wse AAEAol
delest &9 AveEegtel A
A%, A AT Fyza A
312
o Aot Wesn AT Sz
A A4 F2 ARG HE AR
F Qe A BE AR F T8
guE TAHAL Aoy gaw
SAAE Held F 918) o4 FsAe)
Bust A% o), Ause oz 9
Folg 2d by e
% 7bs4 9E AREMAE, 398 S
DT ZPtn 9L o, Yo} gut 4T 5
LESELPEE EER RS R
A e A AT AR FHoE A
o2 4 FeHE 2T

3 27o] glort, Foll

A el AR
Adden o 472 A4He] Fazd

ol

]

ol 3o
e

Yo > N 4,

]

>

o.?:m
o

-3

]

4
J

et

8

-

3
i
ok

P

gl
=]
=

2 4 2
fo Mz

3|
)

32 oX &
orlr&r

Ol

¢

-+ Ti71AIzre) 308 o]ak)
IR B UE Fe
A9 e HolA| 2 dold 4
AAkA] ol ARE FEAow
Qb AT + e

1
>

>

lolxBta|x), A8 H2Z. 20084

e

=
=

geome Wil ofg JFeae)
A8 A4 5ol i Tk
ARAN ] AR THsHE A FE
Ao Qg A FFean Ave
AE A% Ad 454 5 F MR A9E
. Qe o AasozRE Foizl 884
22 Al ee] e A7 A7} AR
A A4 AANDE AFoEH AT 5]

-4

=)

2
o

il

e}

A
ZEA

NCA NN
E N2 ox

[e)Ke)

S

o

]

i

P

1

o

v

O Wy 4 to ofy

o

o

FATE B £ gork @ BY wAdAE AR
49 AALF Fsie W) A% BAolm
2 0T 28 Aol el 4D 54

&-EAz el AFE(A: 3087 ool Abd
3 FAl Ao AFAA0] SHAZE o) (el
103 o]ho @ dAdss B¢
o - Abd A dAA ] A2E]l 2
REAl 23] 8 2

- 78 AT 57 A WY F
& 8-A|zke] A gHF (e 304 o]u)ol L, A}
2.9 whE A7 7l 1038 o] ol o4
B 49
Al 5EAZEE Al oo we AA) v}
T R AR em U7 o AAAME
Hlarste] SAGAIZH A 208) o]3he] A

H
=

)

y o & 2
my

39 BHAZY
Aned 289 £

p 84

o) BRARAZE G, YAsA W
He We wEe, Fe A5Y L o))e 4%
Hollel 24 Fol B 4 dlek olelg Aupuise
A5 g $299 94 A JPae

o olFoRA ke 7§ TMI-29F 22 ¥

&

V3



zA e 7Y 7FsAdol BF #HofH
s}

27EE AR dd RN oF e
A5 B4 AFHE JuABe
A7 5§ aefel] e FHow 74

=2

C AR AR Fa AR
(£E 1% 5) A
ASE £9 %

= 29
S o
HhE dead he
B el $4A 5

2 TMI-2 QAALO)A 9} o] 27
7H 1 ZX|(EOC; Errors of Commission)
olo} e gHglel RAHY /IR
4 RS fslas
de Al Ps e TR Bag
E% uke}l o], el FHAS

% o

2 o
&

£y

> o

lo I"‘?{_'f rlo 40
o

i fe & oox )y ox o
e ¢
2

Jo
i3
et
o LL

oﬂ

2
2o

Ty

o ox

1o

!
o ®

i)
or[m_&o

214 8 HTT 2AY Yo
2o B35 FRWE 7R AR JE T

grgle] A 7364/ ag gen 4
Foa 77 5o Auol weh Lol Y
7Psyol B4R B Aol £A9e] dela
Fol BAATS ANY HEL A9l 100 H7HE
Aow e, Aguad) be 3ut e
e Al dENE AHA W e Ao
2 AbgRieh B9, Aale] 4300 9e 2
AT 1L sl Beh A7 G
314 el HAE AFol o] glar Alxw 4
o] B gAIZk] FHE Fold Gl ﬁ-%a}ua, 47
Aol 7148 A1 B9 gl o)Feid &
eme o] et AolH 2R WA o
4914 3ol ofs) BAET. TenE, B o
AN et ol AFATE A YA 7

