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Investigation of Applicability to High Burnup of Small Modular Reactor Fuel
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Recently, Small Modular Reactor has been investigated as a candidate of future reactor, which is safer and more
economical than present reactor, in the world. Since the SMR is intended for use in remote areas where the power grid is
not well developed, long-term operation without refueling, that is, high burnup of fuel is desirable. Therefore, the
introduction of fuel enriched to about 20wt% is being considered. However, in a previous study, a rapid increase in the
FP gas release rate was confirmed in the behavior analysis of high burnup fuel of 120 GWd/tU, suggesting that suppression
of FP gas emission is the key to achieving long-term operation. On the other hand, considering the operation of SMR in
areas where the power grid is well developed, it is expected to play a role in promoting carbon-free power generation by
replacing thermal power generation by performing load-following operation in combination with renewable energy.
However, in this case, it is necessary to confirm that the load fluctuation to the fuel caused by load-following operation
does not cause fatigue failure. Since both problems are caused by burning SMR fuel to high burnup, this study focused
on evaluation of FP gas release and fatigue under load-following operation. This study showed FP gas behavior in high
burnup and that FP gas release can be reduced by increasing UO, grain size. Furthermore, this study also showed that

daily load following operation doesn’t cause fatigue failure on SMR fuel.
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Fig. 2.1 FP gas release model®
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Fig.2.2  Power history for FP gas release model and Fatigue failure
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Table.3.1  Key parameters for confirming the FP gas release mechanism

Parameter Reason Fig. No.
Number of FP gas generation Confirm that FP gas atoms (Xe, Kr) are generated in 33
atoms per unit volume proportion to burnup
Number of intragranular FP gas Confirm the relationship with the FP gas release rate 34

atoms per unit volume

Number of FP gas atoms in Confirm the relationship with the FP gas release rate 35
intragranular matrix per unit

volume

Number of FP gas atoms in Confirm the relationship with the FP gas release rate 3.6

intragranular bubbles per unit

volume

Number of FP gas atoms per Confirm the relationship between the FP gas release 3.7
grain boundary unit surface area  rate and the number of FP gas atoms in the grain

FP gas effective diffusion Confirm relationship with FP gas release rate and 3.8
coefficient other FP gas atomic numbers
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Table3.2 Relationship between pellet grain size and FP gas release rate (FGR)

Grain size

(um)

10 20 30 40 50 60 70 80 90

100

FGR(%) 11.1 11.2 9.0 7.1 5.6 4.5 3.5 2.6 22

0.5

15
e ©

= 10
S o
2
g °
2
< _ L ]
2 °
on
o ® o
=

5 e

0 20 40 60 80 100 120

Grain size (um)

Fig. 3.9 Relationship between grain size and FP release rate
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