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The existence and content of water will certainly affect the effective pore space of shales and therefore is a key point for the
evaluation of in-situ gas content and gas flow capacity of shale reservoirs. In order to reasonably evaluate the gas storage and
flow capacities of water-bearing shale reservoirs, the effect of water on the effective pore space of shales needs to be
understood. In this study, the Upper Permian Longtan shale in the southeastern Sichuan Basin, China, was selected as an
example to conduct nuclear magnetic resonance cryoporometry (NMRC) measurements under different water saturation levels.
The gas-accessible effective pore spaces in shales under different water saturation levels were quantified, and the effect of water
saturation on gas-accessible effective pore space in shales was investigated. The results show that water plays an important role
in the gas-accessible effective pore space of shales. When the Longtan shale increases from a dry state to a water saturation of
65%, 75%, and 90%, the gas-accessible effective pore volume decreases by 35%-60% (average 46.3%), 50%-70% (average
58.8%), and 65%-82% (average 75.8%), respectively. Water has an effect on the gas-accessible effective pore space regardless of
pore size, and the effect is the strongest in the 4-100 nm range, which may be mainly due to the high content of clay minerals
in the Longtan shale. Our studies are of important theoretical significance and application prospects for accurately evaluating
the gas-accessible effective pore space of gas shales under actual geological conditions.

1. Introduction

In the early 21st century, the successful commercial develop-
ment of Barnett shale gas in the United States made it widely
recognized that the abundant natural gas resources were
contained in shale pores, and then a “shale gas revolution”
was set off in the energy field around the world [1–7]. In
recent years, China has made significant breakthroughs in
shale gas exploration and development, becoming the first
country outside North America that achieved large-scale
commercial development, and has achieved scale-efficient

development in Fuling, Changning, Weiyuan, Zhaotong,
and other areas [8, 9]. With the increasing proportion of
natural gas in energy consumption and the successful com-
mercial development of shale gas in the Southern Sichuan
Basin, shale gas will become an important part of supporting
the growth of natural gas production in China [10].

Compared with the conventional reservoirs, the shale
reservoirs are usually dominated by nanopores, and shale
gas is mainly stored in nanopores [11, 12]. At the same time,
nanopores are the main channels for gas flow, which play an
important role in the production of shale gas [13–15].
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Therefore, the study of nanopore distribution characteristics
is of great significance for the evaluation of shale gas
resources and the prediction of shale gas productivity. The
pore distribution characteristics, an important branch of
shale gas reservoir research, have been widely studied by
many scholars, and some basic issues and essential charac-
teristics have been well understood [16–22]. However, the
development characteristics of effective pores in shales are
still unclear.

There are many factors affecting the development of
effective pores in shales, and the water content of shales is
one of the most important factors [14, 15, 23–28]. For exam-
ple, Li et al. [25] studied the water distribution characteristic
in shale clay and found that under a certain humidity condi-
tion (such as 0.98), the water distributes in different sized
pores mainly as (1) capillary water in the small pores
(<6nm) and (2) water film in the larger pores. Feng et al.
[24] studied water adsorption and its impact on the pore
structure characteristics of shale clay and also found that
under a certain moisture condition, the small pores (approx-
imately <5nm) are blocked with the capillary water and dis-
appear on the apparent pore size distribution curves while
large pores are only covered with the adsorbed water film.
Sun et al. [26] studied the occurrence of irreducible water
in gas shales and found that compared to the dry sample,
the nonmicropore specific surface areas and micropore vol-
umes of the moist sample are significantly reduced by an
average value of 61% and 30%, respectively, and that the
water averagely occupies 82% and 41% of the inorganic
and organic nonmicropore specific surface areas, respec-
tively, and 44% and 18% of the inorganic and organic micro-
pore volumes, respectively. Zhu et al. [28] investigated the
water-bearing characteristics and their influences on the res-
ervoir capacity in terrestrial shale reservoirs and pointed out
that water can damage the shale reservoir capacity signifi-
cantly, which is realized by decreasing its pore volume and
specific surface area, up to 1/2 and 1/3, respectively. Specific
surface area is more susceptible to water than pore volume
due to its smaller variation range of pore size distribution
(2.5-20 nm). Cheng et al. [23] studied the differences in the
distribution and occurrence phases of pore water in various
nanopores of marine-terrestrial transitional shales in the
Yangquan area of the northeast Qinshui Basin and pointed
out that the pore water takes up the majority of the
inorganic-matter hosted pore structures, especially for the
inorganic-matter hosted nonmicropore surfaces; however, it
only occupies a few of the organic-matter hosted micropore
structures and fails to occupy the organic-matter hosted non-
micropore structures. Xu et al. [27] studied the storing charac-
teristics of connate water in lower Paleozoic shales in
southeast Chongqing and pointed out that connate water
occurs in shale micropores and nonmicropores, and adsorp-
tion and filing states simultaneously exist and are distributed
in <10nm mesopores and 0.4-0.6 nm micropores; this distri-
bution reduces the pore structure parameters of inorganic
matter in shale, especially the nonmicropore surface area.

