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MEKX3EPHOBAs [IOPUCTOCTb,
TEPPUTECHHbIC KOJUIEKTOPBI,
YIaKoBKa 3epeH, M0Ka3aTelb
(hpakTanbHOCTH, HIBTPALIUS
(IO I0B, TPaHyIOMETPUYCCKHI
QHAJIN3, JOMUHHUPYIOLINE
(paxiyn, GUIbTPAIOHHO-
€MKOCTHbIE CBOMCTBA.

It is known that the natural potential of terrigenous reservoirs’ capacity significantly depends on interparticle porosity and
particle packing type. Other significant factors that impact reservoir porosity are the shape of particles and the proportion of
content and distribution of particles of various sizes in the rock. The attempts to simulate a net effect of factors influencing
the multimodal distribution of interparticle porosity are well known; some of them are discussed in this work. The
simulated data will be compared with actual measured data, obtained from particle size distribution analysis of core samples
from a well-known and long operated oil and gas field in Azerbaijan. For the purpose of the survey, these measured data
were generalised and analysed in detail.

The research covers the most typical for the region particle size fractions: pelite, silt, fine-grained sand, and medium-
grained sand. Pie charts of the particle size distribution analysis results indicate that in the first group of rocks (argillaceous
silt sand) the largest portion is represented by 0.175 mm particle size fraction. Two other particle size fractions of 0.055 and
0.01 mm constitute approximately the same potions, and, finally, the coarse-grained fraction (0.25 mm) represents an
insignificant part of the total rock volume and may be neglected.

Though the apparent correlation between porosity quality and such factors as particle size distribution and mechanical
densification of sediments were identified, still the calculated paired correlation coefficient between particle size fractions
and parameters, used to average particle size distribution and sort rocks by their type have shown that these are two
independent and unrelated functional dependencies. At the same time, the influence of particular fractions and, which is
more important, the influence of their proportions on the interparticle porosity is not the same. A more detailed simulation
of multimodal distribution has shown that in this case, the use of fractal concepts proved to be more efficient. As an
alternative, we have analysed a method for the evaluation of rock oil-bearing properties based on calculated dependence
between the fractality index and oil saturation.

W3BECTHO, YTO MPUPOAHBIH IOTESHIUAI IPOLYKTHBHON BMECTHMOCTH TEPPUTCHHBIX KOJUIEKTOPOB B 3HAYUTENBHOM CTEIICHH
OIpeENsIeTCsT HX MEK3EPHOBOW ITOPUCTOCTBIO M XapaKTepOM YMaKOBKH 3epeH. OJHaKo, MOMHUMO 3TOro, Ha IIOPUCTOCTH
KOJUIEKTOPOB GOJIBIIOE BIMSHUE OKa3bIBAlOT (pOpMa 3epeH, a TaKKe COOTHOLICHHE COZACPKAHHS U PACIpPECNICHUS 3ePeH
pa3iInyYHBIX pasMepoB B oObeMe mopojsl. IIIMpOKO M3BECTHBI MOMBITKA MOJEITHPOBAHMS pe3yibTHpYomero sddexra
BIMSIOUMX (AaKTOPOB HA MYJIBTHMOJAJIBHOE PACIPEEICHHE MEXK3epPHOBOM INOPHCTOCTH, HEKOTOPBIE H3 KOTOPBIX
paccMarpHBaroTCs B JIaHHOW pabore. BMmecre ¢ TeM Juisi cpaBHEHHs C peajbHBIMH JaHHBIMH 3]1eCh TAK)KE OIHCAHBI
JIeTAlIbHbIC AHATUTHYCCKHE 0000MICHHsT (AKTUYECKUX PE3yJIbTATOB IPAaHYIOMETPHYECKOrO aHAJIN3a KEPHA M3 CKBAXHH
OJIHOTO M3 MU3BECTHBIX M JUIMTEIBHO SKCIUTyaTHPYEMbIX He(hTera30BbIX MECTOPOXKICHHN A3epOaiikaHa.

