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Analysis of Limitations on Human Reliability Analysis in Nuclear Power
Plants and Development of Requirements for an Advanced Method
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ABSTRACT

More than twenty methods were suggested for Human Reliability Analysis (HRA) in the field
of safety analysis for Nuclear Power Plants (NPPs). However, there is still a high uncertainty
on the analysis and a difficulty in performing HRA. New methods and approaches are under
studying to overcome such limitations of current HRA. This paper presents some results of
study to analysis limitations of current HRA in viewpoint of user, i.e, HRA analyst. The limi-
tation analysis was based on 89 human error events modeled in a Probabilistic Safety Assess—
ment (PSA) project for NPPs in Korea. Total 17 specific limitations were identified and catego-
rized into seven groups. Important analysis has also been undertaken to assess the order of
priority among those limitations. Finally, seven requirements with priority ranking were gene-
rated for an advanced framework and methodology of HRA.
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Table 2 Example of importance analysis: Frequency-based
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Table 3 Example of importance analysis: F-V Importance-based
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Table 4 The result of importance analysis

HAHUEL PR E 2o HAH B4 MM g

A oA Ay

FAE L #AH e 8% 2@ #44
" ) ®7) 27 dy) (FRT A DY) | W (FLE 84 G
4 #Y ) A3 A - - -
3 @A | a9 | 2en | 9Ad | S92 | 2% | 944 | fu% | 3aE
ME | wE | e | as | as | a9 | waa | 9w | 29
1 | Naes ol 2% 19 16 05783
2FHY v - 2| s B | 6 | 2
2 | 4908 24 8¢ 13 12 05546
IweAEY R B
9rmg we | 3 | THAMHEE TR 8% 23 05298
se way A2l 07 | 3 51| 3 07032 | 4
= 4 |27 249 92 39 61 28 0174
5 4 o yd3z g oF 49 % 06512
6 | W9 AN B2} ol 8 % 05496
EEEF X $AEAS .
T 7 gf“ BRdE W s o w1 o s | o
w3 2%
SEAR 7 254 ue
8 12 12 02768
#z)
4% £39 LRANHR) B fze
9 A T T I 7 7 |03 |02 | 7
a4 24 DRI
Aele 44 Aee 2
10 4 2 0352
2%
%27, plant goal, HEE .
24 goe | 1 P % 05426
e 4% 29l UE s |5 | | o | 4 08% | 3
- NEAQAY AY F9 o
2 | 423 2z wa nad| 3 2 00009
24
284q FYggAze olgd
2R ed, 4] o | FH9TA ol » B o1s
golzd g A g & | 4 % | 5 0699 | 5
94 1# 14 | FgeAe] 44 1 | 57 2 04280
#99YANS TP B
R A | 15 | L SoONE U BA ) 0 0,045
o U9 w24 Fu4 i
%9 25¢ P ——— 09 | 2 s | 2 0372 | 6
e #4Y |6 | 00T “on B 03527
AR F-V $257 B¢ $2% AASdl  HRA 39 A2 2349 2HE mels
Ae gddez HA TgEs] WEd F8%  eRAde F-V 2RES neld @4 439

melA £917h oA,

¥4 f8e AdH FREE u: wH
we gebd & glem, A7 T OAE ge) o
zel 9e 4 ATk Yol AWE T A
= oA Zze] ofulzt givh WSS £ W7}
7 gAde) Yury EE BEYN L s
W FREE neld ks PSA B
aAH JhH 9¥UE HaFD 9
ERAE AAA Bl HEe A%

i

¢

£ 80
e LY

SR uA AR H14A 23 994 6%

B7tE 7123 Axz M9sio
4. AX XHMICH HRA 2H Jfttel R

¥ AAU HRA ¥ 7hge ware ool
A 4WE 71E HRAS BAWE AAsE
Yol AFHF & Aotk @AW BAoIA
FHA W2 LFE FUAE 24 724 Yo
AAH M UE, 94 33 2 2R v

!

