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Abstract: The electrophysical property of saturated rocks is very important for reservoir identifi cation 
and evaluation. In this paper, the lattice Boltzmann method (LBM) was used to study the electrophysical 
property of rock saturated with fl uid because of its advantages over conventional numerical approaches 
in handling complex pore geometry and boundary conditions. The digital core model was constructed 
through the accumulation of matrix grains based on their radius distribution obtained by the measurements 
of core samples. The fl ow of electrical current through the core model saturated with oil and water was 
simulated on the mesoscopic scale to reveal the non-Archie relationship between resistivity index and 
water saturation (I-Sw). The results from LBM simulation and laboratory measurements demonstrated 
that the I-Sw relation in the range of low water saturation was generally not a straight line in the log-log 
coordinates as described by the Archie equation. We thus developed a new equation based on numerical 
simulation and physical experiments. This new equation was used to fit the data from laboratory core 
measurements and previously published data. Determination of fl uid saturation and reservoir evaluation 
could be signifi cantly improved by using the new equation.
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1 Introduction
The I-Sw relation of a formation is important for reservoir 

evaluation with well logging data. Archie (1942) first 
formulated the I-Sw relation based on a large number of core 
experiments on the sandstones of the Gulf of Mexico. 

               
   (1)

where I is the resistivity index, Sw is the water saturation 
of rock, n is the saturation exponent and b is the Archie 
parameter.

In the Archie equation, the I-Sw relation is linear in the 
log-log coordinates. In the past decades, the non-Archie 
phenomenon of reservoir rocks, i.e., the I-Sw relation is not 
linear in the log-log coordinates as shown in Fig. 1, has 
been increasingly observed and reported by log analysts and 
petroleum engineers (Diederix, 1982; Li, 1989; Worthington, 
2000; 2006; Man and Jing, 2001; 2002; Li et al, 2008). 
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Numerical simulation of non-Archie electrophysi-
cal property of saturated rock with lattice Boltzmann 
method

These researchers have studied this so-called ‘non-Archie 
phenomenon’ of porous rocks extensively and have found that 
the non-Archie phenomenon generally becomes more evident 

Fig. 1 Sketch of non-Archie I-Sw relation
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an inverse power function of water saturation as described by 
the Archie equation. However, the change rate of tortuosity 
of the current path started to decrease gradually when the 
clusters of oil expanded to connect each other to form the 
continuous phase in the pore space after the water saturation 
was lower than 0.15. Therefore, the nonlinear phenomenon of 
the I-Sw relation in the log-log coordinates might be caused by 
the non-constant change rate of the current path tortuosity due 
to the fl uid distribution. It is clear that the fl uid distribution is 
an important factor leading to the non-Archie phenomenon. 

Actually, all the eight data groups are similar. In this fi gure, 
the solid line is the result calculated by our new equation 
while the dashed line is the result of Archie equation. The 
diamonds are the data from laboratory measurements. It is 
clear that this new equation fi ts the measured data better than 
the Archie equation and therefore represents a more precise 
conductivity model and a more actual mechanism of current 
fl ow in fl uid saturated porous medium. It can lead to a more 
precise evaluation of oil-bearing reservoirs with a high 
resistivity index. 

By comparing the simulated results above with the 
physical experiments on core samples we did before, we can 
see that the I-Sw relation in the log-log coordinates is a curve, 
i.e., with a non-constant exponent n changing with water 
saturation, instead of a straight line as described by the Archie 
equation. The Archie equation actually gives an approximate 
I-Sw relation in the range of high water saturation.

Having realized the fact that exponent n was a function 
of water saturation, we thus developed a new equation of 
the non-Archie I-Sw relation for calculating fluid saturation 
and reservoir evaluation. This more general equation, based 
on the results of LBM simulation of the electrical property 
of a porous medium saturated with fluid, can be applied to 
calculating formation fl uid saturation for the reservoir rocks 
of both Archie and non-Archie types. This new equation 
is essentially different from the Archie equation in that the 
saturation exponent n is no longer a constant but a function of 
water saturation as below:

 (5)

where Y and U are two constants related to pore structure and 
porosity. 

To demonstrate the applicability of this new equation, 
especially for the non-Archie rocks, we used both equations 
to fi t the data obtained by laboratory measurements to observe 
the differences between them.

To show the data more clearly without losing generality, 
we plotted here only one of the eight data groups in Fig. 7. 

5 Conclusions
1) An algorithm was proposed to construct the digital 

core models with the sizes of matrix grains controlled by the 
porosity and the grain size distribution of core samples from 
laboratory measurements. The advantages of our method lie 
in that the distribution of grain sizes of digital core models 
can be identical to that of the real core samples.

2) The lattice Boltzmann method was used to study the 
electrophysical property of rock model saturated with fluid. 
The simulated results clearly demonstrated that the relation 
of I-Sw was affected by the distribution of fl uid fi lling in pore 
space. The non-Archie phenomenon would appear if water 
saturation was lower than 0.15, and the I-Sw relation deviated 
gradually to the water saturation axis non-linearly with 
decreasing water saturation.

3) Based on the results, we developed a new equation for 
the non-Archie I-Sw relation for calculating fluid saturation 
and reservoir evaluation. This new equation was used to fit 
the data from laboratory core measurements and previously 
published data. Determination of fl uid saturation and reservoir 
evaluation could be signifi cantly improved by using the new 
equation.
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Fig. 6 I-Sw relation obtained by LBM
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Fig. 7 Fitting results of the measured data using the new equation 
and Archie equation respectively
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