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I Nuclear power in Belgium TRACTEBEL

enNGie

1962: Minister Spinoy pushes the start button of BR3

- .’g\‘

e 1944: contract to export Uranium from Belgian
colony Congo to USA

In exchange to Belgium:

o American nuclear knowhow (non-military applications);

o 10 M$ investment in a Research Center for Nuclear
Energy (SCK CEN).

e 1962: Commissioning of the first European
pressurized water reactor BR3 in SCK CEN;

e 60’s: strong growing electricity needs in Belgium;

e 70’s: oil crisis.



I Belgian nuclear legacy even TRACTEBEL
inspired Herge

BR1: The Tintin aloum 'Rocket To
The Moon' includes a cartoon version
of the BR1 reactor. Hergé, the
creator of Tintin, is said to have
based this drawing on a 1953 design
of the BR1 reactor.
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rStanding on the shoulders of Giants macee _

BR3 — first PWR I HADES I Clz?rnttrigll\J/ltiF?% t(_)ltt_he
connected to the Deep Geological : S ulitin
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https://tractebel-engie.be/fr

Tractebel history : more than 100 years experience

EBES
Groups de Ia Seciéts Genérale do Belgiqus

1895

Seating Société Générale de

sl Electrobel was

e founded by Gaz Belge, New branding met Engie

Ebes, Unerg and
Intercom becomes

Chemins de Fer Electrabel in charge of Pr—

== Economiques and 1 A R
“ Société Générale JreroductloniE I CNGiI@
' distribution of electricity
e Belge d’Entreprises Electrobel and Tractionel in Belgium
Electriques. becomes Tractebel .. gium.
T ® ® ®

2008
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- » Tractionel finds itis

« la Compagnie
Mutuelle des
Tramways. »
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1929 1986
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2015
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The French group Suez appears
77 to be the arbiter of the
~ company's destiny. At the end

* of a stock market battle, he - - Merging of Suez and Gaz
~ took control of the holding - I Erance: whichlbecomes
company Société Generale de B : **=the world's largest liquefied
Be|g|que_vY|th the support of a TSRS atural gas company.”
new coalition of Belgian e

shareholders

Coyne et Bellier joined
Electrobel . Coyne en Bellier
was creasted in 1947, André
Coyne build 70 dams in14
different



https://en.wikipedia.org/wiki/Gaz_de_France
https://en.wikipedia.org/wiki/Gaz_de_France
https://en.wikipedia.org/wiki/Liquefied_natural_gas
https://en.wikipedia.org/wiki/Liquefied_natural_gas

rTod ay,

Tractebel

TRACTEBEL

CNGIC

TRACTEBEL, 5,500 employees, engineering of the ENGIE group (100%)
specializing in consulting and multi-métiers expertise in the fields of energy,
complex buildings and infrastructure for carbon neutrality.

ENERGY

Power Generation

Renewable Energies

Power Transmission
& Distribution

Gas & LNG

URBAN

Urban Design & Development
Environment & Climate Change
Transport & Mobility

Buildings and Complex
Structures

Geo-Engineering

o

NUCLEAR

New Build
Advanced Technologies

Plant Operation Support

Radwaste, Decontamination &

Decommissioning

J

WATER

Hydraulic Infrastructures
Hydropower

Coasts, Ports & Marine
Facilities

Water Supply & Sanitation

Digital Services
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Key Nuclear players in
Belgium

La Belgique, au carrefour de I'Energie Nucléaire en Europe
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https://johncockerill.com/en/
https://www.sckcen.be/en
https://alm.be/en
http://www.tecnubel.be/en/
https://westinghouse.com/
https://www.laborelec.com/
https://tractebel-engie.be/fr
https://www.framatome.com/
https://www.cegelec.be/en/
https://nuxam.be/
https://www.interboring.be/
https://www.magics.tech/
https://www.mirion.com/
https://nuclear-21.net/
https://www.emani.be/
https://www.ondraf.be/
https://www.ire.eu/
https://www.belv.be/index.php/en/
https://iba-worldwide.com/

Belgium’s world-class expertise
More than half of century of nuclear excellence

NUCLEAR QUALIFIED COMPANIES NUCLEAR PROFESSIONALS

80 ~ 20,000

Tl e e,

SUPPLY CHAIN 1st NUCLEAR EXPERIENCE

g & % -
oat)  RQ C\Bﬁx > 70

- i ﬁ YEARS
g h PRESSURIZED-WATER REACTOR

IN EUROPE
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Nuclear power plant :
Doel and Tihange site

