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Agenda @BNETP

Sustainable Nuclear Energy
Technalogy Platform

 The project

4 Product 1: a platform for studies

d Product 2: a full scale NPP simulator
d « Software as a Service » platform

 First results
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Digital Nuclear Reactor Initiative  ‘@BNETP

Sustainable Nuclear Energy

—
Technalogy Platform

Partners Support Clients Dates & Budget
a Bpifrance From January 1, 2020
o Operators to December 31, 2023
- HYS “ EDF @ Englneerlng _____________________________________________________
e valiey Gifen Design
orone office Total budget : 29 M€

framatome AFﬁJHrvices

2 Innovative products based on a continuum of models in reactor physics

SERVICE PLATFORM FOR TRAINING SIMULATOR
STUDIES
PROVIDE MULTI-PHYSICAL AND MULTI- TRAIN OPERATORS ON A DIGITAL TWIN
SCALE SIMULATION BASED ON COUPLING REPRESENTATIVE OF THE PHYSICAL STATE
OF SPECIALIZED CODES TO DEVELOP NEW OF THE NPP AND COUPLED TO PROCESS
METHODS AND EXPERTISE DATA

NUMEmQUE
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The digital reactor initiative ‘@BNETP

Sustainable Nuclear Energy
Technology Platfarm

« 8 partners involved:
— CEA, EDF, FRAMATOME, CORYS, ESI Group, AXONE, AFNET-SERVICES, CNRS-CRAN

« Development of the digital twin of a nuclear reactor comprising:
— A multiphysics and multiscale coupling platform for advanced simulation
— A full scale simulator
— Advanced visualization tools
— A single web portal offering access to all services

Advanced Multiphysics and
Multiscale simulation

Full Scale NPP Simulator

Advanced visualization tools
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Product 1: platform for studies ‘@BNETP

Sustainable Nuclear Energy
Technology Platform
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Multiphysics & Multiscale workbench ‘@BNETP

Sustainable Nuclear Energy
Technology Platform

Based on the SALOME open-source numerical platform (EDF/CEA) :

O Preprocessing tools : CAO modeler, Meshing
O Proven capabilities of code integration & coupling, including simulation codes approved by French

regulator (ASN) as well as external codes
O Numerous tools : Jobs distribution, parametrical studies, data coupling, mesh interpolation, ...
O Uncertainties treatment software: OpenTurns, Uranie, GUI Persalys (new!)

O Advanced postprocessing tools
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‘i Physical Data

Processing

Output

* Code Saturrne (CFD)

* Code_Aster (Mechanics)

* COCAGNE {Neutronics)

+ SYRTHES (Solid Heat Transfer)
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A common

Current architecture
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coupling platform ‘@BNETP
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Sustainable Nuclear Energy
Technology Platfarm
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One ambition: ever more robustness and precision @BNETP

Sustainable Nuclear Energy

On a Wlder Scope Of use Technology Platform

Higher quality modelling

Real time simulators Best estimate Best effort

High Fidelity

Quantification of
simulation bias
* Reference for accident
studies

* Reactor design studies

i e Baseline calculations
» Safety studies

e Studies in extreme
situations (accidents, etc.)

e Substitute for experiments

where data is non-existent

Operating assistance
* Training
Operational studies

Interoperability / Interchangeability

OPERATION __B=7=r==or m
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Product 2: Full Scale NPP Simulator

OPERATION BENCH

SDIN EAM

Representativeness of
physical state of unit module

PLM SMART

ORLI ; AIC

Adjustment on operating
data module

based on SIRENE 1300

3D/ Libraries

thermo-hydraulic models
Generation module

Cathare2 & 3

Encapsulation of reduced
models and “real time”
control module

Degradation and
ageing templates

{4y &l

Material wear module
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Sustainable Nuclear Energy
Technology Platform

ADVANCED VISUALISATION

Requirements Monitoring
(STE)

Operator guidance &
procedure validation




Full Scale workbench backbone

Based on ALICES platform (Corys):

O Adigital platform which can use international
standards (such as FMI) for a Plug’N’'Play model
Integration

O A complete set of tools to handle a full-scope
simulation of a nuclear reactor

U Used as backbone of operators’ training simulators

0 Used also for design and optimization studies
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‘@BNETP

Sustainable Nuclear Energy
Technology Platform

Connected to advanced vizualisation tools

based on Unity:

O Idea: use of metaphors, techniques used a lot in
games and movies industries.

U EDF has some experience in this domain with
MINERVE application and plans to upgrade it
using up-to-date technology.

Project aims’ for both training and engineering:

U Ease the update of simulator’s configuration
along with maintenance operations

O « digital twin »: Simulator is mirroring the actual
NPP state using data assimilation

O Include ageing modeling

O Include smart functions like « operation rules
monitoring »
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Saas Platform for end-users ‘YBNETP

Sustainable Nuclear Energy
Technology Platform

‘;' - Based on Visual DSS platform (ESI Group):
@ o \NE o 2\ @ | .

— LA —\™ e Q Multi-Domain Computer Model Management
S_D_'ﬂ Slaion Ot esereroriion ®===@ ™~ 1 CAE Process Automation
woo] oo m Cri:> O Project Workflow Management
isovos A Simulation Content Management

O Systems Integration Framework
O Reporting and Decision Support

Project aims’ for this platform:

O Allow personnalization with new simulation
workflows

O Ease the access to various simulation software

O Unify entry data collection

RCCM regulation
Build CAE Processin
Visual-Environment
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First results : demonstrators ‘@BNETP

Sustainable Nuclear Energy
Technology Platform

4 Platform for studies:
O Two use cases in progress: Rod Ejection Accident and Islanding
O Interchangeability and physical couplings work well ©

4 Full scale simulator:
O Training prototype available for « Pressurizer steam bubble collapse » (see
video)
Q Very good feedback from operators ©
O Work in progress on: model reduction, wedging with operational data,...

O SaaS platform:
d First « PoC » available for parametric studies (using Salomé and
code_saturne) ©
O Next steps: connect to Visual DSS
O The training prototype
O Then the platform for studies
O And provide access to Salomeé platform
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Full Scale Simulator : training prototype ‘@BNETP

Sustainable Nuclear Energy
Technology Platform
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REACTTL R

SaaS platform : simulation study using Salome
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SaaS Platform : parametric study  ‘@BNETP

Sustainable Nuclear Energy
Technology Platform
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