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Groundwater is a vital source of freshwater worldwide, particularly in coastal
Revise Date: regions, and plays a crucial role in meeting the demands of domestic,
25 September 2025 agricultural, and industrial uses. However, excessive abstraction, climate

change, and rising sea levels have intensified seawater intrusion into coastal
Accept Date: aquifers. This phenomenon not only disrupts hydrological and biochemical
26 September 2025 balance but also threatens water quality and availability. Additionally, nitrate

contamination-primarily resulting from the excessive use of chemical
Keywords: fertilizers and wastewater infiltration-poses significant health and
Shap ;f unction, environmental risks. In this context, cutoff walls have emerged as an effective
‘;l/;";;a;lzsii , engineering approach to mitigate seawater intrusion and control the

Optimal management. movement of chemical pollutants in aquifers.
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Materials and Methods

Previous studies have mainly focused on controlling seawater intrusion, with limited attention given to
simultaneous nitrate contamination. Yet, the overlap of these two phenomena can severely degrade
groundwater quality. Furthermore, most conventional numerical methods rely on mesh-based
approaches, while meshless techniques such as the Meshless Local Petrov—Galerkin (MLPG) method
have rarely been applied to the simultaneous modeling of flow and solute transport. This study addresses
this research gap by employing MLPG in MATLAB to assess the effect of cutoff walls with varying
heights (0, 15, 30, 45, and 60 meters) on seawater intrusion and nitrate reduction.

Results and Discussion

The results indicate that increasing the height of the cutoff wall significantly reduces seawater wedge
advancement and enhances salt removal efficiency. Specifically, seawater intrusion reduction improved
from about 53.9% with a 15-meter wall to over 82.26% with a 60-meter wall. Similarly, total salt removal
increased from 64.30% to more than 92.91%. Nitrate removal also improved with wall height, but at a
much slower rate, ranging from 1.1% at 15 meters to 13.52% at 60 meters. This suggests that while cutoff
walls are effective in mitigating nitrate transport, they alone cannot fully resolve the problem and should
be integrated with complementary management strategies. Moreover, higher walls extend groundwater
residence time, which promotes natural purification processes such as denitrification.

Conclusion

This study demonstrates that cutoff walls are efficient tools for managing coastal aquifers, capable of
simultaneously reducing seawater intrusion and partially controlling nitrate pollution. Wall height is a
critical factor, with taller structures showing considerably greater effectiveness in improving
groundwater quality. Nevertheless, the design of such systems should carefully balance hydrogeological
considerations, construction costs, and local conditions. Ultimately, combining cutoff walls with other
water management strategies provides a sustainable approach to safeguarding groundwater resources in

coastal regions.
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Table 1. Parameters Used in The Henry Problem.
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Fig 2. General Schematic of The Present Case Study.
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Table 3. Parameters, Symbols, And Values Used in The Numerical Model of The Coastal Aquifer.
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Fluid viscosity
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Fluid density change with concentration
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Molecular diffusion coefficient of water
e
200 m L olyl Jsb
Aquifer length
0.35 - o =
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100 m hs o ! Flyen )
Seawater hydraulic head
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Cutoff wall height
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Infiltration rate
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30 m/d Ko Ol S s
Agquifer hydraulic conductivity
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10 m BL eSSl
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1 m BT 2 S e
Transverse dispersion
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100 mg/L Cls . S e .
Nitrate concentration for infiltration
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Fig 18. Seawater Reduction Rate (SWR), Total Salt Mass Removal (TSMR), and Total Nitrate Mass
Removal (TNMR)
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