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ABSTRACT

The paper presents a proceduralised human reliability analysis (HRA) methodology, AGAPE-ET (A Guidance
And Procedure for Human Error Analysis for Emergency Tasks), covering both qualitative error analysis and
quantification of human error probability (HEP) of emergency tasks in nuclear power plants. The AGAPE-ET
method is based on the simplified cognitive model. 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 the performance influencing factors (PIFs) on the cognitive function. Then, error
analysis items have been determined from the identified error causes or error-likely situations and a human error
analysis procedure based on the error analysis items is organised to help the analysts cue or guide overall human
error analysis. The basic scheme for the quantification of HEP consists in the multiplication of the BHEP
assigned by the error analysis item and the weight from the influencing factors decision tree (IFDT) constituted
by cognitive function. The method can be characterised by the structured identification of the weak points of the
task required to perform and the efficient analysis process that the analysts have only to carry out with the
necessary cognitive functions. The paper also presents the application of AGAPE-ET to 31 nuclear emergency

tasks and its results.
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No. Event Name Human Failure Event (HFE) Related Operator Task
1 SDOPHEARLY Operator fails to perform feed and bleed (F&B) operation Feed and bleed operation
within 20 min (Early)
2 MSOPHSR-L Operator fails to do RCS cooldown and depressurization RCS cooldown and
(in SLOCA scenarios) depressurization
3 MSOPHSR-T Operator fails to do RCS cooldown and depressurization RCS cooldown and
(in Transient scenarios) depressurization
4 | AFOPHALTWT Operator fails to arrange alternate water source Arrangement of alternate
water source
5 MXOPHDPLI Operator fails to initiate RCS aggressive cooldown and RCS aggressive cooldown
depressurization for LPSI within 30 min and depressurization
6 MXOPHEBOR Operator fails to initiate emergency boration using Emergency boration using
Charging Pump within 1 hour charging pump
7 MFOPHSUFWP Operator fails to line up and start MFW startup feed pump | Line up and start MFW
079 startup feed pump 079
8 SDOPHLATE Operator fails to perform F&B operation within 2.5 hr Feed and bleed operation
(Late)
9 HSOPHHLCLR Operator fails to initiate hot and cold leg recirculation Hot and cold leg
recirculation
10 | MXOPHDPLR Operator fails to RCS cooldown and depressurization for RCS cooldown and
LPSR within 2 hrs depressurization
11 | MSOPHEVADV-2 Operator fails to manually open ADVs in local (with local | Open ADVs in local
hand pump)
12 | SCOPHSDCOP Operator fails to perform shutdown cooling operation Shutdown cooling
operation
13 | SCOPHCSSOP Operator fails to perform shutdown cooling operation Shutdown cooling
using CSS pump when SDC pumps fails operation using CSS pump
14 | SCOPHSDCOPLT Operator fails to switch shutdown cooling operation after Shutdown cooling
F&B success and CSR failure (Long-term phase) operation
15 | AFOPHPPSTART Operator fails to restart AFW pump after running failure of | AFW pump restart
shutdown cooling operation
16 | RCOPHPCON Operator fails to control RCS pressure RCS pressure control
17 | MXOPHULK Operator fails to prevent the faulted SG from overfilling Venting of faulted SG
using SGBDS using SGBDS
18 | MXOPHFNB Operator fails to perform F&B operation within 10 min Feed and bleed operation
(ATWS)
19 | MSOPHEVISOLADV Operator fails to isolate ADVs of faulted SG Isolation of ADVs of
faulted SG
20 | MFOPHSUFWPL Operator fails to restart MFW startup pump 079 to Restart of MFW startup
maintain secondary heat removal pump 079
21 | AFOPHSG1ISOL Operator fails to isolate AFW supply to faulted SG on Isolation of AFW supply to

LSSB

faulted SG




22 | FSOPVSIAS Operator fails to generate SIAS manually (SLOCA and Manual generation of SIAS
Transient)

23 | FSOPVSIAS-M Operator fails to generate SIAS manually in the Medium Manual generation of SIAS
LOCA

24 | FSOPVRAS Operator fails to generate RAS manually (SLOCA and Manual generation of RAS
Transient)

