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Abstract

The groundwater recharge was assessed by using both SWAT and HELP models in Bocheong—-cheon
watershed. The SWAT model is a comprehensive surface and subsurface model, but it lacks the physical
basis for simulating a soil water percolation process. The HELP model which has a drawback in
simulating subsurface lateral flow and groundwater flow component can simulate soil water percolation
process by considering the unsaturated flow effect of soil layers. The SWAT model has been successfully
applied for estimating groundwater recharge in a number of watersheds in Korea, while the application
of HELP model has been very limited. The subsurface lateral flow parameter was proposed in order to
consider the subsurface lateral flow effect in HELP model and the groundwater recharge was simulated
by the modified exponential decay weighting function in HELP model. The simulation results indicate that
the recharge of HELP model significantly depends on the values of lateral flow parameter. The recharge
errors between SWAT and HELP are the smallest when the lateral flow parameter is about 0.6 and the
recharge rates between two models are shown to be reasonably comparable for daily, monthly, and yearly
time scales.

The HELP model is useful for estimating groundwater recharge at watershed scale because the model
structure and input parameters of HELP model are simpler than that of SWAT model. The accuracy of
assessing the groundwater recharge might be improved by the concurrent application of SWAT model and
HELP model.

Keywords : groundwater recharge, SWAT model, HELP model, bocheong-cheon
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Table 1. Comparison of Hydrologic Processes between SWAT Model and HELP Model

Flow Process SWAT HELP
Surface Runoff SCS Curve Number Equation SCS Curve Number Equation
Potential Evapotranspiration Penman-Monteith Equation Modified Penman Equation
Actual Evapotranspiration Richtie Equation Richtie Equation
Percolation Storage Routing Equation Darcy Equation
Subsurface Lateral Flow Kinematic Storage Model -
Channel Flow Muskingum Routing Method -
Recharge Exponential Weighting Function| Modified Exponential Weighting Function
Groundater Flow Hooghoudt Storage Model -
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Table 2. The Optimized Parameters of SWAT Model
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Parameter Definition Minimum Value| Maximum Value | Optimized Value
ALPHA_BF Baseflow Recession Constant 0.0 1.0 0.31
GW DELAY Delay Time F(()]g (gcsl;lifer Recharge 10 100.0 534
GW_REVAP Revap Coefficient 0.02 0.2 0.079
RCHRG_DP Aquifer Percolation Coefficient 0.0 1.0 0.004
REVAPMN Threi‘gﬁfg’ﬁ; Eg‘:p I&[fn};auow 0.0 500.0 193.34

GwaMN | For Baselow i) |09 0000 113

SLOPE Average Slope Steepness (M/M) initialx0.75 initialx1.25 initialx1.1
SLSUBBSN Average Slope Length (M) initial initial+20 initial+11.4
ESCO Soil Evaporation Compensation Factor 0.01 1.0 0.19
SOL_AWC Available Water Capacity initial-0.05 initial+0.05 initial+0.036

CN2 Initial SCS Curve Number initial-8 initial+8 initial+7.92
SURLAG Surface Runoff Lag Time (Hours) 0.0 10.0 9.82

Table 3. Performance Statistics of SWAT Model

Calibration Period (1987~1990) | Validation Period (1992~1996)
Observed SWAT Observed SWAT
Average of Daily Flow (m%/s) 11.2 8.8 76 5.3
Standard Deviation of Daily Flow (m%/s) 37.6 21.2 20.0 13.9
NSEF 0.56 0.71
R’ 0.60 0.75
H434% 498 20104F 471 387
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Table 4. Annual Groundwater Recharge and Recharge Index(The Lateral Flow Parameterg in HELP

Model is Specified as 0.6)

SWAT Model HELP Model
Year Annual Rainfall (mm) | Appyal Recharge Recharge Index Annual Recharge Recharge Index
(mm) (mm)
1987 1638.20 238.96 0.15 240.32 0.15
1988 850.03 93.92 0.11 85.99 0.10
1989 1418.09 169.13 0.12 182.14 0.13
1990 1485.43 235.40 0.16 181.39 0.12
1992 1062.94 125.95 0.12 144.64 0.14
1993 1136.61 139.24 0.12 198.19 0.17
1994 756.93 47.30 0.06 57.45 0.08
1995 1001.66 95.70 0.10 95.69 0.10
1996 1178.99 100.59 0.09 128.60 0.11
Average 1169.88 138.47 0.11 146.04 0.12
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