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Development of a Fire Human Reliability Analysis Procedure for
Full Power Operation of the Korean Nuclear Power Plants

Sun Yeong Choi*" - Dae Il Kang®

'Corresponding Author Abstract © The purpose of this paper is to develop a fire HRA (Human Reliability
Sun Yeong Choi Analysis) procedure for full power operation of domestic NPPs (Nuclear Power Plants).
Tel : +82-42-868-8372 For the development of fire HRA procedure, the recent research results of
E-mail : sychoi@kaeri.re.kr NUREG-1921 in an effort to meet the requirements of the ASME/ANS PRA Standard

were reviewed. The K-HRA method, a standard method for HRA of a domestic level 1
Received : March 5, 2019 PSA (Probabilistic Safety Assessment) and fire related procedures in domestic NPPs
Revised @ September 23, 2019 were reviewed. Based on the review, a procedure for the fire HRA required for a
Accepted : February 13, 2020 domestic fire PSA based on the K-HRA method was developed. To this end, HRA issues

such as new operator actions required in the event of a fire and complexity of fire
situations were considered. Based on the four kinds of HFE (Human Failure Event)
developed for a fire HRA in this research, a qualitative analysis such as feasibility
evaluation was suggested. And also a quantitative analysis process which consists of
screening analysis and detailed analysis was proposed. For the qualitative analysis, a
screening analysis by NUREG-1921 was used. In this research, the screening criteria
for the screening analysis was modified to reduce vague description and to reflect
recent experimental results. For a detailed analysis, the K-HRA method and scoping
analysis by NUREG-1921 were adopted. To apply K-HRA to fire HRA for quantification,
efforts to modify PSFs (Performance Shaping Factors) of K-HRA to reflect fire
situation and effects were made. For example, an absence of STA (Shift Technical
Advisor) to command a fire brigade at a fire area is considered and the absence time
should be reflected for a HEP (Human Error Probability) quantification. Based on the
fire HRA procedure developed in this paper, a case study for HEP quantification such
as a screening analysis and detailed analysis with the modified K-HRA was performed.
It is expected that the HRA procedure suggested in this paper will be utilized for fire
PSA for domestic NPPs as it is the first attempt to establish an HRA process

) ) considering fire effects.
Copyright@2020 by The Korean Society

of Safety All right reserved. Key Words : fire HRA, HFE for fire HRA, PSF for fire HRA, modified K-HRA
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Fig. 2. Fire HRA process for full power operation of domestic
NPPs,

RE AW AR 9 AES0)E B AR odS 1)
alo] eHdaloch Fig. 2= B ATolA e A
S}A| HRA 72 Fjekeolch. Fig. 26 Uit o)

O 1l of

=
U=

=
AN
ksl HRA Ak A daiabd o), AAEA U
WA 0w o|oj ek

=

3.1 QIXATiALA HO|

3 HRAOA thf= Q1A A SfAFA(HFE; Human
Failure Event)?] W= WA A AR] o]&9] Alal &
01% @ Zo|t}. NUREG-19210|4= 3}x] HRAS] HFE
£ A4ostr] flsll Al 7HA £ 9] HFE (Type 1: 7]&
WA PSAo| A a123t HFE F SPHARA AR 9
o] E3FE HFE, Type 2: SH2 lsh A& HFE,
Type 3 AZ7] @B lah njgkxala) ke W)
P HFE)2 E57351t) 2 Aqto| A= NUREG-1921
oAl A|AIgt HFE +3& Eti®2 34 HRAo|A| i1
Sh= HFEE Y| 7HA] f3do& &skqick

* Type 1 HFE: 7]& U]3-AFA PSAo| A 112{$F HFE

S SHARE AR 9lol| 229+ HFE
- o, 34 9 & 7 77 HFE 4 SIAS (Safety
Injection Actuation Signal) <~% A5 HFE %

* Type 2 HFE: 3}A] A4&Fo 2 e A28 Q14
3y ¢t B3t HFE (MCR 32718}= /< A 2])
- o, e FA 5o AL eSkE flsl dAellA

535 = @A Y52 X|(OMA; Operator Manual

Action) ¥& HFE &
Type 3 HEE: AZ7] 9452 gt ulehaahy
o 3¢l #¥ HFE
- o), Z5H A=7] AE=Z SIAS (Safety Injection

Actuation System) 4~% 25 HFE &
Type 4 HFE: 3144 £4919) MCR A4 ofel
€3} C&C (Command and Control) 715292 <l
3] MCRS Z7|3}l= ABHMCRA; Main Control
Room Abandonment)of| A &)= Q14 2P 9jet &

89



rSL'

