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permeability in the Journal of Petroleum Science & Engineering. The method is based on the calculation

of the autocorrelation function from binary images of porous space. This paper presents a systematic
application of the methodology applied to twenty-three sandstone samples from a Colombian oil bearing
formation. Images of porosity were acquired under different detection conditions in order to carry out a
comparative evaluation of the results at different resolutions. It was found that the adjustment parameters for the
autocorrelation function, as well as its derivative and integral, dependent strongly upon the conditions of image
detection. Under conditions of maximum resolution, permeability was estimated within the same order of
magnitude of the value measured experimentally, with an accuracy that varies from1.6% to 24%.

I oannidis, et al., published a statistical methodology for analyzing of porous microstructure to estimate

loannidis, et al., publicaron en el Journal of Petrolum Science & Engineering, una metodologia estadistica de
andlisis de microestructuras porosas, desarrollada para estimacién de permeabilidad. El método se basa en el
cdlculo de la funcién de autocorrelacién de imégenes binarias de porosidad. Se presenta una aplicacién
sistemdtica de la metodologia a 23 muestras de areniscas pertenecientes a una formacién hidrocarburifera
Colombiana. Se adquirieron imégenes de porosidad a condiciones de deteccién variables, con el fin de hacer
la evaluacién comparativa de los resultados a diferente resolucién. Se encontré que los pardmetros de ajuste
de la funcién de autocorrelacion, asi como su derivada e integral, son fuertemente dependientes de las condi-
ciones de deteccién de las imdgenes. En las condiciones de méxima resolucién se logré calcular la permeabi-
lidad dentro del mismo orden de magnitud del valor medido experimentalmente, con un margen de precisiéon
que varia entre el 1,6% y el 24%
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NOMENCLATURE
R (u) Autocorrelation function F Formation factor
u Displacement vector S Specific surface
r Position vector in the porosity images A(0) Derivative of the autocorrelation function
n Adjustment exponent of the autocorrelation K.med Permeability measured in the data tables
function K.cal Permeability calculated in the data tables
A Length of correlation Pot Porosity calculated from the images in the
a, byc Adjustment parameters of the equation of data tables
permeability MPot Microporosity, in the data tables
I Integral of the autocorrelation function P/A Perimeter/area ratio in the data tables
K Permeability in equations (2) and (5) D and mD Darcies and milidarcies Unit of Permeability
¢ Porosity in equations (2) and (5) and Table 2.
INTRODUCTION models, as well as that of Mavo and Nur mentioned

One of the most important variables in oil production,
if not the most important, is permeability. Any attempt
to understand the behavior of this variable contributes
significantly to the petrophysical interpretation of oil
reservoirs and the definition of hydraulic areas and flow
units (Gunter ef al., 1997). Permeability, the constant
of proportionality in the Darcy’s equation, stands for
the displacement rate of a fluid in a medium subjected
to a differential pressure. Permeability depends on the
characteristics of the medium, as well as on the phe-
nomena of the fluid’s interaction with it. Reservoir rocks
have heterogeneous porous systems with geometric
characteristics defined by the conditions of deposition,
the particles and the diagenetic activities that modified
the system after deposition Nelson (1995).

Despite the numerous factors that determine the
geometric configuration of porous media in rocks, most
models interpret the system by means of simple geo-
metry, defined by the form, size, and distribution of the
particles (Panda and Lake, 1994). Consequently, com-
mon models are based on specific characteristics, such
as distribution of pore size, specific surface or average
particle size. An example is the Carman-Kozeny equation
or the version proposed by Mavko and Nur (1997), in
which the effect of a fraction of porosity derived from
the concept of the percolation threshold is included.
Other widely used models of permeability based on the
mercury porosimetry (Thomeer 1960, Swamson 1980,
Shouxiang and Morrow 1996, and Widland’s plots -
Gunter et al., 1997) involve a throat size measured at
specific points on the curve of capillary injection. These
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above share the concept that: 1) total porosity does not
define permeability and 2) the affect of geometric
structure is important for the interpretation of this va-
riable.

