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Figure 4.5 In(e - d* - T'/o) versus 10*/T for the compressive creep data

Figure 4.6 Smeared pellet mesh with a multi-layered cladding
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Figure 4.7 View of mesh sections and elements
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Figure 4.8 Linear heating rate for BISON cases [28]
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Figure 4.9 Centerline temperature of UsSi, during BISON runs with and without
thermal creep
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Figure 4.10 Radial surface displacement of U3Si; during BISON runs with and
without thermal creep
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Figure 4.12 Axial surface displacement of U3Si; during BISON runs with thermal
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Figure 4.13 Fuel rod internal pressure during BISON runs with and without
thermal creep
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Figure 4.14 Fission gas release of U3Si, during BISON runs with and without
thermal creep
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Figure 4.15 Hoop stress in the composite portion of the cladding during BISON
runs with and without thermal creep
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Figure 4.16 Hoop stress in the monolithic portion of the cladding during BISON
runs with and without thermal creep
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Figure 4.17 Cladding temperatures during BISON runs with and without thermal
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Figure 4.18 Centerline temperature of U3Si, during BISON runs with increased
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Figure 4.19 Radial surface displacement of U3Si, during BISON runs with increased
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Figure 4.20 Fuel rod internal pressure during BISON runs with increased creep
rates
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Figure 4.21 Fission gas release of U3Si, during BISON runs with increased creep
rates
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Figure 4.22 Hoop stress in the composite portion of the cladding during BISON
runs with increased creep rates
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Figure 4.23 Hoop stress in the monolithic portion of the cladding during BISON
runs with increased creep rates
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Figure 4.26 Fission gas release of U3Si, during BISON runs with varied gap widths
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Figure 4.27 Fuel rod internal pressure during BISON runs with varied gap widths
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Figure 4.28 Hoop stress in the composite portion of the cladding during BISON
runs with varied gap widths
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Figure 4.29 Hoop stress in the monolithic portion of the cladding during BISON
runs with varied gap widths
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Figure 4.30 Centerline temperature of U3Si; and UO; during BISON runs
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Figure 4.31 Fission gas release of U;3Si, and UO, during BISON runs

60
— 353
e 107
—. 50 1 === Coolant Pressure
G
o
=
S
[}
|-
=
v
wn
]
|-
o
©
c
|-
[}
!
£
0 T T

T T T
0 10 20 30 40 50 60

Burnup (GWd/MTU)

Figure 4.32 Fuel rod internal pressure during BISON runs with U3Si; and UO,
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Figure 4.33 Hoop stress in the composite portion of the cladding during BISON
runs with UsSi; and UO,
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Figure 4.34 Hoop stress in the monolithic portion of the cladding during BISON
runs with UsSi, and UO,
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Figure 4.36 Fission gas release of U3Si, during BISON runs with a SiC and a
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Figure 4.37 Fuel rod internal pressure during BISON runs with a SiC and a Zircaloy
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Figure 4.38 Hoop stress in the the cladding during BISON runs with a SiC and a
Zircaloy cladding
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CHAPTER 5

CONCLUSIONS

5.1 CONCLUSIONS

Although the combination of U3Si; and SiC are one of the favorites for re-
placing the current LWR fuel and cladding, there is still much that is unknown
about these materials. By adding models that describe the behavior of these mate-
rials to the nuclear fuel performance code BISON, a preliminary analysis of their
performance was completed. This analysis has highlighted the following areas of

importance:

o Pellet-Cladding Mechanical Interaction - Upon contact, increases in stresses

in the cladding can greatly reduce the life of the fuel rod.

e Cladding Thermal Conductivity Degradation - Degradation of the thermal
conductivity of SiC imposes large thermal stresses on the cladding from the
beginning of life. The reduction in heat transfer due to this phenomenon

also greatly increases the centerline temperature of the fuel.

e Fission Gas Release - Increased fission gas release during cases with larger
pellet-cladding gap width limit the ability to postpone PCMI by means of

changing the geometry of the fuel rod.
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e Impact of Creep - The creep of U;Si, has been shown to have a significant
impact on the life of the fuel, with higher creep rates allowing the fuel to

remain in operation longer after the point of contact.

While conclusions can be made from the results shown here, there is still
much more that can be done to improve upon this analysis. The swelling model for
Us;Si, is currently only dependent upon burnup, while temperature is expected to
have a large impact on the swelling as well. Addition of a temperature and burnup
dependent swelling model will greatly improve the accuracy of the simulations.
In addition to improvements that can be made on the swelling model, a model of
tission gas release specific to U;Si, is also needed.

For SiC, there are also a number of areas that future work can improve upon.
Since SiC consists of fibers that are woven in different directions, the addition
of anisotropic properties can highlight the impact of fiber direction. To achieve
this goal, a 3D model built using BISON’s tensor mechanics module will need to
be created. Further improvements on the analysis of property directionality can
be made with the addition of an advanced mesh for SiC that includes individual

fibers.
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