25 | FSOPVRAS-LM Operator fails to generate RAS manually in the Large or Manual generation of RAS
Medium LOCA

26 | FSOPVAFAS Operator fails to generate AFAS manually Generation of AFAS

27 | FSOPVCSAS Operator fails to generate CSAS manually Generation of CSAS

28 | FSOPVMSIS Operator fails to generate MSIS manually Generation of MSIS

29 | CVOPHCHGP4 Operator fails to manually start CVCS charging pump 4 Manual start of CVCS

charging pump 4

30 | EGOPHDGO1E Operator fails to start AAC DG-01E and connect to Start of AAC DG-01E and
4.16kV bus connection to 4.16kV bus

31 | MXOPHRWT Operator fails to refill RWT RWT refill
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~OR ™~ NOT" OO OODOO DbOO). 00, 190 OO0 SGTRO DOOO scO ADV OO’OC
oo, oob 0o AbV 00O 0O0 ODOO OO0 0OQOO ODOO ObO. OO0 RCS OOO
b oo booob AbvOo 0ooo obO ooob, ob oo boob oo oo oo
obob 000 0obo o go.

oo oo b bobob boob OoO0o: 0ob OO0 0ObOO0O Oob bob boob boo
goo ooob booo 0oodo 0od oo ooobob, o000 oo obb bbb bobo
ud ooo o b bbb obo obod.

oo 0obo 0ob Ooob oboo bbb ob: 0O0ob O0Ob Ooboo boboob oo
gbooo 4,57,8,10,11,13,14,15,20,29,31 0 0000 O0OOO,0 O ODOOO OOO
o0 oob ooboo obob OO0 boob bob bobo boo, TsCco oo oo
oo ooo oobo ooo, ob, 5 00 29 0 OO0 OO, bbb bDOOobDOO
gooob oooboo boo oob ob 0ob 0 bob oobo. oob, bo booo
ogoo o,0b0 0oobo 0oob boob bo Ooob bDoob OO 0o oobo ooo
goooo oob b 0O 00 0obg gooo.

o0ob0d0O 0oOo0O 000 OO0O0O0 Oo0: Oob00 OO0 DODOoOOo OO0 oogo/mooogod
oo 000 0oobdo 0ooo '‘0b 0 00 00’0 bOdo 1,8, 180 ODOOO, O OO
goboo-040 OOOD ODOOOD O0O DO ODO0OOO0 OO0 ObOo bOobD Ooboo oo
o0 0oboo b0 obo bo OO0 Uobo D00 bob O bo. 00 290 ooo
o0, booooobo 20000 OO 0ODODO ODUODOO DOOLOO DOOO DO DODO
ogooob 0oobo 0o Oob. 00 Ob bDOoO0OObO bOob0 OO0 O Oob boob booo
0o obo oob bobobo obbo 00 0obo obo oo oo ooboo.

o0bO0d0O OO0 (o OO0 DODOo0O) O0O: OOo0O00 OO0 OO0 Dooo 1, 8d
000 ‘OO0 0 U0 Ob0O’0b OO DUO0O OUob Oobo booo, 2,3 50 OOoO ‘RES
oob b oo0’bdob 00O 1,200 OO0 OO0 OO0 bDOOD bDOOO OOD 0O Oooo
b0 0oboo. oob 1e0 OO0 *RCS ODOOO0O’0 OO OO0 ODOO0O OOooOOoo
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gobobo0 obobo oobo 0ob bbb bob b0 boboo oob bobo.

3.2.PSA0 O0O0OO0O0O0 OO0 OOO OO OO OO0

O O0O0O0 OO0 3&400 PSAODOO OODO ODODO(ET:EventTree) O OO OO (FT: Fault
Tree)d ODO0O0O OO OO0 0O0OO OO0 OO OO 600 OOOODOO OO OOOO
ugnb gobob oboob oo.

