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Executive Summary

The objective of this research program is to develop a technology to enable the next generation
of “intelligent spent nuclear fuel dry storage canisters (DSCs),” that is, canisters with integrated
sensing and processing capabilities to enable real-time state awareness. It is proposed to use a
novel low-cost sensing system based on helical guided ultrasonic waves (HGUW) and
advanced data processing techniques for interrogating the outer surface of the canister. The
crux of this proposal is to generate helical waves into the external surface of the canister, and
detect its multiple echoes, generated from its cylindrical geometry, at a receiving transducer.
Therefore, instead of monitoring only the direct path connecting two transducers (i.e., first echo
arrival), multiple paths taken by each helical wave (i.e., late echo arrivals) can be monitored. We
hypothesize that these echoes carry valuable information about the containment function of the
canister, and the ability to monitor and analyze these signals can yield a completely new
inspection modality that can be used to identify and track the onset of conditions conducive to
component degradation (e.g., stress corrosion cracking, internal temperature and pressure).
The solution represents a change in paradigm — multiple wave reflections, considered
undesirable in current inspection techniques, will be used to enable real-time state awareness
from only a few monitoring points. This reduces the number of sensors needed to perform an
inspection. The key advantages of the proposed HGUW-based monitoring technology include:
(7) the ability to interrogate the internal conditions of the canister from only a few monitoring
points, thus increasing the inspection cost effectiveness, (2) the ability to monitor simultaneously
the entire circumferential area of the canister, (3) the increased sensitivity to many parameters
(e.g.: internal pressure and temperature, helium leakage, stress corrosion cracking) owing to the
wave structure choice, (4) the capability to detect onset of damage (e.g., leaks, or cracks) and
to estimate internal parameters (e.g., temperature and pressure) by toggling between the
modes of “passive” acoustic emission testing and “active” ultrasonic testing. Furthermore, the
sensing system based on HGUW can be integrated with existing robotic vehicle(s) to remotely
apply the HGUW technology on in-service DSCs.
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