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Introduction

* Fractal theory is applied to describe the structure of
geometric objects.

* At molecular-size and microscopic range, surfaces of
most materials including those of natural rocks
show self-similar features that can be quantified by
the parameter of fractal dimension D.
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Introduction

e For a straight line, D=1;
for a winding line, D>1

Great Britain '::9 N=19 N=48 N=97

FRACTAL

DIMENSION 2.1
* For smooth surface, D=2; =~ 4
for a rough surface, D>2 g

29

e For a not fully occupied
volume, D<3
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Introduction
e Lesmes & Morgan (2001) tried to relate SIP to

fractal dimension.

e Here we demonstrate the use of SIP to determine
the fractal dimension of the pore volume.

* We compare the fractal dimension and pore size
distribution with the results of nuclear magnetic
resonance (NMR) and mercury intrusion capillary
pressure method (MICP).
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Methods

* We transformed the relaxation time distribution
of complex conductivity spectra determined by
Debye decomposition (Nordsiek and Weller,
2008) into a curve showing the cumulative
intensity as a function of increasing pore radius
r calculated from relaxation time .

* It is assumed that the distribution of relaxation
times is controlled by the distribution of the
pore sizes.
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Methods

* We adopt an equation proposed by Schwarz (1962)
and applied by Revil et al. (2012) for the Stern layer
polarization model:

r= 2D,
/N

* roriginally refers to * diffusion coefficient of the counter-
radius of spherical ions in the Stern layer. We assume
particles a constant D ,, = 3.8x10? m?s as

proposed for clayey material (Revil,
2013).
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Samples

* This approach was applied to 24 rock samples
from an Eocene sandstone formation in China
(Zhang and Weller, 2014).
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The cumulative curve is presented in a

double logarithmic plot showing the
relation
log(V,) ~ log(r).
/ >’ 0.1
V.= V(<r)/Vis the

cumulative volume fraction
of pores with radii less than il CS-5 )
r, which corresponds to the - — sk .

. L. ) Fit 1: Power fit
ratio of cumulative intensity EEE———
to tOtaI IntenSity. The tOtal 001 I LI I L II)III I LI I LI
chargeability is attributed to 0.01 o1 1 10 100

the total pore volume. r (um)
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Results

* In the case of fractal behaviour of the pore volume
distribution, the slope s of the fitting line is used to
get the fractal dimension D, = 3 —s. The resulting
fractal dimension D, varies for the investigated
samples in a range between 2.507 to 2.761.

* The red line marks the effective hydraulic radius,
which has been determined from permeability k
and formation factor F:

r. = a/8FKk

eff
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Results

permeability range of the samples:
0.02to 60 mD

High permeability Medium permeability | Low permeability
(H-samples) (M-samples) (L-samples)

either a strong compaction or a rich
sedimentation of carbonates in the pore
space that results in low porosity and small
pore radii

low clay and carbonate content
and a good sorting
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Results el e
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Results v 4w

N JNAVVAAN VY v v s
VNNV A2 B~ SO VY

0.8

L-Samples:
good agreement between
MICP and NMR with 1
close to rs,. However, the 0.6
SIP-curves appear at a much g
higher r-range.

0.4
.
Cs-1 |
-& NMR
= 2g-1
D,,) determined using r 0.2 ¢ SIP (Dy70.38um’s)
4 SIP (D,,=3.8um?s)
and 7, that results from & MICP
the frequency of the —_— =t
maXImum Ofthe IIIII| LILLBLILLLL I IIII:Ii I IIIIIIIi I IIIIIIIi )I
imaginary part of 0.001  0.01 0.1 1 10 100
conductivity o”(f) r (um)

(Weller et al. 2016)
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Results
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Results
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Conclusions

* A fractal dimension can be determined on the basis of an IP
relaxation time distribution.

* If we use a constant diffusion coefficient a good agreement
can be observed with the V.—r curves of MICP and NMR for
samples with r > 1 pm.

* Samples with smaller pore radii indicate larger deviations in
the resulting V_-r curves. This problem can be overcome if
instead of a constant diffusion coefficient the apparent
diffusion coefficient is used.

e Further investigations will demonstrate the integration of
fractal dimension in models of permeability prediction.
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