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A Modification of Human Error Analysis Technique for
Designing Man-Machine Interface in Nuclear Power Plants
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ABSTRACT

This study describes a modification of the technique for human error analysis in nuclear power
plants(NPPs) which adopts advanced Man-Machine Interface (MMI) features based on
computerized working environment, such as LCDs, Flat Panels, Large Wall Board, and
computerized procedures. Firstly. the state of the art on human error analysis methods and efforts
were briefly reviewed. Human error analysis method applied to NPP design has been THERP and
ASEP mainly utilizing Swain’s HRA handbook, which has not been facilitated enough to put the
varied characteristics of MMI into HRA process. The basic concepts on human errors and the
systern safety approach were revisited, and adopted the process of FMEA with the new definition
of Error Segment(ES). A modified human error analysis process was suggested. Then., the
suggested method was applied to the failure of manual pump actuation through LCD touch screen
in loss of feed water event in order to verify the applicability of the proposed method in practices.
The example showed that the method become more facilitated to consider the concerns of the
introduction of advanced MMI devices. and to integrate human error analysis process not only into
HRA/PRA but alse inte the MMI and interface design. Finally, the possible extensions and further
efforts required to obtain the applicability of the suggested method were discussed.

Keyword: human error, man-machine interface(MMI), human reliability analysis(HRAY},
control room. failure mode and effect analysis(FMEA)}, nuclear power plant(NPP).
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Z|=¥4 (Human Reliability Analysis :
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Aot CEC, 1998). HRA: AA €93
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Safety Assessment)2] d¥-%oz 79
A 7A= FPo] E AALH ¥ES
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measure) S ZA%e Lot QAHH
2 (Man-Machine Interface : MMI) %
HEAH oy AA Azl i3 #A 2 HF
< 58 A=Y UG FELE JAALFI W
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ojAc} A YA FAd YA} )
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2ol 71& FAAAH o) v2u, 2zu
7129 HRA 7[HEL UHLALE UFe &
o] g} FaAA HYe FId= IF 84
(Performance Shaping Factors: PSFs)
o S]EFHAAE F, 2001). PSFs 5%
o] A9 Wi FAHQ Ay F@EA 1
FHolng Zt 2 #& HAYEAF S
v & o opeksiA W7 sl] st o
A, 71E 7Y eRe Q3 ek FEE W
3l HRA H7}el] wtgdsted A& oo}
X, QA F vt AANE R A 93
HA 3 9. dA JdHLF Hrie g4
Hgoz FP= 1 e HRAE A 97
HEX AP A FEH HrE A Y
cd A1 Jdo g8He JzAse B
g, %7} 3= zAE dAee A7 23
A gt wEkd, 1894 Bk A3k A
HAo szlgx] gpon], A2 HAJAM H
2% xRl Hrie ALY Aol
Al AR, B2 drxo BN Edn
slck. HRAZF AlF"E7hg AAS] oAE%
A3 APs7] g7l W, &4 AH7t
23 AgoA el 2 HAF F 44 4
T o3 48t AAEA g3 U
AR, HRANAM A= H7lel] Egsojof
& 279 Mt guisloiel gt HA9
AM Qe F7} AAZE AY ZHYUH7 ofHF
EAALA (rare event)el&a slH = okat
Atat(near miss)?t Al=®le] i whehA
a2 ARz o AR 7] dEe. +
ARPAo s dAYNEs} oS F2 AHeF
2oty e Bk HeAE] HEH
®7l7t Badth(Lee, 2002). 71&9 UA
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Ak bAEA FPS A7 4P
Utk CREAM,
CES, SACOM(Cheon et. al., 1997),
COSIMO oA He kg Zo] =98 =
o] 7k shge] ZEAQ A Z HEIn
A B3y FHEe BEE 2y
ostA e AFde oA 4& Axne
= HAFo| ™t @4AQ gl ofHt
A, B2 AFE0 dHeFo Ui A3

A Bl A2 Utk 48 S99
N gAde] WIEA wE A

8 (types of task behavior) ¥/ (HAE

1995) Mol 27 A& (constitution)

, A5 ¥hgAZH(response time) o2 %
12 —1"1’3#‘5} A (FLU &, 2002) F9 =

E 7 Sl ol WS JAG wgo
Al Bag AFEolAR YE AL
At A, dHe] AH L Fr FAA| 7]
g2 Aot EAEA BFo] ofHY. E
g ARA A7 AEE ASEHHE &8
st golAl, FAYe] 27 E)PAAHd 7
@S BAlsjol s Adel AMA (fidelity)
BAZ 2EHo 7 #3317 ¥}

A, JQHQF} HHUE vhE Hrt 3T
(measures) 5% 338t Ao E 2L/E
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A G PN e eF2Z WHE F Ak 38 2. elzefe ¢ iy
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dutzoz QA Fetm shd, Az U
B Ee 9|¥o Hobd 847} Hdo] Hel 22,1 2RFHH(Error Segment)
g A7 Ade) BAE s AL ol AAE A2xE ok 2udxe |
goh gy, B ooPgeld Aeshs dde  EAYS =9% Ast 28 33 2o] 71718
Fe olEd ke Aot Atk ARE AeAe] tE dFBAL HFe v £
Azgel sl FeaR Mol Axdl A Uk J1BAY BEBAS ALsar).