La Belgique, au carrefour de I'Energie Nucléaire en Europe



I 2 sites in Belgium with 7 reactors  macee_

~33%

o 4 Pressurized Water Reactors o 3 Pressurized Water Reactors

o In service: 1992 MW

+ Tihange 1: 962 MW  1/10/1975
» Tihange 3: 1030 MW 1/09/1985

o In service: 1916 MW
- Doel 1:445MW  15/02/1975
- Doel 2:445 MW  1/12/1975

o In decommissioning:
. Doel 3 23/09/2022 » Tihange 2 1/02/2023
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I Nuclear power in Belgium TRACTEREL

e 1968: first order for twin Doel 1 and 2 power plants;
e Commissioning:

o Feb. 1975: Doel 1 (NSSS : Westinghouse);

o Oct. 1975: Tihange 1 (NSSS : Framatome);

o Dec. 1975: Doel 2 (NSSS : Westinghouse);

o Oct. 1982: Doel 3 (NSSS : Framatome);

o Feb. 1983: Tihange 2 (NSSS : Framatome);

o July 1985: Doel 4 (NSSS : Westinghouse);

o Sept. 1985: Tihange 3 (NSSS : Westinghouse) .

The construction of Doel 1
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2 sites

in Doel and Tihange

pressurized water reactors in
production + in decommissioning

"‘33% \ Oco2
of the Belgian electricity emission during
production of electricity

an
&
D
| |
a

consumption

Design
- Except Doel 12, no
common design

- Steel containment for

Doel 12
Protection system

- 2 protection trains at
D12, T1

- 3 protections trains at
T2/D3, D4/T3

- Second level of
protection systems

- 2 containments

- Second control
room in case of
external event
with appropriate
safety systems

TRACTEBEL

The Belgian nuclear power plants

Fuel strategy

- Base load

- 18 months cycle
- MOX at D2/T2

- D1: 8 pieds

- T1:12 pieds

- T2/D3: 12 pieds
- T3/D4 : 14 pieds

VNY3LNI
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Major projects

La Belgique, au carrefour de I'Energie Nucléaire en Europe
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Steam Generator
Replacement

La Belgique, au carrefour de I'Energie Nucléaire en Europe



I S c o p e TRACTEBE%;EE

e All steam generators were replaced due to
stress corrosion cracking

e This major activity were coupled with :
o Primary Power uprate

o Fuel cycle up to 18 months requiring an
increase of fuel enrichment

o Use of Mox fuel

VNY3LNI
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RACTEBEL

SG replacement Doel 1/2 \ 41 S




TRACTEBEL

SG replacement Doel 1/2 ..
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Hydrogen Flakes in the D3/T2 RPVs TRACTESE. =

Origin and nature of hydrogen flakes

Casting of ingot Forging of shells Assembly of RPV

C PING | XOP assive positive
+ segregation

Ghost lines
ositive segregation)
ith MnS inclusions

Massive negative
ROPP' G -BOTTO Segrega’[ion

e H accumulates in ghost lines in MnS inclusions
e H = H, = pressure increase + stresses (forging) + micro-structure = flaking

e Major contributors to flaking

— No de-hydrogenation heat treatment at 600°C

VNY3LNI

— Cool-down below 200°C after forging



https://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjTh4ndxcfLAhWlO5oKHZEiCqcQjRwIBw&url=https://www.reddit.com/r/pics/comments/3mzltj/a_nuclear_reactor_being_forged/&bvm=bv.117218890,d.bGs&psig=AFQjCNHFLglJDUepDXBMrCJ6UAABjvlQ-Q&ust=1458298005849203
http://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwit_P6JxsfLAhXIdpoKHYQmAawQjRwIBw&url=http://www.france-metallurgie.com/index.php/2015/02/22/omz-produces-420-ingot-for-vver-toi-reactor-us/&bvm=bv.117218890,d.bGs&psig=AFQjCNHf9ZWAxBGG6qZU08EOvQ91OY2agw&ust=1458298104269127

I Hydrogen Flakes in the D3/T2 RPVs TRACTEBE.
Development of Grouping Rules - Methodology

e Development of proximity rules based on

— Experimental Interaction Results

Specific grouping
rules for quasi-laminar

— Numerous 3D XFEM Calculations flawe

Flaws remain
ungrouped

Flaws Flaw
closely Acceptability
,\ spaced ? Analysis

/

From UT measurements:

* 3D boxes containing the flakes
Flaws grouped

VNY3LNI

ASME Section XI Code Case N-848
“Alternative Characterization Rules for Quasi-Laminar Flaws”

