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Abstract—In this paper, a new numerical method is 

introduced in the simulation of fluid transport in fractured 

shale reservoirs. Discrete Fracture Model (DFM) has been 

established and fluid transport behavior is investigated by 

solving the mass conservation equations in the matrix and 

fracture using the Finite Element Analyses (FEA) Method. 

In the DFM, fluid flow into the wellbore which are 

surrounded by impermeable rock matrix is only through 

fractures those connect to it. Flow through fractures, which 

meet the “Cubic law”, in naturally fractured shale gas 

reservoir has been observed to contribute to overall 

production of fluid from the reservoir through the wellbore 

to the surface. The model is validated and then used to 

simulate a random generated fractures network to study the 

characteristics of transport in Fractured Porous Media 

(FPM). It is found that the fractures’ connection and the 

number of fractures which connect to wellbore have a 

significant influence on the fluid migration. 

 

Index Terms—shale gas, fracture connectivity, discrete 

fracture model, fractured porous media, numerical 

simulation 

 

I.  INTRODUCTION 

Transport behaviors in FPM have been thoroughly 

studied, theoretically, experimentally and numerically, 

mostly because the FPM are ubiquitous in 

groundwater-resource management, carbon capture and 

storage, radioactive-waste reposition, geothermal 

engineering and reservoir engineering [1]-[4]. Compared 

to the conventional porous media, FPM exhibits a higher 

degree of heterogeneity and complexity created by 

fractures. Generally, fractures play an important role in 

transport processes through geologic strata in most FPM. 

Because fracture permeability is usually substantially 

greater than rock matrix permeability, fracture networks 

have the potential for being highly effective pathways for 

conducting fluid when the fractures are connected. This 

implies that the fracture connectivity and their 

distribution will determine fluid flow in natural fractured 

reservoirs.  

DFM is a model for simulating fractured system and 

have received considerable attention in the last decade 
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while the research in the area of fluid flow in fracture and 

fractured porous-media has a history that spans over five 

decades. Transport behavior of fluids in different DFM 

has been studied by several researches [5]-[9]. DFM can 

explicitly accounting for the geometry of fractures and 

the contribution of each individual fracture to fluid flow, 

and the exchange between fracture and matrix. In this 

work we focus on the numerical evaluation of flow in a 

man-made FPM. The flow in fracture meet “Cubic law” 

while the “non-Darcy law” is applied to the matrix block. 

A DFM has been established and the governing 

differential equations describing shale gas flow in 

fractured shale reservoirs are solved using the finite 

element analysis method to validate the characteristics of 

transport in FPM. 

II.   MODEL DESCRIPTIONS 

This research presents an investigation of transient 

flow paths in a two-dimensional FPM which is consisting 

of two rectangular plates (Fig. 1), the left gray one stands 

for the reservoir with 35 lines while the right red one is 

seen as the horizontal well. The lines (The endpoint 

coordinates are tabulated in Table I) represent the 

fractures through which the shale gas can flow and the 

fracture which link to both of the wellbore and the 

reservoir is the unique channel the fluid can flow. Each 

fracture has a stochastic orientation and supposing the 

fractures aperture is same of 1×10
-5

m, the wellbore radius 

is about 1.5×10
-2

m. While non-Darcy law governs time 

dependent fluid flow in matrix blocks, cubic law accounts 

for a relatively small resistance to flow in the fracture and 

the fracture aperture which gives dimensional 

consistency between the fracture and matrix. 

This example demonstrates an efficient and accurate 

method to jointly model the fracture and matrix flows in 

a FPM. Fluids in FPM move quickly through the 

fractures but also migrate, albeit relatively slowly, 

through the tiny pores within the surrounding matrix 

blocks. Some fluid transfers between the fractures and the 

matrix blocks, so the fluid pressure is continuous across 

the fracture from block to block. We build it by 

representing the fractures as the boundaries between 

adjacent matrix blocks (Fig. 1). Non-Darcy law governs 

velocities in the matrix blocks, while we set up flow in 
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the fractures on boundaries by accounting for the 

fracture’s aperture. Representing the fracture as an 

interior boundary is especially efficient. A very long and 

narrow fracture domain would require a dense mesh 

consisting of great number of tiny triangular elements 

while the region where the fracture few and scattered 

need not (Fig. 2). 

