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ABSTRACT

Petroleum reservoirs are classified into different types, including dry gas, wet gas,
retrograde gas, volatile oil, and black oil. Dry gas reservoirs do not produce any
liquid under normal conditions and do not require a production unit at the surface.
Other types of reservoir fluids produce liquid when they reach the surface, so a
production unit is necessary to optimize their extraction. The objective of this
article is to optimize the production unit system in an Iranian retrograde gas
reservoir with the help of Aspen Hysys, WinProp, and Multiflash softwares to
obtain the maximum rate of stock tank liquid production. The simulation results
showed that the three-stage separator system had the biggest impact on the
optimization. Additionally, Multiflash software was found to be the best option
for designing optimal pressure due to its lower error rate compared to the other
two options (16.07% for the API parameter and 21.47% for the condensate gas

ratio (CGR)).
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1. INTRODUCTION

In the petroleum industry, the production
process involves the use of production units
to separate fluids extracted from wells into
separate phases. There are five types of
reservoir fluids: gas reservoirs (dry gas, wet
gas, and retrograde gas) and oil reservoirs
(volatile oil and black oil). Dry gas reservoirs
do not need production units because they
produce only one phase on the surface.
However, the other four types require
separation.

* Corresponding Author Email: mohammad.mn7785@yahoo.com

Retrograde gas reservoirs initially behave
as a single-phase fluid but can change to a
two-phase state as the reservoir undergoes
depressurization during the production. This
transition leads to the formation of a liquid
phase, requiring the use of production units
for separation[1].

The oil and gas industry must determine
the best pressure for production to maximize
crude oil recovery and improve stock tank
liquid quality. The production unit system is
vitalin separating fluids from wells, and finding
the optimum pressure allows operators to
enhance efficiency and obtain better stock
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tank liquid quality.

To achieve this purpose, the production
units commonly incorporate two, three, or
four-stage separators. There are three types of
separators commonly used in the production
units, horizontal, vertical, and spherical
separators. These separators prove sufficient
for the efficient liquid and gas recovery.
Therefore, careful consideration must be
given to selecting an optimal number of
separators as well as determining appropriate
separator pressures [2].

By carefully choosing these factors,
operators can ensure that their production
unit system achieves maximum API gravity,
thus indicating higher-quality crude oil.
Additionally, by minimizing the gas-liquid
ratio (R,), they can further improve overall
efficiency while maximizing the condensate-
gas ratio (CGR), which refers to the amount
of condensate produced relative to natural
gas. Ultimately, striking a balance between
these variables guarantees an effective stage
separation technique within the production
unit system. This not only maximizes recovery
rates but also enhances both economic
viability and operational performance in
extracting valuable resources [1].

Chilinarian and Beeson proposed a method
for determining the optimum separator
pressure for a two-stage separation providing
the holding tank was connected to the
atmosphere.  The GORs obtained from
different separators were plotted against
separator pressure, and the optimum
pressure was the pressure that produced
the minimum GOR. Chilingarian and Beeson
used the Whinery-Campbell correlation for
the multistage separations greater than two
stages [3].

At Devon Energy Company, Boyer et al.
observed that flashing losses from crude
oil and condensate storage were routinely
vented into the atmosphere. By optimizing
the pressure of low-pressure separators with

the help of Hysys and WinProp softwares, they
determined the available gas-oil ratio (GOR).
Devon Energy Company realized a $6,896
per year increase in gas sales by reducing
the operating pressure of the low-pressure
separators [4].

Al Farhan et al., utilized artificial neural
network (ANN) technology to optimize the
separator pressures in a four-stage production
unit. Their objective was to maximize the
intake of CGR (Condensate to Gas Ratio) and
APl (American Petroleum Institute) fluid.
The developed ANN successfully determined
the operational parameters necessary
for achieving optimal surface condensate
recovery from conventional natural gas which
had a condensate content ranging from 10 to
500 (STB/ MMscf) and a reservoir APl ranging
from 20 to 90 [5].

Al Jawad and Hassan undertook an
extensive study focused on determining
the optimal pressure of separators for both
volatile oil and heavy oil. To do this, they
used two different equations of state: the
Peng-Robinson (PR) equation for the volatile
oil and the Soave-Redlich-Kwong (SRK)
equation for the heavy oil. To facilitate their
research, Al Jawad and Hassan developed a
series of complex mathematical correlations
that allowed them to accurately calculate
flash calculations at each separating stage.
By utilizing these innovative mathematical
relations, they successfully optimized several
crucial parameters, including GOR, API gravity,
and B_[6, 7].