-



I Hydrogen Flakes in the D3/T2 RPVs TRACTEBE.
Large Scale Tests - Validation of the SIA methodology

Calculation of brittle and ductile failures

UT flakes Computational fracture
characterization mechanics (X-FEM)

- ) — / Multi-flaws
{ i | modelling

[
¥
*
N

Accurate and

L
reliable results A
A . ——— ’
Results of experiment .
" i —— Predicted
failure




I Hydrogen Flakes in the D3/T2 RPVs it
Findings and Conclusions

e In the frame of the SIA of Doel 3 and Tihange 2 RPVs, a deterministic conservative ASME Xl-oriented
methodology was developed to address

[C K Initiation Analvsi * The acceptability of all the flaws was
© rack fnitiation Analysis demonstrated with important margins

o Global Failure Analysis

o Flaw Stability Analysis
e The verification of each of these points demonstrated the Fitness-for-Service of both RPVs
e Large scale tests have validated and highlighted the conservatisms of the methodology

e The SIA methodology has been approved by external ASME experts

VNY3LNI
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BEST
Belgian Stress Tests

La Belgique, au carrefour de I'Energie Nucléaire en Europe



I c on t QXt TRACTEBEL

enNGie

e After the events in Fukushima (Japan, 11 March 2011), Europe decided to subject all nuclear power plants to
resistance tests, the so-called "Belgian Stress Tests";

e To assess the safety margins of nuclear power plants under extreme conditions, such as natural phenomena;

e In Belgium, the safety authorities decided to also evaluate the resistance to human acts such as terrorism and
cyberattacks;

e The tests showed that the Belgian power stations are among the most robust in Europe;

e Electrabel wanted to go a step further and decided to invest an additional 200 million EUR in the safety of the
power stations;

e These investments contribute to the continuous improvement of the nuclear safety of the installations and
make them resistant against the most extreme situations.

VNY3LNI
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https://youtu.be/40y6p8L5h1w
https://youtu.be/Fl4CVenx_YM

TRACTEBEL

CNGIC

BEST investments Doel & Tihange

Dedicated filter installation for all reactor buildings;

Additional protection of installations against flooding
(e.g. the wall in Tihange); Permanently supported by solid

. . L . preparation of our people and
Extension of fire protection infrastructure; organization for extreme events:

New earthquake-resistant infrastructure with additional safety * Emergency planning organization

features built for exceptional external conditions; that guarantees 24-hour
(e.g. diesel generators, pumps, fire fighting equipment and el
vehicles, extra control room in bunker, etc.); With strict training and exercise

program
Reinforcing the earthquake resistance of important safety Presence of primary and

systems; redundant emergency plan
) ) coordination centers
Extension of certain safety systems o :
Regular exercises in cooperation

(e.g. the systems that ensure the cooling of the reactor core in with FANC, Crisis Center, ...
accident conditions);

IVNY3LNI

Strengthening training programs to manage events on several
units simultaneously.
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Current nuclear situation in
Belgium

La Belgique, au carrefour de I'Energie Nucléaire en Europe



TRACTEBEL

Nuclear situation in Belgium

After the federal

28/06/2015 : election, negociation
Based on the study package modification of the for a future
foraLTO on T1 and D12, 2003 law : 10 years governement : What
political agreement to have extension for D1 will be the place for
anLTOonT1 and D2 nuclear energy ?

18/12/2013 : 13/12/2023 :
modification of the final agreement
2003 law : 10 10 years extension
years extension for D4/T3
for T1

31/01/2003 : Gradual phase-out
of nuclear energy (electricity production)
- Life time of a nuclear power plant : 40 years
- No new nuclear power plant
- Can be rediscussed in case of enegy supply theat
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I Evolution of the role of nuclear TRACTEBEL _

enNGie

energy in Belgian energy policy
R —

e Until the end of 2021 Belgian government's intention, in line with the
2003 nuclear exit law, to close all nuclear power plants by the end
of 2025;

e 2022 start of war in Ukraine with known consequences for global
energy markets;

e Therefore, to help ensure energy security, the government opted to
extend the Doel 4 and Tihange 3 nuclear power plants by 10
years;

e After intensive talks, ENGIE and the government, after several
interim agreements on the terms, concluded the final
agreements on 13 December 2023;

e Every effort will be made to restart the plants in November 2025 so
that they can supply electricity to the country as early as winter 2025-
2026.




rWhat has been agreed between TS s
ENGIE and the Belgian government?

