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A platform often has oil and gas production from more than one field. The determination of how much oil
and gas originates from the different fields is called allocation. The platform studied in this report is called
Platform Vest, located in the North Sea, with production from field A, field B (high GOR) and field C
(low GOR). The current allocation method for Platform Vest is based on oil recovery factors (ORF) for
each component. Other allocation methods evaluated are allocation by difference, process simulation and
pro-rata allocation.

The main objective for the report is to recommend the most fair and prudent allocation for Platform Vest
and allocation in general.

The objective is studied using different process simulations created in UniSim and ProMax, with varying
fluid characterisations (obtained from PVVTsim) and different process input parameters and utilities.

When comparing the different allocation methods, the current established ORF method was the method
that gave the fairest allocation of gas and oil to the different fields, especially when considering the
different GOR values of the fields.

Inclusion of aromatics in the fluid characterisation and the case using the ProMax model gave the highest
deviation from the initial case when comparing the estimated ORFs. Both cases should be investigated
further to determine the impact this can have on the allocation.

In conclusion, the newest fluid characterisation and up-to-date process input (a process simulation will never
be more accurate than the accuracy of the input parameters) should always be used when possible. The C20+
lumping and the allocation utility method can be safely used with the ORF estimation with approximately
the same result as the initial case. The C10+ lumping scheme can be considered for ORF estimation
without too large deviations from the initial case.

The University of South-Eastern Norway takes no responsibility for the results and
conclusions in this student report.
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Nomenclature

Nomenclature
Symbol Description
Bn Estimated quantity to user n [ton/h]
c Volume correction [m3/mol]
EOS Equation of state
GL Gas lift
GOR Gas-oil-ratio
MAG, i Allocated gas for component i [ton/h]
MAO, i Allocated oil for component i [ton/h]
MGB, i Gas basis for component i [ton/h]
MHC, i Hydrocarbon inflow of component i [ton/h]
MmisG Gas imbalance [ton/h]
Mmiso Oil imbalance [ton/h]
MoB,i Oil basis for component i [ton/h]
Moil,i Oil flow of component i in the export [ton/h]
mTc Total gas export, dry basis [ton/h]
mTo Total oil export, dry basis [ton/h]
n Moles [mol]
ORF Oil recovery factor [%]
P Pressure [Pa]
Pc Critical Pressure [Bar]
PNA Paraffin, naphthene and aromatic
PVT Pressure, volume and temperature
Q Total quantity to be allocated [ton/h]
Q1 Quantity allocated to user 1 [ton/h]
Q2 Quantity allocated to user 2 [ton/h]
Qn Quantity allocated to user n [ton/h]
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Te
Tr
UBA

ZRrRA

Gas constant [J/°K*mol]
Temperature [°C]

Critical Temperature [°C]

Reduced temperature [°K]
Uncertainty based allocation
Volume [m?]

Molar volume [m3/mol]

Translated molar volume [m3/mol]
Vapour fraction [-]

Rackett compressibility factor [-]

Acentric factor [-]

Nomenclature
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1 Introduction

1 Introduction

Offshore oil and gas platforms are costly installations with a long-life expectancy, typically
20 to 30 years [1, p.12]. It is, therefore, expected that one platform has oil and gas production
from more than one field. If fields are coproducing over one platform, it is essential to
understand the commingling effects and how this will affect the total production from the
different fields. The determination of how much oil and gas originates from the different
fields is called allocation. [2]

Different methods can be used to allocate the oil and gas products, including process
simulation, allocation by difference and pro-rata allocation. The most important aspect is that
the allocation is fair and prudent for all the different producers and owners on the platform.

The platform used for the cases in this report is called Platform Vest. This platform, located
in the North Sea, has production from three fields, all having different owners.

Figure 1.1 shows a simple overview of Platform Vest. The platform produces oil and gas
from fields called field A, field B and field C. The outflow streams from the platform are fuel
gas, flare gas, export gas, export oil and produced water. The gas lift to field B and field C is
provided from Platform @st. The fuel and flare gas are set to zero in this scope for
simplifications, meaning that the total produced gas is the gas export stream.

