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Abbreviations 

AB  Advisory Board 

AM  Accident Management 

BEPU  Best Estimate Plus Uncertainty 

CNSC  Canadian Nuclear Safety Commission 

ExB  Executive Board 

EURATOM  European Atomic Energy Community 

EU  European Union 

EUG  End Users Group 

FOM  Figure Of Merit 

IAEA  International Atomic Energy Agency 

JAEA  Japan Atomic Energy Agency 

MSc  Master of Science 

MUSA  Management and Uncertainties of Severe Accidents 

NEA  Nuclear Energy Agency 

OECD  Organization for Economic Co‐operation and Development 

ONR  Office for Nuclear Regulation 

PMO  Project Management Office 

SA  Severe Accident 

SAM  Severe Accident Management 

SFP  Spent Fuel Pool 

SNL  Sandia National Laboratories 

ST  Source Term 

UaSA  Uncertainty and Sensitivity Analysis 

UP  Uncertainties of input deck Parameters 

UQ  Uncertainties Quantification 

WP  Working Package 

1F4  Fukushima Daiichi Unit 4 
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1 Introduction 

The overall objective of the Management and Uncertainties of Severe Accident (MUSA) project 
was to assess the capability of Severe Accident (SA) codes when modelling reactor and SFP 
(Spent Fuel Pool) accident scenarios of Gen II and III Nuclear Power Plants. The MUSA 
Consortium comprises 29 partners, spread across 3 continents, and involves some of the most 
experienced organizations in the scientific domain of SA. 

MUSA was characterized by an innovative research agenda in order to move forward the 
predictive capability of SA analysis codes by combining them with the best available/improved 
Uncertainties Quantification (UQ) tools and embedding Accident Management (AM) as an intrinsic 
aspect of SA analyses. A special attention has been given to educational and training aspects, 
disseminating the acquired knowledge also towards the young generation of researchers. 

The Final open workshop at the end of the project, whose Proceedings are collected in the 
present document, open to international participants outside of the MUSA consortium, was held in 
hybrid mode at CIEMAT Madrid from 10 to 11 May 2023, with about one hundred of registered 
participants. The main goals of this final workshop were the public dissemination of the MUSA 
project results and gathering conclusions and outcomes towards the nuclear European community 
and even beyond, such as IAEA and OECD/NEA. 

1.1 Learning Modules Presentation 
 

 

The major outcomes of MUSA have been directly disseminated to MSc students/young 
researchers and to a generic audience also through e-learning modules that are made available 
from the project public website https://musa-h2020.eu/ with a free access. These learning 
modules, compiling both the major outcomes from MUSA project and additional insights 
concerning codes predictability and the Fukushima accident, have been launched with a partner 
initiative, during this Final Open workshop. Three videos with a duration of about 45 min each 
have been realized, addressing the following MUSA topics: 

• Analysis of severe accidents: From the early days to the near future (by CIEMAT). 

• Methodologies for uncertainty assessment in SAs, with particular emphasis on the ST 
estimates (by UNIPI). 

• Assessment of ST Uncertainties in Fukushima-like scenarios (by CIEMAT). 

 

2 Synthesis 

The Agenda of the Workshop is reported in the Annex I while the open presentations are collected 
in the Annex II. 

 

Opening Session - The MUSA open workshop was launched with a session bringing external-to-
MUSA information on SA uncertainties. It consisted in two invited lectures: 

 “Severe Accident Uncertainites Analysis”, D. Luxat (SNL, United States of America)1. 

 “Uncertainties of Source Term in the Accident at the Fukushima Daiichi Nuclear Power 
Station”, Y. Maruyama (JAEA, Japan). 

