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ABSTRACT

Recently, a physically based model of water-table fluctuation due to precipitation is developed based on aquifer water
balance model. In the model, it was assumed that the water infiltration into ground surface is advection dominant and
immediately reaches to water-table. The assumption may be suited for the sites where the water-table is shallow and/or the
permeability of the unsaturated zone is high. However, there are more cases where the model is not directly applicable due
to thick and low permeable unsaturated zone. For the low permeability unsaturated zone, the pattern of water flux passing
through unsaturated zone is diffusive as well as advective. In this study, to improve the previously developed water-table
fluctuation model, we combined the delayed drainage model, which has long been used in well hydraulics, to the water-
table fluctuation model. To test the validity of the development, we apply the developed model to 5 different domestic
sites. The model parameters are calibrated based on the groundwater hydrograph and the precipitation time series, and the
correlation analyses among the parameters are pursued. The overall analyses on the delineated model parameters indicate
that the delayed drainage parameters or delay index used in the developed model are able to reveal drainage information in

the unsaturated zones.
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Fig. 1. An illustration of a drawdown curve of common
unconfined aquifers showing delayed drainage during pumping
test(Kasenow, 2006).
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Table 1. Hydrologic properties of Soil Series in study areas
Location Soil Series Name Soil Phase Symbol  Topsoil classification (Subsoil)  Drainage” Permeability?
JUNGDONG Jd Fine SL. (SL) 1 II or IV
Gwangmyeong GWARIM KzE2 SL. with gravel 1l v
JIIGOG JoB SL with gravel 11 111
DEOGCHEON DF SL (S with gravel) I I or IV
Bonghwa JIGOG JoB SL with gravel 11 I
SAMGAG SgD2 SL I I
DEOGCHEON DF SL (S with gravel) 11 I or IV
Youngju SANGIJU SuB SL with gravel 11 111
SAMGAG SgE2 SL I 1
YONGGYE YxB L with gravel (SICL) I I
Hampyeong
PYEONGTAEG Pt SIL v VI
JIGOG JoC SL with gravel (SL with gravel) 11 1
Hongcheon JUNGDONG Jd Fine SL 1l I or IV
CHEONGSAN CalF2 L with gravel or SL I 11
Y Drainage
. . Very good Good Little good Little poor Poor Very poor
Drainage rating
I I I v A% VI
2 Permeability
. . Very fast Fast Little fast Fair Little slow Slow Very slow
Permeability rating
| 11 11 1A% \Y VI Vil
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Table 2. Descriptions on the observation wells in study area
GM  BH Y] HP HC
Elevation (m) 112 2042 1341 405 1285
Well depth (m) 135 108 13 9.5 12
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Fig. 2. Precipitation data and the ground water hydrographs(dot line) of year 2009, study area.
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Table 3. Lag-time correlation coefficients between precipitation
and observed groundwater level data of each study area

Time lag (day) GM BH Y] HP HC
0 03710 02161 0.2892 0.5897 0.4053
1 0.5929 03535 0.5584 0.5438 0.6650
2 0.3951 03899 0.4340 0.3458 0.4698
3 04371 03737 0.4370 0.2662 0.5098
4 04254 03996 0.4294 0.2743 0.4657
5 0.3656 0.3377 0.3259 0.3822 0.4035
6 04542 03264 0.4010 0.3036 0.4600
7 0.2833 03027 0.3427 0.2781 0.3425
8 02240 02620 0.3149 0.3873 0.2483
9 02597 02312 0.2433 0.3757 0.2575
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Fig. 3. Observed ground water level fluctuation(black color) and predicted ground water level fluctuation(gray color) of year 2009: (a)
Gwangmyeong area; (b) Bonghwa area; (c) Youngju area; (d) Hampyeong area; (¢) Hongcheon area.

Table 4. Comparison of estimated parameter by two models in study area

Location Previous model ABS(k)  New model ABS(k) Deviation of k& (%) o (1/day)
Gwangmyeong 0.1905 0.0905 52.55 15.551
Bonghwa 0.0647 0.0257 60.28 11.034
Youngju 0.1974 0.1804 8.56 101.825
Hampyeong 0.2270 0.2251 0.88 1000
Hongcheon 0.2791 0.0701 74.88 11.032
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Table 5. Calibrated model parameters of study areas
Location ho(m) k(1/day) fin al/day) (day) (m)
GM 0.004 —-0.090 5.970 15.551 0.064 4919
BH 0.018 —-0.026 6.448 11.034 0.091 196.545
YJ 0.156 —-0.180 4.990 101.825 0.010 129.696
HP 0.045 —0.225 5.147 1000 0.001 37.812
HC —-0.032 —-0.070 8.656 11.032 0.091 119.303
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Table 6. Thickness of vadose zone, hydraulic conductivity of
alluvial aquifer, topsoil classification in study area

Location D(m) Topsoil classification
Gwangmyeong 6.2 Fine SL (Sandy Loam)
Bonghwa 7.7 SL
Youngju 44 SL
Hampyeong 2.7 L with gravel
Hongcheon 9.2 SL with gravel
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