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Introduction

It Is estimated that 20% of nuclear
reactors are operating In areas of
significant seismic activity.
Earthquake external events are one
of the most important events affecting
NPP safety.

In 1993 International Atomic Energy
Agency (IAEA) published Technical
Document called Probabillistic Safety
Assessment for seismic events as a
response for Member States interest.
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According to IAEA seismic PSA may be
conducted for following reasons:

responce to regulatory requirement for
licensing a new plant;

resolution of existing seismic ISsues;
resolution of new seismic Issues;
development of risk management program;
plant life extension

other
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SEA Introduction

__STANDARDS

IAEA Ssfety Standards Because of the huge interest IAEA published multiple
* * Technical Documents, Safety Guides and Safety Reports
Evaluatd  IAEA Satety Standards such as:

Sar’-‘l‘-’ e e P IBR g R ST B e B e

« Diffuse Seismicity in Seismic Hazard Assessment for
Site Evaluation of Nuclear Installations

Nuclear

« Seismic Evaluation of Existing Nuclear Facilities

* Probabilistic Safety Assesssment for Seismic Events
() iazd « Seismic Evaluation of Existing Nuclear Power Plants
« Seismic Design and Qualification for Nuclear Power
() Plants
« Evaluation of Seismic Safety for Existing Nuclear
Installations
- « Evaluation of Seismic Hazards for Nuclear Power Plants
C)rad i A R  Methodologies for Seismic Safety Evaluation of Existing
i Selsmic Satoty Nuclear Installations
Guel ettt |+ And many more
k)u.z-n. 2).
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Influence of earthquakes on components
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One of the main problem during Seismic
PSA Is to identify seismic response of

structures, systems, components and to
obtain reliable data on seismic fragilities.

Seismic fragilities of the components is
usually obtained through experiments or
from the field data.

Currently there are various data sources
regarding seismic fragilities for structure,
systems and components. One of the
most complete datasets for the Nuclear
Power Plants is shown in EPRI’s
Seismic Probabilistic Risk Assessment
Implementation Guide.
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Influence of earthquakes on NPP components

