Isotopic Analysis of Groundwater Residence Times in Upper Chao Phraya Basin: A Focus on Tritium and Carbon-14
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This study explores the temporal dynamics of tritium (³H) and carbon-14 (¹⁴C) in groundwater in Thailand's Upper Chao Phraya Basin to better understand flow dynamics and residence times.  Groundwater samples were collected and analyzed from 2020-2021 across the basin to measure ³H and ¹⁴C values. Isotopic data were evaluated using decay models to determine groundwater ages and recharge rates, showing considerable tritium variation with location. These fluctuations, strongly linked to local precipitation patterns, showed how seasonal rainfall affects groundwater dynamics. High tritium levels indicated recent recharge, whereas low levels indicated older groundwater. Carbon-14 concentrations showed a complex mix of contemporary and ancient groundwater components, suggesting interactions between modern recharge and older groundwater, which is critical for understanding the basin's groundwater sustainability. The isotopic fingerprints also showed that agriculture and urbanization have affected groundwater quality. These findings emphasize the need of isotopic monitoring for groundwater management. Tritium and carbon-14 data were used to determine groundwater residence times, which is crucial for sustainable management. The statistics reveal some basin areas are more susceptible to over-extraction and contamination, requiring focused management to preserve these essential water resources. The study shows how isotopic analysis can be used in hydrogeology, giving a solid foundation for future groundwater resource management studies. Isotopic data and other hydrogeological characteristics provide a holistic approach to groundwater management, highlighting the necessity for ongoing monitoring and adaptive solutions to address climate variability and human activities. Groundwater is vital to agriculture and home requirements in the Upper Chao Phraya Basin, according to study. Policymakers and water resource managers need the information to establish sustainable groundwater use policies that prevent over-extraction and contamination. Groundwater extraction and natural recharge must be balanced for the basin's water supplies to be sustainable.
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