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| ntroduction

e Seismic margin (SM) Is expressed in terms of how
much larger must an earthquake be above the
RBGM level before it compromises the safety of
the plant.

 The general definition of seismic margin of a
nlant Is expressed In terms of earthquake mc

evel that compromises the plant safety, especially
eading to damage of core [Budnitz, 1984;
Prassions1986].

 Themeasure of seismic margin is so called
HCLPF margin, usually expressedt@ams of
PGA of theresponse spectra of RBGM or RLE




| ntroduction

* Once the components HCLPF capacity is known,
seismic margin assessment involves with

— Characterization of initiating events,

— Finalization of system fault trees,

 using the outcome of plant walk down and component capacity
assessment

« combining the fault tree of a frontline system with the
related support system and

 introduction of human error wherever potential is evident

— Derivation of system margin in term of HCLPF value
of tope event (system failure) from fault tree, and

— Seismic margin assessment of the plant from event
trees.



| nitiating event characterization

e Two approaches for postulating Initiating events
(IE) for seismic PSA

— Earthquake itself is the initiating event

— Earthquake inducdailure of a basic component or
system that originates plant transients resulting
propagation of accident scenario and leading to core
damage, or breach of containment/confinement function

e Second approach was adopted for postulating
Initiating events for FBTR seismic re-evaluation.
The |E Is characterized byCL PF value.



Initiating event characterization (FBTR)

Initiating event AicLrd9)
Loss of offsite power 0.09
Seizer of primary sodium pump 1.03
Seizer of secondary sodium pu 1.0<
SG tube leak in one loop 0.23
Primary Ward Leonard (WL) trip 0.66
Secondary Ward Leonard (WL) trip 0.66
Clad failure -




Selsmic capacity of system

System capacity
IS determined
form the HCLPF
capacity of
components and
using Boolean
expression of the
top event derived
from fault tree of
system

z:



Seismic capacity of system

i
PR

The HCLPF of plant is given by Boolean expression

CM = A*(B+C)*D
=Max (A, min(B, C), D) = Max (0.3g, min(0.35g, 0.259), 0.29)
= Max( 0.3g, 0.25g, 0.2g) = 0.3g




Seismic capacity of system
Fault tree of SG trap door faillure (FBTR)

SGTRAPDOORS

Failure of 5G trap doors

I
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TE=E1+E2+A+B+C+D+E+F
E1=E3.E4

E2=E5+G

E3=H+|

E4=J+K

ES=E6.EY

E6=L+M

ET=N+0

TE = A+B+C+D+E+F+G+(H.J)+(H.K)+(1.J) +
(I.LK)* (L.N)+(L.O)#(M.N)+(M.O)

Top event (TE)Failure of SG trap door opening




Seismic capacity of system
Fault tree of SG trap door faillure (FBTR)

A Inaccessibility to SG trap door 0.66¢
B Leak inside SG 0.25¢
C SG building 0.60g
D SG casing 0.25¢
E Primary piping 0.25¢
F Secondary piping 0.25¢
G Common cause failure of dampers 0.38¢
H SG trap door1 jammed 4.03¢g
I SG trap door 1 hinges 4.03¢g
J SG trap door 2 jammed 4.03¢g
K SG trap door 2 hinges 4.03¢g
L Damper 1 jammed 0.38¢
M Damper 1 lock 0.38¢
N Damper 2 jammed 0.38¢
0 Damper 2 lock 0.38¢
TE Failure of SG trap doors 0.25¢



Seismic capacity of system
Fault tree of SG trap door faillure (FBTR)

[ A

A B c D E F G
Agcrprr Agerprr Afcrprr Afcrprr Arcrprr Agcrpr ARcLpr »
H J H K I J

nmx(AHCLPF, AHCLPF ), ma.x(AHELPF, ApcipF ), ma.x(AHCLPF, AHELPF)
I K L N L 0

max (AHELP.F‘  AfcLpr ), max (AHCLPF » AfcLpF ), max (AHcLPF yAfcLpF )

M N M 0
\ max(Agcrpr, Ancrer ), MaxX(Agerprs Ancrer) J

T

ALE o = min-

Where A% ¢, pr represents the HCLPF capacity of component X.