1983 BWR Mark Il SPRA® |NUREG/CR-4832 & -4550")| 2010 EPRI Surry SPRAP 2010 BWR Mark | SPRA® NUREG/CR-4334") Recommended Range of Representative Fragilities'™
SSC Am | Pr | Bu Notes Ay | Br | Pu Notes An pr | Pu Notes A, | Br| Bu Notes An | Pr | Bu Notes Am pr | pu | Failure Mode™ Comment
Electrical Supply / Distribution Equipment
Offsite power 020 | 020 0.25 |Ceramic insulators | 021 | 0.3 [0.37|Genenc (insulators) | 0.30 027 | 0.40|Generic 0.24 | 0.40| 0.38 | Generic (functional) | 0.20 | 0.20 | 0.25Dffsite AC (insulators) 030 0.30 | 0.45 | Functional The generic functional value of 0.30g is representative of later vintage
(functional) 025 | 0.20 | 0.25pffsite AC (insulators) SPRAs.
025 | 0.20 | 0.25Pffsite AC (insulators)
0.26 | 0.20 | 0.25Pffsite AC (insulators)
0.30 | 0.25 | 0.50Pffsite AC (insulators)
0.40 | 0.25 | 0.54 pwitchyard
480VAC Motor 145 | 0.38| 0.44 440V Bus (breaker | 3.23| 0.21 | 0.60|Generic (MCCs) 069 023 | 0.36|VariousMCCsin | 040 | 025| 0.37 [380VBOPSWGR | 09 | 0.28 | 0.22|480V cabinet structure| 07-2.0 | 0.30 | 0.35 | Loss of function The various bus/MCC categories are considered as whole and the same
Control Center trip) Aux and Srvc unanchored 18 | 0.36 | 0.47|480V switchgear (Anchored) : fragility estimates provided for each. _ .
(MCC} / Switdwgearf 097 024 | 031 |bldgs 140 | 0.25| 0.37 | Safety Bldg (SG) 18 | 036 | 047|480V MCC 04 0.30 | 0.35 | Loss of function Unanchored bus/MCC based on rez_asonable Jjudgment and review of the
B Srvc Bldg ground Elev. bus 292 | 028 | 058|480V MCC (Unanchored) few data points for unanchored cabinets.
us emergency bus | 4 84 | 0.20( 0.35 | SafetyBldg (SG) | 2.3 | 0.32 | 0.76480V MCC structure
-lmElev.bus 1 99 | 094 | 052|480V MCC
ground Elev. bus
4kV+ AC Bus/ 146 | 038|044 [Breaker Trip 155|016 [0.33] 4kV SWGR Aux 117 024 | 0.25|SrvcBldg 023 | 0.30| 0.40 |6kv BOP buses, 15 | 032 | 0.48|4kV SWGR trip 0720 | 030|035 | Lossof function The various bus/MCC categories are considered as whole and the same
Switchgear Bldg EI. 7107 & 731 emergency bus unanchored 1.7 | 0.39 | 0.46|4kV SWGR trip (Anchored) fragility estimates provided for each.
(anchorage) 18 | 036 | 0.47|4kv SWGR 04 |030]035 | Lossof function Unanchored bus/MCC based on reasonable judgment and review of the
31 | 0.28 | 0.81|4KkV SWGR trip (Unanchored) few data points for unanchored cabinets.
32 - - [4kV SWGR non-
recoverable failure
DC Motor Control 149 | 036 043 125/ 250V Bus 3231 0.21 |0.60|Generic (MCCs) - - - | Screened 181 | 0.20| 0.35 | Functional >20 | 04 | 0.5 [Various non- 0720 | 030|035 | Lossof function The various bus/MCC categories are considered as whole and the same
Center (MCC) / (function) recoverable DC MCC {Anchored) fragility estimates provided for each.
Switch /B failures in the 2-3g 04 0.30 | 0.35 | Loss of function Unanchored bus/MCC based on reasonable judgment and review of the
witchgear / Bus range {Unanchored) few data points for unanchored cabinets.
Panel (Electric or - - 221)|0.16 |0.35|Rx LviPresspanel | 121to | 023 | 0.25|Various RPS, 069 | 024| 046 |Unanchored (uplift) |>20 [ 04 | 05 |Various non- 0720 | 030|035 | Lossof function The various bus/MCC categories are considered as whole and the same
Instrument) 3.32| 0.19 |0.28|RPS logic board 217 to |safeguards,relay | 181 | 02 | 0.35 |Anchored panel recoverable panel (Anchored) _ fragility estimates provided for each. _ _
542 | 0.48 |0.74|Generic (Panel) 0,50 | Panels in Srvc Bldg {function) failures in the 2-5g 04 030|035 | Lossof function Unanchored bus/MCC based on reasonable judgment and review of the
614 | 0.08 |0.27|Remote Shidwn Pnl range (Unanchored) few data points for unanchored cabinets.
Electromechanical 207 - Electrical and 13 | 0.15 | 0.21|SWGRMCCs 137193 021 | 046 |Various relay - - - PBereenedbasedon | 09- | 0.35 | 0.47 |Various relay chatters; | 1.0-2.0 | 0.30| 0.35 | Relay chatter = This failure mode indicates chatter during the event but the relay
Relay Chatter control equipment chatter chatters Eystem analysis 31 study does not specify remains functional affer event (although equipment may require re-
Failure (Durin chatter during or after setfing).
o 9 » Solid state relays may be assessed as more rugged. Refer to Note
Seismic Event) (11).
Electromechanical 787 - Electrical and - 284297 021 |0.45 |Various relay - - - PBereenedbasedon | 09- | 0.35 | 047 (Various relay chatters; | 1.0-3.0 | 0.30| 0.35 | Loss of function » This failure mode indicates the relay is not functional after the event.
Relay Chatter control equipment chatters system analysis; to | 3.1 study does not specify » Solid state relays may be assessed as more rugged. Refer to Note
: trip (structural pe investigated during or after (11).
Fal_lure (After failure is further in future
Seismic Event) significantly higher)
Emergency Diesel 200 | 028 | 0.27 [Skid Bolts 152 0.19 |0.39|Jacket water pipe 107 0.30 | 0.30|Safety DGs 043 | 015]| 0.47 |BOP DG (anchor) |091 [ 0.24 | 0.43(L.O. cooler attchmnt 1020 | 030|035 | Lossof function
Generator (EDG) boits 1.08 0.24 | 0.45|0G Day Tanks 152-| 022|039 |DG Day Tanks 1.06 | 0.35 | 0.37|DG system
216 | 0.28| 0.42 |(support) 1.3 | 027 | 0.25|DG system
200 Safety DGs 151 | 0.36 | 0.35|DG anchorage
16 | 0.24 | 0.52|DG system
25 | 0.28 | 0.27)|DG skid bolts
Batteries 256 | 040|037 [Battery case 185|0.21 |0.78| Batteries 1.02 020 | 042 1.09 | 0.20 | 0.33 | 125V batteries 09 | 033 |0.34|Battery 1020 | 030|035 | Lossof function
279 | 0.20| 0.33 | (functional) 12 | 0.28 | 0.63|Battery
Newupgraded | 4§ | 032 | 0.30|Battery
batteries (functional) 17 | 029 | 0.31|Battery
28 | 040 | 0.37|Battery
29 |0.33 | 0.47|Battery

