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SUMMARY

| . Project Title
State of the Art on LERF Assessment Methodology
i1 . Objective and Importance of the Project

If a regulator wants to have the assurance whether or not good
performance of any nuclear facilities has been preserved and to perform the
verification of those operational safety, it is required that the regulatory
organization follow the state-of-the-art technology for every technical fields and
keep up the capability for independent regulatory assessment. If licensee's
optional submittals for change of licensing basis (CLB) based on available risk
information would be taken, the key item among these submittal documents
could be a PSA report. In case a regulatory side, in order to assess the
validity of PSA results and to establish regulatory requirements for relevant
safety issues we have to develop an independent and convenient risk assessment
model and/or framework. As this model and framework is implicitly
independent on the licensee's PSA model, it has a primary objective directly for
applying to the risk-informed regulatory affairs and for supporting those kinds
of works. According this, the regulator can take an objective view for the
uncertainty of risk information made by the licensee and keep up the capability
and decision-making framework for overall risk assessment results. In addition,
the regulatory model may be used to verify and validate the operational risk

levels of all engineered safety features of nuclear power plants (NPPs).



Ill. Scope and Contents of the Project

The state-of-the art for estimating LERF is considered for the regulatory
risk-informed decisions. The consideration is mainly focused on (1) the
relationship between Level 2 PSA and LERF evaluation methodology, (2) the
standard requirements in terms of modeling preparation and the acceptance

criteria, and (3) some pending issues for developing a simplified LERF model.

IV. Results and Recommendations for Application

All the domestic operating NPPs are being prepared the PSA, and the risk
monitoring program for those NPPs will be submitted to the government until
2007. These licensee's PSA results and program are expected to be utilized in
the submittals of CLB (RIR option 1), operational maintenance optimization,
and so on. Through the regulatory model development, therefore, the regulator
can evaluate and verify these utilizations.

As the MPAS model for LERF evaluation will be a basis for the
risk-informed regulation, it can be applied as a fundamental decision-making
rationale in terms of assessment for events/incidents' significance and for issue
resolution. Furthermore, it may be able to evaluate all kinds of licensee's
actions for design, operation, and maintenance which need to meet the safety

goals for NPPs.



R ZETL cerrrnerr et SRR R i
EL ] ettt e s e e R s e e vi
L A B e 1
2. 2T PSA HFEE st s 4
Th. TR oo 4
b, 207 PSA E- & oo s 4
Th, HFHIE Z] T oereereersssmessssncsstsssssas sttt 5
3. LERF E-A] FFA] Q7] ot s 13
Th LERF EA] EA] et nesins 13
L AR 223 BA] Q78 e 14
Th HE BA] Q7 e 15
4, LERF BI7} HFEE o 22
Fh. LERE B Q] rerrereriemieees ittt P
LF, LERF BJJA] Z]5 weerrmeresiessssmressssecssnssst st niss s s sns s onss 23
T}, Z} LERF A1 HFH] H) I ceorveereemsmssesmminsssisiecsmsssss s cssssssssssnssssnses 23
2l LERF BJA] BQE cerrereremeesmesomisermiss st s smsssas s s s 24
5., ZE W BEBL ] E] e 31
6. FFILEET] coveerrmmerenms et 32
B2 ] 9 LERF B# APEZ BEE i 36

vi



1. A &

A ARl Qo] FEEH GAAYHIE (PSA) AFde BHEH J)EH
o] FEH oAEA WE AY AREM 2 97t gk o]| PSA
Avte webd 2 Bgygel Hds) gFHoll daw of AFsn Bd
FA GAALNA FALEE A7) AY FARY wo] 27HD
ATk o] = Yo Z 2¢A PSA EoiE e EH3HY FAAE

PSA 2" Aol  dasig.  #FAAE  PSA ERE g3
A7 G 2/ALG A PSA B2 59AE FAstoor &r, 0 32

[
fu

AR Blaz An ZEARKIAY AR/ALRLe Bl Lo} @
Huel A4S PAd A G4EY Add BHH SU4e
FA87] fAgolct.

uls NRCe 2|23 AR E8 AQMNE 8F9] dFPo=2 SECY-97-
28754 AFE GAERE uF9 THL0 HEstux & o AEHE=
HERZE =ASAHECDRY tEo] dZFAWER=(LERF)7E d

ol

LERF= e A EBEIXIZXRE & FHEAE AHSUIFOEA
YA oz g Aol EAFXT HEF AGHE R A FHl9

27N (evacuation)S AAFTE 7FAHAA 199 SHEAlFgo] 7H5E HEY

)

HAFs (Csl, TeO2 T HEEYHE) FEFE A2 & U= AHER

% o) sk,

rok

LERFE 1]Z NRCY TFAAA Reg. Guide 1.174°0A A& AHH



gl23 7 Ax9 suols, CDFel Hls) el HEHAE &AW
AGAE A% #dd 23 AR 8E ARIAE 238 o HFUA
AEFolof stE= HRolth o] HIAE 23 AR LA gAEH
5&7l%F To& HEEHE LERF BF/AHEE dA ofdA RdZsoor
steAd A ZedFHE AAEUATE. B2 JedF BEARANA
AF7tA 9 294 PSA W0 W nAE F£H3ch o] RuMdME
H-3 LERF B2 dg 7530 & o agdHojor st 73 dtol
g 223 oEo HAHY dedtd AEdE AIHSTE 7IHE o8

LERF B71E3e AAsnd s

FE 1ol =9l LERF #& A7 A%e At 5553300,

297 (2001) 5& U ¢d9 LERFE AY3s7] Y3 “Large” %
“Early” 71%& AAstn zt 71&8E 9% 5,378 oz FgE e
s AArsiaich x3 7w r) (2002) & LERF A4 Wid¥E=z F3E

Hrystal FrF A7 49 AYES AFEAH.

FgAFE (2002) 5& €A 3,437 @23 BEUHIHE 98 AEHE
LERF & #H¥2g =939 ®3 = 2494 PSA ¥4 HRI}
Folzxl AL Agt® LERF F4 HWHEo] AR AL 43R

ZAFSH T



Fd (2005) F& FM 2vA PSA X ¥ ritez A¥H
LERF ®W¥E Astz LOCA AtuAYe A2 d& g3 &

2HA9EN S FRFA,

ol

u]= INEEL9 Brownson (1999) & AlnZ$dx (ASP) T R34

4¢d + & LER
Aze st AAEFEd ode 671 PWR 283 471 BWR ZFo]
nH AT

o]
244

fd

27 wW¥HE9 NUREG-1150¢] APET

o



2. 224 PSA WY&

7. A8

5
gosty 2XE ZAsEd AMEEHO ftoh o] #dole £33 AEE0]

)
i)
og
<t

PSAE 19750 27tel WASH-14009042E g0l go
AAY AE dis] dEEHT 2 PHE FEHA $H.

1}, 294 PSA &3

224l PSAE 194 PSA9 olo] FY=HT HEY AIRLB YL
¥&3E A4 BEANRLEE

tio

AYAEe A¥tn BFoE  PAs

Agdch 1 24 BHe e g

- olgA FuAIA FAPEX nPE du WAk nF AL
shott,

- ogA FuAmt AWAES Adsed 2HHD FR nYYHE
st



Z7]

-

.

