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Abstract: The characterization of pore throat structure in
tight reservoirs is the basis for the effective development
of tight oil. In order to effectively characterize the pore
-throat structure of tight sandstone in E Basin, China,
this study used high-pressure mercury intrusion (HPMI)
testing technology and thin section (TS) technology to
jointly explore the characteristics of tight oil pore throat
structure. The results of the TS test show that there are
many types of pores in the tight sandstone, mainly the
primary intergranular pores, dissolved pores, and
microfractures. Based on the pore throat parameters
obtained by HPMI experiments, the pore throat radius of
tight sandstone is between 0.0035 and 2.6158 µm. There
are two peaks in the pore throat distribution curve,
indicating that the tight sandstone contains at least two
types of pores. This is consistent with the results of the
TS experiments. In addition, based on the fractal theory

and obtained capillary pressure curve by HPMI experi-
ments, the fractal characteristics of tight sandstone pore
throat are quantitatively characterized. The results show
that the tight sandstones in E Basin have piecewise fractal
(multifractal) features. The segmentation fractal feature
occurs at a pore throat radius of approximately 0.06 µm.
Therefore, according to the fractal characteristics, the
tight sandstone pore throat of the study block is divided
into macropores (pore throat radius > 0.06 µm) and
micropores (pore throat radius < 0.06 µm). The fractal
dimension DL of the macropores is larger than the fractal
dimension DS of the micropores, indicating that the
surface of the macropores is rough and the pores are
irregular. This study cannot only provide certain support
for characterizing the size of tight oil pore throat, but also
plays an inspiring role in understanding the tight pore
structure of tight sandstone.

Keywords: tight sandstone, high-pressure mercury in-
trusion, thin section, pore throat structure, fractal
dimension, E Basin

1 Introduction

As an unconventional oil and gas resource, tight oil and
gas has received more and more interest in researchers
[1,2]. In China, tight sandstones are defined as reservoirs
with the porosity of <10%, and gas permeability <1 ×
10−3 µm2 [3,4]. The tight reservoir has extremely low
porosity and permeability, so it has no natural capacity.
Generally, the development of tight oil requires volu-
metric fracturing to obtain an industrial oil stream [5]. In
addition, the pore throat structure is a significant
parameter affecting the seepage of tight oil during the
development [6–9]. However, characterizing the multi-
scale (nano-millimeter) pore throat structure distribution
system of tight sandstones is a difficult research point.

For now, the techniques for the characterization of tight
oil pore throat structure mainly include rate-controlled
mercury intrusion (RCMI), high-pressure mercury intrusion
(HPMI), low-temperature nitrogen adsorption (LTNA),
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scanning electron microscope (SEM), thin section (TS), X-ray
computer tomography (CT), and nuclear magnetic reso-
nance (NMR) techniques [10–20]. However, various tech-
nologies just mentioned have their respective advantages
and disadvantages in practical applications [21]. For
example, RCMI technology can obtain pores and throats in
tight sandstones according to its testing principles, but it
can only test pore throats larger than 0.1 µm [22]. The LTNA
technology can only test the pores of less than 100 nm in
tight sandstone and its accuracy in calculating the pore
radius depends on the choice of the calculation model
[23–25]. In addition, NMR technology can perform non-
destructive testing of the pore throat radius distribution
characteristics of the porous media, but the conversion of
the T2 spectrum (transverse relaxation time) into the pore
throat radius distribution requires a combination of other
testing techniques (such as RCMI) [26]. SEM, TS, and CT
techniques can qualitatively and intuitively observe infor-
mation such as pore throat size, connectivity, and pore
throat type in rocks [27–29]. In addition, SEM technology
can also obtain information on the composition of minerals
in rocks, which is widely used to analyze the petrological
characteristics of tight sandstones. Therefore, in order to
accurately characterize the distribution characteristics of
multiscale pore throat structures in tight sandstones, a
technique capable of testing the full range should be
proposed. The HPMI is carried out by injecting a nonwetting
phase (mercury) into a tight sandstone core by high
pressure to obtain a distribution of pore throat radius in
the core. The test range is from nanometer to micrometer,
which can describe the distribution characteristics of tight
sandstone pore throat radius. Additionally, this technology
has been widely used in the study of rock pore throat
structures and numerous successful applications of HPMI
technology have already shown its efficiency for pore throat
characterization [30–32].

