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2EDF’s experience with the 
transportation of HBU and MOX fuel

1. Has there been a significant change in your country’s spent fuel inventory, including mixed oxide (MOX) 
and higher burnup uranium oxide (UOX), since the last reporting date

• No evolution in EDF NPP fleet
• 58 NPPs in operation for 63 GWe
• 3 different types of fuels and 5 different fuel 

managements
• Long term agreement with Orano for back end activities 

including spent fuel transportation to La Hague 
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3EDF’s experience with the 
transportation of HBU and MOX fuel

1. Has there been a significant change in your country’s spent fuel inventory, including mixed oxide (MOX) 
and higher burnup uranium oxide (UOX), since the last reporting date

Every year, around 200 transports of spent fuel from NPP to 
Orano La Hague Facility (12 assemblies per cask) :
• 185-190 transports of UOX spent fuel (TN12 and TN13)
• 10-15 transports of MOX spent fuel (TN112)

In the past, the MOX fuel had lower
burn-up and Pu content and could be 
transported in the center cells of TN12.

Currently, Orano uses 2 casks TN112. 
2 more are being manufactured.

In the next years the number of 
MOX spent fuel transports will be
between 25 and 28.
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1. Has there been a significant change in your country’s spent fuel inventory, including mixed oxide (MOX) 
and higher burnup uranium oxide (UOX), since the last reporting date

PPE : multi annual energy plan
Aim : Carbon neutrality by 2050

• Final energy consumption : 7% decrease by 2023
14% decrease by 2028

• Greenhouse gas emissions fro energy combustion :
Reduction of 14% of CO2 emission by 2023
Reduction of 30% of CO2 emission by 2028

• Installed capacity for renewable electricity production :
+50% by 2023, +100% by 2028

• Capacity for nuclear electricity production : 
4 to 6 reactors shut down by 2028, 14 by 2035
Electricity production from nuclear reactors : 72%  50% by 2035 (instead of 2025 in previous plan)
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1. Has there been a significant change in your country’s spent fuel inventory, including mixed oxide (MOX) 
and higher burnup uranium oxide (UOX), since the last reporting date

PPE: multi annual energy plan
Consequences

• Shutdown of 900 MWe NPP where mixed oxide fuel are used. 
1300 MWe NPP will have to receive mixed oxide fuel by the shutdown of 900 MWe NPP.

• Discussions are ongoing with Orano TN concerning fresh and used MOX fuel transportation
• The characteristics (Pu content, Burn-up…) of these assemblies will be the same as current 900 

MWe assemblies except for the length of the assemblies.
• First 1300 MWe MOX spent fuel transport should happen after 2035.

• By mid 2021, decision of the government to be taken on any potential launch of a program to 
construct new nuclear reactors.
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2. What parameters differentiate higher burnup UOX fuel in your country?

As nuclear power generates 70 % of French electricity and the grid has to accept more and more 
renewable electricity,  EDF has decided to focus its fuel management on maneuverability compared to 
increasing burn-up.
• GALICE management (UOX with 4,5% enrichment, BU max: 62 GWd/t) has been cancelled.
• Only ten R&D assemblies with 60 GWd/t < BU < 68 GWd/t

EDF current fuel management main features for UOX fuel :
• enrichment 3,7 % to 4,25 %
• burn up < 52 GWd/t  (< 62 GWd/t (EPR))

There is no strict definition of high burn-up fuel in France. We usually consider that high burn-up is over 
62 GWd/t where there are less experiments to determine fuel behavior (mostly in core but also in 
storage and transport).

In conclusion : EDF does not usually deal with high burn-up fuel.
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3. How is MOX fuel defined in your country? 

In France, EDF uses MOX fuel from plutonium recycle from UOX spent fuel (from PWR). 
As the burn-up of UOX fuel has increased in the past (from 33 GWd/t to 52 GWd/t) the isotopic 
content of plutonium has deteriorated. 

EDF current fuel management main features for MOX fuel :
• Pu content 8,65  9,08 %
• Burn up < 52 GWd/t

R&D is on-going between EDF/Orano/CEA/Framatome to assess the possibility to use Pu from 
reprocessed MOX spent fuel in PWR. These studies include impacts on transportation.

SUPERPHENIX power plant was a sodium fast cooled reactor which used MOX fuel with high Pu 
content 14-18 %. One core was used and is currently stored in deactivation pool. There is 
currently no transport cask licensed to transport these assemblies. This subject is under study by 
EDF Fuel Division.
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4. Are there any unique operational constraints in managing higher burnup/MOX spent fuel in your country? 