Researchers such as Ehrlich (1991), and Li-Ping
(1990), among others, characterized the pore geometry
by statistically analyzing two-dimensional images of
porosity. They also demonstrated that geometric cha-
racteristics of the porous medium influence the quality
of reservoir rocks. Ehrlich, et al., (1991), used erosion-
dilation techniques on binary images to interpret pore
systems by means of artificial pore types, and (Erlich,
et al., 1997) showed that specific pore types correlate
better with core permeability and mercury porosimetry,
than other ones which may be related with residual oil
or different fluid saturation.

The geometric characteristics of pore systems also
seems to play an important role to the way fluids re-
sides in within the porous medium. (Prince ez al., 1995,
1999) suggested the existence of two main components
of porosity which they termed the Closed Packed
component and the Expanded. The first component is
related with short wavelengths while the second one with
longer wavelengths of the power spectrum in the Fourier
transform of a porosity image. Filtering the image and
doing inverse transform (Prince ef al., 1995, 1999) have
shown the features of the pore system geometry corres-
ponding to each component. According to them, the
first component determines the saturation of irreducible
water, and the second, the saturation of residual oil.

Regarding to reservoir quality, (Davies ef al., 1999)
have shown the importance of pore geometry for deter-
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mination of flow units by applying pore geometry data
to the process of rock typing in the early stages of
reservoir characterization. Their procedure has been
successfully applied since ten years ago, both to carbo-
nate and clastic reservoirs (Davies 1991).

Toannidis ef al., (1996) introduced a methodology for
estimating permeability of rock samples, based on calcu-
lation the autocorrelation function of binary images of
porous space. They applied the methodology to a set
of forty-one (41) samples from wide variety rock types.
The set of samples analyzed by loannidis included the
samples previously used by Coskun and Warladw (1993)
to perform empirical explanations of permeability va-
riations, their model was based on the measurement of
the diameter of the largest circles inscribed in the pores.
For the Coskun and Warladw samples loannidis got
very good fit between measured and predicted permea-
bility, with 0.98 correlation coefficient (r2) or a confi-
dence level of 99.9%. Keehm et al., (1999) from the
rock physics group of the University of Stanford applied
autocorrelation method to estimate permeability on a set
of seven rock samples, getting a wide margin of error
when estimated values are compared with the mea-
sured.

Ioannidis results and the aim of establish a metho-
dology to predict permeability, when only small sample
fractions are available or permeability measurements
are difficult to perform, guided this project to perform
a systematic application of the autocorrelation and the
corresponding permeability calculation. The methodo-
logy, tested using Colombian reservoir samples, will be
helpful for reservoir characterizations even if calculated
permeability is not very accurate because we sometimes
lack of enough core samples and we may dispose of
porosity images.

My approach was to acquire porous space images
at different resolutions for the purpose of 1) Establish
the most adequate conditions of image acquisition for
permeability prediction. 2) Perform a comparative study
of the autocorrelation as function of image resolution.
And 3) analyze the behavior of autocorrelation adjust-
ment parameters at different scales. The image acquisi-
tion conditions were designed to match the objective of
modeling the geometric feature of pore space that re-
flect permeability aim. These characteristics correspond
to size or shape of the pore forms that are measurable
over the image.

CT&F - Ciencia, Tecnologia y Futuro - Vol. 2 Nom. 1 Dic. 2000

BACKGROUND

The autocorrelation of binary images yields an expo-
nential function that is adjusted by two parameters, 1
the length of the correlation and » the power of the
function’s exponent (equation /).

u n
T) } "

loannidis et al., (1996) used the following equation
for the calculation of permeability:

R, (u) =exp {—

Log,(k)= a + b*Log, (¢p) +c*Log,(I,) (2)
Where,

Io=[ Ro(wdu 3)

is the integral of the autocorrelation function (1) and
@ is the fractional porosity obtained from the images.