Fractal geometry is an effective means of describing
irregular objects in nature [33]. Since its development
and promotion by Mandelbrot and Wheeler in 1983,
many scholars have successfully applied it to the
petroleum industry to study the fractal features of
complex and irregular pore throat structures in porous
media [34–36]. In addition, with the exploration and
development of tight oil, many scholars use fractal
theory to quantitatively characterize the tight sandstone
nanoscale pore throat network system [37,38]. It is found that
the complex pore throat structure of tight sandstone has
fractal characteristics, and its fractal dimension is large,
which has the characteristics of segmentation and fractal
[39,40]. It indicates that the tight sandstone pore throat
surface is irregular, rough, and heterogeneous. Moreover, the

classification of pore throat size for tight sandstones is also a
part of the exploration phase. Although some scholars and
institutions have proposed some classification methods for
pore throat size, the tight sandstones for specific blocks need
to be classified according to their own characteristics. For
example, in the pore throat size classification method
proposed by the International Union of Pure and Applied
Chemistry, micropores are less than 2nm in width,
mesopores in the range of 2 to 50nm in width, and width
of the macropores is greater than 50nm [41]. This classifica-
tion method is widely used in the pore throat radius
distribution of shale. Nevertheless, in the study of tight oil,
this classification method almost divides all pores into large
pores. This is definitely not accurate enough in the petroleum
industry [42]. Additionally, in terms of rock pore size
classification, Pittman proposed an empirical formula for
predicting the pore distribution curve based on the experi-
mental data of 202 core samples [43]. Loucks et al. extended
Choquette and Pray’s pore size classification for carbonates
and proposed a new pore size classification scheme. In this
scheme, nanopores range from 1nm to 1 µm, micropores
range from 1 to 62.5 µm, and mesopores from 62.5 µm to
4mm [44]. However, for tight oil pore throat radius is
generally less than 1 µm, this method has certain limitations
in the classification of pore throats of tight sandstone. As the
tight sandstone has the characteristics of segmentation and
fractal, according to the critical point of the segment the pore
throat size can be classified.

In this study, HPMI and TS experiments were carried
out using the tight oil cores of the drilled E Basin. The TS
can visually observe the pore throat type in the core and
characterize the core pore throat structure qualitatively.
In addition, based on the HPMI experiment, this paper
used the fractal theory to quantitatively characterize the
pore throat structure of tight sandstone.

2 Samples

The core samples of tight sandstone selected in this
study are taken from Honghe Oilfield and Weibei Oilfield
in E Basin, China. The tight sandstones in the E Basin
mainly include lithic arkose sandstones and feldspathic
litharenite sandstones, according to Folks classification
(see Figure 1). And, their relative content accounts for
about 50%. Detailed information of 12 core samples is
shown in Table 1. The permeability of the core sample is
between 0.202 × 10−3 µm2 and 1.785 × 10−3 µm2 with an
average of 0.558 × 10−3 µm2. And, the core samples have a
porosity between 7.6% and 12.9% with an average of
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10.2%. Therefore, according to Chinese petroleum in-
dustry standards, these cores are typical tight sandstones.

