Monitoring Saltwater Intrusion to the Groundwater Aquifer in Coastal Areas of Kedah State 
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Continuous quality monitoring is essential to ensure the sustainability of groundwater aquifers. Wells in the coastal region of Malaysia are highly susceptible to variations in chemical composition due to saltwater intrusion. The Kuala Kedah River Basin and Kuala Muda River Basin are two important water resources for Kedah state. Both serve as valuable sources of freshwater that regulate water flow and quality of surface and groundwater aquifers. Saltwater intrusion and hydrodynamic behavior that affected the groundwater quality of wells in coastal areas near both river basins were studied briefly.  For continuous physical and chemical data monitoring, multiparameter probes equipped with ion-selective sensors and telemetric systems were installed in groundwater wells prone to quality variation.  The telemetric system enables real-time analysis of the groundwater quality. Each data captured by the system was analyzed and studied in detail. This is to ensure any changes to the captured data could be identified and explained to potential issues related to groundwater quality.  Significant changes in monitored data were observed during the inter-seasonal period. This is driven by seasonal rainfall variation that causes sea and groundwater level fluctuation leading to saltwater intrusion. Positive correlations with parameters such as electrical conductivity, sodium, chloride, salinity, and groundwater level variation toward sea level increase were observed. Spatiotemporal analysis of the observed parameter helps to understand the dynamics of the freshwater-saltwater mixing zone.  Hydrochemical Facies Evolution (HFE) diagram analysis was applied to understand the chemical process during saltwater intrusion. The HFE diagram indicates changes in the chemical composition of groundwater near coastal areas during saltwater intrusion and freshwater recovery. The saltwater intrusion for the groundwater aquifer near Kuala Kedah River Basin was more severe as the basin is composed of very thick marine clay with flat low-lying topography. The Kuala Muda River Basin groundwater aquifer was less affected by saltwater intrusion as the groundwater aquifer receives direct recharge from the nearby catchment area. Saltwater intrusion into coastal areas represents a growing threat to groundwater aquifers. Detailed studies and analysis of the groundwater quality for aquifers near coastal areas should be conducted.  Better management could minimize the effect of saltwater intrusion from deteriorating the quality of the groundwater system.        
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