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1. INTRODUCTION

The electrokinetic phenomena are induced by the relative motion between the fluid and the solid surface. In a porous medium such as rocks, soils etc., the electric current density that is linked to the ions within the fluid is coupled to the fluid flow and that coupling is called electrokinetics [1]. Electrokinetics consists of different effects such as streaming potential, seismoelectrics, electroosmosis etc. Electrokinetics plays an important role in geophysical applications, environmental applications, medical applications and other applications.

 Streaming potential and seismoelectric effects that arise due to fluids moving through porous media have been used in geophysical applications. For example, they are used to detect subsurface flow in oil reservoirs or to monitor subsurface flow in geothermal areas and volcanoes. They are also used to detect seepage of water through retention structures such as dams, dikes, and canals etc. Seismoelectric effect can be used in order to investigate oil and gas, hydraulic reservoirs [1]. It has been effectively applied in the field, e.g. by a Seismo Electronics LLC company (http://seismoelectronics.com/) to find water, oil, gas. 

Streaming potential has been utilized to generate electric power by pumping liquids such as tap water through tiny micro channels. A new source of clean non-polluting electric power may be used with a variety of possible applications from powering small electronic devices to contributing to a national power grid [2, 3].

	[image: image1.png]Electric double layer

m—

+++ + + o+

Flow of charge
F o+ 4+t F o+ + +

Sample scale Grain scale Pore scale





Figure 1: Schematic of the porous medium with different length scales: sample scale, grain scale and pore scale.


Electroosmosis that arises due to the motion of liquid induced by an applied voltage across a porous medium is one of the promising technologies for cleaning up low permeable soil in environmental applications. In this process, the contaminants are separated by the application of an electric field between two electrodes inserted in the contaminated mass. Therefore, it has been used for the removal of organic contaminants, petroleum hydrocarbons, heavy metals and polar organic contaminants in soils, sludge and sediments. Additionally, electroosmosis has been used to produce microfluidic devices such as electroosmotic pumps (EOPs) with several outstanding features: EOPs are capable of generating constant and pulse-free flows, the flow magnitude and direction of EOPs are easy to control, EOPs have no moving parts. EOPs have been used in microelectronic equipment cooling, drug delivery etc [4].

In this report, I present the theoretical background of electrokinetics in porous media as well as its potential applications to detect leakage of water through retention structures.

2. THEORETICAL BACKGROUND OF 
     ELECTROKINETICS 

A porous medium is formed by mineral solid grains such as silicates, oxides, carbonates etc (Fig. 1). When a solid grain surface is in contact with a liquid, it acquires a surface electric charge. The surface charge repels ions in the electrolyte whose charges have the same sign as the surface charge and attracts ions whose charges have the opposite sign in the vicinity of the electrolyte-solid interface. This leads to the charge distribution known as the electric double layer (EDL) at the interface between the fluid and the solid surface (Fig. 2). The EDL is made up of the Stern layer, where cations are adsorbed on the surface and are immobile due to the strong electrostatic attraction, and the diffuse layer, where the ions are mobile (for more details, see [1] and references therein). 
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Figure 2: Stern model for the charge and electric potential distribution in the EDL at a solid-liquid interface. In this figure, the solid surface is negatively charged and the mobile counter-ions in the diffuse layer are positively charged (in most rock-water systems) [5].


Due to the existence of an electric double layer between the fluid and the solid grain surface, there is a coupling between the electric current and the fluid flow in porous media. In other words, when an electric field (a voltage) is applied across a porous media, a fluid flow is then generated (called electroosmosis). In contrast, when a fluid flows through a porous media, an electric field or electric current is generated (called streaming potential). The coupling between the electric current and the fluid flow is called electrokinetics in porous media.
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Figure 3:Development of streaming potential when an electrolyte is pumped through
 a capillary of a porous medium.


In the scope of this report, I just focus on the physical mechanism of the streaming potential in porous media. The streaming current is created by the relative motion of the diffuse layer with respect to the solid surface induced by a fluid pressure drop over the capillary (a porous medium can be approximated as an array of parallel capillaries) and is directly related to the existence of an EDL. This streaming current is balanced by a conduction current, leading to the streaming potential (see Fig. 3). In a porous medium, the electric current density and the fluid flux are coupled, so fluids moving through porous media generate a streaming potential [1]. The streaming potential increases linearly with the fluid pressure difference that drives the fluid flow, provided that the flow remains laminar [1]. The steady state streaming potential is defined when the total current density is 
zero as. 
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where ΔV is the streaming potential, ∆P is the fluid pressure difference, εr is the relative permittivity of the fluid, εo is the dielectric permittivity in vacuum, η is the dynamic viscosity of the fluid, σeff is the effective conductivity, and ζ is the zeta potential. The effective conductivity includes the fluid conductivity and the surface conductivity. The zeta potential is the electric potential inside the EDL at the shear plane or slipping plane (see Fig. 2). The zeta potential is a function of many parameters including types of porous medium, ionic species that are present in the fluid, the pH of fluid, fluid composition, fluid electrical conductivity and temperature etc. [1].

From eq. (1), we see the degree of coupling between the electric potential and the fluid flow varies with mineral composition of porous media and properties of fluid. For most rock-water systems, the solid surface is negatively charged and the zeta potential is also negative [1, 5]. Therefore, gradient of electric potential is opposite to gradient of liquid pressure difference and electric potential related to the seepage of water through retention structures increases in the flow direction and vice versa.


Similarly when a seismic wave propagates in a fluid saturated porous rock, the seismic wave generates the periodical relative movement between the fluid and the rock matrix. Consequently, that generates an oscillating electric field propagating with same speed and frequency as the seismic wave. This effect is called seismoelectrics.

3. APPLICATIONS OF STREAMING POTENTIAL FOR DETECTION OF SEEPAGE THROUGH WATER RETENTION STRUCTURES
In the case of earth dams, dykes or levees, conventional geophysical methods such as electrical resistivity tomography, ground penetrating radar, seismic tomography, temperature and hydro-acoustic measurements have been used for detection of leakage of water. 

Besides those methods, the streaming potential is the geophysical technique that has been used to detect seepage through water retention structure because it is directly sensitive to ground water flow [6, 7, 8]. It measures relatively small voltage anomalies (in the range 0 to 100mV) that are readily measured with non-polarizing electrodes connected to a high input impedance voltmeter on the ground surface.

Based on the magnitude, the algebra sign, the variation of measured voltages over time and space, one can extract information on the location, flow magnitude and the depths and geometries of subsurface flow paths [10, 11].

In this report, I have briefly introduced electrokinetics and its various applications in general.  I also present the physical mechanism of the streaming potential and its application for detection of water leakage.
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