System, structure, and component seismic fragilities from

Aleksej] Kaszko

EPRI report




Wz
Influence of earthquakes on NPP components

Median

The response of system, structure, and
component to earthguake Is expressed

as fragility curve. Fragility curve depicts
the conditional probability of failure of the
component for any given ground motion

CONDITIONAL PROBABILITY OF FAILURE

level.

0 02 0.4 0.6 068 087 1 12

PEAK GROUND ACCELERATION (g)

Example of Seismic fragility curve
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Seismic fallure probabillity

The most common form of a seismic fragility function is the lognormal cumulative distribution function:

n(7,)

p

fla) =@

Where:

d: standard Gausian cumulative distribution function

£ logarithmic standard deviation

a. seismic acceleration (typically expressed in peak ground acceleration)

Am: Median grOund aCCeleratiOn Capacity P= The basic event is to be treated as a seismic

®[In(gspecified/a)/Br].  event. The probability value for screening will
be calculated using the “screening G-level”
(ground acceleration) and median failure
acceleration (fragility) specified by the user.
Strictly for use only in seismic analyses.

P = ®[In(ghazard/a)/Br]. The basic event is to be treated as a seismic
event. The probability value for screening will
be calculated using the highest G-level (ground
acceleration) from the project’s “seismic hazard
curve” and median failure acceleration (fragility)
specified by the user. Strictly for use only in
seismic analyses.

&/'3 lnw”c“ Aleksej] Kaszko 1 1/##
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Seismic fallure probabillity

If we use following relation

B = Be= B + B
we will obtain conditional probability of failure with seismic log normal uncertainty distribution:
in(7-) + .271(@)
m

fla) =@ A

Where:

f,: variability due to inherent randomness in factors involved in the derivation of the seismic capacity,
such as earthguake time histories and structural material properties;

B, . variability due to sources of uncertainty in the derivation of the seismic capacity, such as the lack of
complete structural knowledge

a. seismic acceleration (typically expressed in peak ground acceleration)

A, Median ground acceleration capacity

Q: subjective probability (confidence) that the conditional probabillity of failure is less than f for peak
ground acceleration a

CENTF\!UM ;
o)y s, Aleksej Kaszko
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SAPHIRE seismic basic event

Multiple seismic basic events need to be created within the project for calculation

< Edit Basic Event - EDG_EQ

s - > P SE—_

- T

—10—1 cat

(% [ =11

"~ ‘Name EDG _EQ

Probability = 8.826E-02

<% Edit Basic Event - EDG_EQ 72 =" By = e 5=
7o it o JOTally e S 7 _ : ~
~_ 'Name EDG_EQ Probability = 8.312E-01 \
! 2 . AN
p.sg'!pépn Failure of ernerg:ncy diesel generator due to EQ
£, | 77 4~ . 1( | : - \
. 7 ‘D;l'omph': Event Default Template totassigned hd PR N
Failure Model Attributes Applicability Notes Summary
Item Value
5 ModefType RANOOM
Uses Template Not Assigned
Description
Calculated Probability 8.312E-01
Process Flag Failure== System Logic | Success=> Delete Term
=} Failure Model G - Use user-defined seismic g-level to estimate nominal failure prob.
=}~ Uncertainty Distribution Seismic Log Normal
Beta R 3.000E-01
Beta U 3.500E-01
Median Failure Acceleration 1.500E+00
Screening G-value 2.000E+00
Correlation Class
Save As New w7 OK *_ Apply X cancel
/A  NARODOWE
1) CENTRUM
&j) o
SWIERK

4 , . — <
M‘Wﬂ Failure of emergency diesel generator due to EQ
/4 / 'r_,/, ’ 4 - t T’- - -
. ; Not Assigned )
o7 D}'ompla: Evo;\t.: _ Default Template ig ¥ NS
Failure Model Attributes Applicability Notes Summary
Item Value
5 oderype mawow
o rase B
Uses Template Not Assigned
Description
Calculated Probability 8.826E-02
Process Flag Failure=> System Logic | Success=> Delete Term

=} Failure Model
=} Uncertainty Distribution
Beta R
Beta U
Median Failure Acceleration
Correlation Class

H - Use maximum g-level from seismic hazard curve to estimate failure prob.