40z ot

2x0g

Rl E

HE R o}

ot

o0

i

ol

o

L -

g dEg S AT

< HEekr) 4

29 v
wetA 294l PSAE wAA If

2
~

ol

alJ

o
Ho

ol

H

N

o

Al

A=
o

240 2]
of BHe 24H 7R

o

=

licarin= M o
ca

=
=

AE2 A7t Agd AEol PSA

o8 AT H2EHx

4 ¢

A}

WHE,

"

)

~

;0.._
Jo

FE2

&3} 2o}

Q
=]

Lach

297 PSAE FY3te Aty AL dA= o
e SAYHPDS)E Aot

Hlo]gf el 7idkstod ok

o UHE A



TN W T
W % Y]
)
p ®T W
R U e
o = < Ho
T o2 Az
Now o
2 T
- TR
4 F %
5T % oA
N
m,% T )
T 5 ° mw
X
M
v L § 3
) TRk
o A T
- ol
ONE g = o EU
._ut .m_.o % ~ R
o]
T TR q_w_
jd Moo
i SR
% T BT £
7o TN =
X Iz
_ LT
oo™ W

|

T

|

PDSE HFH
A}

A
o]

==

=

=
:l'ﬂ—

o]
o 71§ ZH

j g

=

OE%¥E ¥avh Ao

2 A AF

&0l
AGHE S AT 4H

BE Ak gl
194 PSA9 297l PSA 7 SAZA Z&-31H,

Ut AT 4

L

1.

2} 5} 7)

1) PDS A ¢
PDS



)
T

jruzel

ol
Wi

N
N

3,

oF

il 8

o

a3}

X

2) Aa A

gl

(APET)"g} 11

B

3

sh&7k#] 9

T =AEAdAM AddE
73 ol

%X (node)

AL ol A

ge} yded.

Az

@714

h W,
T

2714

dod dart o

{-{-}

=

497} 7hs

ki

T

iz} PDSo
RAole}h, zelv} AA A}

s

HE

]3¢

A

o

o}

PDSell o] 3}

A~ 0
A4&E

e
L

TEE A

ol
o
o

AE Ao} AmAgls Adae Aue

u}
=

20 H=A] 307K

=%
-

NAGE gl T 2 gHo) AgHel e shi



oAl
ki

o REE e AR ARFErolL e AL 1007) oJ¥Y =EF
= NUREG-1150914  Abgd A e ot ApzdsErold,
AR <ATE ARASErY FE FHAre AFstelM AlgHE
AR s ARIEErl ARHAY A AE Hs aFFE

AVEHZIE g

AASE AT B Qo] AFHRA, AdAR 4P, 924

BYE AE &4 & X ALEHE do s I

1N
i
™
i
E
o
Ny
i)
7
S
e
A 2
(e
4
pasd
rr
brte}
rlo
Ny
£
39
£
o
)
Mo
=
2
>

AdAE Y 4FOB trgo] WEH ol

- B5 M (371F% EE 2 A2 F 99 E: AL AL
M3 714 AHeE A

- 3e (AdAT FY 7Hhel A%

- AR dolue R4 (84 =AED A A3



U

A
——

ol
z]t.

w
)
B

10
B
D8

gl

wjJ
K
o
ol
-
W

ok
ox

=

=

Aol M 9

AR X7F Al Yol

gsl7] $18td CET
7]

gk o]" A ZE (residual heat) F&# Yzt 7189 T2 A

T
il

o

A ool weh #eu

~A

A9

Joj i}

o)
o
o

)
il

o

2TA PSAY) A

ol o},

el
o

il

0¥

N

2974 PSA

-

Nida

.

o) M X(degree of belief)”E &3

o] #& 78T AR AHolAM ALLA H

s

B
)
e

o

2ol

ARt

Aot

gaustA FHH

H44d wEF 7

Q% 24

g e

27

j —

T

4
ae +9%

A 2B

B R
b laﬂ

A



ROAAM W E 3 IRSNellA A& E3 Edof AlES X3 1¢4)
PSASH 2] 2974 PSAd= e 79 7)ite] HE=
diolelwo]2~7F givk. ey FHoE e HIY 294 PSAE oA E
HEATEA NUREG-11500014 Foiz A &3},

ro
o
.1
ki
wal
fo

o
rr

247 PSAE Fqsl7] HdME vee dxs @ AYdE st
HAFEHIL ol AT AVEFI}F spEHojof gt oJdl= 2¥A PSA 1§

297 PSAS UiEd Aies BAMOAM HAH ¥F HFEY HlIToh,
a8y 7 BREFHQ AL LERFE ¢34 Utk LERFY L(large)e F%F
4 A I FEE AYHE WY B EA JHY & Ao

Fogth. diustd o] gol LERF 884 7|&d Hlud 5 7]

MNAFEEMNL gae FEFHEE Z2A HeEd o EE O FANG
WAL EHY  EBAS zte= OFo®  WFI(source term category:

STO =ik, Aod o] WHF o] WAY £ FE9 &A%

10



e XEs7] A8 astn.

ot

MEC A 9.

i
OPA

NUREG-1150 @3 olAdlx= BT Aok ufo] AHolml HEF

BAE FE R olF EAd 7Rigk 8 FHE F¥ STC/F BYHAAT
AT BHETY 282 54 AtuAdel g Abdde] A
380,

24l PSAZE 39l PSAR g€ AldEZE Al oz Ay wEd
AGHE A& HFHLE ARG AEE FE E oF H#AAUEF
283 FEAE 2 Arliek d#E Si(attribute)o] weEr WAL
g dzake 7z STCY WAMILE AAEE EFste] Hdidez =
Y=o gt

6) AE7H oA L 2444 £

294 PSAdle A dAAM mEHojol st £l EAsid,

A

B8e B4l sbsaA @e Boph gk s @A sgstsd



F A8k A

A& 7}

ass

(A

7l=dgol

a7t Ak

a#d dert dd.

ol
il

Lr_L

B2
;01_

}

& M A8 JhE

=/

el

1

2%A] PSAA

1) CET Ao A1EHE 718 EFoAe «2F 5

—

el

7 AEE 59 74"

Aol gt

g

A=
(¢}

714 g0l EF4AAel 2&E 7}

k=)
fus

A5

kst AL

NasE

WEoltt, wetd AGHE

AA =

b RgERde] des

13
237}

AEstA o srjz= 444 3

ok 294 PSA0lA

Lo
=

€

2

TAA

%3 PSA AAMNNA

ole

H ot}

P
na

[a=gulsy

QO
a8

Pt A
T

12



3. LERF £ wAed

LERF &4 FA87d #e 30 #H2Ae AR &L Aot &
AVge TAXOoR PA MEE QE ASME standard[3]9] 2AHFHS
A& sy, ASME standard® 23 AR &8 AJeto] do} PSA

Fd8de A8 HFEE ANT AF2M 27 4 Eokg 2@
Heba2l 194 PSA ®oF¢t vlEo] LERF #4e) We FFang

(3B Hg, THH0] AluAY EE 720 vEFH o I,
() Araig el 2d9d M Zis A, =AML, ALdEA AR
717) S Ex=AE A ds7] A4 dFrIEol FaRS ) T

(5) 3 Hi7} LERF 1A LERF7} otd |7t %83 Aok gt

13



3. 49 52 84 23

()