3 Test and calculation method

3.1 HPMI and TS

The HPMI is based on a capillary beam model and
assumes that the porous medium consists of capillary
bundles of different diameters. The main measured value
of the HPMI test is the mercury inlet pressure (corre-
sponding to the throat radius) and mercury saturation
(corresponding to pore throat volume). The HPMI

equipment, named AutoPore IV 9520, was used to
measure pore throat size and the maximum mercury
pressure can reach about 206MPa, corresponding to a
pore throat radius of 3.5 nm. After the experiment
reached the highest mercury inlet pressure, the pressure
gradually decreased and mercury withdrew the core
sample. In the HPMI experiment, the mercury injection
and withdrawal capillary pressure curves were obtained
and the pore throat characteristics of the tight sandstone
were analyzed based on this. In addition, in this
experiment, the temperature in the laboratory was 21°C
and the humidity was 60%. At the same time, the
capillary pressure curve can characterize the pore throat
structure feature, because the capillary pressure is
mainly controlled by pore throat network sorting and
pore throat size. Through the relationship between
capillary pressure (Pc) and pore throat radius (r), the
curve of pore throat radius was obtained to assess the
pore throat structure of the tight sandstone. Its calcula-
tion formula is as follows [45]:

=P σ θ
r

2 cos
c (1)

where Pc is the capillary pressure in MPa, σ is the surface
tension of air/mercury in N/m, θ is the contact angle in °,
and r is the pore throat radius in µm. In addition, the
surface tension of air/mercury is 485 mN/m and the
contact angle is 140°.

In the TS method, the colored (red or blue) liquid
glue is injected into the pores of rock under vacuum or
pressure and ground it into thin slices after solidification
by liquid gel. It is easy to identify under the microscope
when the pores in the rock are filled with nonferrous
glue. The information of pore distribution, type, devel-
opment degree, and geometric shape can be observed

Figure 1: Triangular diagram of rock composition of tight sandstone
reservoir in E Basin.

Table 1: Information of experimental core samples

Sample Well Depth (m) Subsection Porosity (%) Perm (10−3 µm2)

WB49-66 WB49 569.81 Weibei 11.2 0.216
WB49-80 WB49 569.99 Weibei 12.0 0.393
WB14-59 WB14 570.16 Weibei 11.2 0.497
WB14-13 WB14 570.38 Weibei 12.1 0.399
WB49-53 WB49 570.84 Weibei 10.5 1.785
WB49-72 WB49 571.02 Weibei 9.1 0.202
HH153-10 HH153 2097.48 Honghe 8.3 0.223
HH153-61 HH153 2097.90 Honghe 10.6 1.04
HH153-66 HH153 2098.26 Honghe 9.8 0.769
HH153-80 HH153 2098.76 Honghe 7.6 0.341
HH153-91 HH153 2099.40 Honghe 9.5 0.530
HH153-100 HH153 2100.04 Honghe 8.9 0.295
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directly in the core slice. In this study, the LEICA
DMRXHC multifunctional polarizing microscope was
used in the experiment of TS, and the information of
pore type was observed.

3.2 Fractal dimension calculation

Fractal theory has been widely used in petroleum
engineering since its establishment in the mid-1970s. It
is studied in a disorderly and self-similar system that is
widespread in nature. As a porous medium, rock’s pore
throat system has self-similar properties. Li derived the
calculation formula of fractal dimension based on the
capillary model and studied the rock heterogeneity [46].
Wang et al. believe that different pore distribution
characteristics of tight sandstones have different calcu-
lation methods of fractal dimension [47]. The previous
studies have found that there is a relationship between
pore volume, pore radius, and fractal dimension as
described as follows:

∝

−V r D3 (2)

where V is the rock pore volume, m3; r is the pore radius,
m; and D is the fractal dimension.

Deriving the derivative of equation (2), the following
is obtained:

∝

−

V
r

rd
d

D2 (3)

By integrating equation (3), an expression for the
cumulative pore volume (V(>r)) with a pore radius
greater than r is obtained:

∫(> ) = = ( − )

− − −V r αr r β r rd
r

r

D D D2
max
3 3

max

(4)

where rmax is the maximum pore radius, m; α and β are
the proportional constants, = /( − )β α D3 .