This methodology also provides for an estimate of
specific pore surface using the following equation
(Berryman and Blair, 1987):

=4 A(0) “

Where: 4'(0) represents the derivative of the auto-
correlation function at zero point. Specific surface also
provides an equation to calculate permeability (35):

¢2
K= B*F*§2 )
Where formations factor “F” and constant “B” are
known.

METHOD AND PROCEDURE

A systematic evaluation of the methodology mentio-
ned was carried out by analyzing the behavior of », 2,
I, § and estimated permeability for different conditions
of image acquisition. The petrographic characteristics
of the samples, such as grain size and sorting, the ave-
rage value of perimeter/area ratio and microporosity
were considered in the analysis.

The samples in this paper are from an oil-bearing
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sandstone formation in the Upper Magdalena Valley in
Colombia. The samples have different textures, most
of which are medium- to fine- sands, some of them
with conglomeratic features, with a variable content of
smectitic clays. This clays are aggregates of particles
or clasts localized as part of the framework, in the form
that Dewan (1983) describes as structural shale frag-
ments (Figure 1).

Procedure

- Acquire gray scale images and go through the binar-
ization process, to get the images of pore space.

- Process the binary images to obtain porosity.

- Calculate the autocorrelation function of binary
images.

- Calculate permeability and analyze the model.

Image Acquisition

The process of image acquisition uses backscattered
electron images (BSEI) from a scanning electron mic-
roscope (SEM) and a dedicated image processing sys-
tem. The samples, taken from the end part of one and
a halfinch diameter, plug were impregnated with epoxy
resin, then polished and coated with carbon.

Although, some guidelines for the acquisition of
images for porosity characterization from thin section
images and BSEI have been published (Ehrlich et al.,
1984, Nadeau and Hurst 1991), few rules exist for optim-
izing acquisition of images with the purpose of pre-
dicting permeability. For this reason, [ applied the out-
lined procedure to individual series of images, acqui-
red to accomplish the following criteria

- Analyze the role of large pore forms, covering areas
having one millimeter of order of magnitude. At 20-
times magnification, using four images.

- Analyze the average behavior of the whole sample.
At 50—times magnification, using twelve images,
approximately the 15% of the sample area is covered,
the resolution of small characteristics is enhanced
and some of the large features are still recorded on
the image.

- Analyze the behavior of smallest pore space fea-
tures. At 100-times magnification, using 20 images
to cover a representative area, the resolution is notor-
iously enhanced.

The three postulated detection conditions were worked
as individual experiments. The digitalization system and
the electron microscope’s resolution determine one detec-
tion threshold for each detection condition (Table 1).

Images analyzed under the three conditions contain
a representative number of larger pores and the detec-
tion threshold affects only the smaller components of
pore space. Therefore the part of porosity that mainly
affects permeability at 20-times, 50-times and 100-times
magnification would be detected. If permeability was
preferentially defined by larger pores its predicted value
for images at S0—times magnification would be the most
accurate calculation.

Twenty-three samples were studied at 15t and 2nd
detection conditions. Twelve samples from this group
have porosity and permeability measurements acquired
from the CMS200 system at ICP laboratory following
the API RP40 procedure (Table 2, Figure 2). The permea-
bility values provide the data to calculate the constants
a, b and ¢, from the equation (2), and to optimize the
model for predicting permeability for the rest of the
samples.