Fuel Gas

Field A Flare Gas

—t Export Gas

Field B F— Platform Vest

Export Oll

Field C

Produced Water

Platform @st
Gas Lift

Figure 1.1: Simple overview of Platform Vest

The main objective of this report is to investigate and recommend the most fair and prudent
allocation for Platform Vest and allocation in general. The fluid characterisations for the
different fields are studied using PVTsim, and phase envelopes are generated. Different
simulation models are built using the simulation software UniSim, to investigate the effect
variations in the fluid characterisation and setup will have on the simulated results. A simple
simulation model is also built with the simulation software ProMax and compared to a simple
case in UniSim, to study differences between the software.

The current allocation agreement for Platform Vest is based on ORFs (oil recovery factors)
obtained from standalone simulations for each field. The ORFs obtained from the different

12



1 Introduction

cases is thus essential parameters to study and compare. Other allocation methods are also
evaluated and compared to the current allocation agreement for Platform Vest.

This report contains 8 chapters. The first chapter is the introduction.

Chapter 2 gives a description of Platform Vest, the different fields, and the process
description.

Chapter 3 includes theory on allocation in general, different allocation methods and a
description of the current allocation agreement for Platform Vest.

Chapter 4 includes the fluid characterisation for the different fields, a description of the
selected equation of state, the phase envelopes, and an introduction to the software PV Tsim.

Chapter 5 includes theory on the simulation software UniSim, and how it is used for
allocation.

Chapter 6 includes theory on the simulation software ProMax, and how it is used for
allocation.

Chapter 7 includes the results for the different cases and discussion around them. A
recommended guideline based on the results from the different cases is also included in the
last chapter.

Chapter 8 includes the conclusion of the report.

13



2 Platform Vest

2 Platform Vest

Platform Vest is a platform located in the North Sea with gas and condensate production from
three different fields. These fields are called A, B and C. After arriving on the platform, the
three fields are commingled together and separated into gas and condensate for export out of
Platform Vest. A platform with condensate production needs to be able to handle gas,
condensate, and water. The difference between condensate and oil is that condensate is
technically gas that has gone from the vapour phase to the liquid phase due to cooling. This
condensation process happens when the fluid enters the platform. The downside related to
condensate is that it is a much more unstable fluid than oil; therefore, it is essential to
stabilise the condensate as much as possible before it is exported from the platform. [3]

To be able to produce from a field, the pressure in the reservoir needs to be adequate to lift
the fluid from the reservoir to the platform. As a reservoir is producing, the reservoir pressure
will decrease due to the reduction of the total fluid amount in the reservoir. If the production
flow should be kept at a sufficient level, there is a need for artificial driving forces to the
production. Two efficient methods used for oil recovery are water injection and gas injection.
[4] With water injection, water is inserted into the reservoir to increase the reservoir pressure.
Gas injection uses the same principle only with inserting gas instead of water. [5]

2.1 The fields

Platform Vest has production from three different fields. These fields are further described in
the sections below.

2.1.1 Field A

The A field was the initially intended producer on Platform Vest and is the oldest field to
produce on the platform of the three fields. The field is produced by pressure depletion,
meaning that the pressure in the reservoir is the driving force to get the fluid from the
reservoir and up to the platform. [3] The reservoir is a high-pressure and high-temperature
reservoir and is at a depth of 4600 metres. The A field’s production is in the tail phase,
meaning that the recovery from the fields is declining each year. The field is a gas and
condensate field, but the condensate is sold as oil. The typical GOR (gas-oil ratio) value for
field A is 2500 Sm3/Sm?. Equinor is the owner of 55% of the field, while Company A,
Company B and Company C own 20%, 19% and 6%, respectively. [6]

2.1.2 FieldB

The B field was the second field to produce on Platform Vest together with Field A. The B
field produces by pressure depletion and gas cap expansion, meaning that the gas above the
oil in the reservoir will expand and put pressure on the oil. The field has previously produced
with water and gas injection. Field B is also equipped with a gas lift (provided from Platform
@st), a process where compressed gas is injected into the production stream from the
reservoir to lift the oil up to the surface. [7] The reservoir is at a depth of 3500 metres. The
field is a gas, condensate, and oil field with high GOR (typically 5000 Sm*/Sm?®). Equinor is

14



2 Platform Vest

the owner of 59% of the field, while Company C and Company B own 23% and 18%,
respectively. [6]

