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Table 1  Statistics of hydrochemical parameters of drainage ditches and shallow groundwater in Qingtongxia irrigation area
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Table 2 Statistics of *%0 and 5D of drainage ditch and surrounding shallow groundwater in Qingtongxia irrigation district %o

. %0 3D
i Hik ¥ 1# 2 3% 44 Hekis 1# 21 34 a#
YP-1 8.8 -105 9.2 9.2 -105 -65.0 -84.0 -68.0 -70.0 -83.0
YP-3 6.4 112 9.6 -115 9.0 55.0 -83.0 -73.0 -86.0 67.0
YP-4 71 9.6 75 -116 7.4 -58.0 -76.0 -64.0 -87.0 -62.0
YP-5 8.9 9.5 85 - - -67.0 -68.0 -64.0 - -
YP-7 9.9 111 9.3 -10.7 95 730 81.0 -70.0 -78.0 -70.0
YP-8 85 6.1 9.4 5.1 9.3 -66.0 56.0 -69.0 51.0 -68.0
YP-9 9.1 9.9 - - - -68.0 710 - - -
HEH YP-10 9.7 -115 -10.4 -115 -10.3 -71.0 -83.0 -76.0 -83.0 -76.0
YP-11 9.3 -115 85 -10.7 8.6 -68.0 -83.0 -64.0 -79.0 -65.0
YP-12 6.6 7.9 6.8 9.5 8.1 -58.0 -65.0 -60.0 -73.0 -66.0
SN -6.4 6.1 -6.8 5.1 7.4 -55.0 -56.0 -60.0 51.0 -62.0
F/ME 9.9 -115 -10.4 -11.6 -10.5 -73.0 -84.0 -76.0 -87.0 -83.0
FHME -8.4 9.9 8.8 -10.0 9.1 -64.9 -75.0 67.6 -75.9 -69.6
PRt 1.2 1.7 1.0 2.0 1.0 5.7 9.1 48 10.9 6.3
LR R 0.1 0.2 01 0.2 0.1 0.1 0.1 0.1 0.1 0.1
YP-1 8.1 -10.4 9.0 -10.3 9.1 67.0 -84.0 -68.0 -83.0 -69.0
YP-3 33 -11.0 -10.8 -11.4 9.3 -42.0 -82.0 -80.0 -85.0 -70.0
YP-4 -6.9 9.1 76 -11.4 7.4 -61.0 -73.0 -64.0 -86.0 62.0
YP-5 9.2 9.8 97 - - -70.0 -70.0 -69.0 - -
YP-7 -10.6 -11.0 9.2 -10.9 9.4 -80.0 -80.0 -69.0 -78.0 -70.0
YP-8 9.4 5.9 9.3 5.3 9.2 -73.0 55.0 710 52.0 -69.0
YP-9 9.7 9.8 - - - -71.0 -71.0 - - -
REERA YP-10 -10.0 114 95 -11.1 -10.2 -73.0 -82.0 740 -81.0 -75.0
YP-11 -85 -11.2 8.0 -105 8.4 -67.0 -82.0 -63.0 -78.0 -64.0
YP-12 76 -85 8.3 9.8 7.7 -67.0 67.0 67.0 740 -64.0
SN -3.3 5.9 7.6 5.3 74 -42.0 -55.0 -63.0 -52.0 -62.0
e/ ME -10.6 -11.4 -10.8 -11.4 -10.2 -80.0 -84.0 -80.0 -86.0 -75.0
SEYMY -8.3 9.8 9.0 -10.1 8.8 67.1 746 -69.4 771 67.9
bR 2= 21 17 1.0 2.0 0.9 10.1 8.6 5.1 10.6 42
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Table 3 Mixing ratio of different sources of drainage ditch or groundwater
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fi 75 42.86 95.77 100 57.14 4558 59.89 15.38
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i - - - 54.42 40.11 84.62

F 4 HKAB MR ERT KK
Table 4 Water level of drainage ditch and nearby shallow groundwater m
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Hydrochemical Relationship between Water in Drainage Ditches and
Shallow Groundwater in Qingtongxia Irrigation Area

SUN Yufang®?, HAI Jing®, JIN Xiaomei'", ZHAO Zhipeng?, LI Hongbo?®, ZHU Wei?
(1. School of Water Resources and Environment, China University of Geosciences (Beijing), Beijing 100083, China;
2. Hydrology & Environmental Geological Survey Institute of Ningxia Hui Autonomous Region, Yinchuan 750026, China;

3. Bureau of Geology of Ningxia Hui Autonomous Region, Yinchuan 750021, China)

Abstract: [Objective] Change in groundwater in Qingtongxia Irrigation areas is mainly due to the leaching of
drainage ditches and infiltration of field irrigation. The exchange between surface water and groundwater is frequent
but complex. This paper analyzes the hydrochemical relationship between water in drainage ditches and their
adjacent shallow groundwater. [ Method] The study was based on hydrochemical data measured from water samples
taken from both drainage ditches and shallow groundwater. Their correlations and transformation were analyzed
using statistics, Gibbs model, Piper chart, Schoeller chart, cation alternating adsorption chart and other methods.
[ Result] The water in the drainage ditches was more alkaline in the off-irrigation period, and slightly alkaline or
alkaline in the irrigation period. In contrast, the shallow groundwater was neutral or weakly alkaline in the
off-irrigation period and weakly alkaline or alkaline in the irrigation period. The TDS of the water in the drainage
ditches was higher in irrigation period than in off-irrigation period, while the TDS of the shallow groundwater
remained approximately same, though it was significantly higher than that of the drainage ditches. The content of
cations in the water in both the drainage ditches and shallow groundwater were ranked in the order of
Na*">Ca?*>Mg?*>K", while the anions were in the order of CI>S0,*>HCO5". The difference in ion concentration in
the shallow groundwater near the drainage ditches was greater in the vertical direction than in the horizontal
direction. The 80 and 8D in the ditch water and shallow groundwater were approximately the same during both
irrigation and off-irrigation periods, and their spatial variation was small. The isotope dilution by shallow
groundwater was noticeable at the depth of 30 m. [ Conclusion] The chemical compositions of ditch water and
shallow groundwater are controlled by evaporation or rock weathering, in addition to hydrodynamic mixing. The
hydrochemistry in the shallow groundwater in the south of the area depends on rock weathering, while that in the
middle and north of the area is largely modulated by evaporation. Depending on the depth of groundwater table, the
drainage ditch can ether discharge or drain the groundwater due to the rise of groundwater table following irrigation.
The average ratio of irrigation water withdrawal was 81.54%. For regions where groundwater table is deep, the
drainage ditch is the main source of groundwater, accounting for 84.62% of water supply to the groundwater.
Key words: Qingtongxia irrigation area; drainage ditch; hydrochemical characteristics; Isotope; transformation relation
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