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ABSTRACT

Human Reliability Analysis in the Probability Safety

Assessment of Seismic Events in Nuclear Power Plants

Park Ga Young
Advisor : Prof. Kim Jong Hyun, Ph D.
Department of Nuclear Engineering

Graduate School of Chosun University

After the Fukushima accident, the safety assessment of NPPs has been proposed
by regulators using PSA, one of the safety assessment methods. Institutes such as
ASME and TAEA suggest performing seismic event HRAs because earthquakes
increase the task that operators must perform manually. For example, there is the
operator action of restoring functions or, relay chatter recovery.

Seismic event HRA should be carried out to the operator, taking into account the
impact of the earthquake. Previously, seismic event HRAs were simply applied to
the probability of an internal event human error. Such an analysis does not take
into account the effects of the driver from the earthquake. Therefore, it is possible
to overestimate or underestimate the probability of operator error.

The particular guideline was developed based on the experience of carrying out the
selected EPRI seismic event HRA by selecting the seismic event HRA
methodology. In the EPRI seismic event HRA methodology, a qualitative
assessment by a feasibility assessment is performed, and a quantitative assessment

by screening assessment is performed. The EPRI seismic event HRA methodology
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provides assessment items, but does not provide evaluation criteria or methods.
The particular guideline developed can be applied to reduce differences between
analysts and to improve consistency in the analysis results.

It was also proposed that the EPRI seismic event HRA methodology be applied to
the OPR1000 plant and the EPRI seismic event HRA methodology be performed for
the actual plant.
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HEPjg ————-- e v v IR e
i i
0 0.2g 0.6g

1% 4. ENSI-A05/e] HEP ®HA W

ENSIo A A¢tal= A 1A HRA W28 4gshd oo3 2o

o AZ7FEE 02g ©ldh WHALA HEPS A-83chHEP 24 Fh=1).

o AXNERE 02g706g2 wW 02g70.6g2 gt Abelel HEPS A3 RAL
o 06g ol3te] AXAR A 1A 7ol A 5 FE 9o AFS-
HEPHEP ¥4 #=1)< &3}

- 06g °19Y AS, WE $HU AR A 17 FOHHEP-D).

o ARAA PSAS] A AL AZ7] mE ugeAddRe] A7k Qojokd
ok 2Age] A, #3, A4V BEF W, o] $RIbs kY HEP-12 B7}3c,
o 99 2o WHHATN, obele] Ao R HEPE Atel,
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- 02g olgte] Ao A = HFAF PSA 24lo] HEPE 1t&E ARE-ghth

- 0.2g °]*4+e X]/‘SOHH—E— HEPE Z73st7] 98 d7](X A F 1417
o3
=

T7I(AZ EA 5 1AIZE o] $T12A1E A, A7I(A T A

g kg @, QA AL 2RAE o9l ARG FE 9
o= Agats] 98 7 WA A

L

J_-?__
Ql 12A]17HS Ao = A 83 4
- ARA7ME =T 02g ©) 4 Ag-, WHEAA HEPolA HEP= =1 At

8§ mdw "ok os)M 08 EF A REO FY BT §ol

HEP= HEPy s + (1 — HEPy. )b| 02739 | g

HEP= HEPys +(1— HEPy+ )®| 049 I

10586
HEP= HEPyy + (1 — HEPy. )| o229 1,y
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4. EPRI Seismic HRA 3 A A
EPRI:= & <to Adet i 929 NUREG-1921[11] o+ Ao} =3 7

FE 7INtom AxIAbdel 24s shE o AR HRA%WSE Akt [12] 19 5
= EPRI A ZAF HRA(©]3} EPRI A Z1Azl HRA WH&)F3 dAjo|t,
1LEHH A =2 L H
REAACA =25t 2EH
29
2. el E e
PSFet A Bt EE N E
et eE Ee
L
N
3. 2oiot=d
CRITIA A 8 Obs #9101
HeHo=z= 8O}
v v
s 5. At A0 24
e - 4MEH0| TR 2T
- EPRIOIA JHEEEH =5 AL E 549/ 0F 238

