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Abstract

Addressing the prevalent issues of missing blueprints, operational difficulties, and safety risks in
small, aged wastewater treatment plants, this research integrates backpack 3D laser scanning, un-
manned surface vessel (USV) bathymetry, and Building Information Modeling (BIM) reverse engi-
neering to construct a high-precision digital twin foundation. The project achieves millimeter-level,
holistic 3D replication encompassing aboveground and underground structures, indoor and out-
door environments, and both above and below the water surface of an artificial lake. An immersive
Virtual Reality (VR) training platform was also developed. Through detailed cost and efficiency
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comparative analysis, this approach demonstrates approximately a 4-fold increase in data acquisi-
tion efficiency compared to traditional methods, achieves a modeling accuracy of +5 mm, and is
projected to reduce fault localization time by over 50%. This provides a replicable, lightweight, and
cost-effective digital transformation pathway for similar small and medium-sized water utilities.
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