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Abstract
This paper describes the simulation setup applied in an
introductory study in connection with implementation
of subsea processing equipment at an already operating gas and oil field. The primary aim of the subsea
processing equipment is to increase the oil recovery,
but it is also considered as an important technological
step forward. A subsea separation and boosting station
is planned installed.
Several challenges need to be addressed before the implementation process, and simulations have therefore
been performed to see how different types of control
strategies can be introduced to overcome these challenges. The simulation model includes all the pipes
and equipment from the wells to the topside first stage
separators. The flow in the pipelines is modeled with
the dynamic multiphase flow simulator OLGA 2000,
whereas most of the processing equipment is modeled
in Simulink. The focus of the paper is to demonstrate different ways of combining OLGA 2000 and
Simulink, and how to divide the overall process model
into sub-models in order to study local phenomena.

1 Introduction
Processing equipment may be installed at the sea bed
in order to separate produced water from the production stream, inject the water into a reservoir, and possibly to increase the pressure in the production pipelines
by compression or multiphase pumping.
Subsea processing enables production from low pressure reservoirs over long distances, and may increase
the daily oil and gas production or even the total re-

covery from the reservoir. By injecting some of the
produced water into a reservoir, the water emission
from topside to sea is reduced, and subsea transportation pipelines are better exploited. Compression and
pumping enable a lower wellhead pressure, and hence
an increased production.
A general subsea production system with wells,
manifold, subsea processing equipment, production
pipelines and topside separators is shown in Figure 1.
Installation of subsea equipment leads to several challenges that need to be explored before the implementation. In the process of determining the control strategy
and operation philosophy of the system, it is important
to perform dynamic simulations that recapture the dynamical behavior adequately. Since the pressure, flow
rates and composition of the flow vary with time, it is
important to perform studies for several years throughout the life time of the field.
In the present paper, a simulation study applying different combinations of OLGA 2000 [10] provided
by Scandpower Petroleum Technologies [11], and
Simulink [9] is described. When combining these simulation tools, one needs to carefully consider which
parts of the system to include in a simulation, and
which assumptions can be made about the boundary
conditions in each case.

2 Subsea processing equipment

Oil, gas and water are transported from the manifold
connecting the different wells, to the subsea separator
trough pipelines. From the subsea separator water is to
be injected into a reservoir. Some water will be transported along with the oil and gas through the pipeline
∗ Author to whom correspondence should be adressed: into each topside separator. A multiphase boosting
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Figure 1: A production system including subsea processing equipment
rator to increase the pressure.

2.2

Pumps

To transport the flow from the subsea separator to topside, a set of pumps or compressors able to handle
multiphase flow can be used.
2.1 Subsea separator
The flow rate to topside was used as input for the subsea separator model. This is also the flow rate that will
The purpose of the subsea separator is to separate part
be used as input to the OLGA model that represents
of the water to be injected into a reservoir. The oil conthe production pipelines for transporting the fluids to
tent in the injected flow shall be below a given limit.
topside.
There is also a need for a set of water pumps to pump
the water into the water reservoir. The water rate
through the pump depends on the pressure difference
between the reservoir and the subsea separator, and
also the pump speed. The pump speed can be set either
manually or by a controller. The inputs to the pump
model are the pressures upstream and downstream the
pump, and also the pump speed. The output is the mass
flow of water injected into the reservoir.

2.3

Controllers

Figure 2: Subsea separator
OLGA 2000 includes controllers. Simulink, however,
gives the opportunity for more flexible choice of conThe separator is simulated using a simple Simulink trollers and control structures. For this reason, the conmodel. The inputs for the separator are the volumetric trollers where modeled in Simulink.
flow rates of gas, oil and water into the separator. Also
the total volumetric flow to topside and the volumetric
2.4 Chokes
flow of water to the reservoir are used as input.
From the subsea separator model we get the subsea
separator pressure, the gas density, the composition
and density for the topside flow and also the water and
oil levels in the separator.

