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Fuel BU overview
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Fuel BU overview (1)
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Fuel BU overview (2)

Secure nuclear energy, safety and performance

Framatome
Ambition

Provide services to VVER Nuclear Power Plants

Supply fuel assemblies to VVER-1000 and VVER-440 reactors

Develop and qualify 100% European sovereign VVER-1000 and VVER-440 fuels

Framatome Ensure fuel assembly manufacturing and shipment to NPPs

Objectives

Carry out and license cycle specific safety analyses

Schedule: Be ready for the early 2030’s
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Fuel BU overview (3)
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VVER fuel projects
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VERA-440 design

126 x 8.9 mm fuel rod ©

> 148 (141) kg UO, and cycles up to 18 months
> M5 cladding and optional PROtect EATF

Framatome

11 x Q12 spacer grid @

> Robust against impact and fretting
> 12.3 mm fuel rod pitch

Detachable Q12 shroud ©

> Every VERA-440 assembly is serviceable
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VERA-1000 fuel assembly

FA detailed design completed

> 573.5 kg UO, mass, Gd variants, cycles up to 18 months

> M5¢. . matome Cladding, UO, pellets, option for PROtect EATF
> Inner skeleton with 13 grids, 11 x Q12, 2 x A718

> Removable top nozzle (serviceable), optional debris filter

Verification and Validation since 2021

> Al component mechanical tests and simulations done
> KATHY-loop CHF test campaign completed

> Sub-assembly PLC tests done (FQH at TC Le Creusot)
> Full-scale FIV and endurance tests in 2026 and 2027

Framatome VERA-1000 Top nozzle
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VVER-1000 container

Container design and licensing under completion

ANF-18 PWR container updated for VVER-1000
Transport load test (on truck) completed

|IAEA tests campaign on track to obtain licensing 2 done

N N/ N/

- r,,-ir,};g: -

VVER-1000 in VVER container

1.2m drop 9m drop

Fire testing\/ Helium eakage’Tst
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Neutronics benchmark
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EVANS project overview

EVANS: Experimental Validation of Advanced Neutronics Codes for Safety.

Collaborative scientific initiative between the Czech Republic and France:

N N/

- 3 years project

- Partially funded by the Technology Agency of the Czech Republic (TACR)
and the French National Research Agency (ANR), ANR-24-NUCL-0002-01.

> Aim at the generation of new experimental data to enhance the safety of
VVER-1000 reactors as well as other PWR type of reactors.

EVANS

f:cvR framatome éﬂe’;‘i

> V&V of codes for such cases, SERPENT and APOLLO3.

This research was funded in whole or in part by the National Research Agency (ANR) under the project “ANR-24-NUCL-0002-07.
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Work packages overview

Preparation Testing Benchmark Application
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Design calculation f )\
of the experimental WPS
cores WP3 Wpd Th;rmfll-l
P Experimental Post-test mechanica
and thermo-

test campaign calculations

hydraulics
calculations

WP 2

Set up of & /

experimental cores

Communication and Dissemination ]

This research was funded in whole or in part by the National Research Agency (ANR) under the project “ANR-24-NUCL-0002-017".
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Water - gap test campaign

In commercial LWR, fuel assembly bow results in non-uniform water
gaps (WG) between FA.

Neighboring fuel pins are either over or under moderated.
Local impact on power and pin burnup.

LR-O offers the possibility to have a direct measurement campaign
to evaluate pin power variation in the vicinity of an enlarged WG.

NN NN N/

Nominal WG is increased thus increasing the pin power with respect
to the nominal case.

This research was funded in whole or in part by the National Research Agency (ANR) under the project “ANR-24-NUCL-0002-07".
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Void effect experiment

]‘\.
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EVANS project - goal & benefits

> Goal

» Investigation of fuel assembly bow and void fraction through experiments
and numerical analyses.

» Development of an experimental neutronics benchmark for large reactors
using the LR-0 research reactor.

> Benefits

* Improved nuclear safety through extended validation of all neutronics codes
used in safety analyses across all reactor types.

« The international nuclear community’s access to the project results.

This research was funded in whole or in part by the National Research Agency (ANR) under the project “ANR-24-NUCL-0002-07".
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Conclusion
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Conclusions and next steps

> Framatome delivering VERA-400 and VERA-1000 fuel assembly type to the VVER market.

\N/

Safe, effective, and improved operation of the fuel with better uranium utilization can be
achieved.

\N/

Framatome is continuously expanding the associated engineering and field services using
advanced calculation codes, methods, and simulation software.

> Neutronics benchmark for VVER-1000 fuel type is ongoing, measurement of the void
experiment is planned by the end of 2026.
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Any reproduction, alteration, transmission to any third party or publication in whole or in part of this
document and/or its content is prohibited unless Framatome has provided its prior and written consent.

This document and any information it contains shall not be used for any other purpose than the one for
which they were provided.

Legal and disciplinary actions may be taken against any infringer and/or any person breaching the
aforementioned obligations.

ANF-18, M5 Framatome, PROtect EATF, VERA, and Q12 are trademarks or registered trademarks of
Framatome or its affiliates, in the USA or other countries.
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