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Role of Gas Viscosity for Shale Gas Percolation
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Viscosity is an important index to evaluate gas flowability. In this paper, a double-porosity model considering the effect of pressure on
gas viscosity was established to study shale gas percolation through reservoir pressure, gas velocity, and bottom hole flowing pressure.
The experimental results show that when pressure affects gas viscosity, shale gas viscosity decreases, which increases the percolation
velocity and pressure drop velocity of the free state shale gas in matrix and fracture systems. And it is conducive to the desorption of
adsorbed shale gas and effectively supplemented the bottom hole flowing pressure with the pressure wave propagation range and
velocity increasing, so that the rate of pressure drop at the bottom of the well slows down, which makes the time that bottom hole
flowing pressure reaches stability shortened. Therefore, the gas viscosity should be fully considered when studying the reservoir gas
percolation.

1. Introduction

As one of the fast growing activities in the natu ral gas
industry, shale gas development is playing an important
role in the current energy mix of the world’s growing
energy demand [1, 2]. Shale gas is a special kind of gas,
which mainly exists in the multiscale reservoir space dom-
inated by organic shale in three states: free state, adsorbed
state, and dissolved state [3–5]. In the meanwhile, the per-
colation law of shale gas is very different from that of con-
ventional gas reservoirs because of the various percolation
patterns in the multiscale reservoir [6]. Therefore, the
underlying flow mechanism through these multiporosity
and multipermeability systems is complicated and poorly
understood [7]. However, gas percolation is the core prob-
lem of gas exploitation, which is of great significance for
the scientific and efficient development of unconventional
tight shale reservoirs. In order to study the percolation
phenomenon of shale gas, it is necessary to study from
its essence, and viscosity is one of the important factors
affecting percolation.

Shale gas is composed of molecules, and the macroscopic
properties of its fluid are essentially determined by the
motion of molecules. The characteristic of friction force
between fluid molecules in actual fluid flow is called viscosity,
and the physical quantity that measures the stickiness of fluid
is viscosity, which happens to be one of the migration prop-
erties of fluid and affects the fluid percolation velocity [8].
Therefore, in order to interpret the percolation of shale gas
fundamentally, it is necessary to consider the gas viscosity
when evaluating the percolation of shale gas in the reservoir.

At present, the percolation law of shale gas is studied
mainly from the following aspects. Firstly, the multiscale
pore structure of the shale gas reservoir after fracturing is a
key factor affecting shale gas percolation. It was found that
different gas migration mechanisms exist in different migra-
tion channels. Considering the complex structures, such as
nanopore, micronanopore, natural fracture, and artificial
fracture, the Knudsen number is used to divide the flow
among different reservoir scales, so that the shale gas perco-
lation can be described from microscale to macroscale accu-
rately [9, 10]. Secondly, the selection of the percolation
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mathematical model is also a key point to describe and ana-
lyze the process of shale gas percolation. It is found that dif-
ferent mathematical models describe different
communication situations between fractures and the reser-
voir matrix, such as the dual media model, continuummodel,
fractal induced fracture network distribution (FIFND)
model, and three-dimensional numerical model [11–14],
which greatly affect the shale gas percolation effect and the
accuracy of shale gas percolation description. Thirdly, pat-
terns of shale gas migration play an important role in
describing shale gas percolation accurately. It is found that
the classic Darcy percolation law cannot accurately describe
shale gas behavior especially in nanopores and under differ-
ent gas states so that desorption, diffusion and slippage, vis-
cous flow of shale gas in pores, Knudsen diffusion and
surface diffusion of adsorbed gas, adsorption/desorption,
matrix-fracture transfer, and non-Darcy effects [15–20] are
introduced to describe the percolation law of shale gas; then,
the percolation effect between matrix and fractures through
percolation velocity, reservoir pressure, and production was
analyzed. Fourthly, the improvement of the mathematical
calculation method is another key point, such as the lattice
Boltzmann method (LBM), finite element method, and finite
volume method [14, 21, 22] which are introduced to improve
the accuracy of gas percolation representation considering
adsorptive/cohesive forces between the molecules and frac-
ture network distribution. Finally, the boundary layer, stress
sensitivity, and many other properties of a reservoir and fluid
can affect the micropercolation of shale gas [23, 24].

