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1. Gas Channeling

2. Gas Overriding

3. Gas Conning

4. Gas Cusping

5. Gas Oil Ratio (GOR)

6. Surfactant

7. Mobility Reduction Factor
8. Surfactant Alternating Gas
9. Disperse Foam
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1. Water Alternating Gas

2. Dykstra-Parsons

3. Schlumberger Company

4. Electric Submersible Pump
5. Perforations

6. Sector
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Introduction

Gas injection is one of the common methods of
increasing oil recovery. Due to differences in mobility
and density of oil and gas and also due to the reservoir
heterogeneity, several problems may occur, e.g. gas
channeling and gas overriding which lead to poor areal
sweep efficiency, unfavorable mobility ratios and large
amounts of produced gas. To find a solution for the
excessive GOR problem, several treatment methods
such as gel polymer and foam have been reported [ 1].
Foam as a treatment agent for mobility control can
increase oil recovery by trapping gas and causes
larger amounts of oil to be pushed from the injection
well toward the production well. It can also be used
in a production well with high GOR in order to block
gas channels (gas shut off) and let much more oil
be produced [2]. Thus, depending on the type of the
problem, foam can be injected in either an injection
well or a production well [3].

An innovative technical method was implemented
in north Kuwait by Schlumberger company. In this
method, oil production and water injection were
done simultaneously by ESP technology with dual
concentric tubing completion. Since there is no need
to drill a separate well for water injection, it is a cost-
efficient approach, as demonstrated in Figure 1 [4].
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Materials and Methods

To investigate the effect of foam, as a treatment agent,
on reducing GOR in production wells and present a
treatment protocol, three synthetic base case models,
containing a gas injection well and a production well
are simulated. All three models are as follows:

In the first model, the horizontal permeability
anisotropy is distributed such that large amounts of
injected gas are produced from the upper part (upper
perforations) of the production well, while in other
parts of the model, the horizontal permeability is
considered constant and equal (gas overriding).

In the second model, the horizontal permeability
anisotropy is distributed such that large amounts
of injected gas are produced from the middle part
(middle perforations) of the production well, while in
other parts of the model, the horizontal permeability
is considered constant and equal (gas channeling-
midriding).

In the third model, the horizontal permeability
anisotropy is distributed such that large amounts
of injected gas are produced from the lower part
(lower perforations) of the production well, while in
other parts of the model, the horizontal permeability
is considered constant and equal (gas channeling-
underriding).

Due to the accurate study of sector heterogeneity, the
grid dimensions in z direction are considered fine.

In the first step, the rate of foam injection is optimized.
Then, the GOR of four scenarios have been sensitivity
analyzed. These four scenarios are as follows:

* In the first scenario, foam is injected through the
perforations ofthe production well, which produce large
amounts of gas, while oil is produced from the other
perforations of the production well simultaneously
(simultaneous foam injection/oil production) via the
method proposed by Schlumberger.

* In the second scenario, at the time of foam injection
through the high GOR perforations of the production
well, oil production is shut. After a while, foam
injection is terminated and oil production starts from
the full length of the production well (cyclic foam
injection/oil production).

* The third scenario is plugging the perforations of the
production well that produce a high amount of gas.

¢ In the fourth scenario, no treatment was performed
on the production well.

In the following, if the first and second scenarios are
selected as a treatment method, other parameters of
foam injection, e.g. foam injection sequence and depth
of packer set are sensitivity analyzed.

Results and Discussion
Gas Overriding

Treatment Modes

In the first base case model large volume of injected

gas is produced through the upper perforations of
the production well. Four treatment scenarios are
performed with the optimized foam injection rate.
Figure 2 demonstrates the effect of each scenario on
reducing GOR.
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Fig. 2 Comparison of the effect of treatment modes on GOR
reduction in the case of gas overriding.

As illustrated in Figure 2, simultaneous foam injec-
tion/oil production by inner/outer tubing (Figure 1-b)
is the best treatment scenario in reducing GOR level
by up to 62%, while the other scenarios are not as ef-
ficient as this scenario.

Gas Channeling-Midriding
Treatment Modes

Due to the presence of high permeability layers in the
middle of the reservoir, the large volume of injected
gas is produced through the middle perforations. It
should be noted that in this case, a simultaneous foam
injection/oil production scenario should be disregarded
because half of the production well length should be
shut due to the completion proposed by Schlumberger,
which is not reasonable. Therefore, three scenarios
are compared to find an efficient scenario for GOR
reduction with an optimized foam injection. The GOR
sensitivity analyses are shown in Figure 3.
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Due to low density of gas, it ascends to the upper parts
of the reservoir. As shown in Figure 3, the scenario
of plugging the middle perforations of the well that
produce large amounts of gas reduces GOR by 5%,
and the scenario of cyclic foam injection/oil produc-
tion reduces the GOR in the production well by 12.5%.
Now, if we consider the condition for the optimality of
a method to be a 20% reduction in GOR, neither cyclic
foam injection/oil production scenario nor plugging of
the middle perforations causes any GOR reduction.

Gas Channeling-Underriding
Treatment Modes

In this section, according to the gas entry to the lower
perforations of production wells, four scenarios with
an optimized foam injection rate are performed. Fig-
ure 4 shows the GOR sensitivity analysis for different
scenarios.
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Fig. 4 Comparison of the effect of treatment modes on GOR
reduction in the case of gas channeling-underriding.

A part of the injected gas is first moving through the
lower perforations of the simulated model, which have
a high permeability, and is produced. The other part
of the injected gas ascends to the upper layers of the
model due to its low density. As illustrated in Figure 4,
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there is no significant difference between GOR and R...
Therefore, simultaneous and cyclic scenarios of foam
injection/oil production as well as plugging of the
lower perforations of the production well have little
effect on reducing GOR.

Conclusions

In this study, an attempt is made to present a protocol
for treatment of production wells with large amounts
of GOR by foam injection in heterogeneous carbonate
oil reservoirs. For this purpose, three synthetic sectors
are simulated, whereas foam is injected to all of them
through the perforations that produce high amounts of
gas to block the gas path. It thereby reduces GOR and
allows much more oil to be produced from the rest of
the perforations.

It is concluded that the location of gas entry to
the producing well, which depends on reservoir
heterogeneity plays a dominant role in the selection of
the best treatment scenario. Finally, simulation results
of a real specific sector of the reservoir indicated that
gas overriding has occurred. Following the protocol
results in the reduction of GOR by 60%.
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