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Introduction
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Evolution of MOX Fuel Shows Extensive Phase
and Microstructure Changes o
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Isotopic Modelling of Nuclear Fuel
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Thermodynamic Modelling of Nuclear Fuel

Fresh Fuel Irradiated Fuel
Gas (Xe, Kr, Cs, ...)
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Simulation Hierarchy
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Thermochimica Overview

UO, Fluorite Crystal Structure

A)

Anion sublattice Cation sublattice

M.H.A. Piro, PhD Thesis, Royal Military College, 2011.
M.H.A. Piro, S. Simunovic, T.M. Besmann, B.J. Lewis, W.T. Thompson, Comp. Mat. Sci., 67 (2013) 266-272.




Thermochimica Overview

UO, Fluorite Crystal Structure
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Thermochimica Overview

UO, Fluorite Crystal Structure
UO, + FPs

1 Site

Phases:

* Fluorite oxide

* Noble metals (HCP, BCC, ...)

* Oxides

» Uranates
Defect complex of UO, » Molybdates

» Zirconates

» Gas

M.H.A. Piro, PhD Thesis, Royal Military College, 2011.
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Comparison with Experiments - Isolated
Validation Studies of Models

UO,,, Thermodynamic Model Gamma Spectra Model after 235U Fission
-40 , 0.16
1000°C l
| A 0.14 —a—experiment| |
| ——SCALE 5
' -—- SCALE 4.4
0.12

o
a
—

Photons / fission
o
o
[e5)
e

Oxygen Potential [kJ / g-atom]

|
|
|
|
|
|
I ©  Aronson Belle (1958)

-160 | I O Kiukkola (1962) \
| v Hagemark Broli (1966) 0.06 d .ﬂ o
: X Peron (1968)
I < Saito (1974) 0.04

200 F ¥ | O Baranov Godin (1980) h

A 'l & UneOguma (1982) ! I
o | . 0.02 ! b1,

I #%  Lindemer Besmann (1985) : T ;
| Il.\ II \ I\\
I 2l b"\,r" -~ \\J" N N

-240 _— 0 Hr= ‘ =g S —

0.665 0.675 0.680 0.685 0.695 0 1 2 3
Atomic Fraction of Oxygen Energy (MeV)
bO
o= ( by + by J
M.H.A. Piro, PhD Thesis, Royal Military College, 2011. Figure kindly provided by |. Gauld, SCALE group, ORNL
OAK
M P Note: many other isolated validation studies have been incorporated. ,\'RIDGE
1 Managed by Ui-Batielle The above are intended to provide simple examples. Natonal Luboraiory

for the U.S. Department of Energy



Comparison with Experiments - Integrated
Validation Studies of Simulations

» 3.5% enriched UQO, fuel irradiated in a European PWR to
~102 GWd/t(U).

« Sample discs (~1 mm thick) were taken from upper end
of fuel stack for various measurements at ITU:

— Integral fuel composition
— Local fuel composition

— Oxygen partial pressure

11 cT Walker, V.V. Rondinella, D. Papaioannou, S. Van Winckel, W. Goll, R. Manzel, J. Nucl. Mater., 345 (2005) 192-205.



Irradiation History
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Average Fuel Composition
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Predicted Pu Distribution
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Oxygen-to-Metal Ratio
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ICP-MS, EPMA and
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regarding phase
equilibria.




Phase Composition
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Summary

» Advanced simulation capability has been
developed that enhances fuel behaviour
predictions by integrating thermochemistry and
iIsotopic evolution.

» Simulation predictions are in relatively good
agreement with experiments...
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Final thought...

“In theory, there is no difference between theory
and practice. But in practice, there is.”

- Yogi Berra
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