Seismic Log Normal
3.000E-01
3.500E-01
1.500E+00

Save As New 7 0K i . Apply

X cancel |

Aleksej Kaszko
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Histogram of ground motions

QEdit’Histogram ’ (7 1S [ o = || |
Histogram - Histogram Edit

Name: |EQ_P

Description: Earth Quake Point Value

In case when basic event model type Is used as Type: |Hezard v

,H”, failure acceleration is used from Histogram, o i e )
that should be first created. In SAPHIRE histograms : SR ..
] 3 3.0000E-01 4,.5690E-08
can have up to 100 bins. - 4.0000E-01 4.2070E-09
5 5.0000E-01 1.8970E-0S
B ©.0000E-01 2.1380E-09
In case of user specified ground motion the : s e
probbability of exceedance of this ground motion is 2 . A
10 1.0000E+00 7.5520E-08
needed _ 11 0.0000E+00 0.0000E+00
12 0.0000E+00 0.0000E+00
13 0.0000E+00 0.0000E+00
14 0.0000E+00 0.0000E+00
15 0.0000E+00 0.0000E+00
16 0.0000E+00 0.0000E+00
17 0.0000E+00 0.0000E+00
18 0.0000E+00 0.0000E+00
Save As New v’ OK E & Canceli
Narsis Example Histogram of Ground Motions
~ w

Alekse] Kaszko
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Event Tree

e — = (e %]

For calculation purproses in case of histogram . EOEEEEEE . Probabllity = 1.000E400
usage, simple event tree Is needed, where Description oL sasr. eveiT roR v T o
Initiating Event has probability of 1. . 4/ DTempiateEvent. _  Defaut Tempiate |\otassnes R

Failure Model Attributes Applicability Notes Summary

Item Value
In case of user specified ground motion, event - PSS TPONREE | TPRASELE IPRASETT TS 1 TPRRSEAT TSRS TPORSEST—
tree Is created with Initiating Event probabillity e —
equals to probability of exceedance of specified o e
ground motion T S

Uncertainty Distribution Point Value
Correlation Class

Histogram otation Black Out #
o—| ' [NNNCC
—1 . [ | ]
[Jsave As New v/ OK "\ Apply | | X cancel
Event Tree Initiating Event
O} :0::: Alekse] Kaszko 15/##
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Example 1 from NARSIS project

Station Black Out fault tree with 9 EQ basic events and 35 Basic events including Common
Cause Fallure Blue Color

The equipment used during SBO Is 4 Emergency Diesel Generators, their busbases and Instrumentation
and Control that actuates Diesel Generators.

oo
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Example 1 from NARSIS project

For the NARSIS project example

PUrposes EPRI recommended 480 VAC Motor Control Center 2.0 0.30 0.35 Used in example
System, Structure, and Component = (MCC)/4kv+ AC Bus/ DC Motor

ISMi Control Center (MCC) / Panel
seismic fragilities were taken for: ontrol Center (MCC) / Pane

. : 0.5 0.30 0.35
(Electric or Instrument) / Switchgear

 |nstrumentation and Control / Bus

o Emergency Diese| GGenerator Local instruments / transmitters 3.0 0.35 0.50 Used as 1&C
fallure

« Busbar

Emergency Diesel Generator (EDG) 1.5 0.30 0.35 Loss of function

< Edit Histogram B =l = ” = |[&]

EPRI recommended seismic fragilities  Histogram =~ sswsremea

Name: {EO_P
Descripﬁon: ’Eﬂrth Quake Point Value
Type:

4.4140E-08

4.2070E-09
1.8970E-09
2.1380E-09

Additionally histogram of ground motion with 10 bins was created

0 O 0 0 0 0 0 0 0 0 0000 00 0 O 8
b Eix st Lttt obbbbbooddlil
5iissssscciiefiity f

- O 6600600600
S R
. -
";'oooooooomoo‘o
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Example 1 from NARSIS project

Failure of SBO without EQ Is 2.74E-4
Failure of the SBO due to EQ only with PGA of 1g Is calculated as 9.43E-4 (without EQ frequency)