Gl
-, MCROﬂH RSP=O| A9%] gk ¥
& 7171 59 25zl 7s Al diRtk 9

=3¢ HFE &

B oo A] NUREG-19213 &) U] 71#] &30z
T2% o= Hheh Atk NUREG-19210014] AlAJRH
‘Type 2= 3P 4%-& L3 28 AAPHE o
719l MCR& 37|5}aL RSPR9] o532t 2t 914
F7E 2gtE o] k. MCR 7|59 27| 24 9 =
71 A% F9] A a9= MCRI}F RSP &7 zjo]&
L] ol Apo7} AR THH =7
33004 71&e A-EA M E NUREG-19212 &7
2 913t A|Z& HFES} MCRA ¥ HFES 2 Eo}O:]
FAr] A g A A w2
Fo A= MCR& 327] 24 o5 RSPE o]F 9 ofF
o] LX¢ dYejol wRIS HFES wha Ee|shylch

32I-I AE

e

=4 (Qualitative Analysis)
Aol a4 F skl EFdAd 7K (feasibility
evaluation)= 11& o= A 3F7) A= Qs =
NS g setolA AR 3D 4 QA o
o olE Bershe Aolch By WS A ak
L obg) Zj&slglon] BE a4t BEo] Holof 5
g e A9t Leid 5 ok

2] =) %-E't?i A7t o] S(sufficient time)
o 2H3} Olﬂ_,ﬂ(sufﬁment manpower)
27) A% QAlE §J3t WA (cue) FHO] 7HEA
FEREAEE CEXE R D
(skill-of-craft 3£3})
RO RS
soe AE 9 279 ol87bs A R W ThsA
LT 71719 24 THsA

ghH 3= ¢lske] MCRA HFES] A4S 7]&
3t NUREG-1921 Supp. 19 RSPE ©|E3t Toji
RSP A E4ol w2} MCRoJALE Ee] cue A+ A
5 9 717] 229 7 el whel o] d%
of ol 5= dh= BTt EASER o|= Q% a4s
o] 7I& agjElofof gl 7]&E o] Qith o]F ¢
off MCRA ¥ Q123 919] By Ao thaol &
25 Ao RE 1H3

» Command and control (3¢ staffing, cue ZAE 2

AAA T
 FAH 9 7HE8A

90

3.3 Mgy

7] K-HRAZ Ag3 =y 94 o4
HRAO] AR o= AHEA D} AN EA 0
H 2w 245 st &, Be HFEOﬂ sl
£=Z0] HEP Z}2 #-835l= Ad

A= 170 — !
HEA] b HFE] dislA AAEAS Sasioct
NUREG- 192101%1: HEA T} AR 9lo] A2

71'd €] Scoping 4] 2
oA Age 4 az_fa% Alrstedck
24 BB Ul 7K §Fo] BA WE(in MCR),
‘ex-MCR’, ‘alternate shutdown’, ‘spurious instrumentation’)
B Ueal Zhzbe] s =8 PSF gyt alesto] &
A% (flow chart)Q} #=3% (look up table)S #Z35}o]
Sig HFES] thgsl= HEP Zhe AMgshA ®rk
Scoping £419] HEP 2 AHEXA o] Al8-E+= HEP
WOHs @ B, AR ) HEP Hoks Baeag)
e A gt grk.

B Qpelq AR SR HRA AR uRA
HRAOIA 83 204 B8 14 48 tzu
ool Aol ] 714 43l HFE % Table 17} 22o]
9B HFEo| tjdfl K-HRAS 283 AAEA Al
Scoping 41 2-8-51G1th. K-HRA HJWH-2 WA
PSAZ a5 $18) el wpos e 4H
v AR A o] w2 WS P A 7=
7(—]0“/\—] lﬂ_g_ﬁ} 7_—"594 O % {0]1,]- X?ﬂ- tﬂ X}E Xl—E.—‘—

= 71714 74]501] ojdo] l& Aol Eem 27
O}g Y9 5 gt Ak &, 7|9 K-HRA=
s & 2t 53 9o sid== Type 3 HFE 2
Type 4 HFEX= 11 oF H Aol A& undesired
operation®} T3t Type 3 HFEQ} MCRA T2 Type 4
HFE] tjall 4= Scoping £4] 02 AFAEA-E thA|s)
Ak

i&i

Table 1. Quantification process for fire HRA of domestic NPPs

Step 1 Step 2 Quantification

[ it Quantification (Detailed Analysis)
Type 1 HFE Quantification with
Type 2 HFE K-HRA method
Tvoe 3 HFE Screening analysis

ype Quantification with Scoping
Type 4 HFE analysis by NUREG-1921

M e

=

AR 915 HEP e APAIEAl0] gk HFE
HsAol QES B4l
gk 283t S A oAk A2 8 HRA 5

J. Korean Soc. Saf., Vol. 35, No. 1, 2020



4
=
>
L
18
140
r

Table 2. Comparison of screening criteria
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Table 4. Example of modification of K-HRA PSFs for DEP and EEP to reflect fire effects