There are subsea chokes for each well, which makes
it possible to adjust the flow from each well independently.
At the top of each riser there are topside production

chokes. They make it possible to control the flow into
each of the topside separators, and can be adjusted
manually or by a controller.
The chokes are modeled in OLGA 2000. When they
need to be adjusted during a simulation, the new choke
openings can either be sent from Simulink to OLGA or
they can be set directly as time series in OLGA.

2.5

Measurements

Several measurements are assumed available, monitoring pressure, density, flow rates and other values which
are necessary for controlling the different parts of the
system. Some of these are implemented in the OLGA
2000 simulations. During simulations, these values are
sent from the OLGA model to the Simulink environment.

3 Simulation strategies
3.1

Integration of OLGA 2000 and Simulink

Using the OLGA - MATLAB toolbox it is possible
to run OLGA simulations from a Simulink environment. The Simulink OLGA encapsulation enables the
Simulink application to simulate multiphase flow in
pipelines in OLGA 2000 together with additional process equipment. The communication between OLGA
and Simulink is synchronous, which means that when
the interface has sent a message to OLGA 2000, it
waits until a response has been received before returning to Matlab.
From the OLGA block it is possible to get all the information about the flow and the equipment that is modeled in OLGA, into Simulink. In Simulink the information can be displayed and stored during the simulation. The values of the OLGA variables can this way
be used for process equipment modeled in Simulink,
such as controllers and separators. The outputs generated from the Simulink process equipment, such as
separator pressure, are then sent back to OLGA and
used as inputs for the OLGA calculations in the next
time step.
Using OLGA 2000 to run all the simulations is also
an option, as it is possible to include separators, controllers and other equipment in the models. There are,
however, some advantages of combining OLGA 2000
with Simulink. Sometimes it is desired to use other
models for process equipment than the ones used by
OLGA, e.g. separators and controllers. It is particularly easy to implement these in Matlab/Simulink.

For the simulations performed during the study of
our system, combinations of these methods have been
used. To save computing time, and also to avoid some
of the numerical problems that can occur during large
simulations, parts of the system have been left out during some of the simulations. When doing this, it is
important that the boundary conditions are well taken
care of. Sometimes assuming constant values at the
boundaries can be justified, but it is not always the
case.
The calculations made by Simulink requires a very
small percentage of the simulation time compared
to the OLGA calculations. When sending inputs to
OLGA, such as changes in boundary conditions or
flow rates, the OLGA simulation time might increase.
If these inputs are not essential for the results, it might
be an idea to keep some of these inputs constant to
reduce the time of the simulation.
Figure 3 shows the different ways to divide the system in our case. The wells and the pipelines into the
subsea separators are modeled in OLGA, while the
subsea separator and pumps are modeled in Simulink.
The pipelines from the multiphase pump to topside
are modeled in OLGA, and the topside separators are
modeled in Simulink. All the controllers have also
been modeled in Simulink.

Figure 3: The subsystems of a general subsea processing system
To see how different parts of the total system can be
run separately, some of the simulations that have been
made will be presented. These simulations were performed during an early stage of the decision process
on how to run the subsea system, so not all of this
equipment or control structures will be used later on.
However, they are included to show some of the considerations that where made when combining OLGA
and Simulink.

3.2

Sequential simulations

One obvious possible way of doing the simulations,
would be to run the different parts simulated in OLGA
2000 and Simulink separately. Then the time series
obtained from one part could be used as input to a
downstream simulation. The advantage of using such
a method is that the simulations would in many cases
require less time, and the programming would also be
easier. The disadvantage is that this method does not
capture the interactions between the different parts of
the system, which can change the way the system behaves significantly. For example, the flow rates from
one unit can be applied as input to the downstream
unit. The sequential simulation will be appropriate
if these flow rates are independent of the downstream
pressure.
In [5] OLGA 2000 simulations were run first with a
controller implemented in Simulink. The resulting
outflow from OLGA was later used as varying inflow into an advanced topside simulator (ASSET from
Kongsberg Maritime [8]) to see how the topside facilities would handle the flow variations.