® ‘SDOPHEARLY’ : Operator fails to perform F&B operation (early)

0 oob b0 0oobo 00 oobo0ob0o o0bo oobo oo rRECsOOO OO
oo oo, 0000 0ot 0 00 0bob 0Ob0 OO0 Oob Ooboob oboo oob oo
oooob. boobgotb boo0o 0Oobob Ob bDoob, 0 bobooo ooooo o
gobooood oot 0bobo oobob 0obo b0 oobo booobo. oob boo oo
o0 0obgoob 20000, ObOOO0OD 40000 0DOO0ODOOO 16000 OO0 O0O Oo
o0 bob 0Do0ob 00 0 Oobooob oo,

0 0ooob ooooo oooobo oo/oo oobo oo, oo oooo ooo oogo
goooobo oob oooob oo, obh obobo 0 oob 0O 0o oob, o0 0 oo
oo oob oo boob oo boo oboo ob. boob, bo oobboobo oo
goob ooob 0oo o0 OO0 obbo oo o O bo. 00O, O0b0 boo oo
gooob oo oobooob oo oboob bOo0 boo boo obo, 'ubbobo oo oo
‘000 oooo0 boo 0O OO0, 000 ooobob 0ob bDbhob 0O 00 oo boo
oo 0o oboo oo 0o b0 0obo bobo OO0 OO0 bOo0O Ooobo boob oobooo.
ob,00 0DOO0bOo0o 0 ODoob0o Oob oo gooo.

® ‘MXOPHDPLI’ ;: Operator fails to perform aggressive cooldown for LPSI injection within 15 min.

O O0OO0O00 SLOCA O SGTR O OOOOOO(SIAS)O DOoOoooo, HpSI ODODO OO
ooo oo, ob 00 0O 0oO0Oo0O OO0 wpSIO ODOODOO OO ODOOO DOoOO Obo
oo oo bo. 0 oo 0O 00 boo 00 boo 0o b Oo0ob oboo boo
goooo. 0o ooo s bobg ogoboo ‘st og og'g ‘"Hpest OO 0O OO 0O O OO
ooo ooogo o, 0ob boob 0o oo oo MMIE OO O0ODO OO0 OO0 st OO
OO0’ 000 OOOOOO@PSIDO DOOCOO ODDOO OO ODO), OO0 OO0 ODOOo O Do,
ooo 0 oo 0 000 000 OO OO0 OO0 DDooO Do@Eo)yd—o oo bogo
ooo. obooo 0ob oo boboo, bo OO0 OO0 bOo0 OO0 oDoboob o o
Oob.0d OO0 *SbOPHEARLY’ OO O0OOO0O 0OOOOO OO ODOODO.

® ‘AFOPHALTWT’ : Operator fails to arrange alternative water source
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0 000 0000 000 00 O OO0 0000 0000 0000(SDC) 000
0000 0000 (00 000 000 0000 0000 000 00 0000 000 000
0000 OO0 00) SbC 000OC0 000000 000000 000 0000 000 O,
000 000 OO0 0000 000 000 000 00.00 0000 000 0000 000
000 0OO0000O0(CST) OO0 00 0000000 MWSTO O0(aw water) 000000
000 OO0 000 0000 O00.

0 0oob b0 00 bo OO0 bobo bobob Ub Ooboo oo obo boo
OoO00. 00 LoCcAO OO, CST OO OO0 OO OO0 O0-02(LOCA), OO 26, 580 OO
goooobo boob boo, boobobo boo 0obo 0o 4700 DO DOO ooo
oogo oo ¢esT 0o 0o bob 0o boobo obobb ob. oboo, bobo boo
ooooo ood O 0@ hw OoO)pyoo, ooob 0o 00b boo ooobo oo oo
o0o0b 0O0O Oobob0 0ooo0o oo.0o0b00 o0b 13 00nog.

@ ‘SDOPHLATE-HD1’ : Operator fails to perform late F&B operation with high dependency to
AFOPHALTWT

g oobd ooooboob bobo Ooobo 0bo 0obo oboo boo 0,00 0
o0 0obood 00O Ob0 0o0ob 0obo oDooboobo. OO0 ‘AFOPHALTWTD OO0OO0OOO
000 000 ogOooD 0o 0D OO’ 000 OO0 OO0 OO0 OO0 OO0 oo og. o
0 ‘SDOPHEARLY’O00O OO OO 0OOOO ODODOO ODOOO, 00000 DOD ODOoooo,
oo ooo ob oooob obo bOo bO0 oobo boo. oboobob ooboo
ogboonb0 OoobOo b0boob 102 ODOODO, *AFOPHALTWT'ODO OO0OO0O DOO OO 1E-01
oooo oooo.

