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ABSTRACT: Various methods of estimating groundwater recharge rate have been applied in this country, but
standardized method is not proposed yet. Although the TSM-hWTF method was developed using the groundwater
level time series, it was difficult to estimate the groundwater recharge rate in the unmeasured area due to the limited
number of groundwater monitoring stations. To solve this problem, an artificial neural network model was
developed by using multi-layered perceptron algorithm with 15 input factors of site characteristics of 207 stations,
which include topographic elevation, slope, stream, geology, and soil, and 1 output factor of groundwater recharge
rate of the stations. The correlation coefficient between the model predicted value and the actual value of
groundwater recharge rate was higher than 0.8, and the topsoil and subsoil characteristics were found to have the
greatest influence on the model. Both groundwater recharge rates estimated by applying this model in Yanggok-ri,
Seobu-myeon, Hongseong-gun and by using the TSM-hWTF method from 9 groundwater monitoring data showed
similar trends and it indicated that the groundwater recharge estimation by this artificial neural network model
was effective.
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Table 1. Estimating methods of groundwater recharge rate (modified from Scanlon et al., 2002).

Methods ﬂufigélie;l ro;lf/ » Spat(lrag ;cale Tlm(e; S:Ir)lods
Tracers 0.1~1,000 2~10,000 2~20,000
Saturated
zone ng%ﬁ;ggg;ble 5~500 50~10,000 0.1~5
Tracers 0.1~3,000 0.1~200 0.3~10,000

Unsaturated Darcy’s law 20~400 0.1~1 0.1~400
zone Zero-flux plane 30~400 0.1~1 0.1~5
Lysimeters 1~400 0.1~30 0.1~5
Heat tracers 1~500 0.1~1 0.1~5
o diseharge 4004000 300 000,000 03-50
Seepage meters 1~3,000" 0.1~1 0.1~5

Remark: 1) unit: mm/day
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layer

Fig. 1. Basic concept of artificial neural network with
hidden layer.
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Table 2. Input and output variables of ANN (artificial neural network) model for groundwater recharge rate
estimation.

Input variables Output variable

. Elevation of land surface

. Highest elevation in 500 m radius

. Upward slope in 500 m radius

. Lowest elevation in 500 m radius

. Downward slope in 500 m radius

Continuous

variables . Average slope

. Distance to double-lined stream Groundwater

. Elevation of nearby double-lined stream recharge rate at 207
monitoring wells

. Distance to single-lined stream

. Elevation of nearby single-lined stream

. Lineament density

. Hydrogeologic unit (3 classes)

Categorial . Subsoil feature (7 classes)
variables . Top soil feature (7 classes)

. Soil drainage class (6 classes)
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Table 3. Statistics of groundwater recharge rate for two cases of grids.

Case 1 Case 2
Cases (original grid) (250 m displacement)
East basin West basin East basin West basin
Counts of grid 6 9 6 7
Minium recharge rate (%) 11.49 15.80 14.05 18.17
Maximum recharge rate (%) 23.63 28.85 24.32 37.14
Average of recharge rate (%) 18.32 21.77 17.79 22.73
St. Dev. of recharge rate 4.63 4.44 3.73 6.78
g 0.30
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Fig. 2. Importance of input variables in the ANN model.

Input variables
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Fig. 3. Distribution of groundwater recharge rate in the Yanggok-region, Hongseong-gun, Chungcheongnamdo
province.
45.0 23.0
40.0 r 21.0
[n]
50 I 190 g
] =
300 170 B
£ |0 B
£ 250 1 3
= —— 150 %
£ 200 —_\f\l , T
g 0 W‘%ch " T
: El
10.0 1 ] | o 8
5.0 L F 9.0
0.0 L N e | [ i f t\"‘— ‘l_F/J_ | -lIII 1 ul 5
g g 3 g g 3 3 g 3 g 3 3 3 g 3 s g 3 g g g
B % b B B B B B B B 5 B B B B B B B &5 B B
= 8 8 & & & &8 ® ® & @ @ & & & & 8§ § & 5§
B &8 % B 85 8 & & 5 ¥ & 5 &8 &8 % B 8 5 B S 9
M Rainfall ——YE-1 YE-2 —YE-3 —VYE-4 —YE-5 —VYE-6 —YW-1 —YW-2 —YW-3

Date (yyyy-mm-dd)

Fig. 4. Time series of groundwater level at the monitoring wells and rainfall.
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Table 4. Result of groundwater recharge estimation by using the WTF method.

Basins West basin East basin
Wells YW-1  YW-2  YW-3 | YE-1 YE2  YE3 YE4  YES YE-6
Soil type Slzg(g l(s):Irlr(lly sand Slzg(g lg:g(lly siltloam  sand  silt loam sand
B(i/s&lsexl 2136  15.19 7.26 18.04  14.13 1229 1091 12.99 9.27
. )
R?g‘fg? 383 383 383 383 383 383 3382 2960 383
ifgl(lfgrg;) 106 63 63 53 74 32 23 40 80
f;;hz;f;’ 27.7 16.4 16.5 13.8 19.4 8.4 6.8 13.6 21.0
Average
recharge 20.0 13.8
rate (%)

Remark: P Observation period: Jan. 29 ~ Aug. 21, ? Observation period: April 20 ~ Aug. 21, ¥ Observation period:

Jan. 29 ~ Aug. 21 except May 1 ~ June 30.
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