108

Ho] Mol ulEAEo] 9lx] ke HS9 A|xE
Aro] B EA|70] 2BEIR] ¢k RS9 s 5-F
4 24 7s4e nef g
Cze) BEY FEA40] 2 B
NQ2AE fue 5 9l 48
s dae] B4 el bl A Y3
4G 9T JPYY DAt B A
shese) g g BS
< B F5A Al digh X7} vl s
RLovh, Alzw o) HgAel ARE S
ojeld & Fo 74]—-7]4 OZ}EHL AbzinrAl

39, o
5

222. U5 HHNAL] LFEY
Aus BAE JPBUL 9T 28
Fshe ol of HAelA BAY 5
5 /K54S e Uslo] £Al5
A7 FAelug B Fxst
=70 5714 2218 BFHR Ao 9z
ATk BEFY TEe) W me) Fe
2008 FHY OFEN YR

UL LT

o

oy

« A HZ(source)ql BAFA O] A

« ARATY TARAM AR 7hgAda A

A

- ARAA ] EARA EF7FEAUE AR
¥

- A5 3 AR 540k e FEVT 8
g 3

- A AdzA o FHdE 9 A
B

@) OR 28 LS B HEBE 82 IQH N AY/EHUB 0B
53715 oAl HR YERE WQ 2 #@NA 7I. £9 E@“J QIEB Sii

%R

o BNA X Y/
220 9Z

Heaol A

An/pR0 AT

Ju/s2N AZ

QA E{p=—1.0)
¥E RXR

€298
. YR (WA ERAN

YRR {p=~0.)

IN/BYU RN B
oz

Fig. 1. A decision tree for judging the emor possibility of
incorrect  situation  assessment for the dynamic
behaviours of plant parameters.

Journdl of the KIS, Vol. 18, No. 2, 2003



shetot 5

E—A z%zhs}_ ;ﬂ
44 Y Aol B9, A B
AR A 2 A7) e fiolu,
Fol e Ak A $F3} TR 53
PAYR g A 7% $2& welshES

.

o

e
JW rSL e o X o

T oA §5e Au /heds A8y EAl
A o] gBolt g e UIES LTk

- AEAe] v AR TR P 2% A

of & AU} AT 954 D WA 1% 74

Hol gl AZ7)9) T3h AR HA L 9

An 43
Aol 2214 B4 o AW A2 S04

« Kol 9z MCR front panel/MCR back
panel/Local CR/Local area 5
A AR AL HUT 5 = MM
HA R
o AR WS 53 ARES (o AN
42 %)
A A 2o HaAu Pxﬂﬂ A e 4
2 7T Yold LRUeE sdE Auol
g EEE R 21{— 7ol oleg Fx
2y hPEel 2ol RCS #yzy:, CET #yzt
A= YA 5 JFD FAARE 7}

Xlﬂ A& AR7}F Y3 RCS F 4ke] 224 A
= S703AIer dE BYA AR 5ol &
Je7} che A9l o5 Buidol e
} Atk A LFEAAME E£F 754

AuS AEAE AT oz AP 244

m
rlr
N

0)« ”‘10 0>4

Lol el

8 AE FAGE 54L A8 AHEEY, &
94 Jels APH o AT F Q= AR

AMeiokNErE|x), M18A 2%, 20034

al
ES

R

=13=5]
=4=

08

OIZIRFEA U Ty}

1

1z

ob i AR-g-A(usability)o] 214 HHHTH
ol HA 1 & 9d) FEA AS H
T+ AP HEe 4RI T b E 1
Hg

S99 9)A A
Fold s W, Bx
& ARE FAEAY ’\]L}ﬂg’?}
Eﬂi(/“xﬂ ‘31

oz %oz &2 ¢

L’E% £

=

ool
JPU

gE-& ROTOKEO 5 thee ¢

o] dag Fes} 8% $44

MCR 94%‘«04 g9 5 X*E*Q ol e ¢

AN B ARAG Al At
o] Ae SRz X

oﬂ a7 ejEdt) 53

ol dapAe 93 &

>
T

2

21

)

