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ABSTRACT

The development of coastal regions is largely dependent on the groundwater
system, which is the primary source of freshwater in these areas. Saltwater
intrusion (SWI) into freshwater coastal aquifers is a widespread
environmental concern that causes groundwater quality to deteriorate. This
study investigates the impact of using artificial recharge through groundwater
wells to control saltwater intrusion in unconfined coastal aquifers. The
SEAWAT code was implemented to investigate the impact of injection of
freshwater through groundwater wells to control saltwater intrusion in coastal
aquifers. The semi-analytical of seawater wedge compared with the
SEAWAT code solution for model verification. The artificial recharge tested
for various depths of groundwater well, distances from the seaside, and
artificial recharge rate. The points of artificial recharge located outside the
saltwater intrusion wedge. The results confirmed that injection freshwater
near to the toe of seawater intrusion achieved higher repulsion ratio. The
maximum repulsion ration of seawater intrusion equal 18.2% achieved at
point 7, which close to the sweater intrusion toe with injection ate equal 0.14
md/sec. Injection freshwater at points 7, 11, and 15 achieved the highest
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repulsion ration for different values of injection rates. The minimum achieved
repulsion ratio equals 5.8%, observed at point 1, which located far away from
the point of toe. The findings of this research can be used to management of
freshwater in groundwater systems in coastal aquifers.

Keywords: seawater intrusion, artificial recharge, repulsion ratio,
groundwater aquifer, groundwater numerical model

Introduction
Because nearly 80% of the world's population lives in coastal regions and
relies on regional aquifers for their freshwater, saltwater intrusion (SWI) is
considered a major environmental issue (Barlow, 2000) (Ma et al., 2019).
SWI poses a threat to groundwater systems in coastal areas. The key
characteristics that induce changes in the status of coastal aquifers include
groundwater pumping, climate change causes, rising sea levels, and changes
in land use (Sebben et al., 2013).
Coastal aquifers are thought to be particularly sensitive to the SWI problem
around the world (Aziz et al., 2019). The expansion of the SWI in these
aquifers is being accelerated by rising sea levels. The Intergovernmental
Panel on Climate Change (IPCC) has determined that the rise in sea level by
the end of the century will be in the range of 0.52 to 0.98 meters (IPCC,
2013).
Various solutions for controlling or preventing SWI in coastal aquifers have
been proposed (Todd, 1959, Van Dam, 1999, Oude Essink, 2001). The
aquifer is artificially replenished with high-quality water (e.g., surface water,
precipitation, extracted underground water, recycled water, or desalinated
water) mostly within the positive or pressure barriers to retain the system's
coastal gradient by raising the inland piezometric heads. Generally, artificial
water recharge attempts to decrease flood flows, reserve freshwater in
groundwater aquifers, maintain groundwater levels, reduce over-pumping,
improve water quality, and reduce saline water bodies (Todd, 1959).
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This methodology is one of the most popular, having been widely proposed
and evaluated in the literature. Results of SWI numerical modeling in
Australia's Burdekin and Delta aquifer (Narayan et al, 2007). (Mahesha &
Nagaraja,1996) and Narayan et al. (Narayan, et al. 2003) illustrated that
heavy pumping and decreased recharge rates contribute to the saltwater
wedge's landward expansion. The following is a list of the more recent works,
The saline wedge can be efficiently repelled by constant natural precipitation,
according to a parametric analysis. (Mahesha, 1996a), (Mahesha, 1996b)
suggested that groundwater recharge by injection wells is an effective
strategy for delaying SWI in confined or unconfined aquifers with two or
more distinct layers under any geological setting. The potential for deep
recharge barriers to repel SWI has been investigated. (Luyun, 2011) using
numerical, analytical, and experimental modeling. They came to the
conclusion that implementing the recharging system farther and higher from
the saltwater wedge's toe reduces its efficiency. Paniconi et al. (2001)
quantitatively evaluated the methods. (Paniconi, et al., 2001), (Papadopoulou
et al., 2005), (Narayan et al., 2007), and Allow (2012) applied for a variety of
real-life case studies from around the world. Lu et al., (2013) analyzed the
advantages of freshwater reinjection through a deep-well system placed
between both the interface toe and the supply well.

