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Fig. 1 Thiessen polygon division in Pingzhihe river basin
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Fig. 2 Recession curve of groundwater in

Pingzhihe river basin
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Fig.3 Groundwater recession curve and fragment

of the flood in July 20™
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Table 1 Attenuation coefficients of groundwater recession curves

KA T 37 T 20100720 20110313 20111008 20120817 20131110 20140513 Yy {H
EWRE 0.012 0. 009 0. 009 0.011 0. 006 0.012 0.010
MRRE R 0.992 0. 980 0.962 0.989 0.994 0. 945 0.977
I FREL a2 0. 002 0. 002 0. 002 0.003 0. 002 0.003 0.002
AR R R, 0.933 0. 899 0. 942 0. 965 0. 937 0.934 0. 935
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Fig. 5 Prediction scheme diagram of model

in Pingzhihe river basin
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Table 2 Parameter calibration for the model

in Pingzhihe river basin

BH S E
K 0~1.0 0.934

WUM /mm 20~50 29. 405
WM /mm 120~200 147.108

B 0.1~0.4 0.103

IMP 0.01~0.05 0.013
SM/mm 10~60 49.997

EX 1.0~1.5 1.001

KG 0~0.7 0.283

KSS 0~0.7 0.322

KKSS 0~1.0 0.863

D 0~1.0 0.175

KQ 0.988~0. 995 0.993

KL 0.997~0.999 0.999

CS 0~1.0 0.972
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Table 3 Simulation results of calibration and verification

. WIFT i/ SCINPbE /SO AR R /B e/ BRI MRS IR WEMERE RE
mH o kK

mm m? « 57! mm m? st W/ mm  RE/X% h w2/ % (DC) G
2011/6/24 183. 05 131. 00 56. 80 146. 15 67.94 11.57 —6 19.61 0.871 2=
2011/9/30 324. 50 215. 00 109. 89 213. 54 146. 66 —0.68 —1 33.46 0. 802 g
2012/8/6 43. 20 63. 20 15. 27 64.94 17. 64 2.75 0 15.55 0. 857 2=
? 2012/8/17 80. 20 73.10 24. 32 79.55 27.07 8.82 1 11.27 0. 874 =
;; 2013/8/8 50. 75 55. 10 12. 89 49. 28 12.51 —10.56 —7 —2.89 0.923 2
2013/8/18 144. 35 150. 00 48.72 145.58 52.19 —2.95 1 7.12 0.951 £
2013/11/10 104. 80 83.10 18. 04 91.18 21. 00 9.73 1 16. 45 0. 643 =
S 132.98 110. 07 40. 85 112. 89 49. 29 2.67 —1.57 14. 37 0. 846
2014/6/16 108. 70 130. 00 35.93 115.76 34.53 —10.95 1 —3.9 0. 856 £
2014/6/27 184. 00 166. 00 92. 42 103. 29 83.32 —37.77 —1 —9.85 0. 893 &
2014/7/14 160. 80 132. 00 62.79 134. 65 65. 31 2.01 —5 4.01 0. 965 b=
% 2014/8/12 150. 00 148. 00 51.09 127. 29 48. 69 —14.00 1 —4.7 0.917 2
JiE 2014/9/14 174.70 222.00 94. 39 164. 36 82.02 —25.96 3 —13.11 0.908 &
L 2015/6/11 178. 90 243. 00 93. 14 223,27 85. 92 —8.12 —2 —7.75 0. 927 =
2015/7/23 216. 45 121. 00 83.51 134.76 94. 98 11.38 —1 13.75 0.729 2
2015/8/28 192. 45 162. 00 83.72 154. 35 87.55 —4.72 2 4.58 0. 946 B
FHE 170. 75 165. 50 74. 62 144.72 72.79 —11.02  —0.25 —2.12 0.893
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Fig. 6 Rainfall-runoff simulation in flood
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Table 4 Simulation results of verification by using the traditional Xin’anjiang river model
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20140616 108. 70 130. 00 35.93 117. 41 37.26 —9.68 —1 3.71 0. 866 I
20140627 184.00 166. 00 92.42 108. 18 94. 48 —34.83 1 2.23 0.911 T
20140714 160. 80 132.00 62.79 141. 00 72.98 6.82 —6 16. 23 0.913 S
20140812 150. 00 148. 00 51.09 126.69 47.59 —14. 40 0 —6.85 0.926 =
L
ina 20140914 174.70 222.00 94. 39 164. 89 86.61 —25.73 3 —8.24 0.928 w
W 20150611 178. 90 243.00 93. 14 229.90 94.70 —5.39 2 1.67 0.943 =
20150723 216. 45 121.00 83.51 132. 29 100. 64 9.33 1 20.51 0.677 o
20150828 192. 45 162. 00 83.72 152. 30 89.55 —5.99 3 6.96 0. 946 I
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Study of rainfall-runoff simulation and recession flow in Pingzhihe river karst basin