The current geological analysis results reveal that under
original formation conditions, actual shale reservoirs gener-
ally have a certain water saturation [29, 30]. The average

water saturation of shale gas reservoirs in Barnett, Marcellus,
and Woodford formations in the US ranges from 15% to
35% [31], compared to 30%-95% for the marine shale plays
found in South China [32]. Under geological conditions,
pore water in shales exists in various forms, for instance, it
can be condensed in micropores, adsorbed on the surface
of mesopores and macropores, or filled in pore spaces in a
vapor state [33, 34]. Moreover, it can exist in both organic
and inorganic pores [6, 35–37]. Pore water not only occupies
the pore volume of shales but also blocks some pores, which
significantly affects the gas-accessible effective pore space of
shales [25, 38], thereby reducing the shale gas storage and
flow capacities. For example, Merkel et al. [39] studied the
methane adsorption capacity of shales in North America
and argued that, compared to dry condition, a reduction of
54% and 72% in methane adsorption capacity was observed,
respectively, in Haynesville Shale whose water saturation is
32% and Bossier Shale whose water saturation is 50%. Li
et al. [40] pointed out that increased water saturation
reduces the gas flow capacity, and when the water saturation
is 40%, the gas flow capacity will decrease by about 20%
compared to dry condition.

In summary, pore water has an important influence on
the effective pore space of shales, thereby affecting the gas
storage and flow capacities. However, dry samples are typi-
cally used in the current researches on the pore distribution
characteristics of shales, without taking into account the
influence of water content in shales [19, 41–43]. Therefore,
the study on the distribution characteristics of effective pore
spaces in shales under different water saturation levels is of
important significance for more accurate evaluation of in
situ gas content and gas flow capacity in shale reservoirs.
This necessitates the study of how water saturation affects
the gas-accessible effective pore space in gas shales.

Although some scholars have analyzed the influence of
water on the pore space in shales, some details of the gas-
accessible effective pore spaces at different water saturation
levels are not well understood. In particular, the effect of
water saturation on gas-accessible effective pore space in
gas shales has not been illustrated. In this study, in order
to solve the above problems, the Upper Permian Longtan
shale in the southeastern Sichuan Basin, China, was selected
as an example to conduct nuclear magnetic resonance cryo-
porometry (NMRC) measurements under different water
saturation levels. The gas-accessible effective pore spaces in
shales under different water saturation levels were quanti-
fied, and the effect of water saturation on gas-accessible
effective pore space in shales was investigated. Our studies
are of important theoretical significance and application
prospects for accurately evaluating the gas-accessible effec-
tive pore space in gas shales and are of important guiding
significance for the reasonable evaluation of shale gas storage
and flow capacities under actual geological conditions.

2. Theoretical Basis

The NMRC method is a pore measurement method that
uses nuclear magnetic resonance (NMR) technology to cap-
ture the phase transition process of probe liquid in pores and

2 Lithosphere

Downloaded from http://pubs.geoscienceworld.org/gsa/lithosphere/article-pdf/doi/10.2113/2022/1939833/5676777/1939833.pdf
by guest
on 16 December 2022



uses Gibbs-Thomson equation to characterize the pore size
distribution of porousmaterial [44–47]. Gibbs-Thomson ther-
modynamic equation is the theoretical basis of the NMRC
method, which establishes the relationship between the phase
transition process of probe liquid in pores and pore size. After
selecting the appropriate probe liquid, the pore size distribu-
tion of the material can be obtained by recording the phase
transition of probe liquid in the porous material [48, 49]. At
present, NMRC has been used in the pore characterization
of various micro- and mesoporous materials [49–55]. Gibbs-
Thomson equation for the melting point depression (ΔTm)
for a small crystal of diameter x is given by

ΔTm = Tm − Tm xð Þ = 4σslTm

xΔHf ρs
, ð1Þ

where Tm is the bulk melting point of the solid, Tm ðxÞ is the
melting point for crystals of diameter x, σsl is the surface energy
at the liquid-solid interface, ΔHf is the bulk enthalpy of fusion
(per gram of material), and ρs is the density of the solid.

