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Introduction

The output from a reservoir causes its pressure to drop,
which lowers the rate at which oil is produced. The
price of produced oil will keep falling until it falls
below the economic rate. Artificial gas lift techniques
are therefore required to increase output [1]. The gas
supply is restricted, which is the main issue with this
approach. Consequently, this approach has the potential
to recover the most oil out of all the others by fixing
the problem. Optimization is especially crucial in light
of the restricted amount of gas accessible in the field
[2]. One of the factors in the ideal distribution of gas
is the reservoir. Since reservoir pressure can fluctuate
at any time, changing the reservoir's pressure can also
alter the reservoir's properties and the well's properties,
which can significantly affect the next stage's
production rate [3]. Thus, a dynamic model should be
taken into consideration, and the ideal injection rate
relative to time should be ascertained based on the
relationship between the gas injection rate and the
reservoir's characteristics, well, and pressure [4, 5].
Most previous studies have not considered reservoir
pressure, and optimization has only been done once
during a specific time span. Consequently, it can be
concluded that the dynamic model was only applied in
a small number of studies [6]. Using nonlinear MPC,
Pelusenio et al. (2009) achieved the best control over
the gas lift process. They did, of course, employ a
dynamic model, but the simulation took only fifteen
hours in all [7].

The Marquardt optimization approach and genetic
algorithms were employed by Sadeghi and Mahmoudi
(2013) in their research to identify the operating lines

Accepted: October 11, 2023

that maximized an oil field's economic efficiency.
In their work, they took into account the dynamic
model and divided the optimization process over
time. According to their observations, the production
lifespan can be divided into sufficient consecutive
operation intervals with different optimal values,
pipe sizes, gas injection, and separator pressure for
each interval to reach the maximum net present value
[8]. Mahdiani and Khamechi (2021) optimized gas
allocation using the LQR numerical approach. Their
approach was deemed dynamic and aimed to optimize
the distribution of gas based on pressure drop at all
times. Their findings indicate that the LQR numerical
approaches produce a larger net profit than the heuristic
approach [4].

In this study, fluid characteristics, reservoir behavior,
and surface features in a continuous gas production
system were simulated using the PVTP, mbal, Prosper,
and Gap packages—all from IPM software.

Each of these elements was incorporated into the Gap
software to facilitate communication and integration
between the departments. The Gap program itself was
then utilized for optimization. As a result, the Gap
software simulates every component concurrently and
holistically, optimizing each time step based on the
oil production and pressure from the last run. Stated
differently, it takes the dynamic model into account
when optimizing.

Method

Four wells, a reservoir, and surface facilities from
an Iranian oil field are part of the production system
under study. This production system is simulated using



IPM software. The fluid was simulated using PVTP,
the reservoir was modeled using mbal, and the wells
and surface equipment were modeled using Prosper
and Gap, respectively. Ultimately, an integrated
system was created using Gap software. This system
is supposed to be predicted by the Gap software for six
years, from 2012 to early 2018. Fig. | shows a model
made by Gap software.
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Fig. 1 Show the production network of the model made by
Gap.

Results and Discussion

Following the simulation, a prediction using the
available data and 10 MMscf/day of gas availability
was made without optimization. The Gap software's
prediction component was utilized for this, and by
entering the separation pressure from 2012 to early
2018, a prediction was created without optimization.
Table 1 provides the available data as well as the
forecast outcomes. Table 1 illustrates that throughout
the six-year period without optimization, the total oil
production was roughly 16402 MMSTB.