 

Figure 1. Geometrical representation of a discrete fracture model (I) 

 

Figure 2. Mesh discrete of the geometry model 

TABLE I. FRACTURES PARAMETERS AND PROPERTIES 

Fracture 
No. 

x-left 
(m) 

y-left 
(m) 

x-right 
(m) 

y-right 
(m) 

Aperture 
(m) 

Valid/ 
Dead 

b1 0.00 0.20 0.30 0.45 1×10-5 Valid 

b2 0.30 0.20 0.50 0.70 1×10-5 Valid 

b3 0.20 0.45 0.60 0.10 1×10-5 Valid 

b4 1.00 0.80 1.30 0.20 1×10-5 Valid 

b5 1.20 0.60 1.50 0.80 1×10-5 Valid 

b6 1.20 0.30 0.80 0.50 1×10-5 Valid 

b7 0.65 0.85 0.95 0.50 1×10-5 Valid 

b8 0.45 0.35 1.00 0.90 1×10-5 Valid 

b9 0.35 0.45 0.70 0.40 1×10-5 Valid 

b10 1.10 0.90 1.60 0.60 1×10-5 Valid 

b11 1.30 0.60 1.90 0.80 1×10-5 Valid 

b12 1.30 0.90 0.75 0.40 1×10-5 Valid 

b13 1.00 0.50 1.70 0.20 1×10-5 Valid 

b14 0.70 0.10 1.10 0.50 1×10-5 Valid 

b15 0.50 0.30 0.80 0.10 1×10-5 Valid 

b16 0.30 0.10 0.70 0.30 1×10-5 Valid 

b17 0.00 0.80 0.60 0.60 1×10-5 Valid 
b18 0.10 0.60 0.50 0.90 1×10-5 Valid 

b19 0.20 0.75 1.10 0.85 1×10-5 Valid 

b20 0.80 0.30 1.30 0.05 1×10-5 Valid 

b21 0.90 0.10 1.50 0.40 1×10-5 Valid 

b22 0.10 0.40 0.30 0.60 1×10-5 Valid 

b23 1.10 0.10 1.80 0.40 1×10-5 Valid 

b24 1.70 0.10 1.50 0.90 1×10-5 Valid 

b25 1.40 0.25 1.90 0.70 1×10-5 Valid 

b26 1.70 0.80 2.00 0.30 1×10-5 Valid 

b27 1.55 0.10 1.90 0.60 1×10-5 Valid 

b28 0.10 0.10 0.20 0.30 1×10-5 Dead 

b29 0.30 0.80 0.20 0.90 1×10-5 Dead 

b30 0.50 0.85 0.70 0.95 1×10-5 Dead 

b31 1.60 0.75 1.70 0.95 1×10-5 Dead 

b32 1.30 0.40 1.50 0.60 1×10-5 Dead 

b33 1.80 0.10 1.95 0.30 1×10-5 Dead 

b34 1.80 0.35 1.90 0.10 1×10-5 Dead 

b35 1.55 0.80 1.90 0.90 1×10-5 Dead 

III. MODEL DEFINITION 

The geometry in Fig. 1 is a two dimensions plate of 

fractured porous material that measures 1m×2m and also 

contains 35 fractures which including 27 valid fractures 

and 8 dead fractures (valid fracture: either directly or 

indirectly, a fracture that can connect to the inlet edge or 

the outlet edge. Dead fracture: neither directly nor 

indirectly, a fracture that cannot connect to the inlet edge 

or the outlet edge). The production from reservoir to the 

well is only through the fracture which connects to the 

well hole. The fracture is far more permeable than the 

matrix block and has a same aperture of 1×10
-5

mm, 

which is much smaller than the block dimensions. The 

walls of the block are impermeable except at the fracture 

edges. Fluid moves from left to right through the plate 

entering at the left fracture edge and exiting at the right 

edge. 

IV. FLUID FLOW MODEL IN THE DFM 

Modeling of shale gas flow in FPM requires the 

solution of at least two coupled partial differential 

equations respectively the flow equations in the matrix 

block and in the fracture, depending on the problem 

being solved. In this model, fluid flow in matrix rock 

meet the “non-Darcy law” while the flow in fracture meet 

the fracture flow, which is also called “Cubic Law”. The 

mathematic models in the matrix block and fracture will 

be introduced in the follow section. 

A. Mathematic Model in Matrix Block 

Time-dependent fluid flow in non-FPM is described by 

the Darcy’s equation. The mass continuity equation in 

matrix block can be written as [10], [11]: 

 

The linearized storage model is given by:  

   

In the block, um defined as volume flow rate per unit 

area of porous material is then calculated as [11]: 

   

In which, the dependent variable, p, is the fluid’s 

pressure in the pore space (Pa), Φ is the porosity of the 

matrix blocks (dimensionless), Cm is the compressibility 

of the matrix (1/Pa), Cρ is the compressibility of the fluid, 

ρ is the fluid’s density (kg/m
3
), μg is its dynamic viscosity 

(Pa·s) and kapp is the matrix block apparent permeability 

(mD) which combine the gas diffusion and slippage 

effect in Nano-scale porous media . 

