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Abstract—A new composite reservoir simulation model was
developed to optimize the hydraulic fracture length and
conductivity for guiding fracturing designs. The model is made
of inner part and outer part. The inner part is dual-porosity
and dual-permeability system, and the other is single porosity
system. Based on the model, the effect of reservoir parameters,
hydraulic fractures parameters, and non-Darcy flow effects on
gas production were studied. The research shows that the
natural fracture permeability and density are the most
influential parameters; a relative long fracture with high
hydraulic fracture conductivity is required for a high
production rate due to non-Darcy flow effects. A shorter
primary fracture is better in a gas reservoir of high natural
density. The composite model represents the flow
characteristic more accurately and provides the optimal design
of fracturing treatmentsto obtain an economic gas production.
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I. INTRODUCTION

Hydraulic fracturing is the most effective technology for
unconventional gas reservoirs to obtain a commercial gas
flow rate at present. The hydraulic fracture length and
conductivity are main parameters to optimize in a design of
hydraulic fracturing technology. Numerical simulations
provide a better way to determine hydraulic fracture
parameters over other methods.

There are hydraulic fractures, natural fractures and the
matrix to be considered during numerical simulations. Dual
porosity (DP) models/ dual porosity and dual permeability
(DPDK) models "7, single porosity models ™, and discrete
models ' are the most commonly used methods for
naturally fractured reservoirs. Single porosity models cannot
represent the interaction between the fracture and the matrix,
and discrete models are time-consuming in setting up
hydraulic and natural fractures and of high computational
cost. Also DP/DPDK needs large grid to simulate and long
time to run.

In this paper, a simplified composite model is proposed
to optimize hydraulic fracture parameters. The flowing area
of the gas reservoir is divided into two parts, the inner parts
and outer parts. The inner part of the model is a complex
fracture network, including hydraulic fractures and induced
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natural fractures as in Fig. 1. DP/DPDK is used to describe
the flowing characteristic between the matrix and the fracture.
It treats the porous system as two distinct continua, the
fracture of high flowing capacity but low storage capacity
and the matrix of low flowing capacity but high storage
capacity. Fractures are highly interconnected fed by
numerous matrix blocks. The outer part of simulation model
is a single porosity model where micro-fractures are less
developed than the inner part. A high equivalent
permeability is used to describe natural fractures, and it may
be interpreted as a single porosity medium. The composite
model is used to optimize hydraulic fracture length and
conductivity by considering natural fracture (NF) density,
natural fracture permeability, and non-Darcy effects on gas
productivity.
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7 Matrix
Y
0 X
HE
il
HE
HE
HEEN
Inner parts
N2 7
X 7
2
:
//////
/////
1
) jjjj
Outer parts

Figure 1. Schematic of the composite reservoir model
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II.  NUMERICAL MODEL DESCRIPTION

A. Assumptions

Formulation of the governing equations is based on the
following assumptions:
Darcy’s law describes the multiphase flow in the
matrix, and non-Darcy flow in the fracture,
Considering water phase and gas phase,
The rock is slightly compressible and immobile,
Water is slightly compressible,
And the hydraulic fracture is throughout to penetrate
the whole layer and has a finite conductivity,
fracture failure is considered, and capillary in the
fracture system is neglected.

B. Governing Equations

In the composite model, the grid of the inner parts is
divided into two partitions, one for the fracture and another
for the matrix. The grid in the outer parts is only the matrix
with an equivalent permeability. Equations of the inner parts
can be expressed as
Fracture system:
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The governing equation of outer part is commonly used
in conventional reservoirs as in (5).

a(p\m¢m3m) +p|m KmKIrm diV(grade)“'q\m =0
ot Hy
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where

I = gas phase or water phase
= matrix porosity, f

= fracture porosity, f

Pm = matrix pressure, MPa
P, = fracture pressure, MPa

_ ~ 1 302
K., = matrix permeability, 10~ um

K = fracture porosity, 10 um?
Oy, = production from the matrix, m’/d

o

6 - non-Darcy flow factor, the value of 1 means Darcy
flow, and less than 1 means non-Darcy flow, f