If the maximum pore radius and the minimum pore
radius in the pore are known, the pore volume is
calculated as follows:

= ( − )

− −V β r rD D
max
3

min
3 (5)

where rmin is the minimum pore radius, m.
The cumulative volume fraction (S) can be expressed

as follows:

=

(> )
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−

−
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3
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The minimum pore radius in tight sandstone is much
smaller than the maximum pore radius, i.e., ≪r rmin max .
Therefore, S can be reduced to the following formula:









=

−

S r
r

1
D

max

3
(7)

Assuming that the contact angle is not affected by
the pore throat size, then the fractal formula of pore
throat radius distribution can be obtained.









= −

−

S P
P

1
D

c

min

3
(8)

where s is the volume of mercury entering the pores in
the HPMI experiment, %; Pc is the capillary pressure,
MPa; and Pmin is the capillary pressure corresponding to
the maximum pore throat radius rmax (i.e., capillary
pressure of entrance).

Taking the logarithm of the two sides of equation (8)
can get the following formula:

( − ) = ( − ) − ( − )s D P D Plog 1 3 log 3 logc min (9)

In the HPMI test, 1-s represents the saturation of the
wetted phase, which can be expressed in Sw. Therefore,
equation (9) can be expressed as follows:

= ( − ) − ( − )S D P D Plog 3 log 3 logw c min (10)

Based on the HPMI experiment, the fractal dimen-
sion of the rock pore throat network system can be
calculated according to equations (9) and (10) and the
microstructure characteristics of the porous medium also
can be described.

4 Results

4.1 Petrological characteristics and pore
throat types

There are various types of cuttings, mainly metamorphic
rocks and sedimentary rocks, including igneous rocks
and mica, and the soft rock cuttings are pseudo-matrix.
Interstitials include heterobases and types of cement
with a low volume fraction, generally less than 10%,
with an average of 8.6%. The heterogeneous base is
mainly muddy (Figure 2b and d). Some of the muddy
rock fragments are rich in organic matter and the
compacted deformation is pseudo-matrix. The cement
is made of mainly calcite and dolomite and contains a
small amount of quartz, feldspar, pyrite, and kaolinite.
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Quartz is mainly single-crystal quartz, and most of them
are subribbed. The types of pores include primary pores,
secondary pores, heterobasic pores, and microfractures.
The pores are mainly triangular and multilateral inter-
granular pores, and some intergranular pores are
enlarged by dissolution. Among them, the intergranular
filling is mixed with chlorite, calcite, dolomite, and a
small amount of heavy oil (Figure 2c). At the same time,
it was found that there were under-developed pores
and uneven distribution, which were isolated fine

intergranular pores. Its pore size is 0.05–0.20mm and
the maximum is 0.38 mm (Figure 2l). Followed by
feldspar and mudstone debris (Figure 2h), there are
mold pores also (Figure 2g), the general diameter of
0.05–0.12mm and the maximum of 0.18mm. The character-
istics of the pore throat are mainly point-shaped pore throat,
a small number of thin tubular and flaky. The other type is
feldspar formed by dissolution, dissolved pores in rock
fragments and a small number of miscellaneous pores. The
pore coordination number is 0–2. There is a point-like pore

