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DearReader,

Asthe NARSIS projedtas finally come to an
end, | an pleased to present this last issue
whichconcludes our adventurstartedin 2017
and which aimed tamprowve the safety and
reliability of generation Il and Il reactors.

NARSIS was above al network of trust,
mutual support and knowledge transfer
between the major players of the community.
Together, seventeen partners encompassing
leading universities, research institutes,
technical support organizations (TSO), nuclear
power producers and fpliers, reactor
designers and operators from ten countries
have collaborated in the frame of this H2020
EURATOM projecThisEunpeancooperation
effort for a safer use ofhe nuclear energyas
demonstrated itcan lead to astronger and
better prepartion for the future. During ths
project, the consortium gave its best to
develop and update important topics related to
the Probabilistic Safety Assessment (PSA),
focusing on external natural events.

I am most proud of our numerous
accomplishments over alhese years. Among
others, we developedand implemented the
NARSIS Multilazard ExplorgfMHE) an open
source operaccess tool to be used as part of
the steps related to Initiating Events and
Screening (deterministic or probabilistic)
analyses in extend® PSA. The MHE suitable
not only for multthazardsscenariosbut also
for independent single hazards assessment.
We also developed some refined fragility
derivation methods in order to increase the
estimation accuracy of th8ystems, Structures
and Conponents(SSC) failure rates.

Various numerical models and approaches

were investigated in order to integrate
cumulative effects such as ageimgchanisms,
successive loadingge.g. thermal fatigue
combined to earthquake events)or soit
structure interacions. We integrated the
human factors in the reliability analysis, as a
potential source of epistemic uncertaint
novel Bayesian Netwosk (BN}based
methodologyfor human error probability was
developed and connected to technical BNs
used for risk integation. A new approach to
the analysis ofCommon @useFailures(CCFs)
was developed improving existing methods in
both impact calculation and visualisatiofihe
applicability of two strategies to reduce the
computational costs for plant safety
assessment,was investigated,namely the
metamodelling techniques ana novel solving
strategy, combininghe LArge Time INcrement
and Proper Generalized Decomposition
methods for modelorder reduction Finally,
the demonstrative decision supporting tool
SEVERMvas eveloped and implementedof
sevee accident managementencompassing
both diagnostic angirognostic partsuseful for
the technical support centestaffs, so tespeed
up the decision process and make it more
informed. We prepared and organized lectures
for studentsand young professional#) order

to disseminate our scientific findinggdely. In

As you will discover ithe following pageswe
presented the most significant results of the
NARSIS project during our final workshop in
February 2022 fostering dialogue between
scientific communities conducting similar
research in other fields.

While NARSIS comes to its end, we are of
course well aware thatnuch remains to be
accomplishedWe can now rely on a strong
multidisciplinary network to ensure the
sustainability of our initiative. To conclude, |
would like to thank allhe NARSIS partners who
contributed to tHssuccesstory. | look forward

to having new exciting collaboration
opportunities with you.

I wish you good inspiration!



FINAL WORKSHOP

The NARSIS final workshop, held on February 2022, aimed at presenting the main
results and achievements from the research activities carried out within the NARSIS
project. It was also an opportunity to bring together different safety-related and risk
management communities. Due to the Covid-19 pandemic, the workshop was held
online and offered virtual presentations from the NARSIS consortium as well as from
different invited speakers. Hereafter is a summary of the main topics presented. All the
presentations can be found at: NARSIS Final Workshop (narsis.brgm.fr).

Topicl: The Multi-Hazard (MH) framework

Main objectives Propose new approaches for characterization of potential physical threats a nuclear
ingtallation can be exposed taue to different external natural hazards and scenar@evelop an
integrated multihazard framework for nuclear safety assessment, accounting for single and
combination events at different time scale#ncluding the potentialimpact on supply and
infrastructure in which the NPP is embedded and on which its functionality depends on

TheMulti-Hazard (MH) frameworkssesses anguantifiesprimary and secondary hazards including
cascading effects as well as uncertaitimyprderto allow studying the consequences of combinations
of potential wellcharacterised physical threats due to different external hazards and scenariegge The
new approaches focus on earthquakes, flooding, tsunamis and extreme weathéney have been
identified as priorities by the PSA Ebders communityn the ASAMPSE project

D1.1 - Literature - Provides basis for existing multi-hazard methods
Review 4= - Single hazard and background analysis of existing sites
More multi-hazard - Hazard methodology / 79 external hazards
studies for sites. /
Volcano, low water, Background
Tornado Multi-hazard methods

- Decommissioned Site Analyses (Single hazards)
4= - Trino Vercellese independent hazard test cases

- Station correlation analyses / Curve production

D1.6 - Single and
Volcano Analyses Secondary Hazards
Dependent Hazards Independent hazards

Cascade Methods

D1.7 - Multi-hazard D1.2 - Tsunami - Multi-scale Analysis

— Framework Analysis ——p - Decc_)mmissione_d site analysis
- Station correlation analyses / Curve production
Hydromet hazard analysis
Wind copulas
D1.3 - Extreme - Multivariate Methods / Copulas / Station data
Weather 4> - Sensitivity Analyses for Flooding, Ext. weather
- Provides Multivariate methods for volcano analysis (wind etc.)
D1.8 - Software and
Open Framework
Earthquake Metrics
Aftershock Analysis - Detailed GPUSPH analysis
Fault Disp. Analysis D1.4 - Flooding ey - Sensitivity Analyses
With Input from - Mechanical models for analysis
Other WP deliverables
D1.9- - Aftershock analysis and methodology
\—D Recommendations for e —— D1.5 - Earthquake 44— - Vector-based metrics including CMS for sites

Regulators - Fault displacement, seismic source modelling


http://narsis.brgm.fr/news/narsis-final-workshop

Thefinal methodology proposed in NARSIS is basedher3-level frameworkproposed by the FP7
MATRIproject, with complements and adaptations for the NPP specific natdegce, the framework
includes five successive levels:

- Level 0: Single hazard assessment through standard practice or improved methods
- Level 1: Multihazard assessment scoping through potential site specific hazards

- Level 2: Multihazard interaction matrix ahscoring

- Level 3: Modellability matrix

- Level 4: Quantitative analysis of multiple hazard probabilities

Various pathways for analysis of muitizard scenarios can be followed as shown below.
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The flow chart for extended PSA with the proposed locatithe multihazard framework component
is presented hereafter.



