
Framatome`s Experience with 
18/24 Month Cycles
Lars Ackermann, Matthias Rost

Baden 28th February, 2023



Framatome`s Experience with 18/24 Month Cycles – L. Ackermann, M. Rost
SwissKIT – 28th February, 2023 © Framatome - All rights reserved

Confidentiality 

This document and any and all information contained therein and/or disclosed in discussions supported by this document, are confidential, protected by applicable intellectual 
property regulations and contain data subject to trade secrets regulations. Any reproduction, alteration, disclosure to any third party and/or publication in whole or in part of this 
document and/or its content is strictly prohibited without prior written express approval of Framatome. 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.
© Framatome – All rights reserved

This document contains Framatome’s know-how

FRAMATOME’S INFORMATION PROTECTION RULES

C3 –This document and any and all information contained therein and/or
disclosed in discussions supported by this document are classified
Framatome Secret.

Each one must commit to keep secret any written or oral information
disclosed during the meeting. It is forbidden to disclose it to any legal
entity and any individual (including within Framatome) without prior
consent of the meeting chairman.

C2 : This document and any and all information contained therein and/or
disclosed in discussions supported by this document are sensitive and
Framatome confidential, such as its disclosure, alteration or loss are
detrimental with a significant-to-high impact for Framatome.

The document, if disclosed, and any information it contains are intended
for the sole attendees. The disclosure or reference to such information
or document shall be made only on a proper judgment basis and by
mentioning expressly “this information shall not be disclosed /
transferred without prior consent”.

C1 -This document and any and all information contained therein and/or
disclosed in discussions supported by this document are restricted.

AL = ECCN =

Goods labeled with "AL not equal to N" are subject to European
or German export authorization when being exported within or out
of the EU.
Goods labeled with "ECCN not equal to N or EAR99" are
subject to U.S. reexport authorization. Even without a label, or with
label: "AL:N" or "ECCN:N" or “ECCN:EAR99,” authorization may
be required due to the final whereabouts and purpose for which
the goods are to be used.

EXPORT CONTROL

2

N N

X



Framatome`s Experience with 18/24 Month Cycles – L. Ackermann, M. Rost
SwissKIT – 28th February, 2023 © Framatome - All rights reserved

CONTENT

01 . Requirements for 18/24 Cycles

02 . Core Optimization / Safety Limitations

03 . Plant Experiences

04 . Outlook Future Developments



Framatome`s Experience with 18/24 Month Cycles – L. Ackermann, M. Rost
SwissKIT – 28th February, 2023 © Framatome - All rights reserved

1. Requirements for 
18/24 Cycles
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Cycle Length vs. Effort

 Comparison of 12, 18, and 24 month cycle

 Assuming 1 month for outages, this means
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Cycle Length Refuel Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Summary

12-month 20% Outage 1 Outage 2 Outage 3 Outage 4 Outage 5 Outage 6 6 outages in 6 years

18-month 33% Outage 1 Outage 2 Outage 3 Outage 4 4 outages in 6 years

24-month 45% Outage 1 Outage 2 Outage 3 3 outages in 6 years

Cycle Length EFPD / 6 a Core Reloads Outage Effort

12-month 2012 1.20 6

18-month 2072 1.30 4

24-month 2102 1.35 3
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Topics on cycle length modification
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Less outages
More effort during single outage

More time for electricity production

Higher effort in fuel purchase/backend

Less outage effort

Update of safety studies

Modification and risk for short term outage

Risk on larger rod bow

Less risk for longlasting authority approvals

Less risk in damaging during outages

More reload volume

Several Fq Maxima

preparation for outage
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Customer requirements
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 Cycle Length

 Number of reloaded fuel rods

 Burn up targets

 Operation flexibility

 Enrichment level

 Gd enrichment level

 Gd rod length

 Number of Gd rods

 Plant specific requirements
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2. Core Optimization / 
Safety Limitations
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Cycle Design and Licensing Methods 
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 Framatome is capable to calculate long cycles

 In case of PWR ARCADIA package is
providing the interface

 In Case of BWR COMPASS package
is providing the interface
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3. Plant Experiences
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PWR Plants already operated with long cycles

 New plant designed for 12-, 18-, and 24-month cycles

 Older plants in last cycle operate 418 efpd (EOCnat) + stretch-out (510 efpd)

• No safety limitations

• Last reload ~25% of fresh fuel incl. Gd

 In some countries only long cycles are applied

• Cycle design: 540 efpd

• Reload ~40%

• Safety windows rather fixed designed

• limited flexibility (plan specific approach)
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PWR Plants already operated Gd rods

 Typically applied for all kind of cycle length

 No issues in operation or safety margin

 Core design ensures flat power distribution, low leakage

 Used or plant with long cycles

12



Framatome`s Experience with 18/24 Month Cycles – L. Ackermann, M. Rost
SwissKIT – 28th February, 2023 © Framatome - All rights reserved

BWR Plants already operated with long cycles

 US

• most plants run 24M cycles

• some plants run 18M cycles

• AFM studies ongoing on longer cycle lengths up to 36M 

 EU

• Spanish plant runs 24M cycles

• German plant did run 15M and 18M cycles
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Loading Pattern Effects
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 loading pattern: from CCC pattern to „checker board“ pattern

 design work: from core design to FA design

12M
13% reload fraction

18M
24% reload fraction

24M
40% reload fraction
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Challenges
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To improve economics:

 increase cycle length

 reduce reload quantities

but this requires:

 higher bundle enrichment

reload
quantity

100          120           140           160          180           200

220

240

340 700
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4. Outlook Future 
Developments
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Advanced Fuel Management (AFM)

 Framatome is Implementing LEU+ Fuel Fabrication Capability

 PWR fuel assembly shipping containers approved for up to 8 wt% 235U enrichment 

 The AFM project will establish a new max enrichment level for the HRR  facility
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Cycle Design Fuel Fabrication Enriched Uranium Product

• Reduced batch size designs
• High burnup fuel design 

approval
• Licensing methodology 

amendments

• Licensing for LEU+ receipt
• Criticality protection upgrades
• Shipping container 

relicensing

• New centrifuge cascades
• New or relicensed UF6 

cylinders
• New or relicensed overpacks
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Artificial Intelligence

 Optimization taking into account several parameters

 Optimize design on fuel rods: GD/U content, number of Gd rods, bot/top blankets

number of fresh fuel, burn-up limitations, power limitations, operation flexibility, Margin to safety limits
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 Getting set of loading patterns

 Getting branch of fuel rod designs

 Less effort in investigations

 Detailed results on several parameter effects
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Conclusions

 Long Cycles possible and well experienced

 Core design optimization replaced by fuel design optimization

 Several parameters to be incorporate to optimize

 Longer cycle benefits in more productive time while less outage time

 Framatome can support in all steps from short cycle to long cycle

 Future handling will be improved by applying AI methodologies + AFM
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