SWI can be controlled by implementing a parallel injection—extraction
system. By re-injecting some of the freshwater back into the coastal aquifer,
the net freshwater extraction rate from the production well was boosted by up
to 50% compared to cases without the injection well (single extraction well
system), while also alleviating the SWI problem.

To manage SWI hazards, Sun and Semprich compared the effectiveness of
freshwater injection to that of air injection. Despite the fact that deep air
injection is less effective at creating an efficient pressure gradient against the
intruded saltwater wedge, they found that depending on air injection (which is
widely available) can be a good choice in locations where freshwater is
scarce, (Sun & semprich, 2013). Surface ponds, lakes, canals, and other
spreading recharge basins can also be utilized to replenish (only) unconfined
aquifer systems by infiltrating collected water, (Abdalla & Al-Rawahi, 2013)
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The impacts of a major dam (Al Khod dam) in the Sultanate of Oman on the
decreasing of SWI were investigated. The dam was built with the intention of
reducing underground water depletion during over-pumping seasons and
collecting Wadi flows during heavy rainfall and runoff events. The recharge
well was found to be effective and made a significant contribution to
enhancing groundwater quality in the coastal zone, according to monitoring
of the piezometric head and electrical conductivity measurements.
(Yuansheng & Zhaohui, 2009) proposed artificial water recharge as a cost-
effective way to control SWI and raise groundwater levels. They devised an
integrated methodology for future sustainability of the flow system in the
coastal city of Haihou, China, by delivering river water to interior lakes
through a pre-constructed canal.

One of the primary constraints of recharge barriers employing desalinated
water is the cost of providing high quality water (e.g., desalinated water) and
its in-lieu delivery for recharging purposes. Furthermore, the lack of such
water on a local level, particularly during dry years or in water-scarce areas,
is a significant constraint. (Abd-Elhamid & Javadi, 2011). As a result,
renewable water sources, such as treated wastewater, have received greater
attention in recent years as sources of recharge for seawater intrusion
reduction, (Hussain, et al., 2017). Reclaimed water used in common utility
sectors or artificial storage in subsurface layers can help provide a portion of
the water demand, withstand drought, and prevent attacks from SWI in
coastal aquifers.

El-Arabi, (2012) introduced hydrogeological analysis and proposed scenarios
for the Abu Rawash farm aquifer storage in order to assess the technical
environmental. The environmental impact assessment (EIA) of artificial
groundwater recharge was applied experiment to evaluate the feasibility
standards for the coming recharge proposed projects. The results confirmed
that groundwater artificial recharge for the aquifer utilizing the treated
wastewater is considered promising technique while it requires additional
detailed study to evaluate the aquifer characteristics affecting the mechanism
of groundwater recharge with the treated wastewater.

4 Vol.(49); 1ss.(9); No.(3); Sept. 2020
ISSN 1110-0826



Journal of Environmental Sciences (JES)
Institute of Environmental Studies and Research, Ain Shams University

Yousef, Philip et al.

(Abd-Elhamid & Abdelaty, 2017) utilized the SEAWAT code in order to
simulate the seawater intrusion in the Nile Delta aquifer with concerning the
saltwater intrusion control. Different proposed scenarios are applied for
controlling seawater intrusion including freshwater recharge, brackish water
abstraction, and a new approach (TRAD) is implemented for seawater
intrusion in the Nile Delta aquifer. TRAD contains Treatment of wastewater
and Recharge to the aquifer, Abstraction of brackish water, and Desalination.
Comparing between the two proposed approaches and the novel method
TRAD is introduced. The results of this study confirmed that all three
proposed scenarios could be effective in seawater intrusion controlling; on the
other hand utilizing the TRAD resulted in the maximum retreating of
freshwater/saline water interface towards the Mediterranean Sea. TRAD is
considered an effective technique to control seawater intrusion, is
economically method, has minimum environmental impacts, and could be
utilized for sustainable development of water resources in coastal areas.

