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Abstract: In the process of water injection in oil field, the fault will affect
the seepage field and stress field of the formation, which leads to the
deformation and destruction of the formation. Therefore, more casing
damage wells are found around the fault. In order to study the influence of
fault on the formation in the process of water injection, a reservoir model
including one closed fault was established based on the fluid-solid coupling
method and the characteristics of seepage field and stress field near the
fault were studied. The results show that the closed fault will obstruct the
flow path of the fluid in the formation, resulting in the independence of the
seepage and stress characteristics on both sides of the fault. The pore
pressure and formation stress of injection side of fault are higher than that
of production side and bigger shear stress is observed at the junction
between the fault and the permeable stratum.

Petroleum University,
Chengdu, China
Email: 1iujj0906@163.com

Numerical Simulation

Introduction

Water injection is a common method to maintain
formation pressure and improve oil recovery. With the time
increase of water injection, serious casing damage occurred
in many oilfields. The casing damage near fault is
particularly serious. Therefore, a series of studies have been
carried out on the casing damage of oil field. A series of
experiments and numerical simulations are carried out to
study the casing damage mechanism of the casing, the creep
of the mud and fault flow by using the multi field coupling
method by researchers (Xiaolan et al., 2009; Ji et al., 2011;
Xianbin et al., 2015; Jianjun ef al., 2013; Xiangfeng, 2009;
Chao, 2009). In addition, the casing damage mechanism of
high pressure water injection is analyzed by Xiuting et al.
(2010) with the example of Daqing oilfield. Combined
with the practical experience in the field, Qingbing et al.
(2011) analyzed the causes of casing damage in oil and
water wells and put forward the corresponding
prevention and control measures. However, most of the
studies are based on the study of the deformation without
considering the influence of fault on casing damage.

The study of fault mainly focuses on the mechanism
of fault activation and propagation. Elli et al. (2015)
carried out a study on the brittle fracture and extension
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of sandstone fault and Sun et al. (2015) studied about the
crack propagation of unsaturated sandstone fracture
during water injection. In addition, the water inrush from
fault with THM coupling theory was studied by
Liping et al. (2011). The activation and expansion of
fault is the main cause of fault slip and casing failure.
The stress field and seepage field around the fault are the
basic conditions of fault activation. Therefore, in order to
study the influence of fault on casing damage, the
seepage and stress distribution near the fault should be
determined. Zanjani et al. (2016) carried out a research
to simulate the seepage stress field around the fault in the
dam using Abaqus software. Besides, the characteristics
of the seepage field around the fault of the offshore oil
field are studied by Hongjie et al. (2015). The
geomechanic problem for reservoir is a hot issue and an
urgent problem to be solved for a long time (Guang,
2016; Hua et al., 2016; Jalali et al., 2016; Jianjun et al.,
2014; Rui et al., 2016).

In order to further clarify the influence of fault on oil
seepage water flooding process, understand the seepage
near faults and stress distribution, this paper established
the stratum model containing faults, to study the influence
of fault during water flooding. The distribution of the
pressure field and the stress field around the fault are
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analyzed. The research in this study provide reference
significance for the analysis of casing damage near fault.

Model and Experiment
Mathematical Model

The mathematical model of the stress and strain field
of fluid-solid coupling theory of the continuous medium
under the condition of wvertical compression and
permeability change is as follows:

3KV(ae)+G(a@)%_szui+al_E:O 0
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Where:
Ky = The volume elastic modulus (KPa)
G = The shear modulus (KPa)
o, = The effective stress (KPa)
&, = The volume strain (1)
p = The pore pressure (KPa)
F; = The stress of body (KPa)
E = The elastic modulus (KPa)
v = The passion’s ratio (1)

Due to E = E(o,) is a function of effective stress, so
Ki(c,) and G(o,) are the function of effective stress. The
mathematical model of seepage field is as follows:

k(o,) op Os,
v { P V(p+pg2)}—n(oe)ﬁp % a ()
Where:
k = The permeability (mD)
& = The dynamic viscosity coefficient (cp)
p = The density of fluid (kg/m"®)
g = The gravitational acceleration, 9.8c 10 kg/(m*'s)
z = The potential head (m)
n = The porosity (1)
£ = The correction factor (1)

And k = k(c,), n = n(c,). Both of them are function of

effective stress. Equation 3 and 4 describe the
relationship of stress and seepage:

k(o,) = kyexp(-a,0,) 3)
n(o,) = n,exp(-a,0,) “4)

Where:
ko = The initial permeability (mD)
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ny = The initial porosity (1)
o. = Anundetermined coefficient (1)

According to effective stress theory, the effective
stress is related to total stress and pore pressure of
reservoir, which is described by Equation 5:

o.=c-ap (5)
where, o is the total stress (KPa)

According to Hooke’s elastic law:
0, = E(O-e)gv (6)

Combined Equation 1~6 with the boundary condition
and initial condition, the mathematical model is
described based on fluid-solid coupling theory.