® ‘HSOPHHLCLR’ : Operator fails to initiate hot and cold leg recirculation

O OO0 MLOCA/LLOCA O HPSI O HPSR OOO OODOOO 0OOO 0O, OO
goooob oo 0obg oooo 0obo oob 0o oob oob boo oboo oboo. o
oOo0O HPSI O HPSR OO O0OO0OOO0 OOO OOOO DOOOO OODL OOooboo,
oooo o ooob oob ob obo OO obo, 0o, o0 Oooboo oob oo
oo oobo 0o oob oo O0ob bOoO0o O0Obo ooboo boobob. oboob 1E-03
gooo.

® ‘MFOPHSUFWP’ : Operator fails to line up MF startup FWP 07P

0O 000 SGTR (DO LOCV, GTRN, LOCCW, LO416kV/FW) O OO0O O MFwW OOO
oo o, AFwW 0Ooobdg oo ooboo oo, oboo booboob oob bob
ogooooo. 0 Oobo oo0o0o o0 0DOo0ob OO0 Ooboob bobh ObD bOoOo oo b
00 OO0 Oobo. 0 Ob OO0 OobOoboo SGTR (Wb OO0 bDOobo)y bobo
oood, 0 OO0 000 SGTR O LOAFD OOO0OO OO 0OODOO OOOO0O 0O ooog.
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SGTR U000 O0OOOO0O OO OO0, OO0 0O Ooboooog ssBCsO OO0 RCS OO0
goob obo. bg 0o sGU OUb 0oboO0o 0O bob O Ooboog, RCS OO OO oo
00 (00 ooo0OobOO0) oob0o 0O o000 DObOOobO D000 OO0 bDOobD OOoo
ogo. 0o boobob0 ooboob Db O OO0 UODOD OO0 ODO Doob. b oog,
o0 oobd 0oboo 00 0obboo 0ob OO0 bDoobo oboobo Oobo ob boo
goob 0oboo oboob bo, Oob ‘oo-orpo0 DbObOOob 0O bOoOo Oobo ooob
oboob ooob 0O O0b bobooo ob.0obogoo s0e-3 00000,

4. 0 O

0 000dOd 00 HRAD 0100 HRAD ODOOO ODOOO OO OOO 0200 HRA
gooonb 00 bboo bbb oobbb 0ooob Oooo oo ooboo ooo o oo
OO0 O HRA OOO AGAPE-ET (A Guidance And Procedure for human Error analysis of Emergency
Tasks) OO0 OOOO, 00 OO PSADO OO OOODDOOO DOO 310 OO OODOO
00000 ODO0O0O0O0O0 AGAPE-ET OO0 DOOOO OO OO ODDOOO OO OOOO OO
0d ood ooooo.

AGAPE-ETO 1100 O0OOO0O OO 0OOO OO 0OOO ObOOO, boboOo oo o
o0 o0b 0Ob00 Ooboob oobo bobobo Ooboob oobO 0o OO obO HRA
gooo. 0O OO0 OO0 Oboo OObOo Uobo Ooob poobo oo bpoo, b
gooooo ooboo Ooobob0 OoobO0 bob Uobo b Oob bDbOOob obooo
000000 (Error-Likely  Situations) O0O0O0O, OO O0O0OOO 0OOOQOO DOOO ODOO
ogooob bobob obob oboo boo bo 0O bOo 0Obo Oobo bobbob boo
goooo bo.go,bbo0b 0ob 000 00 OoobO boo oob bo boobo ob oo
oo oooboo 0obo boboo oobb boo ob 0O OO Oob 0ob boo go
g ooob oo, obo boobo bOo0 Oob oboo boo boo bobo booob
obob 000 0 000 obobo ooboob bobooo.

AGAPE-ETO 310 O0OO0OO0OO0OOO0 OO0 OO0 O DOO ObOoOobo DO bOobo
goooob oobo 0 oo oob obooob, boob obbo oboob obo b oo
ooob ooo. ooboo Oob ob 0obo bobo, bo bobob bODoOo Ooobo boo
0o ooob oob o0 boob oot ooo oobo obooob. ob, ob bob ooo
oooobood 0ob 0o 0obob boo O ooo.
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