I selected nine samples for the analysis at 100—times
magnification. Eight samples have similar petrogra-
phic characteristics. Four of the eight samples have po-
rosity and permeability measurements. Depending on

Table 1. Conditions of image acquisition and resolution

Dete_c‘tion Magnification Number_ of
conditions fiels of view
1 20-times 4
2 50-times 12
3 100-times 20

Detection Resolution of the
threshold Digitalized image
[um] [um/pixel]
18.2 9.13
7.4 3.70
3.7 1.86

2
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Figure 1. Typical micrographs of the samples studied.
The different gray intensity in the image correspond to the minerals conforming the rock, the brighter
spots are minerals with heavy atomic number, black zones are porosity. Data zone shows
magnification, the scale bar is 2 millimeters.
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Table 2. List of samples with porosity and Permeability data

Sample ¢ K.med [mD]
K157 24,2% 680
K158 24,7% 1920
K159 24,0% 1028
K160 23,0% 225
K161 22,3% 280
K162 10,9% 10,3
K166 19,7% 19,6
K167 18,6% 18,5
K168 20,2% 212
K172 17,6% 99,0
K174 8,70% 0,70
K175 21,4% 257
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Figure 2. Permeability - Porosity plot of the samples
used for the calculation of a, b, c.

the measured permeability, the constants a, b and ¢
take different values for each set of samples. Therefore,
a, b and ¢ were recalculated at 20-times and 50—times
magnification for this smaller set.

ANALYSIS AND DISCUSSION

Considering the heterogeneous character of most
sedimentary rocks, the determination of permeability
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and porosity depends strongly on sample size and how
well the sample reflects general volumetric and flow
characteristics of the unit from which the sample came.
Porosity determination also depends on the applied
method, measurements using gas will detect the total
free volume of the rock. But, the total volume of the
rock is not full-filled with epoxy resin because of rock-
resin wetting characteristics. Therefore porosity esti-
mation by BSEI will not correspond to total volume, it
will correspond to connected pore space reached by the
epoxy resin.

The key for developing useful permeability models
is finding the characteristics of pore space that control
flow. Finding these characteristics is the only way to
explain why samples with the same porosity have differ-
ent values of permeability. Therefore, the permeability
in this study is interpreted as defined by two primary
characteristics: 1) The part of the porosity that contri-
butes to flow and 2) The configuration of pore space.
The first one is inferred as the fraction of the image
which is occupied by pores, the pores filled with the
epoxy resin used as contrast media for BSEI The latter
characteristic is described by both the adjustment para-
meters of the autocorrelation function and specific
surface, and it is captured mainly from large area images
(20 and 50 times magnification).

Analysis at 20-times magnification and 50-times
magnification

The results at 50-times magnification (Tables 3, 4)
includes the values of average pore size in gm? and the
percentage of microporosity, which corresponds to the
fraction of porosity of pores from=11 umz to 100 /,tmz.

As expected, net porosity measured at 20-times
magnification is lower than that detected at 50-times.
This variance is due to the detection threshold at each
magnification. Magnification at 20-times detects the
large pores but misses some of the smaller pores that
contribute to porosity. At increased magnification, the
images detect more of the smaller pores. The differen-
ces in porosity are less evident in samples K157, K158
and K159, which differences in porosity are lower and
which have the lowest microporosity value.

The length of correlation produces lower values at
50-times magnification, than those observed at 20-times.
This result is because A accounts for the predominant
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scale of the pores detected on the image. In general,
pore space features are larger at 20- times than at 50-
times magnification. The exponent » also got smaller
values at 50-times, I have noticed that » accounts for
micro-features of pore space. The more micro-features
on the image the smaller the » value. The joint effect
of the A and » parameters is most evident in the integ-
ral /s and in the specific surface S.

At the two condition of detection, the calculated per-
meability for the samples, where the actual values are
known, does not behave in the same way. As an exam-
ple, predicted permeability at 20-times for sample k157

is underestimated and at 50-times is overestimated,
while predicted values for K168 behaves in opposite
way. On the other hand the values obtained for permea-
bility cover a range greater than the experimental range.
The absolute error of estimated permeability at 20-times
is greater than the absolute error of estimated permea-
bility at SO-times (Tables 3, 4).