1) #Ha &8
&3 AnRdE o Ade A F
EGEE TF s ok

2) Aba A3 B4

el

K
bl
3

ol

L)
23
Y
B>

(1) LERF #H7l= 24 7lsd oAbz a9 #4& T gsiof
g},

(2) LERF #7le AdEdE AT 459 £4& Xgstoor o)
(3) LERF %7l= AHdE 728 589 4L 2Estoof gt
3) LERF #7}

(D =7 9% BEe Fosles M2 UHE 4dde IZEE=E RIEE

(2) LERFE gl&3d F83% Q4-s5S X1
osietEel Egol8 F gl Wz AFstdoiol gk
4) A3t
LERF ¥4 #Asts A48 E4332 71$stn 824 A
ZAE AN ANGeERM  FF Aot #g®  ohig

TUHAEE &olgA & F de WYz FIPHo o Idn,

14



ot Bz

4 23

LE-Al

LERF O 98 & F d&= 19
B4 o, #x AR s X
(1) =A1&A Aejol Aol AxAE o4 e
(2) WA =ABZH A A

(3) AGHE Al ¥

(4) AgAE dAA A

LE-AZ

LE-Al oM stetdt 814 5AS fEdshs Alad e
RS sotgtt, Fx AR Ogs s

(1) 271414 88 #5412 LOCA? Bypass?

(2) dd ZH

(3) &=, W3], Har], wiZiAlE 5 A9dE
AHAE SH

LE-A3

o)

e WHE

ALLBAHE EHLEALHPDOR e o e
AR g}, o] W s Aln A o o} B ]
T (bridge tree)9] 7§ T3 2 w2 o]

AT,

5]
¥3

ﬂ,
-w

LE-A4

AMRFHE EF8I 2R FE(bridge tree)E
TAZAY 1 &4 xéi—% LE-Al ¥ LE-A2¢ Ex&
HEd] uHY 5 AA AL} EIF FEA o] H A
HeHEA Qolﬁ}ﬂr

LE-A5

ALY B3 EA AR (AS-A8, LE-Al ~ LE-A4)9
7)18kste) WA A EE A9 i,

15




2) Atal A3

24

LE-B1

ZA) LERF #H7}o] 4L
23sich A FE ) dehol] 9 s
o s AAEA 7ol

—
i
>
ko
i
2
&

K H
e
o it
LY

[o

>
3o
rle

L 2 ©
L -

Kl
o n

g b
> Ho
B X

LE-B2

o o
i
R AR
N o o
2 mlo
fru
N

LE-B3

i‘zrzirlos'.t%wmio{x
o
S

LE-C1

Lo L
o o
e
b
ol
2]
(r
'S
ne
rJ
i)
g
..
t
=9}
oy}
>
I3
AC)
o
Nlﬂ.l

LE-C2

SN <~ ol =T W ol B < S 8 [ U
oo > (2 12 xl|op pe £l of of oo o

e O I A U = R Al e U O I A Y
?G.._Q.o:‘_\l_&nﬁn__\lg:mﬁnﬂnm{n

EOP/SAMG, dzatstd £33 Ee 7l d4E A A
Ad#HE AHAFAA(HFE)E AHE-ghe)

LE-C3

HAZQ LERF 9&<& AZstsd agd E74E&
Eggch &AL o3 Az, YATEL FEA
YR G YHE AMA ax a2 olHo] Ade A
qAHE 1FE AddHoz 2Fstes L 3
o olet BE RES XFY AL Jled 24
i lakige

16




LE-C4

& AT RaA Rl AlF

{1 ok
N
o N

LERF 7]} Ao cila} A8 =

LE-C5

ABEAe] BE Y8823 BH9) £Fo] YBEE
LERF £ X937 93

LE-C6

AN EE o] B H4a77 B
d#= = LERF € A 937] 98 HFE & 7

LE-C7

HAAT BAS Szl wer AnA e EA o] e

842735 d#SE LERF ARAFE AnAY 24549&

i

LE-C8

LE-C9

LE-C10

TAAE SHNAE A58 € ddA0z Aaaa
AR Ehel oo F& FHol FAYES AT
Az ale BgHe

= 4

¢

LE-D1

LERF & 338l T2 948 digt A9dE I3

=98 2R

] 7} gk}
ghef W7}k AL g8 Guk ANAIH} AEETH
&N L AIss.

AA

17




LE-D1
(A=)

TaEE7 FAA Z(detonation)& ot
dFHA Fetd -3 Ad9dE Asgste

& &7ttt olgg nAtEde AAA AGnEe A9
usg Far o

LE-D2

¢
o B
1o
N
—'-J
-
ey
=]
Sy
b
x
Ao
>~
R
™
i
i
=2
o
oft
il
Rel
0

LE-D3

LE-D4

LE-D5

LE-D6

AT,
AGAE AYATY 23R AF FeduE #FA &2
AAAE Felel g nHAFS EFTH

18




3) LERF A

T3}

LE-E1

LE-EZ

F82 LERF A7 9o
FAYHE AL,

PN
A B

LE-E3

HAF B sl 2AT A,

o
&

A4

ez

R Alste] s gW AL 09 dAHA LERF &

R Eoniaas

LE-F1

LERF o] thal =238H4 7|dst= Az
24 HPME, %74, ISLOCA 7} ot
HBEZ

BE3 g, old

2 e

LE-F2

F9 948 gorEtm F8 7)90AH9 o
st ESAAELE A,

T WAERAE

19




4) ¥A13k

O3 EA835,
(1) MIAEHE FHda &322 2§3sted ol &%
=83 54 2 ANuEY EA
LEGL o) pnnse was eaadz agseed oed
e
(3) &M Al8" DAL &AH 2 24
Oge X889 mHE F8 LERF 7] QA&
X1 3} gk}
(1) A4z E Az A
(2) AGHE 3
(3) d=F AR 3t AGHE vh&
LEZGZ ) 22 an a4
(5) gtolv} =oluyl’d (BWR Mark D
(6) YAZEE7] FdoAld AGAE &
(7) v =¥ SGTR
(8) AFHE 7]
g 24 23 RAE A, Thee T
AGPE A5 S FE F8 84 AFAE
LE-G3 =A13 gk * - ]
(1) A 24 UE (o & Y BX, o872, 454,
Wzt 71 e84, SRR, 9ARETE TX)
(2) AAZIE 23 FFZAAA AZE & 717 AEA
AAg B & @AE stHA, e T4 3
(1) #58 4948 A+ 1%
(2) Zetd AGAE gEEE
LE-G4 (3) AEHE AATE 9 AT E =29 24

4) A4g1E ¢ 2 1 24
(5) AHE I& HA R &8
(6) 2 FA A

20




EAEGAAS BARGT 4G BY Fro) BB
SuA, BHA4 AREENL TR 429 298
EPAT. BASE A0 dee e

(1) Agste] Anbd A

LE-G5 (2) & 7HAAE
(3) &AL F LERF, MZ & PDS % Ala TF949
71942}
() F2 847 & 7171 2 &£39 x4
(5) RIZr=EA 9] Ay

Lg-Ggg | LERF e F8 7]9AdAE 7l€dH. 2 PDS H
MDA A A AEE AT T

LE-G7 | £344 4d& A8

LE-G8 A 8o 713 AdE S EAgdT

21




4. LERF H/4hi &

7}. LERF # 9]