2.1.3 FieldC

The C field is the latest field to join the production on Platform Vest. The C field produces by
water injection and is also equipped with a gas lift (provided from Platform @st). The
reservoir is at a depth of 3800 metres. The field is a gas and oil field with low GOR (typically
120-130 Sm3/Sm?3). In this field, Equinor is not an owner. Field C is owned by Company D,
Company A and Company E with 50%, 30% and 20% shares, respectively. [6]

2.2 Process description

The products from field A, B and C are arriving at Platform Vest from the different
reservoirs. The fluid from field B and C are combined at the inlet manifold, while the field A
fluid are routed to the test manifold. Initially, the platform had only production from field A,
and later field A and field B together; the platform has thus not the capacity to route all the
field streams to the same separator. Field A is permanently routed through the test separator,
so that field B and C can be combined in the inlet separator. Field B is a high GOR field, and
field C is a low GOR field; the commingled stream will try to adjust these differences. This
can result in field C getting less of the products out in the oil export when producing together
with field B. Field B can, on the other hand, get more of the products out in the oil phase
when producing with field C.

The naming of the process equipment is based on the NORSOK standard [8]. The prefix 20
means that the purpose of the equipment is to separate and stabilise the fluid, prefix 21 means
crude handling, prefix 23 is gas recompression and scrubbing, 24 means gas treatment, and
27 is gas pipeline compression. The item function codes used are VA for separators, VE for
columns, VG for scrubbers, HA for shell and tube heat exchangers, HB for plate heat
exchangers, HJ for printed circuit heat exchangers, KA for centrifugal compressors and PA
for centrifugal pumps.

Achieving good separation between the liquid and gas phase is accomplished with the use of
multiple separation stages. The different stages in the separation process will have decreasing
pressure to ensure high stability of the gas and liquid leaving the last separator. Three-stage
separation is most common for the separation of fields with medium to high GOR and
moderate inlet pressure. The three-stage separation process is also seen as the most optimum
for instalment cost. The gas streams out of the second and third stage separators need to be
recompressed to meet the pressure of the first stage separation. [9, p. 197-198] A more
thorough process description is described in the sections below.

The first separation stage is shown in Figure 2.1 [10]. The inlet separator (20VVA001) and the
test separator (20VAQ04) are both 3-phase-separators which separates the gas at the top, the
condensate in the middle, and the water out at the bottom. The condensate downstream of the
inlet separator is heated to the desired temperature in a heat exchanger (20HA101). This is to
separate water and gas from the oil in a more efficient way. The heated commingled stream is
then mixed with the test separator's condensate in the mixer (M1X-107). [3]

15



2 Platform Vest

20VA001, Gas
20HAT08 Q-20HAT01

Test_Gas
2 —p-|} 20VA001, Inlet ’C- A-20VA001, Condensate. -‘%: > l
Iniet Manifold MIX-106 Inlet 20VA001

MIX-107

Separator

2OVADDT, PW

Fellt A Well
bB 20VAQD4, Inket M Test_Cond

Test Manifold Qu‘:r,qum
Test

Separator

Test PW

Figure 2.1: Illustration of the first separation stage

The second and third stage separation process is illustrated in Figure 2.2 [10]. The mixed
stream with both condensate streams is then routed to the second stage separator (20VA002).
The second stage separator is a two-phase separator that separates the gas at the top and the
liquid out at the bottom. The second stage separator operates at a lower pressure than the inlet
and the test separators. The second stage liquid outlet is then routed to the third stage
separator (20VAQ03), a three-phase separator operating at an even lower pressure than the
second stage separator. This separator separates the remaining water at the bottom, the gas
out in the top and the condensate out in the middle. [3]
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20VADO1, PW 4} Total Py -
Test_PW »

MIX-109

Figure 2.2: Illustration of the second and third separation stage

The outlet condensate stream from the third stage separator is then heated and pumped to
meet the condensate export specification, as shown in Figure 2.3 [10].
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Figure 2.3: lllustration of the condensate export

