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Abstract: Gas and oil separation plants are the first main step in the production of hydrocarbon
products. Depending on the properties of the recovered components from the well heads, and the
physical properties in the underground rock reservoir, the plant design can vary in different ways. In
mature oil and gas fields, secondary recovery methods are often used, which include the injection of
large amounts of water into the underground reservoir, to induce the production flow of the wells.
The handling of this water is of significant interest, in terms of production efficiency and pollution
reduction, because the water comes into contact with the environment during and after recovery
operations. In this work, a model of an exemplary gas and oil separation plant was created in Aspen
HYSYS V10. A particular focus was placed on the modeling of oil residues in the water-bearing
plant components. This model was then extended by the implementation of different process control
schemes, to create a predictive model that could represent dynamic operating states in the plant
components. Two different dynamic changes were then simulated using this model, to showcase the
capabilities and capacities of the model.

Keywords: process simulation; plant dynamics; process integration; oil production

1. Introduction

The fluid which is recovered at the well heads in oil and gas fields consists of several
components that are in different states of aggregation. The quantities of the different phases,
as well as the solids that exist in the recovered mixtures depend on the production method,
and on the physical properties of the oil reservoir and the composition of the recovered
fluid. The first processing step for the extracted mixture is usually the gas and oil separation
plant. The main purpose of this plant is to separate the majority of the components. The
involved streams undergo different separation steps, until the desired separation quality
is achieved. The segregated oil and gas streams are then fed to subsequent processing
plants for further production, whereas the segregated water stream undergoes different
cleaning processes.

The separation process in gas and oil separation plants is carried out in subsequent
separation stages. Simulation-driven optimization of such plants plays an important
role in the optimization and analysis of processes in oil and gas production. The selec-
tion of optimal pressure for the multi-stage separation units in gas and oil separations
is an important task in order to optimize recovery and enhance production efficiency.
Olsen et al. [1] used a process simulation model and a CMA-ES (covariance matrix adapta-
tion evolution strategy) algorithm to study the optimal parameters in multi-stage separation
for different incoming fluids. Mahmoud et al. [2] used a dynamic simulation model and
neural networks to determine the optimal pressure for each stage separation in terms of
extra oil recovery. The dynamic changes in pressure, level heights, and outflow in certain
units in the process have been investigated in previous works [3]. For the optimization
of certain plant infrastructures, the analytical RTO strategy offers numerous advantages
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over conventional methods. This strategy permits real-time optimization of the process,
leading to substantial enhancements in process performance, energy efficiency, and product
quality, and could therefore contribute to optimization, in combination with a rigorous
model of a gas and oil separation plant [4]. The different separation equipment, such as
three-phase separators, involved in such a process has been studied in various works [5].
The dynamic behavior of three-phase separators, which are heavily utilized in gas and oil
separation plants, has been previously studied by solving a set of differential and algebraic
equations [6]. To take into account the liquid–liquid separation efficiencies under dynamic
conditions in such devices, modeling approaches have been used that utilize the gravity
settling of dispersed particles from a continuous phase [7]. More sophisticated models
for liquid–liquid gravity separation also take into account the evolution of the dispersed
phase during separation by utilization of a population balance model [8]. The combination
of these techniques has been studied on three-phase separation equipment, to estimate
separation efficiencies and dynamic parameters, such as pressure and level height [9,10].
Effects on droplet evolution under various conditions, using computational fluid dynamics,
provide better information about the overall behavior of the dispersions in the process [11].
Computational fluid dynamics is heavily utilized, to study and optimize the phase interac-
tions during gravity separation [12,13]. The implementation of population balance models
in computational fluid dynamic codes provides an even better insight into the separation
process [14]. The disadvantage of CFD is primarily the high computational effort, which is
not suitable for some application areas, such as large-scale project planning or monitoring
of an overall plant.