2. Developing PSA Peril SSC List
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9. Extreme weather risk quantification

A collection of hazards datasets was examined and analysed for earth(arakeecondary effecjs
tsunami, flood, hail, lightning, tornado, rainfall, temperature, volcano and wind; imdustireening.

The integration of hazard analyses and sites examihadbeen performed in an opesource and
openraccess software frameworkamely the NARSIulti-Hazard Explorer (MHESo to be able to
model and simulate single as well as multiple mdga(e.g. high winds or earthquake & high
precipitations leading to structural damage and equipment flooding; or earthquake witfofloaving

or floodingfollowing due to damaged spent fuel pool or pipes, etc.).

The NARSIMHE isan entrylevel toolto quickly review and assessulti-hazard scenariost allows to

view and manipulate hazard curves of which various samples are included to assess potential variations
on the given sample data. Hazard curves can be combined for-naaitird assessment with
consideration of secondary effects (e.g. landslides or liquefactiunjti-hazard is hereby defined as

the linear combination of 2 independent hazar@mbining more than 2 hazards is not part of the
software but can be integrated by rerunning analyse® fbol uses given hazard return period curves

of independent hazards and computes occurrence probabilities for both hazards happening in the
same time window. Similarly, dependent hazards can also be applied and brought in as stochastic event
set probabiliies on one component of the linear combinatiofhe generic natureof the software

allows to beusedoutside the nucleafield andalso provides a standalone which can be adapted by
plant operators or modellers only for internal usa a specific siteThe NARSIS MH&ol is available

at: https://github.com/a-schaefer/NARSISHE



https://github.com/a-schaefer/NARSIS-MHE
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TheNARSIPartnersalsopresented some innovative solutions developed as part ofntlti-hazard
framework and delicated to theimprovement of existingProbabilistic Hazard AssessmeRHA
methodologies, respectively for:

- Tsunami
1 Fast highresolution SeismicProbabilistic Tsunami Hazard Assessment approach to
estimate hazard at a coastal leyéhrough &curate nunerical tsunami propagation
and inundation modellingn high resolution bathymetry/topography grids along the
coastlines
9 Stochastic modellingf the fault slip spatial heterogeneityfor nearfield tsunami
simulations, in order to assess the impact the near-shore wave propagation and
flooding
9 Probabilistic tsunami modeling for decommissioned sites
- Extreme weather and flooding
1 Uncertainty Quantification and Global Sensitivity Analysisdémendent model inputs
and levee breaches consideration, in ord® better understand the numerous
uncertaintiesin hydraulic modelsapplication tothe 2D hydraulic model of the Loire
Rverin France.
1 Multivariate analyses foextreme weather analysitheatwaves, extreme rainfalls),
with application todecommissionegblant sites.
- Extreme arthquake
1 Use of a vectebasedmethodologyto select the appropriatdazardparameters for a
givensite, and to assess multiple metrits descrite asamehazardevent,
1 Aftershocksg Ground Motion (GM) severity and pobability assesment, given a
mainshock GM aa site.
1 Modelling of earthquake flood interaction, considering independent and dependent
(e.g., levee break due to the earthquake) events.



Topic 2: Fragility assessment

Main objective: Developrefined fragility derivatio methods in order to increase the accuracy of the
estimation ofSystems, Structures and Compone(8SC) failure rates, thanks to current advances in
guantitative hazard modelling and computational capacities.

Standard practice in fragility analysis eslion a single (scalar) intensity measure (IM). The benefits of
using alternative IM as well as fragility functions based on more than one IM (i.e. vedted M)

are discussedGeneral principles and theoretical framework are first presented incluéhiagility
function and major types of uncertainty. Fragility curves,chéxpress the probability of &SC to

reach or exceed a predefined damage state as a function of an IM representing the hazard loading, are
common tools inthe nuclearfield. A shortanalysis of the main features and limits of the current
statistical methods for the derivation of fragility functions is presented.

A nulti-hazard fragility framework is presented in order to treat various cases of-nanlti single
hazard interactionsAs a result, it is found that a total of five cases may be able to describe most of
the configurations that are encountered, when dealing with external hazard events:

1

1.
2.

Standard singkkM case, with a simple IMEngineering Demand Parameter (EDP) relatigmsh
VectorIM fragility function, usually with a correlation between the IMs.

System fragility function, resulting from the assembly of single component damage events (i.e.,
combination of failure modes). The correlation between the occurrences of ihiedfanodes,

given the IMs, should be taken into account.

Multi-hazard fragility function, where a mukiariate distribution function represents the
damage probability due to the interaction of-cecurring loadings.

Damagestate-dependent fragility fuctions where a first hazard loading may degrade the
resistance of the SSC or alter the conditions for when a subsequent hazard loading is applied
(i.e., sequence of events). The hazards may be correlated (i.e., same source event, or one
hazard event triggéng another) or independent (i.e., occurrence within the same time
window).