Mean EQ Failure probability based on histogram: 2.97E-9

i
<R Uncertainty for: EQ1 (ET) 7 =y (e [0 S|
Event Tree: EQ1 - New Event Tree
Calculation Parameters Uncertainty Results C ative Distributi
.y . - umulative Distribution
Overall probability of SBO failure is sum of Number of Samples [1000 i \ -
failure without EQ and failure due to EQ -k T Sead a7 7408 HUUUE UM 0 O S
That gives us 2.74E-4+2.97E-9 Uncertainty Wethod | s RS R O N R N
(O Latin Hypercube E—— Point Est 7 18E-11 2ol A R A
©ontecaro [CombineAl V| | weanva  zeve0e | g |
Intermediate Values None v Sth % Val. 8.87E-13 &03
Median Val. 2.18E-10 0'2__ N S
95th % Val. 1.60E-08 0'1w 77777 R .
Min Sample Val. 1.65E-15 ’ — - , E — ' : :
' ' Max Sample Val. 1.02E-07 33624 10E8 2068 30E8 A40E8 5068
In this case uncertainty of separate ol
h IStOg ram bl nS Can be m eaS u red E J Calculate} Skewn.ess Ll (é) Cumulative I:' Logarithmic Y axis
PO 48101 () Density [ ] Logarithmic X axis
Results Table  Analysis complete...samples > 10 0R<0.0=0 x Close

02—
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Example 2 from DONES project

This example is more complex due to complexity of Test Cell isolation and Lithium Loop Cell Isolation.

Because of lack of precise information on EQ In the location of the facility user defined seismic g-level
was used.

Maximum PGA and probability of Exceedance were taken from Global Earthquake Model Foundation

w o
Sl |

;Cartager

The International Fusion Materials Irradiation Facility
- Demo Oriented NEutron Source (IFMIF-DONES) Is a v:
single-sited novel Research Infrastructure for testing,

validation and qualification of the materials to be used In

a fusion reactor. It iIs based on a unique neutron source |

with energy spectrum and flux tuned to those expected :

for the first wall containing future fusion reactors. Seismic Hazard PGA (g

0.00-0.01

0.01-0.02
0.02-0.03

0.03-0.05

0.05 - 0.08
0.08-0.13
0.13-0.20
0.20-0.35

DDDDDDDD
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Example 2 from DONES project

G

Failure of hatch (tearing) 3 0.18

Information regarding EQ fragility was taken from
various sources and consists of 9 fraqgilities

Failure of sealing gasket 0.5 0.3 0.25
The project has:

. Failure of flange 4.665 0.413 0.2 0.361
3 Main Fault Trees J

10 Sub Trees Statistics TC(:Eonﬁ?emgntfor Failure of change position of 12.34 0.37 0.39
_ urofussion _
131 Basic Event 11.12.2020 16:08:43 Solenoid Valve
Leakage/Repture of 2.5 0.3 05
109 Ga’tes DATA TYPE NUMBER OF RECORDS S(g)lenoig Valve
an d Fault Trees (Tops) 3
Fault Trees (All) 13 Failure of Pipe 8.24 0.144 0.104 0.1
11 MOdel TypeS Event Trees (Tops) O
Event Trees (All) 0 _
Basic Events 131 Failure of weld 4.933 0.2 0.33
Gates 109
Sequences 0 _ _ _
End States 2 Failure of window (plastic) 1 0.18 0.33
Change Sets 0
iafosgﬁm (f Failure of Liner (steel plate) 2 0.3 0.35
Model Types 11
Phases 1
Q) S Aleksej Kaszko
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It was assumed that

sensors can't be
damaged by EQ

g0 2
Example 2 from DONES project

Faillure of LLC and TC

LLC_AND_TC

~

I_I_I

TC Confinement

LLC Confinerment

TC COMFINEMEMT

Ext

LLC COMFINEMEMT

Ext

AN

T Confinement

TS COMNFINEMEMT

—

lzolation iz not actuated due to
sensors fallure

lzolation Failure

SENSORS Ext

TC_IS0L

Ext

OWE

nnnnnnn

SSSSS

K

AN

AN

02—

LLC Confinement

LLE COMNFINEMEMT

~

I_I_I

Sensors in LLC

LLC Isolation

LLL SEMSOR:

Ext

LLC IS OLATICRN

Ext

/A

Alekse] Kaszko
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Isaolation Failure