In summary, previous studies have mainly focused on the
occurrence state of shale gas, multiscale pore structure, per-
colation patterns and percolation mathematical model, ana-
lytical methods, and other properties to study shale gas
percolation mainly from two aspects in productivity and res-
ervoir pressure. But few people have interpreted the shale gas
percolation law from the perspective of gas molecules, and
gas viscosity properties from the molecular level to analyze
shale gas percolation were ignored. And most importantly,
under high reservoir pressure, the pressure is the main factor
affecting the viscosity of the gas. Therefore, a mathematical
model of gas percolation, considering the effect of reservoir
pressure on gas viscosity in matrix-fracture system-dual
media after fracturing, was established based on previous
research results. The effect of gas viscosity on shale gas perco-
lation was studied by comparing and analyzing the reservoir
pressure, gas percolation velocity, and bottom hole flowing
pressure in the near well section in this work.

2. Modeling

2.1. Establishment of Physical Model. Hydraulic fracturing
technology was adopted in a horizontal well of a shale gas
reservoir. According to its symmetry, the reservoir area
above the horizontal wellbore was selected for research.
Three-stage staged fracturing technology is adopted, and
the single-well simulation domain in the reservoir is 400m
ðLÞ × 240m ðW/2Þ × 38m ðThÞ. The interaction criterion
between artificial fracture and natural fracture under high
stress and high approximation angle is that artificial fractures

go directly through natural fractures and keep going in the
same direction [25, 26]. The artificial fracture and natural
fracture are perpendicular to each other in this paper, and a
typical matrix-fracture system is formed in the fracture net-
work region. After hydraulic fracturing, the physical model
is shown in Figure 1.

2.2. Mathematical Model of Percolation

2.2.1. Basic Assumptions. The following assumptions are put
forward based on the double-porosity physical model. Firstly,
gas percolation channels in shale reservoirs are mainly
matrix and fractures, and fractures are discontinuous and
discrete. Secondly, the shale gas reservoir is isotropic, and
its fluid only contains compressible single-phase gas. How-
ever, the reservoir is slightly compressible, and the compress-
ibility does not change with time. Thirdly, it is isothermal
during gas flow. Fourthly, the influence of capillary pressure
and gravity is not considered during gas flow. Fifthly, the gas
flow in the matrix and fracture systems is in accordance with
the Darcy flow. Sixthly, both the free gas and dissolved gas in
the initial shale gas reservoir are ignored, and the free gas in
the matrix and fractures is from the desorption of adsorbed
gas in the matrix system. Seventhly, gas migrated from the
distal end reservoir to the fracture zone and finally flows into
the wellbore through artificial fractures, ignoring the gas
directly flowing into the wellbore from the matrix and natu-
ral fractures. Eighthly, the gas well’s imperfection is ignored.

2.2.2. Percolation Mathematical Model of Matrix System. The
continuity equation of the matrix system considering
adsorbed gas is established as follows:

∂
∂t

ϕmρgm + ρsVE

� �
= − div ρgmνm

� �
− q, ð1Þ

where ϕm is the porosity of the matrix system, ρgm is the gas
density in the matrix system, VE is the adsorption quantity of
shale gas, ρs is the gas density at standard condition, νm is gas
percolation velocity in the matrix system, and q is the flow of
interfacial flow between matrix and fractures.