Numerical Model

In order to study the influence of fault on the seepage
flow, a model concluding a producing well and a water
injection well is shown in Fig. 1. A closed fault (B, G) is
set up between the wells and the porosity and
permeability of the fault are set to 0. A water injection
well is arranged at the lower left corner of the model. A
producing well is set up in the upper right corner.
Similarly, in order to study the influence of fault on the
seepage field, a contrast model without fault is
established. The other settings of model without fault are
the same as those of fault model. As the water injection
will destroy the original distribution of the pressure field
and cannot maintain the stability of the initial injection,
this paper simulated the results of 5 years after the
formation of water injection when the reservoir achieves
at a relatively stable state.

Production Well:
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Fig. 1. Numerical model
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Results and Analyses

Analysis of the Influence of Fault on Seepage Field
and Stress Field

Effect of Fault on Fluid Seepage Path

Closed fault will cut off the flow path of the fluid
and influence the seepage field of the fluid. Figure 2a is
the migration path of the fluid in a formation without
fault. It can be seen that a symmetrical fluid pathway
forms between the injection well and the oil well.
Figure 2b is the seepage path in the formation with a
closed fault. The fault blocks the normal flow path of
the fluid in the formation. So the fault blocks the
normal flow path of the fluid in the formation and a
new migration path from the injection well to the
production well forms. Thus, the fault blocks the flow
path of the fluid and increases the length of the flow
path between the oil and water wells. The heterogeneity
of formation seepage increases the complexity of the
seepage field, which is not conducive to the formation
pressure control.

Effect of Fault on Pore Pressure

The uneven distribution of seepage field caused by
the change of flow path in the flow field will cause the
imbalance of pore pressure distribution. Figure 3 shows
the distribution of pore pressure. It can be seen from (a)
that the pore pressure of the formation around the
injection well is the largest and the pore pressure around
the production well is the smallest. Because of the
existence of faults, the formation pressure is
discontinuous on both sides of the fault. The pore
pressure of injection well is higher than that of oil well.
However, the pore pressure on the side of the production
well is basically balanced and there is a great change in
the injection side. It can be seen from the figure (b) that

Production Well

Injection Well

a large pressure gradient occurs around the sides of the
fault, water injection wells and oil wells. When the
pressure difference near the two sides of the fault
reaches the critical value, the fault will be activated and
slide, leading to a large area of casing damage around
the fault (Qingbing et al., 2011). The pressure
difference near the water injection wells and producing
wells is mainly caused by liquid injection and recovery
in the wellbore. The pressure difference on both sides
of the fault is caused by the permeability of the fault,
which makes the seepage characteristics on both sides
of the fault independent of each other.

Effect of Fault on Stress Field

Fault is the main cause of the heterogeneity of
seepage field and pressure distribution. Coupling with
the influence of injection and production, the stress in
the formation also shows a strong imbalance.
According to Fig. 4a, the distribution of ground stress
is also related to fault. The stress of the injection side is
greater than that of the production side. The value of
ground stress around the injection well is the largest,
while the minimum value of the ground stress is near
the fault in the oil wells and oil wells. The pore
pressure due to high injection pressure increases
gradually, which results in the increase of total geo-
stress. However, the side of the fault (one side of the
producing well) is not affected, so the value of ground
stress is low and it is relatively balanced. The Fig. 4b
illustrates that the gradient is large near the injection
well and faults. The dependent field of seepage and
stress induced by sealing of fault gives the reason for
the big stress difference on the two sides of fault.
Deformation or destruction may would occur when
stress reach the critical value, which may result in
seriously casing damage.

Production Well

Closed Fault

Injection Well

(b)

Fig. 2. The seepage pathway affected by faults
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Fig. 3. Pore pressure affected by fault
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Fig. 5. Shear stress affected by fault
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Effect of Fault on Shear Stress

Figure 5 shows the distribution of shear stress in the
formation. It can be seen from the figure that a larger
shear stress is formed near the fault and the maximum
value appears at the end of the fault (G). Therefore, shear
deformation is more likely to occur in the vicinity of the
fault, resulting in the formation of shear slip. If there is a
weak structural plane in the formation, it is easier for the
formation to slip between layers.