As recovery operations in underground oil reservoirs often depend on the initiation of
certain physical parameters in the rock formation to induce a flow and pressure gradient,
secondary recovery methods, like water injection, are often used. To induce a flow at the
well heads, water is injected into the rock formation at an injection point, and the reservoir
mixture is then recovered at the production wells. This method also introduces a large
amount of water, especially in mature oil fields, to the production circle, which needs to be
handled in the downstream separation processes [15]. The produced water is then used
for re-injection and further recovery, or can be stored in already exploited regions in the
rock formation: in both cases, the high purity of the water must be guaranteed. When the
produced water is re-injected into the reservoir, eventual impurities can alter the water’s
viscosity, and lead to the reduction of recovery efficiency [16]. Contaminated water can
also impact the environment when stored in underground rock formations; therefore, at all
stages of production, great importance must be attached to the efficiency of the separation,
with a focus on water quality. Furthermore, due to the large amount of water used for
the exploitation of mature oil and gas fields, the separation units are highly susceptible
to dynamic changes. These dynamic changes must be considered, in order to adequately
adjust the operating parameters of the plant, and the design of the separation units, so as
to reduce oil impurities in the produced water.

Although there are numerous modeling approaches available in the literature for gas
and oil separation plants, there is a lack of specific models dedicated to the determination of
oil residues in the produced water. The motivation for this work was to create an approach
for process simulation of oil and gas separation plants, in order to give a more detailed
insight into the modeling of dynamic processes and plants in the process simulation
software Aspen HYSYS. The focus of this modeling approach is the prediction of possible
residual oil contaminations and their dynamic changes in the produced water system of
such plants. The modeling strategies presented could be used to create predictive models
of real-life gas and oil separation plants in the industry.
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2. Methods and Materials

The first step in the gas and oil separation plant model is the three-phase separation
of the incoming water, oil, and gas streams. In addition, a large part of the solids that
are entrained in the stream, due to the flushing of the reservoir, is separated in this step.
The separation units usually consist of a horizontal vessel with specific inlet devices
that separate the bulk amount of the vaporous phase at the inlet. The remaining liquid
mixture is then transferred to the gravity separation part of the vessel, where the different
components are separated according to their respective densities. The lighter liquid is then
transferred over the weir to the second section, where it is recovered for further production.
Additionally, such units are equipped with specific devices in the liquid–liquid separation
area, to boost the liquid–liquid separation efficiency and to introduce foam-breaking in the
liquid phase. Due to the large amount of water in the process, the height of the water and
oil level setpoints in the gravity settling area must be accorded great importance. Under
dynamic conditions, fluctuations in the water level occur in such systems, which can lead
to an overflow of water in the oil recovery section, or to poor separation of oil residuals in
the water; therefore, gas and oil separation plants usually consist of multi-stage separation
operations under various operating pressures. The number of separation units can vary
in this process, and dynamic deviations in the individual separation steps can thus be
unevenly distributed over the entire process. An exemplary gas and oil separation plant
layout can be seen in Figure 1.

Figure 1. Layout of a gas and oil separation plant with three-stage separation.

As shown in Figure 1, the reservoir fluid undergoes different separation stages. At all
stages, the involved process water has contact with impurities, such as oil residuals, which
are meant to be separated. The dynamic behavior of the different parameters, and the
dynamics in the control and layout of the different separators, impact the overall quality of
the discarded water. This work aims to analyze the dynamic behavior and to simulate the
evolution of oil residuals in the water output phase during the operation.

3. Flowsheet Model

For the creation of the model, Aspen HYSYS V10 [17] was used. The plant layout
was chosen as in Figure 1, with two parallel three-phase separators in the first separation
stage. The water outlet of the separators was then directly transferred to the third-stage
separator, whereas the oil outlet was transferred to the second separation stage. The oil
output of this second separation stage was then transferred for further processing, and
the water residuals were turned over to the third separation stage. As initial conditions,
the composition of the fluids fed from the well head into the first separation stage was
assumed to be 0.91 for water, 0.047 for oil, and 0.043 for gas.

The overall flowsheet can be seen in Figure 2. The three main separation stages are
referred to as vessel V-100 (referred to as Separator 1) and V-103 (referred to as Separator 2)
for the first-stage three-phase separators, V-101 for the second-stage separation, and V-102
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for the final-stage separation. It is important to note that in order to fully validate and
adapt the modeling approach to a real-life plant, actual data from the plant is required. In
addition, the use of different data reconciliation strategies can enable various applications
in the field of predictive modeling, such as virtual sensing techniques [18] or process
evaluation studies [19]. Therefore, obtaining data for validation and data reconciliation
purposes should be considered a crucial step in the adaptation of the modeling approach in
order to generate a more reliable predictive model. The following section specifies the used
properties for the respective separation stages for demonstration of the modeling approach.