QurH o2 LERFE ohg3) 2o] Aoje

W AG Feel $EY AA/MH od Azde Agpzaiy

- uncsribbed SGTR
- ISLOCA

- AY3E A9 A5
- induced SGTR

- AT A 9 &3

“Z 7" ;30],%”

rlo

A FE AF7E &iE7] A Abs 23 WEo
LA AFolojor g BF AL JAF 12412 o) (R4 7

24AZHE 9mE ol Al #A daiM e A=Al st

22



Y. LERF &4 7]z

e

o
o
<
=

o}, 2} LERF 349y nvlux

2% 1& 2974 PSA B LERF H7tE 337 9

AlZste] B o

3 5-E

vpe} o] £3&= LERF 3

CDF
3 e 374 39 TRY

PSA A#<

1A

= =2 O
=

ol

=l
.

oA H
o}

o]

A
oM

ofp

)o.
=]

[e}

e
nn

o
=]

(1) A ¥M94el 224 PSA

(3) CET +% 7]

£
ny!

o

Hiel 22 NRC7F At ©@<ste LERF H7PgH[2]2

-
L

18 2004 B

o 2] 7}=]

o

5

bounding® & 7} A}

®on,

AB?s}Hpressure and temperature—induced SGTR)E FA|8}

of!

)t

(e}

al

23



g

)
)

Ha

@etol

cl#o] @Al LERF #149]

-8 =

A=

A ol A

2}, LERF 3|14 &<t [4]

o SAMGell A %7]

o
Ho

- RCS®E &=

- 9% 4 RCS T

- RCP A3 7%

A+

sl
T

_r

FEe

A4 scrubbing FAHL T3 AEAEANAY

g

N T LA
- ARAE e $3ARCIY RV 3 oA sbdk Apzdo|

S

-
L

ojp

°|

- dAA7

24



o Pool scrubbing

- TE Aol 3m HEY EE AAUs A HEYE HYAHE WES

1/108 Z290E A725

o AdAE A4 (INTACT) A9
- 10CFR100.119 Huj7}AkA

(})J\

-z A" 249 bypass AR Y

(%x: EPRI TR-101869)

Aol AFHA AANNE

I
i

2%

- small loss of isolation ° &3 AGAE w5 £

o AdnE 93

~ 5% path7} RCSY ZAHHE 9§ Alole] EAdtes H$EA B

it

A=A @& SGTR, AXB AR AE LOCA Ades X3

- SGTR A+ 9] MA(scrubbing

- 523 BeEAM F7EA7

.

5]

S g7t 7MY AR 2.

] A g8 #<9d HSuk (PI-SGTR)#

i
p

a3 AGAE 9J¥9 MSLB

= MFLB Ab#d]  oja] 2HAs

25



_ “Wet” % 7] \y A

M, 44247) e 432 R)
F A RARA A9 ;e () AW FERRE AEsE Al
ZAstEs Y 2%, crack F, () FUATL 712 5% A A

£ Z4YstA Eal= Wy ud 9 A8y ¥

=
GAE AF g9 Eo 9% “wash out” BE “vacuum FA4” &
\d.

AE A7 2doM uEHA &

wAES oY dEe Jusy, nYAY £F AAE SIT &5

F714A7] F5 71%ol HAE ZA$, ADV, MSSV EE MSIVZE

BE F/UANE A AUE AT £ g

AN
=
oL
ki
By
o,
o2
o:, u)
2
30
v}

71= TI-SGTR AL 9AE= AF# creep &4

Kizaig

26



Jae FusE 73

_?_
|27 Aol E e e EAT = A=)

N

=
[+

o PI-SGTR
- PI-SGTRZ RCS ¢z ds] #H4d F71LA7] Ao Axt
e (125 7197 $E38n A3 A, 2x35L d7|ge] E.
webA 1-221% Afolell & 9=z EA)
- 22+% B9 V5ol APLL A3 olF Al LdAgctn sHE e

- 2250 U7y xdo] HE AL FIF/# Td, ADV EE MSSV

- #=¥ SGTRS ¥ F3719 sgitas 194 PSA EHo

H
o
i
L2
2
o
N
off
oX
K3
H
=
R
i)
R
ofj
e
o,
tlo
=
2
Q_Lt
I
fu
4
1o
ok
£
L

N TR AEERE W F2EAT] A#

_t_l:__
217 g &E& Fate{of

o TI-SGTR
- TI-SGTRE =41 =& o]F Aol e4drtn /3%,
- 135 $EERY vl Ywe Y o)F Ao TAUTIT AP,
- 1-23% Atele] 2 g ZAS B AAWF 94 ue A

BH xAFeEN 2T, AXHTE EE O &HAA g oA

s olge) 37147 AR U 29

27



- mew sy g weEd F&PYG Tr £dYo £AP0T RCS

- mEbd AddAorR 3@ sd ojde FriEArl Aw gg

AR g FEL F71EAA7] Al Y 1aE % 34,

44 9 Eolth

- 1x5F #%L cleared loop sealo] EAdt=A]o] didk FAHo 23
A8, (cleared loop sealZ F71EA7] A#oAe GUiFE
S E AEgo] Ao TFHOE AF Bt FES F9)

=
s
ox
off
2
g
)
ofl
\V]
24
B
il
¥
N

- A& pluggingd #AXol wat PI-SGTR/TI-SGTR 7}sAle]l F71%
(A A 2 order o)4F zbo] HA). FU|wAY] wA TH Fo] A-
plugging A4%¥ 7Z$ LERF a2 HU 40% ZA2E 7HH<S + U+

(4]

o RCS ¢t AeiolAeg 7] 4% =4 (Hex3)
~ RCS it Ae9 vz &g 7bs &% (1) RCS 7HY, cyclingZl
7}9E7] PORV/PSV & 74, (2) =4 F7] AA 7158 AER &
FAWAHS doylE FAE RCP YEuE, ¢ Aol 194 PSAY
AR EA 89 ge, =Y EdHHAE A, 294 AT E
2438 HoEUEA U He.

28



o =] =]

A 2] (credit)

- PORV/PSV

=
=

o & o

RCSE #A¢AL & g7l

—_—

g
Ao

U]

ol
o8

- =4 =% olx PORV/PSV 1% &

bandel 243 (NUREG-1570 #=)

PORV/PSV

FAUH L

iy

A

453

en
cy

ma

—

o]
&
-AO

el

o RCS 39t AeoAel =7 74 =24 (9x3)

I tjEo] RCS TAFHIA Al ol

44

P
T

o

ol

__ot

g

99 (A4 4 29,

o
-+

o )

A R AF/717] 7+84)

A gl o)

=
[

- SAMG

)

ks

- 3 2 8= JEje HRA vhg FEe 7]

o YAZ L7 & old =4S AW A (MELTSTOP)

ofl
o

=

- RCSZ 9 ¥zt s53 #d

—_—

;.AD.

ol
._.,.mo
BO

(o)

- Jbg FaABe F7b 239 4F GEO) F2

A 3=

[o]
TN

=1
=

geometry)

(coolable

¥37te T

i
o

Sk:Kisg

29



o AAZ 7] & A HY AGHE A/ uF

- RCS a9t AEjelrel 94287 &L DCH £, olet #AET

[

2dE gd FES AY EMZAd 7wk (NUREG/CR-6338,

NUREG/CR-6475)

- RCS A FHAAMY HdAZE7) I&LS WF corium®] wet cavityoll

dolxleg F71Fuan Adg. o dAREV] #H} AA T

o]

)

gt
ok
H1
B

g
ERAARL B GFE RCS B ML S0 @ER v

o

2 WEo] AAE 4o FAAdo] slojor AHE.

“non-INTACT” AlAEL

off
>
UL
ox
o
[e3
o
ae
ko
e

30



5. 28 % ¥F A¥

°of HiAe FTAVATY R gz HFR FRAA grEA
5871 §o2 H&HE LERF HIIHEE oJ2A 9yl a9
e Zsdges sHel =& H JlgRIM A8RE FaE 5o
zZAPSIG T R o2 ASME EFEAF (2002)0] AAld 49 (high level)
2 B 2E0 AEHUOH, #A FE7)Fo] LHHJUY.