L |

6. N 24
- CBDTM/HCR+THERPZ} 2=
SIHLT O] HRa BHH o = F2Fs}

7.p5A D& ST

- Recovery

L g
25 /é)\-l
s

19 5. EPRI A XA HRA 43 A=)
7 50149k o] EPRI A4 HRA® 43 da& & 770 wAlm 450l
ATk WA AAADNA FaAEE ead B9 £F @ 4B FAsel AA4A B

Addes dAggt. geor dxEddAs &, AJ2F) 7] 7](Structure, System,

Component, SSC)E aL&st7] /g S Aodth oz WA 22 A
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of &xYel AF7F o] BT & Y] Wil ddVtedew FA

=
Aol BAS Sl AWM E 3 7Hed ALY A= EPRIGNA 7)es
FE 02 Screening A #3} St I FolA A AR PSA =AIEgHI = gk
o] F XY A= AAMA, AHFH AAEAS £y} oA doj AL oF
52 AZARA PSA A7 Al AeEste] A AR PSA 2o S3star A3t
of wel 2l AFHI3E el mdlo] AHstw doj HouEHFgor 359

B34 B4 d44¢ $A4AY oF FES Y3 =54 HE Syt g
Zy A Y] S AAE] 7] EstaAr gt

7h 2314 39 =2 2 A9

AR A 9] 1Y A= AR EEE S gtk (D AR Y SAsHA
AZARAA A PR s Y Ak 2) AN AMFEA FhE D P97t
AT The2 2 A 9ol gk Aroltt

(1) WEAAT EAeA AAAGA F8EE S4Y 8o

AAAANHE PERAADG Fodst &

PhE WP AR mddd A9 A S
_]

AR ARG WA AASEI A BAs AT A SRt 24

DEDES Aesjobdet. weka WrAAT FAT AR we
9 W A B9 wAUer A4 5 Ak
(2) AAAANN AFA FHE £ B
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. &3 B9

A AR E4gE Bk LA9e An
2wt PS 1N ol ARHin (18] A o) Azt wgsE 249
o AdHwRLze] AFoz s YAAFAATA BAFGEA, W] 2o
S mgsaEAel mek 4RE Fdss o 1 i A 27, 92§28

A HRAGIA AAee akabe] 4ol o) AAAEE W Wil SSC ARANE
2 2E o]t

¥ 2. Feasibility #7IE 93 Damage state g2 2 ofA]

A

A =

=) 5} XA}
Badoez A% &4 4H A 54 o Al

No damage to the plant safety-related SSCs or

=
A

(lol

) . Hazard < Plant
non-safety SSCs required for operation.
1 o o SSE(Safe shutdown
Limited damage to non-safety, non—seismic

) ] ) ] o Earthquake)
designed SSCs like residences and office buildings.
No expected damage to the plant safety—related
SSC t d industrial t —safet
s or to rugged industrial type non-safety SSE < Hazard<The

SSCs required for operation. Damage may be
lowest HCLPF of any

safety-related SSC on
the SEL

2 expected to non-safety SSCs not important to
plant operations and to the switchyard(e.g., LOOP
expected). Some falling of suspended ceiling

panels.

The lowest HCLPF of

Widespread damage to non-safety related SSCs
any safety-related SSC

and/or some damage expected to safety related

3 L . . ) on the SEL < Hazard<

SSCs. Significant number of vibration trips and .
HCLPF of critical

alarms requiring resetting. ) )
mstrumentation

Substantial damage to safety related and )
o ] ] Wide-spread damage to
4 non-safety SSCs. This is particularly applicable to o ] ]
critical instrumentation

external events susceptible to a cliff-edge effect.
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3. Feasibility 37}