Abd-Elhamid et al., (2022) investigated the land subsidence and expect the
coming behavior of the middle Nile Delta aquifer. The (MODFLOW)
numerical model is implemented to simulate the groundwater flow and an
analytical solution to determine the land subsidence conditions. Three
proposed scenarios are checked comprising; decreasing the Nile Delta aquifer
recharge, increasing groundwater abstraction and combination between the
two proposed scenarios. The results confirmed that reducing the recharge rate
by 94.4%, 88.8%, and 83.2% resulted in to 30-, 60-, and 90-mm land
subsidence, respectively, and while increasing the groundwater abstraction by
146%, 193%, and 233% resulted in land subsidence by 190, 380, and 560
mm, respectively, in the Nile delta. In addition, the combination between the
two proposed scenarios resulted in 220-, 440-, and 650-mm land subsidence.
The results confirmed that the future land subsidence due to over groundwater
abstraction from the Nile Delta could be considered in the future development
plans of the Egyptian country, which aim to raise the groundwater abstraction
from the Nile Delta aquifer. Increasing the abstraction rate might raise the
land subsidence that might cause many damages in different properties.
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The main objective of this study is to investigate the effectiveness of using
artificial recharge through wells to minimize and control seawater intrusion in
coastal aquifer. The repulsion ratio of saltwater intrusion calculated for
different runs to check the impact of the following parameters, wells depth,
wells distances from seaside and groundwater artificial recharge rate.

Materials and Methods
For the simulations of SWI, the SEAWAT program has been intensively
used. The finite difference SEAWAT code (Guo & Langevin, 2002) was
implemented to model the effect of using artificial recharge to control
seawater intrusion in unconfined coastal aquifers. SEAWAT is a code that
links MODFLOW and MT3DMS together. The code is used to solve the
linked groundwater flow and pollutant transport equations. SEAWAT uses
groundwater flow simulations with varying density.

Figure 1. a shows the dimensions of the created model domain, which were
200m in horizontal and 100m in vertical coordinates. The cell size was
adjusted at x =y = 0.50 cm. The saltwater head (hs) in the saltwater boundary
was set to equal 100 m. Freshwater and seawater densities were set to 1000
and 1025 kg/m?, accordingly, with freshwater and seawater concentrations of
0.0 and 35,000 mg/L, respectively. The initial concentration of aquifer media
was set to 0.0 mg/L. Assuming the aquifer was homogeneous and isotropic,
the hydraulic conductivity value for the unconfined aquifer was 1 m/day in
the x, y, and z directions. The porosity was adjusted to be 0.35. Table Al
presents the definitions of problem variables, and introduces the input
variables of numerical simulations.

The SEAWAT model was run two times, first for the steady state case and
secondly again for transient state. After the SWI wedge attained the steady
state condition, injection through a recharge well was used. First, the model
was run for the steady-state conditions. After reaching the steady state,
injection the freshwater through injection wells were tested for five various
recharge rates and for different fifteen locations of artificial recharge wells.
By comparing the analytical solution of the saltwater wedge to the numerical
one, the SEAWAT code was calibrated. The SWI simulation with the
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artificial recharge well as a countermeasure was run for several sites of
injection points positioned are outside the seawater intrusion wedge to
determine the maximum repulsion ratio. The simulation was performed for
various injection rates in order to achieve the greatest repulsion ratio value.
The SWI repulsion ratio calculated with two reference values are the length
of the seawater intrusion wedge and the area of the seawater intrusion wedge.
For model calibration, the sweater intrusion wedge for semi analytical
solution was compared by the results of SEAWAT code. Figure 1.b shows the
comparison between the semi-analytical solution of Henery saltwater problem
and the results of this study by SEAWAT code. The comparison showed a
good agreement between the sweater intrusion wedges. The length of sweater
intrusion wedge equals 99.5 m, and 97.9 m for semi-analytical solution and
SEAWATE code respectively.

Table .1: Input data for Henry saltwater problem standard case with physical
units according to Huyakorn et al., (1987)

Parameter Symbol Value

Aquifer length L 200 m

Aquifer height H 100 m

Saltwater density P, 1025kg/m?

Freshwater density Py 1000 kg/m?®

Density difference Ap 25 kg/m?®

Hydraulic conductivity K 1 m/day

Porosity @ 0.35

Diffusion coefficient D 6.6x102 m?.day

Longitudinal dispersivity a; 3.5m

Transverse dispersivity a, 3.5m

Freshwater inflow velocity | v 6.6x10° m/day

Artificial recharge rate Qr 0.06, 0.08, 0.10, 0.12, and 0.14 m®/sec

Recharge well depth Yr 20, 40, 60, and 80m

Recharge well distance Xr 80, 110, 140, 170 m
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Figure .1: (a) Locations of flfteen artificial recharge points, ((+) the Cross mark indicates the location
of each artificial recharge well), (b) Comparison between seawater wedge for semi-analytical
solution and SEAWAT code
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artificial recharge wells located outside the seawater intrusion zone.
According to Figure 4, the repulsion ration of seawater incursion wedge
length ranges from 7.7 to 14 percent. The highest repulsion ratio was
observed with artificial recharge sites located around the point of sweater
infiltration wedge toe. The minimum and highest repulsion ratios for points 1
and 7 were 7.7 percent and 14 percent, accordingly.
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Figure .4: Contour lines of repulsion ratio of seawater intrusion for recharge
rate Q= 0.10 m%/sec for various fifteen points locations.