= production from the fracture, m’/d

Lx, Ly, and Lz = length of matrix blocks at the direction of
X,Y,and Z, m

The outer boundary condition is closed; the inner
boundary is specified constant pressure or production rate.
The pressure and flowing production rate is equal not only at
the interface of the inner part and the outer part but also at
the matrix and the fracture. Finite difference method is used
to solve seepage flow equation, and Gauss-Seidel is adopted
to solve the pressure of matrix and fracture at any time.

III. CALCULATION OF MODEL PARAMETERS

A.Hydraulic fracture failure

With the increase of production time after fracturing
treatment, the fracture conductivity gradually reduces due to
the decrease of pore pressure and increase of overburden
pressure. According to analysis of field production effects
and results of long-time conductivity laboratory experiment,
the change of fracture conductivity is related to producing
time as in (6).

_ —bt
ch - choe (6)

where Fod is fracture conductivity after treatment, pm?*-cm;

F . is fracture conductivity at initial time after fracturing,
cdo Y g
um*cm; b is the conductivity attenuation coefficient
obtained from experiment, f; t is the producing time.
B.Non-Darcy Flow Factor

Non-Darcy flow factor describes a quantitative indication
of the deviation of the flow behavior from Darcy’s law.

-1+ 1+4clcz,3p,(ﬁ)“—LP (7)
5 = H, ox
/ 2¢,C, fp (KK y2 9P
H ox

where C, and C, are constants; B is the non-Darcy

coefficient obtained from experiment or empirical formula,
as a function of reservoir permeability, porosity, multiphase,

etc. Then the same method are applied to get 5y and 52 .

C. Productivity calculation

The fluid from the reservoir into the well-bore consists of
three parts: (1) flowing from matrix directly into the well-
bore; (2) flowing from the natural fractures into the well-bore
(3) flowing from the hydraulic fracture into the well-bore.

Q =Qu +Qp+Qy

Qu =[G, j, k0 +0, G, k0]
m=l

El

(®)

)

where Q is total production, 10*'m’; Q. is production
flowing from the hydraulic fracture, 10'm’; Qu i

production flowing from the natural fractures, 10*m’; Q. is

production flowing from the matrix; m is the number of
simulation grid, m=1,2,...,n; n is the simulation grid number

of hydraulic fractures, f; qm(i, j,K) is the production
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flowing from the matrix, 10*'m’; q,(i,K) is the production

flowing from the natural fractures, 10*m’.

Iv.

To evaluate sensitivities of natural fracture density and
permeability, non-Darcy flow effect and optimize the
fracture length and conductivity, a base model was
constructed in a low porosity and fractured gas reservoir.
Grid cells in the outer parts are 50 m in length, S0m in width,
10m in height. The hydraulic fractures are explicitly
represented by a grid with a width of 0.1m in the inner grid
cells as shown in Fig. 2. Other basic reservoir parameters are
listed in Table 1.

SIMULATION CALCULATION AND ANALYSIS

P PR
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Hydraulic Fracture

Figure 2. Grid division of the base model.

TABLE L. RESERVOIR PARAMETERS
Reservoir area,m’ 10001000
layer thickness, m 40
Average matrix porosity, f 0.08
Average fracture porosity, f 0.006
Average NF permeability, 10~ um?’ 1
Average matrix permeability, 10~um’ 0.005
Reservoir pressure, MPa 95
Conductivity attenuation coefficient, 0.0038
Bottom hole pressure, MPa 85
Average NF density,m” 1

A. Reservoir parameters effect

The natural fracture makes great contributions to gas
production before and after hydraulic fracturing. So a
sensitivity study was pi)erformed on natural fracture density
ranging from 0.5-2 m, natural fracture permeability raging
from 0.25-10 X 10°um” , NF porosity raging from 0.4%-
0.8%,the matrix porosity raging from 6%-10% and the
matrix permeability 0.0005-0.05X 10~ um’. Fig. 3 shows the
impact of the reservoir parameters on the gas production
performance.
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Figure 3. Effect of reservoir parameters on cumulative gas production.