Substitute the equation of motion vm = −ðKm/μÞ grad Pm
, the equation of state ϕm = ϕmo + CmðPm − PiÞ, the equation
of real gas ρgm = PM/ZRT , the equation of state for desorp-
tion gas VE = VmðP/PL + PÞ, the equation of gas compress-
ibility Cgm = 1/Pm − ð1/ZÞð∂Z/∂PmÞ, and the equation of
interfacial flow q = ðaKm/μÞρoðPm − Pf Þ into Equation (1),
then it can be got as follows:

MPm

ZRT
Cm + Cgmϕmo + CmCgm Pm − Pið Þ + ρsVmPL

PL + Pmð Þ2
" #

∂Pm

∂t

= −
MKm

RT
div Pm

Zμ
∇Pm

� �
−
aKm

μ
ρo Pm − Pf

� �
,

ð2Þ

where M is the molecular weight of shale gas, Z is the com-
pressibility factor, R is the universal gas constant, T is the
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reservoir temperature, Pm is the pressure of the matrix sys-
tem, PL is the Langmuir pressure constant, Vm is the Lang-
muir volume, Cm is the pore compressibility of the matrix
system, Cgm is the gas compressibility of the matrix system,
Km is the permeability of the matrix system, Φmo is the initial
porosity of the matrix system, μ is the gas viscosity in the res-
ervoir, a is the shape factor, and ρo is the density of shale gas
at the pressure of Pi.

Because both Cm and Cgm are of smaller order of magni-
tude, CmCgm can be ignored; Equation (2) can be simplified
as follows:

Pmϕmo
Z

Cgm + Cm

ϕmo
+ ρsVmPL

ρgmϕmo PL + Pmð Þ2
" #

∂Pm

∂t

= −Km div Pm

Zμ
∇Pm

� �
−
RT
M

aKm

μ
ρo Pm − Pf

� �
:

ð3Þ

Let the total compressibility of the matrix system be
Ctm = Cgm + Cm/ϕmo + ρsVmPL/ρgmϕmoðPL + PmÞ2, then
Equation (3) can be simplified as follows:

PmCtmϕmo
Z

∂Pm

∂t
= −Km div Pm

Zμ
∇Pm

� �
−
RT
M

aKm

μ
ρo Pm − Pf

� �
:

ð4Þ

The known condition is ψm = Ð Pm
0 ð2P/μZÞdp; then, sub-

stitute the known condition into Equation (4); then, it can
be got as follows:

∂ψm

∂t
= −

Km

ϕmoμCtm
div ∇ψmð Þ − 2a Km

ϕmoμCtm
ψm − ψf

� �
:

ð5Þ

When the gas viscosity is related to pressure, μCtm cannot
be treated as a constant, and the pseudotime ta =

Ð t
0ð1/μCtm

Þdt is introduced to linearize the equation. So, Equation (5)

can be simplified as follows:

∂ψm

∂ta
= −

Km

ϕmo
div ∇ψmð Þ − 2a Km

ϕmo
ψm − ψf

� �
: ð6Þ

Since the coefficient Km/ϕmo is a constant, 2aðKm/ϕmoÞ is
also a constant. Let the coefficients Km/ϕmo and 2aðKm/ϕmoÞ
be a1 and a2, substitute them into Equation (6), and the per-
colation mathematical model of the matrix system can be got
as follows:

∂ψm

∂ta
= −a1 div ∇ψmð Þ − a2 ψm − ψf

� �
: ð7Þ

2.2.3. Percolation Mathematical Model of Fracture System.
Continuity equation of fracture system:

∂
∂t

ϕf ρgf

� �
= − div ρgfvf

� �
+ q, ð8Þ

where ϕf is the porosity of the fracture system, ρgf is the gas
density of the fracture system, and νf is gas percolation
velocity in the fracture system.