HUccnenoBanusiMi ObUIM OXBauyeHbl HamboOlee XapaKTepHbIC Uil PETHOHA MEJIUTOBAs, ANCBPHTOBAs, MENKO3EPHUCTas
recyaHasi 1 cpe/{He3epHHCTast Iecyanasi ppakiuu. Pe3yibTaTsl HCCIICIOBAHMUIA 110 pacpeieeHnIo GpaKiuii IpeaCTaBIeHb
B BHJIC KPYTOBBIX JHAarpaMM, aHaJIM3 KOTOPHIX [OKA3bIBAET, YTO B COCTABE MEPBOM IPYIIBI HOPOJ (TTIHHUCTO-AJIEBPHTOBBIX
neckax) JOMHHHpYeT ¢pakuus ¢ pazmepoM 3eper 0,175 mm. JIBe npyrue dpakuuu ¢ pasmepom 3eper 0,055 u 0,01 mm
3aHMMAIOT MPUMEPHO OJMHAKOBBIN 00beM, HaKOHel, (pakius rpyosix 3epeH (0,25 MM) cocTaBisieT He3HAYUTEIbHYIO YacTh
o0beMa 1 MOJKET HE YUHTHIBATHCS.

YcTaHOBICHHBIE 3aKOHOMEPHOCTH M3MEHEHHSI IOPUCTOCTH B 3aBUCHMOCTH OT ()PAKIHOHHOTO COCTaBa U MEXaHHYECKOro
VIUIOTHEHHsI OCAJKOB BECbMa IOKA3aTeNbHbI, OJHAKO BBIYHCICHHE I[APHOTO KOI(D(PULIHMEHTa KOPPEISALHA MEKIY
(pakuusMH ¥ apamMeTpaMy, YCPEAHSIOMMMH TPaHyJTOMETPHYECKUH COCTaB M OTPAXKAIOMINMH COPTHPOBAHHOCTD IOPO,
M0Ka3aJlo, YTO OHH SIBJISIOTCS CAMOCTOSTEIbHBIMH, HE CBSI3aHHBIMH MEXIY C000i#f ()yHKIHOHATIBHBIMH 3aBHCHMOCTSIMU.
Ilpu 5TOM BIMSIHHE OTACNBHBIX (PAKIMH, a IIAaBHOE — HX COOTHOLICHHS HAa BEIMYUHY MEXK3EPHOBOI IOPUCTOCTH
HEO/IMHAKOBO. JleTan3alusi mporecca MoJICIMPOBaHUs MyJIbTHMO/IAJIBHOTO PACIIPE/IC/ICHNUs II03BOJIMIIA YCTAHOBHTD, YTO B
JIaHHOM Borpoce Ooiee 3 GeKTHBHO MpUMeHeHHe (GpaKTanbHBIX KOHIenuil. Kak BapuaHT pacCMOTpEH crocod OLECHKH
KOJUICKTOPCKHMX ~CBOWCTB HedTecomepKalux MOpoJ Ha OCHOBE pACYCTHOH 3aBHCHMOCTH MEXIy [OKa3aTeleM
(DpaKTaANbHOCTH U HE(TEHACHIILIEHHOCTBIO.
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Introduction

On the one hand, the efficiency of oil and gas
filed development process and hydrocarbon
extraction of productive strata significantly
depends on the initial permeability and porosity
properties of reservoir rocks. On the other hand, in
the process of development and large-scale
intrastratal filtration of fluids, different types of
deformation processes occur in a stratum: from
elastic deformation to plastic fracture [1-5]. These
processes, in their turn, cause secondary changes
in permeability and porosity properties of reservoir
rocks [6-9].

For instance, plastic fracture of a stratum may
cause a change in the pore volume by the increase in
the specific surface area of particles, which leads to
the reduction of the reservoir pressure [10, 11], as it
is known that

pP=

F
5’
where F is the load (reservoir pressure); S is the pore
surface area (the surface area of rock-forming
particles).

This results in conditions conducive to
abnormally low reservoir pressure. This parti-
cular case is based on the assumption that oil
and gas-bearing rocks are porous or fractured
rock media characterized by a random distribution
of rock-forming particles, shape and size of
capillaries and cracks [10, 12]. In such rock
environments, effective reservoir pressure is one of
the main factors of intrastratal migration and
smooth extraction of hydrocarbons [11]. This
is a counter-pressure of fluid accumulated
in rock pores to the rock pressure exerted by the
weight of the overlying strata. The value of the
effective reservoir pressure is calculated as
follows:

Peff = Prock - Pporea

where Py is the rock pressure; Py is the reservoir
pressure.

