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Abstract
A self-potential (SP) data inversion algorithm was tested on synthetic geoelectrical models of electrical-potential profile data attributed to single and multiple polarized electrical sources and then applied to SP-monitoring field data measured on the floodplain of East Fork Poplar Creek, Oak Ridge, Tennessee, to image electrical sources in a preferential flow path into the flood plain from the bedrock-lined riverbed. The tested algorithm combined stochastic source localization by particle-swarm-optimization (PSO) of an analytical forward model of electrical sources characterized by spherical, cylindrical, and planar geometries with source tomography by regularized weighted least-squares minimization of a quadratic objective function. Prior information is incorporated by linear subspace inversion methodologies in addition to preconditioning of the kernel matrix by properties of stochastic sources predetermined by PSO. Synthetic analytical-model data were contaminated with variable percentages of random noise to evaluate the algorithm performance in the presence of data noise. Results indicated that true parameters of single-source models were inverted and approximated with low residual error, whereas inversion of synthetic analytical-model data representing multiple electrical sources accurately approximated the geospatial coordinates of the sources but miscalculated some parameter values because of the non-uniqueness of the inverse-model solution. When applied to SP-monitoring field data, the algorithm successfully imaged electrical sources within a known fault that intersects the bedrock riverbed and flood plain of East Fork Poplar Creek and depicts dynamic electrical conditions within the fault attributed to hyporheic exchange driven by surface-water losses and gains. 
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