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Present plans for Chromia-doped fuel in PWRs 
Provide an opportunity for NRC feedback    
   

Objectives 
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Background 
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EATF Solution 
Cr-Coated Cladding / Chromia-doped Pellets 

Base M5 Cladding 
• No change to M5 properties or 

dimensions 

Cr-coating 
• 10-20 µm 
• Does not change base M5 
• Improved oxidation resistance 
• Improved wear resistance 
• Reduced LOCA rupture 

 

Chromia-doped UO2 pellets 
• BWR licensing approved 
• Improved fission gas retention 
• Improved fragmentation behavior 
• Improved PCI performance 
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ANP-10340PA “Incorporation of Chromia-Doped Fuel Properties in AREVA 
Approved Methods” 

• Base topical report – approved May 2018 
• Basic properties 
• Implementation into BWR methods 

ANP-10340, Supplement 1P “Incorporation of Chromia-Doped Fuel 
Properties in Framatome PWR Methods” 
 

Background 
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Adaptation of GALILEO Models 
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Qualification of GALILEO for 
Chromia-Doped Fuel 

Yusen Qi 



10 

Adaptation of GALILEO 
Models 
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Fuel thermal conductivity model 
Fission gas release model 
Intragranular gaseous swelling model 
Fuel theoretical density  
Fuel melting point 

Revised Models 
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Fuel Thermal Conductivity Model 
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Fission Gas Release Model 
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Intragranular Gaseous Swelling Model 
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Theoretical Density Model 
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Fuel Melting Point 
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Qualification Database 
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Qualification Data in Supplement 
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Qualification of GALILEO 
for Chromia-Doped Fuel 
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Thermal Conductivity 
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Temperature 
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Temperature 
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Fission Gas Release 
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Fuel Rod Internal Pressure 
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Free Volume 
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Transient Strain 
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Density 
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Sample Problems 

Yusen Qi 
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The supplement will present sample analyses using PWR methods to illustrate the 
impact of chromia-doped fuel. 

• Thermal mechanical evaluation 
• Fuel rod internal pressure 
• Fatigue 
• Creep collapse 
• Fuel rod oxidation 

• Safety analysis 
• LOCA criteria – SBLOCA and RLBLOCA 
• Non-LOCA criteria – ARITA 
• Control rod ejection criteria – AREA 

 

Sample Problems 
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Sample Problems – 
Normal Operation 
Yusen Qi 
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Licensing Criteria Assessment – Normal Operation – 
Preliminary Results  
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Sample Problems - LOCA 

Nathan Hottle 
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LOCA evaluation models 
• ANP-10349P, GALILEO Implementation in LOCA Methods, 

incorporates GALILEO into Framatome’s evaluation models for 
LBLOCA (EMF-2103 Rev. 3) and SBLOCA (EMF-2328 including 
Supplement 1) 

• For chromia-doped fuel, evaluation models in ANP-10349P will be 
augmented to include GALILEO version with chromia-doped fuel 
models 

LOCA sample problems 
• One LBLOCA and one SBLOCA sample problem to exercise EM and 

illustrate impact of chromia-doped fuel on LOCA figures of merit 

Sample Problems - LOCA  
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Sample Problems –  
Non-LOCA 
Buck Barner 
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ARITA – Non-LOCA Safety Analysis  
• Perform Uncontrolled Bank Withdrawal from Part Power sample problem 

to demonstrate impact of chromia-doped fuel on FCM and TCS criteria 
• The impact of chromia-doped fuel on the neutronics solution and DNB 

are negligible.  
• This is based on arguments already presented in the topical for BWR 

which remain applicable to PWRs. 
 

AREA – Rod Ejection Accident  
• Perform sample problem to demonstrate impact of chromia-doped fuel in 

the AREA method 
 

Sample Problems– Non-LOCA  
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Licensing Criteria Assessment – AOO –  
Preliminary Results 
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Summary and Next Steps 

Jerry Holm 
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ANP-10340, Supplement 1P 
• The supplement will disposition material in base topical report that is not 

affected by PWR methods. 
• The supplement will present the details of required new models for use in 

PWR methods. 
• Model description 
• Model assessment results 

• PWR methods 
• GALILEO – fuel rod thermal mechanical evaluation 
• ARITA – non-LOCA safety analysis 
• AREA – ARCADIA Rod Ejection Accident 
• SBLOCA 
• RLBLOCA    

Summary 
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Next Steps 
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ARCADIA, AREA, ARITA, GALILEO, M5Framatome  and S-RELAP5 are 
trademarks or registered trademarks of Framatome or its affiliates, in the USA 
or other countries. 
 

Trademarks 
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Disclaimer: “This report was prepared as an account of work sponsored by an agency of the 
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nor any of their employees, makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or usefulness of any information, 
apparatus, product, or process disclosed, or represents that its use would not infringe privately 
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trade name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its 
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thereof. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof.” 

DOE Acknowledgment and Disclaimer 
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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 action may be taken against any infringer 
and/or any person breaching the aforementioned obligations 
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