A
Rid

7T 5 T - I R BT
o ) ~
o|® T R o Je N wd N X
B o oo g o
=%yl T T N o T W T L 2 T
~| 2 N N i oo iy = ~ Mook o m Mol T o+
G B CI SO R ey
B E g B~ T g P A s
& op o X g U R Tl M ol Jo TR
S0 e g S o S SO i i
S8 < X| W W R > T 9 g R o EEN N
o3 A 5 & oo WO ~ o M AK o
5l W BRI g _xLlue = N B |en —
RN Q —_— — g I%E ~ ol N jeng ﬁo ﬁo
2 D A U o < Cliea
= B -~ OE
i _ R I S WA o i
> = w ﬁ T o) o T o o
el ) BO o
£ |2 T A @M N = X _ " P
B |of J)) el e 2 M J)) T o_wo
g T R Trw %l iy ey
oF| = o K = N o X XK = o = 0
o ‘th X T Bo| 0 e - U T _Fwo ° _ ol
Rl o 5% ) AR - T X 5 ) o " To < 5
| o — T T R B o Ay Ul =
0 [6a} ﬂ—w ~ _
Pl g 2 |z & x o™ = T e ol = Jp
.|~_/I o mo IM._ 1__/I _ﬁ oK N wnl m o ,:1_ UT H.M Lt ‘l_/r
2 g = w2 0 Ce I XS In
ol W g X L fi . T Hw ) 2
Ve SN g 9f =T g <y T ® M
I+ g Mo B = o E VL o Ak o J)
Cle®™h & g X% el i
e Xdw @w e T %_u,mo% P X
NI Jo X < H ~o B ~
N =2 X D
~ = o AT (2 N
~ T ) 2
o X i W oo X G AR
e < ° F*mﬂ:o C) ﬂkm imﬂx JJo
o = el T 70 B Jlo
L . X ~ <¥ 0 M ~
-~ o ) o Ml — ~ N
Nk o o o 7 N
.mo Z.o Z.o 0 0 N e 0
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2}, Screening A %3}
AA7V s H7bE Tt A G A ddA7Fse 49 9= Screening A
F3ts Fdst] 9 o7 FE #s vk s EPRI A 7A HRAOA
1% 63 22 59 S XTI 2A

Immediate Is Cue After Multiplier
Memorized Action Damage Is Time Margin Plant Damage or Screening
Action Location State Sufficient? Assessment? HEP D
Bin 1-2 /A IEPRA HEP 1
Yes MN/A
Bin 3-4 Time Margin = 2 min MN/A X 5or0s, 2
whichever is
lonarer®
Time Margin 2 10 min Yes IEPRA HEP 3
Control Bin 1 Mo %a A
Room Time Margin < 10 min
HEF =10 5
Yes
. Time Margin = 30 min IEFRA HEF [
Bin 2 No
; ) ) x5 7
Time Margin = 30 min
HEF =1.0 8
i Yes
Feasible . Time Margin = 30 min X5 g
Operator Bin 3 No
i x30* 10
Action Time Margin < 30 min
— HEF = 1.0 11
Yes
Bin 4 Time Margin 2 30 min x a0 12
No HEP=10 13
Time Msargin < 30 min
HEF = 1.0 14
No
Yes
c E’E | Time Margin 2 30 min IEPRA HEP 15
ontrol Bin 1
Mo
Xz 18
Room Time Margin < 30 min
HEP =1.0 17
Yes
IEFRA HEP 18
Bin 2 Time Margin 2 60 min
Mo X 10 18
Time Margin < 60 mi
ime Margin < min HEF = 1.0 20
Yes a1
i Time Margin = 60 min xie
Bin 2 No
x50 22
Tims Margin < 80 min
HEF =10 23
Bin 4
HEF=1.0 24

*Mote: For high damage states (e.g, Bin 4), the uncertainties dominate, so for screening the HEP should be capped at
0.01, even if application of the multiplier provides a lower value

19 6. Screening HEPE% 1 2

N
FN
it
ofy
-3
FH

9] Y “JEl(Damage State)®t - Al ZHTime Margin)ell tfg A
S ATt A HEAA AW, 3k =3 A (Action Location)+= HFE & 2 H 9]
Fa7t F AAARJA, AR AFRE At Aol7] it F7HEQ) AW

o] BQ3tA Lt o= A 93 Immediate Memorize Action¥} Cued] A A 4o

o3
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7}. Immediate Memorize Action

AFAFY HRATS A Aol e, o] 7|&L 2 F AojdoA Fhu= 2+
ofwk s E, A A F AF S5EolA 102l HAsEE @A TRl Fasfof ah=
A5 2 FEs Fdste] szl A 22X E on| gt g8 5o dIddT

