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Abstract

The pressure tubes, which contain high temperature heavy water and fuel, are within the core of a CANDU
nuclear reactor, and are thus subjected to high stresses, temperature gradient, and neutron flux. Further, it is
well known that pressure tubes of cold-worked Zr-2.5Nb materials result in hydrogen diffusion, which create
fully-hydrided regions (frequently called Blister). Thus a proper investigation of hydrogen diffusion within
zirconium-alloy nuclear components, such as CANDU pressure tube and fuel channels is essential to predict
the structural integrity of these components. In this respect, this paper presents numerical investigation of
hydrogen diffusion to quantify the hydrogen concentration for blister growth of CANDU pressure tube. For
this purpose, coupled temperature-hydrogen diffusion analyses are performed by means of two-dimensional
finite element analysis. Comparison of predicted temperature field and blister with published test data shows

good agreement.
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Fig. 1 A schematic illustration of CANDU pressure tube
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Fig. 2 (a) Scheme showing geometrical relationship
between the sample and the pressure tube from
which it was extracted. (b) Experimental device
for blister formation®
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Table 1 Comparison of temperature field between
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Table 3 Thermal parameters used to estimate the

experimental results and FE results temperature field®
Radial Thermal
location 12 12 5 11 conductivity of er—Z.SNb 0.0215 W/(mmoc)
(mm) Zr-2.5Nb
Vertical ™ N
location 34 -0.4 0 0 crma k °
(mm) conductivity of Al 4 0.2 Wimm*C)
Measured Heat transfer
temperature 392 390 >352 392 coefficient between ma %
(oC) sample and cold hconl 1.7852 W/(mm C)
FEresults | 39305 | 391.05 | 379.65 | 39045  _finger (maximum)
WS Heat transfer
coefficient between
. . h -4 2
Table 2 Depth of the experimental blisters sample and block 9.81x10™ Wi(mm*°C)
Sample di Thermal- Blister depth aluminium block
iffusion time
No. 10° sec) (mm) Heat transfer
(x coefficient between W 2.1x10° Wi(mm®C
1 100.0 0.41 sample and Ax mm*°C)
2 109.0 0.41 surrounding air
3 195.3 0.65
4 219.6 0.76 :
5 410.7 0.85 e
6 600.0 1.30
7 200.0 0.60 22w cold et
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Table 4 Material constants for the thermal-diffusion of
hydrogen in Zr-2.5Nb®

Gas constant R 8.314 JIK mol
Frequency factor D, 0.41 mm’/s
Activation energy for
diffusion o 38,400 J/mol
Dissolution constant Kp 60,500 ppm
Precipitation constant Kp 41,000 ppm
Heat of mixing
(dissolution) Hp 33,300 Jimol
Heat of mixing Hp 28,000 Jimol
(precipitation)
Heat of transport Q* 20,930 Jimol
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