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Abstract 

Coastal ecosystems rely on freshwater groundwater, which provides low-salinity, 

nutrient-rich discharges vital for marine biodiversity. However, this resource faces 

threats from pollution and saltwater intrusion due to coastal urbanization and 

groundwater overuse. This study examines groundwater flow and contaminant 

transport in the Keauhou Aquifer on Hawai‘i Island using a three-dimensional, density-

dependent model based on MODFLOW software. The model is calibrating against 

multiple variables, including hydraulic head, salinity, nutrient concentrations, and 

groundwater flow rates, and uses 𝛿15𝑁𝑂3
- isotope to trace the contamination sources. 

Results demonstrate the model's effectiveness in simulating submarine groundwater 

discharge and nutrient transport. Besides that, nutrients in the aquifer originate 

primarily from on-site treatment systems and wastewater treatment plants, with smaller 

contributions from non-point sources. Simulation scenarios assessing sea level rise and 

urban expansion indicate that as residential demand and pollution pressures increase, 

nutrient contamination and saltwater intrusion in coastal aquifers are likely to intensify. 

These outcomes highlight the critical need for sustainable development practices and 

climate change adaptation. 

This study demonstrates the model’s effectiveness in simulating submarine 

groundwater discharge and nutrient transport. However, regional geological complexity 

and groundwater extraction activities were not fully addressed, highlighting the need 

for more integrated models to provide comprehensive management strategies. 
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