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Fig. 1 Diagram of defect model
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Fig.2 Sonar image of model board ®
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Fig.3 Echo intensity images of defects with different shapes
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Fig. 4 Results of K-means image processing
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Fig.5 Results of binary image mathematical
morphology processing
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Fig.7 Target area identification
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Detection and Quantitative Analysis of Defects of

Underwater Concrete Structure Based on Side Scan Sonar
JIANG Wen-hao' ;LU Jun"? ,MING Pan',LIU Miao-yan'
(1. Nanjing Hydraulic Research Institute, Nanjing 210024, China; 2. State Key Laboratory of

Hydrology-Water Resources and Hydraulic Engineering, Nanjing Hydraulic Research Institute, Nanjing 210098, China)

Abstract: In order to ensure the service performance of underwater concrete structures, it is urgent to carry out the
detections and quantitative analyses of underwater concrete structure defects. Aiming at the common failure forms of un-
derwater concrete structures such as collapse and indentation in practical projects, model plates with different shapes and
sizes of indentations were designed and made. Using the side scan sonar carried by the unmanned ship, the defect model
plates were scanned at a constant speed in a test pool. The acoustic characteristics of the defect areas were summarized by
extracting the echo intensity waveforms of different shaped defects along the transverse sections. Image segmentation,
mathematical morphology processing, and edge feature extraction were carried out on the original sonar image of different
sizes of defects to obtain clear and complete contours of the defect areas. Through the interpretation of the longitudinal
length of the defect areas, the quantitative analyses of underwater concrete defects were realized, and the identification er-
ror ratios were within 10%. It provides a new method for detecting the defects of underwater concrete structures.

Key words: underwater concrete structure; side scan sonar; defect detection; image processing; quantitative analysis
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Study on Three-dimensional Seepage Mechanism of Underground Powerhouse
and Complex Roadways of Pumped Storage Power Station

Constructed by Abandoned Coal Mine
MAO Zhong-hua' , SONG Li-jun’ s WANG Hui-min®,ZHANG Pei-ding' , XU Liang”,
HAN Yun®,LUO Yu-long®,SHENG Jin-chang®,ZHAN Mei-li’ , HE Shu-yuan®
(1. Shanghai Datun Energy Co. , Ltd. . Shanghai 200120, China; 2. China Electric Power Development
Research Institute Co. . Ltd. , Beijing 100761, China; 3. College of Water Conservancy
and Hydropower Engineering, Hohai University, Nanjing 210098, China)

Abstract: The three-dimensional seepage analysis and control of underground plants and complex tunnels are related
to the long-term seepage safety of underground spaces, which is one of the key technical issues facing the construction of
pumped storage power stations by abandoned coal mines. Considering the reinforcement schemes for different surround-
ing rocks of the lower reservoir, the spatial location of the upper reservoir, the main powerhouse and the coal mine ex-
traction area, a refined three-dimensional finite element model for seepage analysis of complex underground space in
Longdong coal mine was established. Three-dimensional seepage field analysis was carried out for typical working condi-
tions during the construction and operation periods. Important design parameters such as external water pressure and
seepage volume of the underground tunnels during the construction and operation periods were obtained. Refined simula-
tion of the numerous drainage holes in pumped storage power stations was implemented. By calculations of the seepage
field under various unfavourable conditions. the optimal spacing of the drainage holes was determined. The research re-
sults are of great significance in the evaluation of seepage safety and the design of underground roadway protection
schemes for the construction of pumped storage power stations by abandoned coal mines.

Key words: abandoned coal mine; pumped storage power station; three-dimensional seepage analysis; external hy-

draulic pressure; drainage holes





