Identification of groundwater contamination sources using hydrochemical fingerprinting and groundwater modeling: A case study of the 16th Lum Nam Jone reservoir, Chachoengsao province, Thailand
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Groundwater, a vital freshwater source, faces contamination issues globally. Anthropogenic activities often deteriorate the quality of a groundwater system. This study investigated the contamination at the 16th Lum Nam Jone reservoir, Chachoengsao province, Thailand. The 16th Lum Nam Jone is a 1.97 million cubic meters freshwater reservoir, located 500 meters north of the 304 Industrial Park in Chachoengsao Province, Thailand. Over the past 30 years, water from this reservoir has been the only freshwater source for locals’ domestic uses, agriculture, and fishery. In 2019, the residents of the area noticed changes in the water quality. The reservoir water has become highly acidic with a pH of 2.5-3.5 and contaminated mainly by heavy metals. This study aims to identify the contamination source and transport pathway using a comprehensive, multidisciplinary approach integrating hydrochemical analysis and groundwater modeling techniques. 
Groundwater flow and solute transport models were simulated by using both forward and backward particle tracking methods. The model results showed that the contaminant originates from the molybdenum ore processing plant upstream of the 16th Lum Nam Jone reservoir, with estimated travel times ranging from approximately 3 to 7 years.  Additionally, the Mass Transport in 3-Dimensions (MT3D) model evaluated the distribution of contaminated groundwater, assuming continuous waste release by the plant, consistent with observed contamination characteristics.
Hydrochemical analysis identified a contamination plume with elevated concentrations of Iron (28-3,327 mg/L), Manganese (38-803 mg/L), Copper (5-540 mg/L), Zinc (11-340 mg/L), Chloride (336-14,955 mg/L) and Sulphate (338-9,028 mg/L). The integration of hydrogeological assessments, chemical analyses, and groundwater modeling leads to the conclusion that the reservoir's contamination is closely linked to the molybdenum ore processing plant. 
The unauthorized subterranean discharge of industrial wastewater, driven by hydraulic gradients, has caused significant surface water and groundwater contamination. These findings provide essential evidence for legal action to address the contamination source and implement a remediation plan.
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