H

187



Yd A dsH T

A2, 2F 48 2 FPIPAA] Eod
o] AjHog 3% FAygoez wzoenz
A HRAJAME ol& r‘sh:ﬂ%‘éé SR E
A5 =E xBHaop & Aojtt EF F A
g9 B A=t E&Z_P A7 oA 4%
A A HRA W& oF &4 AEste

i

o] AT Y ﬁw e AAH oz BE
@4 o A 95 2 ¥4 AAS Ao
@ Zolg. @4 B AT/ B AAY

HRA H]»\:ﬂ 7“13?1-% 9] ;(]_Q__n_l%)_\_-}oﬂ zx«lo Dl7~
of AN Utk PSA HEA AN 4
22 =Re ¥4 2o oI5¥ 449 HRA
E AAeF B4 B ohid GEA I
e AAHeln WAHo2 B Pz
ol PSA Eddl Eds FPAE P
AHoz At Bk B wRAAE %ol
4¥E @AY B 2 FRE Wt v 2
Aste] thg3 Zo) AT HRA e 8L
A steleh

A, AAReID AR A7

A3 Y YA 27 oYk

oF A 39]
iMltH HRA oM e/7F AA dojd
AQAE FA3e ARcE 279 T4 7

Ago] ZolXE Zd EAG AY AP o=
g F e dAHYe| Fasith ol AMA A
5 ’2}3%4 A 125 #od ¢ 3I=F HRA
2 98 AAAA AFEA "Gio] T Hojok
gty AR HEAFZ B FAFHQ) A I
SA17E ol ZAd 7wg /N FEA
g So] sidso]of gt

A4, g9 oF 89 gt 2 2dgo
7 alor gtk 71Ee] W HA . FH(omission)
Fuhe 2dste o) oflet BE BARYE &
4 whgo] HA4Le sopd = glojok g o
AL F YE e FIsoz, F4 %
Al Auelee] Bal Fx &4 AR
I F dold & e 2 F F¥S o
e AAsor sk B3 Alm x7] #
ol gAAA R A F#(com-

O

-

of ofy ¥ W X l-O

b Lo

].

ok

b
r_>i

188

mission) 27, *|<A(delayed) 2%
F dojot g

AR 22 9 #2 A9 dgE a8 4
gojot gl 27, #E 8o tF7] oHX
T Q%o ulAe 4TS mF¥ o XA
HRAA ©o]l& ¢ o4 3d 4 ¢k oF
A #E AA 2 #Y &A, &3dY 19
o) AbAE, plant goal A€, 71EX LA A
A Fo] gAY FF29 w3z F& nydY
Q& "ol AlFsojok gk

WA, 2 2 gAEA HAN A A F
A urig AAE ol gt tAFIL Bl
e Atz 274 AgEs g 2 A pEy A
Fo #3849 QF7F F83g A HRA %
W o237 ZA 7Iuke JAA RIS ulgo
2 gAEA #Ae] AR 5 e AXLFE
spobat Hrkg 4 A AMAZ AlFTs)or gk

oA, Q7raig)e) o] 24 A Jwdl 4
sodakelztel Heojo} o] wigt /MHH T2 F
T3 st i-g AASjol gt A R
3¢S Ulzl“ chgst FPAFERAAE o] F
A AAs ol 3, o]F UAEY dLS
Argro] wal JidE 2 FFHom FME 4
& Wlo] AA| ool s}

AXA, A%zl A 2 71EY Z3Folu
RARTL Y F U AAH wbgel ATH
ojof 3t} 7]& HRA Wdd 714 & &4 F
stue 43 Ay 7iEo] EFASAY BE
slo] @& RRo] EAMZL @do]| ESH, of
2 Qs £4 Aze] dB/PE ¥V dHuE
RAojtt, E£F FHPFTAAS] ATdd &4 #
(attribute value)22 2F H7be] ¥Ho] v
%39, AAd HRA ¥ B4 AE71e
ZA83 FA-E FoFd HGT 5 de AAE
%ﬂ:"‘?‘f}ﬂ BAzre HE A9E A% E. T