B. Mathematic Model in Fracture 

The velocity equation in the fracture meet Cubic law, 

so we modify the equation coefficients to account for a 

relatively small resistance to flow on the fracture. The 

fracture aperture w is added to ensure dimensional 
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consistency between the fracture and matrix. Therefore 

the governing equation in fracture can be written as: 

  (4) 

where Sf is fracture-storage coefficient (1/Pa), kf is 

fracture permeability (mD), w is fracture aperture (m). 

Because fracture aperture appears in the fracture flow 

equation, the variable uf gives the volume flow rate per 

unit fracture length in the fracture, which is given by: 

  (5) 

where kf is fracture permeability which is the function of 

fracture aperture (w) and is derived from the follow 

section. 

Based on the principle of equivalence seepage 

resistance, the permeability of single fracture can be 

given by 
[11]

: 

  (6) 

V.   BUILDING GEOMETRIC MODEL 

In this part, two ideal single well surrogate models 

(model I and model II) about the natural fractured shale 

gas reservoir, which can be described as DFM, are 

established. The researches will be done based on the two 

surrogate models and then the numerical simulation and 

comparison are going to be introduced in the following 

sections. 

A. Model I 

Firstly, setting up a 1m×2m shale gas reservoir model 

which contains 35 natural fractures (b1-b35, 27 valid 

fractures and 8 dead fractures) and a horizontal well. The 

fractures parameters are listed in Table I (b1-b35): such 

as fracture identification number, x-coordinate and 

y-coordinate of the left endpoint, x-coordinate and 

y-coordinate of the right endpoint, fracture aperture and 

fracture status. The fracture b26 is the only one who 

connects to the wellbore while the fracture b1 and b17 

connect to the inlet boundary. The fracture b1~b27 can 

intersect with each other especial can connect to the inlet 

edge (reservoir outer boundary) and the outlet edge 

(wellbore) while the b28~b35 are invalid fractures. 

According to the fractures parameters and properties as 

shown in Table I, the corresponding discrete fracture 

model geometric model I is established by the COMSOL 

Mulyiphysics4.3 and can be observed in Fig. 1. As shown 

in Fig. 2, we mesh the geometric model use the random 

triangle mesh and use local grid refinement where 

fracture density is high. 

B. Model II 

Secondly, a new model (model II), as shown in the Fig. 

3, is established when another fracture (b36) is added to 

the above model (model I). The fractures parameters 

(b1~b36) are tabulated in Table I and Table II and the 

b36 can intersect the wellbore and the fracture b5, b11, 

b24, b25 and b26. So the model II contains 36 fractures 

(b1~b36, 28 valid fractures and 8 dead fractures), two 

(b26 and b36) of them can connect to the wellbore and 

another two (b1 and b17) can connect to the inlet edge. 

 

Figure 3. Geometrical representation of a discrete fracture model (II) 

TABLE II. A ADDITIONAL FRACTURE PARAMETERS 

Fracture 

No. 

x-left 

(m) 

y-left 

(m) 

x-right 

(m) 

y-right 

(m) 

Aperture 

(m) 

Valid/ 

Dead 

b36 1.35 0.80 2.00 0.60 1×10-5 Valid 

VI. NUMERICAL SIMULATION 

In this work, the mathematic models are solved using 

the software COMSOL Multiphysics 4.3 which is based 

on the Finite Element Analyses and the numerical 

simulation is conducted on the DFM, which have been 

established in the 5th section. The simulation period is 

carried out for 3600s. There is no fluid flow across the 

matrix block walls and the up and down walls is no flow 

boundary, although the flow through the edge of fracture 

is considered. The left matrix edge is the supply 

boundary while the right boundary is the wellbore which 

is a pressure controlled well (the bottom hole pressure 

pOutlet=1×10
5
Pa). The reservoirs provide fluid for the 

wellbore only through the fracture which connects to the 

well while the matrix’s contribution to wellbore is 

neglected. 