In formula (1), all items except diameter x are physical
property parameters. For the same substance, they can be
regarded as constant within the experimental temperature
range; so, the above formula can be simplified as

ΔTm =
KGT
x

, ð2Þ

where KGT is the melting point depression constant, which is
related to the properties of probe liquid.

According to formula (2), the smaller the pore size, the
lower the melting point and the more significant the change
in melting point. The increase in the NMR signal intensity of
probe liquid with temperature can be regarded as the accu-
mulation of pore volume from small pores to large pores.
Therefore, the pore size distribution of porous material can
be obtained by measuring the liquid signal intensity in mate-
rial during the temperature transition process. The phase
transition process of probe liquid in the pores of porous
material is shown in Figure 1. In this study, water was
selected as the probe liquid, and the NMR signal intensity
of water was measured and recorded in the sample melting
process using the step nonisothermal method. Fitting of
experiment data yields the plot of liquid signal intensity (I)
with temperature (T), i.e., the I-T curve.

Based on this I-T curve, the pore size distribution can be
obtained as follows: firstly, the NMR signal intensity I is
converted to the volume of water (V); secondly, the temper-
ature T is converted to diameter x using formula (2); finally,
the relative change of water volume V (cumulative pore vol-
ume smaller than diameter x) to pore diameter x, V ðxÞ, is
obtained. Then, the formula for calculating the pore size dis-
tribution of the sample is expressed as

dV xð Þ
d lg xð Þ =

dV xð Þ
d xð Þ ⋅

d xð Þ
d lg xð Þ =

dV xð Þ
dx

⋅ x ⋅ ln 10: ð3Þ

3. Samples and Methods

3.1. Geological Setting and Samples. The organic-rich shale of
Upper Permian Longtan Formation in the southeastern
Sichuan Basin, China, is developed with large thickness, few
interlayers, and moderate burial depth [56]. The quality of
shale has the four high characteristics of “high clay minerals
content, high porosity, high TOC content, and high gas con-
tent.” The thermal maturity reaches a mature stage which is
mainly in the dry gas window stage and indicates that the
Longtan shale has good potential for shale gas [3]. Therefore,
the Longtan shale in this area is one of the most favorable
sweet spots for the exploration of marine-continental transi-
tional shale gas in the Sichuan Basin in the near future.

In this study, four marine-continental transitional shale
samples were collected from the Upper Permian Longtan
Formation in the southeastern Sichuan Basin, China. The
thermal maturity values for four shale samples range from
1.92% to 2.41% with an average of 2.24%, which suggests
that the studied shale samples have entered the stage of
dry gas window. Sample information such as ID and depth
are listed in Table 1.

3.2. NMRC Measurements. In this study, for NMRC mea-
surements, an NMRC 12-010 V instrument manufactured
by Niumag Corporation Ltd., China, was used. The diagram
of the instrument is shown in Figure 2, and the detailed
parameters of the instrument can be found in Liu et al.
[50] and Fu et al. [57].

The NMRC process for measuring the pore size distribu-
tion of shales in this study was divided into the next three
steps. The first step is sample preparation and treatment.
Firstly, the shale samples were crushed to 35-60 mesh, and
then the crushed sample was weighed 2-3 g into a NMRC test
tube, dried for 24h, then weighed (M1), then placed in a vac-
uum tank for 12h, and then saturated by deionized water at
25MPa. After 24h, the sample was taken out and weighed
(M2) after removing floating water on the surface of the sam-
ple with a dry sponge. This means that the weight of water in
the shale sample under saturated water condition is M2-M1.