Figure 2: Tight sandstone TS analysis of the type of pore throat. (a) Intergranular pore, moldic pore (WB49-66, 569.81 m); (b) dissolved
pore of mudstone (WB49-66, 569.81 m); (c) feldspar dissolved pore (WB49-66, 569.81 m); (d) kaolinite dissolved pore, calcite,
heterogroup (WB49-80, 569.99m); (e) feldspar dissolved pore, intergranular pore (WB14-59, 570.16m); (f) quartz overgrowth (HH153-100,
2100.04m); (g) moldic pore (HH153-100, 2100.04 m); (h) cementation metasomatism of calcite, intragranular dissolved pore (HH153-100,
2100.04m); (i) flake debris (HH153-100, 2100.04m); (j) solution microfracture (HH153-100, 2100.04 m); (k) calcite (HH153-100,
2100.04m); (l) intergranular pore (HH153-100, 2100.04 m). IP, intergranular pore; FDP, feldspar dissolved pore; DP, dissolved pore; FD,
flake debris; MF, microfracture.
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throat in the sandstone of the study block, and the local
dissolution crack is 0.025–0.75mm (Figure 2j). Although the
development of fractures has little effect on increasing
reservoir space, it can significantly improve reservoir seepage
capacity [48,49]. In addition, the particle size is mainly in fine
sand–fine sand (Figure 2a–e) and medium sand–fine sand
grade (Figure 2f–l). In this study, the rock sorting perfor-
mance of the tight reservoir in the block is moderate–good.
The rounding is usually shown as an angular–secondary
angular shape, and the particles are mainly dominated by
line contact. The types of cementation are film–pore and
film– embedded crystal type.

4.2 Distribution characteristics of pore throat

The distribution curve of the pore throat radius was
obtained by HPMI experiment (Figure 3). The pore throat
radius distribution curve shows multiple peaks. It
suggests that there are multiple kinds of pore types in
the tight sandstone, which is consistent with the results
obtained by the TS experiment (Figure 2). In addition,
the existence of multiple peaks in the pore throat
distribution curve suggests that the tight sandstone in

the target reservoir is highly heterogeneous. In Figure 3a,
the first peak is between 0.0035 and 0.01 µm and the
second peak is between 0.01 and 2.615 µm. However, in
Figure 3b, the first peak is between 0.0035 and
0.0408µm and the second peak is between 0.0408 and
2.615 µm. Besides, with the increase of permeability, the pore
throat distribution curve shows a trend of gradually moving
to the right. The pore throat radius of the tight sandstone in
the study block is between 0.0035 and 2.6158 µm, and the
pore throat is well developed below 1 µm. From Figure 4, the
contribution of permeability in tight sandstone that is mainly
pore throat with a radius between 0.1 and 1 µm can be
acquired. And with the increase of permeability, the larger
pore throat radius has a greater impact on the permeability
contribution. The characteristics of the tight sandstone
capillary pressure curve are shown in Figure 5. The capillary
pressure curve of the sample in the study area is slightly
skewed, which shows that the pore throat is very small.
Table 2 shows the relevant parameters of tight sandstone
obtained by HPMI experiment. It is noteworthy that the
threshold pressure (Pt) of the tight sandstone in the study
block is mainly distributed between 0.45 and 1.47MPa, with
an average of 0.78MPa. It has a certain negative correlation
with the permeability, that is, the larger the permeability, the
smaller the threshold pressure (Figure 6a). At the same

Figure 3: Pore throat radius distribution curve. (a) Honghe Oilfield; (b) Weibei Oilfield.

Figure 4: Permeability contribution distribution curve. (a) Weibei Oilfield; (b) Honghe Oilfield.
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time, there is a good positive correlation between the
median radius (ra) and the permeability (Figure 6b). This
shows that the median radius has a certain degree of
influence on the permeability. In addition, the tight
sandstone samples in the study block have a relatively
high maximum mercury saturation, which is mainly

distributed between 79% and 99%. However, the mercury
withdraw efficiency (Sw) is relatively low, mainly dis-
tributed in 30% to 50%, and a large amount of residual
mercury saturation remains in the pores. The previous
studies have suggested that this is due to the complex
pore structure of the low-permeability sandstone

Figure 5: Mercury intrusion/extrusion curves of target reservoir in the E Basin. (a) Weibei Oilfield; (b) Honghe Oilfield.