The first and second stage recompression is illustrated in Figure 2.4 [10]. The gas out of the
third stage separator is cooled (23HB001) and routed through a scrubber (23VG001) that
separates the liquid from the vapour. The liquid out of the first scrubber is pumped (23PA
001) and mixed into the inlet stream to the third stage separator. The vapour out of the first
scrubber is compressed (23KA001) and cooled (23HB002) right after to remove the heat of
compression from the fluid. This is called the first stage of recompression. The fluid is then
routed through a second scrubber (23VG002) to remove even more liquid from the vapour.
The liquid out of the second scrubber is mixed into the inlet stream to the third stage
separator. The vapour out of the scrubber is compressed (23KA002) to meet the outlet vapour
pressure of the second-stage separator. This is the second stage of recompression. The vapour
from the second stage separator is mixed (MI1X-110) with the second stage recompression
vapour. [3]

5002, Inlelyny 23HBO01

4.23HB00Z Q-23HBO01

23KAD0Z, Oubietieanns 2BKADD1
MIX-110
H Q-2 IKAN q 2-23KAD01

RCYL-1

RCYLS 23PADO1
Q-23PAD01

Figure 2.4: lustration of the first and second recompression stage

The third stage of recompression is illustrated in Figure 2.5 [10]. The combined stream,
including the second recompression stage vapour and the second stage separator vapour, is
cooled (23HJ001) and routed through a third scrubber (23VG003) to remove even more of
the liquid from the vapour. The liquid from the third scrubber is pumped (23PA002) and
mixed into the inlet stream to the second stage separator. The vapour out of the third scrubber
is compressed (23KA003). [3]
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Figure 2.5: lllustration of the third recompression stage

The low-pressure recompression is illustrated in Figure 2.6 [10]. The vapour out of the inlet
separator and the test separator are combined, and the mixed stream is cooled (23HJ600) and
routed through a scrubber (23VG600) to remove the liquid from the vapour. The liquid out of
the scrubber is mixed into the inlet stream to the second stage separator. The vapour out of
the scrubber is compressed (23KA600) to meet the third stage recompression vapour. This is
called low-pressure compression. The vapour out of the low-pressure compression and the
third stage recompression are mixed (MI1X-112) and then cooled (24HJ001) before being
routed through another scrubber (24VG001) for additional liquid removal from the vapour.
The liquid stream from this scrubber is mixed into the inlet stream to the inlet separator. [3]

24VGO01, Vapour

[I‘ 01, 24H4001

— &~
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MIX-112
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20vgom

R
RCYL-3
RCYL-4

Figure 2.6: Illustration of the low-pressure compression

The final step in the process is illustrated in Figure 2.7 [10]. The vapour stream is cooled
(24HA001) and dried from the remaining water. Gas drying methods could include
adsorption or absorption with, for instance, glycol. [3] The dried gas is then cooled
(27HJ001) before it is sent to the last scrubber (27VG001), where the last bit of liquid is
separated out. The liquid outlet from this last scrubber is mixed into the inlet of the second
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stage separator. The gas outlet is compressed (27KAQ001) and cooled (27HJ002) to meet the
gas export specifications. [3]
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Figure 2.7: lllustration of the gas export

A total illustration of the process on Platform Vest is illustrated in Figure 2.8. [10].
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Figure 2.8: Illustration of the total process on Platform Vest

Phase envelops for each field is given in Chapter 4.3 to better illustrate the effect the different
pressures and temperatures have on each fluid.
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3 Allocation

The fluid that comes out of a reservoir is a mixture of gas, oil, and water. The exact amount
of gas and oil cannot be determined until the fluid is separated at a platform. On the platform,
the export gas and export oil can be measured.

An offshore platform is a costly installation to install for gas and oil separation. Therefore, it
is expected that one single platform produces from more than one field. When a platform has
production from several fields, it is hard to accurately know how much of the produced oil
and gas is from a specific field. The determination of which field the produced gas and oil is
from is called allocation. [11]

An offshore platform is often built initially to produce from a few known fields, but often
newer fields are routed to the existing platform. This can lead to restrictions for allocation
options and platform installation modification. Which can further lead to higher uncertainties
in measured values. [11]

The allocation practice may seem like a straightforward process, but the implementation is
often a complex matter. Getting the allocation as accurate and fair as possible is a common
problem. The allocation result is a function of the input data, meaning that the allocation’s
quality depends on the uncertainty of the input data. Different types of allocation methods are
presented in the next section. [11]

3.1 Allocation methods

Some methods used for allocation is described in the sub-chapters below.

