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Abstract

In Korea, the aquifers at the coastal areas are mostly shallow alluvial unconfined aquifers. To simulate the flow and dispersion in
unconfined aquifer, a FDM model has been developed to solve the nonlinear Boussinesq equation. Related analysis and verification
have been executed. The iteration method is used to solve the nonlinearity, and the model shows 3-D shape because itisa 2-D y model
that consider the undulation of water table and bottom. For the verification of the model, the output of flow module is compared to the
1-D analytic solution of Lee (1989) which have the drawdown or uplift boundary condition, and the two results show almost the same
value. and the mass balance of dispersion module shows about 10% error. The developed model can be used for the analysis and design
of the flow and dispersion in the unconfined aquifers. The model has been applied to the estuary area of Ssangcheon watershed, and the
parameters have been deduced as a result : hydraulic conductivity is 90 m/day, and longitudinal dispersivity is 15 m. And the analysis
with these parameters shows that the wells are situated in the influence circle of each others except for No. 7 well. Groundwater discharge
to sea is 3700 m3/day. And the chlorine ion (cI ) concentration at the pumping wells increase at least 1000 mg/L if groundwater dam
is not exist, so the groundwater dam plays an important role for the prevention of sea water intrusion.
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Table 1. The Mass Transport Equations
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Item Equation Remarks
Transport by advection (in the direction) XnCxdA
Transport by dispersion (in the = direction) nD, X ZSX dA A Cross-Z;Eifii(Zli\;ezO;?sfigyw (dy < 1)
Decay in the elemental volume C X Vol X \ Vol: Volume of the element (dz X dy X h)
source or sink Q
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(a) Drawdown (b) Buildup
Fig. 5. Schematic Diagram of Water Table in 2—dimensional Shape in This Study

1.0 — 5 %
ﬁ"a — Case 1 \ — Case 3
0.8 i 4
}/ o Case 2 N A N N I Case 4
P 0.6 i
o Todd's 6 3 N\ Todd
= h/H ; Experimental Dat = B Tiiidis
( /H) 0.4 73 L ( h/H)2 R Experimental Data
---- Lee \
0.0 4 --- Lee
1 3
0.0
0 1 2 3 4 5 0
01 2 3 4 5 6
P @
(a) Drawdown (d/H=0.2) (b) Buildup (d/H=5)
Fig. 6. Water Table Profile (Data: Table 2)
Table 2. The Input Data for Fig. 6
K dx dy X y H d -
d/H Condition
(m/day) (m) (m) (m) (m) (m) (m)
Case 1 0.2 20 3 3 18 120 30 6 0.2 drawdown
Case 2 0.2 20 3 3 48 120 30 6 0.2 drawdown
Case 3 0.3 50 3 3 18 120 5 25 5 buildup
Case 4 0.3 10 3 3 48 120 5 25 5 buildup
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Table 3. The Mass Transport of a Simulation by the Numerical Model

Item Mass (unit: kg) Remarks
@ Point source input 250 0 0 0 0 0
@ Convection input from left side 60 164.8 267.6 371.4 475.2
©) Convection input from right side -8.1 -20.3 -30.7 -42.8 -74.4
@ Dispersion input from left side 26.8 32.7 38.3 439 49.6 Accsglliated
® Dispersion input from right side 1.5 9.8 24.1 32.8 -23.7
® Decay 39.6 111.4 187.1 266.2 345.8
@ Residual 745.5 347.2 367.8 386.5 420.5 391.9
Mass balance ratio
1.05 1.09 1.13 1.10 1.03
(DHRHCBH@H+B+®)Y D
Time (day) 0 11.6 31.6 51.6 71.6 91.6
9/L
400
380
360
1 340
1 320
1 300
200 400 €00 800 1000 1200 1 280
1 260
(a) t=1days (b) t=18 days =1 240
E 220
(m) (m) 200
1000 460 1 180
1 160
800 [ 140
1 120
= 100
600 ! 80
400 I 40
20
200
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Fig. 7. Concentrations (g/L) at the Horizontal Plane Simulated in This Study
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Ssangcheon Watershed
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Fig. 8. Study Area

Pumping :
No.| ~ No.7

[bservation :

ABC

Fig. 9. Grid (70x50) or the FDM Model

Table 4. Hyraulic Parameters of Study Area

Pumpi 1t
Item Contents HIMPIRS Tate
(_ /day)
Depth of aquifer .
(Alluvial layer) Sm=12m
ope ot aqutier (from west to East sea) | NO- 31 3,000
Hydraulic conductivit No- 43,000
¥ (Aquiten) Y| 70m/day~150m/day |No.5: 4,000
qu No. 6: 5,000
Hydraulic conductivity . No. 7 : 5,000
(Groundwater dam) 0-Im/day ~8m/day
Effective porosity 0.2

Ground Surface (slope=0.01)
10m
e s e T e
14m Sea
o | Base line |
‘ 1.4 km ‘

Fig. 10. Cross—sectional View of Aquifer with Seawater Level
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Fig. 11. Groundwater Elevations at the Observation Wells
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Table 5. Simulated Groundwater Elevations (unit: m) at the Wells for the Variation of Hydraulic Conductivity

Hydraulic conductivity (m/day) Remarks :
Well No. Observed
50 70 90 110 130 150 elevations (m)
A -1.8 -1.0 -0.5 -0.1 0.1 0.2 -0.17
B -4.1 2.3 -1.2 -0.5 0.0 0.3 -1.16
C -5.5 -3.0 -1.5 -0.6 0.1 0.5 -1.76
1000 1;1)
6
5
800 g
—_ 2
é E
u 600 1
Q
c i
3
wv
& 400

200

% 200 400 600 800 1200 1400
L) X Distance (m)
Fig. 12. Simulated Groundwater Elevation at Dry Season
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Table 6. The Observed Chlorine Ion ( I ) Concentration (unit: mg/L)

Year 2015
Month Feb. Mar. Apr. May Jun. Jul. Aug.
. Max. 568 745 248 108
No. 1 Puming well
Average 386 430 111 156
. Max. 6,390 12,957 3,124 284 6,390 1,917 79
No. 5 Puming well
Average 2,270 6,265 713 103 1,482 764 56
b ® Observed 10% ppm
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