Bahadorietal., introduced acomprehensive
methodology aimed at enhancing the
optimization of separator pressures within
various phases of the separation process.
This innovative approach enables engineers
and operators to make informed estimations
regarding the ideal pressures to apply in
separators, ensuring the efficiency and
effectiveness of the separation process. This
methodology hinges on a systematic approach
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that involves the evaluation of numerous
trial pressures across various scenarios and
operating conditions. In this method, a great
number of trial pressures are required, and it
may not be possible to determine the exact
optimum pressure [8].

Bahadori and Mokhatab collaborated on a
groundbreaking research project that aimed to
optimize the pressure settings for a multistage
separator in the oil production industry. This
methodological approach was designed to
fine tune the separator pressures within a
production unit, ultimately leading to improved
efficiency and productivity. To achieve their
goal, they focused on developing innovative
techniques for conducting flash calculations
and determining K-values specifically tailored
for propane and n pentane. These calculations
played a crucial role in accurately assessing the
optimal pressure levels required for effective
separation of these hydrocarbons. Their
efforts yielded significant results, boosting oil
production from STL by 80 (bbl/day) while also
enhancing the API and oil quality by 0.3 [9].

Ling et al., introduced an innovative
method to optimize the performance of oil
and gas separators. This approach involved
a carefully-designed process consisting of 12
steps. Through these 12 meticulous steps,
Ling et al., demonstrated that it was possible
to minimize both Bo and GOR values while
simultaneously maximizing API values [10].

Okafor et al.,, conducted a real-life case
study of an oil field in the Niger Delta region
of Nigeria. They found that in this oil field,
with the reduction of reservoir pressure, the
amount of gas production increased, and the
production units of this field produced less
liquid from the stock tank. With the help of
Hysys software, they optimized the pressure
of separators in this field and were able to
increase the liquid production rate of the
stock tank to 1620 bbl/day and 0.21 STB/
MMSCF more than the production in the non-
optimal conditions, finally increasing their
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profit by 14 million dollars [11].

Motie et al., used genetic algorithms (GA)
and flash calculations in one Iranian oil field,
to optimize the pressures of each separator in
the production unit to minimize the amount
of GOR. They suggested that the use of a
four-stage separator in the production unit
maximizes the liquid production of the stock
tank and is more economical [12].

Considering the above, the objective of
this article was to optimize the production
unit system in one of the Iranian retrograde
gas reservoirs. By using three software
programs of Hysys, WinProp, and Multiflash,
the pressures of each separator, and the
effective parameters of the production unit
were optimized. Then, it was determined how
many separators and what pressure would be
the best to produce more of this stock tank
liquid. Finally, the best software used for this
case study was introduced.

2. Methodology

It is evident that setting the suitable
pressure and temperature conditions will
optimize the surface separation to obtain
the maximum amount of stock tank liquid.
However, the emphasis should be on pressure
instead of temperature, because pressure
plays a key role in the optimization, while
the temperature is difficult and expensive to
control.

This article used data from an Iranian
retrograde gas reservoir. The well’s bottom-
hole pressure was 2908 psi, slightly lower
than the wellhead pressure of 2885 psi. The
reservoir pressure was last measured at
3047.7 psi at a temperature of 180 °F. On the
surface, a separator was pressurized to 985
psi and set to a temperature of 96 °F for the
optimal extraction of stock tank liquid.

The fluid composition of the retrograde
gas reservoir, which was studied in this
investigation, is reported in Table 1.
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Table 1. Fluid compositions of the retrograde gas reservoir

Component Mole (%) Component Mole (%)
N2 0.12 Cq 1.79
CO2 2.40 Cs 0.86
HaS 0.05 Ce 0.71
C1 83.50 C7+ 1.61
C 5.99 C7. MW 120.95
Cs 2.97 C7. Density, (Ib/ft?) 47.33

A schematic of a two, three, and four-stage present investigation is shown in Figures 1, 2,
separators system that was studied in the and 3, respectively.
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Figure 1. Two-stage separators system
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Figure 2. Three-stage separators system
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Figure 3. Four-stage separators system

First, for the two-stage separators system,
the pressure of the first separator was set
between 1005 and 405 psi, and the pressure
of the stock tank remained constant at
atmospheric pressure. Flash calculations were
performed using the Peng-Robinson (PR)
equation of state by Aspen Hysys, WinProp,
and Multiflash softwares. In the next step,
for the three-stage separators system, the
pressure of the first separator was arranged
between 845 and 645 psi and the pressure of
the second separator was examined between
120 and 60 psi, and the pressure of the stock
tank remained constant at atmospheric
pressure. Finally, for the four-stage separators
system, the pressure of the first separator was
set between 875 and 715 psi, the pressure of
the second separator was studied between
230 and 90 psi, and the pressure of the third
separator was settled between 80 and 20 psi.
The stock tank was fixed at the atmospheric
conditions.

