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The effect of spatial urbanization on the characteristics of shallow karst groundwater in Shuicheng basin

JU Fan—fan, MA Teng’, GU Xu

(School of Environmental Studies, China University of Geosciences, Wuhan 430074, China)

Abstract: In order to study the effects of spatial urbanization in Shuicheng basin on shallow karst groundwater, this study analyzed the hy-
drogen and oxygen isotopes and hydrochemical components of the water at groundwater sampling sites, and water level data at groundwater
monitoring sites. Based on an analysis of these data, the groundwater recharge sources and the influence of spatial urbanization on the hy-
drochemical characteristics and water level dynamics of the karst groundwater were assessed. The results showed that the groundwater in
the study area mainly came from atmospheric precipitation, and the main hydrochemical species were HCO;~Ca and HCOs+SO,~Ca. Under
the influence of spatial urbanization, the spatial differences in land use types were consistent with the enrichment of many ions in the shal-
low karst groundwater, and the intensity of human activity had a great influence on groundwater quality. In the study area, the intra— and in-
ter—annual variations in groundwater level tended to be stable. Considering the relationship between rainfall and the spatial variation in
groundwater level during the study period, this showed that urbanization led to an increase in impermeable surfaces, and a decrease in the
response of the water level to rainfall. The condition of groundwater runoff deteriorated, and the variation in groundwater exploitation was
the main factor affecting the groundwater level. We can conclude that spatial urbanization has seriously affected the groundwater recharge
and runoff conditions and groundwater quality. The changing land use pattern in the basin has resulted in the accumulation of harmful ions
in localized areas.
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Figure 1 Schematic diagram of the groundwater flow network in

Shuicheng basin
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Figure 2 Location of monitoring and sampling points in the study area
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Table 1 Oxygen and hydrogen isotopic compositions of

groundwater in the study area

F 545 Sample ID 3D/%o 3%0/%o
GZ1 -81.2 -11.9
GZ72 -79.5 -11.4
GZ3 -73.5 -10.8
GZ4 -71.2 -10.6
GZ5 -73.3 -10.5
GZ6 -69.8 -10.0
G727 -73.1 -10.5
G738 -72.1 -10.4
G79 -75.9 -11.1

GZ10 -71.6 -10.5
GZ11 ~74.9 -11.1
GZ12 -74.3 -11.0
G713 -68.2 -9.8
GZ14 -69.0 -10.4
GZ15 -73.5 -10.6
GZ16 -76.2 -11.3
Gz17 -67.2 -10.0
FEE -73.2 -10.7

3.2 FiEEEA I E A T KR
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Figure 3 Oxygen and hydrogen compositions of groundwater in

the study area
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Table 2 Characteristics of hydrochemical variation of groundwater in Shuicheng basin®(mg-L™")

AEAC Time pH Ca™+Mg™ K* Na* SO% NO; Cl HCO;
2040 704EARRT - 7.00~8.10 29.20~111.53 0.42~1.74 0.22~4.06 10.00~30.00 — 1.00~1.51 146.46~200.00
2003 — 56.38~103.57  0.50~22.00 1.00~37.50  27.20~128.00 0~24.00 0.72~39.34 —
2017 6.68~8.04 51.33~244.86 0.15~9.12 0.82~57.20 14.74~314.58  2.91~37.40 3.08~18.21 69.12~273.60
TE =" Rk
Notes: "—" refers to missing data.
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Figure 5 The spatial distribution of land use in the study area in 2017
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Figure 6 The spatial distribution of NO3, Cl” and SO% concentrations and conductivity in the study area
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Figure 7 Relation of NO3,SO% and CI” in the groundwater of the study area
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Figure 8 Spatial distribution of NH;=N,Mn and As concentrations in the study area
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Figure 9 Intra—annual variation of groundwater level in the study area from 2009 to 2015
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Figure 11 Area variation of different groundwater level amplitude

in the study area from 2009 to 2015

FN 5K T AR RN A () AR A B B T8 4 — B, Bl A R
()38 0T T R o T H R KK A AR <2 m AT 2~4 m [
T AR 5 2 A S, U B T 7K AR ASE X DR A B8 R P ) i
SRR TR A TR R A SN AT LI SEOK AR P, AT
SZW L K KA AE M o HAE 2011 4F , #b R /K KA AR
W A 2~4 . 4~6 m 5 6~10 m AT L PERAE , 2~4 m 7K
57 78 W i T AL R 2.03 km? FF 22 79.10 km?, 1] 4~6 m Fll
6~10 m 7K A A% 1 Ay 17 A0 53 FH 39.33.53.90 km? [ &2
14.51.2.35 km’, H /K47 22 1§ >10 m A AT FRLAE 2011 4F
ZJE7E R 0, % ] 5 75 #5 K T ARSI A 1 1) B

T U9

W kik Il T

e %k [T

gtk [k

10 BFZEX 20092015 F + #h# A E B 5 E
Figure 10 The spatial distribution of land use in the study area in 2009 and 2015
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Table 3 The area of land use in the study area in 2009 and 2015(km?)

GEO NN EFHIH Bt Fih G bR WML Bt

Year Water Building Bare land Grass land Forest Bush Farm land

2009 6.94 59.90 67.70 15.77 174.84 33.71 349.56

2015 4.16 67.26 7.61 144.30 138.52 129.19 217.94
http://www.aed.org.cn —131—
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Table 4 Water supply of Liupanshui City from 2009 to 2015
(10° m’)

=y SRR HO R R B HAt K A 2 4

Year Total water supply  Groundwater and other water source supply

2009 7.90 1.07
2010 9.20 0.93
2011 8.26 —
2012 8.83 0.39
2013 7.42 0.38
2014 7.78 0.49
2015 7.83 0.63
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Figure 12 Variation of groundwater level in the study area from 2009 to 2015
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