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and comparison using hybrid water-table fluctuation method and groundwater modeling: a case of
Gangcheon basin in Yeoju City. Journal of the Geological Society of Korea. v. 54, no. 2, p. 169-181

ABSTRACT: Groundwater recharge rate is key parameter to estimate sustainable yield of a local groundwater
system. This study estimated groundwater recharge rate of the Gangcheon watershed in Yeoju City by using
groundwater flow modeling and hybrid water-table fluctuation (hybrid-WTF) method and compared groundwater
recharge rates from the two methods. The recharge rate of the Gangcheon watershed (104.77 km’) was 18.13%
of the annual precipitation was estimated by groundwater flow modeling. Using average effective precipitation
for 30 years, groundwater level data, and particle size analysis data of the soil layers, average groundwater recharge
rate by the hybrid-WTF method was 17.81%. The groundwater recharge rate estimated by groundwater flow
modeling can represent the whole study area but cannot precisely represent local groundwater recharge rate. On
the other side, the hybrid-WTF method can properly estimate local groundwater recharge, while the method cannot
represents the whole study area. Besides, the hybrid-WTF method may be preferably applicable to alluvial regions
that groundwater recharge is sensitively related to rainfall, but isn’t properly applied to low permeability layer
or bedrock areas in which groundwater recharge rate is low.
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Fig. 2. Geological map of Gangcheon basin (modified from Yeo and Lee, 1975; Kim et al., 1989).
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Table 1. Hydraulic conductivity values (m/d) of the hydrogeologic units.

Hydrogeologic unit Minimum Maximum Geometric mean
Alluvium 1.279 186.6 21.332
Igneous rock 0.001 6.575 0.059
Metamorphic rock 0.037 0.037 0.037

-
o’

Stream or
Discharge Region

Precipitation

-

Lowest Level of Stream

Fig. 3. Schematic diagram of precipitation and recharge (Park and Parker, 2008).
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Table 2. List of the observation wells.
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Well Number X Location - Aoctl}ilhf:r“zﬁe Mean Eglroundwater];tfrv\ii (m)
YJW-24 261058.00 519600.00 Alluvial layer 38.97 9.03
YJIW-25 260846.00 518026.00 Alluvial layer 39.31 9.70
YJW-26 263196.00 511679.00 Rock layer 48.79 221
YIW-27 260833.00 511453.00 Rock layer 51.39 2.61
YJW-28 258138.00 509225.00 Rock layer 69.20 3.80
YIW-29 259269.00 507934.00 Alluvial layer 97.54 3.46
YJW-35 261593.00 515382.00 Alluvial layer 37.88 9.12
YJIW-55 261450.00 518085.00 Alluvial layer 61.89 4.11
YJW-61 264472.00 513290.00 Alluvial layer 52.40 2.60
YJIW-63 256231.00 511747.00 Alluvial layer 64.32 3.68
YJW-64 259138.00 509925.00 Alluvial layer 50.83 2.17
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Fig. 4. Groundwater level fluctuation on the observation wells.
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Fig. 5. Recharge rate (%) vs difference between max-
imum and minimum levels (& h, m).

5t 712 A 42217} 37.93 m, 2 4297} 38.19 m
olu, |5}4=¢] Mol of3 wlujsi}. s} 77t
S, E2 o] $ix|5}n] ol Hriwe] BE
S} YIW-552-& 23 597} 62.23 m, HL 9]
7} 6243 moltt. @A) A|5l49) WL ujujsicy. 3
Holl =3 o] E25)1 9k,

42 S XoiHel HEH0| O HAE A

127 A3t AsHES 5 ES ARE AF
S1A] 23k 67l 7| PAE 13(YIW-65)= A<
3ka1, 57 X sk=(YJW-35, 55, 61, 63, 64)]] ti3f
Y Aokl HEHS A85to] Aok FYES
Tt AASadE e B0 wek
B7E 2L, a7 ool s
5 23] (Residual water content),f- A|3k -7
E43(Runoff constant)@} 4 F=E2 A3
T}(Carsel and Parrish, 1988; Cho and Park, 2008).
Aole9) AEBET BRI 491U TN
Azie EF NRE YERAT ] EHS BRE
o 293 4 Q)% olgstel mAE Askel gt
B2 ole9] 2ke) A5 H)mo] QJalE Fstel
A5} TFEL A ACHE 3).

DEPUR B Aoy WEPOE T8 A
4 PR 003~5542% 24 2 Holg Holid],
ol 4T, 371 B2, B0 5 Bk ohfz}
£20] 248 5 19iHel 2clnE BT 24
Aole9) WER 02 AT 7 Y25 el ¢
FEL BEF FUY FAH YLEE HESH
A2 B 4 oItk 7t B2 Aol BFBH A
she9l MRS Teme] mAR 23§ 29 4
e v A ehdeh(2E 5). B33 o)
£8 olgelo] BlyIRroR ZAgelo] W Aa

Table 3. Recharge rate of the observation wells using the effective rainfalls of three rainfall stations.

Well Soil R:;;?llral Rgn;fr‘lft Fllrlabiie ngii;:g;ﬁe Rainfall ~ Recharge rate
number classification N const po (? Sy station (%)
content (T (%) (mm)
YJW-35 Sand 0.045 -0.013 0.4321 7 Buron 0.03
YJW-55 Loamy sand 0.057 -0.008 3.6904 33 Yeoju 0.04
YJW-61 Sandy loam 0.065 -0.19 2.7665 8 Buron 55.42
YIW-63 Sandy loam 0.065 -0.02 3.0506 11 Taepyeong 33.33
YJW-64 Silty loam 0.067 -0.03 0.1296 8 Buron 0.25
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Table 4. Recharge rate of the observation wells using 30-year annual mean rainfall rates of three rainfall stations.

Residual

Runoff

Effective

Well Soil ) water constant Fill'able rainfall Rainfall Recharge
number  classification content (T porosity (%) (mm) station Rate (%)
YJW-35 Sand 0.045 -0.013 0.68428 13.65 Buron 1.92
YJW-55 Loamy sand 0.057 -0.008 1.0034 13.65 Yeoju 2.10
YJW-61 Sandy loam 0.065 -0.19 52777 13.65 Buron 51.35
YIW-63 Sandy loam 0.065 -0.02 4.3063 13.65 Taepyeong 32.18
YJW-64 Silty loam 0.067 -0.03 0.262 13.65 Buron 25.09

MY Legend

Inactive cell
Active cell
Constant head
River boundry
Drain boundry

([ I | |

Fig. 6. Model domain and layers.
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Fig. 7. RMS vs groundwater recharge rate.
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Fig. 8. Relationship between observed and calculated head.
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