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Abstract: Small- and- medium- sized grassroots sluices in arid areas serve as critical water- conservancy facilities for
regional agricultural irrigation, flood control and water conveyance. Unique climatic and hydrological conditions create
multiple obstacles to regular- based safe operation and maintenance of such projects. Conventional manual
operation- and- maintenance modes suffer from discontinuous monitoring, subjectively- oriented dispatching decisions and
disordered account management, failing to meet the demands for refined and intelligent water- resources management. Against
the industrial backdrop that grassroots sluices have finished standardization renovation and support remote gate control yet lack
sound intelligent management- and- control frameworks, this paper adopts lightweight digital- twin technology to construct an
integrated intelligent operation- and- maintenance system adapted to distinctive operating conditions in arid regions. The
system consists of five core modules: visual real- time monitoring, simulation- aided dispatching, safety risk tracing, digital
account administration and emergency deduction under extreme operating scenarios, delivering a digital- based management
solution suitable for grassroots sluice facilities.
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