After the discussion of both keynote lectures, a round table with both authors and S. Gyepi-
Garbrah (CNSC, Canada) and A. Tehrani (ONR, United Kingdom) on “The use of UQ in the 
regulatory process” was held. Among the very many ideas discussed a few can be cited: the need 
to proceed in a continuous enhancing of nuclear safety and an efficient way and how UaSA might 

 
1 This presentation is not included in the Annex II. 
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help; the potential new paths that “emergent models” might bring into the area; the need to bring 
advanced methods, particularly UaSA, as close as feasible to AM and look for the best way to fill 
the decision process; the tight and strong relation of uncertainties with the specific accident 
scenarios; the key role of understanding the analytical methods to be used on nuclear safety 
analysis, no matter which ones, from surrogates to multi-scales modelling; or the indispensable 
“substantiation” that should support any safety statement. 

 

Session 1 consists of a single introductory presentation of the project (CIEMAT). MUSA was 
presented from its inception to how it was articulated to face with the known challenges. Emphasis 
was placed on the “expected outcomes” at the onset of the project and the achievement of most 
of them in the end. It was highlighted that systematization of a methodology was a way too 
ambitious objective and the fact that a further shot should be given in the form of another research 
project (called INNOMUSA) based on the outcomes of MUSA.  

 

Session 2 was a recap of the essential elements of the project. 

 Uncertainties database (GRS), about the rationale of the database produced, from FOMs to 
parameters. 

 Methodologies Part I - the starting point (KIT), on the journey of gathering SA codes and 
statistical tools and coupling them, the initial diversities among the project partners’ 
approaches and the open aspects of the different approaches. 

 

Session 3 on UQ Applications 

 First insights into the UQ application employing the PHEBUS-FTP1 test (ENEA), including the 
major issues risen and the diversity in the responses. 

 Applications to in-reactor SA sequences (JRC), with an identification of the partners’ different 
approaches and an illustration of the achieved results. 

 Applications to Spent Fuel Pools (IRSN), with and identification of the different approaches 
(1F4 scenario, building presence), highlighting diversity among partners and different 
approaches to SFP modeling. 

 

Session 4 Summary and Final Discussion 

 Major insights from MUSA (CIEMAT) 

 Reflections on final uncertainties database (GRS), highlighting what brought from the MUSA 
technical WPs and key issues still to be worked out. 

 MUSA from the standpoint of AB & EUG 

 The path forward with the presentation of the new project INNOMUSA (CIEMAT) 

 

3 Main Highlights 

The MUSA Open Workshop was a successful event in multiple regards, from the attendance and 
interest shown to the MUSA outcomes and discussions held during the event. A few major 
highlights are worth summarizing next:  

 The MUSA project has been an “imperfect success”, with outstanding results achieved in 
key elements of the application of Uncertainty and Sensitivity Analysis (UaSA) in the SA 
domain. Examples are: the extensive database collected on uncertainties of input deck 
parameters (UP); the large collection of SA code/UQ tool coupling fitted for the purpose 
and used in the project; and the identification of the major challenges that bringing UaSA 
in SA entail, from the extension of the UP database to the management of failed crashes 
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and the consistent and useful way of using data analysis techniques. Particular mention 
deserve the large databases built-up on in-reactor and Spent Fuel Pool (SFP) applications. 

 The need for a systematic and consolidated methodology for the application of UaSA in 
SA was brought up in presentations and discussions as a mandatory step to make the best 
out of MUSA. A new project, INNOMUSA, is presently under construction to fill this need. 
More than 25 organizations within Europe have already expressed their interest. 

 The “substantiated” expert judgement was said to be more essential than ever in the UaSA 
application in SA, from the selection of the UP set to the interpretation of all and every 
realization conducted, failed cases, bifurcations and outliers included. Emphasis was 
placed in “substantiating” each technical claims, from those made in the application of 
UaSA to the ones done in MUSA outcomes. 

 The implication of estimated uncertainties on management and decision making during 
any postulated accident was pinpointed as an area that could substantially benefit from the 
work done within MUSA.  

Finally, both the European Commission Officer and the members of Advisory Board and End User 
Group of MUSA agreed on the valuable outcomes presented and the exemplary progress of the 
project, even under the harsh conditions imposed by the COVID-19 pandemic situation. 
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