0.669,0.25g,0.60g,0.259,0.25g,0.25g, 0.38g,

ATE o | aﬂ;ﬂ:.liﬂg, 4.03g),m axﬁgﬂf.:ﬂg, 4.03g),m axﬁgﬂf.:ﬂg, 4.03g)

HOLEF max(4.03g,4.039), max{0.38g,0.38g), max{0.38g,0.38g)
max{0.38g, 0.38g), max{0.38g, 0.38g)

= 0.25g



Seismic margin of plant

1.00

0.50

Component fragility

0.05

PGA (logarithmic scale)

Situation — 1: Failure occurs when any one of the three systems falil
Overall median capacity = median capacity of A, theweakest link.
Situation — 2: Failure occurs only when all the three systems fall

Overall median capacity = median capacity of C, system of highest capacity.



Seismic margin of plant

Plant margin Is evaluated form HCLPF capacity
value or fragility ofsystems following failure path or
success path deriving from the plant event tree.

Failure path:
Sqg-2: IE*(sys-2)
Sc-4: IE*(Sy<s-1)*(Sys-2)

5 Overall failure:
IE*(sys-2) +IE*(Sys-1)*(Sys-2)

Initiating
event

3 Seismic Margin:
Min[Max(IE,Sys-2),
4 Max(IE,Sys-1,Sys-2)]

13




Seismic margin of plant
Primary WL trip (FBTR)

Failure of any one primary
WL drive system (Tnr !

LOR signals (WL trp(F)low |[Efective LOR
flows | thetam, delta thega~

|LOR Ineffective SCRAM

thetam, delta thetam)

SCRAM signals {Qrmini, P—R through the other loop |Open SGlrap doors

Sezure
IEWLTRP (F BFFEC LOR .l LORIF 9::-. SOMSIG WLIP) . DHR-LOOP 2 . OHR-SG 1D .
1 SAFE
2 SAFE
—
L |3 UNSAFE
] SAFE
3 SAFE
—
6 UNSAFE
7 SAFE
g SAFE
—
L 9 UNSAFE
10 |UNSAFE
11 |sarE
12 SAFE
e
13 UNSAFE
14 UNSAFE

Failure paths / Unsafe sequences

3 IE.S5.56

6 IE.S2.55.56

9 IE.S2.53.55.56
10 IE.S2.53.54

13 IE.S1.55.56

14 IE.S1.54




Seismic margin of plant
Primary WL trip (FBTR)

IE IE WL TRIP(P) 0.66g
S1 LOR SIG WL(P) 0.25g
S2 EFFEC LOR 0.25g
S3 LOR INF SCR 0.30g
S4 SCM SIG WL(P) 0.31g
S5 DHR-LOOP2 0.25g

S6 DHR-SGTD 0.259



Seismic margin of plant
Primary WL trip (FBTR)

¢ HCLPF of sequence — AHCLPF max[0.66g. 0.25g. 0.25g] = 0.66¢

e HCLPF of sequence — 6: AE?JPF— max[0.66g.0.25g. 0.25g. 0.25g] = 0.66¢

e HCLPF of sequence — 9: AHCLFF max[0.66g.0.25g. 0.30g. 0.25g. 0.25g] = 0.66g
e HCLPF of sequence — 10: AHELPF_ max[0.66g. 0.25g. 0.30g. 0.31g] = 0.66¢

e HCLPF of sequence — 13; A32° = max[0.66g. 0.25g. 0.25g. 0.25g] = 0.66g

HCLPF

¢ HCLPF of sequence — 14: A}{%LPF: max[0.66g. 0.25g. 0.31g] = 0.66¢
HCLPF capacity corresponding to the event tree

Afr. op =min (0.66g,0.66g,0.66g,0.66g,0.66g, 0.66g) = 0.66¢



Seismic margin of plant
Primary WL trip (FBTR)

Seismic margin of the plant

AncLer, plan= MIN[A e pridl;

] = event tree number

Ancier, reTRe 0290
Note:

It Is considered that those components are falling
short of capacity will be upgraded for minimum
capacity of 0.25g
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