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Abstract.The production of shale adsorbed gas cannot be measured separately in the production
process, and the method for determining the proportion of shale adsorbed gas output is insufficient.
Desorption residual amount of adsorbed gas and free gas residual amount are introduced.
Langmuir isothermal adsorption equation, shale gas well geology and production data are used.
The analytical models of desorption residual amount of adsorbed gas, free gas residual amount of
adsorbed gas and output ratio of adsorbed gas are derived respectively, and the method of
determining output ratio of adsorbed gas based on material balance is established. The results
show that the proportion of adsorbed gas output is low in the initial stage of shale gas production.
With the extension of production time, the proportion of adsorbed gas output gradually increases,
and the adsorbed gas plays an increasingly strong role in supporting the productivity of gas wells.
To keep shale gas well exploitation for a long time is conducive to the full release of shale gas
adsorption potential. This research is of practical significance and provides a new technical way for
the study of shale adsorbed gas production.
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1. Introduction
Shale gas is a kind of unconventional natural gas resource with great potential. It is also an

important field for increasing natural gas storage and production in China in the future [1-3]. Shale
gas is mainly composed of adsorbed gas and free gas [4-6]. Among them, the adsorbed gas accounts
for 25%-85%, with an average of about 50% [7-8]. Although the proportion of adsorbed gas in
shale is high, but its production law is complicated. On the one hand, the unique adsorption
characteristics of adsorbed gas lead to the constant change of the output proportion of adsorbed gas
in the production process, and the output proportion is not equal to the occurrence proportion. At
the same time, in the production process, the adsorbed gas is desorbed first and then produced, and
its output is difficult to be measured separately, which further increases the difficulty of
understanding the production law of adsorbed gas [9-11]. In particular, the method of determining
the proportion of adsorbed gas production is relatively lacking, which limits the understanding of
the law of adsorbed gas production, and interferes with the efficient exploitation and productivity
prediction of shale gas to some extent. In view of the problems such as "it is difficult to measure the
output of shale adsorbed gas and the lack of methods to determine the output proportion of shale
adsorbed gas", it is crucial to establish a method to determine the output proportion of shale
adsorbed gas in order to deepen the understanding of the production law of shale adsorbed gas.
Therefore, this paper introduces desorption residual amount of adsorbed gas and free gas residual
amount, and establishes a method to determine the proportion of shale adsorbed gas production
based on material balance, which provides a new technical way for the study of shale adsorbed gas
production law.

2. Method principle
Two indexes, such as adsorption gas desorption residual and free gas residual are introduced.

Analytical models for the evaluation of adsorption gas desorption residual, free gas residual and
adsorption gas output ratio are derived by using Langmuir isothermal adsorption equation, shale gas
well geology and production data.
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2.1 Residual amount of adsorption gas desorption
In shale gas reservoirs, adsorbed gas and free gas are in dynamic equilibrium. When the

temperature and pressure conditions of the gas reservoir change, this equilibrium relationship will
be destroyed, and the adsorbed gas and free gas will transform into each other [12-13]. Generally,
the proportion of adsorbed gas decreases with the increase of temperature, while the proportion of
adsorbed gas increases with the increase of pressure [14-16]. The production process of shale gas is
a typical isothermal depressurization process. The unidirectional conversion of adsorbed gas to free
gas and the mixed output of desorption adsorbed gas and free gas are the remarkable characteristics
of this process. The change of adsorbed gas volume can be described by isothermal adsorption
equation.

