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Development of CANDU Pressure Tube Integrity Evaluation System
: Its Application to Delayed Hydride Cracking and Blister

Sang-Log Kwak', Joon-Seong Lee™, Young-Jin Kim ~ and Youn-Won Park™

ABSTRACT

The integrity evaluation of pressure tube is essential for the safety of CANDU reactor, and integrity must be
assured when flaws or contacts between pressure tube and surrounding calandria tube are found. In order to
complete the integrity evaluation, not only complicated and iterative calculation procedures but also a lot of data
and knowledge are required. For this reason, an integrity evaluation system, which provides an efficient way of
the evaluation with the help of attached databases, was developed. The developed system was built on the basis
of ASME Sec. XI and FFSG issued by the AECL, and applicable for the evaluation of blister, sharp flaw and
blunt notch. Delayed hydride cracking and blister evaluation modules are included in the general flaw and notch
evaluation module. 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. 1 Schematic diagram of CANDU fuel channel®
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Fig. 2 Blister formation process(“)
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Fig. 4 Main screen of evaluation system
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Fig. 6 Data input screen
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Fig. 7 Flow chart for flaw evaluation

User Input

PTLT Contact Data,
Period; Material Data

Hydrogen Gonhenh’alion,
Blister Formation Threshold,
PHTS & Modetator Temp.

Databage Input

Transients, Reference
Tables, Inspection Data

Biister Growth Evaluation

lnthiaf Blister Dy .
Allowable Bliste_f%mngd;)

(do+ Ad)<ds
t<tmax

No
Print Result &
i Termingion

Fig. 8 Flow chart for blister evaluation
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Table 1 Input data of flaw

Item Flaw

Wall Thickness [mm] 4.23
Inner Radius [mm] 52.95
Flaw Depth [mm] 1.20
Flaw Length [mm] 5.00
Initial Hydrogen{ppm] 9.00
Deuterium [ppm] 11.30
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Table 2 Comparison of evaluation parameter for

flaw
AECL PTIES
Crack Extension [mm] | 0.085 0.083
Margin on S.LF. 3.16 3.20
Margin on Stress 443 438
Allowable Shutdown 3 3
Continued Operation ? No No
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Table 3 Details of blister data input

Case 1 Case 2

H.q at Installation[ppm] 9.00 7.0
Initial Hydrogen[ppm] 22.00 19.00
Deuterium Uptake[ppm/yr} 1.25 2.0
Contact Period[EFPH] 112,000 21,000
Evaluation Period[EFPH] | 14,000 21,000
PHTS Temperature[ C] 293 293
Moderator Temperature[ C]| 121.3 1213

Table 4 Details of blister evaluation results

Case 1 Case 2

Heq (end of evaluation)[ppm] 233 22,0
BFT for N.O.P.[ppm] 26.9 26.9
BFT for Level A&B[ppm)] 213 213
Initial blister depth{mm] 0.01 0.00
Blister growth{mm] 0.07 0.01
Allowable blister depth[mm} 0.15 0.15
Blister formation time{yr] 15.2 23

Table 5 Comparison of evaluation parameter for
Case 2 analysis
KINS PTIES
Heq [ppm] 22.0 22.0
BFT for N.O.P.[ppm] 27.00 26.9
BFT for Level A&B[ppm] N.A. 213
Blister formation time[yr] 23 23
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