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GPR-based leak detection technology in water pipelines:

principle and phenomenon mechanism

GUO Xinlei', ZHENG Feifei’, MA Chaomeng1 , CHAI Duanwu', FU Hui', CUI Haitao’
(1. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin,
China Institute of Water Resources and Hydropower Research, Beijing 100038, China;
2. College of Civil Engineering and Architecture, Zhejiang University, Hangzhou 310058, China;
3. Dalian Zhongrui Science and Technology Development Company, Dalian 116002, China)

Abstract: Ground penetrating radar (GPR)has recently evolved as a promising non-destructive leak detec-
tion method for water pipelines. It is at the initial stage in China, and there is still a lack of research
and development of instruments and comparative study on the leakage phenomenon, mechanism and feed-
back of the images. An experimental tank for pipeline leakage detection was setup by using a newly devel-
oped GPR instrument. The iron pipe leak scenario was simulated and the laboratory tests which including
intact, leaking and after leakage state were performed to extract features from the obtained GPR images.
The results show that GPR identifies leaks through detecting water circulation from leaks causing voids or
anomalies in pipe depth caused by changes of dielectric constant of surrounding soil. The reflection of the
pipe move down as V type from the horizontal profiles and the slope of the hyperbola is obviously ob-
served which is helpful for the approximate leak location. The arrow—type reflection and under-hole anoma-
lous reflection is the key typical features to distinguish between leaking state and after leakage, especially
the latter when the leakage is relatively larger. As long as these two anomalous reflection from the horizon-
tal and vertical profiles are identified, the leaks can be detected. Characteristics of all cases are obtained
and it can be the basis for further processing for the automatic classification of leaks and equipment devel-
opment.

Keywords: water pipeline; leakage; ground penetrating radar; image identification; under-hole anomalous

reflection
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