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Digitalisation, Modelling & Simulation

Relatively new field of expertise

Many aspects
Code Development

Machine Learning

Code Qualification

Uncertainty Quantification

Code Coupling

Digital Twins

Virtual Reactors
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Code Development & Machine Learning

Codes were developed since the dawn of nuclear, still it remains important 

 To cover new challenges

 To increase accuracy

 Comply with VVUQ requirements

Need to understand physics

Model development

High fidelity simulations to complement experiments are gaining importance

Commercial packages and open source tools

 OpenFOAM, GeN-FOAM, OFFBEAT, SALOME-MECA
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Qualification

Proper code qualification essential for safety analyses and licensing

Good practices by IAEA

New challenges for

 Passive systems

 Innovative components

 New working fluids and materials

 International collaboration essential

 IAEA

 OECD/NEA

 European Commission - Euratom
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Uncertainty Quantification

Important for acceptance of simulation results by a regulator

Simulations with long run time

 PIRT: understand potential sensitivities

 Monte-Carlo: not feasible

 Polynomial Chaos Expansion: still costly

 Deterministic sampling: limited amount of computations

 ASME VVUQ

 Method to determine
modelling uncertainty
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Multi-scale

Combining simulations at various scales

Subcomponent to plant scale

 Design optimization

 Reducing conservatism

Qualification

 Multi-scale coupled codes will be treated as a 
single code

 Separate effect tests depend on one scale
(aready covered)

 Need for integral effect tests

Developments needed for two-phase flow
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Multi-physics

Combining various physics in one simulation
Thermal Hydraulics

Structural Mechanics

Reactor Physics

Chemistry

Artificial Intelligence
Big Data

Machine Learning

GeN-FOAM open source development

Exploratory work in H2020 CORTEX
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Digital Twins

Virtual copy of existing or new reactors

Real time simulators

Multi-scale simulations

Multi-physics simulations

 Interactive visualization

Plant-life management system
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Digital Nuclear Reactor Initiative

Virtual reactor

Support multi-scale multi-physics
simulation

Modular and easy configurable

Single digital portal

ALICES platform for simulators

Full scope simulation

Backbone of control room simulator

Design and optimization studies
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Summary of Ongoing Projects and New Idea

Ongoing projects
H2020 CORTEX

GeN-Foam (EPFL)

ONCORE (IAEA)
 Open source code database

Digital Nuclear Reactor Initiative / Réacteur Numérique (France)

Nuclear Virtual Engineering Capability project (UK)

Project idea
Combine Experiments and High-Fidelity Simulation for Development of Engineering 

Models
 Covering single & multi-phase flow

 Including Uncertainty Quantification & Machine Learning
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