The second step is the NMRC measurement under satu-
ration water condition. It is necessary to establish the rela-
tionship between water volume and NMR signal intensity
in order to obtain the pore size distribution of shales. As
shown in Figure 3, the NMR signal intensity linearly corre-
lates with water volume. Firstly, the NMR signal intensities
were measured at temperatures less than 0°C and greater
than 0°C, respectively, and then the relationship between
temperature and NMR signal intensity was calibrated. The
test temperature ranges from -26°C to -0.1°C, between which
28 temperature points with different steps were set, i.e., 1°C
step from -26°C to -3°C, 0.5°C step from -3°C to -1°C, and
0.1°C step from -1°C to -0.1°C. Under saturation water con-
dition, the NMRC measurement was carried out accordingly
as follows: each test temperature was set stable for more than
30min, followed by 3 to 5 minutes of test time. In such a
way, the pore size distribution could be obtained by measur-
ing the NMR signal intensity at different temperatures till all
the ice in pores melt.
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The third step is the NMRC measurement under differ-
ent water saturation levels. Upon completion of step 2, the
sample was taken out and dried at 60°C whilst weighed every

10 seconds until reaching 0:9M2 + 0:1M1 (note that the
error could be no more than 0.0002 g), at which point water
saturation was 90% exact. It should be noted here that since
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Figure 1: Phase transition process of probe liquid in the porous material (modified from [44]).

Table 1: Depth, TOC content, and mineralogical composition of four shale samples.

Sample ID Depth (m) TOC (%)
Mineralogical composition relative percent (%)

Quartz+feldspar Carbonates Pyrite Total clays Others

L-1 3096.0 3.27 15.6 18.1 5.1 56.0 5.2

L-2 3124.6 4.09 19.4 27.9 7.3 38.8 6.6

L-3 3134.4 6.36 26.0 4.9 6.0 58.2 4.9

L-4 3154.9 3.95 27.0 3.8 7.3 56.2 5.7

NMRC analysis system

Sample

Monitor

Detecting temperature

Temperature
control system

Cold fluorocarbon oil

Cryogenic
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Heaten

Computer

Radio
frequency

Magnet

Cold fluorocarbon oil

Figure 2: Diagram of the NMRC analyzer.
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the weight of water in the water-bearing shale sample is
reduced by 10%, the weight of the water-bearing shale sam-
ple at this time is M1+0.9 (M2-M1), which is 0:9M2 + 0:1
M1. At the same time, the water saturation of the sample
is 90%. According to the above principle and method, the
measurement was carried out for water saturation of 75%
and 65%, respectively.

It should be noted that in the NMRC measurement, the
temperature variation will affect the physical properties of
samples and NMRC probe, which could also influence the
NMR signal intensity and the accuracy of temperature con-
trol, bringing errors to the experimental results [52]. In par-
ticular, a small temperature variation close to 0°C might
cause a significant shift of pore size distribution. Therefore,
it is necessary to calibrate the original signal intensity.
Firstly, specific temperature points including less than 0°C
and greater than 0°C were selected, and their NMR signal
intensities were calibrated to that measured at 0°C
(Figure 4(a)). Then, the correction coefficient was obtained
by the ratio of the original signal intensity to the calibrated
signal intensity; thereafter, the relationship between the cor-

rection coefficient and temperature was established
(Figure 4(b)). Finally, the correction coefficients at other
temperatures were obtained through the corresponding rela-
tionship, and then the calibrated NMR signal intensities
were obtained.

4. Results and Discussion

4.1. Characteristics of NMRC Results. The water-accessible
cumulative pore volumes of four shale samples under differ-
ent water saturation levels are shown in Figure 5. It can be
clearly seen that the water-accessible cumulative pore vol-
ume shows a significant decreasing trend with decreasing
water saturation, which is mainly due to the fact that as
water gradually escapes from the pores, the remaining
water-accessible pore volume will inevitably gradually
decrease. When water saturation changes from one to
another, the reduction of pore volume occupied by water is
inconsistent for different samples, which is mainly associ-
ated with different TOC contents and mineralogical compo-
sitions of the shale samples.

y = 285.29x – 924.62
R2 = 0.9995

0

10000

20000

30000

40000

50000

0 30 60 90 120 150

N
M

R 
sig

na
l i

nt
en

sit
y 

(a
.u

.)

Water volume (10–3 ml)
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Figure 4: Plots showing the relationships of temperature with NMR signal intensity (a) and correction coefficient (b).
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The water-accessible pore size distributions of four sam-
ples under different water saturation levels calculated from
Figure 5 are shown in Figure 6. Overall, the water-
accessible pore size distribution curve with low water satura-
tion falls below that with high water saturation. In addition,
the water-accessible pore size distributions are complicated,
and all curves have multimodal characteristics.