222131 (Loss of Coolant Accident, LOCA)2] 7%, Abar7F AISHH 719tb7] bl o]
w438 "olx SIAS7F A sofst= LAsA Zo
227 ok oldgt 2XEL T2 AHO-§EAA(Alarm Response Procedure,
ARP), B A A £ 4 x4 (Abnormal Operating Procedure, AOP) @ EOP %ol 7|45
o] Atk w3k AAA ol HAF R YEHUYAE o dd 9

= ol
- L o) [¢]
= EFD 5 Y] Wil $AAENe] BHe FAA A48 & Aok

W ogAde] #EOR JEaE

t}. Is Cue after Plant Damage Assessment?

o] 7]+ HFES #&dd A5 Cue A Ado] 4 &348 #7HPlant
Damage Assessment) &5 o] 22 o]fo YelUY=XE Adst= Aolt). A XA}
A HRAFHAIAM M = Ao SR 7ME Faehd Aol ek Al 3o <
el ERFEHE AvbA ow mhopets d Wk oy} Y
7hs 7ol Atk

shoh Bao] vrold

ohogA ARAA B

A =Y
o] de] Aws ue} o] Feasibility® 713 &, Sd Yol a3 7sAlo] Q=

HFE+= HEP# < 1% @933th 2ev Astel webr = HEP#S 12 E93H7] o

+ A7 A dE 5o =4 &4 Wk

AEAe Fadlste] 1Y 2 o

Feasibility H7tAolA 122 gk 5ol dis] vjudow ¢hstel Adr]ES et

3 7} gkt

=

i
rlo
X
2
>
>,
A
=2
>

N
S
>,
o
2,
f
fo
jin)
o,
An)

f
o,
oo
ol
ol
£
X
2
o
v
2
o
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24

EPRI

AL,

oy, A AN PSAR D st AR A

Fo}3

al

3

R
CBDTM/HCR+THERP9} #2 ¢

Ab. PSA 2d 53
Screening A #F3ti} A A
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A3 A AR HRA Al

Hl =l A A zle] A4 wAehE AAE I oA ek A z1AL HRAAME S 7]
% slarz) El= T2 s e o 3 = &2 A (Integrated
Performance-Shaping Factors, IPSFs)E 483t Qlt}h IPSFs& A 8o A 7%
Al A FdFS & F e 559 AAES A n¥ste] HEPY BA #s 4
3= Wholtt [14]. th&ol A+ Diablo Canyons 233k 47] whd Ao A 2ALA

HRAAME O] dlal 7] &8t g,

o

1. Diablo Canyon [15, 16]

Diablo Canyon¥ A& ¥4 4 9] Long Term Seismic Programe & A 714 =3 % o)
FARD A AR PSAAE 59 stupoltt, o] RS Y WAl AL}
s m=e] FAZIEA NRCO &t whel o] A Fd=ATt. A
PSAdIA = A dds #A9 AQANE 248 SRt AQAHE 2L 5
A R e AA NG9S gdor B Jbse RE jrRe Ao A g o

2b&3= Aot Diablo Canyonol A aeldk 2|7 7p& o] whE 2] 7 )
4

Ll

¥ 4. Diablo Canyon 9= Ao A &)= [15]

Diablo Canyon Seismic Hazard
Peak spectral Peak ground Mean exceedance
acceleration(g) acceleration(g) frequency (/y)
0.2 0.1 1.85E-02
0.5 0.25 7.44E-03
0.8 0.4 3.56E-03
1.0 0.5 2.19E-03
1.2 0.6 1.35E-03
15 0.75 6.26E-04
2.0 1.0 1.61E-04
2.5 1.3 3.73E-05
3.0 15 7.89E-06
4.0 2.0 2.42E-07
— 22 —
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Diablo Canyon@ A& oA 4 A AALA PSAE AXAHE EXo ~FEH 7%
22 1A o JMEEE AZA PSAd dwHew AgEE HUAwls
(Peak Ground Acceleration, PGA)2] ¢F 2ujo|t}. Diablo Canyon A|ZALA PSAE
e w, A A A =4 EA = (Core Damage Frequency, CDF):= ¢F 2.0E-04/y
KL, AJARA PSAE el 01% ol AT F Qles o= 2¥EY VSR
4.0g7}A 1178 3FS9th Diablo Canyon A ZAFA PSAd = Ao o]dk =4 9 o]
AE et Aol e AP AYdS ek, FAdd WS 2 5T Ay T 60747
e AbL § &dd Aol digk 3 E £4o] A HA. olH 3 X FE
2bs, 7171 24, Aufgt Ax="e] vt E3tEo] Utk Hgh Aol Hash