Be 4

* Doel 4 and Tihange 3 will be extended for 10 years, with best - ENGIE remains responsible for all decommissioning activities
efforts made to restart in November 2025; and the temporary storage of waste on its sites;

* Doel 4 and Tihange 3 will be owned by a new joint venture - Transfer of responsibility for nuclear waste to the Belgian
(50% ENGIE - 50% Belgian State); State for a fixed amount (€15 billion) to be paid by ENGIE:

* No impact on employees' working conditions; + Based on the estimated costs and volumes of waste

identified by ONDRAF;
* Balanced distribution of risks and opportunities in the joint

venture, including a bilateral "Contract for Difference"
mechanism.

* Including a premium, in addition to existing nuclear
provisions, to cover future uncertainties.

VNY3LNI

Clear visibility and sharing of risks —
removal of uncertainties linked to future responsibilities for
nuclear waste

Important for autonomous security of supply in Belgium




rTimeIine Doel and Tihange NPP AT
production

1980 1990 2000 2010 2020 2030| 2040

Doel 1

1

02/2025

-

IVNY3LNI



LTO program

La Belgique, au carrefour de I'Energie Nucléaire en Europe
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LTO-G1 (Tihange 1/ Doel 12)

La Belgique, au carrefour de I'Energie Nucléaire en Europe
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TRACTEBEL

LTO-G1 - FANC framework

e FANC strateqgic note (rev0) issued in October 2009

9 per:

- Specifies FANC’s expectations with respect to LTO e

e Nuclear Safety needs to be ensured at the level of:

e 4 areas

o

o

o

(1) Hardware: structures, system and components
(2) Organisation: personnel, organization, procedures

Development Assess and Implement RF

AGEING management

Note stratégique
«Long Term Operation »

BeLV

enNGie

Revaluation of DESIGN and identification Physical Ageing : S
of ‘Agreed Design Upgrades’ (ADU) L Life leltlng
. . Processes )
Pre-conditions < Non-Physical Ageing
— . s

Competence and Knowledge Management and Behavior

L


https://fank.fgov.be/de/system/files/2009-10-15-afcn.pdf

LTO-G1 - Design

o OEF: Operating Experience Feed-back TRACTEBEL

SMNGIC

o PSR: Periodic Safety Review

o BM: Benchmark (National International and New Design)
o WENRA: Western European Nuclear Regulatory Advisory
o RGW: Regulatory Watch

o DBD: Design Basis Documents

- No Design Extension Conditions (DEC) yet...

Evaluation

FOR EACH SOURCE 3
matrix

Screening
safety concern
clusters
Investigating
: Global
Identifying & Identifying & _ potential S Seaarnont
clustering weighing improvements of potential ADU

to safety
concerns

safety concerns risk factors

improvements

Weighing safety
concern
clusters

VNY3LNI




rExample LTO T1 Design : SUR étendu i
Objectives

e Give an answer to Two Weaknesses from the original design of Tihange 1

o The existing emergency protection system is partially located in the Electrical Building in which physical
separation is limited

o The cold shutdown state can not be reached with existing second level protection system (require a
6kV source)

=>» Design and build an extension of the existing Backup Safety system of Tihange 1 ->
Extension of Backup Safety System (SUR-e)

The SUR-e makes it possible to reach a cold shutdown state in the event of loss of the main
control room or complete loss of electrical power supplies (1st and 2nd level)

VNY3LNI
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rExample LTO T1 Design : SUR étendu TR
General view

Salle des =
machines

IVNY3LNI

Tihange 1 before SUR-e Layout of the 5 new

construction structures related to
SUR-e



rExample LTO T1 Design : SUR étendu TRACTEBEL

General view
Diesels Building (BUR-D)

Emergency water supply
tank and pump (EAS)

HVAC systems

New diesel generators
(6kV - 2.5 MW)




rExample LTO T1 Design : SUR étendu TRACTEBEL

General view
Electrical Building(BUR-E)

HVAC systems

Dedicated control system and
new emergency control room

Electrical boards
(6kV and LV)

Safety requirement: Two separate safety trains
Fully redundant

VNY3LNI
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rExample LTO T1 Design : SUR étendu AT =
Final situation

Connection of the
different buildings to the
power plant, test and
commissioning (6
months period during
shutdown of he plant in
2020 :

CHAUFFERIE e

More than 20 000
connexion deconnexion
in the existing plant

VNY3LNI
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LTO G2 (Tihange 3 / Doel 4)