Using the provided PVT data, which
included fluid composition, pressure and
temperature information, the simulation
was conducted using Hysys, Multiflash, and
WinProp softwares. Each of these software
applications performed flash calculations. By
utilizing the information obtained from the
software and the relationships between CGR,
API, and R, as given below, the parameters
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of CGR, API, and R, were calculated and
compared with experimental data.

APl = lil'S -1315 (2.1)
Po

=2 2.2

Vo= = (2-2)

Separator Gas
Stock Tank Liquid —

o - 379.6 X 5.615 ngy psy, (SCF)
sep — Ny Ny MWsTL STB (23)

Stock Tank Gas 379.6 X 5.615 ng,psr, (SCF 2.4
Rgr = = (—> ( : )
Stock Tank Liquid Ny MWepp, STB

SCF) (2_5)

Rp = Rsep + Rgr (Sﬁ

VL)SC —
V)sc  0.002131(ng, + nyanyy) psry

Ny, MWery, ( STB

CGR = MMSCF Surf. Gas) (2.6)

Where:

API = Stock tank liquid gravity.

v, = Specific gravity of the oil.

p, = Density of the crude oil, (Ib/ft?).

p,, = Density of the water = (62.4 Ib/ft?).
P, = Density of stock tank liquid.

R, = Production gas-liquid ratio.

R,, = Stock tank gas-liquid ratio.

RSep = Separator gas-liquid ratio.

., = Quantity of first separator liquid.
., = Quantity of second separator liquid.
o = Quantity of first separator gas.

2= Quantity of second separator gas.

n
n
n
n
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MW, = Molecular weight of stock tank liquid.
CGR = Condensate gas ratio.

3. Results and Discussion

The two-stage separators system was
first simulated by the Hysys software for the
pressure intervals mentioned in the previous
section. The two-stage separators system
was optimized at a pressure of 605 psia. With
pressure optimization, the optimal values of

API

64.0

63.9

63.8

63.7

63.6

API

63.5

63.3

63.2

API, R, and CGR parameters are shown in
Figures 4, 5, and 6, respectively. The optimum
values of API, Rp, and CGR are 63.89,
37021.49 (SCF/STB), and 27.02 (STB/MMSCF),
respectively . The values of the other modes
are reported in Tables 2, 3, and 4, respectively.

This simulation was performed similarly for
WinProp and Multiflash, and the results are
given in Table 2.

P sepl= 605 psia, AP1 = 63.89

350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050
P sepl (psia)

Figure 4. API for two-stage separators in Hysys
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Figure 5. RP for two-stage separators in Hysys
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Figure 6. CGR for two-stage separators in Hysys

Table 2. The results of WinProp and Multiflash software in a two-stage separators system

WinProp Multiflash
Poptimum Sepl (psia) 605 605
API 67.60 64.15
Re (SCF/STB) 37145.91 37496.91
CGR (STB/MMSCF) 26.92 26.28

The three-stage

separators

system

was simulated with Hysys, WinProp, and
Multiflash softwares between the pressure
intervals mentioned in the previous section.

The optimal pressure of each separator and
the values of the optimized parameters are
shown in Table 3.

Table 3. The results of the three softwares in a three-stage separators system

Hysys WinProp Multiflash
Poptimum Sep1 (psia) 795 765 765
Poptimum Sep2 (psia) 90 80 80
API 65.85 68.94 66.16
Re (SCF/STB) 34610.42 34793.84 35270.82
CGR (STB/MMSCF) 28.89 28.74 27.94

The four-stage separators system was
simulated using Hysys, WinProp, and
Multiflash softwares between the pressure
ranges described in the previous section.
Table 4 shows the optimum pressure and
analysis parameter values for each separator.
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Considering the data given in Tables 2, 3,
and 4, if the production unit is upgraded from
two-stages to three-stages, API, R, and CGR
parameters change. Variations are given in
Table 5.
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Table 4. The results of three software in a four-stage separators system