Figure 2. Overall flowsheet model of a gas and oil separation plant.

3.1. First-Stage Separation

The design of the three-phase separators in the first stage was selected as a horizontal
vessel with a weir operating at low pressures. The inlet device was set to a reverse distrib-
utor with a liquid–vapor separation efficiency of 85 % at the inlet. The same geometrical
characteristics were chosen for the two separators. Table 1 shows the geometrical properties
and initial conditions.

The inlet conditions were used for the steady-state initialization of the process. The
gravity settling model, discussed in more detail in Section 3.8, predicted an outflow of
36 ppm at Separator 1 and of 150 ppm at Separator 2 of oil in the water phase in the steady-
state simulations. This value shows that a large part of the oil was already separated in
these conditions.

3.2. Second-Stage Separation

The second-stage separator aimed to separate residual water from the oil stream.
Water can be present in the oil stream due to poor separation efficiency and entrainment of
water in oil. Another reason for the high water residuals are the dynamic changes in water
levels during operation, which can lead to a weir overflow of the water to the oil subsystem.
The design of this vessel was a vertical cylinder with outflow nozzles at certain heights of
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the phases, which settled in the tank. The positioning of the outlet nozzles had to comply
with the liquid height setpoints to avoid draining the wrong phase from a nozzle. This tank
had more capacity than the three-phase separators and was mainly intended to take in the
oil discharges from several three-phase separators in the first stage. The pressure in this
unit was set lower than in the three-phase separator units. The geometrical conditions are
presented in Table 2.

Table 1. Properties of separators in first stage.

Property Value Unit

Length 12 m
Diameter 3 m

Weir Height 1.7 m
Weir Position 9.0 m

Vapor Pressure Setpoint 300 kPa
Water Level Setpoint 1.6 m
Oil Outlet Setpoint * 1 m

Inlet Mass Flow Separator 1 150,000 kg/h
Inlet Mass Flow Separator 2 250,000 kg/h
Inlet Pressure Sep1 & Sep2 500 kPa
Inlet Temp. Sep1 & Sep2 30 °C

* Setpoint in oil subsystem after weir overflow

Table 2. Properties of separator in second stage.

Property Value Unit

Height 10 m
Diameter 10 m

Vapor Pressure Setpoint 220 kPa
Water Level Setpoint 2 m
Oil Outlet Setpoint 5 m

Oil Nozzle Location (vertical) 4.7 m
Water Nozzle Location (vertical) 0 m

In the cases of dynamic processes that did not occur frequently and optimally cali-
brated control units in the preceding stages, weir overflow at stage one rarely occurred,
lowering the residence time in these units.

3.3. Third-Stage Separation

The last separation step consisted of a large storage tank with low pressure. In this
step, the outcoming oil stream was recycled to the second stage for re-separation. The tank
showed no vapor left in the liquid phase in steady-state simulations; therefore, the vapor
outlet was used to mimic tank blanketing in the flowsheet model. The geometric properties
can be seen in Table 3.

Table 3. Properties of separator in third stage.

Property Value Unit

Height 10 m
Diameter 15 m

Vapor Pressure Setpoint 160 kPa
Water Level Setpoint 3 m
Oil Outlet Setpoint 5.5 m

Oil Nozzle Location (vertical) 5 m
Water Nozzle Location (vertical) 0 m
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3.4. Compounds

The involved compounds in the process were chosen to represent the properties of
natural gas and oil. The components and mole fractions used to model the vapor phase in
the process can be seen in Table 4.

Table 4. Composition of Vapor in the Process.

Compound Mole Fraction

CH4 0.95
N2 0.018

CO2 0.0147
H2S 0.001

C2H6 0.0128
C3H8 0.0029

i-C4H10 0.0001
n-C4H10 0.0002
i-C5H12 0.0002
n-C5H12 0.0001

The heavier hydrocarbons in the crude oil mixture were modeled according to the
bulk properties of the oil. Hypothetical compounds were used to model the components of
the crude oil. The molecular weight was set to 291.2, and the standard density was chosen
to be 900.3 kg/m³.

