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Development of non-destructive inspection technique for microstructures
under irradiation using decommissioned materials
(1) An experimental approach
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Development of methods of detecting degradation of irradiated reactor structural materials is required for
successful operation of nuclear power plants. Ultrasonic waves, currently used as a non-destructive technique to
detect cracks, change as a result of interacting with microstructural components and can be employed to
measure radiation-induced changes in microstructure. Bulk-averaged measurements of microstructural changes
can be determined using ultrasonic velocity, attenuation and back-wall echo, while backscattering echoes can
provide information on the depth-dependent profiles of microstructural changes. The result of quantitative
evaluation of the relationship between the microstructure and the ultrasonic signal have a good agreement
between ultrasonic measurements and the spatial variations in density changes, as well as swelling arising from

microscopy-observed voids and carbides.
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Fig.1 Schematic diagram of the EBR-ll reactor

Fig.2 Appearance of irradiated Block materials
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Fig.3 Schematic view of core height and Block positions
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Fig.4 Dose distribution of irradiated Block materials
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Fig.5 Temperature distribution of irradiated Block materials
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Table.1 Summery of investigation of Block

Block ID Block 3 Block 5
Face to face
) 52.37 52.37
thickness [mm]
longitudinal len,
& gh 243.28 2175
[mm]
o Flatl: 26-33 0-5
Trradiation dose
Flat4: 20-23 (Estimated value)
Average temperature 415
370~410
[°’C] (Estimated value)
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Fig.6 Process of Cut out of irradiated Slice materials

Table.2 Summary of microstructural observations for the investigated blocks

carbide void
Slice material ID | depth form Flat]
volume ratio [%) [number density [m-3]] ~ diameter[nm] | volumeratio[%] [number density[m-3]|  diameter [nm]
12.5 046 7.1E+20 14 1.84 2.2E+21 20
3E 25 044 9.1E+20 15 276 2.6E+21 22
375 0.52 1L.1E+21 16 195 29E+21 20
12.5 0.13 TAE+20 14 1.18 23E+21 18
3D 25 0.50 9.1E+20 15 294 1.7E+21 28
375 0.73 L1IE+21 16 2.08 3.2E+21 23
12.5 034 1.2E+21 10 0.52 8.0E+20 19
oA 25 0.31 6.4E+20 12 0.47 8.0E+20 18
12.5 032 1.2E+21 10 0.31 4.6E+20 19
B 25 0.39 6.4E+20 12 047 5.9E+20 21
5C 125 040 6.3E+20 13 0.29 4.2E+20 18
5D 25 048 6.3E+20 13 023 3.0E+20 17
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Fig.7 Microstructure observation in the depth direction of

the 3D  (right: 12.5 mm, center: 25 mm, left: 37.5 mm)
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Fig.9 Ultrasonic velocity between the cutting plane (3D)
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Fig.10 Ultrasonic velocity between the cutting plane (3B)
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Fig.11 Ultrasonic velocity between the cutting plane (5C)
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Table.3 Quantitative results of the microstructure and

measurement results of ultrasonic velocity

Slice material | volume ratio of | volume ratio of Ultrasonic
D void [%] carbide [%] velocity [m/s]
5D 0.23 048 5773
5C 0.29 040 5774
5B 0.39 0.36 5763
bA 0.50 032 5759
3D 207 045 5696
3E 218 047 5691
_ \/ (1-2.55+3.50)E,(1—v) @
(1-s+0.330)p,(1+v)(1-2v)
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Fig.14 Calculation and measurement of void distribution
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