2L Frood T e
l oft 4o my¥ alo

i&

ARG A
MCR ¢} 5- °19U g
Bl W, s Qe EAT FE A
A% o5 AR 2 28T 2R Q189
3t A 7t ofof St

Yol AR BA oA dojd F 9=
7]-3:/\4_,} Aol Alglg A h=]

& S 1.1

4
A

>{E

Z

P

o
(o

_1>4
d
0&”«
nw

]

-
O

N
N
Lo
N
o = ==
ox (M o
=

o 8 S
]

o oo &

Aadol dia] At F Ale] Al i
o W e 5 %
stofof e} o
FEe Huel ¥
/ﬂy 5:1

o

it

H 06 3
"_v‘@,:tﬁ

el T, A A
Bl
dominant @ -8

223. FFRG ARANAY LFEH

ARG ol ARSIE Bael e 4

HE F(inegrationslo] Folzl T Ei= A
Aoz wse] YU AT Fug 9% 27

S Bashz ol Aol HarTe 5
2 27028 REsHg i Ags 24 5 A

Al

)
228 Aesie} oA QTEE A lEo A,
Aol T AAUSE el Sk A

ofe. W9l QlA7)solch B BN Had
Qo) 4 F 4RE Fgee] wesh: 34
A A S e 0 Pede oEd B R4
Aol i 24 BEe e 2o

109



2

S ARG Teisje] gAe dgsA R
5] Aol B Jasiore) A

SR JlEE AR F Al we

(Judgement), % 7NEvaluation) &3} & Ak9
o JAAH 715E L7dhe AN
(Knowledge-based) ] 2]t

A~z
T

« AR V" AT Z 77N Rule-
based)o] 27 Hatre] 7j& £E, ot &

8, FAele] B 5 A
C BN AYATS A SRR 1EHE 7
A3 gl YA EAE A

ot
o
o
>,
o

e
T
oxl
1o [—E W o
o
‘r’% jati
> o
s ot
i
e &
hC)
©
o,

o

)

i, &

o L
o
o
-
2

Mo
[ T
o

T oofd ok o N
N
N
olf
o
lo

_1

oft 7]
e
to
o]
0.,>I‘. o>
O

e
2y
olf
i)
=
e
X
3o,
o

gl

)4
)
tlo

ox
0,
1
o
H
Tl
o
o
A
2L
N,

Ho
2
rjg
o

e
r

o o ot
23
9
lo,
Ac)
2
)
ol
o
o

Mo
2
e
{0 o
i
2
1z
o
L2
Lo

off
i)
rlo
ox
[o}

fo

oo o i N (R oX ox fo 2

Loy
L
ki

T

i‘E r‘_{o
2
o
o

o
)
rlo,
fo

{7 @
e

fil
>

%o

o

o
!
2
e
i’
X0,
o
+

’

iTh)

ol

ol

ﬂF
o

h

s

L
ot
r
=Y

ox I-J
o
o o o

to
=il
N
olf A
o
X K

o
°
o

o)
N

ood oo =
fo ¢

-

n e

ox ko o> @

R R )

2.
I
et e
2
oz

v B

30

e

off do 1o i myY i o2 lo ¢

e o
N
N
to
&l

ox

TFE 7|8k

=

CADRY 3
Ao A
S THEI Sl FRP
o} .

CAIEE AP FYoR A WHA $A
¢l Ejol Ule ek, s depe] Soow

Zge] ojulsle] EOPY| &
AAA, ohye B3
2 298 AA4e B9

110

o1

215k

“

F4 oo A4

FAL AAT V2 E 2
HRES HEA EE

=
ao] B4 v SelAY BAGY Anrt £5

Qb2 flo

£ 5 499} 2 35, B9 D Grhel ol
=378+ 9
A WA A AT Slen @ FAse

ARz, Bedn @ B9Te) 434 AN
W7k Al TR BEEE e ge 35
o Hoheh

=

33l thsted AapxzL mEslA] ek

EN 2L N Ho ot
o
o,

4y Mo I ox Jn

=
23
)