TC_T150L

—

Test Cell Hatches

TC_HATCH

n

Penetrations Isalation

Failure of Liner + Weldings

Test Cell Cover Plate

PEMETRATIONS

Ext

TC_LINER._WELDIMGS

TCCP

TSA Auktamatic Isolation valves

|

|

Example 2 from DONES project

TLIC hatches

TLIC

A

Failure af TCCP (Hatch Failure)

Welding Failure of TC Liner

TCCP1 |4.5240E-42

Failure of TCCP Sealing Gasket

TC_1S0L_TSA Ext
Test Cell Hatches
TC_HATCH Exk

~N NARODOWE

CENTRUM
BADAN
JADROWYCH
SWIERK

b

TC_LIMER. WELD

Failure of Liner (Stesl Plate)

4, 1440E-58

TCCP 506 | 1,1250E-03

@

TC_LIMER.

8.2530E-15

o

FPenetrations Isalation

FEMNETRATICMNS

H

Bearn Cuck

Li Loop

EIEF'.M=DL|CT iLGDF‘
' ' A =~
Failure af TLIC hatch & Failure af TLIC hatch B | |
! | | |
Failure of Beam Duck & Failure of Bearm CDuct B Failure of Li Pipes upstrearn TLIC Failure of TLIC
TLIC_HATEH_A TLIC_HATCH_B
piq [;ﬁ EIEF'.M=DL|CT=F'. EIE.':'.M=DL|CT=EI &LDDF;PIF‘ES TLIC=FF'.IL
Failure of TLIC hatch A (kearing) Failure of TLIC hatch B sealing I | | |
gasket
Fast Isolation Yalve - Failure ko Fast Isolation Yalve - Failure to Failure of Li Inlet Pipe Upstream TLIC Failure af TLIC weldings
change position of Beam Duck & change position of Beam Duck B - Leakage/Rupkure
TLIC HATCH & T [1.8690E-51] |TLIC HATCH B SG |1.1280E-03 (Solenoid Yalve) (Solenoid Yalve)
Failure of TLIC Eiﬁh A sealing Failure if TLIC hatch B {kearing) |EC_&_vLAvE FTCP [3.5450E-29] |ED_B_VALVE_FTCF [3.5450E-29] |LI_IMLET [z.5450e-2a0] [TLIC wWELD [4.1440E-58
as : : _—
d Fast Isolation Yalve - Fask Isaolakion Yalve - Failure af Li Dutlet Pipe Upstream Failure of TLIC window A Leakage
Leakage,l'Flupturn_a of Beam Duck & Leakage,l'Flupturn_a of Beam Duck B TLIC - Leakage/Rupture
TLIC_AATCH A5G |1,1280E-08] [TLIC_HATCH BT [1.2630E-51 fBolenaid Vo fFolenaid Yl
Q Q BD_A_WALVE_L [1.5970E-17| [BD_B_VALVE_L [1.5970E-17| [LI_OUTLET [2.5450E-280 | [TLIC_WINDOW_A_L [1.9230E-19

02—

Failure of BEeam Duct & Flange

Failure of Bzam Duck B Flange

BD_A_FLAMGE [3.5650E-56

(L

BD_EB_FLAMNGE [3.5650E-56

()

Aleksej] Kaszko

()

Failure of TLIC window B Leakage

TLIC WINDOW B L [1.9230E-19

Failure of TLIC metalcasing

TLIC _COMNFIMEMENT |E ZS30E-15

€




T54 Automatic Isolation valves

TC_ISOL_TSA

~

Example 2 from DONES project

LLC Isolakion

LLZ_TSOLATION

@PS Autornatic Isalation valves

MPHCS Aukomatic Isalation valves

LPHCS Automatic Isalation valves

|

TC_ISOL_GPS

TC_ISOL_MPHCS

TC_ISOL_LPHCS

Yalves and Penetrations of LLC

)

|

|

Failure ko change position of GPS
aukamatic isalation walwe

Failure ko change position of MPHCS
aukamatic isolakion walwe

Failure to change position of LPHCS
aukamatic isolakion walve

LLZ MALVES PENETRATIOMS Exk
Failure of Liner and Weldings
LLZ _LIMER _WELDS Exk

EPS YALVE FTCP 3.9480E-29
sl ———

MPHCS WALVE FTCH

Leakage of GPS automatic isolakion
walve

3.94380E-29

LPHCS VALYE FTCFH

Leakage of MPHZS automatic
isolakion walve

3.94380E-29

Leakage of LPHCS automatic
isolakion walve

A

Valves and Penetrations of LLC

LLZ_WALVES PEMETRATIOMS

H

LLZ Penetrakions

LLC_PEMETRATICNS

n

Yalves in RO02 Foam

LLC_WALVES

|

Li Loop InletfCutlet Pipe

Hurman Failure to close LLC Door

TLIC Failure

555 Isolation walve

LI_LOOP_IM-1

LLC_DOOR_HUMAR

LI_LOOP_TLIC

LLC_WALVES SGS

)