Hysys WinProp Multiflash
Poptimum Sep1 (psia) 815 795 795
Poptimum Sep2 (psia) 170 170 170
Poptimum Sep3 (psia) 40 40 40
API 66.43 69.34 66.75
Re (SCF/STB) 34037.39 34247.89 34736.75
CGR (STB/MMSCF) 29.38 29.20 28.37

Table 5. The different parameters between two-stage and three-stage separators system

Hysys

WinProp

Multiflash

API

3.1 % (increase)

2 % (increase)

3.15 % (increase)

Re (SCF/STB)

6.51 % (decrease)

6.33 % (decrease)

5.94 % (decrease)

CGR (STB/MMSCF)

6.94 % (increase)

6.76 % (increase)

6.32 % (increase)

By upgrading the production unit from
three-stage to four-stage, the changes in the
considered parameters are shown in Table 6.

Using the experimental data obtained for

this fluid sample, a comparison of the three
softwares was made. The laboratory results
are reported in Table 7.

Table 6. The different parameters between three-stage and four-stage separators system

Hysys

WinProp Multiflash

API

0.88 % (increase)

0.58 % (increase)

0.89 % (increase)

Re (SCF/STB)

1.65 % (decrease)

1.57 % (decrease)

1.51 % (decrease)

CGR (STB/MMSCF)

1.68 % (increase)

1.59 % (increase)

1.54 % (increase)

Table 7. Experimental data

Data (Two-stage) Data (Three-stage)
Poptimum Sep1l (psia) 500 600
Poptimum Sep2 (psia) - 100
CGR (STB/MMSCF) 21 23
API 55 57

The outputs of the three softwares are
compared with the experimental data, in two-
stage and three-stage separators systems.
Table 8 shows the percentage of software
errors relative to the relevant parameters. The
four-stage separators system was not studied

in the laboratory, because of the lightness of
the fluid and the cost of the experiments. For
this reason, the results of the simulations for
the four-stage separators system, were not
compared with the experimental data.
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Table 8. Error percentage of softwares compared to the experimental data

Parameters Hysys WinProp Multiflash
Poptimum (psia) 21% 21% 21%
Two-stage CGR (STB/MMSCF) 28.65 % 28.20 % 2513 %
API 16.16 % 2291 % 16.64 %
Poptimum (psia) 325% 27.5% 27.5%
Three-stage CGR (STB/MMSCF) 25.62% 2496 % 2147 %
API 15.53 % 20.95 % 16.07 %

In the two-stage separator, by examining
the three softwares, the optimal pressure
obtained by the software compared to
the optimal pressure of the experimental
data had an error percentage of 21%. The
error percentage for the CGR parameter
was computed across the three different
software platforms in comparison to its
experimental data. Among these, the
Multiflash software yielded the lowest error
percentage, at 25.13%. On the other hand,
the error percentage of the APl parameter
was compared to its experimental data, and
the lowest error percentage was related to
Haysys, with a numerical value of 16.16%.

Three softwares were investigated in the
three-stage separator to compare the optimal
pressure obtained by the software with the
optimal pressure of the experimental data. The
results showed that WinProp and Multiflash
had an error rate of 27.5%, while Hysys had
an error rate of 32.5%. In order to determine
the error percentage of CGR parameter, its
experimental data was compared with the
three softwares. Multiflash software had the
lowest error percentage (21.47%). In the API
parameter, the value obtained by the software
was compared with its experimental data, and
Hysys had the lowest error percentage with a
numerical value of 15.53%.

4. Conclusion
In this work, by obtaining the number of
stages and the optimum pressure of each
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separator in the production unit, the effective
parameters were optimized. The results of
this study showed that when the number of
separators was increased from two-stages to
three-stages, the studied parameters changed
significantly. However, it was observed that
when the system was upgraded from three-
stages to four-stages, the studied parameters
did not change significantly. Considering the
economical point of view, the number of
three-stage separators system was suggested
as the best one.

In addition, the comparison of the software
outputs with the experimental data showed
that the Multiflash software had a big
difference with other softwares in calculating
the CGR parameter. On the other hand, for
the prediction of the APl parameter, the
Hysys software had a 0.5% error that was less
than that of Multiflash. Taking into account
that the Multiflash software had a significant
difference in calculating the CGR parameter
and the optimum pressure compared to
Hysys, it ignored the 0.5% error. Therefore,
the Multiflash software is the best for this
fluid and case study.
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