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Modeling of Containment Isolation System

for Risk Informed Application

(CDF) (LERF)
. CDF
LERF . PSA Level 2
LERF
LERF

Abstract

CDF(Core Damage Frequency) & LERF(Large Early Release Frequency) are two
important values used for evaluation of risk significance for the risk-informed
application. In domestic nuclear field, it is expected that LERF as well as CDF has to be
evaluated to apply the risk-informed technology. The analysis depth for the containment
isolation failure handled in the exsting PSA Level 2 model is not enough to evaluate the
LERF used in the risk-informed application. Accordingly, the systematical analysis model
for the containment isolation system to evaluate the LERF is required. The paper
provides the analysis model of containment isolation system based on the reference
plant (Ulchin Units 3&4).
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Simplified LERF , LERF
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1) Large
PSA Application Guide (EPRI TR-105396, page 2-5) "large"” “involving the rapid,
unscrubbed release of airborne aerosol fission products to the environment"
Large . 1
Large 1
Large Level 3
PSA
Large 1
2) Large
Large 1 1
volume . 3.4 Large
- 3,4 : 57 psig
- . 2.727E6 (ft))
1.
CV broken
. . 2 4 6 8 Remark
diameter (in)
Leakage
4310.03 17240.11 | 38790.25 | 68960.44 -
volume (SCFM)
X 60 Leakage amount
. 2.586E5 1.034E6 2.327E6 4.138E6 . .
min(SCF) during 60 min
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1 2 15 CASE

CASE 1
A= 49 Barrier 742 AddE ol 1709 AR g Adde o Fed 2719
A7) (BEEAT A7 HE=2 d4dd 4 5-olth

o
Ay AH) = (Check V/V fail to close) x [(2 x MOV fail to close) +
(CCF MOV fail to close)]
= 1.0E-3 x [ 2 x (4.0E-3) + 2.0E-4] = 8.20E-6

CASE 2
AMAE A% Bamier 74 AWAE Yol 149 +EUR(PLEAF BY) 2eln A
Sl Ul 5B (AFENE BWE TN

Pcaie_ (AGAE AyA9) = Manual V/V transfers open) x (Manual V/V transfers open)
= (1.27E-7/hr * 24 hrs) x (1.27E-7/hr * 24 hrs) = 6.10E-6

CASE 3

AGE A Barrier 7S AHdE UFdd 1709 HEHEHE A7 Fe B (GFEAFT
M) 2da AGHE R 171 WHEZgo)d dEr|FeUR(HAAEAT MR A H o
=3

Puses (AHAE A2 A3) = (MOV fail to close) x (MOV fail to close) +

(CCF MOV fail to close)

= (4.0E-3) x (4.0E-3) + 20E-4 = 2.16E-4

CASE 4
A= AY Barrier 78S AddE Wil 1749 MX]H"H aeal AgdE el 1719
HE Zto|d AE7| 5B (F4EdT M= FAHAU
Poses (AF71E A4 5) = (Check V/V fail to close) x (MOV fail to close)

= (1.0E-3) x (4.0E-3) = 4.0E-6

CASE 5

AGAE A2 Barrier 7S AWAE Wil 14 ALHQLA 7S 2 Yz W (Y
AeAE 2 ARV TERE (F4edE 29 aun A4AE o) wHEoe] A%
N TFEAB(PFEAF 237t FAHAYY 9 LTOP dejzis el /fanss 53 4
W5 2w 7}%*35 zaa%u}

[2 (MOV fail to close)] + (CCF MOV fail to close)
= (6.0E-3 + 40E-3) x (2 x 40E-3) + 20E-4 = 28E-4

CASE 6
AGAE Ay Barrier 742 AYdE Uit 1712 vlE Zgtold AFV|FE8dle 2= F7)4
THE (AAEds 238) aga AddEs i 1Y FUFeHE B sy
LA ga)g FAHIgL}. ofgiet o] WE A wEl ¥x A$E Uyol aystgul.
A29AE UF Aginss 29 A 54845 (CIAS)E vt
Peses (ARAE A2 3) = (HOV transfers open) x (MOV transfers open)

= (1.85E-6/hr x 24 hrs) x (1.4E-7/hr x 24 hrs) = 1.49E-10
i
Puws (B9 E A4 9) = (AOV transfers open) x (AOV transfers open)