2
Y
oo
Ho
rr

o

Loy
202
[
%0, s
iy
o
i

ol
4

£
o

PN
-
=
ot
Aa
2.
ox
A

o O
o

20
=

ol o,
ml o 1{; X
N
&

rlOE
L o

on i med
o

4o
rie

r
2
i)

»
-
&
o
=V
)
2
R
ke
H
L
X

>
-

L

o) A EE 49
4y wsel 43R} e

- B FH ASHE 43

!
av)

. el 43
2 weg

7} we mE AlRo] FEE A

4] FAF o] AL B
5= FHY B9ols o A%
A 5Ae] Az

224. A8 2 AR APAN ] LFEA
AT 2L AR AseNE Foirl
A dAs] s due] 9 7

oX
tlo

Journdl of the KiIS, Vol. 18, No. 2, 2003



EELES ERE R 2
R BESl A% AL

=2
o4 a7 AR Solch of ol
R SAYE A Skt BAE 5
0% AT AUCTE) QRS A 2y
% AL B S He e § 4
A28 AYZA, 242 AR HY Sol

o] wiAALa A] o] BAldA mEE
A =g Aalshd o gk

FU

2}1\

e

M

- AN Al R R Ao 9l
7 7k

- B AR fao] WA io|
BAA £ <y

o tst 3 23

S
A

s AdA0w
Asol Y| ek At Theat ol kA 7

« FoIZl A&l e ARIE A&gk A Fo)
AR Qlol ST 4 9l we A9
Ao
o

- T Flo] ollx, #H o FARs} e
YA (7GR AdeH F3px 99 3
7<W)<>ﬂ 7leso] e Aol Alal 7] 7

YARZAA F 1ARE oluel 729 219

g

© G ASie] o, B oig HFUt te
el vlgso] e AR, Aba z7]
HF7} obd 795 TSCo} 2 g2 L9
Z;d_/] ?.}\J 7].hx4 (] E%’?}E]-
- OE HAA R 7lg54°i A R, F/a
"%‘ }:l;q;g/a xl?_ﬁ]_
Toizl Age] Bt BRAY g == 4A
AP B adts dod + v 43

Lol EER|, K183 MI2E, 2003t

r°l‘ r°1‘

iW “°ﬂ H HH7} ABHo]
ol gk, 31%/\]7}0] A Y o
ol

How &8% 4 gla dA
A7 e & giAEelol
T ol A oF Thede we @k
- AR o) A B Zé,jih
- Az}x 7} ulRl g o
F-E5p7 8]8A17to] zﬂﬁ“ﬂ"‘ EH

- T2 gleilote] £k, A om e
& 4 glar dx)e] 259} conflictabledt et
A S BE 5 7Fe e etk
- AzpA el HERE MG 2 Sald) )
A x| Re] AoEo] = H$
A ol AF 2 "AE dek 384

ol AFHY uf

1

o om e —l° o oo

oL JN

2

225. A3 BRI o FEA
A dAeA Y #4 A= A4
S AHojAFo} vlAo] AR 2 = 950w
TYAF Fo EYTY 1 T3

(<]
}\
fus
He] A 58 efste] RAES
=]
m
L.

Z] }?‘%?ﬂ

S
]u 'er]‘
o}°it1r 7t
THEA 2
AR

2/\] o

I
?—TFTFaga

5 AL Al

(o]

SR
B oFAPoRE FYNE o
‘WAAY oF, S e, f
FoI5. WA} Aol ez
2 7hsd Aeg assleE 4
Aol EHEHH* Aol Ao 8 dolwet A
A7) A e oF 7 :
%ok 4 W29
2= 9z 9 =24,
A Zolth
A58 Aol A s o} 6‘}% HFFE
240 %}u}ﬂoa_ zlﬂ,] 8] E

=
i T
¢

A=
o
=2

T

b=

FAog

i



WA R, A5 FPeA7t T2 B
A F 7 Fad ddde] e eFrEel
ok 593, ‘Oiddd e A5, MMIY] 27
Adolu} 7]E}l Human Factors?] #A|9} #&o] )
A5, @A A5y WE
H Akt o Wy S8R AR Aeld A
2o maddt) 183, 283 LFREe B A4
Tt 22 JEdzte] 2 o 2%

e e

oN
]
o
0

rio
=2

-+
o

o A e gy

ARo S Bgn
WA 2 FA 5E

ARE AT D FAFY AT FF
Fa) tylAIre AR

Huglel B %
Ao} W B 71719) S5} Ao} W7k AT
A (Aol AT 7

= (34 224

up)