La Belgique, au carrefour de I'Energie Nucléaire en Europe



rP s R LTO_ D 4 IT 3 TRACTEBEL
FANC framework

e FANC strategic note (rev2) issued in July 2023 PR

- Specifies FANC’s final expectations
with respect to the LTO of KCD4 and CNT3

NOTE
ATTENTES DE L'AUTORITE DE SURETE

9 6 ar e aS . POUR L'EXPLOITATION A LONG TERME

DES REACTEURS NUCLEAIRES

DE DOEL 4 ET TIHANGE 3

« Preconditions

« Ageing Management

» Design upgrade

« Knowledge Competence & Behavior ‘
« Test & Inspections (NEW)

« Environmental Impact Assessment (NEW)

L

VNY3LNI


https://afcn.fgov.be/fr/system/files/2023-07-20-approche_afcn_lto_d4t3_fr.pdf

I Overview main activities & gates of TRACTEBEL

CNGIe
the program

2023 -2024 (2 years) 2026 — 2028 (3 years)
2024 - 2025 (2 years)

PSR LTO STUDY PHASE . PSR LTO IMPLEMENTATION PHASE 2

Set up PSR LTO program and organisation VAR Execute the agreed Action plan according to schedule (Global Action

Perform all PSR LTO studies and assessments List) _ -

in compliance with FANC requirements Ensure winter availability _

Develop overall implementation schedule Provide quality work for LTO operations

Prepare implementation team
PSR LTO Report PSR LTO Completion
» Global action list with planning developed < All Actions Global Action list
« Plan for management of human resources available completed
* Test & Inspection program available « CAPEX Financial report developed
« Exhaustive list of deviations (JCO / NCR) with resolution plan * End of LTO Program
« List of components to be replaced before initial restart or within 3

year
PSR LTO IMPLEMENTATION PHASE 1

Feasibility studies, basic design,..
Optimise implementation schedule

Negotiate and procure scope

Fix the LTO CAPEX budget

Set up Implementation organisation
Conformity Outage (2025) and initial
restart

z
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LTO UNITS Restart * TO KCD4: 1/7/2025

TO CNT3: 1/9/2025
* Approval PSR LTO report with implementation schedule

* No open long-standing NCR’s in agreement with S.A.
« Al SSC’s important to Safety are qualified for start up
» Conformity Outage succeeded




Decommissioning

La Belgique, au carrefour de I'Energie Nucléaire en Europe
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rEvery unit passes through the same TRACTEBEL
phases

OPERATION POST- CONVENTIONAL
S OPERATIONS DIS(IYISNTLING DEMOLITION
+ 10 years)
(40-50 years) (+ 5 years) (+ 2 years)
g e |Industr
al

PREPARATIO
DECOMMISSIONIN

Removal of the nuclear fuel radioactive
Planning, design, and components and
licencing, ... all loose radioactive materials materials

MATERIALS AND WASTE are treated on

Decommissioning is part of the life cycle of a nuclear power ¢ § / 7 v ! 4 ] site in designated buildings.

plant. It includes all administrative and technical measures . ¢ ; -

taken from the final shutdown decision to the release of the = Ay ' & e OUR AMBITION: Maximum waste reduction
site for new industrial activities. RN D CarBER and recycling of parts and materials.




Transitioning from production to ——
decommissioning

Based on Master Schedule VV7.00

Transition period

—

[ ® o
Start End of All units in
decommissioning production dismantling
2020 2025 2030 2035 2040 2045 2050

Doel 3
Doel 1

Doel 2

Doel 4

VNY3LNI
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Waste flows

Nuclear power
plant
operations

Post-operational

phase

Dismantlin
g

Fuel
used

Conventional
waste

RadioF P Radioactivity
waste Low | NRBMRIS High

] Short Cat A
E catC

Long CatB

Lh .

Cat

Cat

Cat

Surface
storage

Temporary
storage at
Belgoprocess

1
:
1
! Deep
! storage

Temporary
storage
on site (SF?)

490
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TRACTEBEL

Post-Operations

GRADUAL DECOMMISSIONING OF CIRCUITS
REMOVAL OF ALL HAZARDOUS PRODUCTS AND
LIQUIDS

REACTOR W LOADING OF FUEL IN CONTAINERS
DISCHARGE AFTER COOLING PERIOD OF £ 3 YEARS
(= 1 month) (+ 24 months)

»

REMOVAL OF RADIOACTIVE PARTICLES
FROM THE PRIMARY CIRCUIT (CSD)

(+ 6 months)

FINALE CLEANING
OF CIRCUITS

(+ 4 months)




rTemporary Fuel Stroage TRACTEREL
Fuel building

e The concrete building provides additional radiological protection;
e The passive ventilation allows residual heat to be dissipated;
e Withstands extreme outdoor temperatures due to climate changes;

e Storage capacity for 165 fuel containers.