I

)

f

aPS_WALVE L 1.8970E-17

1.5970E-17

MPHCS_WALVE L

1.8970E-17

LPHCS_WALYE L

»

~N NARODOWE
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Failure of Liner and Weldings

Failure of Li Inlet Pipe Downskrean
TLIC - Leakage/Rupture

Humrman Failure

Failure of TLIC weldings

Failure ko change position of SG5
automatic isolation walwve

LLC_LIMER._WWELDS

|

LI IMNLET LLC |2, 5450E-280
i __

HLIMAR_D |1

Failure of Li Qutlet Pipe Downskream
TLIC - Leakage/Rupture

Failure of LLZ Liner

LLZ LIMEF.

g, £530E-15

Failure of LLC Liner Weldings

LLC_LIMER WELD

1,53230E-22

»

02—

LI OLTLET_LLC |2.EII?IIIE—2EIE

»

(L
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TLIC WELD |4. 1440E-5&] |LLC WALYE S5 FTCP |3.94EDE-29
— — __ ___
Failure of TLIC window & Leakage Leakage of 5G5 automatic isolation
valve
|1.9230E-19 |1.5970E-17

TLIC_WINDOW & _L

LLC_WALME SG3_L

Failure of TLIC window B Leakage

TLIC WINDCW B L | 1.9230E-19

Failure of TLIC metalcasing

TLIC _CONFINEMENT |E.253EIE—15

»
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Example 2 from DONES project

Fault Tree Name Failure Description Sub Failure Tree Name Failure Description
Probability Probability
TC HATCH 3.38E-03 Test Cell Hatches Isolation TC HATCH 1.271E-01 Test Cell Hatches Isolation
TC ISOL_TSA 0.000E+0 Failure of TSA Automatic Isolation TC ISOL_TSA 2.365E-12  Failure of TSA Automatic Isolation
Valves Valves
PENETRATIONS 8.216E-15 Penetrations Isolation PENETRATIONS 1.517E-10 Penetrations Isolation
TC_LINER_WELDINGS 8.216E-15  Failure of Liner or Liner Welding's TC_LINER_WELDINGS 1.277E-10  Failure of Liner or Liner Welding's
TC _ISOL 3.38E-03 Isolation Failure TC ISOL 1.271E-01 Isolation Failure
LLC VALVE PENETRATIONS 8.216E-15 Failure of Isolation Valves and LLC VALVE PENETRATIONS 1.510E-10 Failure of Isolation Valves and
Penetration Isolation Penetration Isolation
LLC LINER _WELDINGS 8.216E-15  Failure of Liner or Liner Welding's LLC LINER_WELDINGS 1.277E-10  Failure of Liner or Liner Welding's
LLC ISOLATION 1.643E-14 Isolation Failure LLC ISOLATION 2.786E-10 Isolation Failure
LLC_AND TC 3.38E-03  Fail of LLC isolation or TC isolation LLC_AND TC 1.271E-01 Fail of LLC isolation or TC isolation
Seismic Fault Tree results for 0.29g Seismic Fault Tree results for 0.3g

Conditional Probabllity assuming that EQ has occured

~ NARODOWE
CENTRUM )
Q\ °’) JapROWyCH Aleksej] Kaszko
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Example 2 from DONES project

Total 3.380E-3 100 Displaying 32 Cut Sets. (32 Original)

