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ABSTRACT 

Two and four-electrode techniques have been used to measure the complex 
impedance of 14 tight gas sand samples, Berea sandstone, and Ottawa sand-bentonite 
packs in the frequency range of 10 Hz to 10 MHz. 

A four-electrode circuit is designed for complex impedance measurement of rocks 
as well as of sand packs from 10 Hz to 1 MHz. It operates in conjunction with a high 
pressure resistivity cell that allows measurements while fluid is flowing through the 
sample. This four-electrode setup offers a number of advantages over the simple two- 
electrode setup. The latter requires measurements on the sample at two or more different 
sample thicknesses to be able to quantify the contact impedance at the sample/electrode 
interface. This is a tedious and time consuming process. The four-electrode setup, 
however, eliminates the contact impedances at the current electrodes in addition to 
providing measurements at overburden stress. Perhaps the biggest advantage is the ability 
to make measurements on partially saturated samples desaturated uniformly by a 
displacement process. For situations where two-electrode measurements needed to be 
made, electric field fringing at the disc edges and contact impedances have been quantified 
and eliminated from the measured signals. 

INTRODUCTION 

Brine saturated rocks have been reported to display high values (up to 105) of 
dielectric constant at low frequencies (Sen, 1981). This high dielectric response has been 
attributed to double layer polarization for frequencies less than 10 MHz. Hence, complex 
impedance measurements become a potentially useful tool in characterizing the clay content 
and fluid saturations in a rock. Before such interpretations can be made accurate lab 
measurements of dielectric constant need to be made on partially saturated core samples. 
Dielectric measurement of partially saturated rocks is, however, an intricate task that needs 
some improvement in the methodology of the measurement itself. Most of the data for 
dielectric constant measurements of rocks that is available to date in the literature has been 
performed with the two-electrode technique (Scott et al., 1967; Knight et al., 1985; and 
Ruffet et al., 1991). When using this technique, the complex impedance of rocks is 
typically measured with the help of an impedance analyzer by placing a thin cylindrical disc 
of the rock between two current elecaodes. By assuming that the rock behaves as a parallel 
resistor-capacitor, its dielectric constant is computed as follows : 

k : dielectric constant 
t a : sample thickness (m) 

C~ : measured capacitance of disk assuming parallel capacitor model (Farad) 
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