3.5. Dynamic Modeling

Different dynamic effects, which were to be considered in the model, occurred during
changes of the input parameters of the separation units. These dynamic changes affected
the phase volumes entrained in the unit operations and therefore led to different outputs of
the units during the time. Aspen HYSYS modeled these changes inside the units, using a
virtual stream representing the unit’s intrinsic variables. The change in this stream during
dynamic operation can be written as:

VesselStream = In f low + VesselStream(PreviousTimeStep)− Out f low (1)

At each timestep, a flash calculation was performed on the involved internal vessel
stream, which determined the current phases in the unit, and their changes during dynamic
simulations. Operational parameters could then be calculated from the results of the flash
calculation on the current vessel stream inside the equipment. The flash calculation to
define the phase compositions in the involved streams is discussed in the following section.

3.6. Thermodynamic Model

A suitable thermodynamic model is needed to calculate the compositions in the differ-
ent phases under the current operational parameters. In this work, the Aspen HYSYS inbuilt
Peng–Robinson [20] equation was used to calculate the parameters of the involved streams:

P =
RT

Vm − b
− aα

V2
m + 2bVm − b2 (2)

where Vm is the molar volume, and the a, b, and α model parameters, which can be
expressed by the critical properties and acentric factors of the involved compounds. The
compressibility factor Z can be written in a cubic form:

Z3 + (1 − B) · Z2 + (A − 2B − 3B2) · Z − (AB − B2 − B3) = 0. (3)
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A and B are defined by the Van der Waals mixing rule, and describe the interactions
between the involved molecules. The Rachford–Rice equation can be used to calculate the
vapor mole fraction β:

N

∑
i=1

zi(κi − α)

1 + β(κi − α)
= 0, (4)

where N is the number of components in the mixture, zi is the mole fraction of component
i, κi is the equilibrium constant for component i, α is the fraction of the mixture that is in
the liquid phase, and β is the fraction of the mixture that is in the vapor phase. With the
values for κi, the fraction of the components in the different phases can be calculated. The
exact numerical calculation of this phase composition is an elaborate step, which can be
found in numerous works [21].

3.6.1. Vessel Pressure

Vessel pressure at each time step can be determined by the current vapor phase holdup
in the vessel. The vessel pressure can be calculated by:

PVessel =
mVaporRTZ

MVapor ∗ (VTotal − VLiquid)
(5)

where mVapor is the total mass of vapor in the vessel, MVapor is the molar mass of the vapor,
R is the gas constant, and T is the current temperature in the vessel. The compressibility
Z was calculated from the Peng–Robinson equation of state, according to Equation (3).
Equation (1) was utilized to calculate the mass of vapor, denoted as mVapor, present in the
vessel during each timestep.

3.6.2. Liquid Level

The liquid level in the separation device during dynamic simulation depended on the
unit’s total volume and the vessel’s current intrinsic properties. The liquid holdup at a
certain timestep was used to calculate the current liquid height. For a horizontal cylinder,
the liquid volume in a cylinder can be calculated by

Vliquid = cos−1(
r − h

r
)r2 − (r − h) 2

√
2rh − h2L, (6)

where r and L are the radius and length of the horizontal cylinder and h is the height of the
liquid phase. Solving this equation for h does not provide an analytical solution; therefore,
numerical methods, such as Newton’s method, can be used. However, the following
simplification can be used to calculate the liquid level in a tank:

h =
Vliquid

Vtotal
dVessel. (7)

The height and pressure inside the separation units are used to determine the current
output of the vessel. This output is dependent on installed control valves and their de-
sired setpoints at the individual outlets. The application of a suitable control method is
mandatory for the dynamic simulation of such processes.

3.7. Process Controls

To analyze the dynamic behavior of the system, suitable control units must be applied
to the respective components. The focus of this work was on the water output of the units
under dynamic conditions. A liquid height controller was used for calculating the oil and
water outputs of the units. To investigate the impact of other properties in the separation
units, the vessel pressure was kept at a desired setpoint, because it influenced the static
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head contribution of pressure at the output nozzles. A control scheme of a three-phase
separator in the flowsheet can be seen in Figure 3.

Figure 3. Control scheme of a three-phase separator.