3.1.1 Equity-based allocation

Equity-based allocation is a method that shares the production between the different fields to
their share of the equity. The claim is often given in percentage. This method does not
consider the quality and the quantity of the fluids from the different fields. The technique is,
therefore, more used if all the fields have the same owner. [11] There are several different
owners for the Platform Vest case, and the equity-based allocation method is thus seen as not
reasonable.

3.1.2 Allocation by difference

Allocation by difference is another allocation method that is suitable if one field is
unmeasured. Then the unmeasured field gets the products that have not been allocated to any
of the measured fields. The uncertainty with using this method increases with a higher
number of fields that are allocated. This method reduces the need for measuring
instrumentation in the process. For the Platform Vest case, the A and B fields were
previously allocated using this method before the C field was routed through the platform.
The formula for calculating allocation by difference is: [11]

Q2=0-0 3.1)
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Where Qz is the unknow quantity allocated to user 2, Q is the total quantity to be allocated
and Q1 is the known quantity for user 1.

3.1.3 Pro-rata allocation

Pro-rata allocation (or Proportional allocation) is allocation based on measured or estimated
field quantities. This means that each field gets the amount of production proportional to the
estimated quantity of the specific field. This method is less affected by biases since the
uncertainties are evenly distributed between the fields. The formula for calculating allocation
pro-rata is: [11]

__Ba (3.2)
2in By

Qn=20Q

Where Qn is the quantity allocated to user n and By is the measured/estimated quantity to user
n.

3.1.4 Uncertainty-based allocation

Uncertainty-based allocation (UBA) uses the accuracy of the input to give a fairer allocation.
The input data with the lowest uncertainty is emphasised more than data with higher
uncertainty. This method requires that the uncertainties in the system are highly evaluated.
[11]

3.1.5 Simulation-based allocation

Allocation can also be done by making a model in a process simulation software, such as
UniSim or ProMax. A simulation model needs sufficient input data for the simulation to be
solvable. The input data is often pressure and temperature specifications for the different
process equipment, field compositions and stream flows. A process simulation can provide
information on the hydrocarbons after being separated and experiencing thermodynamic
changes in the process. Normally, the simulation model is built from a process flow diagram
from the real platform process. However, it is better for just allocation purposes to construct a
model that favours stability and solvability, assuming that the process specification is
achieved. The uncertainty of the simulation model is dependent on the uncertainty of the
input data and the quality of the model. [11]

A process simulation software has basic hydrocarbons defined in the component library. If
the library components are used for a simulation with more than one fields, it is
impossible/challenging to measure how much of the hydrocarbons in the export belonging to
which field. One way of solving this problem is to define hypothetical components for each
field. In this way, the user can track the hydrocarbons from different fields throughout the
process and know which field the product is originated from.

Simulation-based allocation is always used for new fields to get an understanding of the
commingling effect, limitations or if there is a need for modifications.
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3.2 Current allocation method for Platform Vest

This chapter describes the current allocation method used for Platform Vest.

3.2.1 Input and production streams

The hydrocarbon mass flow to Platform Vest from the A field is not directly measured but
determined by other measurements and calculations. Field A is routed through the test
separator alone, making measurements from the test separator useful to decide flow from the
field. The field’s hydrocarbon flow is determined using updated well performance curves and
densities from sample analysis and validated with measurements from the test separator. The
uncertainty for this method can be set to + 5%. [12]

The hydrocarbon flow from field B and field C are measured separately with topside
multiphase flow metres. The uncertainty with this type of meter is set to + 5%. [13] Backup
flow determination for field B and C is subsea multiphase flow metres or well performance
curves. [14]

The production streams are measured with fiscal metres on a mass basis. The parameter to be
measured on the gas export is the accumulated monthly mass. The parameters measured for
the oil export are the daily mass and the accumulated monthly mass. [14]

3.2.2 Oil export allocation

The oil export allocation is based on standalone ORFs. The ORF (oil recovery factor)
determines how much of a specific component is recovered in the oil production. ORFs need
to be calculated for each component in every field. The ORFs also need to be free of any gas
lift, only pure component from the specific field. The formula for the calculation is: [14]

Moil; piera x (3.3)