Fissile material containers



Activities in France

La Belgique, au carrefour de I'Energie Nucléaire en Europe
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Eyne et Bellier expertise TRACTERS =

From the beginning of Nuclear Activities
e Nuclear Power Plant from first generation (UNGG type reactor)

o The first study dates from 1954 “for the design of a
prestressed caisson" which led to the studies and the
construction of the G2 and G3 caissons of Marcoule (250
MW Nuclear Power Plant - graphite-gas) ancestor of the
UNNG power plants of Chinon - St-Laurent — Bugey

o Caisson of 14 m in diameter,
o 20 m long resistant

o and watertight to 30 bars

o Execution in 1957 — 1958

o Interpretation of the auscultation

La Belgique, au carrefour de I'Energie Nucléaire en Europe



rCoyne et Bellier expertise

o 66 Containment Buildings were built from
Tractebel drawings (from 1975 to 2024) (28
900 MW in France, 8 900 MW for export, 24
1300 MW or 1450 MW in France + 1 EPR
France + 5 EPR export)

o 21 Reactor Buildings were built from
Tractebel drawings (12 P’4 + 4 N4 + 1 EPR)
(+ 4 EPR export) = Containment + Internal
Structures

o 4 BAN buildings were built (900 MW for
export)

o 37 turbo-alternator group tables (GTA) were

built (900 MW CP2,1300 MW and 1450 MW)

+ 5 EPR (1 EPR France + 4 EPR export)

TRACTEBEL

enNGie

L’age du parc nucléaire francais

Age des réacteurs frangais
depuis leur connexion au réseau

2125ans [l 36-40 o Gravelines
ooo
26-30 B 4+ as
=y
B 3135 JPenly(co) 4Chooz( )
° ®Paluel @@8®
Flamanville Cattenome
f.-?‘;
EPR* ®Nogent (@®)
Dampierre  Fessenheim**
St-Laurente ‘@es®) o
Chi (@®) °
inone Belleville®®
e Civaux
(@) JBugey
(eeee)
oLe Blayais
— - D
@8) Nombre o St-Alban (®@®)
de réacteurs Cruas
par centrale TN
®Tricastin

® Golfech(= 2

VNY3LNI

*en construction **réacteurs fermés en 2020 aprés 43 années d'activité

Source : Agence internationale de [’énergie atomique (AIEA) AFP.
La Belgique, au carrefour de I'Energie Nucléaire en Europe



n France, Tractebel is now a multi e
disciplinary engineering

Coudes primaires Cigeo

o Storage of high-level and intermediate-level radioactive
waste

o The galleries are located at -520 m in a layer of clay
serving as a barrier

o 2 subsystems on which we work :
SS2: surface nuclear installation
SS4: underground installation

Replacmeent of « C » elbow on the primary circuit in the
Nuclear Power Plant Blayais

VNY3LNI

(CG-TE-D-MGE-CEKS-ASU-5200-17-001 54
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Collaboration between
EDF and Engie Electrabel

o Begins also at the beginning of the nuclear activities

* Chooz A was a PWR design by Westinghouse, built and operated by EDF and
Belgian (SENA : Société d'énergie nucléaire franco-belge des Ardennes). It was
shut down in 1991 after an operational life of 22 years. The containment building of
this unit was underground.

« Tihange 1
* Tricastin

e ChoozB1/B2
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Electricity Mix in Belgium
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r(:urrent Belgian energy landscape
2019

TRACTEBEL
ENERGY DEMAND* ENERGY MIX*
Transport Industry Renewables* B\
A 43 [¥\\ Nuclear
) g4
103 135 18 [
Chemicals
Metals
Minerals—ﬂ
Paper — 381
— non- electric
144 84 S 411
Tertiary & Residential Non-energy use Othar g
(feedstock for industrial processes) Fossil Fuels

*Energy in TWh

-



I 2050 Belgian energy landscape will ™™=
require new solutions

~150 TWh

RENEWELIES Solar PV %3
potential
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Onshore & fuel &
.m 125 to 200 offshore Wind % ‘ feedstocks
TWh