= (16E-6/hr x 24 hrs) x (1.6E-6/hr x 24 hrs) = 1.47E-9



Z1¢] Barrier TA< AgdE WEE Blind Flange® 9303, AYAE 3o 174
of FEUE(FEEHAT 2= FAHAU
AL Ay ) = (Manual V/V transfers open) x (Seal Failure)
= (1.27E-7/hr * 24 hrs) x 6.48E-3 = 1.97E-8

CASE 8
AG71E AY Barrier 742 A9 E UlFd 119 JAUE aga AgEs R 1719
AE7I 75U (FFds 28)=2 S =09
Pusg (ARAE A A ) = (Check V/V fail to close) x (MOV transfer open)
= (1.0E-3) x (14E-7/hr x 24 hrs) = 3.36E-9
CASE 9
A= A Barrier 742 AHAE Ui #HE2 149 A7 FsUE(FFEHdFT 7
W), 109 A7 FTsREAEZEAET 28), Y el YdT 23)ez 745
. BAZAF Hojrk Ags 99
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N FE B = A = 15 (MSIS)dl <& Az Er)
Poswo (AEAE ZAgAdd) = (AOV fail to close + CIAS fail) x [(MOV fail to close) +

(MOV transfer open) + (Manual V/V transfer open)]
= (2.0E-3+2.78E-5) x (4.0E-3+1.40E-7/hr x 24 hrs+1.27E-7/hr x 24 hrs ) = 812E-6
CASE 10
AGd1E A Barrier 78 AdE ol 1719 G ¥E g AGAE oFd= 1719
AW B R A = o 9T}
Peaseto (BEAE A8 A3) = (Check V/V fail to close) x (Check V/V fail to close) +
(CCF Check V/V fail to close)
= (1.0E-3) x (1.0E-3) + 1.04E-5 = 1.14E-5
CASE 11
A& A Barrier 782 AWAdE Ui HEE 2709 GAME Tga Agds 9F
14 AR R A= qlth
Puen (AHAE Agd]) = [(2 x Check V/V fail to close)+ (CCF Check V/V fail to close)]
x (Check V/V fail to close)
= [(2 x 1.0E-3)+(1.04E-5)] x (1.0E-3) = 2.01E-6

CASE 12
AGAE A Barrier 742 AddE Ui /R0 As7l7588 (AFds A 18
AGAE oo 1719 7T sHE(deds M= FAHAAT AgAE Yol Ay
BEL AGAEAYANE(CIAS)E Wol At
Puawrr (AEAE AgA) = (AOV fail to close) x (MOV fail to close) + CIAS fail

= (20E-3) x (4.0E-3) + 278E-5 = 3.58E-5
CASE 13

AL A Barrier 7S Adds Wis AF 71247 A2 Closed Systemo] il
AgdE o /e F371 4B MSIV) (BA+dF A 18i HFeREGTEE
2 FuEe F7as dgste A Tsla(gaRds 2R FAHAUdY. £ F7
A7) ol akE T7IHES B AV HAHoE 4o FZUIkdE, ol dETEESY
B7E g 1719 FZ71g71gZ @B 9, MSIVE 5714 2A5(MSIS)o o8] Az
o] A9 g AdUE AYHANGES thSH Zo] A7HA A§-2 et



st e 2712 giEiA A E Ui+ Closed System S =

A =0
F AR A, SR ARAB R o) A2 0) P AL ILSSB) Abare] talA
Pewers (AHAE A ) = 1

2
A AR S, dEEL 7 A EUHE o] XS 3G AFL(LSSB) el o §j A
Agddl) = (MSIV fail to close) + (MOV transfer open) + MSIS fail
= (5.01E-3) + (140E-7/hr x 24 hrs) + 2.78E-5 = 5.04E-3

CASE 14

A s A Barrier 78S CASE 133 w72 AGAE Wi 2 71887 a2

H Closed Systemol"’ AGAE QFd 19 F57148 BB (MSIV) (AgeAs Nz +4

Hojdrk g F7)IAY] o)A S FUNES T GAA HHoRE e FFUIbWE of
Zlgz ezt vk, MSIVE F371482%

dol AETEZEWE} G 149 FEI])
(MSIS)®] o3 Aedr). o Aol st Aga
A 7Sz me

>

= Ay A gELS CASE 139 wb7bA| = Al

A A 7, LSSBE A9 & x7IARC diasiA AddE W= Closed System o =2
Poen(Add= Add) =0
oA B, SRS Zﬂ,%"ﬁ%ﬂ Q1 o)At @ A AFIL(LSSB) Abarel whafA