3.3

Integrated simulation of wells and subsea
separator

The wells and subsea separator simulations are important for studying the separator states during periods with varying well rates and pressure. Figure 4
shows a possible configuration in Simulink. Values
for the flow rates of oil, water and gas are sent from
the OLGA block to Simulink along with the pressure
at the manifold. The flow rates are sent to the model of
the subsea separator, while the inlet pressure is needed
for the controller. The separator pressure is used by
both the controller and as boundary condition for the
OLGA block. The openings for the subsea chokes,
set by Simulink, are also inputs for the OLGA block.
In the case variations in separator pressure can be neglected by the OLGA model, computational speed can
be increased by running the simulations with a constant downstream pressure input to the OLGA block.
The downstream equipment is not included in the simulations. When discarding the downstream equipment,
assumptions have to be made about the boundary conditions. In these simulations we have assumed a constant pressure downstream the multiphase pump. This
assumption was based on the fact that this pressure,
as will be showed later, will most likely be controlled
using other controllers, and not allowed to vary very
much.

Figure 4: Simulation of wells and subsea separator
One example of a simulation that uses this set-up is
presented in Section 4.1.

3.4

Integrated simulation of subsea separator, flowlines and topside separator

Simulations that include all equipment from the subsea separator to the topside separators can be used to
see how changes in the subsea separator conditions influence the topside facilities. The simulation includes
the subsea separator, the multiphase pump, the water
injection pump, the pipelines to topside and the topside separators. Figure 5 shows how this was done
in Simulink. Constant flow of oil, gas and water into
the subsea separator was assumed. The reason why
the wells were not included in the simulations, is that
including them would lead to a very long simulation
time. One example of such a simulation is given in
Section 4.2.

Figure 5: Simulation of subsea separator and topside
pipelines
The pressure difference over the subsea chokes located
downstream each well is quite large, so minor downstream pressure variations will not influence the flow
rates very much. This pressure is not expected to differ
dramatically, since the pressure in the subsea separator
is held constant using controllers. Assuming constant
flow rates into the separator is therefore justified.

It is also assumed that the equipment located downstream the topside separators are able to handle the
flow rates from each separator. These flow rates are
determined by controllers designed to keep the separator levels and pressure constant.
The flowrates of oil, gas and water out of the subsea
separator are inputs to the OLGA block simulating the
topside pipelines. These are obtained from the subsea
separator model. Outputs from the OLGA model are
the flow rates trough the topside chokes and the inlet
pressure downstream the multiphase pump. The flow
rates are sent to the models for the topside separators
while the inlet pressure is used by a slug controller not
shown in the figure. From the subsea separator model
we also get the water level and pressure, needed for the
controller and the model for the water injection pump.

3.5

well (deduction principle for subsea tie-ins). When a
well is shut down, the pressure drop in the pipeline
will decrease due to the reduced flow rate in the pipes,
and the other wells will produce more. Normally the
separator pressure is controlled, but during well testing
it is the pressure at the manifold that is important to
keep constant. There actually is a need for the subsea
separator pressure to increase during a well test.
There are several ways to do this. Using a cascade control configuration is one possibility. The outer loop
controls the manifold pressure where the set-point is
the initial pressure before the well test. The inner loop
controls the subsea pressure. This way the set-point
for the subsea separator pressure will automatically increase for every well that is shut down. The control
configuration illustrated in Figure 7. The simulation
set-up from Section 3.3 have been used.

Flowline simulations

Figure 6 shows the Simulink model for the topside
pipeline, topside choke and controllers. This configuration has been used for testing a slug controller (see
Section 4.3). From the OLGA block the inlet pressure
of the pipeline is sent as input to the Simulink model
of the controller. The controller calculates new topside choke openings that are sent as inputs back to the
OLGA model.