Vision and strategy Domestic demand

HYd rogen of H2 by 2050

Electrification
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efficiency Building transportation
renovation
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H2 & Synthetic Fuels imports
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Latest Belgian TSO study for 2050  wacese
energy demand

4é' a FINAL ENERGY DEMAND IN BELGIUM

Elia G . . . ) —_— . . . .
AR The figure below depicts how Belgium's total energy demand (in TWh, excluding international aviation & shipping and non-energetic

feedstock) is assumed to change over time. The different colours represent the different energy carriers. Belgium's historical energy
demand is on the left-hand side of the diagram, whilst the different scenarios are simulated over three time horizons on the right-
hand side.
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electrolysis and CCS/U (see later]
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f 2010 2015 2020
L BELGIAN 2036 2040 gsc
E LECTR I cITY .l Excluding international aviation & shipping and non-energetic feedstock, including grid losses.

Note that energy demand for transformations such as power-to-hydrogen and carbon capture are not included. values are normalised for historical climate while in
sYsTE M the simulations, a forward-looking climate database is used, therefore the simulated demand can differ from these input values.
*Methane & liquids could be fossil, bio or syntheticaily sourced, which is defined in the model

B LU E PR | NT | ** Coal as defined as final energy demand per EUROSTAT (i.e. excluding coal consumed in blast furnaces)
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rStructural deficit for electricity supply in

2050 creates new appeal for nuclear
elia

| Elia Grou
EVOLUTIpON OF BELGIUM'S ELECTRICITY DEMAND AND MULTIPLE OPTIONS EXIST FOR COMPLEMENTING BELGIUM'S
SUPPLY IN THE LEAD-UP TO 2050 DOMESTIC BASE-CASE LOW-CARBON SUPPLY

N . . . L . ) . , _ The figure below outlines multiple levers which can be used to complement Belgium'’s domestic low-carbon supply. They serve
The figure below demonstrates the growing gap between the increasing demand for electricity (pink lines) and Belgium’s domestic ¢ the building blocks of the country’s 2050 energy mix. A strategic combination of these levers will be essential for bridging the

low-carbon supply. It shows how much electricity will be needed to cover the increasing electricity demand. This is separate from 70-90 Twh gap that will emerge between Belgium's increasing electricity demand and its base-case domestic low-carbon supply.

the adequacy requirement, which relates to maintaining the country's security of supply during peak moments. Various considerations and diversification strategies must be taken into account when selecting the most effective levers.
Historical & approved** policies Focus of the study
Result of app A for the Central scenarlo = = Maximum for each lever on each time horizon h
220 Historical 5-year averages policies | of d tic RES 70-90 TWh [Twh]
1 supply need 2050  onshore wina ¢, Non-domestic
200 : ELEC x2 installation rate " 1 selo S
! on top of central *
1 domestic RES su A E B
180 Il Thermal 1 — wew & 7 &
i Eraios IOF, OA and ELEC) 5 8 6 s s w B 2z
scenarios L al
1c0 I Solar 1 Dew
I Wind onshore 1 36 40 45 'S0 36 %0 45 36 %0 45 'S0
! 90
140 Il Domestic offshore wind ! TWh Non-domestlc offshore! Solar P2
Tlvll:lh Iﬁh Build interconnectors x2-x4 rate
— 120 I Biomass & Hydro 20 &offshorewind % 36 %0 45 'S0
1 10 . Molecule-fired
E Exlsting nuclear 60 Y = "
100 Twh - I6GW _ ———
“‘"9'[ o { "
. Y pew |
70 70/l 70 98GW
”
60 50 | .
= c6GW 0 =
40 - 2% [
-0 111
20 36 '40 45 'S0 36 40 45 36 40 '45 'S0 36 40 '45 50
0

00* '05* o g+ g g 10
* For year X, the 5-year average in the range [X-2,X+2] is shown instead

= Approved policies: Extension of offshore wind in Belgiumn to 5,8 GW, extension of D4/T3 for 10 years, National/Regional energy climate plans (domestic RES,
electrification, energy efficiency..), CRM

1. Non-domestic offshore refers to offshore wind capacity installed outside of Belgium's Exciusive Economic Zone (EEZ) which still counts towards Belgium's
domestic supply given Belgian financing&upport of the wind generation itself.

2 Note that the capacity factor in the highest solar PV scenario is lower, because some PV copacity is curtailed when generation exceeds the limits of what the distribution
network can handie.