HC;Field x

ORFi,Field x =

OREF is calculated for the following components (i = N2, CO2, C1, C2, C3, iC4, nC4, iC5,
nC5, C6, C7, C8, C9 and C10+), where moil is the oil in the liquid product for the specific
component (i) and muc is the total hydrocarbon feed of that specific component. Platform
Vest has production from three fields, meaning that the specific ORFs needs to be calculated
for each field, resulting in 14 ORFs for each field and a total of 42 ORFs for each Platform
Vest case. The ORFs is based on a standalone simulation for the fields. A standalone
simulation is a simulation where only the production from one field is simulated, resulting in
three different simulation models. This gives a non-commingled result for the simulation. The
input to the simulations is given from the fluid characterisation of the fields and typical
process input. The ORFs are kept and used for the allocation until a new fluid
characterisation or other changes requires for a new simulation. This is often done once every
year. [14]

The formula for calculating the basis for the oil production for each field is:
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MoB; piclax = MHCiFiclax * ORFiFieia x (3.4)
The oil production using this formula is used for the oil allocation from the A field, meaning
that the calculated oil from this formula is the oil allocated to field A. For field B and field C,
this formula is just used as a base for further calculations. The reason for doing this is
because field A was the original field on the platform so that it does not “lose” any
production (meaning that part of the oil production will not be recovered as oil due to the
commingling effect) with the addition of the new fields to the platform.[14]

Further, for field B and C, a correction factor is added to even out the imbalance and make it
fairer. The formula for calculating this imbalance is as follows:

Mpo; = [mTOi - mOBi,FieldA] - [mOBi,FieldB + MOB; riela c] (3.5)

Where migo is the imbalance for the oil for each component on a mass basis, mro is the total
export oil on a dry mass basis (no water), mog is the oil basis for each component for each
field calculated from the formula above. [14]

When the imbalance factor is calculated, it is used in the following formula to calculate
allocated oil from field B and field C. The x in the formula represents either B or C.

MOB; picta x (3-6)
+ * Mypo,

M0B; riclap + MoB,; picac

MA0; pictax = MOB;Fictax

The formula gives the allocated oil products for each component for each field (a calculation
example is included in Chapter 7.9.1). [14]

3.2.3 Gas export allocation

The basis for the gas allocated is subtracting the allocated oil from the hydrocarbon flow into
the platform using the following formula: [14]

(3.7)

MGB; pielax — MHCirietax — A0 Fieta x

After the basis for the gas allocation is determined, the imbalance is calculated using the
following formula: [14]

= — 3.8
Mpg; = Mrg, [mGBi,FieldA + mGBi,FieldB + MGB; rieq c] ( )

Where mTG is the total gas export excluding gas lift. The final gas allocation for each
component for each field is calculated with the following formula: [14]

MGB; Fica x (3.9)

* Mypg;

MAG; pictax — "GB;Field x

™MGB; riela B + mgp iField B + mgp iField C

23



4 Fluid characterisation

4 Fluid characterisation

Fluid characterisation defines how a fluid will behave in correlation to other fluids and how it
will be affected by different PVT changes. The fluid characterisation and the process model
for Platform Vest are based on the equation of state called SRK (Soave-Redlich-Kwong).

4.1 Equation of state

An equation of state is an equation describing the relation between the pressure, the
temperature, and the volume of a gas. The most used EOS for simple gases is the ideal gas
law (PV = nRT); this equation is adequate for calculations at low pressures. If the gas is at
high pressure or low temperature, the gas will deviate from the ideal behaviour, making the
ideal gas law insufficient. A more complex equation such as the Soave-Redlich-Kwong
(SRK) equation is needed for the PVT calculations in this case. [15, p. 191]

The SRK equation of state is a cubic equation of state because it can be written as a third-
order equation for the specific volume. [15, p. 203] This EOS is dependent on the critical
temperature and the critical pressure of the fluid. The critical temperature is the highest
temperature at which the fluid is in both the vapour phase and the liquid phase, while the
critical pressure is the highest pressure at which the fluid is in both phases. [15, p. 200]. The
equation is as follows: [15, p. 203]

b RT aa (4.1)
“V—b V@ +b)
Where:

RT,)? 4.2
a= 0.42747( ) (4.2)

C

RT
b = 0.08644 —— (43)

P
a=[1+m(l—T )] (4.4)
T (4.5)

T, = T

m = 0.48508 4+ 1.55171w — 0.1561w? (4.6)

