






Figure 4.5 ln( _ε · d3 · T/σ) versus 104/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

Figure 4.8 Linear heating rate for BISON cases [28]
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Figure 4.9 Centerline temperature of U3Si2 during BISON runs with and without
thermal creep

Figure 4.10 Radial surface displacement of U3Si2 during BISON runs with and
without thermal creep
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Figure 4.11 Vonmises stress in U3Si2 at the point of PCMI during BISON runs with
thermal creep

Figure 4.12 Axial surface displacement of U3Si2 during BISON runs with thermal
creep
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Figure 4.13 Fuel rod internal pressure during BISON runs with and without
thermal creep

Figure 4.14 Fission gas release of U3Si2 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

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
creep

Figure 4.18 Centerline temperature of U3Si2 during BISON runs with increased
creep rates
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Figure 4.19 Radial surface displacement of U3Si2 during BISON runs with increased
creep rates

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 U3Si2 during BISON runs with increased creep
rates

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

Figure 4.24 Maximum centerline temperature of U3Si2 during BISON runs with
varied gap widths
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Figure 4.25 Centerline temperature of U3Si2 during BISON runs with varied gap
widths

Figure 4.26 Fission gas release of U3Si2 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

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

Figure 4.30 Centerline temperature of U3Si2 and UO2 during BISON runs
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Figure 4.31 Fission gas release of U3Si2 and UO2 during BISON runs

Figure 4.32 Fuel rod internal pressure during BISON runs with U3Si2 and UO2
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Figure 4.33 Hoop stress in the composite portion of the cladding during BISON
runs with U3Si2 and UO2

Figure 4.34 Hoop stress in the monolithic portion of the cladding during BISON
runs with U3Si2 and UO2
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Figure 4.35 Centerline temperature of U3Si2 during BISON runs with a SiC and a
Zircaloy cladding

Figure 4.36 Fission gas release of U3Si2 during BISON runs with a SiC and a
Zircaloy cladding
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Figure 4.37 Fuel rod internal pressure during BISON runs with a SiC and a Zircaloy
cladding

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 U3Si2 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:

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

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

• 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.

• 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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• Impact of Creep - The creep of U3Si2 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

U3Si2 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

fission gas release specific to U3Si2 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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Hinoki, Aljaž Iveković, Sasa Novak, and SM Gonzalez de Vicente. Current
status and recent research achievements in sic/sic composites. Journal of
Nuclear Materials, 455(1):387–397, 2014.

[14] Bo-Shiuan Li. Pellet cladding mechanical interactions of ceramic claddings
fuels under light water reactor conditions. Master’s thesis, University of South
Carolina, 2013.

[15] William E Luecke and Sheldon M Wiederhorn. A new model for tensile creep
of silicon nitride. Journal of the American Ceramic Society, 82(10):2769–2778,
1999.

[16] Emil Mercado. U3si2 compressive creep testing under various stresses and
temperatures. Master’s thesis, University of South Carolina, Expected 2018.

[17] Kathryn E Metzger. Analysis of pellet cladding interaction and creep of U3Si2
fuel for use in light water reactors. PhD thesis, University of South Carolina,
2016.

[18] KE Metzger, TW Knight, and RL Williamson. Model of u3si2 fuel system using
bison fuel code. ICAPP 2014, Charlotte, NC, USA, Apr. 6–9, 2014.

[19] K Linga Murty. Materials Ageing and Degradation in Light Water Reactors:
Mechanisms and Management. Elsevier, 2013.

[20] WJ Parker, RJ Jenkins, CP Butler, and GL Abbott. Flash method of determining
thermal diffusivity, heat capacity, and thermal conductivity. Journal of applied
physics, 32(9):1679–1684, 1961.

[21] Jeffrey J Powers. Early implementation of sic cladding fuel performance models
in bison. Technical report, Oak Ridge National Laboratory (ORNL), 2015.

[22] RJ Price. Effects of fast-neutron irradiation on pyrolytic silicon carbide. Journal
of Nuclear Materials, 33(1):17–22, 1969.

[23] Junuthula Narasimha Reddy. An introduction to the finite element method,
volume 2. McGraw-Hill New York, 1993.

70



[24] Aaren Rice. Intercode advanced fuels and cladding comparison using bison,
frapcon, and femaxi fuel performance codes. Master’s thesis, University of
South Carolina, 2015.

[25] Air Photo Service. An aerial view of the Fukushima
Daiichi Nuclear Power Station, taken on March 24, 2011.
Mandatory Credit Photo by Air Photo Service. PBS, Mar
2016. URL https://www.pbs.org/newshour/science/
the-heroes-of-fukushima-daiichi-but-dont-call-them-that.

[26] K Shirvan and MS Kazimi. Technical and economic viability of ceramic multi-
layer composite sic cladding for lwrs. IAEA TECDOC SERIES, page 351, 2016.

[27] Lance L Snead, Takashi Nozawa, Yutai Katoh, Thak-Sang Byun, Sosuke Kondo,
and David A Petti. Handbook of sic properties for fuel performance modeling.
Journal of Nuclear Materials, 371(1):329–377, 2007.

[28] JG Stone, R Schleicher, CP Deck, GM Jacobsen, HE Khalifa, and CA Back. Stress
analysis and probabilistic assessment of multi-layer sic-based accident tolerant
nuclear fuel cladding. Journal of Nuclear Materials, 466:682–697, 2015.

[29] Coleman Terrapin. Analysis of u3si2 fuel and the effects of creep on microstruc-
ture. Master’s thesis, University of South Carolina, Expected 2018.

[30] Joshua Taylor White, Andrew Thomas Nelson, John Tyler Dunwoody,
David Darrin Byler, Douglas Joseph Safarik, and Kenneth James McClellan.
Thermophysical properties of u3si2 to 1773k. Journal of Nuclear materials,
464:275–280, 2015.

[31] RL Williamson, KA Gamble, DM Perez, SR Novascone, G Pastore, RJ Gardner,
JD Hales, W Liu, and A Mai. Validating the bison fuel performance code to
integral lwr experiments. Nuclear Engineering and Design, 301:232–244, 2016.

[32] Seishi Yajima, Josaburo Hayashi, Mamoru Omori, and K Okamura. Develop-
ment of a silicon carbide fibre with high tensile strength. Nature, 261(5562):
683–685, 1976.

71