Analysis at 100—-times magnification, 50-times
magnification and 20-times magnification

Not surprisingly, porosity measured by images at
100-times magnification is still lower than that measured

Table 3. Results obtained at detection conditions of 20-times for twenty-three samples initially worked

Sample Pot Is s 2 n K.med Keal ~ Apsolte
K153 75% 20.40 0195 199 095 1.24
K154 0.0% 2517 0177 240 0a1 5.29
K156 01% 64.49 0195 446 0.02 46024
K157 18 0% 36.72 0086 377 1.07 680 15932 76.57%
RES 19.6% 39.05 0082 400 107 1920 26043 86.44%
K159 18.2% 50.71 0100 482 0.90 1023 756.6 26.14%
K160 127% 32.12 0117 a1 1.00 208 3743 8336%
K161 16.0% 5255 0109 329 1.02 280 6388 75.40%
K162 5% 30.15 0160 300 0.86 1023 442 5679%
K163 08% 26.59 0171 253 0.90 8.23
K164 107% 31,07 0180 285 051 24.55
K165 159% 35,84 0112 338 100 8101
K166 12.6% 3113 0159 291 088 196 202 6796%
K167 22 5% 36,01 0109 249 099 185 21694 >100%
K168 185% 40,66 0150 364 082 212 27558 2900%
K169 141% 24,51 0135 250 1.08 13.28
K170 101% 60.02 0203 16 062 422.42
Ki71 106% 32,01 0143 313 080 21,17
Ki72 27 0% 31.79 0115 519 101 o0 2105 >100%
K173 25 2% 45.79 0154 304 077 1004.34
K174 100% 36.74 0174 320 0./9 07 40,51 >100%
K175 18.2% 38,15 0123 365 0.91 257 19754 23.14%
K176 172% 60.23 0135 507 075 1499.29

CTAF - Ciencia, Tecnologia y Futuro - Vol. 2 Ném. 1 Dic. 2000 75



G. E. COBALEDA

Table 4. Results obtained at detection conditions of 50-times for twenty-three samples initially worked

Sample Pot [S;ega ] MPot Is S
K153 15.6% 872.04 7.35% 17.10 0.332
K154 20.3% 1648.71 3.66% 24.08 0.271
K156 14.7% 2331.03 2.53% 51.97 0.211
K157 24.6% 3674.79 1.49% 36.47 0.156
K158 22.4% 5010.98 1.06% 35.48 0.080
K159 20.4% 3927.45 1.74% 44.57 0.112
K160 17.0% 1776.12 3.62% 27.31 0.208
K161 17.3% 2173812 2.64% 31.56 0.204
K162 6.9% 1029.36 6.21% 31.55 0.258
K163 13.5% 1196.64 5.37% 22.64 0.282
K164 9.1% 859.21 7.80% 23.82 0.258
K165 13.9% 2047.22 3.02% 36.84 0.192
K166 13.0% 1162.78 5.44% 24.76 0.212
K167 15.0% 1408.89 4.41% 29.75 0.228
K168 14.3% 1588.07 3.95% 35.08 0.226
K169 8.3% 789.90 7.61% 21.27 0.264
K170 5.8% 894 .47 7.46% 37.43 0.340
K171 11.1% 1043.68 5.75% 28.18 0.234
K172 12.9% 1645.70 3.50% 29.34 0.180
K173 9.1% 74012 9.45% 32.38 0.374
K174 3.7% 601.93 11.91% 29.03 0.309
K175 1.1% 1461.52 4.37% 33.99 0.159
K176 12.8% 1411.97 4.86% 43.82 0.293