1 1.128E-3 33.37 TCCP_SG : | ~
= 2 BT (o[ @R

2 1.128E-3 33.37 TLIC HATCH B SG PR T

3 1.128E-3 33.37 TLIC_HATCH_A SG S |

4  8253E-15 <0.01 LLC LINER T — R Cumuistv Distributin

5  8253E-15 <0.01 TC LINER congomgsosd [ A e

6  8.253E-15 <0.01 TLIC CONFINEMENT e e 32

7 1.897E-17 <0.01 BD A VALVE L ELTE:ZZ:L““ T pntest 33e0s

8  1.897E-17 <001 BD B VALVE L T e

9  1.897E-17 <0.01 GPS VALVE L — ledon vl 1134502

10 1.897E-17 <0.01 MPHCS VALVE_L i Sanple Val. 5.2668-06 A S S

11  1.897E-17 <0.01 LPHCS_VALVE_L S 5 prcbabyFremeney

12  1.897E-17 <0.01 LLC VALVE SGS L 7 cacoms Sieuness - 38EQ |G ae Doy axs

13 1.923E-19 <0.01 TLIC WINDOW A L Sl L togertme Xaxs

14  1.923E-19 <0.01 TLIC WINDOW B L Resuts Tabe | Uncrtanty Analysis Complt X gose

15  1.323E-22 <0.01 LLC LINER WELD

16  3.948E-29 <0.01 BD_A_VLAVE FTCP Uncertainty Results for 0.2 g without EQ frequency

17  3.948E-29 <0.01 BD B VALVE FTCP

18  3.948E-29 <0.01 GPS VALVE FTCP

19  3.948E-29 <0.01 MPHCS VALVE FTCP
20 3.948E-29 <0.01 LPHCS VALVE FTCP
21  3.948E-29 <0.01 LLC VALVE SGS FTCP
22  4.523E-42 <0.01 TCCP1

Seismic Cut Sets for 0.2¢g

NARODOWE
CENTRUM

A
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Example 2 from DONES project

Sub Fault Tree Name  Failure Probability Description # Prob/Freq Total % Cut Set

TC_Confinement 9.697E-3  Failure of TC Confinement Total 1.263E-2 100 Displaying 36 Cut Sets. (36 Original)
LLC Confinement 4.504E-3 Failure of LLC Confinement 1 1.000E-3 7.92 HUMAN D
LLC AND_TC 1.263E-2 Failure of LLC and/or TC 2 1.000E-3 7.92 BD A VLAVE FTCP
3 1.000E-3 7.92 BD B VALVE FTCP
4 1.000E-3 7.92 GPS_VALVE FTCP
5 1.000E-3 7.92 MPHCS_VALVE FTCP
6 1.000E-3 7.92 LPHCS VALVE_FTCP
7 1.000E-3 7.92 LLC VALVE_SGS FTCP
8 8.756E-4 6.93 TLIC_WELD
Results of the DONES Test Cell and Lithium 9 8.756E-4  6.93 TC_LINER_WELD
Loop Cell Confinement Failure without EQ U ErsEe B __C LR LD
11 8.157E-4 6.46 TC RAD _ND
12 6.190E-4 4.90 BD A FLANGE
13 6.190E-4 4.90 BD B FLANGE
14 2.928E-4 2.32 TLIC_WINDOW _A L
15 2.928E-4 2.32 TLIC_WINDOW B L
16 8.760E-5 0.69 LLC LINER
17 8.760E-5 0.69 TC_LINER
18 8.760E-5 0.69 TLIC_CONFINEMENT
/A NARODOWE
Q:)) o Aleksej Kaszko
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Example 2 from DONES project

According to GEM foundation their Open Quake map shows 10% probabillity of exceedance in 50 years.
Therefore probability of exceedance of 0.13-0.2g Earthguake for Escuzar province of Granada will be 2E-3

With this information we can calculate probability of Failure due to EQ as multiplication of conditional
probability and probability of exceedance of PGA and it will give us probability 6,76E-6

The overall failure probability will be sum of Probability of failure withought EQ and Probability of failure due

to EQ. The sum of this probabilities will give us: 1.263E-2. Since the probabillity of failure due to EQ Is 4 order
of size lower.

CENTF\!UM ;
o)y s, Aleksej Kaszko
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Conclusions

To perform Seismic Probabilistic Risk Assessment there Is need for:

a) Seismic hazard analysis — for developing frequencies of occurence of different levels of earthquake
ground motion (PGA) at the site

b) Seismic fragility evaluation — estimates the conditional probabilities of failure of important structures and
equipment

c) Systems analysis — used to model the combinations of structural and egipment failures that could initiate
and propagate seismic failure sequence (for NPP seismic core damage sequence)

The SAPHIRE program is well known tool that is used in U.S. NRC, NASA. It has implemented seismic
system analysis tools, shown during presentation.

With apropriate modification of fault trees and histograms there is option to model multiple hazards such as
combination of EQ and Flooding etc.

CENTRUM .
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