When pores are saturated with gases, the
response of fluid can be neglected, otherwise liquid
fluids (water and oil) are the main factors
determining the reservoir pressure counteracting the
rock pressure.
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Fig. 1. Measured downwards average gradient
and high pressure area [21]
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Fig. 2. Downwards mechanical densification
of well-sorted sand [10]

Statement of the problem

Multiple theoretic calculations and in situ
measurements in deep wells [13—-20] allow us to obtain
values of subterranean lithostatic and hydrostatic
pressures which can be represented numerically by
gradients of lithostatic and hydrostatic pressures.
For instance, the lithostatic pressure gradient is
determined based on the sedimentation rate, which
contributes to the degree of densification and bulk
density of rock particles. The hydrostatic gradient is
calculated based on the density and height of a liquid
column. In Figure 1, provides an example of
downwards lithostatic and hydrostatic gradient
measurement; it shows that the hydrostatic pressure
gradient is 10.5 kPa/m, and the lithostatic gradient is
22.6 kPa/m, i.e. approximately two times higher.
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Fig. 3. Various particle size distributions in terrigenous
reservoirs in some oil and gas fields of Azerbaijan

Under stable conditions, contacts between separate
particles cause adhesion increased by gravity.
However, in the process of densification, the contact
forces between particles are neutralized, the friction
between particles tends to zero, and quicksands
develop (the liquefaction of sands) [10, 22-28]. In
short, the process of sediments mechanical
densification can be described through the example of
well-sorted sand (Figure 2): at the initial stage of
sedimentation (at a depth of 0-2 km), well-sorted
sand, being free, still can be significantly compressed.
For instance, test densification of loose sand having its
initial porosity of 40-42 % shows that at 20-30 MPa
load porosity can decrease down to 35-25 %
depending on the strength and size of particles, which
corresponds to the conditions experienced by rocks
under normal rock pressure at the depth of 2-3 km. In
these conditions, well-sorted coarse sand is more
compressible than fine-grained sand [29-31].
Therefore, the increased pressure reduces the effective
pressure but maintains porosity due to the reduction of
mechanical densification. At the same time, the
porosity change under mechanical densification can
differ significantly depending on the textural and
mineralogical composition, which widely uses data of
the particle size distribution analysis.

In addition to the above, fine-grained environments
(having pore sizes up to 0.1 nm) can be described as
systems having a fractal structure characteristic of
random distributions of pores, capillaries, and fracture
channels [29, 32-35]. The use of fractal principles for

the development of hydrocarbon fields facilitates the
analysis of the turbulent flow of fluid and gas within
reservoir pores.

Main Points

The studies of the pore volume densification
patterns in productive reservoirs and the correlation
between the specific surface area and oil saturation
described in this work used analysis of generalised
data from a well-known and long operated oil and gas
field in Azerbaijan [36] (Table 1). However, as we
know, the specific surface area of pore volume in
terrigenous sediments is determined by particle size
distribution in the rock matrix. Therefore, before
calculating the specific surface area, we analysed data
on particle size distribution in the core material and
determined the degree of the influence of particular
fractions (including prevailing particle size fractions)
on the porosity of different reservoirs. Thus the
analysed core samples were divided into four groups
depending on the rock type: argillaceous-silty sand,
argillo-arenaceous  siltstone,  sandy-argillaceous
siltstone, and argillaceous sandy loam.

The following four groups were formed based on
the particle (grain) size: pelite (0.01 mm and less),
silt (0.055 mm), fine-grained sand (0.175 mm) and
medium-grained sand (0.25 mm). The selected
grading of particle sizes of rock-forming particles is
commonly accepted in the fields of the region
[25-26, 39] and is shown in Figure 3.

The results of our analyses of the particle size
distribution of the studied groups are given in Figure 4
as pie charts; the figure shows that in the first group of
rocks (argillaceous-silty sand) the fraction having
particle size of 0.175 mm prevails. Other two fractions -
having a particle size of 0.055 and 0.01 mm - represent
almost similar portions, and, finally, the coarse-grained
fraction (0.25 mm) is represented by an insignificant
portion and may be neglected.

Table 2 describes the correlation between the
porosity of the studied rocks and prevailing and
secondary particle sizes.