DEP or EEP Factor Existing Rules Revised Rules to Reflect Fire
DEP Cue perceived | * Cue occurrence timet+1 * Time of cue perceived should be modified considering the following
time minutes (by HRA experts opinion)
- Diagnosis task (whether the task is STA’s own diagnosis task or not)
- Cue occurrence time
Basic DEP | ¢ Calculate it using the DEP * Modification of the DEP function to reflect reduced number of MCR operators due to
function provided by THERP | the STA’s absence to command fire brigade (by operation experts opinion) and a time
as a function of diagnostic for a stabilization after returning to the MCR (by HRA experts opinion) should be
available time required
EEP MMIL * Good/Average /Poor according | * If all applicable instruments are damaged, it is not considered in fire HRA as this can
to the MMI design level for be implemented in fire PSA model (by Fire PSA model developed by KAERI)
feedback *In case of partial damage to the instrument caused by fire, the MMI level should be
lowered by one level (by HRA experts opinion)
Recovery - | * Yes/No according to the other | * In case of MCRA, the number operators can be reduced for a component manipulation
Supervision operator or Supervisor’s due to local work (by operation experts opinion)
confirm of a component * Criteria for ‘No’ should be modified (by HRA experts opinion)
manipulation result - For the case that there is no process of supervision
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Table 5. Example of screening analysis
. Applied |HEP for Screening|  Screening e .
HFE Name HFE Description HFE Type Set Type P — Pty Bl Additional Explanation
. . Application of Set 2 instead of
SDOPHEARLY ?Lpgi“;’; (f)aﬂr:t’ioffr(f;’a‘}? )F &B (Feed | 1ol st 2 2.19E-01 Neiafegled Set 1 as same HFE used in an
pe Y ¥ internal event PSA
Operators fail to perform F&B (Feed e -
SDOPHEARLY-ABN | & Bleed) operation (carly) - MCR fire| Type 1 |  Set 3 1.00E+00 Screened out Modification of existing
HFE to reflect fire
- Abandonment
RLY- Operators fail to perform F&B (Feed Need detailed Modification of existing
SDOPHEARLY-MCR & Bleed) operation (early) - MCR fire Type 1 Set 3 1.00E+00 analysis HFE to reflect fire
Operator fails to perform recovery . .
CSOPH-REC-FIRE-A | action of RWT (Refueling Water Type 2 | Set 3 1.00E+00 Nefla?e:?s‘led ;Ifszn@ﬁter;ﬁ;l“fv‘iffis‘z
Tank) deletion due to fire 4 ¢
SWITCH-H Abandonment decision failure and gyl gy 1.00E+00 Screened out | New HFE related to MCRA
human action failure for transfer switch
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Table 6. Example of case study for detailed analysis
HFE
HEP Category Item SDOPHEARLY | SDOPHEARLY = SDOPHEARLY- Description
(internal event) (fire) MCR (fire)
Diagnosis | Basic DEP | Task allowable 53 min. 53 min. 53 min. Same as the time considered for internal event PSA
Error time
Probability Cue occurrence 10 min. 10 min. 10 min. Same as the time for internal event PSA
Time
Cue perceived 11 min. 13 min. 15 min. Fire outside MCR: additional delay time (2 min.) due
time (I minutes after | (3 minutes after | (5 minutes after | to partial damage to the instruments
cue occurrence) cue occurrence) | cue occurrence) | Fire inside MCR: additional delay time due to partial
damage to the instruments and confusion in
concentration of operators
Time for NA NA S min. SCBA wearing time is considered only in case of fire
wearing SCBA inside MCR
Diagnosis 39 min. 37 min. 29 min. Internal event HRA: 53-11-3 (execution time)
available time Fire outside MCR: 53-13-3 (execution time)
Fire inside MCR: 53-15-5-3 (execution time)

Basic DEP 5.62E-03 8.17E-03 1.84E-02 Fire outside MCR: modified diagnosis HEP curve
function was applied to 17 minutes, which is a portion
of the absence of STA after cue perceiving and for the
remainder of the diagnosis remaining time, the existing
function was applied
Fire inside MCR: modified diagnosis HEP curve
function was applied to the diagnosis available time

PSF MMI quality High Medium Medium It was adjusted from ‘High® (existing level) to ‘Medium’
for diagnosis to account for partial damage of instruments for both
kinds of cases
Training/ Medium Medium Low In case of fire inside MCR, it was adjusted from
Education level (same as for ‘Medium’ (existing level) to ‘Low’ due to the low
internal event PSA) frequency of training in combination with fire and
emergency scenario
Procedure High High Medium In case of fire inside MCR, it was adjusted from ‘High’
quality for (same as for (existing level) to ‘Medium’ for the situation where both
diagnosis internal event PSA) the fire procedure and the emergency procedure were
used.
DEP 1.85E-03 5.39E-03 1.84E-01 Basic DEP * Weighting factor (PSF)
Execution PSF MMI quality High Medium Medium Same as for the ‘MMI quality for diagnosis’
Error for feedback
Probability . o
EEP 2.00E-02 4.00E-02 4.00E-02 Basic EEP * Weighting factor (PSF)
Final HEP 2.19E-02 4.54E-02 2.24E-1 DEP + EEP
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