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Fig. 1 Map showing location and geology outline of the study area
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Fig. 2 Distribution of monitoring sites in the study area
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Fig. 3  Dynamic curve of karst groundwater level in the study area
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Fig. 4 Dynamic response of karst groundwater to rainstorm in rainy season
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Table 3 Dynamic correlation analysis of karst groundwater level
Pearson Z %L o
i WfH i
zkwl yrl yrd ck7 yr2 yrd yr3
zkw1 1 0. 986 0. 987 0.871 0.982 0.905 0.723 50. 464 10. 529
yrl 0. 986 1 0.991 0.832 0.993 0. 859 0.728 41.555 12.727
yro 0.987 0.991 1 0.829 0. 989 0. 844 0.708 39. 355 9.708
ck7 0.871 0.832 0.829 1 0. 845 0. 529 0.734 9.395 9.649
yr2 0.982 0.993 0. 989 0. 845 1 0. 825 0.693 34.130 15.184
yrd 0. 905 0. 859 0.844 0.529 0. 825 1 0.705 54.309 4.576
yr3 0.723 0.728 0.708 0.734 0.693 0.705 1 85.618 0.631
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Table 4 Correlation analysis of karst groundwater level with

rainfall and rainfall duration

Pearson 2%
T Bl
yrd P T yrl yr2

b2

yrd 1 0.493 0.492 0.995 0.993 36.042 10.542
P 0.493 1 0.960 0.746 0.727 15.444 38.368
T 0.392 0.960 1  0.440 0.421 3.228 8.045

0.993 0.746 0.440 1  0.993 36.947 14.104

0.995 0.727 0.421 0.993 1  28.242 16.707

1.2 1 353 53] BE fift BAR 76 98. 81% .99. 09% £ 99. 32%
i 54 Lo, Bl AL 5% 2% 4 0l R 1.19%.0.91% 5
0. 68%. 3~ MIHBIAYAY RE b (46 H 1) 1Y P{EY
HE/NT0.05, RUIENH R A A G2 L (KT,
72 8 O [ AR AY [y % 25, Pl KAB 5K 254 3. 6605
[l AR 2 2 KR 0. 05, BEANECA 200 F A
ASEAEON AWE, A D, W, RIS E FERE 1. 728 5
BRAE 1. 809, - Hy & 2 n] [l ALy 1 [ AH G, 3X

x5 MERAMMESRLELCER

Table 5 Goodness of fit of regression models

mySyEis] AL RE(R) HE FRH(R?) TR RHU(RY) PRl 22
1¢ 0. 994 0. 988 0. 988 1.148
2 0.995 0.991 0. 991 1. 007
3 0.997¢ 0.993 0.993 0. 867
a HASESH P T Hlyrl ;b HZ2SE NPT Flyr2;e. HASR NPT oyrl Flyr2;d. Sy yrs
F6 [EIRAEBFFTESICEEK
Table 6 Analysis of variance of regression models
mySEEi] SFJ5 A ¥yJ5 2 F{H P1E
EYE| 134 185. 219* 3 44 728. 406 33 922. 556° 0.000*
1¢ B2 1 607. 306 1219 1.319
ait 135 792. 525° 1222
A 134 555. 041 3 44 851. 680 44181.743" 0. 000
2 FRZ 1237.484 1219 1.015
it 135 792. 525" 1222
GIE 134 876. 110 4 33719. 027 44 815. 687° 0. 000
3 T2 916.415¢ 1218 0.752
it 135 792. 525¢ 1222