Substitute equation of motion vf = −ðKf /μÞ grad Pf ,
equation of state ϕf = ϕfo + Cf ðPf − PiÞ, compressibility coef-
ficient Cgf = 1/Pf − ð1/ZÞð∂Z/∂Pf Þ of the fracture system,
and the equation of interfacial flow q = ðaKm/μÞρoðPm − Pf Þ
into Equation (8), then it can be simplified as follows:

ϕfoPf

Z

Cf

ϕfo
+ Cgf +

Cf Cgf Pf − Pi

� �
ϕfo

" #
∂Pf

∂t

= −Kf div
Pf

Zμ
grad Pf

� �
+ RT

M
aKm

μ
ρo Pm − Pf

� �
,

ð9Þ

where Pf is the pressure of the fracture system, Cf is the pore
compressibility of the fracture system, Cgf is the gas com-
pressibility of the fracture system, K f is the permeability of
the fracture system, and Φfo is the initial porosity of the frac-
ture system.

Г1

Г2

Г4

Г2

Г3

Reservoir
matrix

Horizontal
well

Figure 1: Double-porosity physical model. Γ1 and Γ2: reservoir boundary; Γ3: artificial fracture; Γ4: natural fracture.
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Because the order of magnitude of Cf and Cgf is small,
Cf Cgf can be ignored, and let equation Ctf = Cgf + Cf /ϕfo be
the total compressibility of the fracture system, then Equa-
tion (9) continues to be simplified as follows:

ϕfoPf Ctf
Z

∂Pf

∂t
= −Kf div

Pf

Zμ
grad Pf

� �
+ RT

M
aKm

μ
ρo Pm − Pf

� �
:

ð10Þ

The known condition is ψf =
Ð Pf

0 ð2P/μZÞdp; then, substi-
tute it into Equation (10); then, the equation can be simpli-
fied as follows:

∂ψf

∂t
= −

Kf

ϕfoμCtf
div ∇ψf

� �
+ 2a

K f

ϕfoμCtf
ψm − ψf

� �
: ð11Þ

When considering that the gas viscosity is related to pres-
sure, μCtf cannot be treated as a constant; the pseudotime
tb =

Ð t
0ð1/μCtf Þdt is introduced to linearize the equation. So,

Equation (11) can be simplified as follows:

∂ψf

∂tb
= −

Kf

ϕfo
div ∇ψf

� �
+ 2a

K f

ϕfo
ψm − ψf

� �
: ð12Þ

Since the coefficient Kf /ϕfo is a constant, 2aðKf /ϕfoÞ is
also a constant. Let the coefficients Kf /ϕfo and 2aðKf /ϕfoÞ
be b1 and b2, substitute them into Equation (12), and the per-
colation mathematical model of the fracture system can be
got as follows:

∂ψf

∂tb
= −b1 div ∇ψf

� �
+ b2 ψm − ψf

� �
: ð13Þ

2.2.4. Boundary and Original Conditions. Both the boundary
conditions and the initial conditions were constructed to sat-
isfy the discrete fractured reservoir according to the actual
production of the gas field and physical model.

(1) Outer Boundary Condition: Constant Pressure.

ψm x, y, tð ÞjΓ1 = ψo x, y, tð Þ, x, yð Þ ∈ Γ1: ð14Þ

(2) Inner Boundary Condition: Constant Production.

ψm x, y, tð ÞjΓ1 = ψo x, y, tð Þ, x, yð Þ ∈ Γ1,
∂ψ x, y, tð Þ

∂n

����Γ3 =
2QP
KAZ

, x, yð Þ ∈ Γ3:
ð15Þ

(3) Initial Condition. When the shale gas reservoir is not
opened, reservoir pressure is the original reservoir pressure
as follows:

ψm x, y, t = 0ð Þ = ψf x, y, t = 0ð Þ = ψo x, y, t = 0ð Þ: ð16Þ

(4) Inner Boundary Conditions at the Fracture.

ψm x, y, tð Þ = ψf x, y, tð Þ
���Γ4, x, yð Þ ∈ Γ4,

Km
∂ψm

∂n

����Γ4 = K f

∂ψf

∂l

����Γ4, x, yð Þ ∈ Γ4:

ð17Þ

3. Model Solution

3.1. Basic Parameters

3.1.1. Shale Gas Reservoir and Gas Basic Parameters. The well
depth is 2000m, and the borehole radius is 0.1m. There are 3
artificial fractures and 9 natural fractures. The reservoir and
gas parameters involved in the solution process of the model
are partly from the experimental and production data of the
shale gas reservoir of the Longmaxi formation in southern
Sichuan as shown in Table 1.

