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Fig. 2 Geographical location of the Dagu River Basin
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Fig. 3 Schematic diagrams of spatial discreteness
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Table 1 Soil hydraulic parameters relative to type of the soil
- LA e K RK
FeA KO, ARG AR, I X A .
N . ) LB RN Aiin Saturated FLBR % 8 S5
e/ b R 2 Residual Saturated Inverse of ) ]
Pore size hydraulic Pore
Soil/land use type water content ~ water content air-entry o o o
s s s R . distribution conductivity connectivity
/(cm™-cm™) /(cm™-cm™) /m” .
/(m-d™)
b+ Sand 0.045 0.41 6.8 2.08 1.03 0.5
¥+ Loam 0.048 0.40 3.2 1.38 0.36 0.5
FyHbIE £ Silt loam 0.051 0.38 1.6 1.25 0.13 0.5
WZhE+ Sand clay loam 0.100 0.39 2.6 1.45 0.34 0.5
W4 A3 Urban land 0.068 0.38 0.8 1.09 0.05 0.5
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Table 2 Statistics of annual water supply of the Dagu River Basin
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Fig. 4 Fitting of soil profile water content in the calibration phase
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Fig.5 Fitting of groundwater table in the calibration phase
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Table 3 Specific yield ( # ) and permeation coefficient (K ) relative to zone

71X Zone 459K p Specific yield %1% 250 K Permeation coefficient/(m-d™")
0 0.10 52
1 0.21 118
2 0.19 97
3 0.16 72

e 43 KOG R I 3a ity X3 K] 43 Note: Zone represents the zoning of graph 3a in this paper
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Abstract

Groundwater Recharge in Dagu River Basin

ZHANG Xuyang' LIN Qing'

HUANG Xiudong’

XU Shaohui'

(1 College of Environmental Science and Engineering, Qingdao University, Qingdao, Shandong 266071, China )

(2 Hydrological Bureau of Qingdao, Qingdao, Shandong 266071, China)

[ Objective ] The water-bearing layers in the Dagu River Basin are distributed mainly in

a long and narrow strip of area alongside the middle and lower reaches of the Dagu River, forming a huge

underground reservoir, which is one of the major water sources supplying water to Qingdao. Currently, the

groundwater resource in the Dagu River Basin has been over-exploited causing a series of environmental

problems, like seawater intrusion, surface subsidence, etc. With rapid development of the economy and

population in the region, the problem of water resource shortage significantly constrain sustainable

development of Qingdao. To enhance comprehensive management of the water resources in the region, it

is essential to accurately assess groundwater recharge. Although much work has been done on groundwater

recharge, few of the relevant researches have taken into account the transformational relationship between
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soil water and groundwater, which has resulted in big gaps between the calculation of groundwater recharge
and the reality. This study aimed to establish a soil water and groundwater coupled model, with which to
analyze movements of soil water and groundwater in the studied region, and further to calculate accurately
groundwater recharge in the Dagu River Basin under the current precipitation and irrigation conditions.
[ Method ] Based on the principle of the software of HYDRUS package for MODFLOW coupled with
the GIS technology, a basin-scaled (4 781 km®) soil water and groundwater coupled model (SWGCM)
was developed. The model was used to simulate moisture movement between vadose and saturated zone,
flux at the bottom of a profile was worked out through multi iteration of the Richards-1D equation, using
the HYDRUS sub-model within each time step of the MODFLOW model, and through calculation of the
acquired flux, the MODFLOW model yielded a new groundwater table, which was used as water head value
at the bottom boundary for the next step of calculation. With all the relevant data put under comprehensive
consideration, including precipitation, evaporation, plant water absorption, soil texture, aquifer distribution,
and soil water and groundwater related parameters, such as groundwater exploitation capacity, soil moisture
content, and groundwater table, the SWGCM model was used to simulate movement of soil water and
groundwater in the Dagu River Basin, and accuracy of the model was varied through fitting of soil water
content and groundwater in the soil profiles. [ Result ] Results show that the simulated soil profile moisture
content and groundwater table well agree with the measured data. In the calibration phase, the determination
coefficient of the soil profile moisture content in the soil profile varies in the range of 0.65 ~ 0.91, and the
RMSE in the range of 0.005 ~ 0.01; and that of the groundwater table does in the range of 0.52 ~ 0.68, and
of 0.12 ~ 0.38, respectively, while in the validation phase the determination coefficient of the soil profile
moisture content does in the range of 0.53 ~ 0.86, and the RMSE in the range of 0.006 ~ 0.011 and that of
the groundwater table in the range of 0.56 ~ 0.81 and of 0.17 ~ 0.19, respectively. The fitting of soil profile
moisture content and groundwater table indicates that the SWGCM model is good enough to simulate
water movement in variably-saturated porous media and groundwater recharge. In the calibration phase,
the groundwater recharge is 315 million m’, and in the validation phase, 477 million m’. [ Conclusion ]

To accurately assess groundwater recharge, it is necessary to take into account the relationship between
soil water and groundwater in movement. The SWGCM model can be used to accurately simulate spatio-
temporal variation of the soil water and groundwater in the Dagu River Basin, and hence to calculate
vertical infiltration supplementary capacity of groundwater in the region with quite high reliability and
accuracy. Therefore, the SWGCM model may provide certain scientific basis for development of a rational
allocation of water resources of the basin and an effective approach, too, to accurate assessment of
groundwater recharge.

Key words Soil water; Groundwater; Coupled model; Dagu River Basin; Groundwater recharge
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