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ABSTRACT

SEAWAT, a linked modeling program of Visual MODFLOW was used to analyze the change in groundwater levels and
salinity related groundwater dam construction in Cheongsan island, Wando-Gun, Jeollanam-Do. The steady-state model
results show the groundwater flow and salinity distribution of the studied area. The groundwater flows from north-west
and south-east highlands into the river, located in the middle part of the basin, and is eventually discharged to the ocean.
Part of the sea water infiltrates into the river; and through the estuary's alluvium aquifer, the sea water intrusion takes place
spreading to about 830 m from the ocean. The transient model results show that after the groundwater dam construction,
groundwater levels will rise to a maximum of 2.0 m upstream, and the groundwater storage will increase 21,000 after 10
years. Meanwhile 31% of the total area affected by sea water intrusion will decrease. To conclude, the groundwater dam is
a very useful method for a secure water resource in preparation for drought and water shortages in the island regions.
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Fig. 1. Location of the study area (CS-01, CS-02, CS-03: Borehole, 13010020, 13020004, 13030049, 13040058, 13040060: Monitoring

well).
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Fig. 3. Boundary condition and model grid.
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Table 1. Groundwater quality measurement in the field
D Temp. (°C) pH EC (uS/cm) TDS (mg/L,g/m?)
Max.  Min. Ave. Max.  Min. Ave. Max. Min. Ave. Max. Min. Ave.
CS-01 26.9 16.6 21.8 7.50 6.62 7.14 11,520 2,380 5,653 6,897 1,504 3,435
CS-02 21.9 11.0 18.1 6.95 6.26 6.69 873 273 542 615 261 420
CS-03 222 159 19.7 6.86 5.82 6.40 467 251 362 376 248 314
Table 2. Chemical composition of groundwater
D Anion (mg/L) Cation (mg/L)
HCO; Cl Br NO; SO, Na K Ca Mg
CS-01 27.6 12,783.0 239 275 343.0 4,130 141 2,420 60.4
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Table 3. Representative of porosity and specific yield(McWhorter and Sunada (1977))

Porosity Specific yield
Material
Range Mean Range Mean

Silt 0.34 ~0.61 0.46 0.01 ~0.39 0.20

Clay 0.34 ~0.57 0.42 0.01 ~0.18 0.06

Fine sand 0.25~0.53 0.43 0.01 ~0.46 0.33

Medium sand - - 0.16 ~0.46 0.32

Coarse sand 0.31~0.46 0.39 0.18~0.43 0.30

Fine gravel 0.25~0.38 0.34 0.13~0.40 0.28

Medium gravel - - 0.17~0.44 0.24

Coarse gravel 0.24~0.36 0.28 0.13~0.25 0.21
TolMe ABHATH 1,656.7 mmell RS2 7| EA] A7 o & FEAATOIAL, LS FARTEEA 3,700
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Fig. 4. Calibration result: (a) Change of discrepancy accoording to transverse dispersivity, (b) Comparison.

Table 4. Hydraulic parameters used in SEAWAT modeling

Parameters

Values

Hydraulic conductivity, [m/day]
- Alluvium, Soft rock, Moderate rock, Hard rock

Specific yield, Sy [-]

Specific storage, [1/m]

Porosity, Sg [%o]

Salinity, & [mg/L]

Freshwater density, o [kg/m’]

Seawater density, p, [kg/m’]

Molecular diffusion coefficient of salt, D [m*/day]
Longitudinal dispersivity, a;, a5 oy [m]

1.81, 0.11, 0.22, 0.005

0.1

1x103
10

35,000

1,000

1,025

130107
17.89, 10.73, 1.79
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coefficienty’} 0.9792 F= BAo] vlwd Fejdolar, o
S o]FR A= AAHETHFig. 4 (b))
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Fig. 5. Result of steady state simulation before groundwater dam construction.
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Table 5. Change of cumulative volumes after groundwater dam construction (10 years)

Cumulative Before dam construction After dam construction
volumes (m?) Inflows Outflows Inflows Outflows
Recharge 15,918,666.54 0.00 15,918,666.54 0.00
Well 0.00 1,867,343.95 0.00 1,871,580.34
Constant head 1,327,319.68 3,550,141.70 1,323,245.33 3,594,451.71
River 321,822.94 12,143,300.60 322,138.46 12,084,959.23
Storage 0.00 0.00 9,134.20 30,382.60
DCDT 0.00 0.00 14,271.95 4,364.30
Total 17,567,809.16 17,560,786.25 17,587,456.48 17,585,738.18
Table 6. Results of sensitivity analysis in the view of water balance (10 years)
Cumulative Sy=0.01 Sy=0.1 Sy=0.5
volumes (m’) Inflows Outflows Inflows Outflows Inflows Outflows
Recharge 15,918,667 0.00 15,918,666 0.00 15,918,667 0.00
Well 0.00 1,871,577 0.00 1,871,580 0.00 1,871,589
Constant head 1,323,388 3,591,263 1,323,245 3,594,451 1,321,865 3,606,060
River 321,366 12,108,322 322,138 12,084,959 324,170 12,020,639
Storage 1,459 4,428 9,134 30,382 36,322 109,353
DCDT 14,280 4,326 14,271 4,364 14,206 4,426
Total 17,579,160 17,579,916 17,587,456 17,585,738 17,615,230 17,612,067
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Fig. 9. Change of salinity over time after groundwater dam
construction (CS-01).
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