This data shows that an increase in the prevailing
fraction (0.175 mm) content in the first group of
rocks (argillaceous-silty sand) leads to porosity
increase, whereas an increase in the content of the
fraction having a particle size of 0.055 mm reduces
the porosity of this group of rocks. In the remaining
three groups of rocks, the fraction having a particle
size of 0.055 mm prevails, and the percentage of
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fractions having a particle size of 0.175 and 0.01 mm
is different. Here, in the same way, as in the
first group of rocks, the coarse-grained fraction
(0.25 mm) is represented by an insignificant portion
and may be neglected.

As for the argillo-arenaceous siltstone group of
rocks, we revealed the influence of the prevailing
fraction (0.055 mm) and fraction having a particle size
of 0.175 mm (see Table 2) on porosity.

These data demonstrate that an increase in the
content of the prevailing fraction and fraction having a
particle size of 0.175 mm in argillo-arenaceous siltstone
leads to increased porosity.

As opposed to the argillo-arenaceous siltstone
group, the prevailing fraction (0,055 mm) and a
coarser fraction (0,25 mm) have a negative effect on
the porosity of sandy-argillaceous siltstone.

And finally, for the last group — the argillaceous
sandy loam group — the influence of the prevailing
(0.055 mm, fine) and secondary (0.175 mm, coarser)
fractions is contrary (the same way as in the
argillaceous-silty sand group). In particular, an
increase in the fine (0.055 mm, prevailing) fraction
content in argillaceous sandy loam leads to porosity
reduction, whereas an increase in the coarser fraction
(0.175 mm) content increases the porosity of
argillaceous sandy loam (see Table 2).

Table 1

Average values of particle size distribution, porosity, specific pores surface area,
and oil and gas bearing capacity of the studied rock types

Rock type Particle size fraction, mm % . Specific .
Porosity Oil content
(number of samples) 025 | 0.175 | 0.055 | 0.01 surface area
Argillaceous-silty sand (14) 244 | 54.13 | 28.01 | 15.31 25.62 1266 15.2
Argillo-arenaceous siltstone (6) 0.39 | 27.49 | 55.54 | 16.58 25.04 1725 16.74
Sandy-argillaceous siltstone (3) 0.37 | 12.43 | 60.41 | 26.90 23.07 1851 15.18
Argillaceous sandy loam (5) 0.68 | 39.38 | 43.91 | 16.59 24.56 1611 17.53

a b
m(0,25 m(0,175

c
10,055

m 0,01

Fig. 4. Particle size distribution by groups of rocks: a — argillaceous-silty sand;
b — argillo-arenaceous siltstone; ¢ — sandy-argillaceous siltstone; d — argillaceous sandy loam

Table 2

The influence of particle size distribution on the porosity
of different types of rocks

Group of rocks Particle size, mm Dependence of Porgsity and particle size
distribution
. . 0.175 Y=0.3312X+7.14

Argillaceous-silty sand 0.055 Y=—0.1376X+29.196
Argillo-arenaceous siltstone 0.055 1=0.6338X+ 37.926

0.175 ¥Y=0.4875X+10.75
Sandy-argillaceous siltstone 0.055 Y=—1.9775X+ 106.04

0.25 Y=-27.774X+70.73
Argillaceous sandy loam 0.055 Y=0.3312X+7.14

0.175 Y=0.3312X+7.14
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Though the revealed dependence of porosity
patterns changes on the particle size distribution and
mechanical densification of sediments is quite
obvious, still, as we have mentioned above, porosity
may vary significantly depending on the textural and
mineralogical composition of rocks. This is well
demonstrated by the researches [10] where the
dependence of porosity on mechanical densification
was defined using also the parameters averaging
particle size distribution in rocks (M, — coarseness),
and the coefficients showing sediment sorting (Ko,
Hr, and M; — the maximum content of any particle
size fraction). The paired correlation analysis of the
fractions and the parameters averaging particle size
distribution and reflecting sorting of rocks is shown
in Table 3. This data show that the averaged particle
size (on the one hand) and sorting of rocks (on the
other hand) are independent and unrelated functional
dependencies. At the same time, there is a close
correlation between some parameters (for instance,
rock coarseness and M,).

