Effect of Salinity on Streaming Current Generation, Study Of The Effective Excess Charge Evolution
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ABSTRACT 

The self-potential (SP) method is of interest in hydrology and environmental sciences because of its non-invasive nature and its sensitivity to water flow and transport processes in the subsurface. The contribution to the SP signal by water flux is referred to as the streaming potential and is due to the presence of an electrical double layer at the mineral-pore water interface. When water flows through the pore, it gives rise to a streaming current and a resulting measurable electrical voltage [e.g. 1]. Several approaches can be used to predict streaming potentials in saturated and partially saturated media. One approach conceptualizes the porous media as a capillary bundle and proposes a flux averaging upscaling procedure to determine an excess charge which is effectively dragged in the medium by the water flow [2]. The proposed model takes into account both the water saturation and the pore water salinity in the medium.
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Figure 1: Effect of NaCl concentration on the excess charge distribution in the electrical double layer for a given capillary (modified from Jougnot et al. [3])
In this work we focus mainly on the impact of the pore water salinity on the effective excess charge, from an electrical double layer description at the mineral-solution interface (Fig. 1) to the coupling coefficient at macroscopic scale. The proposed model has been successfully tested against literature data [e.g. 1, 4] and clearly highlights the importance of considering salinity effects when using the effective excess charge approach.
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