The Seepage and Stress Field near the Fault

The influence of fault on reservoir is mainly
manifested in the independence of stress field and
seepage field. This is the main cause of the seepage
field and stress field imbalance on both sides of the
fault. The distribution of seepage field and stress field
in the vicinity of the fault has its own independence.
In order to analyze the characteristics of near fault,
the attributes of three parts of the fault, the front
(point A to point D in Fig. 1, the posterior (point C to
F in Fig. 1) and internal (point B to point E in Fig. 1)
were analyzed.

The Distribution of Pore Pressure near Fault

Figure 6 shows the distribution of pore pressure
around the fault. From the figure, the pressure of the
front fault is greater than that of the rear side. The
difference in pressure between point E and F is the
largest and then gradually reduced. Compared with no-
fault model, the biggest pressure difference is 2.95 MPa
higher at front fault at D and 1.03 MPa lower at rear
fault at F and the biggest pressure difference of two
sides of fault model is 3.98 MPa. The pore pressure
decreases gradually from D to A in front of the fault.
On the contrary, the pore pressure increases gradually
from point F to C at the rear fault. After the fault end
(point G, as shown in the dashed line), the values of
both tend to be consistent. In order to determine the
influence of the fault, the model without fault is
simulated under the same condition and the pressure of
equivalents is obtained. The results show that the pore
pressure without fault is larger than that of rear fault
and smaller than that of the front fault of reservoir
model. At the same time, due to the existence of the
fault, the pore pressure after point G increase compared
with model without fault.

The Distribution of Stress Field near Fault

The dependence of stress field caused by fault
provides a big stress difference on two sides of fault.
Figure 7 illustrates that the geo-stress of front fault is
bigger than that of rear fault before fault end and
tends to be consistent finally after fault end. As is

shown in the figure, the biggest stress difference has
increased to 1.633 MPa. An equivalent model without
fault is carried out. The results show that the stress of
front fault becomes 1.5MPa bigger due to fault.
However, there is no significance influence on the
stress of rear fault by fault. Besides, the stress after
fault end (G) of fault model are bigger than that of no-
fault model. Besides, the stress of fault model
increases by 0.365 MPa compared with no-fault model
at the region after fault end.
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Fig. 6. Chart for pore pressure
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Fig. 9. Shear stress around fault

The Distribution of Displacement near Fault

The formations move from high stress region to
low stress region under the condition that the pore
pressure and stress are different on two sides of fault.
Figure 8 illustrates the displacements between point B
and E of fault model and no-fault model. The figures
shows that the displacement of fault model becomes
larger than that of no-fault model and, in this study,
the displacement of fault model is 4 times of no-fault
model at point B. Besides, for both two models, the
biggest displacement is at point B, while the smallest
at point E. Therefore, the fault increases the
displacement of formation.

The Distribution of Shear Stress near Fault

As is shown at Fig. 5, the high shear stress region
is near the fault. Figure 9 is the distribution of shear
stress from B and E. it can be seen that the shear
stress increases from B to point G and decreases from
G to E. So, the biggest shear stress is at the fault end
(G). To sum up, the high shear stress region near the
fault is at the fault end, where is the transition of the
impermeable formation and permeable formation.
Therefore, shear damages of casing always were
found around faults.

Conclusion

Based on fluid solid coupling theory, a numerical
reservoir model of fault containing an injection well
and a producing well was established. Then, the
influence of fault on seepage pathway, pore pressure
and stress of formation was analyzed and, the
distribution of seepage field and stress field near the
fault were discussed in this study. The main
conclusions are as follows.

The seepage pathways are blocked by closed fault
and the fluid migration through the new seepage
pathways. The pathways become longer and complexity
because of closed fault.
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The stress field and pressure field are independent
on two sides of fault. The pore pressure of front fault
is higher than that of rear fault. The pressure shows
big difference at front fault while stable at rear fault.
Compared pressure of fault model with no-fault
model, the biggest pressure difference is 2.95 MPa
higher at front fault and 1.03 MPa lower at rear fault
and the biggest pressure difference on two sides of
fault model is 3.98 MPa. Big gradient of geo-stress is
found around the injection well and fault. Therefore,
the big stress difference on two sides of fault results
in deformation and displacement of formation near the
fault and the biggest stress difference has increased to
1.633 MPa. The high shear stress region near the fault
is at the fault end, where is the transition of the
impermeable formation and permeable formation.

At front sides of fault, the pore pressure and geo-
stress diminishes when it closes to the fault end. While,
at the rear side of fault, the pore pressure and geo-stress
increases when it closes to the fault end. Besides, the
value of them are tend to be consistent after fault end.
Because of the fault, the stress of fault model increases
by 0.365 MPa compared with no-fault model at the
region after fault end.

The fault increases the displacement of formation. In
this study, the biggest displacement of fault model is 4
times of no-fault model. Therefore, the displacement
near faults should be pay more attention to prevent the
casing damage.
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