Table 1 Gas injection rate values and prediction result
obtained without optimization with available gas limit
of 10 MMscf/day

Well A B C D Total
Gas  injection

rate MMscf/day 3 0 i 3 10
Cumulative oil

production 3.363 | 7.429 | 2.477 | 3.133 | 16.402
MMSTB

As it is known, this type of gas injection rate alloca-
tion is not appropriate because optimization has not
been done. In addition, the amount of gas injection
rate for each well during the years 2012 to early 2018
is constant, and time and reservoir pressure changes
are not considered. Therefore, optimization was done
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once by Gap with the available gas limit of 3 MMscf/
day. As mentioned, the Gap software uses a dynamic
model and performs optimization by considering res-
ervoir pressure changes. Based on gas injection and
the reservoir pressure prior to injection, gap software
calculates oil output and reservoir pressure at each
time step. Actually, in this method, the reservoir pres-
sure is a parameter that indicates the reservoir's state
and how the previous production affects the system.
Reservoir pressure is actually a quantity in this method
that shows the condition of the reservoir and the effect
of its previous production on the system. The features
and reaction of each well to gas injection determine
the allotted rate. It might be claimed that the program
attempted to allocate the majority of the gas injection
rate to well B because of its high production potential
and efficiency factor. According to Table 2.

Table 2 Cumulative oil production obtained from the gap
optimizer with an available gas constraint of 3 MMscf/day

Well A B C D Total
Cumulative

oll produc- | ) o0 | 6.803 | 2.574 | 2.695 | 15.030
tion

MMSTB

In the previous method, although the amount of available
gas was higher, due to not optimizing the gas injection
rate, considering it constant over time, and ignoring
the effect of reservoir pressure changes, the amount
of cumulative oil production was lower. While using
the Gap optimization method with less available gas,
cumulative oil production was obtained close to 16.402
MMSTB. The decline in the average reservoir pressure
over time is depicted in Fig. 2. This image illustrates how
fluid production has a significant impact on reservoir
pressure. On the other hand, certain wells receive
less gas than others, which leads to lower production
rates and a lesser decrease in reservoir pressure; yet,
the production and pressure drop of the reservoir are
greater in some wells because of their greater injection
contribution. However, given that this statistic takes the
average pressure of the reservoir into account, it can be
concluded that the allocation has minimal impact on the
average pressure of the reservoir. The gas injection rate
for each well during optimization is displayed over time
in Fig. 3. The chart makes it evident that each well’s
gas production is not consistent and might vary across a
range of time intervals. This is due to the fact that when
a time step passes, the well’s pressure will decrease
from the production that corresponded to it in earlier
time steps. As a result, the well won’t respond to the
next injection as well as it did in the prior time step.
The other wells could respond better to gas lift at a later
time because they received less gas, which led to lower
production and a decrease in pressure. Consequently, in
such time steps, the optimizer allots a higher portion of
the gas to it.
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Fig. 3 The gas injection rate of each well over time.

Overall, it can be concluded that well D responds
poorly to gas injection because it has the lowest share
of gas throughout all time stages, well C has the nearly
highest share of injected gas, and well A lies in the
middle of these two graphs.

Conclusion

One of the most crucial procedures to boost oil
production from oil fields is artificial gas lift.
Optimization is especially crucial because of the
restricted amount of gas that is available in the field.
This implies that in order to extract the most oil possible
from each well, the available gas must be distributed
among them in a certain manner. The optimal injection
rate varies depending on the characteristics of the
reservoir and the well. During production, this optimal
point shifts, resulting in an ideal path.

When the injection is done in the first stage, oil
production is obtained from the desired well according
to the gas injection rate. In the following, the pressure
of the reservoir decreases, and the properties and
characteristics of the reservoir change. As a result,
gas injection is done in the next step according to the
reservoir pressure in the previous time step. Therefore,
the gas injection rate is different from one well to
another according to the characteristics of each well
and from one time to another according to the change
in the characteristics of the heterogeneous reservoir
after the pressure change.

The findings demonstrated that, even though there was
more gas accessible in the first technique, there was

less cumulative oil output because the gas injection
rate was not optimized, the value of optimization
was constant over time, and reservoir pressure
variations were not taken into account. Cumulative
oil output was achieved near MMSTB16.402 when
the gap optimization approach was used with less gas
available. As mentioned before, the gas injection rate
varies at different periods. A well experiences a decline
in pressure and production when its gas injection rate
is low. Therefore, in the next time step, the power of
the well increases to receive more gas, and vice versa.
So, in the graph of the relationship between the gas
injection rate and the time, a waveform profile can be
seen.
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