4.2. Effect of Water Saturation on Gas-Accessible Effective
Pore Space. The nanopores in shales are the main storage
space of shale gas [41]. The pore volume directly determines
the free gas storage capacity of shales, and free gas content is
directly related to the productivity and production rate of
shale gas wells [9]. Under water-bearing condition, water is
adsorbed on the pore surface and occupies a certain pore
volume, reducing the pore surface for gas adsorption and
pore volume for gas storage [58]. The gas-accessible cumula-
tive pore volumes of four shale samples under different
water saturation levels calculated from Figure 5 are shown
in Figure 7. It should be noted that since the water-
accessible pore space measured under saturated water condi-
tion is the total pore space of the shale sample, it can be
regarded as the gas-accessible pore space of the shale sample
under dry condition. Therefore, the water saturation values
of 100% in Figures 5 and 6 were changed to the water satu-
ration values of 0 in Figures 7 and 8.

As observed from Figure 7, the gas-accessible effective
pore volume shows a significant decreasing trend with
increasing water saturation. For example, the pore volume
of sample L-1 under dry condition is 0.0664 cm3/g, and
when the water saturation increases to 65%, 75%, and 90%,
the gas-accessible effective pore volume decreases to
0.0378 cm3/g, 0.0331 cm3/g, and 0.0231 cm3/g, with a
decrease range of 43%, 50%, and 65%, respectively. Similarly,
the gas-accessible effective pore volume of sample L-2 is
reduced by 35%, 55%, and 82%, that of L-3 reduced by
60%, 70%, and 74%, and that of L-4 reduced by 47%, 60%,
and 82%, respectively. In summary, when the Longtan shale
increases from a dry state to a water saturation of 65%, 75%,
and 90%, the gas-accessible effective pore volume decreases
by 35%-60% (average 46.3%), 50%-70% (average 58.8%),
and 65%-82% (average 75.8%), respectively. The presence
of water has a significant influence on the gas-accessible
effective pore volume of shales. When the sample changes
from dry condition to the same water saturation, the reduc-
tion of gas-accessible effective pore volume is inconsistent
for different samples, which is mainly associated with differ-
ent TOC contents and mineralogical compositions of the
shale samples.

The gas-accessible pore size distributions of four shale
samples at different water saturation levels calculated from
Figure 6 are shown in Figure 8. Overall, the gas-accessible
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6 Lithosphere

Downloaded from http://pubs.geoscienceworld.org/gsa/lithosphere/article-pdf/doi/10.2113/2022/1939833/5676777/1939833.pdf
by guest
on 16 December 2022



pore size distribution curve with low water saturation falls
above that with high water saturation. In addition, the gas-
accessible pore size distributions are complicated, and all
curves have multimodal characteristics. Water has an effect
on the gas-accessible effective pore space regardless of pore
size, and the effect is the strongest in the 4-100nm range,
which may be mainly due to the high content of clay min-
erals in the Longtan shale. Clay minerals develop multiscale
pore networks and have strong hydrophilicity [28, 59]; so,
when water enters their pores, pores of all sizes will be filled
very quickly. Therefore, it can be found that the presence of
water significantly affects the gas-accessible effective pore
space of shales, thereby reducing the contribution of pore
space to shale gas storage and flow capacities.

4.3. Advantages and Limitations of the NMRC Approach.
Compared with mercury intrusion porosimetry (MIP),
low-pressure nitrogen adsorption (LPNA), and NMR
methods, the NMRC measurement has its unique advan-
tages [54, 60]. In the MIP method, excessive intrusion pres-
sure may cause damage to the pore structure of the sample
[52], while the probe liquid in the NMRC method mainly
relies on spontaneous imbibition during the process of satu-
rating the pores of the sample and will not destroy the pore
structure [61]. In addition, the MIP method measures the
pore throat size rather than the pore size [50], while the

NMRC method directly measures the pore size [46, 47].
Compared with the LPNA method, the advantage of the
NMRC method is that it can measure the pores in shale res-
ervoirs with a larger diameter range (2-300 nm), and the test
results are not controlled by the constraints of different algo-
rithms. In addition, the advantage of the NMRC method is
that its theoretical basis is the Gibbs-Thomson equation,
which can directly reveal the relationship between melting
point and pore volume. Therefore, the complex pore
structure of shale reservoirs has little effect on this method
[46, 47], but it has a greater influence on the LPNA method
which depends on different algorithms [52]. Compared with
the NMR method, the NMRC method measures the smaller
pore size of shale reservoirs and reveals more detailed infor-
mation about the pore size distribution characteristics [45].
Moreover, the NMRC method also has other advantages that
many methods such as MIP and LPNA do not have, such as
no contamination of the sample, no damage to the pore
structure of the sample, and convenient and fast testing.