3.1.2. Viscosity Parameter Processing

(1)When Viscosity Is Not a Constant. The main component of
shale gas is methane [29–31]. Therefore, the viscosity of
methane can be used to replace the shale gas viscosity. The
known condition is that the methane viscosity is
0.0135mPa·s under 0.1MPa and 333.15K. And the critical
pressure and critical temperature of methane are 4.59MPa
and 190.55K, respectively [32]:

Tpr =
T
Tpc

= 333:15
190:55 ≈ 1:75, ð18Þ

Ppr =
P
Ppc

= P
4:59 4:59MPa ≤ P ≤ 30MPað Þ, ð19Þ

where T is the absolute temperature of gas, Tpc is critical tem-
perature of gas, Tpr is corresponding temperature, P is gas
pressure, Ppc is critical pressure of gas, and Ppr is the corre-
sponding pressure, Ppr ∈ ½1, 6:5�.

Refer to the dimensionless viscosity, corresponding pres-
sure, and temperature chart published by Herning and L.
Zipperer [33], then the dimensionless viscosity μg/μg1 was
obtained according to the corresponding temperature Tprð
1:75Þ and corresponding pressure Ppr calculated by Equation
(18). Meanwhile, μg1 is the viscosity of methane, and its vis-
cosity is known to be 0.0135mPa·s under 0.1MPa and
333.15K. So, a large number of viscosity points and reservoir
pressure points were obtained; then, the viscosity points and
reservoir pressure points were fitted under the condition of
greater than critical pressure of methane and 333.15K; the
relationship between viscosity and reservoir pressure can be
got as Figure 2.

According to the fitting curve shown in Figure 2, viscosity
and pressure of methane satisfy the linear relationship as fol-
lows:

μ = 0:0004P + 0:0119, ð20Þ
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Table 1: Basic parameters of shale reservoir and shale gas [27, 28].

Symbol Value Unit Description

T 333.15 K Reservoir temperature

L 400 m Length of reservoir

W 480 m Width of reservoir

Th 38 m Thickness of reservoir

WNF 0.002 m Natural fracture width

WAF 0.005 m Artificial fracture width

Km 5:622 × 10−6 μm2 Matrix permeability

Knf 1:5 × 10−5 μm2 Natural fracture permeability

Kaf 2:5 × 10−2 μm2 Artificial fracture permeability

Cm 3 × 10−4 MPa-1 Matrix compressibility

Cnf 2:5 × 10−4 MPa-1 Natural fracture compressibility

Caf 4 × 10−4 MPa-1 Artificial fracture compressibility

Φmo 2 % Matrix porosity

Φnfo 0.4 % Natural fracture porosity

Φafo 0.4 % Artificial fracture porosity

Po 30 MPa Initial reservoir pressure

AS 3 — Artificial fracture number

LAF 200 m Half length of artificial fracture

Q 3000 m3/d Half gas flow rate

ρGD 0.717 kg/m3 Gas density at standard conditions

ρUD 176.794 kg/m3 Gas density at reservoir conditions

Vm 2 m3/t Langmuir volume

PL 10 MPa Langmuir pressure

R 8.34 J/(K·mol) Universal gas constant

M 16 g/mol Molecular weight of methane

a 0.76 m-2 Shape factor

Reservoir pressure (MPa)

M
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𝜇 = 0.0004P+0.0119
R2 = 0.99
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Figure 2: Viscosity of methane changes over pressure.
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where P is reservoir pressure and μ is the viscosity of
methane.