o) Faz oFT & YuAd UF IR E

O

-
Ogl'_l.
ol
ol
N
do
:(u)l'_',
2
2
1122
L)
-z

e Weak doors with the potential for jamming
¢ Equipment that could fill and block pathway
* Fire and smoke hazards

¢ Flooding

* Electrical hazards

* Chemical hazards

e Steam line breaks

e  Waterline jets(jets)

Diablo Canyon# ZIAF1 HRAO A &= Ao ost xd¥de] s sty 93l
AR HEPl tigh B4 ks 3# 59 o] A&3st3ith 3 WA 1.75g vvhe] 2~
El 7F& %o digk HEPS WFA+d HEP¥ #Zt) o] 3
HHlAgAE HAA 7L A5 717 Aol G3F¢S vAAR, £Hd FdEd & 9

o FAE gevhn Hgsa

£

T OHAR 175725g Atele] AAEY ThERe) A, A2 FHAA dojh=

dr BT deoR Q) AAHoR suad ¢ AN AAHon IS L
3

A et ARaach o WelddE HEP 24 ghol 53 2REt mpxvtew
5g% zast gAflel AAHoR B, AAHow
[e)

dedE whetel] 2 XAY Al oA =
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=40 ste g 9, WA R ls) Aleprb AGEH A, 2t 3FVIE FEEor &
j

Sith. ofeldt gagow el Wojxw EAlol ofs 2| %

—~

st sk
71716l ol &7 wf, 30m9] BA e A&tk FRETF e QA9
A BE SRR BA g 302 AE&ste] ReFor AEEA i

Diablo Canyon #| %A PSA°| HRACIAM = 3w 9)sk o] el ko] ¥3
Hodoh A% FAeA = o] AH tigk HdUe] HF(Recovery action)”} i
Aol A Aeldntd, oA wrdr] 2 4kV H 7] AAZ]2 Qs CDE7F 100H] ©]
& Fhet e AR S BoFith o= AHAY PSACA 9 I AL T
s HoFa dvk AR JpEERe] wel o] AjE H55 HEPS 1.0E-0200] A
0367hA 2 A&HAT HEA B 24 F stubes Aoz Qs AdZo] #Folxl u
Hel 3715 wAstE 2ot

T UE de 29 d8s Bek] e Al ddA e FAE wA sk Aol

%

oo mte s AHe FEEY] A9 olBW WAE AgHE A% TgAh A7

s

3 5. Diablo Canyon ¥zt 4o HEP 24 3k [16]

Diablo Canyon Seismic HRA Multipliers
Peak Ground
Spectral Acceleration Acceleration(g) Seismic HEP Multiplier
(estimated)
< 1.7bg < 0.88g 1.0
1.75g to 2.5g 0.88g to 1.25g 5
>2.5g >1.25¢g 30
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2. San Onofre [17]

San Onofre AZ  PSAE Hx  FARA/NERA AZAH(Individual — Plant
Examination of External Events, IPEEE)e] th3t #4713 L FALg o o8] =3 =
o 2 % A gAAA 9 goldaE AdeEky] fE o] W FaE AT San
Onofre WAL= AgFEuol ZxallAdgxol F&o glom o #AlE  Diablo
Canyon a9t AR AANE=S 7FA 1 vt @dio A A A zxl(Safe
Shutdown Earthquake, SSE)< PGA 7|5 0.67gZ AA A A A HRAC A +=
AR F3ee X, 7FEAIS PSF2 183kt F 62 San Onofre 92
29 IPSFsWHES 483 B4 S B3 9t} San Onofre T 4E 1S
Zhgk A BAS g en, AzekA] e ARl e Afoes BAHA %

