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Introduction

In the oil production industry, investigating the roles
of each component is essential. The components
are reservoirs, wells, and surface equipment. The
momentary changes in any of the surface equipment,
including surface separators, can cause significant
changes in production. In integrated production
modeling, the reservoir, wells, and surface equipment
interaction can be determined at any time. Using
integrated production modeling, a precise forecast
of the amount of oil production over time can be
obtained. The results obtained from integrated
production modeling, are in exact agreement with
the actual results. Over the years, surface separators,
which play a significant role in production, have been
considered a constant pressure point in integrated
modeling. The input slug flow and the controller of
the separator pressure have a significant effect on the
separator performance and production rate. The effects
of input slug flow and pressure control have been
ignored in the integrated production modeling. In this
research, the related researches done in this field were
investigated, and the defects of each one were stated.
In this research, an effort was made to eliminate the
weaknesses of each of the related researches. In 1992,
Carol and Horn [ 1] optimized the pipe diameter and
separator pressure of a production system with a single
well. They used the Newton and multiplier-based
optimization algorithm. They showed the usefulness
of using multivariate optimization methods. However,
one of the shortcomings of this research was the lack
of consideration of the separator pressure controller
integrated with the entire production system. Also, the
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flash calculation equations were not used to determine
the optimum pressure of the separator. The effects
of flow regimes on the performance of the separator
were ignored. In this research, efficient models such as
Beggs-Brill and modified Duns-Ross have been used
to model multiphase flow in the surface pipeline and
well, respectively, while in the study conducted by
Carol and Horn [ 1 |, the mentioned models had not been
used. In the study conducted by Carol and Horn [1],
the separator pressure was considered constant. But in
this study, the separator pressure was not considered
constant, and the flash calculation equations were used
to determine the optimum pressure of the separator.
The design equations of the separators were used to
design a PID controller for the separator pressure.
In this study, at each step, the guessed bottom-hole
pressure was corrected by comparing the pressure
of the separator with the optimum pressure of the
separator. The optimum pressure of the separator
was acquired by using the objective function with the
constraint of no slug flow forming at the separator inlet.
Also, in this study, one of the parameters that affected
the objective function was the input flow regime to the
separator, which was not considered necessary in the
study of Carol and Horn [ 1]. Besides the above, in this
study, the pressure of the separator was considered an
optimization parameter. Another shortcoming of the
Carol and Horn model [ 1] was that the separator was
considered a single stage. In contrast, in this study, the
separator was two-staged, and it was possible to add
the number of separation stages. In 1997, Hepguler et
al. [2] studied reservoir and surface facility integration
to manage field production and development strategies.
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Materials and Methods
Catalyst Preparation

In this section, equations and relationships which were
used in the integrated model are expressed. First, the
reservoir, well, and choke relationships are described,
and how the separator pressure affects integrated
modeling is shown. An integrated model of the oil
production system was built and shown in the Fig. 1.

Choke

-
-

horizontal separator
Pipeline T

Well

@ Ollreservoir

Fig. 1 Integrated oil production system.

According to the figure above, items 1 to 5 represent
the reservoir, well, choke, pipeline, and separator
sub-models. As stated in reference [3], oil production
increases with a decrease in well pressure and separator
pressure, and the objective function is a function of the
separator pressure. In this study, the objective function
is maximizing the oil in the stock tank while no slug
flow is formed at the separator inlet.

Results and Discussion

The obtained separator pressures from in-house
software and the optimized integrated model are given
in Fig. 2. The root means square error between the
obtained separator pressures using in-house software
and the optimized separator pressures for transient and
pseudo-steady state conditions equals 27.75. In the
following table, the difference between the obtained
separator pressures and the optimum separator
pressures which were obtained using the optimized
integrated model and in-house software is given.
According to Table 1, the performance of the optimized
integrated model to determine and fix separator
pressure is better, and finally increases the barrels of
produced oil in the stock tank.

The diagram of cumulative oil production in the stock
tank is given in Fig. 2.

Cumulative oil in stock tank [bbl]
\

0 100 200 300 400 500
Time [minute]

Fig. 2 comparison between cumulative oil production in
the stock tank for optimized integrated model and in-house
software for case B.