A. The Simulation in the Model I 

Firstly, we do the numerical simulation in the model I 

and also study the influence of dead fractures.  

 
a. t=0s pressure(Pa) 

 
b. t=200s pressure(Pa) 
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c. t=400s pressure(Pa) 

 
d. t=600s pressure(Pa) 

 
e. t=3500s pressure(Pa) 

Figure 4. Pressure distributions in the reservoir model at different 
time  

 
a. t=0s velocity(m/s) 

 
b. t=200s velocity(m/s) 

 
c. t=400s velocity(m/s) 

 
d. t=600s velocity(m/s) 

 
e. t=3500s velocity(m/s) 

Figure 5. Velocity distributions in the reservoir model at different 
time  

The pressure and velocity distribution at different 

period in the model I are respectively shown in Fig. 4 and 

Fig. 5. As shown in Fig. 4, the fractures’ connectivity and 

distribution play an important role in the fluid flow in 

FPM. A fracture, which does not connect to the inlet edge 

or outlet edge, namely a dead fracture, has little 

contribution to the production rate. For example, a dead 

fracture whose parameters are tabulated in the Table III is 

added to the model I and then the simulation is conducted 

when the other conditions maintained the same with 

model I. The velocity distributions in the reservoirs seem 

to be no regular to following as shown in the Fig. 5. The 

Fig. 6 shows us the production rate in model I and 

“model I plus 1 dead fracture”, the production rate 

difference between two implies us that the dead fracture’s 

impact to the production rate can be ignore. 

TABLE III. A ADDITIONAL FRACTURE PARAMETERS 

Fracture 
No 

x-left 
(m) 

y-left 
(m) 

x-right 
(m) 

y-right 
(m) 

Aperture 
(m) 

Valid/ 
Dead 

b37 1.65 0.50 1.70 0.60 1×10-5 Dead 

 

 

Figure 6. The impact of a dead fracture to the result 

B. The Transport Characteristics Comparison of the 

Two Models (Model I and Model II). 

Secondly, we do the numerical simulation in the two 

models as shown in the last section (Fig. 1 and Fig. 3) 

and also analysis the number of fractures’ effect on the 
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pressure distributions in FPM shown in the Fig. 7 and the 

well production rate shown in Fig. 8. 

 
a. t=100s pressure(Pa) model I 

 
b. t=100s pressure(Pa) model II 

 
c. t=500s pressure(Pa) model I 

 
d. t=500s pressure(Pa) model II 

 
e. t=1000s pressure(Pa) model I 

 
f. t=1000s pressure(Pa) model II 

 
g. t=3500s pressure(Pa) model I 

 
h. t=3500s pressure(Pa) model II 

Figure 7. Pressure distributions in different FPM (model I vs. model 
II) 

As shown in the Fig. 7, the left column is the pressure 

profiles in the model I while the right column is the 

model II. Contrast the profiles at the time between the 

two models, we can find that a fracture whether it is 

connectivity to the wellbore or not is very important. The 

pressure drops more quickly near the wellbore and the 

drainage area is bigger in the model II than the model I. 

The fractures connectivity in model is one of the main 

factors which can influence the immigration efficiency 

and the transport characteristics and dead fractures’ 

contributions is so little that can be ignore in the FPM. 

 
Figure 8. The Well Production Rate in Different Models (model I 

and model II) 

VII.  CONCLUSION 

The fluid flow in the matrix meet the “non-Darcy law” 

while the “Cubic law” is applied to the fractures where 

represents relatively small resistance to fluid flow. 
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The well production rate in Fig. 8 shows that the 

fracture number’s influence which can connect to the 

well bore is enormous. The sum of two fractures’ (b26 

and b36) contribution to the production in model II is 

higher than one fracture’s (b26 or b36) in model I while 

any one (b26 or b36) of the two fractures’ contribution in 

model II is lower than the corresponding fracture’s 

contribution (b26 or b36) in model I. In other words, the 

phenomenon one plus one greater than two is reflected in 

this simulation.

© 2016 Journal of Industrial and Intelligent Information



The simulation results demonstrate that the fractures 

are the dominate-flow channel and they would intensify 

the heterogeneity and anisotropy while the matrix 

permeability is ultralow in the fractured shale reservoirs. 

According to the different models’ numerical simulation 

results, dead fracture has little effect on the pressure 

distribution and production rate curve. 

Fracture connectivity is the main factor that influences 

the fluid transport characteristics in fractured shale 

reservoirs. The more the number of connecting wellbore 

fractures, the higher well production rate. 

VIII. FUTURE ISSUES TO BE ADDRESSED 

The previous study in this paper shows the effect of 

fracture connectivity and the number which connect to 

wellbore on characteristics of fluid transport. However, 

many issues still need to be addressed in future work, 

such as the influence of fracture aperture, position, dense, 

adsorption-desorption, the diffusion type and other 

special mechanisms. 
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