A n K.med K.cal bl
Error

15.67 0.85 8.68
2169 0.82 10010
4273 0.73 1237 48
34.45 0.89 680 1289.22 80.59%
36.70 1,00 1920 829.19 56.81%
4319 093 1023 1788.53 74.83%
25,59 0.88 005 99.81 55.64%
2890 0.85 280 208.11 25.68%
2719 0.77 10.3 10.07 2.23%
20,44 0.83 19.63
2178 0.84 6.94
3327 0.83 210.04
2349 0.90 19.6 26.17 33.52%
26.86 0.83 185 98.12 >100%
3073 0.79 212 183.93 13.24%
19.77 0.87 3.05
07.94 0.66 1313
2553 0.83 28.83
2794 0.90 56.08
2406 0.66 28,54
04.06 0.74 07 0.92 31.43%
3234 0.90 057 68.79 73.23%
33.41 0.68 357.64

with helium. Porosity values at 100-times and 50-times
magnification in most of the samples, are similar because
the process accounts for essentially the same area in
both cases (Figure 3, Tables 5, 6, 7). The results demon-
strate that differences due to detection threshold are
minor where resolution is acceptable. The differences
between porosity measured at 50-times and at 20-times
are more relevant in K153, K154, and K157, which are
samples having finer texture and, in K173, which
includes rounded particles that affect large areas of
the pore space Figure: 1-f.

Parameters /Tand n, measured for the nine samples
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studied at 20-times, 50-times and 100-times magnifi-
cation, have values strongly dependent on image reso-
lution (Tables 5, 6, 7, Figures 4, and 5). The length of
correlation has the greatest relative variation, while the
exponent has the smallest variation. However, the affect
of the exponent on the autocorrelation function is evident
from the analysis of the integral /s and the derivative
or the specific surface S. These two statistical varia-
bles reflect the average behavior of the detected pore
space (Figures 6 and 7). Sample K173 is different from
the other because it includes rounded particles having
dimensions of approximately one millimeter. These par-
ticles produces particular geometric characteristics like
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Figure 3. Correlation between core porosity and
Optical Porosity

big porosity free zones, which are more notorious at
low magnification. In spite of the other petrographic
characteristics, such as grain size and clay type, are
similar, the affect of the mentioned geometric feature
strongly effects the autocorrelation function and conse-
quently the calculation of permeability (Table 7).

On the other hand, for the three different conditions
of detection, the variation of s in all the nine samples is
in direct proportion with the resolution of the image.
The larger the resolution the greater the integral (Figure
6). Likewise, S varies in direct proportion with the pixel
size. With the purpose of figure out the physical meaning

of the parameter S, the calculation of the average value
of perimeter/area ratio was done. Perimeter and area
were measured by counting pixels in the pores. It is
worth mentioning that the specific surface area calcu-
lated with equation 4, and the average value of perime-
ter/area ratio has the same functional form, because
they correspond to the same geometric concept. Addi-
tionally, the Svalue obtained at 2/50—times magnification
is the one that coincides most closely with the value of
this ratio (Figure 7). This result show that at 50-times
magnification the pore space on the images is very well
described by pixel counting.

Permeability predicted from the nine samples stu-
died at 20-times magnification shows a variable rela-
tionship to measured permeability. The primary reason
for this variable relationship is due to decreasing the
number of samples, which increases the probability of
random error (Figure 8, 9). Permeability at 20—times
magnification has greater random behavior when com-
pare with the entire data set. Calculated permeability
is beyond the measured range. The values covers six
orders -of - magnitude, from 0.06 [mD] for sample
K153, to 29 [D] for sample K173 (Table 7) and, the
absolute error for the samples of known permeability
reach up to 143% (sample K166). The range of variation
in permeability prediction decreases, at S0—times magni-
fication, and the absolute error for the known samples
decreases in comparison to those acquired at 20-times
magnification (Table 6). Also, at 50-times magnification
the porosity—permeability relationship for calculated

Table 5. Results obtained at detection conditions of 100-times for the nine samples selected

Sample Pot Is S
K153 25.3% 16.27 0.470
K154 17.5% 20.98 0.365
K157 19.2% 27.24 0.177
K160 16.1% 26.21 0.300
K162 8.1% 21.86 0.419
K163 13.8% 19.97 0.422
K166 13.9% 22.68 0.424
K169 10.5% 19.03 0.348
K173 10.4% 23.59 0.566

