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Fig. 1 Location and hydrogeological survey of the research area (revised according to references[ 14] )
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Fig. 2 Curve of rainfall-water level in the karst depression and karst spring
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Table 2 Water level variations and rainfall data in the Liujiaba and Longwan karst depression

x 81 BErd  FNER/ WRE XUIZHUKAL XIZIR IR 81 Rerd MR/ W KA IR
# i#/mm mm-h™' BE/L ARfE/m B/m’esT K H/mm mm-h™' BFE]/h ABfkE/m i/ mbsT
1 2018/3/4 7.2 2.7 1.0 0.042 0.015 1 2018/3/6 12.6 1.1 0.2 0.036 0.037
2 2018/1/8 8.0 6.7 1.3 0.072 0.076 2 2018/1/8 12.8 0.8 15.0 0.090 0.024
3 2018/2/23 9.8 3.0 0.9 0. 066 0.051 3 2018/3/4 14.2 4.3 1.0 0.102 0.050
4 2018/8/1 10.6 3.5 0.5 0. 060 0.034 4 2018/3/4 14.6 1.2 1.6  0.138 0.087
5 2018/2/18 12.0 2.4 0.9 0.090 0.057 5 2019/4/9 14.8 1.6 5.0 0.132 0.067
6 2018/3/4 12.4 1.2 0.9 0.168 0.181 6 2019/1/30 15.2 1.4 11.4  0.102 0.058
7 2018/3/6 12.6 1.1 2.2 0.078 0.032 7 2018/4/5 17.6 1.3 0.6 0.186 0.076
8 2019/1/30 13.4 1.2 11.7 0.150 0.097 8 2018/6/30 20.6 2.3 0.1 0. 066 0.043
9 2018/4/5 14.0 1.1 1.3 0.198 0.164 9 2019/6/11 22.6 0.7 7.5 0.132 0.081
10 2019/4/9 14.4 1.6 3.0 0.132 0.090 10 2018/4/22 23.0 4.3 0.0 0.090 0.049
11 2018/4/22 27.6 3.7 0.2 0.114 0.104 11 2019/8/6 32.0 10.7 0.5 0.131 0. 100
12 2019/8/6  30.0  10.0 1.6 0.152 0.173 12 2018/8/17 33.4 3.7 5.5 0.174 0.123
13 2019/3/22 33.5 0.8 5.5 0.162 0.142 13 2019/3/22 33.5 0.8 22.0 0.246 0.196
14 2018/5/5 35.0 1.6 4.9 0.144 0.131 14 2018/8/1 35.0 8.8 0.8  0.150 0.099
15 2019/8/9 40.0 13.3 0.6 0. 327 0.534 15 2018/5/5 39.6 1.8 4.3 0.132 0.126
16 2018/11/4 42.4 1.3 5.7 0. 088 0.064 16 2019/8/9 40.0 13.3 0.6 0.274 0.242
17 2018/6/18 45.0 5.5 1.2 0.150 0.151 17 2019/6/5 46.5 11.6 2.0 0.217 0.187
18 2019/6/5 46.5 11.6 1.6 0. 280 0.458 18 2018/11/4 47.1 1.4 7.4 0.144 0.093
19 2018/9/20 49.4 2.2 1.5 0.176 0.234 19 2018/6/18 49.4 3.0 0.1 0.120 0.075
20 2019/7/23 57.5 28.8 0.3 0. 364 0.670 20 2019/7/23 57.5 28.8 0.5 0.413 0.492
21 2019/7/24 86.5  24.7 0.2 0.757 1.885 21 2018/9/20 62.6 2.5 7.3 0.204 0.184

22 2019/7/24 86.5  24.7 0.3 1.960 4.467
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Fig. 3 Flow changing with rainfall in the Liujiaba and Longwan karst depression
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Table 3 Results of runoff threshold calculation in the Liujiaba and Longwan karst depression
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Fig. 4 Curves of soil moisture and electrical conductivity at different depths
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Table 4 Changes of soil moisture and electric conductivity before and after rainfall at different soil depths
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UL H 19 o RSB Al R el RS AR R ATl SR (2 L F/m
=
a9 #)/ms-cm i) i) /ms-cm™
16 2018/11/4 42.4 0.107 (0.445) 0.180 (0. 561) 0. 246 (0.202) 0.020 (0. 351) 0.088
8 2019/1/30 13.4 0. 083 (0.027) 0 (0) 0.274 (0.201) 0. 100 (0. 409) 0.150
10 2019/4/9 14.4 0.161 (0. 395) 0.121 (0. 390) 0.388 (0.112) 0.380 (0.171) 0.132
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Table5 Slope and other parameters in the Liujiaba and Longwan karst depression
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Water level response characteristics and runoff threshold estimation of

karst depressions in a valley region, western Hubei Province
LIAO Chunlai"?, LUO Mingming"*, ZHOU Hong’

(1.School of Environmental Studies, China University of Geosciences, Wuhan, Hubei 430074, China:2.Key Laboratory of Karst Dynamics,
MNR&GZAR, Guilin, Guangxi 541004, China ;3. Institute of Geological Survey of China University of Geosciences, Wuhan, Hubei 430074, China)
Abstract Liujiaba and Longwan, Huangliang town, Xingshan county, Hubei Province are two karst depressions in val-
ley region with elevations of 886 m and 997 m, and catchment areas 20.9 km® and 1.83 km®, respectively. After rain-
falls, these karst depressions runoff and transform the surface water into groundwater through the sinkholes which con-
nect to the open channels at the bottom of the depressions, and finally discharge to the Bailong spring. To study such a
hydrogeological process, rainfall stations, hydrological monitoring stations and soil-water monitoring equipment were
installed in these depressions and a hydrological monitoring station constructed in the Bailong Spring. Rainfall stations
record air temperature and rainfall, hydrological stations monitor water level and water temperature in the sinkholes,
and soil-water monitoring equipment record the soil moisture content and electrical conductivity. Different methods
were used to analyze these observational data, so as to reveal characteristics of water level response and runoff yield
and their influencing factors under the condition of concentrated recharge. The results show that, (1) the water level re-
sponses in the sinkholes and karst springs have better synchronous relationships with the rainfall, expressing "sudden
rise and steep drop" in hydrographs with large rainfall intensity and "slow rise and slow fall" in hydrographs with low
rainfall intensity. When very heavy rainfalls happen, karst waterlogging is easy to occur due to the sinkhole’ s limited
drainage ability. On July 24, 2019 after a rainfall storm (86.5 mm in 3.5 hours), the water level (1.96 m) surpassed the
open channel height (1.6 m) in the Longwan karst depression; (2) The Chey—Manning formula was used to transfer the
water level of the open channel into flow, then the rainfall and the flow of the open channel was fitted by a mathemati-
cal equation to estimate the runoff threshold of the Liujiaba and Longwan depressions, yielding values of 7.4 mm and
10.6 mm, respectively; (3)Through the changes of soil moisture content and electrical conductivity before and after the
rainfall event, the influencing factors of runoff threshold were analyzed, indicating the rainfall intensity decreases the
runoff threshold, and large antecedent soil moisture could promote slope-runoff. In addition, the yield threshold is also
related to the topographic slope and soil material of karst depressions, implying the yield threshold is a multi-factor

coupling parameter.

Key words karst depression, concentrated recharge, water level response, runoff threshold
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