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Background — Cladding Integrity

q Gas plenum
== L
Cladding

Upper end plug BondNa g ,q slug (U-Pu-Zr or U-Zr alloy rod) Bottom end plug

Fuel rod

Cladding is the thin-walled metal tube that forms the outer
jacket of a nuclear fuel rod. It prevents corrosion of the fuel
by the coolant and the release of fission products into the

coolant. It is a first barrier for retention of fission products.

Source: Tanju et al, Nuclear Sci. Tech. 2015; W.J. Williams et al. / Annals of Nuclear Energy 136
(2020) 107016; Olander, 1976; Takanari Ogata, Abdellatif Yacout, 2020
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Background - Metal fuel irradiated microstructure

Mechanical (structural) behavior Fission gas behavior

- Gas bubble formation due 1o
< figsion gas precipitation
(gas swelling)

Cracking
Accumulation of

nan gaseous fission products
{solid FP swelling)

-

Interconnection of
gas bubbles

FCMI caused by
(open pore formation)

fuel slug swelling —

Fission gas release
through open pore

Mitigation of FCMI due to
open pore collapse ———__

3. Fuel cracks
i 4 a - & ,*
Fuel constituent migration — '~ Deterioration of fuel slug Fuel Na Clad
thermal conductivity due to
Cladding attack by ——— gas bubble formation e LA Tmpns 5. LA diffuses

rare-earth fission products 2. LA transported to pin edge e sied.
Recovery of fuel slug
thermal conductivity due to
bond sodium ingress into -

5. (Fe, Ni) diffuses

Cladding open pore 1. LA created in fuel v

Interdiffusion between
fuel alloy and cladding—

Chemical behavior

Influence on temperature

Takanari Ogata, Abdellatif Yacout, 2020 Y m—
Mattews C. et al, Nuc. Tech. 2017



Motivation — A big picture
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Huge microstructure data

Metalloaphy SEM Fuel modeling code to

better predict fuel

Machine BISON
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Approach - Workflow

Irradiated fuel
microstructure
SEM/FIB)

Phase determination through
advanced characterization

STEM/EDS/

\Applying the trained decision tree mocy

phase determination through image\

processing
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Decision Tree Classifier

Bubbles

. Large Size
. Less Bright Regions . More Bright Regions
Round Shape Round Rate
. Less Dark . More Dark Regions

Small Size

No Bright Regig Bright REgmnR”“”dB arger Round Rate Less Dar} are Dark
_ Not Roung . Round
Isolated . Con-fission Large Size Larger Size
solate
. . Bubble « o/ Bubble Less Dark More Dark . . Lower Contrast . ight Contrast
Homogeneous Dark Extra Smal Small nitorm MGN ContaifBark Region Naot Round ound L i
Inhomoyeneous Dark ot . Con-empty Con-empty Less Bight . . Smalled Size arger Size
Isolated . Isolated Con-fission Bube? Bubble Bubble :;S:Ja;zd Morh Bright / MDFE_BFE_V lesyDark Yore Dark  Isolated .
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Con-empty Isolated Bubble Bubble on-empty o Con-fission Con-empty
Bubble Bubble Con-fission Con-empt Con-fission
Bubble Bubble Bubble Bubble . Bubble Bubble Bubble

less Dark’  Dark\Regions

Con-fission Con-empty
Bubble Bubble

Manually bubble classification: 800 bubbles with three bubble categories: isolated, connected w/o Ln,
connected with Ln

Training and testing: 80% training, 20% testing

18 features including bubble’s mean intensity, size, standard deviation of intensity, intensity histogram, intensity
range and the shape convexity

Challenges: unbalanced and limited data
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A showcase - Two metallic fuel cross-sections
21 X

Cast into annular molds Machined holes after cast
U-10Zr, 55% SD, annular, He, U-10Zr, 55% SD, annular, He,
3.3%FIMA, 540-600+ C 4.3% FIMA, 600°C

83 B better fuel performance, low FCCI



Microstructure Comparison High Zr region
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Phase Identification on 83B - Zr redistributions

Phase Diagram
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Xu et al. Scientific Report, submitted
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Phase Identification on 83B - Zr redistributions
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Conclusion

Why machine learning
Complex problem
Huge dataset
Avoid human preference

Quantitative data for analysis mm) Porosity distribution

« Bubble types/distribution
 Phase identification/distribution

!

R Better understanding and prediction of
fuel performance

Accelerate fuel qualification and licensing
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Manual Verification — Bubble Segmentation
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High Zr region
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4 3%FIMA, 600 C)

Original image

Manual
bubble label

v

> Porosity: 50.3%




e __ N

\_ S L
e . - AN __\iﬂlblduho National Laboratory

L T Bubble Region
| | mom—mm—m—mm——o oo o= | ! Segmentation Up-conv 2x2
: : -t T T T T T T T T | p »
! ' ! :""'i Conv 3x3 »

L
: P ' EI.,I..I > N0 Concatenate - -»

1 "8 } i
- o Merge @
ResNet-50 ) N
Encoder : Lty
I | ! ‘ . -‘

: . »
1!
!
1!
| 1

c) Emall Dretection d) Merged Results

an
Find enclosed .' ."1:

contours TR

Image Processing

https://arxiv.org/ftp/arxiv/papers/2302/2302.12833.pdf