E3] o] HIMdAMEe BE JedF zAE BT LE A LERF
HAREs FHLA @ u a0 e TG Tl ddl di
az vEge HHY d&dd AGRE ARISE 7IYE o]83F LERF
WAEAe Adadch ok AVdE AN ALHE FAAE LERF

29 g glo] 71& 7oz Heg Hojvh

31



[1] C H Shepherd and M L Ang, Level 2 PSA for Nuclear Power Plants,
CSNI Technical Opinion Paper No.x, Draft 3, 26, October 2005.

[2] NUREG/CR-6595, Revision 1, “An Approach for estimating the
Frequencies of Various Containment Faillure Modes and Bypass
Events,” Sandia National Laboratory, Pratt, W., er. Al., October 2004.

[3] ASME RA-S-2002, Standard for Probabilistic Risk Assessment for
Nuclear Power Plant Applications, April 5, 2002.

[4] Justin R. Armstrong, et al.,, Westinghouse Owner’s Group Simplified

Level 2 Modeling Guidelines, PSA’05

32



Level 1
MPAS Output

DET
{Decomp.
Event Tree)

Decom.
Logic

Input
{Branch

Fraction)

2% 1. 2%7) PSA 2 LERF B718 18 A3 53 58%

33



Corg Damage Cortainmen! Isolation |  RCS Depresswed Corg Damage No Induced Ne Containment No Pontia) s
of Not Bypassed Anrested wio SGTR Failure at Vessel for Early E $TC |PROB
RN Breach Breach Fataiities Q
[+) CiONg RCSDP | CDARREST NEGTR *
1
2
3
4 LER#
5
[
7
L1CD +
+ § ILERF]
9
10 LERF‘
11
12 |LERF|
LERF CET

2% 2. Simplified LERF CET for PWR Large Dry Containment

34

(modified in NUREG/CR-6595)




" ot anar N on ton o e 1 ormener T e s ot 3
Ty o Paw D W] W foerh et A Pz Lo W e X Tow et oot Tewev E 8¢
[+]
L4
1= N G ] ™ e GG = e G T 5
ont o
e
[ SRS P P
l » e
o Jweacr
)
PRt
o
ook La N
v e
oK v e
. + e
L] - L o Jue
wem v o
aum n fuer
n e
. o1, 00 R L 1 u fuew
A e 15 Jwnase
o L w s
oo v e
i w e
w {emer
5 |
w ho 2 {veme
o =
o -
I."L.___— n {sewr
Low s e

g 3. 8 A7l A<dss LERF H7H8 CET

35




=9 LERF #d
ATEEY E=

36



37



Al. 3 =%

Source Code
AU =8
KP0OO1
KP0002
KP0O003
KP0004

KP0005

KP0006

Authors

AYo[, Molz
2HE7|, Molz
BN EF 2

Hy% o

Title

LERFE Of®A Holg 2ot

m
A

LERF Tot W ol Iy M XE

I

HETHEREE A Uyzo|eaHE

Bl et gy

4

ETE2 MEY 2HA| UZy=|USHIE B}
A Formal Treatment of Uncertainty Sources in a Level 2 PSA

A Rule-based Transformation of a Detailed Level 2 Mode! to a
Simplified LERF Model and Its Uncertainty Bound

38

Book No

2001 Spring KNS
2002 Fali KNS
2002 Fall KNS
2003 Fall KNS

2003 Autumn KNS

2005 Spring KNS

Publication Form

Paper
Paper
Paper
Paper

Paper

Paper

s

2001
2002
2002
2003

2003

2005



A2. 29

Source Code
IPO0O1
IPO002
IP0003
{PO004
NP0001
NP0002
NP0OOO03
NP0O004
NPOO005
NP0OOO6
NP0OOO7

NPOOO8

=i

Authors

Kwang-Il Ahn and
Joon-Eon Yang

V.Mubayi et al
W.T.Pratt,V.Mubayi et al
Douglas A. Brownson
H. Loffler et al.
J.A. Lantaron et al.

K. Koberlein

Kwang-Il Ahn and
Joon-Eon Yang

W.T Pratt,V.Mubayi and
H.Nourbakhsh et al

V.Mubayi et al
F.L.(Bill} Cho et al

M.Khatib~Rahbar et al

Title
The influence of Dynamic Pressures in the Estimaiton of Large
Early Release Frequency (LERF)

Significance Determination Process for Large Early Release
Frequency

Simplified Approach for Estimating Large Early Release
Frequency

Accident Sequence Precursor Program Large Early Release
Frequency Model Development

Correlation of Initiating Events with the PSA Leve!l~2 results
Regulatory Evaluation of Severe Accident Vulnerabilities of

Vandeilos-Ii Nuclear Plant

Comprehensive Technical Evaluation of an Advanced German
PWR by PSA Objectives and main results

The Infiuence of Dynamic Pressures in the Estimaiton of Large
Early Release Frequency {LERF)

Simplified Approach for Estimating Large Early Release
Frequency

Significance Determination Process for Large Early Release
Frequency

integrated Risk Evaluation for PRA LEVELS 1,2 & 3 for NPP
Applications

Approach to Quantification of Uncertainties in Assessment of
Severe Accident Vulnerabilities

39

Book No

ICAPP'04

PSA 2002

BNL-NUREG-64995

SAND99-0011C

PSAM4

ICAPP'04

BNL-NUREG-64995

PSA 2002

PSA 2002

PSA 2002

Publication Company @#ius

Paper (Abstract)

Paper

Semi-Report

Semi-Report-

Paper

Paper

Paper

Paper

Paper

Paper

Paper

Paper

2004

2002

1998

1999

1998

2004

1998

2002

2002

2002



A3. I B34

Source Code Authors Title Book No Publication Company T Revision
S L n Pt

KR0O001 orgy TELA % 26k PSAZ S 9| £ 31utoto) Wt oiq KAERI/TR-2757/2004 SR AN 2004

KR0O002 Aoy HY 56357 HEEN St A E Il "I 7y KEPRI/94N-J15 KEPRI 1997

KR0003 ohge Level 2 PSA EHAIA M= g Y EA KAERI/TR-2151/2002  #t=g A 2002

KRO004 #osiey /;1%{' 5,657 4EBEX UL BIHISAN ) HE Y45 LE PP 2002

KR0005 oz s z42 oy 2¢H HBEX oM A m| TR,93NJI0.97.67-2 Uy ay 1997

40



Ad. =9 B1A (1/2)