In addition to the above advantages, more importantly,
the NMRC method can accurately characterize the effective
pore spaces of shales under different water saturation levels.
At present, the MIP and LPNA methods are mainly used to
characterize the pore space of shales under dry condition
[16, 22, 42]. When shale contains a certain amount of water,
for the MIP method, mercury may displace the water in
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pores under high pressure, which makes it impossible to
accurately characterize the effective pore space of shales
under water-bearing condition; for the LPNA method, due
to experiments, vacuuming is required beforehand, which
will inevitably remove the water in pores of shales, and it is
also impossible to accurately characterize the effective pore
space of shales under water-bearing condition. In summary,
the NMRC method has unique advantages in characterizing
the effective pore size distribution of shales under water-
bearing condition. It can not only quantify the gas-
accessible effective pore space of shales under water-
bearing condition but also clarify the effect of water satura-
tion on gas-accessible effective pore space in gas shales.
Therefore, this approach is more effective and efficient for
the quantification of the gas-accessible effective pore space
in gas shales compared to other approaches.

Nevertheless, this method has its own limitations [62].
Firstly, shale reservoirs usually have smaller porosity and
pore size than conventional reservoirs and may contain
paramagnetic materials, resulting in low signal-to-noise ratio
and short relaxation time of NMRC experimental results,
which will affect the test accuracy to a certain extent. Sec-
ondly, the selection of NMRC experimental parameters will
directly affect the reliability of the analysis results, and fur-
ther research is needed to determine reasonable experimen-
tal parameters. Finally, nanopores have significant scale

effects on the thermodynamic properties of fluids, especially
for materials with pore diameters less than 10nm. Therefore,
theoretical models such as Gibbs-Thomson equation need to
be improved and supplemented. In addition, the NMRC
method cannot effectively characterize the micropores of
porous materials, and the effective micropore spaces of
shales under different water saturation levels will be investi-
gated in the near future.

4.4. Significance for the In Situ Shale Gas Content Evaluation.
The nanopores developed in shale reservoirs are the main
space for gas occurrence and the main channel for gas flow
[17]. The current evaluation of pore space in shales is mainly
based on dry condition; however, the actual shale reservoirs
generally have a certain water, which occupies a certain pore
space. Therefore, how to quantitatively characterize the effec-
tive pore space of shales under water-bearing condition is of
great significance for the scientific and reasonable evaluation
of in situ shale gas content and shale gas resource potential.

In this study, the NMRC measurements were conducted
under different water saturation levels. The gas-accessible
effective pore spaces in shales under different water satura-
tion levels were quantified, and the effect of water saturation
on gas-accessible effective pore space in shales was investi-
gated. These studies are beneficial to further understand
the effective pore space of shales under original formation
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conditions, thereby further improving the accuracy of shale
gas content evaluation under actual geological conditions,
and guiding shale gas exploration and development.

In the process of shale gas exploitation, the existence of
water will inevitably affect the gas flow law in nanopores of
shales [40]. Therefore, quantitative analysis of the influence
of water on the effective pore space in shales is of great guid-
ing significance for shale gas productivity prediction.

5. Conclusions and Suggestion

This study showcases a novel approach to quantify the gas-
accessible effective pore spaces of shales under different water
saturation levels using the NMRCmeasurements. This analyt-
ical approach has been successfully applied to four Upper
Permian Longtan shale samples with multiscale pore struc-
tures. The following are the main conclusions in this study:

(1) When the Longtan shale increases from a dry state to
a water saturation of 65%, 75%, and 90%, the gas-
accessible effective pore volume decreases by 35%-
60% (average 46.3%), 50%-70% (average 58.8%),
and 65%-82% (average 75.8%), respectively

(2) Water has an effect on the gas-accessible effective
pore space regardless of pore size, and the effect is

the strongest in the 4-100nm range, which may be
mainly due to the high content of clay minerals in
the Longtan shale

In future work, the effective micropore spaces of shales
under different water saturation levels will be investigated
to deepen the understanding of the effective pore space in
shales and further guide the in situ shale gas content
evaluation.
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