Figure 7: Well testing using cascade configuration

Figure 6: Slug control simulation setup
In this simulation it is assumed constant flow rates of
oil, water and gas from the multiphase pump. In this
way, the effect of pressure variations at the inlet of the
pipelines on the flow rates upstream will not be modeled. When the slug controller is active this pressure
will be fairly constant during normal operation.

Using the cascade controller for the well test, it was
possible to bring the manifold pressure back to its original value. Figure 8 shows the results when four of the
wells are shut down one after another. The plot at the
bottom shows how the subsea separator pressure increases to counteract the effect of the reduced pressure
loss in the pipelines upstream the separator.
The results from the simulations show how long it
takes for the manifold pressure to retain its initial value
after a well is shut down. This information can be used
to predict the duration of a well test.

4 Case study
4.2
4.1

Integrated simulation of wells and subsea
separator: Well test

Integrated simulation of subsea separator, flowlines and topside separator: Control of the water rate to top

During a well test, one well after the other is shut down By changing the water level in the subsea separator it
in order to calculate the flow rate from each individual is possible to control the water rate that is transported
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Figure 8: Well test results
to the platform. An increased water level will lead to
increased water rate topside. A cascade configuration
using the water rate out of the topside separator in the
outer loop and the water level in the inner loop was
used to handle this (Figure 9). The sub-models are
combines as described in Section 3.4.

Figure 9: Cascade controller for subsea separator water level and water rate topside
Figure 10 shows what happens when the inlet flow
rates to the subsea separator are reduced by 50% after
1 hour. The set-point for the water level controller in
the inner loop is increased when to little water is transported topside. This way more of the water is brought
topside, while less is pumped into the water reservoir.

4.3

Flowline simulations: Slug control

Riser slugging is a well known problem offshore, [1],
[2], [3], [4], where alternating bulks of liquid and gas
enters the receiving facilities and causes problems due
to pressure and separator level oscillations. The results
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Figure 10: Results using a cascade controller to control subsea separator water level and water rate topside
are poor separation and wear on the equipment.
A simple PI controller using the inlet pressure downstream the multiphase pump and a control choke at the
top of the riser has proven to be effective at other installations. This is illustrated in Figure 11. Section 3.5
describes the combination of the sub-models.

Figure 11: Slug control
Results from a simulation using the slug controller are
shown in Figure 12. During the first 4 hours the controller is inactive, resulting in slugging and the pressure variations shown in the upper plot.
When the controller starts working, the pressure stabilizes at the desired set-point.

5 Discussion
This paper has shown some examples of the considerations that had to be made during the simulation study
of a subsea station where a combination of OLGA
2000 and Simulink simulators have been used. The

have been combined in different ways to save simulation time without introducing too large errors due to
simplifications. Doing so requires a careful consideration of all assumptions for the boundary conditions.
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Figure 12: Slug control results
study has been performed to study different control
strategies, and several options have been investigated.
The simulations have been performed at a very early
stage of the process, before the final decisions about
equipment and operation have been made. Because
of this, simplified models of the pipelines and equipment was used. Also the controllers have not been
fine-tuned to get the best results at this stage. The results from this study might therefore differ from the
final results. But the simulations can be been used as a
tool to see which options are possible for control, and
this way used as a basis for later studies.
There are also other dynamic process simulators that
are commercially available and may be combined with
OLGA 2000 for pipeline simulations.
D-SPICE is a dynamic simulator provided by Fantoft
Process Technologies [7]. The simulator contains a
module, the OLGA 2000 Interface (OLGAIF), that can
be used to run an OLGA simulation as an integrated
part of a D-SPICE model. Similar possibilities exists also for ASSET from Kongsberg Maritime [8] and
HYSYS from Aspentech [6].
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6 Conclusion
Using a combination of OLGA 2000 and Simulink
simulator tools, it has been possible to study and plan
for the implementation of a subsea station planned to
increase the oil and gas productivity of an offshore
field.
Because of the early stage at which these simulations have been performed, the final models for all the
equipment were still not available at the time of the
simulations. However, it was still important to capture
the interactions between the different subsystems.
Depending on the problem at hand, local sub-models
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