Source Code

Authors

=B3IM (1/2)

NR0O0O1

NR0002

NR0O003

NRCQO4

NROQOO05

NR0006

NR0O0O7

NROOOS8

NR0009

NROO10

OECD/NEA

OECD/NEA

OECD

IAEA

IAEA

Douglas A. Brownson
USNRC
R.J.Breeding et. al.
Park, C.K. et. Al

Gregory, J.J. et al

Title

Documentation of the use of severe acident computer
codes in selected level-2 PSAs for nuclear power plants
Level 2 PSA Methodology and Severe Accident
Management

Level 2 PSA methodology and severe accident
Management prepared by the CNRA Working group on
inspection pratices (WGIP)

Use PSA level 2 analysis for improving containment
perfermance : Report of 3 technical committee meeting
held in Vienna, 9-13 December 1996

Procedures for conducting probabilistic safety
assessments of nuclear power plants (Level 2): Accident
progression, containment analysis and estimation of
accident source terms

Accident Sequence Precursor Program Large Early
Release Frequency Model Development

Severe Accident Risks: An assessment for five
U.S.Nuclear Power Plants

Evaluation of Severe Accident Risk: Surry Unit 1
Evaluation of Severe Accident Risks: Zion Unit 1

Evaluation of Severe Accident Risks: Sequoyah, Unit 1

41

Book No

NEA/CSNI/R(97)19

NEA/CSNI/R(97)19

OECD/GD(97)198

IAEA-TECDOC-1002

IAEA/SS~-50P-8

SAND99-0011C

NUREG-1150

NUREG/CR-4551,
SAND 86 1309

NUREG/CR-4551, Voi 7

NUREG/CR-4551, vo! 5

Publication Company waux

OECD/NEA

OECD/NEA

OECD

IAEA

IAEA

USNRC

SNL

BNL

SNL

1997

1997

1997

1998

1995

1990

1930

1993

1990

Revision

Rev 1

Rev 1



Ad. =9 B34 (2/2)

NROO11

NROO12

NROO13

NROO14

NR0QO15

NROO16

NROD17

NROO18

NROO19

NR0020

NR0O21

IAEA
STUK (Finland)
USNRC
USNRC

USNRC

USNRC

USNRC

USNRC

Chuy, T-L &
IAEA

EPRI

Regulatory Review of Probabilistic Safety Assessment

(PSA) Level 2 IAEA-TECDOC- 1229
Probabilistic Safety Analysis in Safety Management of Guide YVL 2.8
Nuclear Power Plants

An Approach for Estimating the Frequencies of Various NUREG/CR-6595
containment Failure Modes and Bypass Events BNL-NUREG-52539
individual Plant Examination Program: Perspectives on _

Reactor Safety and Plant Performance NUREG-1506
Risk Assessment of Severe Accident-Induced Steam NUREG-1570

Generator Tube Rupture

An Approach for Plant-Specific, Risk—informed Decision Draft Regulatory Guide
Making: Induced Steam Generator Tube Rupture GD-1073

Use of Probabilistic Risk Assessment Methods in Nuclear
Regulatory Activities: Final Policy Statement

An Approach for Using Probabilistic Risk Assessment in

Risk-Informed Decisions on Plant-Specific Changes to Draft Regulatory Guide

the Current Licensing Basis DG-1061
An Evaluation of the Simplified Event Trees Described in DG-1061
Appencix B of Draft Regulatory Guide

IAEA Safety Series No.72.

PSA Application Guide TR-105396

42

Federal Register: Volume 60

IAEA

STUK

USNRC

USNRC

USNRC

USNRC

USNRC

USNRC

BNL Technical Report
JCN W-6234

IAEA

EPRI

2001

2003

1999

1996

1988

1887

1895

1996

1998



LERF SDP

(V. Mubayi, PSA2002)



PSA 2002

SIGNIFICANCE DETERMINATION PROCESS FOR
LARGE EARLY RELEASE FREQUENCY

V. Mubayi', R. L. Palla’, G. W. Parry?, T. Pratt!, and J. Ridgely’®
'‘Brookhaven National Laboratory, Upton , NY, 11973
*Office of Nuclear Reactor Regulation
*Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington DC 20555-0001, USA

Abstract - As part of the revision to its reactor oversight program, the U.S. Nuclear
Regulatory Commission is developing tools, collectively known as the significance
determination process, to provide inspectors with a means to assess the risk
significance of inspection findings. The characterization of risk is, in accordance
with the philosophy in Regulatory Guide 1.174, in terms of core damage frequency
(CDF) and large early release frequency (LERF). This paper describes the
significance determination process for the LERF risk metric.

1 INTRODUCTION

The U.S. Nuclear Regulatory Commission has
revamped its inspection, assessment, and
enforcement programs for commercial nuclear
power plants. The new oversight process uses
more objective, timely, and safety-significant
criteria in assessing performance in three
broad areas: reactor safety (avoiding accidents
and reducing the consequences if they should
occur), radiation safety for both plant workers
and the public during routine operations, and
protection of the plant against sabotage or
other security threats. Licensee performance
is assessed through a combination of
performance indicators (PIs), whose values
are based on objective data, and the NRC
inspection program. Both the PIs and the
inspections are focused on those plant features
that have the greatest impact on safety and
overall risk. Each performance indicator has
an associated set of thresholds that designates
different levels of regulatory concern based on
its risk significance. One of the objectives in
the development of the revised oversight

Detroit, MI October 6-9, 2002

program was to establish a means of assessing
the risk significance of an inspection finding
on an equivalent basis to a PI. The tool
developed for this purpose is called the
Significance Determination Process (SDP),
and is intended for use by an inspector as a
screening tool to identify and evaluate
potentially significant findings.

The reactor safety area lends itself naturally to
the use of PSA models as a means to measure
risk significance. The quantitative metrics
chosen to assess risk significance are those
adopted in Regulatory Guide 1.174 (1998),
namely, the core damage frequency (CDF)
and the large early release frequency (LERF),
the latter providing one measure of the
performance of the containment barrier, and
representing a surrogate for early health
effects. The SDP that was first developed was
focused on CDF. It is based on plant specific
PRA models and is essentially a summary of
the functional level accident sequences
presented in tabular form, with rules for how
to change the amount of credit given to
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mitigating functions to account for the impact
of the inspection finding. This permits an
assessment of the change in CDF under the
conditions revealed by the inspection finding.
Different regulatory actions/responses are
taken depending on the degree of risk
increase, as set forth in a regulatory response
matrix. The thresholds between the
regulatory actions bands are guided by the
acceptance guidelines of RG 1.174 in terms of
the change in CDF (ACDF).

However, CDF does not give the complete
picture of risk in that it does not address the
containment function. Therefore, an SDP has
been developed to address that dimension
addressed by LERF. Again, for those findings
that can be shown to impact LERF, RG 1.174
provides a quantitative metric to assess safety
significance. This paper gives an overview of
the LERF-based SDP focusing on the
underlying philosophy, but including a brief
discussion of the technical basis.