EDF does not manage high burn-up fuel. 

EDF uses TN112 casks for MOX spent fuel transportation to La Hague. This cask was designed to handle 
“Parité MOX” fuel: this fuel management led to increase Pu content of MOX fuel from 7,08 % to 8,65 %.
The main impact is the need of better neutron shielding which has consequences for EDF:
• More shielding is linked to lesser thermal performances and decay heat of MOX fuel is slower to decrease 
 impact on pool congestion.

• TN112 is a literal translation of the two-barrier requirement of SSR-6: 
the body of the cask is made of two layers of steel for containment. 
Between these two layers there is a layer of lead (shielding 
and thermal conduction). These characteristics leads to more 
complex operations than TN12/TN13:

• Cask is heavier and bulkier
• No lateral openings to cavity at the top and bottom of the cask. 

So all accesses to the cavity are through the plug and the tightening ring.

In conclusion: casks are different but the requirements are identical for operating and transport.
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5. Is there any data your country requires to justify the transport of higher burnup/MOX spent fuel, including 
after extended storage periods? 

Cask designer issue handled by Orano TN in SAR studies.

Concerning fuel behavior after extended storage periods:
• EDF does not use dry storage.
• All the studies show that in normal pool condition, spent fuel does not deteriorate in time:

 For intact fuel pins, EDF and its R&D partners have extensive demonstration that spent fuel 
does not deteriorate in pool conditions.

 Some studies are still ongoing concerning behavior of defective pins but no degradation has 
been shown so far.

• Recent experiments show that successive drying processes does not increase brittleness of 
cladding.
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6. Are you required to provide evidence of defence in depth to your regulatory authorities, with respect to 
transport of higher burnup/MOX spent fuel? 

Defence in depth studies for on-site situations are performed with the same standards with or without 
higher burn-up or MOX spent fuel.

For transport, it is a cask designer issue handled by Orano TN in SAR studies
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7. Are different approaches used in your country to assess the structural performance of higher burnup 
spent fuel compared to lower burnup spent fuel? Please summarize any differences.

Fuel behavior may be an important parameter for safety analysis and fuel burn-up is a key parameter for 
fuel behavior therefore all studies concerning fuel behavior take into account the fuel burn-up and 
experiments should be performed in all the range of burn-up. 

The behavior of fuel may differ but the approach does not depend of fuel burn-up.

For many studies concerning crash situations, the assumptions are very conservatives as they consider 
total ruin of spent fuel.
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8. With reference to the below safety functions of transport packages, how would you demonstrate 
compliance for higher burnup/MOX spent fuel? 
Are there any unique issues in demonstrating compliance with SSR-6 with regard to higher burnup/MOX 
spent fuel?

Cask designer issue handle by Orano TN in SAR studies.
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9. Are there any examples of operational experience you can share regarding higher burnup/MOX spent fuel 
transport (or preparation for such transport)? 

See item 4

In term of operational feedback of MOX transportation in TN112:
• EDF uses different tools to operate TN112 and TN12  tools has to be prepared before each 

transport and then stored outside of fuel building (lack of room, human and organizational factor), 
which leads to more operations in fuel building than for UOX core.

• The ratio MOX/UOX in EDF moxed cores is 1/3. Operators are more used to TN12 than TN112 and 
TN112 is a bit more complex to operate  higher risk of mistakes in operation  training is very 
important.

• The TN112 is very effective for radiation protection  dose rate is usually lower for MOX 
transportation than for UOX transportation. It is a result of the balance between thermal performance 
and radiation protection of the design of TN112.

• In order to limit the impact on pool congestion, the operator has to be able to calculate precisely 
decay heat with qualified codes to define when the assembly can be transported safely.
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10. Have there been new cask designs dedicated to the transport of higher burnup/MOX spent fuel?

High burn-up UOX : for EDF needs, Orano TN has developed TNG3 casks (Short and Long versions). 
• TNG3 has been licensed by French authority in 2018.
• The 2 first of a kind are under manufacturing (semi-finished). 5 more at are earlier stage of 

fabrication. First spent fuel transportation is schedule at the beginning of 2023.
• UOX maximal burn-up is 70 GWd/t which covers all EDF needs

MOX spent fuel : EDF uses Orano TN TN112 casks which covers current EDF needs.
For future 1300 MW PWR MOX assemblies, studies are ongoing to assess EDF needs :
• TNG3L should be able to transport 4 MOX assemblies and 8 UOX assemblies without modifications.
• For 100 % MOX transport, the reference solution is a modification of TNG3L to be able to transport 8 

to 12 MOX assemblies.


