The U.S. nuclear industry has shown growing interest in using advanced manufacturing technologies (AMT) for new plant construction and for repair and replacement activities in existing plants. There are currently no nuclear nondestructive examination (NDE) standards to guide inspection of AMT components, nor is it known if new standards will be needed or if existing standards can be used. The objective of this project is to perform confirmatory testing on relevant AMT materials to help understand which NDE methods will be effective for inservice inspections. This work focused on inspecting electron beam welds of thick-walled (90-100 mm) carbon steel mockups designed to imitate pressure-vessel or safety-critical components. Four carbon steel (ASTM/ASME SA508 Grade 3 Class 1) plate mockups were obtained on loan from the Electrical Power Research Institute (EPRI). Mockups were welded with a single-pass butt weld with no filler material. One mockup was welded using ideal parameters, and the other three were welded with intentionally poor electron beam parameters, resulting in lack of fusion, a full-thickness keyhole, and lack of penetration defects. To evaluate weld inspectability, we employed radiographic testing (RT) and ultrasonic testing (UT), including conventional pulse-echo (PE) UT, full matrix capture (FMC), time of flight diffraction (TOFD), and tandem pitch-catch. The UT was performed using 5 MHz shear waves (approximately 0.6 mm wavelength) from both sides of the plate and both sides of the weld. Results showed that the RT was not sensitive to the depth of the lack of fusion and lack of penetration defects. PE UT approaches, including FMC, were sensitive to corner-trap echoes but were generally not able to measure the depth of the lack of fusion defects due to the thickness of the mockups. The PE methods showed some indication of scatter from the weld region due to changes in the microstructure. The TOFD approach most clearly showed the location, size, and depth of all the defects, with starkly different signal intensities from the unfused regions as compared to the fused regions.

