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&a Modelling and simulation of nuclear glass synthesis
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Context & objectives

W Calcination-vitrification process has been . vl wl Multiphysical modelling of cold crucible
used in France for over 30 years for the | -
high-level nuclear waste containment =

3
> Atomic scale confinement

» Understanding of the different
physical phenomena involved

» Reducing the number of full scale
experimental runs

» Optimization of operating

conditions

Calcination-Vitrification continuous \_
two-steps process
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» Secure and sustainable containment /‘\' Cal
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W Cold crucible technology used since 2010 E
at La Hague plant
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Thermal homogeneity of the glass bath:
Temperature and velocity fields [1,2]
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B The aim of this study Is to add to existing simulations, a modelling of chemical aspects
taking place during the nuclear glass synthesis in order to be able to predict:
* The behavior of the reaction layer and its impact on thermal aspects in furnace
* The optimization parameters of the elaboration capacity
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\_ Hot cell for vitrification: La Hague Nuclear glass fragment )

Methodology: Thermal approach

Reaction mechanism characterization ldentification of chemical reactions Modelling and coupling approach
= Sample studied: Mixture of 4 - SEM analysis at different steps of reaction mechanism || = Focus on endothermic events
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B0 enatege) A = From a thermal point of view, the characteristic events > Generalization of 0D model with the Integration of
of the reaction mechanism are mainly associated with transport terms (advection and diffusion)
= Qverall reaction enthalpy (AH) estimated through DSC/TGA y » Coupling with MTH 3D model via the temperature
analysis decomposition reactions (denitration, dehydration, etc.)

Full 3D simulation of vitrification process at mock-up scale

Coupling of chemical reactions modelling with thermal-hydraulic model

Experimental study Numerical simulation
Measurements of the temperature varation induced by the chemical reactions B Governing equations i
endothermic effects coupled with the intrinsec heat capacity of the glass precursors * Chemica -
» Transport equation for each reaction (i=1 to 4) :
m Procedure dpa; N 9 ( - aai) i o —E,
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