Aol AH o uizstx] e AL 0

-} g=1:]1 cRan
AAG 28 AsAE AT Y Al B |70 | e | o T | e [ &
€ 9 Zadte el g A [T e[ e e
B, eddel 34 Y% L Ao — | =

Aztg A4A ARzAGw segs x| [ Y

Hol] £33 AIAE YT A= AF
SRE EHF FHATY 5. 2002). = a8 3. LFFHH(Error Segment: ES)2l 7
#Ho2 £ fde FAAHA 71%S A 9

Atz sl HFHoZ Alagdd R3HY of #4%< 2#AF o71g 4 e 7t
4 7AAAY 238§ s e A 71 718 g9e Ve, 9%ea W
Sole, JdAHLRZ ERIAY dAeRe &L UlF, EF FoE FAHEM, o 2
URE(segment) & FASE Aoz B¥3  FEHA(Emor Segment @ ES)olgtx 9}t
Aol Tl 23 294 He upe} Zo] o 2RAHHAA 7]F(function) 717]9 H
7171¢] F3o|y AHgal ¥hge] BE Jed F 71717 KA 149 HAEAN 2 UlF
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oz MY oRAM A4S Fom
Adtste] H2R9 0 RUEL T

L ofo AN Iy M me 2

MAMIFO st
2E 2ReH9

c@@%

=T
HE effectd}
(esp—@Es)— Eso) ~— () AAMS EAB
208 2
HEP = [Pr(1)xPri, 1IxPr(i, 2)x wocPrfi, my] O EE 0% BB
(Hae au)

g 6. 2FHH CfE &E ALY

Ard AZs Ee A HEAE
AbgEtA| R EX9] AFE 937 screening
Hg & Hyste Wyoltt. HEX Rd= A
2& 71719 Al i ARAE daas
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el w7l vhel o], A A F
Aol QlEHe] e 7|E AAY FA LT}
e Ay g g 2 JPUERE AT U
th gde AAAA dHE Y F e
e FAFR, ARgge A 2 AojE
7Fedt dle A& BUE T HYHE
Aibete 2APdeAE Ao Jden, CRT
U LCD, touch screen, "h$£ F3 &
MMI 7171E2 FA5] it

watr | Aojuke] Thgd FAIZIE F8tA
AZHAY A BEE FREo| g A
£ 5ol SALEANA ATHn, & 2T
HRo g Ao} d YA g AR
vz 2 3 z23AE FE FEY
(feedback)o] o] FoZct, 137] w&e o]
Hg FUEAAR] 2 #FE 220|79 #-
g 71719 A 9 JALFA g st
714 F2% A4 dete s Fz4EUT

SHEEAGA 9 #HE e R{7MeAS #HAt
3t7] s18A =A 71718 BH R 717 BF
3 gt @ sHsE SHE] P9 o
3 =gPAQ Eijo] Wasith detd 7714
i 9 A9 P2 4z 4B 9%S
dozled, olgd MNEHU LFAHAE F
At LHAHAME 87 4%¥E F
A FMEASIA S RAMHA FAAA 2A
Ee AHES =¥ EA3%%Y LCDY =
93 Bds oL ®E 28 71719 XL

#2982 BRY Zoln, £ 38 Axd 23
4 z3e] £F AWE e Relnt
B2 7P| EX 2R - LCD(A)

s Fed 7171 7159 HY

71719] HEEA
icond] fAHdez 9% 3§ ¢

AE FA sensitivity % precision #%
AA| Al2"lztel gy Fo
HAABE freeze

. AHYEAZ HAG(AD)

TR

72171 ¥73 (71719 9849 7lF ¥E 83
' update

39 W31 |CRT A1 navigation B7
page ¥ (subsystem-component)

s w2 2

3. 2HHES =HYY EF : LCD(e)

Rk 7hegt A% 239 W9
HHRE g8
AR 5 Z7}2
tg 77e] 2FaTA Y g
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e JEEA &8 EFEERA)
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FE2AAE 4 a0 8§ 235
Z2HAH
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