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General framework
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A key issue of transformation in terms of multi-
criteria performance (economic, technical,
safety, governance, ...)

Ongoing development and deployment of methods
and tools supporting management of design,
construction, operation, maintenance, safety and
monitoring

o A methodology combining BIM and PLM technology at the

central part of project management
« Collaborative and interoperable environment

o 3D digital model
4

o Many core "business applications" through Digital Twins :

- Digital twin 4D (space/time) for multi-spatial, multi-
physical, multi-components behavior
(simulated/measured data)

- Digital twin by Virtual/augmented reality tools for
accidental situation
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3D digital model of Cigéo (1/3)

3D geometric modelling of whole project achieved and operational :

o Detail of all components of Cigeo's surface and underground installations, with global
architecture at the end of Detailed Engineering Study phase

o Graphic Interface to access to all kinds of data of the project about components (data centric
approach)

W, &
— | — | 5 )
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Exemple of progressive zoom from whole repository to disposal cell
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3D digital model of Cigéo (2/3)

An operational tool as central part of project management

o Dynamic
visualization

* easy moving
* many views

o Interactions with
environment

o Integration of
industrial
process

‘ ANDRA
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Project application

Example of applications for

3D digital model + design optimization :
geometry geological layers _ Check the safety
/ requirement of minimal

thickness of host rock upper
/ lower disposal cells

Intégration of local
THMC properties
(Treatment method from

- Improve numerical
simulation taking into
account natural variability

N

Ex : Thermal conductivity % 3D-sismeic survey)
e ——— | — (ANDRA
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4D Multi-physical Digital Twin of Cigeo

A multi-knowledge integration tool (physical and
S components) of the 4D phenomenological behavior

e of the disposal to

o Inform and predict in "real time" the “multi"
behavior of the disposal system

« Check that the facility and its geological environment

remain within the phenomenological operating range

defined within the framework of the safety
assessments and the commissioning authorization

« Contribute to ensure operational safety
= Decision-making tool sensors

representation -~~~

« Control of the environmental conditions for the
retrievability of the packages

metadata

twin

o Capitalize multi-physical knowledge s
(time/space), including post-closure

= Work in progress with stepwise approach (2020-2027) (‘ANDRA
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4D Multi-physical Digital Twin of Cigeo

A set of complementary and interdependent "local" digital twins, at the
__ S8
——— (components / processes) local scale, then an assembly :

o For multi-physical evolution during construction
and operating phase, on disposal cell, HLW and
ILW parts, galleries, seals, ramp, digital twins
about :

« "THM of host rock close to exothermic HA disposal cells"

« "Thermo-aeraulics of the ventilated galleries "

« "Mechanical evolution of the lining steel of the HA disposal x
cells" —

« "Gas Transfer in the MA-VL disposal cell" ‘ )
4 alvéole du
+ “Hydrogeology of (sub)surface limestones” [ ncimegaisassitk e

. stockage MA-VL
+ Etc... Q

o For large-scale performance verification, digital ™"
twins of demonstrators:

* "HM Behavior of Gallery Seals > Strong link with monitoring needs
* etc...

L
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4D Multi-physical Digital Twin of Cigeo

2 main kinds of development:

\ o Development of a unified, readable and accessible digital ecosystem (software platform) to
process (time/space) the components of the digital model and constitute the 4D multi-physical
digital twin(s) :

. . / MULTIPHYSICAL \
* integrator of software components of all kinds 4D DIGITAL TWIN

onity

sim

« assembler of big data from simulation and sensors

 interoperable to manage data exchanges between components

\ o Development of methods /tools for :

« HPC multiphysics couplings for numerical simulation

MONITORED
DATA

« Data management and processing

METHODS AND SIMULATED
TOOLS DATA

MONITORING N\
DATA TREATMENT

Developments by « technological blocks » with
a modularity adapting to : MULTIPHYSICAL SIMULATION

o Progressive development of Cigéo | Strong link with
BIM/3D digital model

o Evolution of design

o Evolution/consolidation of scientific knowledge
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4D Multi-physical Digital Twin of Cigeo

Main works about digital ecosystem and

= Management of interoperability : /

o Benchmark of existing platforms to test and 3D Digital model
manage interfaces with different tools of the = Time/space Numerical
—> results

simulation

global chain

o Implementation of solvers (tools, metamodels, M\—/
I reduced models) with Data Exchange Format %e measures

I o Specific works
« Simplification of « object tree » for each (component/physical process)
>y = Compliance between exhaustive list of 3D digital model vs modelled component