2 REGULATORY RESPONSE
BANDS

The need for a method of assigning a risk
characterization to inspection findings is
described in a Commission paper entitled
Recommendations for Reactor Oversight
Process Improvements, SECY-99-007a
(1999). An attachment to that paper describes
in detail the staff’s efforts to date for the risk
characterization of inspection findings, which
have a potential impact on at-power
operations by affecting the initiating event,
mitigating systems, or barrier cornerstones
associated with the reactor safety strategic
performance area. The SDP discussed in
SECY-99-007a, focuses on risk-significant
issues that could influence the determination
of the change in core damage frequency
(ACDF) at a nuclear power plant (NPP). In
this context, risk significance is based on the
ACDF acceptance guidelines in RG 1.174. A
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categorization scheme is introduced in which
a finding is assigned to one of four color-
coded bins, - green, white, yellow, or red -
based on progressively greater impact on
CDF.

A performance issue that leads to an increase
in core damage frequency (ACDF) larger than
10" /ry is risk significant and therefore the
highest risk category (red) is given to this
frequency range in Table 1. Lower frequency
ranges are allocated different colors (and
hence risk significance categories) in one
order of magnitude decrements. That subset
of core damage (CD) accidents that can lead
to large, unmitigated releases from
containment in a time frame prior to effective
evacuation of the close-in population has the
potential to cause early health effects, e.g.,
prompt fatalities. Such accidents generally
include unscrubbed releases associated with
early containment failure at or shortly after
vessel breach, containment bypass events, and
loss of containment isolation. The frequency
of all accidents of this type is called the large
early release frequency (LERF) in RG 1.174.
Using this metric, and the acceptance
guidelines in Regulatory Guide 1.174, leads to
the LERF- based risk significant
characterizations in Table 1. It can be seen
from the risk characterizations in Table 1 that
the LERF-based approach is one order of
magnitude more stringent than the CDF based
approach. Therefore, it may be necessary
under some circumstance to characterize the
risk significance of an inspection finding
using the LERF-based approach.

3 APPROACH

Figure 1 describes the process flow for the
assessment of typical inspection findings or
issues. The process is designed to interface
closely with the existing CDF based SDP.
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An inspection finding will identify a degraded
system, structure or component (SSC) and
assess the impact on initiating events,
mitigation, or barrier cornerstones. If the
degraded condition is found to influence the
likelihood of accidents leading to core
damage, then the risk significance of the
finding should be determined using the CDF
based SDP approach. This process will
allocate a risk significance category
corresponding to one of the colors in the
ACDF column in Table 1. If the finding does
not influence ALERF then the risk category
does not have to be increased and the SDP is
complete. However, those findings that have
an impact on scenarios that contribute to
LERF, identified in this report as Type A
findings, need to be assessed with respect to
LERF criteria as discussed below. It is
possible for a finding to be unrelated to those
SSCs that are needed to prevent accidents
from leading to core damage, e.g., the
containment found to be open and unisolable,
but to have potentially important implications
for the integrity of the containment. This
could be risk significant if a core damage
event were to occur under these conditions.
Findings of this type have no impact on the
determination of the ACDF and therefore they
cannot be processed through the CDF based
SDP. These findings however, are potentially
important to ALERF determinations and have
to be allocated an appropriate risk category.
Findings of this nature are classified as Type
B in Figure 1.

Type B findings are therefore fundamentally
different from Type A findings. Type A
findings are processed through the CDF based
SDP and allocated a significance category,
which may be adjusted based on LERF
considerations. Type B findings are not
processed through the CDF based SDP and
have to be allocated significance categories
based only on LERF considerations.
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The details of the LERF-based SDP are a
function of the reactor and containment type,
and are organized in terms of those
sequences/phenomena with greatest impact on
the performance of each containment type.
The next sections discuss in general terms
how the impact of the finding on LERF is
assessed for each of the two types of findings.

3.1 Type A Findings

Type A findings are those that impact CDF,
but may also impact LERF by virtue that they
impact that subset of accident sequences that
contribute substantially to LERF.  The
containment of a nuclear power plant typically
responds differently to accidents in the
various categories, e.g., transients, LOCAs,
ATWS, SGTR, SBO, and ISLOCAs, that are
used in the CDF based SDP. Some of these
accident categories are more likely to generate
LERF sequences than others. For example,
the ISLOCA sequences, because they lead to
a bypass of the containment are typically
classified as LERF sequences. As another
example, for plants with ice condenser
containments, a station blackout is likely to
lead to a LERF sequence, due to the
unavailability of the hydrogen control system
in these events, and the vulnerability of ice
condenser containments to large hydrogen
burns. The first step in the development of
the LERF based SDP therefore, was to
identify those accident categories that
contribute substantially to LERF, and for each
such category to establish a factor, F, for each
category that represents the conditional
probability that the sequences in the category
results in a large early release. Then, for
example, if a particular finding primarily
affects one of the categories, category i say,
the change in LERF resulting from the
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Table 1 Risk Significance Based on ALERF vs ACDF
Frequency Range/ry Significance Based on Significance Based on
ACDF ALERF
> 10 Red Red
<10%-10° Yellow Red
<10%-10° White Yellow
<10¢-107 Green White
<107 Green Green

PSA 2002

change in CDF is simply calculated as:

ALERF = F x ACDF,

where ACDF, is the change in CDF associated
with accident category i.

If the factor F is 1.0 the implication is that
ALEREF is equivalent to the ACDF for those
sequences that affect LERF. Under these
circumstances (refer to Table 1) the risk
significance based on LERF is higher than the
CDF based risk category. Therefore the risk
significance category should

be increased by one order of magnitude for
findings of this type. Only a few accident
sequences (e.g., SGTR and ISLOCA) have

been identified where the factor = 1.0. For

these accidents, as discussed above, the
containment is completely bypassed or fails
early, and the release from containment is
assumed to constitute a large early release.

As the factor decreases the influence of the
accident sequence on the determination of
ALERF also decreases correspondingly.
When the factor reaches 0.1 the implication is
that the ALERF range is one order of
magnitude lower than the ACDF range. This
means (refer to Table 1) that the risk
significance is the same for the CDF and
LERF based approaches. Therefore for
Factors equal to or less than 0.1 the risk
category obtained using the CDF based SDP

Detroit, MI Qctober 6-9, 2002

is appropriate and it should be left unchanged.

In situations where the Factor is between 0.1
and 1.0, judgment is needed to determine if
the risk category obtained from the CDF
based SDP needs to be changed to account for
LERF considerations. Any decision to change
the significance category should take into
consideration the limitations and assumptions
implicit in the numerical value of the Factors
selected.

3.2 Type B Findings

Findings that have no impact on the
determination of the ACDF but are potentially
important to ALERF determinations because
of their potential impact on containment
function, are classified as Type B findings.