Table 2: HPMI test results

Sample φ K XP SK CC CS Smax Pt ra Sw

WB49-66 11.2 0.216 12.94 0.03 0.15 1.88 98.98 1.47 0.06 49.27
WB49-80 12.0 0.393 11.69 1.18 0.19 2.28 94.24 0.45 0.14 32.52
WB14-59 11.2 0.497 9.49 1.66 0.28 2.70 79.74 0.75 0.11 35.96
WB14-13 12.1 0.399 10.09 1.72 0.26 2.60 82.65 0.73 0.11 36.56
WB49-53 10.5 1.785 11.45 0.49 0.19 2.22 99.68 0.47 0.30 40.89
WB49-72 9.1 0.202 12.65 1.36 0.15 1.92 95.35 1.21 0.08 31.37
HH153-10 8.3 0.223 12.50 0.91 0.17 2.06 96.40 0.74 0.08 49.48
HH153-61 10.6 1.04 11.71 0.65 0.20 2.38 96.64 0.47 0.12 39.43
HH153-66 9.8 0.769 11.16 1.38 0.21 2.37 91.82 0.45 0.12 43.65
HH153-80 7.6 0.341 12.34 0.91 0.19 2.31 95.25 0.75 0.07 47.11
HH153-91 9.5 0.530 11.95 0.81 0.19 2.24 96.80 0.46 0.13 40.19
HH153-100 8.9 0.295 12.67 0.20 0.14 1.79 99.51 1.46 0.12 43.54

φ, porosity, %; K, permeability, 10−3 µm2; XP, mean value coefficient; SK, skewness coefficient; CS, sorting coefficient; CC, variable
coefficient; Smax, maximum mercury saturation, %; Pt, threshold pressure, MPa; ra, median radius, µm; Sw, mercury withdrawal
efficiency, %

Figure 6: Relationship between permeability and threshold pressure and median radius. (a) the relationship curve between permeability
and pt; (b) the relationship curve between permeability and ra.
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reservoir, and the difference in pore and throat distribu-
tion. The retained mercury in a large number of pores is
caused by the shielding effect of small pores [50].

5 Discussions

5.1 Fractal characteristics

The fractal theory is used to study the irregular elements
with complex structures. Generally, fractal dimensions

are used in this method to characterize object com-
plexity. Based on the fractal dimension calculated by
equations (8) and (9), the D is closer to 2, the simpler the
pore throat structure, the more regular the pore throat
shape. In addition, when D is closer to 3, it suggests that
the more complicated the pore throat structure, the more
irregular the shape. At the same time, according to the
fractal theory, the fractal of pore throat structure can be
divided into integral fractal (single fractal) and piece-
wise fractal (multifractal). The tight sandstone of this
study block is characterized by multifractal, which
means that there are differences in the structure of the

Figure 7: Fractal features of pore throat structure for tight sandstone samples.
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large and small pore throats, and the fractal dimension
is quite different. The tight sandstone pore throat of the
E Basin has a good feature and the characteristics of
segmentation fractals appear (R2>0.9, Figure 7). Combined
with the double-logarithmic curve of capillarypressure and
mercury saturation obtained from the HPMI test of these
sandstone cores, the curve shows a turning point at the

pore throat radius of about 0.0602 µm, which is divided
into two regions, indicating that the pore throat has two
different scales. According to the distribution character-
istics of the tight pores of the study block, the pores of these
two scales can be divided into macropores (pore throat
radius > 0.0602 µm) and micropores (pore throat radius <
0.0602 µm). The fractal dimension of the macropores (DL)