£ AAF|n HHSA Folv W
lﬁ gk o 8 A% ded] wet s —"’1
LF EE ¥t ATHR Az wde =
g HE g FEHe=Z 2&! ]"‘E "J—} 2
LF AHAZ ME s FolE

olzete g AFA, A Z}i«] 7\:] ‘3—: L
A A EHeE AME 5 g W L

er
mlo
é
ol
&

3
L\:E
nllo
2z
oo
e

Journal of KIIS Vol. 14, No. 2, June "99



o ARS 44 R EM%H o8 F¢ HRA
W 2N Al e 4% xdol Aol
o @k,

5.8 =
ARERAL AT @ FRozA
HeRe ARHoL Witk HRAZ +49

H &3l Z& B o]
H"“ﬂﬂ AHEEo] o} YRR oF 2
ZE ooy F2E BEA3] Bus Q7
e HF REREE aneiste] AFY Hrio
2 &3 Wo|ck HI2 £ Ay UAHRA
2 2F dAUSA U M2 T A5
HHAHA 7]E HRA W] g &4 Al7]
o A AR B el o3 gAYl &
gzt oy =89 Az & uhydlA
GFA 23 AAH AN LFE £A43}7)
93led oo HY M2 QF-EA 7¥1 HRA
whdo] AtHEAh 2Eu o]E WHEC] ofF
2 o83 nd sty ERAA sgd xF
3tal n HEA HRAC HPEd FFEOEA,
AA PSAY HRA 3o AHHog AL3l7)
o= RAAS ALY E5ET R&o] B

B =RdAe ddd Ais =L HRA
8 AAe 4He eyl dAMA V&
HRAS] AAS AAHe2 ENsla olF 3
At FHAN 5 Uy AEE 93 84
AtatHrh E8Hol dF€ 71E HRAS A
He Avirgton) A 943 HRAo Hid
EAAA 2 o9 g 98 wo AA™oln
FAAHYA FAFE A3 ol s AA,
HRA E4zte] #doA 7]& HRA 38 49
71€4Q IAHE =&8tn BRI @A
F BAoe g EF ¥z PSAS HRA +3
A7t AMEESd e dF A FAREA 174
o] AE FAHe] ZetHArt EA, wotd ¥
A f89 F85E Hrlsld ddHez Fa
gt AlF3] Ao & FAHLE ey
. ZEln o FAFEE FEIE= BHAA
MEL E NEE #1% 8238 AAS

2 d7E S8A g g $4FY 8

£
A

11 et stslx] A4 A23 '99 68

ARRYUH L QziiEle #Ao SAE BT KM ¢

ezt ‘AAFelL BAHY ATTz $AY
el AN oz WAt oF delg
223 4N HRAZ HalME 24z

$iot. kA A AH ol FAHL A
A& E3 HRAZ IS A4 d8ds
4 Ak 71€ HRA 3¢ A= o9
A 7ol AHEHE ey, oL &
2 gd 71 5 AA A"t ALgs}
Aogd BAA wet ATEMY Wiz
Zol Aol7k Wrh E¥ Be Z$ HRA 4
old aTH U8 ARS Ay 2EE
ol AeHst € ATENE £Y30 o2 o
Astel Ag4e] BolAE BAZ U o
B AR PHAME AAHY FRFE B
Ho| 2AY HRAZ +9% 4+ U=F YAH
9l o] P AFHolok ek ojslel] ‘the
3 oRfae Bot ¥ REY, AN FEA
B AN, Col2F A ANe FYGF
A ne)'$e HJol Ad AU HRA %
WD o= AE s webe AN
Aot ‘F22A/wE 299 1Y E N2E AT
FAZ HZ oY 71l A77F Y Foll
Resng I ARE AAE Rt ded, l
o]]-}] *zl ul HMO Ezs]. HRA H)—u»l 7—)

e FRSHEME oHE FAHRA ZM]CH
HRA %4 gs 238 9% U3vst de

B0 M 2 o

QoS o Ay rff g N He oo s NN

J

0.

Kl

g Qrle oldY. AT B7H BHAH B
o AAHL N&HA eFARe £ A
£ 7537 A% xdo| A&solof & ot}

FF d7E £ d7E BH 4 2718 3
e wEshe HRA AAS Bie /dsted
27 23D Atk AXNeH B4 w2
FAAlE 2o /pdE HRA 23E 7|vte g
Aol A =S ngstan N2 35, AT
T2 Agade o HRA 24129 AAH
AR Y53 #Pol sMedt=E Faitd AHE
A e AR . olg T3 99
Abar el Zdtel AR o] dE AA
Al @ AR FHo] ojFojA:, o) A
47 BAo) 2A%S AFH OF WS 53

189



YA Y YSH S F

3= HRA AA Aol g d771 344 A
ojtt.