Fig. 3 demonstrates that NF density and NF permeability
are the most influential reservoir parameters. It can be
confirmed from oilfield production. The gas production of
field is higher when NF is well developed in reservoir /. In
composite model, natural gas flows into wellbore from
matrix and fracture simultaneously at the inner part.
Therefore the effect of matrix permeability on gas production
is relatively strong than the effect of matrix and fracture

porosity.
B. Hydraulic fracture parameters

In fractured layers, since it is difficult to create a long
primary hydraulic fracture with high fracture conductivity,
fracture half length varies from 50 to 200m, and the
hydraulic fracture conductivity is limited from 5 to
30pum*'cm. The impact of hydraulic fracture parameters on
the cumulative gas production is shown in Fig. 4. The effect
of hydraulic fracture half length on the drainage area can be
seen in Fig. 5. With the increase of fracture half length,
cumulative gas production increases, but the increase tends
to slow down when fracture conductivity is less than 10
um*cm. The longer the hydraulic fracture half length, the
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higher fracture conductivity is needed to deliver more gas
into the well-bore when the primary fracture conductivity is
greater than 10 pm?*cm.The effect of natural fracture density
on the optimization of primary fracture length is shown in
Fig. 6.

3.0

gé N R — — it
2
= = —— 5um?:cm
% B I i ~8— [ Oum?-cm
g 3 ——20um?-cm
5 2 +3OEm -cm

z 00

0 50 100 150 200 250
Hydraulic fracture half length(m)

Figure 4. Effect of hydraulic fracture parameters on cumulative gas
production.
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Figure 5. Effect of hydraulic fracture half length on the drainage area
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Figure 6. Effect of natural fracture desity with different hydraulic
fracture length.

Fig. 6 shows that natural fracture density has great impact
on the optimization of primary hydraulic fracture length. For
a high NF density, the effect of primary fracture length
decreases, so a shorter primary fracture length can satisfy an
economic production. When NF is less developed in a gas
reservoir, the longer the primary hydraulic fracture, the
higher gas production are obtained.

C. Non-Darcy flow effects

Fig. 4 demonstrates that increasing primary fracture
length requires increasing fracture conductivity to achieve
more economical productivity possibly. Non-Darcy flow
effects reduce the effective permeability of the proppant, so
the effective fracture conductivity decreases in gas wells.

The impact of non-Darcy flow on cumulative gas production
is shown in Fig. 7.The impact of non-Darcy flow is less with
a low value of the fracture conductivity than high fracture
conductivity, so a higher permeability of the proppant in the

fracturing treatment design can compensate for the
permeability reduction caused by non-Darcy flow.
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Figure 7. Effect of non-Darcy flow effects on cumulative gas production.

V. SUMMARY

A composite gas reservoir model was developed to
optimize hydraulic length and conductivity considering non-
Darcy flow and hydraulic fracture failure. The gas
production after fracturing can be represented well and
provides a preferable foundation for the design of hydraulic
fracture treatments.

The NF permeability and NF density are the most
influential ones of reservoir parameters. Hydraulic fracture
length and hydraulic fracture conductivity are the important
factors in design of hydraulic fracturing. A higher gas
production can be obtained with the increase of fracture
conductivity when the primary fracture is relative long. If NF
is well developed with strong natural fracture strength, a
shorter primary fracture can yield a high gas production. A
longer hydraulic fracture is required for economic production
rate in a reservoir with less NF density. The optimization of
primary hydraulic fracture length and fracture conductivity
has a closed relationship with NF density.

Non-Darcy flow effects reduce effective fracture
conductivity in gas wells. To obtain a high gas production,
the fracture conductivity should be increased accordingly
considering non-Darcy flow effects at the design of hydraulic
fracture treatments.
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