INL/RPT-23-73672-Revision-0

Quantitative Insight to
Fission Gas Bubble
Distribution in Irradiated
Annular U-10Zr Metallic
Fuel Using Deep Learning

July 2023

Yalei Tang, Tiankai Yao, Fei Xu

.

|daho National

|_Q oml‘ory INL is a U.S. Department of Energy National Laboratory operated by Battelle Energy Alliance, LLC



DISCLAIMER

This information was prepared as an account of work sponsored by an
agency of the U.S. Government. Neither the U.S. Government nor any
agency thereof, nor any of their employees, makes any warranty, expressed
or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness, of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately
owned rights. References herein to any specific commercial product,
process, or service by trade name, trade mark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsement, recommendation,
or favoring by the U.S. Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily state or reflect
those of the U.S. Government or any agency thereof.




INL/RPT-23-73672-Revision-0

Quantitative Insight to Fission Gas Bubble
Distribution in Irradiated Annular U-10Zr Metallic Fuel
Using Deep Learning

Yalei Tang, Tiankai Yao, Fei Xu

July 2023

Idaho National Laboratory
Idaho Falls, Idaho 83415

http://www.inl.gov

Prepared for the
U.S. Department of Energy
Under DOE Idaho Operations Office
Contract DE-AC07-05ID14517



Yalei Tang? (Intern), Tiankai Yao®, Fei Xu® (Mentors)

aUniversity of Nebraska, Lincoln
b Characterization department, Characterization & Post Irradiation Examination division, Materials & Fuels Complex, Idaho National Laboratory

Mission

U-10Zr metal fuel is a promising nuclear fuel candidate for next-generation sodium-cooled fast spectrum reactors. Understanding of the mechanism

governing the evolution behavior of fission gas bubbles helps the commerual gualification of U-10Zr fuel
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Fig. 1. The optical micrography of a U-10Zr irradiated to
3.4% fission per initial metal atom (FIMA) burnuptl . Fig. 2. The Scanning Electron Microscope images of bubbles in U-10Zr fuel[ll

Analysis and Results
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Image Processing Fig. 6. Pre-trained model fission gas bubble classification.

Fig. 3. Pre-trained model for fission gas bubble detectiont?! ,
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(a) Original SEM image (b) Bubbles detected using simple  (c) Bubbles detected using machine | ~ - : . @ Connected pores
threshold method learning ; ! m ﬁ‘ peerl = with fission products & - TS L SR
Fig. 4. Comparison between SEM image segmentation using simple Flg 7 (a) Pore category Iabeled on top of original SEM image of U- 1OZr Fig. 8. (a) Pore size labeled on top of original SEM image of
threshold method and machine learning method!?! . (b) detailed image of interested area. U-102Zr, (b) detailed image of interested area.

Bright region represents pore area

L Bubble Distribution Statistics
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(a) SEM image of U+10Zr fuel cross section  (b) U-10Zr fugl cross section segmented result in binary image Fig. 9. (a) Pore category distribution along the distance from the fuel center,
_ (b)Pore category distribution along the distance from the fuel center, (c) Pore size _ S .
_~~ "~ Fig. 5. SEM image segmentation-results. distribution along the distance from the fuel center, (d) Pore size distribution Fig. 10. Pore size distribution on the U-10Zr cross
. > - ) .
™ v ‘ along the distance from the fuel center. section.

Discussion and Future Work

Further investigation is needed to understand how pore characteristics affect the thermal conductivity.
Pare orientation analysis|is needed to provide insights into the distribution of fission products along the thermal gradient.
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