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Abstract

Understanding the problem of seawater intrusion (SWI) in
coastal aquifers plays an essential role in managing
groundwater resources in these areas. This research examines
seawater recession (SWR) in coastal aquifer in a laboratory
scale; considering both homogeneous and heterogeneous
environments, with and without a cutoff wall, and in a steady-
state condition. For this purpose, different scenarios are
defined in the laboratory, and all the effective parameters in the
problem are considered and dimensionalized to facilitate
salinity analysis. The laboratory data were analyzed using
image processing technique and isolines with the concentration
of 5%, 95%, and transition zone (Seawater hydrodynamic
dispersion zone) were determined. The results showed that in
a heterogeneous case, the rate of SWI was higher, and the
efficiency of cutoff wall performance was higher in the
homogenous case than the heterogeneous case. According to
the present study results, the maximum effectiveness of cutoff
wall in SWR percentage was obtained in 100% homogeneous
and 92% for the heterogeneous case. The best location of the
cutoff wall in this study with tank dimensions of 1 and 0.6
meters obtained 0.8 m from the tank bed and 0.2 m from the
saline boundary. The achieved graphs helped to design the
cutoff wall in actual media optimally.
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Table 1- Summary of laboratory model characteristics
PRl ] Jae Olasuin aods - Jous

Characteristics

Description

Simulation Setup

Model type Reynolds model

Dimension Three dimension (100*60*10) cm to two dimension form
Porous media Glass bid

Simulation mode Steady state flow

Model characteristics

Diameter of porous media(de)

Cutoff wall height (Zw)
Cutoff wall distant from seawater boundary (Lw)

Concentration of seawater

Hydraulic conductivity (Homogenous media)

Porosity

Kinematic parameters

Homogenous layer: 1015 um

Heterogeneous layers: (420; 620; 800; 1180) um
20, 30, 40 cm (Plexiglass)

10, 20, 30, 40 cm (Plexiglass)

Concentration of seawater aquifer (C)
Concentration of seawater reservoir (Cs): 30 g/l
Horizontal direction (km): 0.55 cm/s

Vertical direction (ks): 0.55 cm/s

Homogenous layer: 0.37

Heterogeneous layers: 0.4

Kinematic viscosity (v), Velocity (V)
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Fig. 3- SWI in homogeneous case with Zw=40 cm and

Lw=30 cm at freshwater level of h=43cm
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Fig. 5- SWI in nonhomogeneous case with Zw=30 cm
and Lw=30 cm at freshwater level of hf=43cm
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Fig. 2- SWI in homogeneous case without cutoff
wall at the freshwater level of hi=43 cm
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Fig. 4- SWI in nonhomogeneous case without
cutoff wall at the freshwater level of hi=43 cm
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Fig. 7- Binary mask of seawater area
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Fig. 9- Isolines with the concentration of 5% and
95%
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Fig. 10- The presentation of the isolines with the concentration of 5% and 95% from the seawater boundary
and freshwater level hf=43 cm A) Homogeneous case without cutoff wall, B) Homogeneous case with cutoff
wall Zw/H=0.6 at ratio of Zw/H=0.6, C) Heterogeneous case without cutoff wall, D) Heterogeneous case with
cutoff wall Zw/H=0.6 at ratio of Lw/H=0.6
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Table 2- Computational results of reduction percentage of the seawater wedge progression with
cutoff wall ratio of Zw/H=0.6 in different Lw/H in homogeneous case

SR
( Zw/H=0.6 )With cutoff wall

Izsr\:]e)l ((I:_n:) Lc(cm) at Lc(cm) at Lc(cm) at Lc(cm) at

Lw/H=0.2 PR Lw/H=0.4 PR Lw/H=0.6 PR Lw/H=0.8 PR
46 0 0 0 0 0 0 0 0 0
45 55 0 100 0 100 0 100 20.2 63.2
44 65 0 100 11.9 81.69 21.8 66.46 31.7 51.2
43 75 19.2 74.4 29.3 60.93 33.1 55.86 46.8 37.6
42 85 331 61.058 39.6 53.41 42.1 50.47 61.3 27.8
41 95 44.4 53.26 51.6 45.68 50.7 46.63 87.3 8.10
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Table 3- Computational results of reduction percentage of the seawater wedge progression with cutoff wall
ratio of Zw/H=0.6 in different Lw/H in heterogeneous case
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45 73.92 22 70.23 29.1 60.63 38.9 47.37 61.8 16.39
44 77.6 28 63.91 37.3 51.93 46.9 39.56 68.5 11.72
43 96.6 29.8 69.15 46.7 51.65 54.7 43.37 78 19.25
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41 98 39.7 59.4 58.1 40.71 69.9 28.67 98 0
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Fig. 11- (a to e)- Reduction percentage seawater wedge progression for different values of Lw/H, Zw/H and
Re for homogeneous case
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Fig. 12- (a to f)- Reduction percentage seawater wedge progression for different ratios of
Lw/H, Zw/H and Re for heterogeneous case
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