CHEN Lihua'??, YANG Kaipeng'?*, HUANG Duyi'*

(1. Colloge of Civil Engineering and Architecture , Guangxi University s Nanning ,Guangxi 530004, China;
2. Guangxi Key Laboratory of Disaster Prevention and Engineering Safety »Guangxi University s Nanning, Guangxi 530004 ,China;

3. Guangxi Nanning Yudao Water Conservancy Technology Co. s Ltd. s Nanning 530000,China)

Abstract The karst area in Guangxi Zhuang Autonomous Region is widespread, with complicated hydrogeo-
logical conditions and frequent flooding occurence. The Pingzhihe river basin, which is selected as the study
area, originates from Baise City of Guangxi and is a first tributary of the Red River. The main stream of the
Pingzhihe river is 81 km long, with a total drainage area of 963 km®. Karst region accounts for about 50% of
the drainage area and the average annual precipitation is 1,517 mm. Combined with the structural character-
istics of the karst aquifer system and the measured data, in this paper, we analyzed the pattern of groundwa-
ter drainage in Pingzhihe river basin and built a rainfall-runoff simulation program suitable for this basin.
ArcGIS software is used to construct the digital basin for the study area which is divided into nine sub-ba-
sins. At the same time, based on the hydrological data of Tonglao, Liming reservoir and other 8 rainfall sta-
tions and Fengwu hydrological stations from 2010 to 2015, the research work has been carried out. Among
them, six uni-modal flooding events happened in 2010 to 2015 were selected, from which their recession
curves were plotted on semilog coordinates. The curves collectively show that when the logarithm of the flow
rate is close to 2. 5, the turning point appears. Thus two sections of the curves are linearly fitted and their at-
tenuation coefficients can be obtained from the curve fitting. The results show that the subsurface flow can
be divided into rapid and slow underground runoffs. Simplified Boussinesq exponential decay equation was
used to calculate the regression coefficients for the two parts of runoffs. The extinction coefficient of rapid
underground runoff KQ was 0. 988—0. 995 and the slow runoff extinction coefficient KLL was 0. 997 —0. 999.

Based on the traditional Xin’anjiang river model with one linear reservoir, a linear reservoir is added to
simulate the rapid underground runoff and the slow underground runoff, respectively, to construct a rainfall-
runoff simulation program. The calculation program was compiled with Matlab 2014 software. With the
maximum of the deterministic coefficient as the optimization objective, the genetic algorithm is used to deter-
mine the model parameters. 7 floods from 2011 to 2015 were selected as regular analog floods, and 8 floods
were selected as verified floods for runoff simulation. According to the "hydrological forecasting code (GB /
T 22482—2008)" assessment criteria, the qualified rate of regular analog was 85.71% , and the average coel-
ficient of determination was 0. 846; the qualified rate of verification was 75% , the average deterministic coef-
ficient of 0. 893 reached B-grade accuracy. Compared with the traditional Xin’anjiang river model, the aver-
age deterministic coefficient and qualified rate of the improved Xin’anjiang river model have been improved.
The simulation results show that the simulation scheme is suitable for the Pingzhihe river basin, and can pro-
vide reference for the rainfall-runoff simulation and flood forecasting in other similar karst areas in Guangxi.

Key words karst area, groundwater runoff, flood simulation, hydrological model
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