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Application of SPAR-H Method in Human Reliability Analysis of
Digital Nuclear Power Plants
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Abstract: The applicability of SPAR-H method in the digital nuclear power plant has not been
fully studied. This paper studied the operator behavior characteristics of the digital nuclear power
plant and the application of SPAR-H method in Lingdong Nuclear Power Plant. The study results
show that SPAR-H method has some deficiencies, such as over-conservative analysis results,
incomplete cognitive process, and over-sensitivity of partial PSF when applied to digital nuclear
power plants. In view of the above shortcomings, some suggestions are put forward for SPAR-H
method, such as defining the PSF criterion, perfecting the cognitive model of SPAR-H method, and
establishing the human factors database, and thus SPAR-H method can be more suitable for HRA of
digital nuclear power plants.
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0 PSA HRA
PSA
PSA
HRA
2020-04-17 2020-05-08
20B160 HQ19010 71771084
2019JJ50109

1987— E-mail: 18773486110@126.com



SPAR-H

127

HRA 20 50
PSA
SPAR-H (1
SPAR HRA
PSA  HRA
SPAR-H
[2]
(3-3] KAERI
[6]
HRA HRA
SPAR-H HRA
SPAR-H
HRA
SPAR-H
HRA
SPAR-H HRA
1 SPAR-H

SPAR-H

ASP HRA
2002
/ 2 HRA
SPAR-H 2
/
SPAR-H 8
PSF PSF
8 PSF
/
SPAR-H
8 PSF
107 107
SPAR-H
P=PF +F, F, F,
B P
8
P :O'OIXHFPSE 1
i=1
8
P, =0.001x [ | Fos 2
i=1
Fog i PSF
PSA
CDF
1 SPAR-H
PSF
SPAR-H
SPAR-H



128

Vol.42. No.3. 2021

1 8 PSF
Tab. 1 Values of 8 PSF under Low Power and Shutdown Condition
PSF
PSF Frgr PSF Fogg
5 5
2 2
1 1
P(failure)=1.0 P(failure) =1.0
~2/3 10 = 10
1 1
=2 0.1 2~3 0.1
2 0.1~0.01 3 0.01
/ 50 / 50
10 10
1 1
0.5 0.5
5 5
2 2
1 1
0.1 0.1
10 10
/ 1 1
0.5 0.5
50 50
20 20
5 5
1 1
SOP 0.5 SOP 0.5
P(failure)=1.0 P(failure)=1.0
5 5
1 1
2 2
1 1
0.5 0.5

P(failure)=1.0

(2]

EOC

EOC

HRA

EOO

EOO



SPAR-H 129

3 SPAR-H 107 KAERI®
SPAR-H 10°~107 8.26>
-3
PSF 3 SPAR-H 10 SPAR-H
[2]
3.1
| 3.0%<107 SPAR-H
(2]
HRA
37 HRA - 77
SPAR-H 37
(2]
1 SPAR-H
SPAR-H 3.2
1
HRA PSA
4
SPAR-H HRA
1 SPAR-H
2
SOP
SPAR-H
10' -
10" —— SPAR-H /71
| —— SCHRI21D7 RRA i
= 10
X
g SPAR-H
<
1 075 1 1 1 1 1 1 SPAR—H
1 7 13 19 25 31 37
WA A A R 5
1 SPAR-H 2]
Fig. 1 Comparison of Analysis Results between SPAR-H
Method and Reference [2] HRA
2
NUREG/CR-6683!"! HRA
[ THERP
HEART
ASEP ] SPAR-H



130

Vol.42. No.3. 2021

2
1
HRA
SGTR
ECS i
“ ECP3
GCTa
2
ECP4
P11
13.8 MPa
3.3 PSF
1
1
1
2 SOP
SPAR-H

PSA

SOP
SOP 0.5
SOP
0.5
3
HRA
PSF
4 PSF
SPAR-H PSF
PSF HRA
PSF
SPAR-H HRA
4
HRA
SPAR-H
HRA
1 PSF
SPAR-H PSF
PSF
PSF
2 SPAR-H HRA
HRA

3 SPAR-H



SPAR-H

131

5
SPAR-H
HRA
SPAR-H HRA
HRA
HRA

[1] GERTMAN D I, BLACKMAN H, MARBLE J, et al.
The SPAR-H human reliability analysis method:
NUREG/CR-6883[R]. Washington, D. C.: NRC, 2005.

(2] :

M]. 2019: 625-648.

[3] JOHN M O, JAMES C G, JOEL K. Advanced
information systems design: technical basis and human
factors review  guidance: = NUREG/CR-6633[R].
Washington, D. C. : NRC, 2002.

[4] OHARA J M, BROWN W S. Human-system interface
design review guideline: NUREG-0700[R]. Washington,
D. C. : NRC, 2002.

[5] OHARA J M, BROWN W S, LEWIS P M, et al. The
effect of interface management tasks on crew
performance and safety in complex, computer-based
systems: NUREG/CR-6690[R]. Washington, D. C. :
NRC, 2002.

[6] JANG I, KIM A R, JUNG W, et al. An empirical study
on the human error recovery failure probability when
using soft controls in NPP advanced MCRs[J]. Annals of
Nuclear Energy, 2014, 73(1): 373-381.

[7] WHALEY A M, XING J, BORING R, et al. Cognitive
basis for human reliability analysis: NUREG/CR-
2114[R]. Washington, D. C. : NRC, 2016.