(2) When Viscosity Is a Constant. Substitute reservoir tem-
perature 333.15K and pressure 30MPa into the fitting equa-
tion and the approximate value of methane viscosity is got as
follows:

μ = 0:0239mPa · s: ð21Þ

3.2. Model Solution. Based on the mathematical model of
shale gas percolation in dual media and combining with basic
reservoir and gas parameters, the reservoir pressure, percola-
tion velocity, and bottom hole flowing pressure under differ-
ent shale gas viscosities were, respectively, solved by the
finite element method. Free triangular mesh (as shown in
Figure 3) is used as the computing grid to solve the solution
region. The distribution nephograms of reservoir pressure,
velocity field, and the curve of bottom hole flowing pressure
changing with time from 0d to 1000d were drawn and com-
pared separately.

3.2.1. Distribution Nephograms of Reservoir Pressure and
Velocity Field. For shale gas with low viscosity, the velocity
of gas percolation and reservoir pressure are greatly affected
by viscosity under high reservoir pressure. As shown in
Figures 4 and 5, the reservoir pressure and the shale gas
velocity change over time under the effect of gas viscosity.
By comparing Figures 4(a), 4(b), 5(a), and 5(b), it shows that
firstly, the pressure drops more rapidly and obviously in the
fracture system, while the pressure in the matrix system
hardly changes, and there is no big difference in pressure
change under different gas viscosities, so the gas viscosity
change has little effect on reservoir pressure distribution. Sec-
ondly, shale gas velocity in the fracture system is obviously
faster than that in the matrix system, and gas percolation
velocity is much faster in fracture systems when pressure
has an effect on gas viscosity than that when pressure has
no effect on gas viscosity. Thirdly, the minimum isobaric
value is 1.6MPa when pressure affects shale gas viscosity.

However, the minimum isobaric value is 1.4MPa when pres-
sure does not affect shale gas viscosity. The phenomena above
can be explained as follows: due to the high conductivity of the
fracture system and extremely low permeability of the matrix
system, a large number of free shale gas migrated from frac-
ture system to horizontal wellbore rapidly at first and pressure
drops more rapidly and obviously in the fracture system than
that in the matrix system when shale gas is extracted at a fixed
production capacity. Meantime, when pressure has an effect
on gas viscosity, the gas viscosity decreases with reservoir pres-
sure decreasing; gas percolation velocity is much faster than
that when pressure has no effect on gas viscosity that remains
a high constant as the reservoir opens [34].

By comparing Figures 4(c) and 4(d) and Figures 5(c) and
5(d), it shows that the isobaric lines were gradually densified
and much denser, the pressure spreads to a wider area, and
pressure drop is much noticeable in the matrix system than
those when pressure has no effect on gas viscosity at the mid-
dle stage. These phenomena can be explained as follows: due
to the production of free shale gas in the fracture system, the
desorption of adsorbed shale gas in the matrix system
occurred at the far end of the well and begins to supplement
the fracture system. When pressure has an effect on gas vis-
cosity, the gas migration velocity is increased rapidly so that
the pressure drop rate, pressure wave propagation velocity,
and range are increased, which is more conducive to the
desorption of adsorbed shale gas in the matrix system, and
the desorption amount is larger than those when pressure
has no effect on gas viscosity [35].

By comparing Figures 4(e) and 4(f)and Figures 5(e) and
5(f), it shows that the pressure and velocity distributions in
the fracture and matrix systems almost remain a stable state
at the late stage. These phenomena can be explained as fol-
lows: gas viscosity keeps constant due to the reservoir pres-
sure so that gas migration velocity remains unchanged, so
the amount of shale gas adsorption and desorption reached
a balance in the matrix system basically.

3.2.2. Reservoir Pressure Near Wellbore. Each curve in
Figure 6 represents the bottom hole flowing pressure with
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Figure 3: Free triangular mesh result.
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different gas viscosities under different exploitation stages. It
shows that gas viscosity change hardly has an effect on bot-
tom hole flowing pressure in the early stage (Stage 1) of pro-
duction. When the reservoir opens, a large amount of free
shale gas was mainly produced from the fracture system,
the desorption amount of the adsorbed gas in the matrix sys-
tem is relatively less, and its contribution to bottom hole
flowing pressure is much smaller, so the bottom hole flowing
pressure decreases quickly and there was no significant dif-
ference in pressure between different gas viscosities.

