Using a Modified Probability Approach for Determining the Contributing Area to a Public Supply Well In Karst Terrain
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Abstract

Demand for safe drinking water is leading water managers, purveyors, and scientists to improve assessments of contributing areas to public supply wells so that these wells can be adequately monitored and protected. This study addresses the transport of anthropogenic and natural contaminants to a supply well in the karst Upper Floridan aquifer near Tampa, Florida, and is part of the U.S. Geological Survey’s National Water Quality Assessment Program. Because karst features in the study area are mappable at land surface, but can only be approximated below land surface, a ground-water flow model was calibrated using parameter estimation techniques to optimize hydraulic and recharge parameters. The model explicitly incorporates karst features using multiplication arrays that increase hydraulic conductance and recharge and decrease porosity where karst features are identified. An initial contributing area was generated from this model. The greatest uncertainty in the contributing area is a consequence of the spatial uncertainty of the karst features; thus, a probabilistic method was developed based on Langevin (2003) to distribute karst features spatially. Distributional information characterizing karst features such as fracture lineament, diameter, orientation, density, and length was used to generate 1000 realizations of karst features in the modeled area. These results were collated and used to generate a karst probability field. The features were, once again, incorporated into the model using multiplication arrays—increasing hydraulic conductance, and recharge values and decreasing porosity. The ground-water transport process was run using a range of probabilities characterizing the spatial karst information to generate potential contributing areas. This method provides estimates of the most probable contributing area to a public supply well and allows water managers to incorporate risk tolerance into their decision-making process regarding monitoring well placement in areas where the extent and spatial distribution of karst features is relatively unknown. 
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