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Application of information flow method based on fuzzy clustering and
entropy weights to detection of leakage channels

XU Bogin'""*, CHEN Jiansheng''’, LI Gang" *, DONG Haizhou’
(1. Key Laboratory of Minisiry of Education for Geomechanics and Embankment Engineering , Hohai University ,
Nanjing 210098, China;
2. Geotechnical Research Institute, Hohai University , Nanjing 210098 , China;
3. College of Earth Sciences and Engineering, Hohai University, Nanjing 210098, China)

Abstract; To investigate groundwater leakage from the left dam abutment of the Xiaolangdi Reservoir, an
information flow method based on fuzzy clustering and entropy weights was used to determine the supply sources of
leakage water according to analysis of 14 samples. Meanwhile, temperature and electric conductivity detection and
interconnection testing were used to ascertain the concentrated leakage channels. The results show that there were
different supply sources of leakage water: shallow reservoir water ( borehole 3 in drainage tunnel 1, borehole 35 in
drainage tunnel 1, top hole 28 in drainage tunnel 2, top hole 94 in drainage tunnel 2, borehole 28 in drainage
tunnel 4, borehole D-18 in drainage tunnel 30, and borehole RD-7 in drainage tunnel 30) ; deep reservoir water
(borehole D-133 in drainage tunnel 30) ; the mixture of deep reservoir water, tail water, and local groundwater
(borehole D-194 in drainage tunnel 30) ; and the mixture of tail water and local groundwater ( borehole RD-37 in
drainage tunnel 30). Afier implementation of some seepage control and reinforcement measures, such as curtain
grouting and fault plugging, the total leakage flux at different reservoir water levels was reduced by a range of 25%
to 40% . Therefore, the proposed information flow method is effective in determining the supply source of leakage

water.
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Table 1 Measurement results of characteristic indices of water samples
g o p(Ca*)/ p(Cl™)/ Y4 5180/ TDS &/
FRs s frt (mg-L")  (mg-L7) % % (mg - L)
1 & JE K 72.97 112. 10 -6.41 -0. 81 41.94
2 w2 K 64. 34 113. 90 -6.90 -0.94 18.73
3 ZR AT 7k 80. 03 8.90 -6.10 -0.69 8.28
4 B A K 82.38 16.73 -6.40 -0. 84 5.18
5 1 SHEKIR 3 550 98. 08 118.53 -5.80 -0.87 47.95
6 1 SHEAKIR 35 4L 96. 11 119.24 -6.29 -0.88 45. 41
7 2 SHEAKIR 28 S T0FL 66. 69 115. 68 -6. 68 -0.91 48.78
8 2 SHEKIR 94 S TFL 79. 44 112.12 -6.11 -0.85 54.20
9 4 ZHEAKIR 28 SR FL 72.18 113.90 -6. 60 -0.88 59.73
10 30 SHEKE D-18 5L 78. 46 109. 63 -6.41 -0.85 33.65
11 30 S HEZKIA RD-7 S1L 72.58 115. 68 -6.68 -0.89 44.19
12 30 SHEKIR D-133 S7L 50. 02 112.12 -6. 80 -0. 86 18.95
13 30 FHEZKIR D-194 FAL 62.77 101. 45 -6.29 -0. 86 8.61
14 30 “ZHEKIH RD-37 541 82. 38 102. 51 -6.11 -0. 89 14.15
b. X U #17H—1k1% R
0.4820 0.8482 0.4564 0.5160 0.6391]

0.3384 0.8613 0.1000 0.1000 0.2987

0.5995 0.1000 0.6818 0.9000 0.1455

0.6387 0.1568 0.4636 0.4200 0.1000

0.9000 0.8949 0.9000 0.3240 0.7272

0.8672 0.9000 0.5436 0.2920 0.6900

R - 0.3775 0.8742 0.2600 0.1960 0.7394 (2)

0.5897 0.8484 0.6745 0.3880 0.8189

0.4689 0.8613 0.3182 0.2920 0.9000

0.5734 0.8303 0.4564 0.3880 0.5175

0.4755 0.8742 0.2600 0.2600 0.6721

0.1000 0.8484 0.1727 0.3560 0.3019

0.3122  0.7710 0.5436 0.3560 0.1503

L0.6387 0.7787 0.6745 0.2600 0.2315.

c. SRJH Matlab BRAF I & F8 AR AT, 15 p(Ca®™ ) ,p(CL7) ,8,,,8,5, Al TDS H AL TE 53514 0. 149 3,
0.1509, 0.1927,0.2970,0.2102, —M&EM T, Fa & A 2 AOALE Fhkfb2i ok,

d. BHEVILGT R S, :
0.8000 0.1000 0.1000 0.1000 0.8000 0.8000 0.8000 0.800 0.8000
So = [0.1000 0.800 01000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000
0.1000 01000 0.8000 0.800 0.1000 0.1000 0.1000 01000 0.1000
e. 2 Matlab 7155, 61X 6 YRR 2 2B ST S .
0.801 0.0779 0.0699 0.0378 0.6944 08803 0.7625 0.8849 0.8284
S=10120 0868 01009 0.090 01640 00753 01780 0.0692 0.149
0.080 0.0653 08293 0.8723 0.1416 0.0444 0.095 0.0460 0.0567

0.7000
0.2000
0.1000

0.5979
0.292
0.1059

0.8000
0.1000
0.1000

0.7679
0.1782
0.0539

0.10000.1000
(.8000  0.1000
0.1000  0.8000

0.0565  0.1069
0.8804  0.5633
0.0572 0.3298

01000
0.4000 | (3)
0.4000

0.1894
0404 (4)
0.3881
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Fig. 1 Distribution of main seepage fields of
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