As the production enters the middle stage (Stage 2), the
free shale gas in the fracture system gradually decreases,
which makes the adsorbed shale gas in the matrix system
desorb to supplement the formation pressure gradually and
slow down the bottom hole flowing pressure drop rate, but

the viscosity differences of shale gas make a significant differ-
ence in bottom hole flowing pressure. When pressure affects
shale gas viscosity, gas viscosity decreases with reservoir pres-
sure reducing; both the desorption amount of shale gas in the
matrix system and the gas percolation velocity are increased
to supplement the bottom hole flowing pressure quickly,
which slows down the bottom hole flowing pressure drop
rate gradually and shortens the gas migration time to the hor-
izontal wellbore. However, when pressure has no effect on
shale gas viscosity, gas viscosity remains unchanged with res-
ervoir pressure decreasing; shale gas still flows at a high vis-
cosity, which causes that percolation velocity is relatively
slow. But most importantly, it not only is conducive to the
desorption of adsorbed gas in the matrix system but also pro-
longs the gas migration time to the horizontal wellbore.
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Figure 4: Distribution nephograms of reservoir pressure and velocity field over time under nonconstant gas viscosity.
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Therefore, the bottom hole flowing pressure is much higher,
and the pressure drop range is much larger than that when
reservoir pressure has no effect on gas viscosity.

As the production enters the late stage (Stage 3), the
adsorption and desorption capacity of shale gas in the matrix
system reach a balance. So, when shale gas is extracted at a
fixed production capacity, the reservoir pressure remains
unchanged, the gas viscosity basically does not change, and
the percolation velocity remains unchanged, which makes
the bottom hole flowing pressure under different shale gas
viscosities tend to be stable.

4. Conclusions

In conclusion, a double-porosity mathematical model, which
is based on unsteady percolation theory of single-phase

slightly compressible fluid, was established considering the
gas occurrence state and the effect of pressure on gas viscos-
ity, and the role of gas viscosity for shale gas percolation was
studied by comparing reservoir pressure, percolation veloc-
ity, and bottom hole flowing pressure. The result shows that
gas viscosity has significant effect on gas percolation and gas
desorption. The following details were drawn:

(1) When pressure affects the viscosity of shale gas, the
viscosity of shale gas decreased with reservoir pres-
sure decreasing, and it was much smaller than that
when pressure did not affect the gas viscosity. Both
percolation velocity of free shale gas and the reservoir
velocity of pressure drop in the matrix and fracture
systems are increased, and the two are the fastest in
the fracture system. Meanwhile, the increasing of
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Figure 5: Distribution nephograms of reservoir pressure and velocity field over time under constant gas viscosity.
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pressure wave propagation speed and range is condu-
cive to the desorption of adsorbed shale gas at the far
end of the horizontal well, and the desorption
amount is relatively large

(2) When pressure affects the viscosity of shale gas, the
viscosity of shale gas decreased, which increased the
percolation velocity of shale gas, so that the matrix
system pressure decreased relatively fast. This
shortens the time for gas migration to the horizontal
wellbore and for wellbore pressure to reach stability.
With free shale gas in the fracture system being
extracted, the free shale gas in the fracture decreased,
shale gas in the matrix system comes into play, and
the desorption of adsorbed shale gas in the matrix
system replenishes formation pressure with the
exploitation of free shale gas in the fracture system.
And also, the desorption amount of shale gas
increased with the increase of pressure difference,
which makes the bottom hole flowing pressure
decrease slowly, and higher than that pressure has
no effect on gas viscosity

This work helps in understanding the mechanism of
shale gas percolation with viscosity changing, which will ben-
efit the production of shale gas in unconventional tight shale
reservoirs.
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