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Fig.1 Simple structure of BP-ANN
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Tab.1 Table showing quantization variables affecting the leakage in karst reservoirs
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Fig. 2 Algorithm figure of BP-ANN
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Tab. 2 Studying and testing samples of BP-ANN
Eu2aEgA0 UEEAE0AO %g10T62T A% -%16
0oEQ X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 Ac(T ) A0 ) 2T (Ep)
m?/s m3/s m®/s m?/s
N§T°Nu+3% K'Ta 2 1 2 1 1 1 3 3 2 2 0. 000 0. 370 0. 370 0.138
TU%-1E 3 1 1 2 1 1 3 1 3 1 0. 000 0. 270 0. 270 0.074
“6%-¢U 3 1 3 1 1 2 1 1 1 1 0. 000 0. 240 0. 240 0. 057
“o» 2 1 1 2 1 2 2 2 1 3 0. 000 0. 280 0. 280 0.079
Auyix 2 1 1 1 1 1 1 1 1 3 0. 000 0. 160 0.160 0. 027
TACA 2 1 2 3 1 1 1 2 1 3 0. 000 0. 670 0. 670 0. 442
96E®°0 2 1 1 1 1 1 1 1 1 3 0. 005 0. 160 0.155 0. 025
YEEOTe24AE 1 1 1 1 1 1 1 1 2 3 0.010 0.190 0.180 0. 030
0-fa 11 2 1 1 2 1 1 1 1 0. 030 0.170 0.140 0. 020
“OUR 11 1 1 1 1 1 1 1 1 0. 060 0. 190 0.130 0.017
Aupeod 11 2 1 1 1 1 2 1 2 0. 087 0.230 0.143 0. 020
uG-¢ 3 1 2 1 1 1 1 1 1 1 0. 087 0.170 0. 083 0. 006
-tAu 2 1 3 1 1 1 1 1 1 1 0. 100 0. 180 0. 080 0. 007
TEEEAD 31 1 1 1 1 1 1 1 1 0.105 0.150 0. 045 0. 002
AEy 2 2 2 1 1 1 1 1 1 3 0.190 0. 220 0. 030 0. 001
A%EOOA 11 2 1 1 1 1 1 1 1 0.190 0.190 0. 000 0. 000
K0» 2 2 1 1 1 2 1 1 1 3 0. 200 0. 200 0. 000 0. 000
164038 11 2 1 1 1 1 1 1 1 0. 200 0.190 0.010 0. 000
°AOAAGAE 11 1 1 2 1 2 1 2 3 0. 200 0.270 0.070 0. 005
EOAY 31 2 1 1 1 1 1 1 1 0. 200 0.170 0. 030 0. 001
fl<-a 2 2 3 1 1 2 1 1 1 3 0. 210 0. 260 0. 050 0. 002
3AEA 3 1 2 1 1 1 1 2 1 1 0. 250 0. 200 0. 050 0. 002
ATuG 12 1 1 1 1 1 2 1 2 0.270 0. 340 0. 070 0. 005
KAu 2 1 2 1 1 3 1 2 1 1 0. 300 0. 240 0. 060 0. 004
13- 3 1 2 2 1 1 1 2 1 2 0. 340 0. 250 0. 090 0. 008
°TAE 2 2 1 2 3 2 1 1 1 2 0. 490 0. 640 0. 150 0. 021
TAEYR 2 1 1 1 1 1 1 2 1 2 0.500 0.190 0.310 0. 097
JpAa 2 2 2 1 1 1 1 1 1 1 0. 500 0. 270 0. 230 0. 056
AeAE 2 1 1 2 1 1 2 3 1 2 0. 600 0.530 0.070 0. 005
¢/ 2 1 2 2 1 1 1 1 1 2 0. 700 0. 250 0. 450 0. 206
»8E FA 2 1 2 2 1 2 2 2 1 2 0. 750 0. 300 0. 450 0. 202
A-AE 2 1 2 1 1 2 2 1 1 2 0. 950 0.180 0.770 0.596
K1p 3 2 1 1 1 2 1 2 1 1 1. 000 0. 890 0.110 0.013
++1g 3 2 2 2 1 1 2 2 1 1 1. 000 0.710 0. 290 0. 085
» T2 2 1 2 2 1 1 2 2 1 2 1. 200 0. 380 0. 820 0. 669
ATATIA 2 2 2 3 1 3 2 3 1 2 1. 310 1. 340 0. 030 0. 000
611 3 2 3 2 1 1 2 3 1 2 1. 400 1. 430 0. 030 0. 000
PavQE% 2 2 3 3 1 1 2 2 1 2 1. 800 1.530 0.270 0.076
E@0ax0 3 02 2 2 2 3 2 2 2 2 1. 800 1. 940 0.170 0.019
GEATATEZEp 2 3 1 2 1 2 3 2 3 2 2. 000 2. 020 0. 020 0. 000
A:Ta 2 3 2 2 1 1 2 3 1 2 3. 000 3.180 0.180 0.031
RETONA E 1 2 3 3 3 3 2 3 3 3 4.000 3. 880 0.120 0.017
Dj AATa 2 3 3 3 1 2 2 3 1 2 4. 300 4. 200 0.100 0.013
“6AGTY 3 2 1 3 3 1 2 3 1 3 4. 400 4. 210 0. 190 0. 040
JAC°E 2 2 3 3 3 2 3 3 2 3 5. 00 5. 180 0. 180 0.038
TAc2 2 2 3 2 3 3 3 3 3 3 7.000 6. 950 0. 050 0. 002
¢ AeAc 2 3 3 3 3 3 3 3 3 3 12. 00 12.03 0. 030 0. 002
K EA 3 3 2 3 3 3 3 3 2 3 20. 00 19. 97 0. 030 0. 000
i-°a 3 3 3 3 3 3 3 3 3 3 26. 00 25. 96 0. 040 0. 001
T0GUAA 3 3 3 3 3 3 3 3 2 3 27. 80 27. 83 0. 030 0. 001
i NN+ A8« 2 1 1 1 1 1 1 1 1 3 0. 000 0. 160 0.160 0. 027
ATTA 2 2 1 2 3 1 2 2 1 2 1. 680 1. 640 0. 040 0. 002
WoAU 3 2 2 3 3 2 2 3 1 2 3. 000 3.210 0.210 0. 046
2114 3 3 3 3 3 2 3 3 1 2 23. 00 22.98 0. 020 0. 000
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Tab. 3 Material structure of BP~ANN
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3 Probability density curves of absolute errors and square errors
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Tab. 4 Distribution of the confidence interval of absolute errors and square errors