QoA AR AR5 LFREN FES B
Aol 9i3o] Table 13} 2ol 7 © Wgshelch

B0, Ae] So] W} LUPelA 2THE
AA750] MR BEBE, AT A 875
3 AN 7% f7o mek BN A5, &

Table 1. The categorisation and naming of error analysis items

24 80| ¥5 9 9

g

3 o
o
M

D olE AN eR A% ol F

A 7Fs

D ol8 AR F AR ALY
2%

c A oMoz A A
R

3
LT $AARCR
V.S

o3l
o
3+

- ARFR01
- ARFA-02 :
- ARFA-03
- AR

x| 7HgAs =Y EA
Egrsdde Are 39
v} Aot Ba B4
e o

l'

- ABTROI
- AHBRAT02
- AFSPER03 ;

AA17)5k 2 Fol) Tie e
FH7)0 2ol ja Ay
fare R o) SAlsh:

=]
2%

- AYAA-01 :
- AYAA-02 :

gl AatA o)
sabagol valg 4

bl

AT 01

- A0

: HAo) AR it £4

Aol e 4

Azt 2] AREh QF 5o, od AR
25423 Aol Aguta) gALEA S a8k
27} i 7L &, oW AR5 3
gto] glo] =alE 4= gl A F-7} Qith Table 1904
2591401, -02 E -039] A%, S Aexzio]
gogly AfolE A5-214-039] Z--rF B4 E I,

fo X oro do
1

XN
o 4

24§ uhe AZ230 YA AL @, A
Bos Hgeld BT HPBDE 8FsHe 47
o, AR L 4B Jl5e] Y% £9T
Bash Qo ARAA0l 2 09 A= Al
4 o o] Woshh AR ol APHA A7
7} whisiel gl gk 9ol Fafel BAsh,

N % vz AREY A A9E 5 Ao A
SFEA BAE Fig. 29 Lol BT 24
A= B4 A2E mel Foll A% % Al i)
sjgels BAaE] EAeld AR 2HYEL o
2 w7hach

A e Fo) e BHA W= U1 99 3
7te] ool elsh AZIETh B el Slol
N AR 27 SR B2 distel B
BHAE AR 2 0 FEA FEA o o
5882 tev 2ol dojrn,

H

o~

AHEP; = BHEP* w.:(PSF) (N

714, BHEP, v= 7% i g 715
E{Basic Human Error Probability)o]®], AHEP, = &
FHZ iol sl FHAA] £ o, (PSF)E 8
3 %A 2 F-3-E(Adjusted Human Error Probability)
olth. BE /et QF3E gk AA AL F

SEHEPy= TH Aol 98] ojrh,

HEP= 2 AHEP;= ZZBHEPi * @ PSF;) )

7} QAA|HE LFEE o Yg 7|EFEE
(BHEP,y& 71& HRA WSl fAkd 25 9
2335t thek ghe FE o2 Aozt BHEP 3k
E9o] ZE*j(Data source) THERP® ), HEART"
(Williams, 1988), INTENT'® (Gertman et al., 1992),
CREAM® (Hollnagel, 1998), CBDT(Parry, 1992) 5o
o, o] ARERE FET F glE 4F dojHe
22 Ak Table 2+ QA7 B4
&=o] w2 BHEP #3 A7) 52 e 4%

Jound of the KIIS, Vol. 18, No. 2, 2003



o A =} =
ARYHL HASH Mo
( maww )
L oasoy
2 Tewmza ws
g oaw -
i
e
l " o
L < e Jmo‘s T
Wik g o T L
" Yes T
Yes S8 -03 [ N/Aj
e aRes —
Lo
Neo -0 802 Aol -0
om upela awelal ma
PErY P
LEEET Y Al SHNS
; N G
!
‘} L
i TPE 1 L
............ - — B
Yxe BN Yes
o FEFE azszeaAmJ
~