as snown In Figure 5. VIt aruTicial recnarge SItes situatea near tne point ot
saltwater intrusion wedge toe, the maximum repulsion ratio was observed.
For points 1 and 11, the lowest and highest repulsion ratios were 10.4 percent

and 15.2 percent, respectively.

100 1

80

60—

40~

10 20

0

0 20 40 60 80 100 120 140 160 180 200

Figure .5: Contour lines of repulsion ratio of seawater intrusion for recharge
rate Q= 0.12 m®/sec for various fifteen points locations.
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Figure 6 displays the contour line distribution for the repulsion ratio of
saltwater intrusion wedge length at fifteen different places with an artificial
recharge rate of Q= 0.14 m%sec. The color red indicates the steady-state
condition of saltwater incursion. The positions of artificial recharge wells
located outside the saltwater intrusion region are indicated by cross markings.
Figure 6 depicts the repulsion ration of seawater intrusion wedge length,
which ranges from 12 to 18.2 percent. The highest repulsion ratio was
recorded at artificial recharge locations located near the point of saltwater
intrusion wedge toe. The lowest and highest repulsion ratios for points 1 and
7 were 12 percent and 18.2 percent, respectively.
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Figure .6: Contour lines of repulsion ratio of seawater intrusion for recharge
rate Q= 0.14 m®/sec for various fifteen points locations.
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proposed recharge rates scenarios

scenario | recharge rate | Minimum Point Maximum Point
Qr repulsion location | repulsion location
ratio ratio
1 0.06 6 % Point 1 9.2% Point 7
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2 0.08 57% Point 4 11.8 % Point 7

3 0.10 7.7 % Point 1 14 % Point 7

4 0.12 10.4 % Point 1 15.2% Point
11

5 0.14 12 % Point 1 18.2 % Point 7

Figures 7a and 7b show the retreat of the seawater intrusion wedge for
various artificial recharge rates are 0.06, 0.08, 0.10, 0.12, and 0.14 m®/sec for
points 1 and 2 respectively. The seawater intrusion wedge retreated to seaside
by increasing the artificial recharge rates through well from 0.06 to 0.14
m3/sec. As shown in figure 7a, the seawater intrusion wedge length attenuated
from 99 m at steady state condition to 93.50, 91.90, 90.20, 88.90, and 87.40
m for recharge rates equal 0.06, 0.08, 0.10, 0.12, and 0.14 md/sec
respectively. Furthermore, the achieved repulsion ratio reached 5.85% and
12.02% for artificial recharge rate equal 0.06, and 0.14 m®/sec respectively. In
addition, as presented in figure 7b, the seawater intrusion wedge length
attenuated from 99 m at steady state condition to 93.20, 91.40, 90.10, 88.20,
and 86.60 m for recharge rates equal 0.06, 0.08, 0.10, 0.12, and 0.14 m®/sec
respectively. Furthermore, the achieved repulsion ratio reached 6.16% and
12.62% for artificial recharge rate equal 0.06, and 0.14 m3/sec respectively.
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Figures 8a and 8b depict the retreat of the saltwater intrusion wedge for
various artificial recharge rates of 0.06, 0.08, 0.10, 0.12, and 0.14 m%/sec for
locations 3 and 4. By raising the artificial recharge rates through the well
from 0.06 to 0.14 m®/sec, the seawater intrusion wedge receded to the seaside.
The saltwater intrusion wedge length decreased from 99 m in steady state to
90.6, 88.6, 86.9, 85.3, and 86.7 m for recharge rates of 0.06, 0.08, 0.10, 0.12,
and 0.14 m®/sec, as shown in figure 8a. Additionally, with artificial recharge
rates of 0.06 and 0.14 m®/sec, the achieved repulsion ratio was 6.76 percent
and 14.24 percent, respectively.