Particle size. 1t is well known that the influence
of particle size on interparticle porosity of rocks with
random packing of spherical particles depends on the
stability of active internal frictional forces and
adhesion between separate particles [1]. These forces
are proportional to the specific surface area of
particles which is taken as equal to the total surface
area of particles per unit of solid volume and are

inversely proportional to particle size. Such
dependency means that with all other factors being
equal, in case of lower porosity the contribution of
coarse particles is much less than the contribution of
fine particles [37—44]. This general rule is shown in
Figure 3, which demonstrates that an increase in the
porosity of the sedimentary rock, having particles of
a particular size, becomes significant only when
particles size is lower than 0.1 mm (100 microns). In
case of coarser sizes (over 100 mm), frictional forces
decrease and porosity goes down to a state of random
packing without frictional forces, which occurs when
porosity is 0.399, and in this state, porosity does not
depend on particle size any more.

Further porosity decrease is not possible for
randomly packed spherical particles, except for the
cases when particles are subject to irreversible
deformation as a result of dissolution, recrystallization,
destruction, plastic flow, etc. Such porosity decrease is
called particle packing compaction.

Particle packing. In theoretical geometry, there
are several patterns of standard particle packing in
rocks exhibiting maximum possible interparticle
porosity values (Table 4, Figure 5). It has also been
revealed [21, 39-44], that the theoretical maximum
porosity (0.476) of sedimentary rock having cubic
packing of spherical particles of the same size does
not depend on particle size.

Table 3

Paired coefficients of correlation between particle size fractions and parameters
averaging particle size distribution and reflecting sorting of rocks

Particle size fractions and their particle sizes, mm Coefficient
Parameter Fy F, F; Fy Fs Fs Rock
M; |coarsen| Koy So Hr | M;
1-0.5 |0.5-0.25|0.25-0.1{0.1-0.05|0.05-0.01 | <0.01 ess
M; -0.07 | -0.17 | -0.32 | —0.67 -0.27 | 085 | 0.5 0.56 0.22 | 0.27 |-0.93
@ Hr 0.15 0.27 0.47 0.71 0.03 0.86 0.58 0.7 -0.7 [-0.24
§ So 0.07 0.06 —0.48 | —0.46 0.09 0.61 | -0.73 | -0.54 | 0.97
% Kiort 0.08 0.07 -0.35 | -0.38 0.007 0.5 —0.61 | -0.41
© Rock coarseness| 0.24 0.3 0.91 0.51 -0.39 —0.81 0.93
My —-0.007 | 0.08 0.9 0.53 -035 | —-0.83
% = Fg(below 0.01) | —0.03 | -0.12 | -0.62 | —0.75 -0.05
'§ i F5(0.05-0.01) | 0.008 | —0.04 | —0.49 | —0.22
ﬁ § F4(0.1-0.05) —0.04 0.02 0.25
E E F3(0.25-0.1) | —0.009 | 0.09
~§ —é F,(0.5-0.25) 0.57
A~ Fi(1-0.5)
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Shape of particles and distribution of particles of
different sizes in the rock. Table 5 presents
information on the dependency between various
shapes of particles and interparticle porosity; Figure
6 compares rounded and angular particles and proves
that porosity is higher when more angular particles
are present in rock than in case of sub-spherical
particles rock composition [21, 39—44].

Table 4

Maximum porosity
for different packing patterns

Packing Maximum porosity

Random 9.399' and more
(particle size-dependent)
Cubical 0.476
Rhombic 0.395
Rhombohedral 0.260
Tetragonal 0.302
Table 5
Dependence of particle shape
and interparticle porosity

Particle shape Interpargrclalli)p orosity
Spherical 0.399
Cubical 0.425
Cylindrical 0.429
Disk-shaped 0.453

It has already been mentioned above that apart
from particles shape the proportions of particle size
fractions (particles of various sizes) content in the
rock volume and their distribution influence the
reservoir porosity very much, and the influence of
particular fractions and (which is more important)

Cubical
(47.6 %)

Hexagonal
(39.5 %)

Rhomboidal
(26.0 %)

the influence of their proportion on interparticle
porosity differs. It is rather difficult to simulate the
actual distribution of particle sizes in a rock, which
is often multimodal in nature; therefore, to better
understand the net effect, the boundary conditions
of calculations are simplified down to a variable
mixture of particles of two sizes in a limited amount
of the rock volume [21].

A schematic description of the simulation
process is provided in Figure 7, where a rock
model consists of particles of two sizes, one of
which is 1/100 of the diameter of the other. There
are two possibilities here:

— in the first case, the rock has a sufficient
amount of coarse particles representing the general
rock matrix, and the added smaller particles reduce
the rock porosity because finer particles fill spaces
between coarser particles (see Figure 7, a);

—in the second case, the general the rock matrix
consists of finer particles. Here the pores are between
fine particles (see Figure 7, b).

