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Object, nuclear fuel rod

Cladding

Fuel

Helium

gap
Nuclear fuel rod (ThR//FR) is made of a stack of oxide 

(UO2//MOX) fuel pellets wrapped in metallic (Zry//SS) 

cladding

Its performance is fundamental for safe operation of 

the reactor (and licensing and design)

Need of integral fuel performance codes (FPCs) and 

integral irradiation experiments to assess the fuel rod 

thermo-mechanical behaviour (σ, ε, and T)

Focus on inert gas behavior, i.e., 

gaseous swelling & fission gas release
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Multi-scale modelling
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Multi-scale up to engineering scale

Fuel performance code

Neutronic model

Mechanical model

Thermal model

Fission gas 

behaviour model

Fission rate

Hydrostatic stress

Temperature

Fission gas release

Swelling
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Title

• Text
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Grain-scale models
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Grain-scale models

d𝜑𝑖
d𝑡

=

𝜑𝑖
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Grain-scale models, production + diffusion

𝛽𝑖 𝐷𝑖∇
2𝐷𝑖∇

2

𝛽𝑖

d𝜑𝑖
d𝑡

= 𝛽𝑖 + 𝐷𝑖∇
2𝜑𝑖

𝜑𝑖
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Grain-scale models, trapping

𝛽𝑖 𝐷𝑖∇
2𝐷𝑖∇

2

𝛽𝑖

𝑔𝑖 𝑔𝑖

d𝜑𝑖
d𝑡

= 𝛽𝑖 + 𝐷𝑖∇
2𝜑𝑖 − 𝑔𝑖𝜑𝑖 + 𝑔𝑖−1𝜑𝑖−1

𝜑𝑖
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Grain-scale models, re-solution

𝛽𝑖 𝐷𝑖∇
2𝐷𝑖∇

2

𝛽𝑖

𝑔𝑖 𝑔𝑖

d𝜑𝑖
d𝑡

= 𝛽𝑖 + 𝐷𝑖∇
2𝜑𝑖 − 𝑔𝑖𝜑𝑖 + 𝑔𝑖−1𝜑𝑖−1 − 𝑏𝑖𝜑𝑖 − 𝑏𝑖+1𝜑𝑖+1

𝑏𝑖 𝑏𝑖

𝜑𝑖
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Rate theory equations

൞
d𝜑𝑖
d𝑡

=෍

𝑗

𝛼𝑗𝑖𝜑𝑗 + 𝛽𝑖 + 𝐷𝑖∇
2𝜑𝑖
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~𝜑𝑖𝜑𝑗
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Rate theory equations

൞
d𝜑𝑖
d𝑡

=෍

𝑗

𝛼𝑗𝑖𝜑𝑗 + 𝛽𝑖 + 𝐷𝑖∇
2𝜑𝑖

Fission product chemistry : Interaction (non-linear) terms !
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Rate theory equations

൞
d𝜑𝑖
d𝑡

=෍

𝑗

𝛼𝑗𝑖𝜑𝑗 + 𝛽𝑖 + 𝐷𝑖∇
2𝜑𝑖

Fission product chemistry : Interaction (non-linear) terms !

PARAMETERS !!!
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Title

• Text
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Examples of available tools

• CARACAS (CEA)

• MARGARET (CEA)

• MFPR-F (IRSN)

• SIFGRS (Idaho National Laboratory)

• SCIANTIX (Politecnico di Milano)

• …
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Summary and conclusions

• Fission gas and fission products behaviour are key for predicting overall performance

of nuclear fuel rods

• Multi-scale approaches are suitable to transfer knowledge up to the engineering scale

• Knowledge of model parameters and of their impact is fundamental for reliable

analyses

• Several tools are available and suited for different applications, with development

gaps being addressed by several research initiatives
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