Table 3: Calculation results of fractal dimension with different intervals

Sample K/× 10−3 µm2 φ/% Di R2 Fi/µm Tr/% DC

WB49-66 0.216 11.2 2.7364 0.9699 0.0615–1.0375 50.12 2.6397
2.5425 0.9711 0.0036–0.0615 49.88

WB49-80 0.393 12.0 2.6638 0.9932 0.0613–1.6252 63.83 2.5149
2.1753 0.9841 0.0036–0.0613 36.17

WB14-59 0.497 11.2 2.6624 0.9958 0.0633–1.6240 82.10 2.7034
2.5566 0.9167 0.0035–0.0633 17.90

WB14-13 0.399 12.1 2.6521 0.9873 0.0613–1.0021 69.82 2.6332
2.5394 0.9916 0.0035–0.0613 30.18

WB49-53 1.785 10.5 2.6086 0.9925 0.0632–1.5735 74.26 2.5636
2.4339 0.9373 0.0035–0.0632 25.74

WB49-72 0.202 9.1 2.5609 0.9843 0.0621–0.9651 58.31 2.4542
2.2577 0.9989 0.0035–0.0621 41.69

HH153-10 0.223 8.3 2.6613 0.9826 0.0632–0.9906 67.67 2.4719
2.2128 0.9980 0.0036–0.0632 32.33

HH153-61 1.04 10.6 2.7311 0.9829 0.0623–1.5761 63.35 2.5006
2.1023 0.9995 0.0035–0.0623 36.65

HH153-66 0.769 9.8 2.7045 0.9691 0.0623–1.6506 66.41 2.6016
2.3983 0.9834 0.0035–0.0623 33.59

HH153-80 0.341 7.6 2.7185 0.9879 0.0633–0.9837 55.13 2.4692
2.1630 0.9959 0.0035–0.0633 44.87

HH153-91 0.530 9.5 2.6863 0.9879 0.0615–1.6087 62.71 2.4457
2.0411 0.9599 0.0035–0.0615 37.29

HH153-100 0.295 8.9 2.6497 0.9885 0.0602–1.0329 58.39 2.5811
2.4848 0.9113 0.0035–0.0602 41.61

φ, porosity; K, permeability; Di, fractal dimension corresponding to different scales of pore throats, i = L, macropore interval; i = S,
micropore interval; Fi, different sizes of pore throats; Tr, ratio of pore throats at different sizes; DC, comprehensive fractal dimension

Figure 8: Relationship between permeability, porosity, and amplitude of pore distribution at different sizes. (a) the relationship curve
between permeability and the amplitude of micropore and macropore; (b) the relationship curve between porosity and the amplitude of
micropore and macropore.
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of the tight sandstone in the target oilfield is between
2.5609 and 2.7364, with an average of 2.6696 (Table 3).
However, the fractal dimension of the micropores (DS) is
between 2.0411 and 2.5526, with an average of 2.3256.
Therefore, the fractal dimension of the large pore throat in
the tight sandstone is larger than the fractal dimension of
the micropore throat. This indicates that the structure of
the micropore throat in the tight sandstone is relatively
simple and the surface is relatively regular. The relative

content of macropores and micropores in tight sandstone
cores also can be derived. Among them, the proportion of
macropores is 50.12 ∼ 82.10%, with an average of 64.34%.
The proportion of micropores is 17.90 ∼ 49.88%, with an
average of 35.66%. From Figure 8, as the permeability
(Figure 8a) and porosity (Figure 8b) increase, the content
of macropores in the core tends to increase. However, the
proportion of micropores in the core shows a decreasing
trend. In addition, the SW obtained by HPMI test is a key
parameter reflecting the ultimate oil recovery of oil and
gas. SW is mainly affected by the structure of the pore
throat, so it can be used to characterize the pore throat
structure of tight sandstone reservoirs. In tight sandstone
reservoirs of E Basin, the SW gradually decreases as the
frequency of macropores increases and the SW gradually
increases as the frequency of small pores increases
(Figure 9). This is related to the complexity of the pore
structure of tight sandstone. The fractal dimension of
large pores in tight sandstone is close to 3. According to
fractal theory, the structure of macropores is more
complicated than that of micropores in tight oil.
Therefore, in the development of tight oil and gas, the
impact of micropores on oil and gas seepage should be
focused.

