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[Abstract]

The Canada Deuterium Uranium (CANDU) reactor utilizes a horizontal structure for its core to enable real-time reactor
refueling. However, horizontal construction can lead to pressure tube failures. Canada has established legislation and standards to
prevent these failures and is actively researching methods to assess pressure tube integrity. However, traditional methods for
assessing pressure tube integrity are typically passive and are conducted only during planned statutory outages. To address the
limitations of these methods, we have implemented an automated pre-detection system utilizing deep learning. The vibration of the
pressure tube generated during CANDU operation is transformed into a spectrogram which can be used to train deep-learning
image classification models. The Vision transformer model results in the best classification performance. We then apply this model

to the system and successfully implement an automated system for the pre-detection of CANDU pressure tube failure.
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Fig. 1. Schematic diagram of a CANDU reactor
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Table 1. Failure scenario categorization, grouping, and
number of failures

Failure status The number of
- Grouped )
categorization failures
Steady state Steady state 1
Boundary conditions failure Al ~ A6 6
Loss of g.arterlsprlng B1 ~ B9 9
functionality
BC2 fa|llure & qus of c1~c9 9
garter spring functionality
BC1, 2 fallures & lLosslof D1 ~ D9 9
garter spring functionality
BC2,3 fallures & lLosslof E1 ~ E9 9
garter spring functionality
BC 1, 2, 3 failures & Loss
of garter spring F1 ~ F9 9
functionality
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Table 2. Failure scenarios(X: failure)
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Status categorization

End fitting
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Steady state

Boundary conditions failure

X X[ X | X
>

XXX | X
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functionality

X | X<
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X | X | X | X

XX | X | X
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>
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>
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XX |X| X
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