Previous studies have shown that the adsorption gas is mainly methane, and its adsorption on the
pore surface belongs to supercritical physical adsorption [17-19], and its isothermal adsorption
curve is a type I isotherm, which can be expressed by Langmuir isothermal adsorption equation [20-
21] :
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
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aV -Adsorbed gas, 3 /m t ;
LV - Lannister volume, 3 /m t ;
Lp - Lannister pressurem MPa ;
p - Formation pressurem MPa。

Given the original adsorption gas volume ( 0aV ) in the initial stage of production and the

adsorption gas volume ( aiV ) in the production process, the adsorption gas desorption amount ( diV )
in the production process can be expressed as:

0d i a a iV V V  （2）
diV - Adsorption gas desorption amount， 3 /m t；

0aV - Original adsorption gas volume， 3 /m t；

aiV - The adsorption gas volume， 3 /m t。
The Langmuir isothermal adsorption equation under the original pressure and production

pressure is substituted into equation (2), and the following results can be obtained:
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0p - Original formation pressure，MPa；

ip - Producing formation pressure，MPa。
The residual desorption amount of adsorbed gas (the difference between adsorbed gas desorption

amount and adsorbed gas cumulative yield) is introduced, and the output curve function of shale gas
well is set to be ( )q f t and the proportion function of adsorbed gas output is ( )x g t , then the

residual desorption amount of adsorbed gas in the production process ( riV ) can be expressed as:
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（4）
riV -Adsorption gas desorption residual amount， 3 /m t；
piN  -Adsorption gas production， 3 /m t；

kq -Daily gas production， 3m ；



Advances in Engineering Technology Research AIMMEE 2025
ISSN:2790-1688 Volume-15-(2025)

653

kx - Adsorption gas output ratio，%；

A - Well controlled gas bearing area， 2m ；

h - Effective well control thickness，m；

b -Shale density， 3/t m ；

i -Production days；
n -Cumulative days of production。

2.2 Free gas residue
The free gas is the sum of desorption adsorption gas and the original free gas. The free gas

volume is the sum of desorption amount of adsorbed gas and the original free gas volume.
With the prolongation of gas well production time, desorption amount of adsorbed gas gradually

increases, and the original free gas volume remains unchanged, so the free gas volume continues to
increase. Some of the free gas is extracted and some of it remains underground. To this end, free
gas residue (the difference between free gas and cumulative gas production) is introduced:
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(5)
tiV -free gas residue， 3 /m t；

0fV -initial free gas volume， 3 /m t；

diV -adsorption gas desorption capacity， 3 /m t；
piN -cumulative gas production， 3 /m t；

In formula (5), the original free gas content ( 0fV ) is:
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0fV -initial free gas volume； 3 /m t；
 -effective porosity；

0gs -initial gas saturation；
scT -ground surface temperature, K ；

0z -original gas compression factor；
scp -ground surface pressure，MPa；
0T -gas reservoir temperature， K 。

2.3 Adsorption gas output ratio
Based on the principle of material balance, for any production time node of shale gas well, the

ratio of shale adsorbed gas output ( ix ) should be the ratio of adsorbed gas desorption residue and
free gas residue at the time node:
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(7)
ix - Adsorption gas output ratio，%；
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riV - Adsorption gas desorption residual amount， 3 /m t；

tiV - Free gas residue， 3 /m t；
The formula (7) can be solved by iterative method. The iterative formula is as follows:

When 1i  ：
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The above three evaluation models together constitute a method for determining the proportion

of shale adsorbed gas production based on material balance.
In the following, a production example of a shale gas well is calculated using this method.

3. Calculation examples
Well Y is a shale gas well in Changning - Weiyuan gas field. The production layer is Longyi

Member 1 Submember of Longmaxi Formation of Lower Silurian System, with a buried depth of
3830m. The well controlled gas bearing area of this well is 0.5km2, effective thickness is 38m,
shale density is 2.54g /cm3, effective porosity is 5.1%, original gas saturation is 63%, original gas
compression factor is 1.24, Lannister volume is 1.5m3 /t, Lannister pressure is 8 MPa. The original
formation pressure is 56.5MPa, the original formation temperature is 122℃, the ground pressure is
0.1013MPa, and the ground temperature is 25℃ (Table 1).