Furthermore, as shown in figure 8b, the seawater intrusion wedge length
decreased from 99 m at steady state to 92, 95.4, 88.5, 86.8, and 84.90 m for
recharge rates of 0.06, 0.08, 0.10, 0.12, and 0.14 m%/sec. Moreover, with
artificial recharge rates of 0.06 and 0.14 m®sec, respectively, the achieved
repulsion ratio was 6.96 percent and 14.34 percent.
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Figures 9a and 9b show the retreat of the seawater intrusion wedge at
different artificial recharge rates of 0.06, 0.08, 0.10, 0.12, and 0.14 m%/sec for
locations 5 and 6. The saltwater intrusion wedge withdrew to the sea side by
increasing the artificial recharge rates through the well from 0.06 to 0.14
md/sec. Figure 8a shows that the seawater intrusion wedge length dropped
from 99 m in steady state to 92.2, 90.05, 87.8, 86.2, and 84.1 m for recharge
rates of 0.06, 0.08, 0.10, 0.12, and 0.14 m¥sec. Furthermore, at artificial
recharge rates of 0.06 and 0.14 m®/sec, respectively, the achieved repulsion
ratio was 7.47 percent and 15.35 percent. Furthermore, the saltwater intrusion
wedge length dropped from 99 m at steady state to 91.4, 89.1, 86.9, 84.9, and
82.90 m for recharge rates of 0.06, 0.08, 0.10, 0.12, and 0.14 m?sec, as
shown in figure 9b. Furthermore, using artificial recharge rates of 0.06 and
0.14 m3/sec, the achieved repulsion ratio was 8.07 percent and 16.46 percent,
respectively.
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Figures 10a and 10b depict the retreat of the saltwater intrusion wedge for
locations 7 and 8 at various artificial recharge rates of 0.06, 0.08, 0.10, 0.12,
and 0.14 m%/sec. By raising the artificial recharge rates through the well from
0.06 to 0.14 m®sec, the seawater intrusion wedge retreated to the sea side.
Figure 10a indicates that for recharge rates of 0.06, 0.08, 0.10, 0.12, and 0.14
m3/sec, the seawater intrusion wedge length decreased from 99 m in steady
state to 90.1, 87.6, 85.2, 83.2, and 80.9 m. Furthermore, the obtained
repulsion ratio was 9.29 percent and 18.48 percent at artificial recharge rates
of 0.06 and 0.14 m3/sec, accordingly. Moreover, as shown in figure 10b, the
seawater intrusion wedge length decreased from 99 m in steady state to 91.5,
89.6, 87.7, 85.5, and 83.8 m for recharge rates of 0.06, 0.08, 0.10, 0.12, and
0.14 m®/sec. Additionally, using artificial recharge rates of 0.06 and 0.14
md/sec, the repulsion ratio attained was 7.67 percent and 15.45 percent,
accordingly.
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Figures 11a and 11b show the retreat of the seawater intrusion wedge at
various artificial recharge rates of 0.06, 0.08, 0.10, 0.12, and 0.14 m%/sec for
positions 9 and 10. The saltwater intrusion wedge receded to the sea side by
increasing the artificial recharge rates through the well from 0.06 to 0.14
m®/sec. Figure 11a shows that the saltwater intrusion wedge length reduced
from 99 m in steady state to 91.4, 89.2, 87.2, 85.2, and 83.3 m for recharge
rates of 0.06, 0.08, 0.10, 0.12, and 0.14 m®sec. Moreover, for artificial
recharge rates of 0.06 and 0.14 m3/sec, the obtained repulsion ratio was 7.97
percent and 15.95 percent, respectively. Furthermore, as shown in figure 11b,
the steady-state length of the saltwater intrusion wedge dropped from 99 m to
91, 88.7, 86.7, 84.8, and 82.9 m for recharge rates of 0.06, 0.08, 0.10, 0.12,
and 0.14 m®sec. Furthermore, for artificial recharge rates of 0.06 and 0.14
m?3/sec, the repulsion ratio was 8.16 percent and 16.56 percent, respectively.
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Figures 12a and 12b depict the retreat of the saltwater intrusion wedge for
positions 11 and 12 at varied artificial recharge rates of 0.06, 0.08, 0.10, 0.12,
and 0.14 m3/sec. By raising the artificial recharge rates through the well from
0.06 to 0.14 md/sec, the seawater intrusion wedge withdrew to the sea side.
Figure 12a indicates that for recharge rates of 0.06, 0.08, 0.10, 0.12, and 0.14
m3/sec, the seawater intrusion wedge length decreased from 99 m in steady
state to 90.4, 88.2, 86, 84, and 81.9 m. Furthermore, the repulsion ratio
observed for artificial recharge rates of 0.06 and 0.14 m®/sec was 8.68 percent
and 16.96 percent, accordingly. Additionally, as shown in figure 12b, with
0.08, 0.10, 0.12, and 0.14 m®sec, the steady-state
intrusion wedge decreased from 99 m to 91.4, 89.2,