PI controllers were used for controlling the outflow of the units in compliance with the
current actuator position of the valve. For controller tuning, the Ziegler–Nichols method
was used as a rough estimate. The ultimate gain Ku and ultimate period Pu of the controller
were determined using Aspen HYSYS inbuilt methods. The proportional gain Kc and
integral period tint were calculated by

Kc =
Ku

2.2
(8)

tint =
Pu

1.2
. (9)

The characteristics of the valves to respond to input signals from the controllers were
set to perform a delayed opening of the valve. The opening rate of the valves was assumed
to be linear, with an opening rate of 1% per second. To size the valves for a dynamic
process simulation, the nominal flows through the valves that were measured in steady-
state operation of the plant were used, and the valve opening was set at 50%. However, if
the process parameters changed during simulation, then the opening of the valve changed
in order to maintain the desired flow through the valve.

3.8. Gravity Settling

In a multiphase liquid flow, the existing phases in the mixture are usually present
as dispersions in the continuous dominating phase. The droplet size distribution of the
dispersions can vary depending on the mechanics and parameters in upstream operations.
According to the GPSA correlation, the droplet distribution of dispersions, which under-
goes mechanical friction in upstream operations, is likely to be between 1–1000 microns.
This dispersion of droplets needs to be considered during the sizing of the separation
equipment. For the sizing of such equipment, different empirical formulations account
for the inflow parameters, as well as the eventual existing separation enhancement units
inside the separator. Dispersed droplets will settle in a continuous phase if the buoyant
force initiated by the terminal settling velocity is bigger than the drag force on the particle
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in the continuous phase. If the terminal velocity is reached, the mass of the particle is in
balance with the drag force.

Fg = FDrag + FBuoyancy. (10)

For a spherical particle with V = 4
3 πr3 as the volume of the particle, the terminal

settling velocity can be expressed by

vt =

√
4 · g · Dsphere · (ρsphere − ρcont)

3 · ρcont · C
. (11)

where ρsphere and ρcont are the densities of the particle and the continuous phase, and C
is the drag coefficient, which depends on the Reynolds number. This drag coefficient is
determined mainly by empirical calculations or databases for the different flow regime
regions and their Reynolds numbers. Stokes Law can be applied to calculate the terminal
velocity for low Reynolds numbers in laminar flow regions:

vvertical =
2
9

r2g(ρoil − ρwater)

µ
. (12)

The terminal settling velocity can then be used to optimize and size the design of a
separation unit. Several sizing methods for various separator designs based on the desired
operational values of the equipment are based on the theory of gravity settling [22]: in
this approach, a minimum stable droplet diameter is used to calculate the terminal settling
velocity of the dispersed droplet from a continuous phase. The separator is then sized
accordingly, so that the residence time of the phases inside is larger than the settling time
of the dispersion until it rejoins the desired bulk phase level height. Based on the current
volume of a phase in the separation unit and the current outflow, the residence time of a
phase in the equipment can be estimated by

τ =
VPhase

VOutput
. (13)

Under varying parameters of certain process-relevant variables, phase volumes and
outflow parameters change during operation, lowering the residence time; therefore, set-
tling efficiencies can drastically change. Sayda et al. [7] used the terminal settling velocity
and the calculated residence time under dynamic conditions to evaluate the separation
efficiency of the liquid–liquid gravity settling area: smaller particles in the distribution
showed a lower terminal settling velocity, which led to a higher discharge of oil in the
water phase. With the already-known geometry of the separator, it is possible to determine
if a droplet in the water phase will reach the set point (weir height) for separation after
a specified distance. Based on the dynamic schedule, this calculation gives information
on the oil content at the separator’s water outlet. Computational Fluid Dynamics studies
on three-phase separators show that the consideration of a Schoepentoeter inlet device
shows a high initialization of coalescence in dispersed droplets, which leads to a higher
terminal settling velocity [23]. The droplet distribution in the laminar regions remains
stable, showing good agreement with the previously mentioned methods.

The terminal settling velocity model, in compliance with predefined geometries for
the separation equipment, was used in this study to determine the influence of dynamic
operational conditions on the overall water output quality of a gas and oil separation plant.

3.9. Critical Droplet Diameter for Separation

Due to the large volume of the tanks in the second and third stages, long residence
can be detected in these units. Using the gravity settling model and the terminal settling
velocity, a complete separation of oil and water can be achieved in this separation tank.
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Nevertheless, in industrial applications, a small amount of oil in water can still be found. In
order to determine trends in the separation efficiency, a minimum stable droplet diameter
of 127 microns is assumed [24]. It is assumed that particles smaller than this diameter form
a stable emulsion of the oil in water and are not considered separated in this last step.

