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Design, Fabrication, and Qualification of weld joints in Expansion Tank with Integrated Sensors in sodium loop
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A custom-designed sodium expansion tank with a hold-up capacity of 50 kg was designed, fabricated, and commissioned at an elevation of 3 meters from the ground level for integration into a sodium test loop. The tank is a cylindrical shell of 700 mm inner diameter and 360 mm height fabricated from type 316L stainless steel 6-mm thick plates and closed with torispherical dished ends of matching specifications. The system is designed to accommodate thermal expansion of liquid sodium and cover gas generation due to trace moisture ingress in the sodium circuit.

The sodium loop is configured to evaluate the performance characteristics of various in-sodium sensors—including Electrochemical Hydrogen Meters (ECHM) and cover gas sensors—with emphasis on response time and reliability for potential application in fast reactor safety systems. To ensure structural integrity under stringent operating conditions, the expansion tank and associated components were subjected to rigorous fabrication, inspection, and qualification protocols.

Material conforming to ASTM A240 and ASTM A312 was used in the fabrication of tank. The tank was fabricated using the GTAW process, employing sequential welding strategies to minimize heat input and mitigate distortion. Welding procedure specification was prepared according to ASME Section IX. In order to emphasize the stringent quality requirements of sensor assemblies in sodium loop, weld joints evaluation include visual inspection, dye penetrant testing for all passes, and radiographic and ultrasonic examinations. A comprehensive Weld Inspection Report (WIR) was prepared in accordance with the Quality Assurance Programme (QAP). Test coupons representative of production welds were qualified as per ASME Section IX. Site fabrication involved complex positional welds, including 6G orientations, with duly qualified WPS, PQR, and WPQ. After fabrication of the tank, Leak testing of was carried out in compliance with applicable standards.

This paper presents the key engineering challenges encountered during fabrication and shop-floor welding, integration of the nickel coil assembly and sensor attachments, and resolution of site-related constraints in sodium-wetted piping fabrication.
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