recharge rates of 0.06,
length of the saltwater
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87.0, 85.2, and 83.30 m. Moreover, the repulsion ratio was 7.97 percent and
16.06 percent for artificial recharge rates of 0.06 and 0.14 m¥sec,

accordingly.
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Figure .12: Saltwater intrusion wedge for five different recharge rates for points number:(a) 11 and (b) 12
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Figures 13a, 13b and 13c show the retreat of the saltwater intrusion wedge at
various artificial recharge rates of 0.06, 0.08, 0.10, 0.12, and 0.14 m®/sec for
locations 13, 14, and 15. The saltwater intrusion wedge retreated to the sea
side by increasing the artificial recharge rates through the well from 0.06 to
0.14 md¥/sec. Figure 13a shows that the saltwater intrusion wedge length
reduced from 99 m in steady state to 91.2, 89.10, 87.0, 85.0, and 83.3 m for
recharge rates of 0.06, 0.08, 0.10, 0.12, and 0.14 m3/sec. Furthermore, with
artificial recharge rates of 0.06 and 0.14 m®/sec, the repulsion ratio was 8.08
percent and 16.26 percent, respectively.

Furthermore, with recharge rates of 0.06, 0.08, 0.10, 0.12, and 0.14 m¥/sec,
the steady-state length of the saltwater intrusion wedge dropped from 99 m to
92.4, 90.02, 88.9, 86, and 82.80 m, as seen in figure 13b. Additionally, with
fake recharge rates of 0.06 and 0.14 m%sec, the repulsion ratio was 8.38
percent and 16.46 percent, respectively.

Furthermore, figure 13c indicates that for recharge rates of 0.06, 0.08, 0.10,
0.12, and 0.14 m®/sec, the saltwater intrusion wedge length decreased from 99
m in steady state to 90.0, 88.7.05, 86.7, 88.9, and 82.6 m. Additionally, the
repulsion ratio was 8.38 percent and 16.86 percent with artificial recharge
rates of 0.06 and 0.14 m®/sec, accordingly.
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Figure .13: Saltwater intrusion wedge for five different recharge rates for points number:(a) 13,
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Conclusion

The current research investigated the impact of using artificial recharge wells
as a countermeasure to control the advancement of saltwater intrusion in
unconfined coastal aquifer. The dimension of Henry saltwater problem was
used to present the unconfined aquifer. The SEAWAT code was utilized to
simulate the seawater intrusion in coastal aquifer. Sensitivity analysis was
performed to check the impact of artificial recharge rate, well depth and well
distance. For model calibration, the semi analytical solution of Henry
problem was compared to the SEAWAT code solution of the current
research. The points of freshwater injection located outside the sweater
intrusion wedge. The results confirmed that increasing the artificial recharge
rate forced the seawater intrusion wedge to attenuate back to the saltwater
side. The minimum achieved repulsion ratio was observed at point 1 far away
from the seawater wedge toe equals 5.8% for artificial recharge rate equals
0.06 m%/sec. In addition, the maximum achieved repulsion ratio equals 18.2%
at point 7 for artificial recharge rate equals 0.14 m3/sec. Injection freshwater
through wells at points close to the sweater wedge toe achieved highest
repulsion ratio. On the other hand, injection of freshwater at points located far
away from the saltwater wedge toe achieved the lowest values of repulsion
ratio. The results of this research confirmed that artificial recharge through
wells has a significant impact to control seawater intrusion in coastal aquifers.
Artificial groundwater recharge is recommended as promising technique for
controlling seawater intrusion in coastal aquifer and for groundwater
management and development future projects.
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