Figure 9: Relationship between Sw and distribution frequency of
pore throats at different sizes.

Figure 10: Relationship between fractal dimension (DL, DS, and Dc) and petrophysical properties of different sizes of pore throats.
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5.2 Comprehensive fractal dimension and
its application

Different sizes of pore throat have various fractal dimensions
(DS and DL). Various fractal characteristics reflect the different
properties of micropore throat structure, indicating the
complexity of the pore throat structure of the tight sandstone
in the E Basin. Zhao et al. proposed to characterize the fractal
features of tight sandstones using comprehensive fractal
dimensions. Its calculation formula is as follows [6]:

∑=D D Vi ic (11)

where Dc is the comprehensive fractal dimension, dimension-
less number; Di is the fractal dimension corresponding to the
pore throat of different scales (macropores and micropores),
namely DL and DS; Vi is the proportion of the pore throat
corresponding to different fractal dimensions.

The Dc value calculated by equation (11) is between
2.4457 and 2.7034 with an average of 2.5483. Zhao et al.
studied the comprehensive fractal dimension of tight
sandstones in the Y Basin between 2.4294 and 2.6398,
with an average of 2.5586 [6]. It can be found that the
comprehensive fractaldimensionof the tight sandstones inE
BasinandYBasin is basically same.And, the comprehensive
fractal dimension values are close to the fractal dimension
corresponding to themacropores (which fractaldimension is
close to 3). Overall, the pore surface of the tight sandstone is
rough, and theheterogeneity is serious. In addition, only the
fractal dimension DL corresponding to macropores throat
has a positive correlationwith permeability, which indicates
that macropores’ throat controls the permeability of tight
sandstone (Figure 10b). There is no obvious correlation
between DS and Dc and permeability (Figures 10b and c).
These suggest that the storage space of the different sizes of
pore throat strongly controls the fractal characteristic.
However, there is a positive correlation between porosity
and fractal dimension. With the increase of porosity, the
fractal dimension increases to a certain extent (Figure 10a
and d). The analyses described previously reveal thatDL,DS,
and the total fractal dimension presented different correla-
tions with corresponding porosity and permeability. This
suggests that the pore throat structure of E Basin tight oil
sandstone is complex and pore throat sizes strongly affect
the fractal characteristics of the pore throat and its
homogeneity and complexity.

6 Conclusion

In this work, we employed TS and HPMI technology to
characterize the pore throat structure of tight sandstone

in the E Basin. In addition, we fitted the fractal
dimensions of different scales and calculated the
comprehensive fractal dimension based on the HPMI.
According to the accomplished results, the following
conclusions can be drawn:
1. The tight sandstones of the E Basin have various types

of cuttings, mainly metamorphic rocks and sedimen-
tary rocks, including igneous rocks and mica, and soft
cuttings are pseudo-matrices. In addition, the pore
network of the tight oil sandstone mainly consists of
primary pores, secondary pores, heterobasic pores,
and microfractures.

2. The pore throat radius of the E Basin is between
0.0035 and 2.6158 µm, and its heterogeneity is strong.
The tight sandstone pore throat radius distribution
curve has two peaks, and as the permeability
increases, the pore throat size distribution curve
gradually shifts to the right.

3. The tight sandstones of the E Basin are characterized
by segmentation fractals. According to the fractal
features, the pores are divided into macropores (DL)
and micropores (DS), and the values of the DL and DS

are different. At the same time, the permeability and
porosity are mainly contributed by the proportion of
macropores, and the contribution of micropores to the
permeability is relatively weak.

4. The comprehensive fractal dimension (Dc) is calcu-
lated and no correlation is found between perme-
ability and porosity. In addition, the Dc of tight
sandstones in E Basin and Y Basin is compared and
found to be similar. And, the size of the integrated
fractal dimension is close to the fractal dimension of
the macropore interval.
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