7)
WFAd HEPE 483kt

o

O

N

2

rlo o>

3% 6. San Onofre YA 49 IPSFs WHE A8 Y

Time Available to Start Action
i Medium
Lo‘(;atl'on o Short (20 ? ¢ < Long
min =
ction (t < 20min) . (1hr = t <24hr)
60min)
In Control Room 10 5 1
Ex Control
30 10 5
Room

vE AR A F A
9 Aol 7HgF Aol 2BRolm AnE Akaka Fulo] Hetel AE St
s

= H
g 102°] 285+ 4 168 <ol AHS A|gsof =2 o]= “Short”el 3 F3t

HEP ®78 #he A PSAHE7E A3 Ak AE7ts x3eh 93] ejol o
gt AA = AT o] F ld HRA W3 BA g2 US NRCel| o3 AEHIJ. v=
o] Surry IPEEE, I &#=29] Olkiluoto 1 % 2 A3 PSA, E£=ZulYyole] Kriko A3
PSAE H|%3E o] 74A] A PSACA olef ZAY = wl- FARE BA gho] A
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3. Columbia Generating Station [18]

FHloF W AT 2006 A PSA] digh JHolEE FPnt. ol 1 TS
Columbia YA o)A 1Hd AAANES Bl ndd A Ygadrs g
of AFA T ole] AHEel Wkl Aeueh AAw, e % wizel JPE

B} =29 tgo Surry 9AHE AL AA AN E B} A

N

¥ 7. Columbia ¥AFE A 49 X A &) =

Columbia Seismic Hazard

Peak Ground Exceedance Peak Ground Exceedance
Acceleration(g) Frequency(/y) Acceleration(g) Frequency(/y)
0.1 1.3E-03 0.9 2.8E-06
0.2 3.0E-04 1.0 1.8E-06
0.3 1.1E-04 1.1 1.1E-06
0.4 4. 7E-05 1.2 7.1E-07
0.5 2.3E-05 1.3 45E-07
0.6 1.3E-05 14 2.8E-07
0.7 7.4E-06 15 1.8E-07
0.8 45E-06

ﬂl&l

Znjo} XA HRAMNAE FE7F 2 ADo] thaidnt B4 ;e A4sw
0.9 olste] A% WHALA HEPE A&ttt FEn|o} A7 PSAe A& HEP 1
A=

4 kel A9 Al 7FA PSFs(S, T3 9A, AXNLA $ FPA02 AFE Fashs
Aael WARASH)E uedste]l A4} olg E 8 Columbia oA xe
IPSFs W&ol A8% A s Hoerh
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¥ 8. Columbia 9AgE A A9 [PSFs WHE A8 24 3t
In Ex Non-Cate
<30 [30 - 60
control control gory I ) ) > 1 hr A 3t
oy g min min
Room Room Building
X X 5
X X 2
X X 1
X X HEP = 1.0
X X 10
X X 5
X X 2

o
o
=

i

2 San Onofre®} o] 4% 4

APtk SHolA = Hlza AR A& Wilews Lddvs ZFolzlo] vk
3l A1 B kel San Onofre ¥HdA9F o7 v B4 ghol A9 Aao
2 2L ghol A&x At =3 Columbia Seismic PSACIA = B A A AE <]
F-25el tial HEP 1.0(5, &7 di)S A &8t o= Ad A
AR H2Ahe] oA HdEe] BHF & vk FHE I AT San
Onofre #1%1 PSAS} w7t 2 ZEHjol disro A e

gate] s At
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4. Surry [19]
Surry WA Ao = oz x4 AR PSAe tisk HRAES HAES o], XA AMA

ofF ¢4 ZAE 9% Sury BA @S e mshe] A

o A A T AlZF (Time after The Seismic Event)
o 24 39 99X (Location of The Operator Action)
e XA AZ+%= (Earthquake Severity Based on PGA)

