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Detection of Hydride Blisters in Zirconium Pressure Tubes using
Ultrasonic Mode Conversion and Velocity Ratio Method
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Abstract When the pressure tubes(PT) are in contact with the calandria tube(CT) in the pressurized heavy
water reactor(PHWR), the temperature difference between inner and outer wall of PT results in a thermal
diffusion of hydrogen (deuterium) and hydride blisters are formed on the outer surface of PT. Because the
hydride blisters and zirconium matrix are acoustically continuous, it is not easy to distinguish the blisters from
the matrix with conventional ulirasonic method. An ultrasonic velocity ratio method was developed to detect
small hydride blisters on the zirconium pressure tube. Hydride blisters were grown in the PT specimen using
a steady state thermal diffusion device. The flight times of longitudinal echo and reflected shear echo from the
outer surface were measured accurately. The velocity ratio of the longitudinal wave to the shear wave was
calculated and displayed using contour plot. Compared to the conventional flight time method of longitudinal
wave, the velocity ratio method shows superior sensitivity to detect smaller blisters as well as better images
for the blister shapes. Detectable limit of the outer shape of the hydride blisters was conservatively estimated
as 500 um, with the same specifications of ultrasonic transducer used in the actual PHWR pressure tube

inspection.
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Fig. 1 Mechanism of hydride blister formation and
growth
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Table 1 Ultrasonic velocity and velocity ratio[12]

Material v, [m/s] Vs [m/s] VL/ Vs

a-Zr 4,780 2,380 2.008

8—hydride 5,400 1,900
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Fig. 2 Concept of ultrasonic velocity ratio measure-
ment for blister detection
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Fig. 3 Schematic echo pattern in time domain
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Fig. 4 Thermal
growth of hydride blister
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Fig. 8 Typical cross-sectional view of hydride blister
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Fig. 9 Comparison of (a) outer shape of blister grown 30 days with [H] = 200 ppm (scale bar = 2 mm)

(b) Contour plot of velocity ratio method, (¢) Contour plot of time-of-flight of longitudinal wave
method
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Fig. 10 Comparison of {a) outer shape of blister grown 14 days with [H] = 188 ppm (scale bar = 2 mm)

(b) Contour plot of velocity ratio method, (c) Contour plot of time-of-flight of longitudinal wave
method
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