3.10. Initialization of Droplet Distribution

In order to determine the terminal settling velocities of the dispersed phases, initial
assumptions had to be made about the flow properties at the inlets of the separation units.
Because of the high water cut in the process when entering the first separation stage, it was
assumed that almost the entirety of the oil and gas phases were dissolved in the continuous
water phase. Only 1 % of the water existed as a dispersion in the oil phase. Aspen HYSYS
allowed these values to be specified when entering the input conditions for the gravity
settling model. A Rosin–Rammler distribution was used to model the initial dispersion
in the phases. Ref. [25] studied the droplet distribution of gelled crude oil in a hydraulic
suspension transport system and showed that the Rosin–Rammler distribution fitted the
experimental data under such conditions.

4. Simulation Results
4.1. Dynamic Simulation Scheme

To investigate the reactions of the system to dynamic changes in the input, two
different scenarios were chosen. Both scenarios represented a specific situation that can
occur during the dynamic operation of a gas and oil separation plant. The first scenario
represented a massive increase in the inflow rate in one three-phase separator unit in the
first-stage separation process. The second scenario was chosen to be a complete dry startup
of Separator 2 (V-103) after maintenance schedules. During both of these scenarios, the oil
residuals in the water output of the different stages were monitored. The exact properties
and schedules of the dynamic schemes can be seen in Table 5.

Table 5. Parameters for dynamic simulation scheme.

Dynamic
Scheme

Monitored
Time Frame Modified Value Dynamic Event

Case 1 0–120 min InletFlow 3P-Separator 1
(V-100)

250,000 kg/h at 30 min–150,000 kg/h at 60 min
Linear Ramp Duration: 2 min

Case 2 0–90 min InletFlow 3P-Separator 2
(V-103)

250,000 kg/h at 0 min
Linear Ramp Duration: 2 min

Case 1 was monitored during a time frame of 120 min to determine the certain param-
eter changes inside the units. Case 2 was monitored for 90 min, as stable operation was
reached at this time mark. The liquid height in the vessel, and the pressure and outflow
rates of the different phases, were monitored.

4.2. Case 1

The incoming mass flow of Separator 1 in the first-stage separation unit was increased
from 150,000 kg/h to 250,000 kg/h at the time mark of 30 min. The controller settings for
the initiation of this increase were adjusted, so that the increase appeared linearly over a
time period of 2 min. At the time mark of 60 min, the inflow rate was changed back to
150,000 kg/h. The incoming feed flow rate of Separator 1 can be seen in Figure 4.

During the dynamic changes, the parameters of the outflow rates of the separation
equipment in the first stage were altered. As most of the incoming feed consisted of water,
a significant change appeared at the water outlet. As the controllers were tuned to handle
such dynamic parameters, only a small overshoot occurred at the water outputs during
increase and decrease events. During the adjustment process of the valves at the outputs, a
time delay in the process reaction could be seen. The biggest dynamic changes could be
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seen in the oil outflow rate because, during the dynamic changes, water overflow in the oil
subsection occurred. The changes in the water level can be seen in Figure 5.

The magnitude of the dynamic effects during these changes affects the total mass
of water in the oil outlet. A good implementation of the water level control in the first
process steps can thus limit the mass of water that has to be separated in the second buffer
tank. This influences the design size of the second separation unit and can reduce the total
equipment required in the process. Water overflow over the weir with two different tuning
methods for the level controller can be seen in Figure 6.

Figure 4. Mass flow rates at Separator 1 in the first stage.

The vessel pressure in Separator 1 during the dynamic changes can be seen in Figure 7.
The dynamic changes in the pressure were intercepted relatively quickly by the controller.
Pressure changes also affected the mass flow to the water and oil outlets due to the static
pressure in the separator.

Figure 5. Water level in Separator 1 in the first separation stage.
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Figure 6. Weir overflow effects under different controllers.

The oil residuals were monitored in three different positions. The water outlet at Sepa-
rator 1 in the first stage showed a significant increase in oil residuals due to the dynamic
change at the input. Separator 2 in the first stage maintained a stable operating point. The
second separation stage showed higher oil residuals, due to more incoming fluid from
Separator 1 in the first stage. The oil residuals after the first and second separation stages
can be seen in Figure 8.

Figure 7. Vessel pressure in Separator 1 in the first separation stage.