San Onofre ¥ 2 A% PSA”ZF US NRCell 93t HEE wotr] wlito] Surryol A
+ San Onofre ¥ 49 4 A& F8 7IFo2 AHEsdth Surry A% HRA=
2719 A7 S 08gE 7 ok AR 7SR A3HE 08gE Vo R Uar

A2 Diablo Canyon A%l HRAE #arste] 24 st

0.8gol 2] A% San Onofre®] HRA R4 Fto] A& At} 0.8gnvke] 49 H4
e 0.8gol el oF 1/3 &= A&stth foA A=wd=ol 08gwH|wte] 5o gt
Diablo Canyon EA 72 1(WFAFA HEP)o| =22, 0.8gu]| %o 3+ Surry BA 2
Diablo Canyon BEA FHEt ¢ B4AHo|th ofld] F 9+ Surry €A A 4 9] IPSFs
WHE A8 BA e HAddy A BA G AFE ¢olx, San Onofre¢t s 3HA

]
[e}
A el M 2 2 Aol ds) e 23S Hrheka

rTN
[o
fr

=

% 9. Surry YA#ETAAe IPSFs WHE A8 By

Surry Seismic HRA Multipliers
Location of Time After the Seismic Event
Aelien ¢ Medium Long
I e 2 . Short . (20min < time < | (lhr < time <
Acceleration (time < 20min) 60min) 24hr)
Level
In Control Room:
-PGA <0.8g 3 2 1
-PGA >0.8g 10 5 1
Ex Control Room:
-PGA <0.8g 10 3 2
-PGA >0.8g 30 10
— 29 —
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A4d XA HRA H| 2

ARAA HRAAG 2 e, e 71&2408 /Mo A4 HRAWHE A

s HOH FredFAdA vl B4 FPAT. AWARD HRACA = AZIAH =
o

3 10. A XA HRA WHE PSF vl

IPSFs Institutions PSFs Considered
application
Approach
Interpolating for Swiss Federal Action start time, Earthquake intensity
HEP values Nuclear Safety (PGA)
Inspectorate
Using Specific San Onofre Earthquake intensity(PGA), Time available
Seismic HEP to start action, Location of action
Multipliers Columbia Earthquake intensity (PGA), Location of

the operator action, Fragility analysis of

non-safety building, Action time frame
Surry Location of the operator action, Time after

seismic event, Earthquake intensity (PGA)
EPRI Immediate memorized action, Action

location, Damage state, Time margin,

Plant damage assessment
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Immediate Is Cue After Multiplier
Memorized Action Damage Is Time Margin Plant Damage or Screening
Action Location State Sufficient? Assessment? HEP ID
Bin 1-2 N/A IEPRAHEP 1
Yes N/A
Bin 3-4 Time Margin = 2 min N/A X50r0.5, 2
whichever is
lower*
Time Margin = 10 min VYes IEPRAHEP 3
—_—
el a1 | o 4
Time Margin < 10 min — HEP =10 s
. Time Margin =30 min — IEPRAHEP 6
Bin 2 [ No
XS5 7
I Time Margin < 30 min
HEP =1.0 8
i Yes
Feasible . Time Margin = 30 min - Xs 9
Operator Bin 3
Acti [N  xa0 10
ction = 5 .
Time Margin < 30 min
HEP =1.0 11
Yes
Bin 4 Time Margin = 30 min R X3e* 12
4‘ [No HEP =10 13
Time Margin < 30 min
HEP =1.0 14
No
Yes
5 E’t‘ I Time Margin =30 min  ——————————— |EPRAHEP 15
DNt Bin 1
| No 16
Roam Time Margin < 320 min X2
HEP =10 17
- i il Yex IEPRAHEP 18
Bin 2 ime Margin = 60 min
Time Margin < 60 mi S 9
ime Margin < 60 min HEREHG 2
Yes 2
Bin 3 Time Margin 260 mn  —————— X1
] No
4| Time Margin < 60 mi el =
ime Margin < 60 min GER =4 2
Bin 4
HEP =10 24

"Note: For high damage states (e.g., Bin 4), the uncertainties dominate, so for screening the HEP should be capped at
0.01, even if application of the multiplier provides a lower value
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