Estimation of groundwater recharge using numerical model and stable isotopes for sustainable groundwater resource management: A case study in shallow unconsolidated aquifers, central Thailand
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Groundwater resources in the Upper Chao Phraya (UCP) basin, Thailand have faced a significant depletion in the past decade owing to unbalanced groundwater extraction and natural recharge. This study aimed to estimate groundwater recharge and delineate the source of recharge water as well as recharge zonation using a numerical groundwater model and stable isotopes (18O and 2H) in the UCP basin. The preparation of the groundwater flow model was based on both primary data surveyed and data collected from the previous study. In addition, pumping tests were conducted from 34 groundwater wells at the depth of 15 m to 48 m below ground level to determine the hydraulic properties of the aquifers, monitored monthly groundwater levels from 54 groundwater wells between March and August 2022, and calibrated by pilot points technique. Moreover, a total of 84 water samples composed of 57 groundwater samples (depth of 22 to 64 m below ground level) and 27 surface water samples were collected to analyze the chemical composition and stable isotopes in November 2021 and August 2022. The results showed that groundwater recharge, calculated from the calibrated numerical model, was 2,297 Mm3 y-1 (accounting for 80%) from rainfall and 563 Mm3 y-1 (accounting for 20%) from surface water or 104 mm and 8 mm, respectively. Overall, groundwater recharge was 2,859.8 Mm3 y-1 or 104 mm (8.2 % of annual rainfall). The stable isotope data suggest recharged from rainfall of 77% and 23% from surface water. Groundwater recharge was estimated from both methods with close values. The northeastern and southwestern parts had relatively low recharge quantity whereas most groundwater recharge occurred at the northwestern and southeastern parts of the study area. The artificial recharge should be implemented especially in the northeastern and southwestern parts to sustain groundwater management in the future. 
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