I Seen in the Belgian press... TRACTEBEL _

LE SOIR
Energie : ’Arizona veut réactiver le

Dotée de 100 millions, la

recherche sur les petits IEcho

P ’ ’ .
réacteurs débute au nucléaire
SCI('CEN La note « énergie » qui est sur la table des négociateurs du futur gouvernement
. fédéral confirme le retour en grace de ’atome. Objectif : la mise en service du
b premier petit réacteur modulaire (SMR) en Belgique en 2035 au plus tard.

gservé aux abonnés

SUDINFO e

Réglons v Sports Vidéos Max Pro

Laune Actualités

% | ABONNES

Un nouveau réacteur nucléaire en
Belgique d'ici 2035

N\ —w==%| Les négociateurs fédéraux veulent relancer I'industrie nucléaire en

-

Le SCK.CEN est le cosur de la recherche nucléaire en Belgique’, 2 rappeié Je Premier ministre 2 foc Be|gique d'ap]—és la note du formateur, Bart de Wever.

@ans du centre de recherche. Photo News

LArizona souhaite prolonger nos réacteurs plus longtemps que jusqu’en 2035. - Photo News
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CNGIC

rStanding on the shoulders of Giants macee _

BR3 — first PWR I HADES I Clz?rnttrigll\J/ltiF?% t(_)ltt_he
connected to the Deep Geological : S ulitin

European Grid 1969 - 1985 Repository Prototype 1998 - 2036 thev\\//voe;fdtem
—e o — - -
19.62 Construction of the 1980 - 1987 MYRRHA 2023 — 2029
\ 7 Belgian Nuclear ' & Lead-cooled Fast
| Units : Reactor Technology TRACTE_BGL

development CNGie
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https://tractebel-engie.be/fr

Multiple nuclear technology options

Option 1
MATURITY

Option 2
INNOVATION

Option 3
DISRUPTION

Preparation

Fast-neutron enabled
actinides transmutation

h \.) »

Scale up

20 50 Hydrogen and eFuel with

Demande SideResponse

Gen Il (1000 - 1700 MW) Gen Il (50 — 400 MW) Gen IV (20— 200 MW)
Large reactors SMRs Advanced Modular Reactors

SHORT-TERM DEPLOYMENT

Well-established
technologies

Market initiators by the
end of 2020s

Heavy industry

Heat and hydrogen
production

Reduction of nuclear
waste

Circularity
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TRACTEBEL

SMNGIC

2022
20192020 2021-2023 TractebelInc. 2023 2024
MR EU SMR Pre- Opening of Belgian EU SMR

European Utility
Requirements

EUR

HARMONISED REQUIREMENTS FOR
NEW NUCLEAR POWER PLANTS.

Steering

@ moltex
2018 2020
First SMRI Tractebel vision
commercia paper on SMR
activities

partnership

Committgg

European SMR Pre;
Partnership: Paving the

Way to Sustainable Energy

SNETREU

2021 -
Tier | partner of
Nuward SMR

nuward SMR

Canadian Office Parliamentary

Alliance
Audition on ' L2
SMR 2024
SMR position
paper on data
centers

European Industrial

Alliance on SMALL
MODULAR REACTORS

2024
Thorizon
Partnership
Agreement

2023
Start of activities for
Darlington SMR

ONTARIO

THORIZON

Il
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landmark summit

21 March 2024
Island

Amazon invests in X-energy, unveils
SMR project plans

Amazon has announced it has taken a stake in advanced nuclear reactor developer X-
energy, with the goal of deploying up to 5 GW of its small modular reactors in the USA by
2039.

Investing in the

clean energy future.

ORSRSWesr aAmMazon 3¢ energy

Lo

Leaders commit to ‘unlock potential' of nuclear energy at

¥ datacentres in ‘world first’ deal

International banks express support for nuclear expansion

ptember 2024

A group of 14 global financial institutions have expressed their support for the call to
050.

Why Microsoft made a deal to help restart Three Mile

Google to buy nuclear power for Al

Tech company orders six or seven small nuclear reactors
from California’s Kairos Power

Business live - latest updates

VAT %vg 0y

O Google hopes the deal will provide a low-carbon solution to power datacentres. Photograph:
Mike Blake/Reuters
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rSmall Modular Reactors

A business model that addresses the right questions

#2

#1 Recreate public L&

o I ~ trust Expand role in
oster nuclear in nuclear

investments

Zero-
carbon
transition

TRACTEBEL

CNGIC

Smaller
Simpler
Standardized
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I Back to the future: TRACTER =
First European SMR based on Belgian know-how?

nuward

An innovative European SMR solution to
address global’s energy transition

October 4th | 2021
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