1415
17.95
26.41
23.57
17.38
17.35
1917
17.71
17.66

n K.med K.cal el
Error

0.78 0.05
0.77 4.86
0.93 680 567.65 16.52%
0.82 225 279.13 24.06%
0.70 10.3 9.79 4.95%
0.78 1.96
0.76 19.6 19.91 1.58%
0.87 0.8
0.66 39.71
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Table 6. Results obtained at detection conditions of 50-times for the nine samples selected

Sample Pot Is S A n K.med K.cal AtI)ESr?cl’L:te Rellf;;ién

K153 156% 17.70 0.332 15.67 0.85 20.42 0.17

K154 20.3% 24.08 0.27 21.69 0.82 132.21 0.15

K157 24.6% 36.4/7 0.156 34.45 0.89 680 85519 25.76% 0.09

K160 17.0% 27.31 0.208 25.59 0.88 225 109.46 51.35% 0.13

K162 6.9% 31.55 0.258 2719 0.77 10.31 9.56 7.18% 0.13

K163 13.5% 22.64 0.282 20.44 0.83 29.82 0.15

K166 13.9% 22.68 0.212 1917 76 196 34.52 76.12% 0.14

K168 8.3% 21.27 0.264 19.77 0.87 537 0.15

K173 91% 32.38 0.374 24.06 0.66 25.28 0.17

Table 7. Results obtained at detection conditions of 20-times for the nine samples selected
Sample Pot Is S 2 n K.med Keal  Apeolte

K153 7.46% 20.40 0195 19.9 095 0.06
K154 9.05% 2517 0177 24.0 091 1.44
K157 18.00% 36.72 0086 37.7 17 680 829.96 22%
K160 12.70% 32.12 0117 321 1.00 225 70 69%
K162 5.03% 32.45 0160 30.0 0.86 103 11.18 9%
K163 9.78% 26.59 0171 253 0.90 3.45
K166 12.80% 31.13 0158 291 0.88 196 47.56 143%
K169 14.10% 24.51 01385 250 1.05 2.61
K173 25.20% 45.79 0154 394 077 29905.03

values covers the experimental range (Figure 8). At
100-times magnification, the absolute error falls between
24% and 1.6% and the range of variation covers the
range of experimental measurements (Table 5).

CONCLUSIONS

The method published by loannidis et al., (1996)
for the estimation of permeability requires selecting
the appropriate detection conditions prior to acquisi-
tion. The conditions depend on the type of rock and
its textural characteristics.
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The same criteria used in the analysis of porosity
using image processing should be considered in the
selection of detection conditions. In our case the more
precise permeability calculation was for 100-times,
which means that in regard to permeability all the
geometric features that affect pore space must be
recorded on the images.

In the type of rocks used in this study, the presence
of smectitic clay is responsible for the changes in
specific surface and due to that, permeability calcu-
lation resulted sensible to image resolution.
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Figure 4. Variations of Length of Correlation A for the three conditions of detection
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Figure 5. Variations of exponent n for the three conditions of detection
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Figure 6. Variations of Integral Is for the three conditions of detection
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Figura 9. Correlation between measured core permeability
and calculated permeability using Autocorrelation method

© The greatest precision in our ability to estimate per-
meability values occurred where samples have va-
riable amount of microporosity as well as geometric
features in different scales (i.e. specific surface).
Therefore, making permeability prediction using
porosity images requires taking into account all the
geometric characteristics that affects both specific
surface and influence the path of the fluid flow.

© This method for estimating permeability averages
the behavior of the pore space, over both the indivi-
dual samples, and the set as a whole. The method
therefore works, with a variable but acceptable mar-
gin of error, for the estimation of permeability, as long
as the samples have similar petrographic charac-
teristics.
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