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Evelyne Foerster NARSIS project 
coordinator  

Dear Reader, 

As the NARSIS project has finally come to an 
end, I am pleased to present this last issue, 
which concludes our adventure started in 2017 
and which aimed to improve the safety and 
reliability of generation II and III reactors.  

NARSIS was above all a 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 suppliers, reactor 
designers and operators from ten countries 
have collaborated in the frame of this H2020 
EURATOM project. This European cooperation 
effort for a safer use of the nuclear energy has 
demonstrated it can lead to a stronger and 
better preparation for the future. During this 
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 all these years. Among 
others, we developed and implemented the 
NARSIS Multi-Hazard Explorer (MHE), an open-
source open-access tool to be used as part of 
the steps related to Initiating Events and 
Screening (deterministic or probabilistic) 
analyses in extended PSA. The MHE is suitable 
not only for multi-hazards scenarios but also 
for independent single hazards assessment. 
We also developed some refined fragility 
derivation methods, in order to increase the 
estimation accuracy of the Systems, Structures 
and Components (SSC) failure rates.  

Various numerical models and approaches 
were investigated in order to integrate 
cumulative effects such as ageing mechanisms, 
successive loadings (e.g. thermal fatigue 
combined to earthquake events), or soil-
structure interactions. We integrated the 
human factors in the reliability analysis, as a 
potential source of epistemic uncertainty. A 
novel Bayesian Networks (BN)-based 
methodology for human error probability was 
developed and connected to technical BNs 
used for risk integration. A new approach to 
the analysis of Common Cause Failures (CCFs) 
was developed improving existing methods in 
both impact calculation and visualisation. The 
applicability of two strategies to reduce the 
computational costs for plant safety 
assessment, was investigated, namely the 
metamodelling techniques and a novel solving 
strategy, combining the LArge Time INcrement 
and Proper Generalized Decomposition 
methods for model-order reduction. Finally, 
the demonstrative decision supporting tool 
SEVERA was developed and implemented for 
severe accident management, encompassing 
both diagnostic and prognostic parts, useful for 
the technical support center staffs, so to speed 
up the decision process and make it more 
informed. We prepared and organized lectures 
for students and young professionals, in order 
to disseminate our scientific findings widely. In 
As you will discover in the following pages, we 
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 that much remains to be 
accomplished. We can now rely on a strong 
multidisciplinary network to ensure the 
sustainability of our initiative. To conclude, I 
would like to thank all the NARSIS partners who 
contributed to this success story. I look forward 
to having new exciting collaboration 
opportunities with you.  

I wish you good inspiration!  



 

 

 

 

 

 

 

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). 

Topic1: The Multi-Hazard (MH) framework  

Main objectives: Propose new approaches for characterization of potential physical threats a nuclear 
installation can be exposed to, due to different external natural hazards and scenarios. Develop an 
integrated multi-hazard framework for nuclear safety assessment, accounting for single and 
combination events at different time scales, including the potential impact on supply and 
infrastructure in which the NPP is embedded and on which its functionality depends on. 

The Multi-Hazard (MH) framework assesses and quantifies primary and secondary hazards including 
cascading effects as well as uncertainty, in order to allow studying the consequences of combinations 
of potential well-characterised physical threats due to different external hazards and scenarios. These 
new approaches focus on earthquakes, flooding, tsunamis and extreme weather, as they have been 
identified as priorities by the PSA End-Users community in the ASAMPSA-E project.  
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The final methodology proposed in NARSIS is based on the 3-level framework proposed by the FP7 
MATRIX project, with complements and adaptations for the NPP specific nature. Hence, the framework 
includes five successive levels: 

- Level 0 : Single hazard assessment through standard practice or improved methods 
- Level 1: Multi-hazard assessment scoping through potential site specific hazards 
- Level 2: Multi-hazard interaction matrix and scoring 
- Level 3: Modellability matrix 
- Level 4: Quantitative analysis of multiple hazard probabilities 

Various pathways for analysis of multi-hazard scenarios can be followed as shown below. 

 

 

 

 

The flow chart for extended PSA with the proposed location of the multi-hazard framework component 
is presented hereafter. 