« Techniques of interpolation in space/time approach EL
* Implementation and projection of big amount of results on 3D digital model L..—SYSTL,JS

¥ 2l ANDRA
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Processing,
transferring, storing
and securing large
amount of data

o Data assimilation &
fusion algorithms

~

tested on 3D

I demonstrators in URL,
‘ DRD/EAP/22-0010

HPDA

(High
Performance
Data Analytics)

(Artificial
Intelligence)

digital model and

(High
Performance
Computing)

experiments

Multi-physical and multi-
media couplings

Efficient and robust
highly // solvers,

Model calibration
Meta-modelling
VR/AR algorithms

/

in order to validate technological blocks

I Ce document est la propriété de I’Andra.
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Machine learning
algorithms for
simulation and data
processing

Geo-learning
Decision-making tool
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Examples of work in
progress
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&
" Step g .
Treatment/mesh “dat

d e
and gjp, 7. - Xtract;
s:rnphf,-ca tioc,.:"on

4

&
Step 2 : numerical
simulation

Numerical simulaiton \

Different steps

. ‘.&
rojection /

Step 3 : P of results

integration

result

o implement a process sequencing extraction, adaptation and meshing of a geometry from the
3D digital model,

o perform a numerical simulation out of the 3D digital model

digital twin

DRD/EAP/22-0010 I

o project and integrate the results (space/time) within 3D digital model - contribution to 4D(\
ANDRA

Ce document est la propriété de I’Andra.
Il ne peut étre reproduit ou communiqué sans son autorisation expresse et préalable.



Webinar PREDIS/EURAD on Digital
Twins, 16th Feb. 2022

Example 1: integration of thermal evolution of HLW disposal cell (2/3)

Simplified and « cleaned »
geometry

Detailed basic geometry

Simplifications

Bouchon en
téte d'alvéole

Fexploitation

Dispositifs de surveillance
et de contrdle de I'alvéole

Activation/deactivation/replacement of
components (Object tree of 3D model)

« STEP » format
(CAD, mesh)

! Tetraedral mesh
850 000 cells ANDRA
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Example 1: integration of thermal evolution of HLW disposal cell (3/3)

Integration of temperature plume in 3D digital model,
through small « volumic » cells :

o Adjustable number, position and size of cells defined by user
o Independent from grid in numerical simulation e o S0 S ~
URL link =

 Interpolation algorithm

7 Numerical simulation

70 be compared to 4

:
Temperature scale (°C)
B e - .
32 33 34 35 3 37 38 39 40 ANDRA

26 27 28 29 30 31
dra.
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Example 2 : construction of DT of HLW disposal cell demonstrator

Main objectives
- Collect and treat informations about real geometry of components
- 3D Scan Lidar of excavation
- Set up thermal model (grid, calibration phase, simulation)
- Digital twin of thermal evolution of HLW disposal cell
- Comparison measures/simulation
- Artificial generation of drifts, failures in sensors to analyze abnormal regimes

A
A

Simulation per o Disposal cell
sub- e oo
vl \
componant A0 Y

‘.
a0 sensors "
~ E*i‘em\so ° :

Y \\ 3 24-0un2020 o7,

o o
get it right® [‘ fl ¢
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Example 3 : Machine learning techniques to reconstruct missing information in DT
ORS experiment (convergence) - Data assimilation method
20-Feb-2019 04-Jul-2020 !1-Mar2021 16-Nov-2021 R reence (mim)
7" 3 Reference date :
10-Feb-2019
- Simulation of failures
Data generation of some sensors _— All data Reconstruction of missing data by ML
(eesles) (artificial reset values) | iy SErE TS | + = used for ML | techniques (with less than 8% of error)
| 200 ]
= 0
i~ I
£ a0 NN : £
£ ] ] £
g —600}’ g
\
-800
‘ 1000’ W I
260 400 600 80‘0 1000 1200 :1400 1600 1800 -1200 200 400 600 800 1000 1200 1400 1600 1800 200 400 600 800 1000 1200 1400 1600 1800
day number day number day number
Footprint of initial data Multi-variable regressive model based on data assimilation (DDM) ANDRA
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Example 4: Cigeo Digital Twin for accidental scenario
VR Immersive and dynamic approach for fire event

- Fire event in compliance to accidental scenarios to be
studied in safety scenarios
- Thanks to VR immersive DT, tests of procedures and
» constraints for firemen
- Very helpul and useful for crisis management

- Ongoing work on integrating numerical simulations
about fire evolution (temperature, propagation of
smoke, gas, particles, ...)

3
Simulation des procédures et de leurs contraintes
= ANDRA
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THANK YOU
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