Accepted Manuscript

JOURNAL OF
NUCLEAR MATERIAL

A model describing intra-granular fission gas behaviour in oxide fuel for advanced
engineering tools

D. Pizzocri, G. Pastore, T. Barani, A. Magni, L. Luzzi, P. Van Uffelen, S.A. Pitts, A.
Alfonsi, J.D. Hales

PII: S0022-3115(17)31503-9
DOI: 10.1016/j.jnucmat.2018.02.024
Reference: NUMA 50797

To appearin:  Journal of Nuclear Materials

Received Date: 24 October 2017
Revised Date: 5 February 2018
Accepted Date: 16 February 2018

Please cite this article as: D. Pizzocri, G. Pastore, T. Barani, A. Magni, L. Luzzi, P. Van Uffelen, S.A.
Pitts, A. Alfonsi, J.D. Hales, A model describing intra-granular fission gas behaviour in oxide fuel for
advanced engineering tools, Journal of Nuclear Materials (2018), doi: 10.1016/j.jnucmat.2018.02.024.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.jnucmat.2018.02.024

10

11

12

13

14
15
16
17
18
19
20
21
22
23
24
25

26
27

A model describing intra-granular fission gas behaviour in
oxide fuel for advanced engineering tools

D. Pizzoctf, G. Pastore T. Bararf, A. MagnPf, L. Luzzf",

P. Van Uffelefi S.A. Pittd, A. Alfonsi®, J.D. Hale®

? Politecnico di Milano, Department of Energy, Nucld&ngineering Division, Via La Masa 34,
20156, Milan, Italy

®|daho National Laboratory, P.O. Box 1625, IdahdssdaD 83415-3840, United States

¢ European Commission, Joint Research Centre, Diaetdor Nuclear Safety and Security, P.O.
Box 2340, 76125, Karlsruhe, Germany

* Corresponding author, lelio.luzzi@polimi.it

Abstract. The description of intra-granular fission gas bebtawis a fundamental part of any
model for the prediction of fission gas release swdlling in nuclear fuel. In this work we present
a model describing the evolution of intra-grandlasion gas bubbles in terms of bubble number
density and average size, coupled to gas releaggatn boundaries. The model considers the
fundamental processes of single gas atom diffugjas bubble nucleation, re-solution and gas atom
trapping at bubbles. The model is derived from taitkl cluster dynamics formulation, yet it
consists of only three differential equations sfinal form; hence, it can be efficiently applied
engineering fuel performance codes while retairanghysical basis. We discuss improvements
relative to previous single-size models for intrargilar bubble evolution. We validate the model
against experimental data, both in terms of bulrhlewber density and average bubble radius.
Lastly, we perform an uncertainty and sensitivibalgsis by propagating the uncertainties in the

parameters to model results.
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