 

 

A collection of hazards datasets was examined and analysed for earthquake (and secondary effects), 
tsunami, flood, hail, lightning, tornado, rainfall, temperature, volcano and wind; including screening. 

The integration of hazard analyses and sites examined, has been performed in an open-source and 
open-access software framework, namely the NARSIS Multi-Hazard Explorer (MHE), so to be able to 
model and simulate single as well as multiple hazards (e.g. high winds or earthquake & high 
precipitations leading to structural damage and equipment flooding; or earthquake with fire-following 
or flooding-following due to damaged spent fuel pool or pipes, etc.). 

The NARSIS MHE is an entry-level tool to quickly review and assess multi-hazard scenarios. It 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 multi-hazard assessment with 
consideration of secondary effects (e.g. landslides or liquefaction). Multi-hazard is hereby defined as 
the linear combination of 2 independent hazards. Combining more than 2 hazards is not part of the 
software but can be integrated by rerunning analyses. The tool 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 probabilities on one component of the linear combination. The generic nature of the software 
allows to be used outside the nuclear field and also provides a standalone which can be adapted by 
plant operators or modellers only for internal use on a specific site. The NARSIS MHE tool is available 
at: https://github.com/a-schaefer/NARSIS-MHE 
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The NARSIS partners also presented some innovative solutions developed as part of the multi-hazard 
framework, and dedicated to the improvement of existing Probabilistic Hazard Assessment (PHA) 
methodologies, respectively for: 

- Tsunami 

¶ Fast high-resolution Seismic- Probabilistic Tsunami Hazard Assessment approach to 
estimate hazard at a coastal level, through accurate numerical tsunami propagation 
and inundation modelling on high resolution bathymetry/topography grids along the 
coastlines; 

¶ Stochastic modelling of the fault slip spatial heterogeneity for near-field tsunami 
simulations, in order to assess the impact on the near-shore wave propagation and 
flooding; 

¶ Probabilistic tsunami modeling  for decommissioned sites. 
- Extreme weather and flooding  

¶ Uncertainty Quantification and Global Sensitivity Analysis for dependent model inputs 
and levee breaches consideration, in order to better understand the numerous 
uncertainties in hydraulic models; application to the 2D hydraulic model of the Loire 
River in France. 

¶ Multivariate analyses for extreme weather analysis (heatwaves, extreme rainfalls), 
with application to decommissioned plant sites. 

- Extreme earthquake 

¶ Use of a vector-based methodology to select the appropriate hazard parameters for a 
given site, and to assess multiple metrics to describe a same hazard event; 

¶ Aftershocks ς Ground Motion (GM) severity and probability assessment, given a 
mainshock GM at a site. 

¶ Modelling of earthquake ς flood interaction, considering independent and dependent 
(e.g., levee break due to the earthquake) events. 

  



Topic 2: Fragility assessment 

Main objective : Develop refined fragility derivation methods in order to increase the accuracy of the 
estimation of Systems, Structures and Components (SSC) failure rates, thanks to current advances in 
quantitative hazard modelling and computational capacities.  

Standard practice in fragility analysis relies on 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. vector-valued IM) 
are discussed. General principles and theoretical framework are first presented including fragility 
function and major types of uncertainty. Fragility curves, which express the probability of a SSC to 
reach or exceed a predefined damage state as a function of an IM representing the hazard loading, are 
common tools in the nuclear field. A short analysis of the main features and limits of the current 
statistical methods for the derivation of fragility functions is presented. 

 

A multi-hazard fragility framework is presented in order to treat various cases of multi- and single-
hazard interactions. As 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 Standard single-IM case, with a simple IM- Engineering Demand Parameter (EDP) relationship.  
1. Vector-IM fragility function, usually with a correlation between the IMs.  
2. System fragility function, resulting from the assembly of single component damage events (i.e., 

combination of failure modes). The correlation between the occurrences of the failure modes, 
given the IMs, should be taken into account.  

3. Multi-hazard fragility function, where a multi-variate distribution function represents the 
damage probability due to the interaction of co-occurring loadings.  

4. Damage-state-dependent fragility functions 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 triggering another) or independent (i.e., occurrence within the same time 
window). 
 


