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Development of CANDU Pressure Tube Integrity Evaluation System
- Its Application to Sharp Flaw and Blunt Notch -
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Abstract

The pressure tube is a major component of the CANDU reactor, which supports nuclear fuel bundle
and it's containment vessel. If a flaw is found during the periodic inspection from the pressure tubes,
the integrity evaluation must be carried out, and the safety requirements must be satisfied for continued
service. In order to complete the integrity evaluation, complicated and iterative calculation procedures
are required. Besides, a lot of data and knowledge for the evaluation are required for the entire
integrity evaluation process. For this reason, an integrity evaluation system, which provides efficient
way of evaluation with the help of attached databases, was developed. The developed system was built
on the basis of ASME Sec. XI and FFSG(Fitness For Service Guidelines for zirconium alloy pressure
tubes in operating CANDU reactors) issued by the AECL, and covers the delayed hydride
cracking(DHC). This system does not only provide various databases including the 3-D finite element
analysis results on pressure tubes, inspection data and design specifications but also is compatible with
other commercial database software. In order to verify the developed system, several case studies have
been performed and the results were compared with those from AECL. A good agreement was

observed between those two results.
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Fig. 3 Data input window for sharp flaw
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Fig. 4 Flow chart for sharp flaw evaluation

Fig. 6 Output window for sharp flaw evaluation
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Table 1 Comparison of evaluation parameter for

sharp flaw
AECL Evaluation
system
Crack Extension (mm) 0.085 0.083
Stress intensity factor
8.57 8.47
(MPay/ m)
Fracture toughness
27. 7.1
(MPay m) ! 2
Plastic collapse stress
(MPa) N.A. 652.7
Margin on S.IF. 3.16 3.20
Margin on stress 443 4.38
Allowable shutdown 3 3
Continued operation. ? No No

Fig. 10 Model for the finite element analysis
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Table 2 Comparison of evaluation parameter for
blunt notch

AECL Evaluation
system
Max. alternating stress
A, 4
(MPa2) N 272
Stress concentration factor 33 31
(MPay m) ) )
Peak notch-tip stress
602
(MPa) 593
Plastic collapse stress
N.A. 631.9
(MPa)
Margin on stress 4.13 4.22
Continued operation ? Yes Yes
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