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Effect of Neutron Irradiation on DHC Velocity at CANDU Zr-2.5Nb
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Abstract

The objective of this study is to evaluate the lifetime of Zr-2.5Nb pressure tube at
Wolsung Unit-1. The testing materials (Effective full power year: 9.3 year,
Accumulated nuetron fluence: 7.66 ~ 891 x 1025 n/m2) were sampled from M-11



tube at various position(inlet, middle and outlet). The cutting was carried out at Hot
cell to fabricate CT(Compact tension) specimen with 48 ppm hydrogen content. In the
result of DHC test, irradiation-damaged specimen showed 4~6 times faster DHC
velocity (5.298E-0.8 ~7.039E-8 m/s: 182 °C) than non-irradiated specimen. These
DHCV results also show slight faster than one of specimen from Pickering plant
(average DHCV: 45E-8 m/s: 182 °C). This faster DHCV can be explained with the
fact that Wolsung Unit-1 have been operated in a severe conditions(higher cooling
water temperature, high power and efficiency) than Pickering one. The striation
spacing which was seen DHC fracture surface at irradiated specimen showed much
smaller than non-irradiated one at same testing temperature(8 um). After comparing
these results with yield stress of specimen, faster DHCV and smaller striation
spacing of irradiated pressure tube would be explained by yield stress change due to

irradiation embrittlement of tube material during operation period.
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(a) Collection of CCT Specimen (b) Geometry of CCT Specimen

Fig. 1 CCT Specimen for DHC
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Fig. 2. Dependence of DHCV on hydrogen content at 182 °C.
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Fig. 3. Schematic diagram of specimen temperature and applied loading during DHC
Testing.
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Fig. 4. The DHCV comparison of irradiated pressure tube
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Fig. 5. The DHCV comparison of irradiated pressure tube with Sagat’s results
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Fig. 7. Relationship between normalized DHCV and Yield stress by Cy and Dp
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Fig. 8. SEM Image of fractured Specimen
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