It is clear that if some amount of fine particles
is removed and replaced with solid coarse
particles, porosity will decrease, as in this case a
portion of small particles contributing to certain
porosity is replaced with continuous massive
material having no internal porosity. In Figure 7
continuous lines GR and RF or RM represent
theoretical curves for both cases. It is interesting to
note that as the difference in particle size grows
from 6:3 to 50:5, the actual porosity approaches
theoretical values. It has been also noted that the
minimum porosity is not impacted by the
correlation of particle diameters. This minimum
porosity corresponds approximately to 20-30 % of
the diameter of smaller particles. It should also be
noted that porosity of a mixture of two sizes is
always lower than in any pure phase [21].

Orthorhombic
(39.5 %)

Tetragonal
(30.2 %)

Fig. 5. Interparticle porosity for standard packing patterns
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Fig. 6. The dependence of porosity on particle size [42]
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Fig. 7. Simulated influence of a mixture
of particles of different sizes (particle size fractions)
on the porosity of rocks [42]

Of course, real rocks are usually composed of a
continuous range of particle sizes, and this leads to
a rather complex scenario, where fractal concepts
become useful. There are several known examples

of the application of fractal theory to the
estimation of reservoir properties of oil-bearing
rocks [29]; one of such examples is the dependence
between fractality and oil saturation. We also tried
to calculate average diameters of particles and
fractality indices for the abovementioned groups of
rocks according to the following formula:

111 1
— =] —+—.
dg, 2(d d j

ni n2

where d;, is the average particle diameter; d,, is the
diameter of n; particles; d,, is the diameter of n,

particles.

The results of the calculations made (Figure 8)
illustrate the influence of the fractality index on the
oil saturation with the determined correlation
dependence. A rather high correlation coefficient
(0,8) of the obtained exponential dependence
indicates that the relation between the oil saturation
and fractality index is well manifested and credible.

Conclusion

The study of the methods for simulating the multimodal
distribution of interparticle porosity and analytical
generalization of the particle size distribution analysis
data on cores from one of a well-known and long
operated oil and gas fields in Azerbaijan revealed the
patterns of pore volume densification in productive
reservoirs depending on the depth. The correlation
between the specific surface area and oil saturation was
also determined. The obtained results are based on
statistical estimations of the degree of the influence of
particular fractions (including prevailing fractions) on
the porosity of different types of reservoir rocks.

In particular, in argillaceous-silty sand, increased
content of the prevailing fraction (0.175 mm) leads to
higher porosity, whereas an increased content of the
fraction having a particle size of 0.055 mm reduces
the porosity of this group of rocks. In the remaining
studied groups of rocks (argillo-arenaceous siltstone,
sandy-argillaceous siltstone, and argillaceous sandy
loam) the fraction having particle size of 0.055 mm
turned out to be prevailing, and the fractions having a
particle size of 0.175 and 0.01 mm were present in
various quantities. The same way as in the first group
of rocks, the coarse-grained fraction (0.25 mm) in
this group represented an insignificant amount and
was neglected.
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Fig. 8. Dependence of the oil saturation of reservoirs
on the fractality index

The data obtained demonstrate that an increased
content of the prevailing particle size fraction and
fraction having a particle size of 0.175 mm in argillo-
arenaceous siltstone leads to higher porosity, whereas in
the group of sandy-argillaceous siltstone the influence
of the prevailing particle size fraction (0.055 mm) and a
coarser fraction (0.25 mm) on porosity is negative.

In argillaceous sandy loam, the influence of the
prevailing particle size fraction (0.055 mm, fine) and
the secondary particle size fraction (0.175 mm, coarser)
on porosity has the opposite effect in the same way as
in the group of argillaceous-silty sand. Thus, an
increase in the content of the fine particle size fraction
(0.055 mm, prevailing) in argillaceous sandy loam
leads to lower porosity, whereas an increase in the
coarser particle size fraction (0.175 mm) content
increases the porosity.

Moreover, we made several calculations to trace the
relationship between the fractality index and oil
saturation; as a result, we obtained an exponential
dependence showing the relationship between the oil
saturation and fractality index.
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