2 d7e devlere dAgA7MNE A
o] dgoz 43 HUFY

S US|

1) Hollnagel, E., “Human Reliability Analysis:
Context and Control”, Academic Press,
London, 1993.

2) Swain, AD. and Guttmann, HE, “A
Handbook of Human Reliability Analysis
with Emphasis on Nuclear Power Plant
Applications”, USNRC, NUREG/CR-1278,
1983.

3) USNRC, “PRA Procedure Guide, American
Nuclear Society Institute for Electrical and
Electronic Engineers”, USNRC, NUREG/
CR-2300, 1983.

4) Bell, B]J. and Swain, AD., “A Procedure
for Conducting a Human Reliability An-
alysis for Nuclear Power Plants”, USNRC,
NUREG/CR~2254, 1933.

5) AYd, AAg 2, “AVBLFEA B H
2 9 Alza Ak 3", I YAE AT
2>, KAERI/TR-993/98, 1997.

6) Jung, W., Kim, J., Ha, J. and Yoon W.
“Comparative Evaluation of Three Cogni-
tive Error Analysis Methods through an
Application to Accident Management Ta-
sks in NPPs”, accepted to publish, Journal
of The Korean Nuclear Society, KNS.

7) Dougherty, E., “Human Reliability An-
alysis Where shouldst thou tum?”, Jour-
nal of Reliability Engineering and System
Safety, Vol. 29, No. 3, pp. 283~299, 1990.

8) Swain, AD.,, “Human Reliability Analysis:
Need, status, trends and limitations”, Jo-
urnal of Reliability Engineering and Sys-
tem Safety, Vol.29, No.3, pp.301~313
1990.

190

9) USNRC, “Reactor Safety Study An As-
sessment of Accident Risk in U.S. Com-
mercial Nuclear Power Plants”, USNRC,
WASH-1400, NUREG/CR-75/014, 1975.

10) Kirwan, B., “A Guide to Practical HRA",
Tayler and Francis, London, 1994.

11) Kirwan, B, “Human Error Identification
in HRA, Part I: Overview of Approaches”,
Applied Ergononics, Vol. 23, No.5, pp. 299
~318, 1992.

12) Kirwan, B, “Human Error Identification
in HRA, Part II: Detailed Comparison of
Techniques”, Applied Ergononics, Vol. 23,
No. 6, pp. 371 ~381, 1992

13) Swain, A.D., “Comparative Evaluation of
Methods for HRA”, GRS-71, Garching,
FRG, 1989.

14) Amendola, A. Reina, G. and Ciceri, F.,
“Dynamic Simulation of Man-Machine In-
teraction in Incident Control”, Paper in
IFAC Man-Machine Systems Conference,
Italy, 1985.

15) Wood, D.D,, Pople, HE. and Roth, EM,,
“The Cognitive Environment Simulation as
a Tool for Modelling Human Performance
and Reliability”, USNRC, NUREG/CR-
5213, 1990.

16) Hollnagel, E. “Reliability Analysis and
Operator Modelling”, Journal of Reliability
Engineering and System Safety, Vol. 52,
pp. 327 ~337, 1996.

17) Parry G.W., “Suggestions for an Im-
proved HRA Method for Use in PSA”,
Journal of Reliability Engineering and
Systemn Safety, Vol. 49, pp. 1~12, 1995.

18) g=AEHF A}, “Ulchin Unit 3&4 Final
Probabilistic Safety Assessment Report”,
Vol. 1 &2, 1997.

19) USNRC, “Technical Basis and Implemen-
tation Guidelines for A Technique for Hu-
man Event Analysis (ATHEANA)”, Draft
Report for Comment, US NRC, 1998.

Journal of KIS Vol, 14, No. 2, June 99



20) Vesely, W.E. and Davis, T.C., “Evalua-
tion and Utilization of Risk Importance”,
USNRC, NUREG/CR-4377, 1981.

21) Kirwan, B., “The Development of A Nu-
clear Chemical Plant Human Reliability
Management Approach: HRMS and JHEDI",

HRAUN A AN T 2o FAH BAMY KA wHE At 24 MY

Reliability Engineering and System Safety,
Vol. 56, pp. 107~133, 1997.

22) Hollnagel, E., “Cognitive Reliability As-
sessment Methodology”, Academic Press,
London, 1997.

e otdat x| M4 H25 "9 68

191