During the increase of the inflow rate in Separator 1, the residence time in the third-
stage separator was lowered to 1.54 h. In order to achieve a trend curve for separation
efficiency, the procedure discussed in Section 3.3 was used. The dynamic changes in the oil
residuals in the water output after the third stage of separation can be seen in Figure 9.
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Figure 8. Oil residuals in water output after first and second separation stages.

The change of input shows a large effect on the separation efficiency in the first stage
of separation. Due to the control scheme, the weir overflow of water in the oil subsystem
of the three-phase separator was not detected in a reasonable enough range to have a
noticeable impact on the separation efficiency in the subsequent stages.

Figure 9. Oil residuals in water output after third separation stage.

4.3. Case 2

A dry start-up of Separator 2 in the first stage was considered in this dynamic scenario.
The feed flow rate in Separator 2 was linearly increased from 0 to 250,000 kg/h over a time
frame of 2 min. The same parameters as in case 1 were monitored. Water discharge from
the vessel started at 8.4 min when the respective setpoint height was reached: at this point,
the oil settled on top of the water flows over the weir and filled up the second chamber in
the equipment. The setpoint for inducing oil discharge from the vessel was reached at the
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time mark of 31.2 min. The mass flow rates at the output of Separator 2 during the start-up
can be seen in Figure 10.

Figure 10. Mass flow rate at Separator 2 in the first stage.

The water level continuously rose until it reached the setpoint of 1.5 meters. Due to the
controller tuning, no weir overflow was detectable, which led to no peak water carry-over
to the second separation stage. The water level, during the startup of Separator 2, can be
seen in Figure 11. During the startup event, the vessel pressure reached maximum, which
was then decreased by the controller response and valve opening procedure. The vessel
pressure can be seen in Figure 12.

Figure 11. Water level in Separator 2 in the first stage during dry startup.

The oil residuals in the water phase increased in compliance with the water output
rate of the unit. A steady-state oil-in-water carry-over in Separator 2 was reached at 25 min,
with a calculated oil mass flow in the water phase of 26.9 kg/h. The outflow volume
at subsequent stages of separation was initially determined only by the continuously
operating Separator 1. After Separator 2 started to discharge water to the storage tank, the
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discharge rate of the storage tank increased until it reached a continuous value. The oil
residues in the water at the outlet in the third stage were determined using the minimum
stable droplet diameter, as in case 1. The oil residuals in the water output of the first- and
second-stage separations can be seen in Figure 13.

Figure 12. Vessel pressure in Separator 2 at first-stage separation.

Figure 13. Oil residuals in water output after first- and second-stage separations.

The water output in the last stage maintained a steady level in the first minutes of the
simulation, as it was only fed by Separator 1 in the first-stage and second-stage separations.
After water discharge at Separator 2 was induced, the outlet flow after the third stage
increased until it reached a stable output (Figure 14). The oil residuals, calculated by the
minimum stable droplet method (Section 3.3), also increased during the third stage. The oil
residuals in the water output in the last stage can be seen in Figure 15.
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Figure 14. Total water output after third stage.

Figure 15. Oil residuals in water output after third-stage separation.

5. Conclusions

A dynamic model of an exemplary gas and oil separation plant was created in Aspen
HYSYS. The parameters of the system were measured under different dynamic conditions.
A gravity settling model was used to determine the oil residuals in the water output in
the first stage of separation. The oil residuals in subsequent stages were modeled by
introducing a threshold for the droplet size of separation. The introduction of this threshold
enabled a distinction between separated and non-separated droplet sizes and facilitated
the analysis of separation efficiencies in the units under dynamic conditions.

Due to the design of the plant components in this example unit, only the three-phase
separators showed a significant oil content in the water outlet. The second separation
stage, intended as a buffer tank for possible water inclusions in the oil product from the
first separation stage, maintained a relatively stable output, as the control units in the
previous stages acted quickly enough to prevent peaks in the water-in-oil discharge rate.
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This highlights the importance of suitable control systems and reactive units in gas and oil
separation plants to reduce equipment costs and enhance production efficiency.

The separation efficiencies and evaluation methods in this modeling approach can
be adapted easily to represent values from a real-life plant, and to give feedback on the
reaction of the system under dynamic conditions. By integrating this approach with robust
validation strategies, predictions of the plant’s dynamic behavior can be obtained, which
can be used to identify potential optimization strategies for further process intensification.
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