Table 1 the difference between obtained separator pressures and optimum separator pressures which were obtained using the

optimized integrated model and in-house software.

Model Reservoir condition

Root means square error between obtained separator pressure
using in-house software and the optimized separator pressure

. Transient (case B)
Optimized integrated model

2.21

Pseudo-steady-state (case B)

0.20

Transient (case B)
In-house software

10.99

Pseudo-steady-state (case B)

30.93

According to Fig. 2, the total cumulative oil
production in the stock tank for in-house software
equals 741.5 bbl. The total oil production in the stock
tank for the optimized integrated model, with slug
control and without slug control equals 934.3 and 820,
respectively. The total oil production in the stock tank
for the optimized integrated model, with slug control, is
lower than with slug control because of the increasing
difference between optimized separator pressures and
obtained separator pressures to remove slug flow at
the separator inlet. The optimized integrated model
with slug control increases the total produced oil in
the stock tank by about 10 percent. After 220 minutes

a slug flow regime is formed at the separator inlet.
Because of slug flow removal at the separator inlet, the
difference between optimum separator pressures and
obtained separator pressures increases. Flow regimes
at the separator inlet are given in Table 2.

The slug flow with long slugs is prevalent at the
separator inlet from the beginning of the production
to 250 minutes. Between 250 to 421 minutes, the slug
flow regime is prevailing at the separator inlet, and
between 421 to 538 minutes, annular flow is prevailing
at the separator inlet. Using the optimized integrated
model removes the slug flow and annular flow, and
postpones their formation.



Table 2 Flow regimes at the separator inlet.
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Model Flow regime Time [minutes]
Slug flow with long slugs 0-250

In-house software model Slug flow 250-421
Annular flow 421-538

Optimized integrated model, with slug control | Plug flow 0-538

Conclusion

In this research, the optimized integrated model
enhanced the oil production and optimized the
production system using an optimization algorithm
with the constraint that no slug flow was formed at the
separator inlet. The optimization algorithm had two
optimization loops. The internal optimization loop
was from the surface choke to the stock tank, and the
external optimization loop was from the bottom of
the well to the stock tank. The optimized integrated
model could correct bottom-hole pressures at each
step by comparing the calculated separator pressures
with the obtained optimum pressures of the separator.
The obtained results from the integrated model were
validated using sensitivity analysis for steady-state
(case A), transient, and pseudo-steady-state reservoir
conditions (case B). The optimized integrated model
can perform excellently at steady-state, transient,
and pseudo-steady-state reservoir conditions. The
optimized integrated model can determine optimal
separator pressures, bottom-hole pressures, and pre-
and post-choke pressures in critical and non-critical
choke conditions. The root means square error between
the separator pressures obtained using the optimized
integrated model and the optimized separator
pressures for case A was equal to 2.21. For case B in
transient and pseudo-steady-state conditions, the root
means squared error between the separator pressures
obtained using the optimized integrated model and
the optimized separator pressures were equal to 0.2.
The performance of the optimized integrated model
to determine and fix separator pressure is better and
finally increases the number of barrels of produced oil
in the stock tank. The total cumulative oil production
in the stock tank from in-house software was equal
to 741.5 bbl. Total oil production in the stock tank
using the optimized integrated model with slug control

and without slug control was equal to 934.3 and 820,
respectively. The total oil production in the stock tank
using the optimized integrated model with slug control
was lower. Because of slug flow removal the difference
between the optimized separator pressures and
obtained separator pressures increases. The optimized
integrated model with slug control increased the total
produced oil in the stock tank by about 10 percent.
Using the optimized integrated model led to removing
the slug flow, and the plug flow regime was prevailing
at the separator inlet. According to the stated results,
using the optimized integrated model presented in this
research leads to the followings achievements:

* producing the maximum amount of oil in the stock
tank from an integrated oil production system without
forming a slug flow at the inlet of the separator and
other production surface equipment

* increasing the net added value resulting from the sale
of hydrocarbon materials

* Prevent repair and time losses by taking care of the
surface equipment.

» managing the integrated oil production system in the
best possible way.
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