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1. Introduction

2. Dynamic Bayesian Network for |E frequency calculation
3. FT/ET model for multiple hazards

4. Integrated approach for PSA Lvl 1 analysis
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Safety Assessment in nuclear facilities

There are various risks In every sphere of
human activity -
Individual risk acceptability depends on
controllability

The acceptabllity of the risk Is inversely
proportional to the consequences

The distribution, reversibility, duration and

delay of the consequences of an event affect

risk taking

02—

The operation of nuclear facilities must
guarantee that the probabillity of undesirable
effects is much lower than the everyday risk to
health and life

R —risk related to the emergency seguence of
events |

P; — the probabillity of sequence |

C; - the consequences of the sequence of
events |
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Safety Assessment In nuclear law

According to Polish law - The Act of 29 November 2000 -
Atomic Law “, an investor who Is applying for permission

to build a nuclear power plant should submit a Safety Report
based on a nuclear facllity safety analysis taking into
account environmental and technical factors. The prepared
document must be verified by an entity that was not

iInvolved In the preparation of the report.
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Probabilistic Safety Assessment

Probabillistic Safety Assessment (PSA) is a method used
to assess the risk of a specific event. This tool Is used to

assess safety In Installations with complex technological The following programs are most

systems and Increased risk, including nuclear power often used for PSA LVL 1

plants. « Saphire

* RiskSpectrum
Currently, Probabilistic Safety Assessment (Probabillistic e FinPSA

Risk Analysis) I1s used worldwide for the licensing of

Nuclear facilities
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| evels of PSA

Artykut: Analiza
e Niezawodnosci GDCS
Reaktora Typu ESBWR

Probabllistic Safety Assessment
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Choose Initiating
Event

.

|dentify potential

hazards

.

4.

Identify
correlations of
potential hazards

Gather failure
probabilities of
components

T

5.

Model of Dynamic Bayesian Network

1.

NENE 2022

Gather information
on fragility of
compomponents

Gather information
about aging of
components

Create Bayesian

Network

i
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Create dynamic
bayesian network

.

Calculate |E
frequency
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Bayesian Network
NENE 2022

At any place
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Bayesian Network

NENE 2022
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Dynamic Bayesian Network

A static Bayesian network was transformed into a dynamic Bayesian network by

considering component aging
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Time frame t+1
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Dynamic Bayesian Network

NENE 2022
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Peak levels of water level elevation obtained from
a probabilistic tsunami model
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Example 2 from DONES project
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0.03 /\/\/\/
= = N
0.02 |-
| | | | | | | |
5 10 15 20 25 30 35 40

year

Loss of offsite power from dynamic

model model - partial iImprovement
Frequency (F) F.(lyear) F.(10year) F.(20year) F.(30year) F. (40 year)
Referential (NRC) 2.79E-02 - - -
Dynamic - full improvement 2.28E-02 2.52E-02 2.52E-02 2.52E-02 2.52E-02
Dynamic — partial improvement 2.21E-02 2.46E-02 2.49E-02 2.53E-02 2.56E-02
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Event Tree (Loss of Offsite Power)

158G 14MSRT or |2of 4 MHSI |1 of4 MHSI  |Operator Fast Manual Primary 1of 4 LHSI
safety valves |available (no [LOCA available for | 1/8 MSSV available available initiates Initiation of | Bleed ns for in
open - SBO RHR (cond1) :ﬂﬂ-ln LOOP(no  |[(LOOP) FSCD 24 F&B available LOOP)

or PCD ase of I&C) EFWS and (LOOP)

mm [ PO PEFCWCW FEPFEFTITEN 3
PZR_03 SBO RCS_07 sco_n MSRTO8_L | SISM1GA SISM14A OPE_3 FSCDO2 OPE_D PBL_D2 | SISL40

ik
£

il

NARSIS Report

|Code

[SCD_11

oco. 1v-veL 12 NENE 2021

SCD_11-0PE_N
SCD_11-SISM16A
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RCS Seal 18G |Operator
LOCA available for [initiates
RHR (cond1) |FSCD

or PCD

T
RCS_07 SCD_11 OPE_3

ACCU: 1of4 LHSI |[IRWST
injection with |trains for inj |cooling by 1
1/4 (LOOP) LHSI or 2
|CHRS, cond1

"-TH] - -
SISAO1 SISL40 SIS 06 INo. |Freq. [Conseq. |Code
9,83E-06 |S
1,25E-07 |F, TP SCD_11

9,83E-08 |S RCS_07
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Example 2 from DONES project

NARSIS Report

Potential hazards and

Define accident —associated top events
scenario of interest | of interest NENE 202 1
l Obtain component

T for fragility data ] ]
accident scenario e n - number of flooding intervals,

safety systems

/ \ Ootain nformaton m - number of other hazards,
Cbtain component and flooding potentia a“y- .
sesmic ragity dta ™\ S Pyasic - probability of failure of a

