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Diagnosis of groundwater infiltration in drainage networks based on hydrogen
and oxygen stable isotopes
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Abstract When the water sources in drainage networks are complex , the traditional parameter tracer analysis method—which relies
on the concept of exhaustive quantification of source composition proportions—encounters limitations including high diagnostic
costs and substantial errors. In response,an efficient diagnostic method for groundwater infiltration in drainage networks based on
hydrogen and oxygen stable isotopes (6°H-6"°0) was proposed. By clustering and spatially isolating multi-source sewage from
groundwater , the complex mixed system was dimensionally reduced and simplified to a binary mixing system, thereby achieving the
purpose of reducing detection costs and analytical errors. Furthermore, combined with simulation analysis and field application, the
effectiveness of the proposed method was verified. Results show that compared with conventional parameter tracer, 5°H- 6"°0
exhibits distinct advantages in clustering and isolating “multi-source sewage” from groundwater; by coupling Monte Carlo (MC)
random sampling and non-negative least squares (NNLS), the proportion of groundwater can be accurately resolved, with a
theoretical mean absolute error below 2.2%. The level of groundwater infiltration in drainage networks can be efficiently diagnosed
by this method. In practical case studies, pipeline sections with infiltration issues are quickly identified by conducting groundwater
infiltration diagnostics in sewage pipelines with high water levels, which are consistent with leak defect inspections performed using

closed-circuit television (CCTV).
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