A AR S, dEEL 7 A EUHE o] XS 3G AFL(LSSB) el o §j A
Poscerd (B AE A8 A9) = (MSIV fail to close) + MSIS fail
= (5.01E-3) + 2.78E-5 = 5.29E-3

CASE 15
AdAdE A9 Barrier 742 AdE ol Do gAEE agla Adds o5l 1749
71T EREAZEAT R FAEHAJY o] MEE AMAE Aeilzel o AzlE

)
Peasets (A2 A2 3) = (Check V/V fail to close) x (AOV transfers open)
= (1.0E-3) x (1.6E-6/hr x 24 hrs) = 3.84E-8

webd, SGTR¥ LSSB AbiLE #4213 LOCA 5 7lepbae] it A gz s o §8 5%
e ol A

15
P(Z:JI w7 4% Zﬂlﬁ]/‘]J—H) E Pcase,x = 572E-4
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)
M = Motor Operated

AO/S = Air Operated with Solenoid Accessary
HO = Hydraulic Operated



2. LERF (1/2)
Penetration Size Isolation Inside Isolation Outside Isolation
Case System . . . .
Number (in) Containment Containment Signal
1 PC0011 Aux Feed Water 6 1 Check V/V 2 MOVs (parallel) N/A
PC0021 Aux Feed Water 6 ¢ (Normally Open)
PC0202 Spent Fuel Pool Cleanup 6 1 Manual V/V 1 Manual V/V
2 PC0206 S/G Blowdown 6 N/A
PC0208 S/G Blowdown 6 (Nomally Closed) (Normally Closed)
3 PC0125 Component Cooling Water 8 1 MOV ((Normally Open) |1 MOV (Normally Open) CSAS
4 PC0133 Component Cooling Water 8 1 Check V/V 1 MOV (Normally Open) CSAS
5 PC0012 Shutdown Cooling 16 1 Relief V/V, 2 MOVs (parallel) N/A
PC0022 Shutdown Cooling 16 1 MOV (Normally Closed) |(Normally Closed)
PC0913 Containment Purge 43 1 MOV (Normally Closed) |1 HOV (Normally Closed) CIAS
6 PC0914 Containment Purge 8 1 AOV (Normally Closed) |1 AOV (Normally Closed) CIAS
PC0923 Containment Purge 43 1 MOV (Normally Closed) |1 HOV (Normally Closed) CIAS
PC0924 Containment Purge 8 1 AOV (Normally Closed) |1 AOV (Normally Closed) CIAS
. . 1 Manual V/V
7 PC0109 Containment Purge 6 Blind Flange N/A
(Normally Closed)
PC0129 Containment Spray 10
PC0229 Containment Spray 10
PC0245 Safety Injection 10
8 PC0139 Safety Injection 10 1 Chelck V/V 1 MOV (Normally Closed) N/A
PC0145 Safety Injection 10
PC0239 Safety Injection 10
PC0114 Condenser Vacuum 6




2. LERF (2/2)
Penetration Size Isolation Inside Isolation Outside Isolation
Case System . . . .
Number (in) Containment Containment Signal
PC0911 S/G Blowdown g | MOV (Normally Open),
1 MOV (Normally Closed),
9 1 AOV(Normally Open) CIAS
1 Manual V/V (Normally
PC0921 S/G Blowdown 6
Closed)
PC0512 Main Feed Water 8
10 PCO522 Main Feed Water P 1 Check V/V 1 Check V/V N/A
PC0511 Main Feed Water 20
11 PCO521 Main Feed Water 0 2 Check V/V (Parallel) 1 Check V/V N/A
PC0218 Plant Chilled Water 12
12 PC0219 Plant Chilled Water 12 1 MOV (Normally Open) |1 AOV(Normally Open) CIAS
PCOB11 Main St o7 1 MSIV (Normally Open),
ain >team 1 AOV (Normally Closed),
13 Closed System 4 MSSV (Normally Closed), MSIS
_ 1 MSADV(Normally Closed)
PC0621 Main Steam 27 with 1 MOV (Normally Open)
PC0612 Main Steam 27 1 MSIV (Normally Open),
4 MSSV (Normally Closed),
14 Closed System MSIS
1 MSADV(Normally Closed)
PC0622 Main Steam 27 with 1 MOV (Normally Open)
15 |PC0144 Fire Protection 6 1 Check V/V 1 AOV (Normally Closed) CIAS
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