As the containment function may be
compromised for a Type B finding it can
potentially affect either all core damage
accidents or a subset of core damage accidents
that challenge the feature that is
compromised. In the current version of the
tool, baseline CDFs have been assumed in
order to simplify the calculation of the change
in risk for type B findings. The baseline
CDFs that have been assumed are 10*/ry for
PWRs and 10”°/ry for BWRs. The assumption
of a baseline CDF is a limitation that has to be
recognized in the
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Figure 1 LERF Based Significance Determination Process
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light of the relatively wide ranges associated
with CDF estimates. The risk significance
categories for Type B findings are obtained
using the following relationship:

ALERF = Fy x Fy x CDF x (multiplier for the
duration of degraded condition)

For Type B findings the factor, Fg, represents
the difference between the conditional large
early release probability calculated with the
condition indicated by the inspection finding

and the original conditional large early release

Detroit, MI QOctober 6-9, 2002

probability assumed in the baseline risk
estimate. However, the particular
containment failure mode affected may only
be a LERF issue for a subset of the core
damage sequences. The fact that not all the
accident sequences may be impacted is
accommodated in the calculation by the factor
Fg, which is the fraction of CDF that pertains
to the phenomena that are impacted by the
condition identified by the inspection finding.
For example, suppose a finding in a BWR
with a Mark III containment or a PWR with
an ice condenser containment indicates that a
significant number of hydrogen igniters are
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not operable. Potentially, such a finding
implies that the containment is vulnerable to
failure from a hydrogen deflagration or
detonation in a core damage accident.
However, the igniters require AC power to
operate and would therefore not be available
anyway in a station blackout accident. Hence
the risk significance of the finding pertains
only to the non-SBO portion of'the total CDF.
The plant-specific CDF for the major accident
classes, as well as a more precise estimate of
the multiplier (if the actual duration can be
established), should be taken into
consideration in making a final determination.

In the above relationship the duration of the
degraded condition is a simple multiplier for
the following three time periods, in exactly
the same way that the duration is accounted
for in the CDF SDP:

Multiplier

Duration

>30 days 1.0

30-3 days 0.1

<3 days 0.01

If the factor, Fy, is 1.0 and the duration of the
degraded condition is >30 days the
implication is that ALERF is equivalent to
either the total CDF or the portion of CDF
that is relevant to the containment function
that is compromised. If the total CDF is
involved, then, under these circumstances
(refer to Table 1), the risk significance based
on LERF is red for both PWRs and BWRs. As
the product Fy x Fy, decreases the influence of
the containment SSC on the determination of
LEREF also decreases correspondingly. When
this product reaches 0.1 the implication is that
the significance category becomes one order
of magnitude lower.

4 DERIVATION OF FACTORS
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In general, the factors used to address
containment performance for Type A findings
have been derived from the NUREG-1150
(U.S. NRC, 1990) studies supplemented by
studies addressing resolution of selected
severe accident issues. The assignment of the
numerical values is discussed below for a few
selected accident sequence types and
plant/containment types. Details will be
provided ina forthcoming NUREG/CR report.

4.1 Type A Findings

ISLOCA sequences have not been found to be
significant contributors to LERF for any of
the BWR containment designs. However, an
important insight from the Individual Plant
Examination (IPE) program and the ISLOCA
studies is that these accidents are important
contributors to LERF for all PWR
containments. As the containment is
bypassed for these sequences, a Factor of 1.0
is assigned.

The BWR containments rely on the water in
the suppression pool to mitigate the
consequences of design basis accidents, such
as loss-of-coolant accidents (LOCAs). All
releases that are scrubbed by the suppression
pool are unlikely to contribute to LERF.
Hence, only those early accident sequences
where the release from the reactor coolant
system bypasses the suppression pool are
likely to contribute to LERF.

The conditional probability of containment
failure at vessel breach for Mark I plants was
reported in NUREG-1150 and in numerous
IPE submittals and PRAs to be strongly
influenced by two factors: (1) whether the
reactor coolant system is at high or low
pressure and (2) for low-pressure sequences,
whether there is water available for ex-vessel
cooling of debris on the drywell floor. The
RCS being at high pressure at vessel failure
has important implications for the pressure
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loads on the containment structure. (Water on
the floor of the drywell will reduce the
chances and consequences of steel
containment (liner) meltthrough. The issue of
liner meltthrough has received significant
attention since the publication of NUREG-
1150). Theresuits of NUREG-1150and other
PRAs are summarized in NUREG/CR-6595
and indicate that if the RCS is at high
pressure, then the conditional probability of
containment failure is 1.0 if there is no water
on the drywell floor and 0.6 if the drywell
floor is flooded. The conversion Factor for
Type A findings is, therefore, 1.0 for that
fraction of the transient accident class that has
a high RCS pressure at the time of vessel
breach during core meltdown provided the
drywell floor is dry. The results of studies
related to liner meltthrough indicate that if the
RCS is depressurized, then the conditional
probability is very small that the Mark 1
containment will fail provided the drywell
floor is flooded. Ifthe RCS is at low pressure
and a finding indicates that the drywell floor
will be dry, then the conditional probability of
early failure caused by liner meltthrough
would be > 0.1.

Station blackout (SBO) accident sequences
are an important contributor to LERF in ice
condenser and Mark Il containment plants
due to hydrogen combustion events caused by
the non-availability of igniters. NUREG-1150
study of the Grand Gulf plant indicated that
the conditional probability of containment and
drywell failure in an SBO was about 0.2. For
ice condenser plants, a recent study
(NUREG/CR-6427) indicates that these
containments are predicted to fail early from
hydrogen combustion events with a
conditional probability close to 1.0 during
SBO transients.

4.2 Type B Findings

Detroit, MI October 6-9, 2002

An example of an issue that would be relevant
to a Type B finding is the operability of
hydrogen igniters in ice condenser
containments. If a finding implies that a
portion of the glow plug igniter system is
inoperable, the only impact on the probability
of early containment failure will be for non-
SBO sequences. All SBO sequences have a
conditional probability of early containment
failure close to unity. The probability of early
containment failure from non-SBO sequences
from hydrogen combustion events is zero.
This is because the igniters are operating and
burning the hydrogen at low concentrations as
it enters the upper compartment of the
containment. Ifa portion of the igniters were
not operating, the local concentration of
hydrogen would increase until it was ignited,
either by a working igniter elsewhere or by
random ignition (e.g., static discharge). Inthe
extreme, if none of the igniters were
operating, the probability of early containment
failure from non-SBO sequences would
approach 1.0 from hydrogen detonation or
energetic deflagration.

Since the average conditional probability of
early failure is about 0.1 in ice condenser
containments, the conditional probability with
respect to LERF is (1.0-0.1) = 0.9 of a Type
B finding related to igniter non-operability.
However, the unavailability of igniters is a
risk contributor only in non-SBO accident
sequences, hence the conditional probability
with respect to LERF of 0.9 should be
multiplied by the non-SBO fraction of CDF.
Based on the IPE database, the SBO
frequency as a fraction of CDF at the ice
condenser plants ranges from 1 percent to 21
percent with an average of approximately 10
percent. The conditional probability with
respect to LERF is then 0.9 x 0.9 =0.8, of a
Type B finding related to igniter non-
operability.
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5 DISCUSSION

The focus of the LERF based significance
determination process (SDP) that has been
developed to date is on internal events at full
power. Issues associated with shutdown risk,
emergency preparedness, radiation safety, and
safeguards are not addressed.

Because this is intended as a relatively simple
tool for use by inspectors rather than risk
analysts, several approximations have had to
be made. In keeping with the philosophy that,
in the initial phase of the assessment, it is
better to err on the side of including findings
rather than screening them from
consideration, many of the assumptions and
approximations made have tended to be
conservative.

Since this SDP is focused on LERF, i.e., early
fatality risk, those findings that potentially
impact long-term containment integrity, and
therefore, potentially impact risk measures
such population dose (person-rem) and latent
cancer fatalities are not addressed. It is the
Staff’s position that such issues should be
addressed through consideration of the
preservation of defense in depth.
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