0 b OARATE  80% 85% 90% 95%
%g 101621 (m?/s) 0.23 0.26 0. 36 0.42
B -0T62T (m3/s)? 0.05 0.08 0.12 0.22
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Tab.5 Forecast results in Shuibuya reservoir

00E6  x1 X2 X3 X4 X5 X6 X7 X8 X9 XI10 E0;aEgA0002a%41((m?/s)

T x+-AEg” AT 2 3 3 3 3 3 3 3 3 3 12.03
AOx+-AEs” JAT 2 3 3 3 3 3 2 2 3 2 5.02
ONx=NT /" AT 2 3 3 3 3 3 1 1 3 1 2.05

i 6 E®2%08EOANEAA} EgAOOn2A0ADACEY AT (W¥T» . m3/s)

Tab. 6 Confidence interval of the leakage forecast in Shuibuya

o 99101627 B #1627
OAPATE
85% 95% 85% 95%
T x+-ABg JAT  11.77~12.29 11.61~12.45 11.75~12.31 11.56~12.30
AOx+-AEg” AT 4.76~5.28 4.60~5. 44 4.64~5.30  4.55~5.49
ONx=RT "1 AT 1.79~2.31 1.63~2.47 1.77~2.33 1.58~2.52
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APPLICATION OF BACK-PROPAGATION ARTIFICIAL
NEURAL NETWORK IN LEAKAGE EVALUATION
FOR KARST RESERVOIRS

YANG Gui-fang, YAO Chang-hong, WANG Zheng-yin, WAN Jun-wei
(China University of Geosciencess Wuhan 430074, China)

Abstract: Quantitative forecast of the leakage from karst reservoirs which is influenced by
many factors has been a interesting research point. On the basis of nonlinear theory, an arti-
ficial neural network system is established in this paper. In the system,many geologic vari-
ables are considered comprehensively. The results show that back-propagation ANN system
suggested in this paper is available for evaluating the leakage from karst reservoirs. For ex-
ample, the quantitative forecast results in Shuibuya karst reservior are 12. 03 m®/s without
any treatment of the leakage, 5. 02 m’/s with a little treatment, 2. 05 m®’/s with serious
treatment to avoid the leakage, respectively.

Key words: Back-propagation artificial network; Karst reservoirs; Leakage; Quantita-

tive forecast



