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Water quality prediction of shallow groundwater recharge in the western suburbs of Beijing
LI Qianwen' , XING Guozhang® , SUN Hongfu!, YANG Meng' ,CHU Shanshan' ,ZHANG Yuhu! , QIAO Li!
(1. School of Earth Sciences and Surveying Engineering , China University of Mining and Technology (Beijing) ,Beijing
100083, China; 2. Beijing Institute of Geological & Prospecting Engineering ,Beijing 100048 ,China)
Abstract; Groundwater recharge can not only cover the deficit of groundwater resources, but also dilute and purify contaminated
groundwater. The recharge experiments at Beijing Water Source No. 4 Plant and the PHREEQC simulation software were used
in this study for water quality mixing simulations and water quality prediction. The results showed that the recharge has a great
impact on the water quality of South Well, but limited impacts on that of North Well and East Well. The water quality of South
Well was upgraded from Class [[l to Class [I. The chloride, sulfate,nitrate and bicarbonate were recharged and their the concen-
tration. at the end were very close to those of the recharge wells. The final mass concentrations of potassium, calcium and mag-
nesium were slightly lower than those of the recharge wells, probably due to cation exchanges. The simulated water quality of
mixed water had a good correlation with the observations,and a linear equation of the simulation mixing ratio and recharge time
of South Well were obtained. Its coefficient of determination (R?*) was as high as 0. 999. It predicted that the groundwater in
Beijing needed 11 days to be recharged under the same conditions for the water quality being upgraded from the Class [V to
Class [I. The water quality prediction method of this study can effectively improve the efficiency of groundwater recharge and
has useful guideline for groundwater recharge prediction.
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Fig. 1 Recharge system at No. 4 water source plant
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Fig. 2 Water level contour at study area
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Water levels of the recharge well from April 21 to May 24 (Recharge stopped at 9:44AM on May 22)
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Fig. 4 Water levels at the monitoring well from April 21 to May 24 (irrigation stopped at 9;:44AM on May 22)
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Fig. 5 Water levels and recharge amount of recharge well
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Fig. 6 Temporal variations of calcium, magnesium, sodium and potassium mass concentrations
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Fig. 7 Temporal variations of some water quality indicators
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Tab. 2 Mixed water simulation parameters of recharge
well and South well FLfY . mg/L

Raem f 8 8 B RS mRER A iRk

1:9 3.36 66.1 126.4 43.2 437.0 129.4 97.9 17.2
2:8 3.27 61.0 119.0 40.9 412.8 121.7 90.6 15.6
3+7 3,18 55.9 111.5 38.7 388.7 114.0 83.4 14.0
4:6 3.10 50.8 104.1 36.4 364.5 106.3 76.2 12.3
5:5 3.01 45.7 96.6 34.2 340.4 98.7 68.9 10.7
6:4 2.93 40.6 89.2 31.9 316.2 91.0 61.7 9.12
7:+3 2.84 355 8L.7 29.7 292.1 83.3 54.5 7.51
8§:2 2.75 30.3 74.3 27.4 267.9 75.6 47.3 5.89
9:1 2.67 25.2 66.9 25.2 243.8 68.0 40.0 4.28
10:1 2.66 24.8 66.2 25.0 241.6 67.3 39.4 4.13
11:1 2.65 24.4 65.6 24.8 239.7 66.7 38.8 4.01

15:1 2.64 23.3 64.1 24.3 234.7 65.1 37.3 3.68

171 2.63 23.0 63.6 24.2 233.0 64.6 36.8 3.57
181 2.63 22.8 63.3 24.1 232.3 64.3 36.6 3.52
19:1 2.62 22.7 63.1 24.0 231.7 64.1 36.4 3.48
2021 2.62 22.5 63.0 24.0 231.1 63.9 36.3 3.44
22+1 2,62 22.3 62.7 23.9 230.1 63.6 36.0 3.37
24+1 2.62 22.2 62.4 23.8 229.3 63.4 35.7 3.31
26:1 2.61 22.0 62.2 23.7 228.5 63.1 355 3.27
28:1 2.61 21.9 62.0 23.7 227.9 62.9 35.3 3.23
30:1 2.61 21.8 61.8 23.6 227.4 62.8 35.1 3.19
31:1 2.61 21.7 61.7 23.6 227.1  62. 35.1 3.17
32:+1 2.61 21.7 61.7 23.6 226.9 62.6 35.0 3.16
40:1 2.60 21.4 61.2 23.5 225.5 62.2 34.6 3.06
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Fig. 8 Comparisons of simulation results and observations of South well
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Tab. 3 Relative errors between simulated water quality and observations at South well

AR R 22 ) )

i B i o A R R TR R BRER A4

RAL [sal Y B [E]
1:9 E RPN —5.6% —4.8% —7.1% —2.4% —6.8% —5.5% —8.6% —5.1%
3:7 3K 46.0% 52. 3% 42.7% 25.4% 77.1% 30. 0% 114. 2% 43.3%
5:5 AR 31.2% 41. 8% 29.1% 23.5% 57.1% 23.7% 108.9% 29.4%
6:4 ERES 35.4% 44.5% 37.6% 18.0% 12.7% 35.2% 152.7% 49.0%
9:1 59K 6.0% 16.0%  —10.5% 9.8% 13.8% 7.0% 33.0% 2.8%
14 : 1 14K —12.5% 13.6% —13.5% 14.7% 16.2% 16. 8% 6.1% —15.6%
18:1 %18 K —0.3% 13.7%  —17.1%  —22.3% 29.4% 16.6% 11.0% —9.9%
241 24 K 2.0% 14.5%  —11.4% 11.3% 24.9% 24.5% 10.1% —6.6%
31:1 ERIBN —4.3% 15.8% —9.2% 16.4% 28.0% 23.4% 9. 8% —10.2%
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Tab. 4 Relative errors between simulation water quality and observations for second mixture at South well
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