Hra HAS R H P T Alyrlsh. HAE R NP T Aly2;c. HAE R P T oyl Alyr2;d. BFAS &R yr5,
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Table 7 Regression coefficient test of models
—— "#ﬁ@§% _ ﬁ@@%ﬁ i .-
FHD FREbR LR 22 FHB
g 8.329 0. 094 88.811 0. 000
X I —0.025 0.003 —0.091 —8.173 7.477e—16
T 0. 046 0.015 0.035 3.152 1.66e—3
yrl 0.757 0.002 1.012 304.632 0. 000
g 18. 256 0.057 321. 469 0. 000
o1 P —0.021 0.003 —0.077 —7.847 9.244e—15
T 0.055 0.013 0.042 4.283 1.985e—5
yr2 0.635 0.002 1. 006 347.705 0. 000
B 14.149 0.205 69.113 0. 000
P —0.023 0.002 —0.084 —9.912 2.507e—23
3 T 0.051 0.011 0.039 4. 606 4.544e—6
yrl 0. 308 0.015 0.412 20. 657 1.616e—81
yr2 0.379 0.013 0. 600 30. 303 8.75le—51
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Table 8 Residual statistics of regression models
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Fig. 6  Groundwater level measured value and model predicted value
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Response characteristics of karst groundwater to rainstorm and the
multiple regression prediction model in Dachengqiao, Ningxiang county,
Hunan Province

PAN Zongyuan', WU Yuanbin', JIA Long', YIN Renchao', MA Xiao', CHEN Ting”
(1. Institute of Karst Geology , CAGS/ Key Laboratory of Karst Dynamic, MNR&GZAR,, Guilin, Guangxi 541004, China;2. Guilin Branch of
China Mobile Communications Group Guangsxi Co. , Lid. , Guilin, Guangxi 541004, China)
Abstract The groundwater activity in the karst mining area can cause serious geological hazards. It is the key to
solve the problem of frequent disastersto understand the response characteristics of groundwater to extreme climate
conditions. The Dachengqiao area was selected as the study area, which is about 2 km away from the Meitanba
coal mine. The stratigraphic lithology in Dachengqiao is mainly the calcareous conglomerate of Cretaceous Baihuat-
ing formation, followed by limestone of Permian Qixia formation and Maokou formation. Affecting by the mining
drainage karst aquifer, the maximum water level of Dachenggiao is more than 90 m deep. The main runoff direction
of groundwater flows from south to north, and is discharged to the mine. In this paper, through the on-site moni-
toring methods such as the high frequency monitoring of karst groundwater level and rainfall, the dynamics of karst
groundwater level and itsresponse process to heavy rainfall are studied, and the characteristics of ground water in-
ternal relationship are discussed and a regression predition model is established. The results indicated that karst
groundwater level responded quicker to rainfall in rainy season, and the amplitude of groundwater level is larger
compared with that in the dry season. Under the rainstorm condition, the dynamic response of karst groundwater
level to the rapid pipeline flow is a steep rise-steepfall, with the variation range of 13.6 to 42.8 m.Whereas the dy-
namic characteristics of groundwater level supplied by fracture and pore water are slow rise-slow fall, withan annu-
al variation of 1.1 m. The lag time of groundwater level response to rainstrom in therainy season ranged from 1.2 to
4 h, which is 1/2 to 2/3 shorter than that under the same conditions, and groundwater level variation increased by
1.7 to 4.7 times. In dry season, the lagtime of groundwater level response to rainstorm ranged from 4.2 to 13.2 h,
which is extended by 3 to 8 h, and groundwater level variation is reduced by 5 to 11 times. According to the re-
search, groundwater level dynamic characteristic was controlled by thickness and water saturation of vadose zone,
which indicated thickness of vadose zone presented a negative relationship with response lag of groundwater level ,
and water saturation of aeration zone presented a positive relationship with groundwater level variation. The opti-
mum regression prediction model is established through correlation analysis, fitting optimization, variance and re-
sidual analysis, and regression coefficientt test, which indicates as H—14.149+0.308y,+0.379y,—0.023P,+
0.051T.. It is proved that the model can effectively predict the water level change process of monitoring sites under

the condition of rainstorm.

Key words rainstorm, groundwater level dynamic, aeration zone, multiple regression model
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