Develop seismic Modify ET/FT for -
ET/FT flooding event baS|C mOdeI,

sns povames N Treites” Pyy - Probability of no external
hazards,
Pr1 o — probability of failure only
due to flooding,

: . Summarize for failure
summarize for failure

probabity durng e paa R Pgo r1— probability of failure only
: events
due to earthquake,
P;; — probability of failure due to

n m
P=P, . Pu+ Z( Priro + Prort) + Z P, other possible hazards
= =1
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Event Tree (Loss of Offsite Power)
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Flooding Fault Trees
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Earthquake Fault Trees

TAEeE L

T ANEG

prTEm——

ErwgeCae G Faky
[

PP i i 34

IR

f_)’i‘_|

Erwyog Dot Orwr Fare|

By Do D Pl
ot

SHmE F_m

)

[FFAL W
Eregacy s Gt sk
maekDz

ErgE D45 AT
kD

Eregn Do s Pl
R0

[P _TE|
Eregn s e Faoet
mek0F

NARODOWE
CENTRUM
BADAN
JADROWYCH
SWIERK

e e
o

AL ]
m——
i

s

FRL ]
vy Dest v Fi

FFE

ey
[t

FFED T

(L

LSO L0 s nciet -
€2

Erenn

R
I"“l
r 1
[T S T
T
[4]
1
T
P p— Taar.
an
SR 2]

LR 000 s e
u

PR

r
Pl dEremn e

e Do oo T 1

Ereyrn Dot e Fars
wr

[y

S
)

(| =

F_m 0| = D5

v

N i

D

Teeges
P

I o
TEerpres ek fo
b

R

D e

|ttt
R0

PSR

=%

enap .
e

A
\

e e -
4t

L I
[
P

e =

Teneups et Dk ok
NEaECT

I =
ey e e T

Flooding 4+ m

—

T e

e

e

Al

V_‘_|

o WEnmpey et
[FEEHEN
Al
r L T 1
Ll

E= W

e

L &

TEregin Disd e Faen
>

D

e

[r——
L

D W

T

ey

EHETE]

Terepn DesaDen T
e

P e
Seragrn Do Grewn
e

=

[

D
Tk

D
acis

Flooding 0.01-4m

a0

1
Tme T

&
1
[T
R
r 1 1 r
Tom o P S e —
TR (2D e = R [T
4] 5 T
L
T 1 T r T
EoTe Treepe e e 5 T T T
- nt E
e Evean FE BTN ] T o )
A [& A U [A [4]
r 1
e ———— F————r—— ey [Eo e T—— Eragen e e fambns) EweE TR Enenpcy bese et o
) 4 ]
A i i ] e EmE i T [ i) = s G & i ] i [
[l Inl Ial U il U U )
I—————— Wik Wit o - i reeomt e et
Vinssnit e fre e ormes
FFAT ] AL o P 2 T— | AT =
Leressa e e Fo [T —— e DR e T [ [
gty Weassntit uen 5 beieentit aently

R T =
[ T e Py
prs ahencet

FFEA "
Tereryn e et
[
D ]
e [ T P

m——
(e

Aleksej Kaszko

R
e Dt Gewa-Fren
[T

Win

NARSIS Report

NENE 2021

FEE
el el
Loy

T
e 8 e
e 07

T R

e "
e N o T
Deaiewk0F

A "
Ty

gy Dot v T

1
TG e 0 BN

Fra =
[
Y

FE T
[
hEnCF

] T

T DB B TR
st

FD T

v Dei G- et
ey

o —
TEsan Dave e
s

3 =
v D

[T W

—— ]
ey

Ao




T

Multiple Hazards ET/FT model

Type of event

Summation combinations

NARSIS Report

NENE 2021

Interval Core Damage Frequency

Point val. Mean val.
Referencyjny (NRC) - - 1.20E-07 1.22E-07
Earthquake Event Basic model + Earthquake Model - 1.08E-07 1.09E-07
Flooding Event Summation of all only flooding - 9.38E-07 9.35E-07
Intervals
Earthquake and Flooding for |Summation of Earthquake and 0.01-4m 9.67E-07 9.61E-07
Interval Flooding for specific flooding 4-5 56m 8 43E-08 8 46E-08
Interval
Earthqguake and Flooding Summation of all Earthquake and - 1.05E-06 1.05E-06
Flooding Intervals
Overall Failure Probabillity Summation of Basic , Earthquake, - 2.10E-06 2.09E-06
Floodings, Earthquake and
Flooding
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Models Integration

Probabilistic
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Conclusions

* New approaches to risk assessment for nuclear facilities have been developed

* A new model for calculating the frequency of Initiating events based on a dynamic Bayesian network was
developed

* A new approach has been developed to account for multiple external hazards in PSA Level 1 analyses

 The proposed methods were tested on the example of Loss of Offsite Power Initiating Event

* The concept of model integration was demonstrated
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