T BeYE

/ o
g/ <
o
N ome
\ w2
"
/ H Lo/
\/
fo /
H
@
I3
3
o
8

Lino SR
B Y2

= SH
Agwoe
Al R ELEELG
'\/ e WLl Ry E—
No

“URam yepe . Yes

S ANAENM
No
P AU
-~ - No [T
L L L
T nuEH - ot
< LFneOe om/ 1 ;
Yes J
Yos - .
- < B R BT -
T e
. - B e Yes 7
M= ANFBURYE o] ANTE-02
e - e
No
- \\\‘
< was s e — | apem-or
~ ] 1
No
N —_
- S Yes.
< A0 a8 T RN -02
\\\ - —
=082

o3

= Al ol diste] 2 FEE
, AAE /e E e Al
64”’011 SR, T, AT 3 A
02 AEe] AR ES Fig 37 Fig 49 2
o) 33T} Table 2014 W= e} o), Mg
@ wAlel efAPRs F12e] Fu PsAclA Al
&9 KHRA®S $30F 37t B $Ua
AR 2 AR Tl Sjgehs dEIAe 48
< AR89 FEIAER FAEE AR oArEA
Z=Z(IFDT: Influencing Factors Decision Tree)& ©]-§&

aho] 37k},

B, ATQIA01 L 02’9 ‘FFeIA-03e] A
S 7 AR RSN D Adng S yils)
of PrisnR, ofsle] Au4F 7y Astuc

LrordElE|X|, H18d M2%E, 20084

715el A Hoked A AU wEEe uAE)
A8l 5 @&F %’z% % A8}, 2 ARl An
4:21 m AL§131E+ J+ éé% zﬂE}SLEFE}El 3§—]0}?i
T;]—-_ ﬁ’-;doﬂ /]oH Z{:]?_ ZL-LQ—%Q’% _% ‘%I

fel,

HG Q73§ = MAX {AHEP(2 521 4)),

AHEP(H B 3+ AHEP(AZ9h).  (3)

x|

21)
A

-

4.

2
S

E=BLs

2 HojM= AGAPE-ET W] njide-ad = 7ol
Bk
F4d

=

EHZfL g AAE AAFTE AL oA Al
FE5 9 REFF) R PAHE G99
Q)

(LOAF: Loss of All Feedwater) A1 }2] Qo)A &

L ox to d
> [

N
AN

(=

113



2z

(=} =8

(=3

el
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Table 3. Procedural steps for the feed and bleed operation
- EOP-05 {Loss of all feedwater)
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Step Instructions

Contingency Actions

1 | Ensure Standard Post Trip Actions performed

Confirm the diagnosis of a Loss of All Feedwater
2* | (LOAF) by verifying the Safety Function Status
Check acceptance criteria are satisfied.

Rediagnose the event and go to ONE of the following:
a. Appropriate ORP
b. Functional Recovery Procedure

3 | Trip ALL RCPs

IF a feedwater line break is suspected,

4* | THEN isolate the break and continue with the actions of this

guideline.
5 | Evacuate the containment
6 IF both SG wide range level are less than 2%
Verify adequate RCS heat removal via the steam generators by AND the total feedwater flow is NOT being
checking ALL of the following: restored greater than 35 L/sec to one or both
Steam generator has wide range level greater than or equal to SGs,
6.1 2% in at least one SG THEN implement the FRP-06, HR-04
: OR being restored by a total feedwater flow
greater than 35 L/sec to one or both SGs OR
AND
RCS Tc temperature do NOT increase by more than 102F | IF RCS Tc temperature increase
62 (5.6°C) uncontrollably by 100F (5.6 oC) or greater,

THEN implement the FRP-06, HR-04,

7% | Attempt to restore main or auxiliary feedwater systems to

operation by ensuring ALL of the following:

7.1 Proper actuation of AFAS

7.2 Valve line up from the source of water to the
SG(s)

73 Proper operation of pumpy(s)

7.4 Adequate water sources (CST, DWST, RWT)
Necessary vital auxiliaries such as power,

7.5 instrument air, and/or instrumentation(s).

* Step performed continuously

- FRP-06, HR-04 (bleed and feed operation)

Step Instructions

Contingency Actions

Confirm that bleed and feed operation is required by
1 ANY of the following:
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