Table 1 Basic parameter table of well A shale interval

Control the gas
bearing area of a
single well

A (km2)

net
pay
thickne
ss

h
(m)

density
of rock

b
(g/cm3)

effective
porosity

 (%)

initial
gas

saturation
0gs (%)

original
gas

compression
factor

0z

0.5 38.0 2.54 5.1 63 1.24

Lannister
volume

LV (m3/t)

Lan
nister
pressur
e Lp

(MPa)

initial
formation
pressure

0p
(MPa)

original
formation
temperatur
e

0T (℃)

ground
surface
pressure

scp
(MPa)

ground
surface
temperature

scT (℃)

1.5 8 56.5 122 0.1013 25

According to the calculation of parameters in Table 1, it can be seen that the original adsorbed
gas ( 0aV ) of shale is 1.31m3/t, the original free gas ( 0fV ) is 4.29 m3/t, and the total gas content is
5.6 m3/t. The proportion of adsorbed gas in shale is 23.4%. The production curve of well Y (FIG.1)
shows that the well started production on September 9, 2019 and by June 17, 2020 the cumulative
gas production was 21.9×106m3. In the production process, the daily gas production decreased
rapidly at the initial stage, and stabilized after 1 month. The overall daily gas production ranged
from 4×104m3/d to 20×104m3/d, with an average of 5.4×104m3/d. The casing pressure and
formation pressure of gas well generally show a downward trend. Under the influence of controlled
pressure limiting production and shut-in, the casing pressure fluctuates and jumps locally.

According to the above geological and production data, formulas (1) - (9) are used to calculate
the proportion of adsorbed gas output at each production time node of the gas well. The results
show that (Fig. 2) : With the prolongation of production time, the proportion curve of adsorbed gas
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output in well Y shows a regular upward trend. Under the influence of factors such as controlled
pressure limiting production and well shut-in, there are certain local fluctuations in the curve. In the
initial stage of production (4.9. 2019), the proportion of adsorbed gas output was lower (0.01%). By
6.17. 2020, the output ratio reached 2.76%.It shows that the contribution of adsorbed gas output to
gas well production will increase with the prolongation of production time. According to the
calculation results of adsorbed gas output ratio, the correlation curve between adsorbed gas output
ratio and production time was drawn (Fi. 3). It can be seen that the output proportion of adsorbed
gas is positively correlated with the production time. The relevant formula is y = 0.1753x +
0.2097(R² = 0.9979). The increase rate of adsorbed gas output ratio is 0.1753%/ mon.

Figure. 1 Production curve of Well A
From the production experience of shale gas fields abroad, the production life of shale gas wells

can reach 30 years or even longer. According to the correlation between the adsorbed gas output
ratio and production time of well Y, the adsorbed gas output ratio will reach 50% if well Y
produces for 285 months (or 23.8 years) continuously. At 360 months (or 30 years) of continuous
production in well Y, the proportion of adsorbed gas produced will reach 63.3%. This shows that
free gas is the main body of productivity in the early stage of shale gas well production. With the
prolongation of production time, adsorbed gas plays an increasingly prominent role in supporting
production capacity. In the later stage of production (for example, 23.8 years of production in well
Y), adsorbed gas will become the main body of gas well productivity. Therefore, the long-term
production of shale gas wells is very important for the full release of adsorbed gas potential.

4. Conclusion and Understanding
1 ） Shale gas production is an isothermal depressurization process. The unidirectional

conversion of adsorbed gas to free gas and the mixed output of desorption adsorbed gas and free gas
is a significant feature in shale gas production.

2）The method introduces two indexes, such as the desorption residual amount of adsorbed gas
and the free gas residual amount, and establishes a method to determine the output proportion of
shale adsorbed gas based on material balance. This method can quantitatively calculate the
proportion of adsorbed gas production at any production time node of shale gas well, and provides a
new technical way for the study of adsorbed gas production law of shale gas.

3）The calculation example shows that the proportion of adsorbed gas output is low in the initial
stage of shale gas production. With the extension of production time, the proportion of adsorbed gas
output gradually increases, and the adsorbed gas plays an increasingly strong role in supporting the
productivity of gas Wells. Keeping shale gas well long term exploitation is conducive to the full
release of adsorbed gas potential.
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