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Estimation of Groundwater Recharge by Considering Runoff Process and
Groundwater Level Variation in Watershed
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Hydrology Research Division, Korea Institute of Construction Technology

ABSTRACT

In Korea, there have been various methods of estimating groundwater recharge which generally can be subdivided into
three types: baseflow separation method by means of groundwater recession curve, water budget analysis based on
lumped conceptual model in watershed, and water table fluctuation method (WTF) by using the data from groundwater
monitoring wells. However, groundwater recharge rate shows the spatial-temporal variability due to climatic condition,
land use and hydrogeological heterogeneity, so these methods have various limits to deal with these characteristics. To
overcome these limitations, we present a new method of estimating recharge based on water balance components from the
SWAT-MODFLOW which is an integrated surface-ground water model. Groundwater levels in the interest area close to
the stream have dynamics similar to stream flow, whereas levels further upslope respond to precipitation with a delay. As
these behaviours are related to the physical process of recharge, it is needed to account for the time delay in aquifer
recharge once the water exits the soil profile to represent these features. In SWAT, a single linear reservoir storage module
with an exponential decay weighting function is used to compute the recharge from soil to aquifer on a given day.
However, this module has some limitations expressing recharge variation when the delay time is too long and transient
recharge trend does not match to the groundwater table time series, the multi-reservoir storage routing module which
represents more realistic time delay through vadose zone is newly suggested in this study. In this module, the parameter
related to the delay time should be optimized by checking the correlation between simulated recharge and observed
groundwater levels. The final step of this procedure is to compare simulated groundwater table with observed one as well
as to compare simulated watershed runoff with observed one. This method is applied to Mihocheon watershed in Korea
for the purpose of testing the procedure of proper estimation of spatio-temporal groundwater recharge distribution. As the
newly suggested method of estimating recharge has the advantages of effectiveness of watershed model as well as the
accuracy of WTF method, the estimated daily recharge rate would be an advanced quantity reflecting the heterogeneity of
hydrogeology, climatic condition, land use as well as physical behaviour of water in soil layers and aquifers.

Key words : Watershed runoff process, Groundwater level variation, SWAT-MODFLOW, Recharge, Delay time, Multi-
reservoir module
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Fig. 1. Multi-Reservoir Model.

Setting up SWAT-MODFLOW model inputs on weather, topography,
soils, shallow aquifer, land use and management, stream channels etc.

l

Model calibration and verification with stream flow and groundwater data.

Is time delay for recharge compatible
with groundwater level variation?

Compute distributed groundwater recharge in daily base.

Fig. 2. Flowchart for Recharge Estimation.
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Fig. 3. Subbasins of Mihocheon Watershed (KICT, 2007).
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Fig. 7. Land Use Map of Watershed (KICT, 2007).

Table 1. Land Use Area of Mihocheon Watershed (KICT, 2006)

Lan('i cover Explanation Are? Ratio

classification (km?) (%)
AGRC  Agricultural Land-Close-grown  31.3 1.68
AGRR  Agricultural Land-Row Crops  260.0 13.92
FRSD Forest-Deciduous 330.1 17.67
FRSE Forest-Evergreen 3343 17.89
FRST Forest-Mixed 254.5 13.62
ORCD  Orchard 13.2 0.71
PAST Pasture 37.1 1.98
RICE Rice 409.7 21.93
UCOM  Commercial 7.3 0.39
UIDU  Industrial 22.1 1.18
UINS Institutional 17.4 0.93
URLD  Residential-Low Density 76.8 4.11
UTRN  Transportation 23.6 1.26
WATR  Water 353 1.89
WETL  Wetlands-Mixed 15.6 0.84
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Fig. 9. Comparison of simulated recharge and observed groundwater level with the optimal delay parameter (Jincheon Observarion Well).
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Fig. 11. Comparison of simulated recharge and observed groundwater level with the optimal delay parameter (Jochiwon Observarion Well).
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Fig. 12. Comparison of simulated recharge and observed groundwater level with the optimal delay parameter (Bukmyon Observarion

Well).
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Fig. 13. Comparison of simulated recharge and observed groundwater level with the optimal delay parameter (Susin Observarion Well).
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Fig. 16. Verification of Streamflow at Seokhwa Gauging Point (2002~2004) (KICT, 2007).
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