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Introduction

In multi-layer reservoirs, considerable differences
in petro-physical properties among layers lead to
non-uniform oil production. Layers with higher
productivity index face water breakthrough earlier.
Therefore, a huge amount of oil within other layers
will be deprived of being swept since the water
production rate exceeds oil production according
to the Darcy Law. As a solution, Inflow Control
Valves (ICVs) are being installed downhole within
the completion string to provide selective depletion
from reservoir layers. Improve production is fulfilled
using ICVs provided that their performance, number,
and location within the completion string are selected
appropriately for the target reservoir [1,2]. The type
of ICVs and their aperture size (cross-sectional area)
mainly represent their performance as selecting among
infinite and different kinds of discrete variable ICVs
is of paramount importance in the industry. A variety
of selection approaches for optimizing ICV type [1,2],
and optimization engines for optimizing their aperture
size [3-5], as well as the workflows for making
decision about their number and location within
the completion string [6] were used in the previous
researches. In this research, firstly, the four mentioned
technical parameters are optimized for a simulated
seven-layer oil reservoir restricted by a type selection
among infinite variable ICVs and four-, and eight-
discrete-position ICVs. Then, the utilized optimization
methodology was extended to be proposed as a
workflow to improve production in multi-layer oil
reservoirs.
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Materials and Methods

Simulation

A seven-layer oil reservoir having an aquifer is
simulated using Eclipse reservoir simulator assuming
15 years of production. Two vertical wells are located
in two opposite corners of the reservoir. The first one
is the oil production well equipped with ICVs using
“WSEGVALV” keyword of the simulator, and the
second well is dedicated to water injection. In addition,
the vertical lift performance of the production well is
modeled using PROSPER software. As the first step,
the multi-layer reservoir was simulated in such a
way that the oil production well is equipped with an
ICV across each of the seven layers. This status of
installing ICVs within the completion string is named
as “Location Number 1.

Optimization

For Location Number 1, the aperture size (cross-
sectional area) of ICVs is optimized using Genetic
Algorithm with the aim to maximize field oil efficiency
(FOE). For the four-discrete-position ICV, a table was
obtained which contains the optimum position number
for each of the ICVs placed across the reservoir layers
at each year of production. As fully open ICV aperture
indicates the needlessness of the layer to the presence
of ICV, the ICVs placed across these layers can be
removed. This three-stage ICV removal is done in the
light of a pattern called “ICV removal pattern” which
can be found in the reservoir layers’ dependency on
ICVs according to the aperture size optimization
results of four- and eight-discrete-position ICVs.



Therefore, three other statuses of installing ICVs
within the completion string were obtained and named
as “Location Number 2, 3, and 4”.

Finally, the optimum type, number, and location of
ICVs in the completion string is selected to fulfill
the maximum Net Present Value (NPV) using a
comparative approach among different scenarios
comprise of infinite, four- and eight-discrete-position
ICVs in Location Number 1 to 4.

Results and Discussion
Aperture Size Optimization

Table 1 shows the aperture size (cross-sectional area)
optimization results for four-discrete-position ICVs.
The numbers represent the position number of the ICV
aperture; “1” and “4” mean the fully close, and the
fully open position of this type of ICV, respectively.
Two other tables were obtained in the same way for
infinite variable and -eight-discrete-position ICVs,

respectively.
Table 1 Aperture size optimization results for four-discrete-

position ICV.
Number of the reservoir layer
1 2 3 4 5 6 7
1 4 4 1 4 |4 1 1
2 4 4 |4 |4 |4 |4 |4
3 4 4 1 4 |4 |4 |4
4 1 4 (4 |4 |4 |4 |4
5 4 4 |4 1 4 |4 |4
g |6 4 |4 |1 |4 |1 |4 |4
% 7 4 4 1 1 1 4 14
g |8 4 1 4 1 1 4 |4
s |9 1 4 (1[4 |1 4 [4
§ 10 4 4 |4 1 1 4 14
11 4 4 1 4 1 4 |4
12 4 1 1 4 |4 |4 |4
13 4 4 |4 1 4 |4 |4
14 4 4 1 1 4 |4 |4
15 4 4 |4 |4 |4 |4 |4
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Fig. 1 ICV removal pattern (ICV removal stages).
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ICV Removal Pattern

According to Table 1, since the fully open aperture of
the ICV (position number 4 for four-discrete-position
ICVs) indicates the needlessness of the layer to the
ICV, the number of years in which the ICV aperture
is partially/fully close was counted in order to find a
pattern (order) in the magnitude of reservoir layers’
production dependency on the presence of ICVs.
Comparing Table 1 with the same table for eight-
discrete-position ICVs led to finding reservoir layers
number 1, 6, and 7 as the layers with minimum
dependency on ICVs which was followed by reservoir
layers number 2, and 4, respectively. Therefore, ICVs
placed across the mentioned layers were removed from
the completion string through three stages according
to the discovered pattern, named as “ICV removal
pattern” which can be observed in Fig. 1.

In addition, the petro-physical properties of the
reservoir layers were investigated according to
the order of their dependency on ICVs in the ICV
removal pattern. It was found out that the layers with
a significantly high magnitude of the multiplication
of permeability by thickness among other layers need
ICVs the most.

Type, Number, and Location Optimization
According to the discovered ICV removal pattern,
different scenarios made up of infinite variable ICVs,
four- and eight-discrete-position ICVs were simulated.
Then, a comparative approach was used to select the
optimum scenario so that the maximum Net Present
Value (NPV), as the prominent economic concern, is
achieved. As can be observed in Fig. 2, four-discrete-
position ICV and Location Number 3 were selected as
the optimum type and optimum number and location
of ICVs in this reservoir.

Moreover, as shown in Fig. 2, Net Present Value
does not increase necessarily with a reduction in the
number of ICVs within the completion string due to
the reduction in the capital expenditure, since it is also
affected by the costs associated with the increase in the
water production rate.
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Fig. 2 Net Present Value for different types, numbers, and locations of ICVs in the completion string.

Conclusions

In this article, four technical parameters of Inflow
Control Valves (ICVs) including their aperture size
(cross-sectional area), their type (regarding infinite
variable ICV and four-, and eight-discrete-position
ICVs), their number and location within the completion
string of the production well in a seven-layer oil
reservoir were optimized. This optimization was
proposed as a workflow comprised of following steps
to improve production in multi-layer oil reservoirs:

1) Simulating an ICV across each reservoir layer

2) ICV aperture size optimization using Genetic
Algorithm to maximize field oil efficiency

3) Steps 1 and 2 for infinite variable ICVs and four-
and eight-discrete-position ICVs

4) Counting the number of years in which the ICV
aperture was closed across each layer

5) Sorting reservoir layers according to the counted
numbers belong to them in descending order

6) Steps 4 and 5 for four- and eight-discrete-position
ICVs

7) Finding a pattern (order) in the magnitude of
reservoir layers’ production dependency on ICVs
according to the results of step 6

8) Multi-stage ICV removal within the completion
string according to the discovered pattern

9) Simulating location statuses created in the step 8 for
the three mentioned types of ICVs

10) Selecting the optimum type, number, and location
of ICVs within the production string meeting the
maximum Net Present Value

Additionally, according to the results of this research,
Net Present Value does not increase necessarily with
a reduction in the number of ICVs in multi-layer
reservoirs, since it is affected by the water disposal
costs along with capital expenditure.

Furthermore, reservoir layers with a significantly
high magnitude of the multiplication of permeability
by thickness among other layers need ICVs the
most, which lies in the fact that the unwanted fluid
production from these layers should be restricted to
give the chance of being swept to the other layers.
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