The saturated-liquid volumes predicted by the SRK EOS will have an average deviation of
16%. This can be improved by incorporating the Peneloux volume translation. This method
used the knowledge that the predicted volumes by SRK is too large and will be improved by
being reduced the predicted volume by a value c (the volume correction). The formula for
this is: [16]
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A~ A~

=V —-c (47)

This incorporated into the SRK EOS gives the following formulas:

p RT aa (4.8)
V=b T+ +b+20)
RT,
b =0.08644—=—¢ (4.9)
F
RT,
¢ =—=(0.1156 — 0.4077 * Zr4) (4.10)

Fe

Where ZRA is the Rackett compressibility factor. [16]

The EOS used for simulation with simulation software in Equinor is the SRK and the SRK
Peneloux for fluid characterisation.

4.2 Fluid characterisation using PVTsim

The fluid characterisation for a mixture can be found and calculated from different methods.
The method used for the scope in this report is a calculation using software called PV Tsim.

The input values to PV Tsim are the mol% (or weight%), the density and the molar weight of a
fluid mixture. PVTsim includes a variety of EOS to choose from, and the equation used for this
scope is the SRK. The output from PV Tsim is multiple state values, including critical pressure,
critical temperature, and critical volume for all the components in the fluid mixture. See
Appendix B — PVTsim procedure for an elaborated procedure for the different fields in
PVTsim.

For a new fluid characterisation in PVTsim, the input values to PVTsim are given from an
analysis of fluid samples from the test separator. It is essential that these samples are taken
when production is under normal operating conditions to get a sample that best represents the
reality. The separator samples are sent to a non-associated company responsible for doing the
tests needed for the sample. This company uses gas chromatography to determine the
composition, a densitometer to determine the density and a cryoscopy to determine the
molecular weight. The results are given back to Equinor in a report, and the results can be used
as the input values to PV Tsim to characterise the fluid. [17]

For the scope of this report, there was a given fluid characterisation that has been used for a
few years. This characterisation is defined from PVT analysis taken from separator samples a
few years ago. Part of the results will compare this old fluid characterisation and a new fluid
characterisation based on new separator samples.

4.2.1 Lumping method

PVTsim has an option for lumping hydrocarbons together to form a hypothetical hydrocarbon
with the average fluid characterisation for all the hydrocarbons set to be in that hydrocarbon
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lump. For the A field, a hydrocarbon lump is set to C19-C23; this means that this
hypothetical component has the average characterisation of the hydrocarbons with 19 carbons
to 23 carbons. The lumping scheme for the different fields is already predefined based on
earlier fluid characterisations. It is recommended to keep this the same each year to avoid
modifications to the allocation model. The set lumping scheme is shown in Table 4.1.

Table 4.1: Lumping scheme for field A, Band C

Field A Field B Field C

A - N2* B-N2* C- N2*
A-CO2* B-CO2* C-CO2*
A-C1* B-C1* C-C1*
A-C2* B-C2* C-C2*
A-C3* B-C3* C-C3*
A-iCa* B-iC4* C-iCa*

A - nC4* B-nC4* C - nC4*
A-iC5* B-iC5* C-iC5*

A - nC5* B - nC5* C-nC5*

A - Co* B - C6* C-Co6*
A-C7* B-C7* C-C7*
A-C8* B-C8* C-Cs*
A-C9* B - C9* C-Co*

A - C10%* B-C10-C11* C-C10-C12*
A-Cl11* B-C12* C-C13-C14*
A-C12* B-C13-C14* |C-C15-C17*
A -C13-C14* |B-C15-Ci6* |C-(C18-C20*
A -C15-Cl6* |B-C17-C18* |C-(C21-C25*
A-C1l7-C18* B - C19-C22* C - C26-C30*
A -C19-C23* |B-C23-C29* |C-(C31-C37*
A -C24-C34* |B-C30-C40* |C-(C38-C47*
A - C35-C80* |B-C41-C80* |C-(C48-C80*

4.2.2 Comparison old and new well composition

The well composition of the C10+ hydrocarbons can be determined using the old fluid
characterisation or with a new fluid characterisation. If using the old fluid characterisation,
the distribution of the C10+ hydrocarbons will have the same ratio. If using a new
characterisation, the C10+ distribution would be determined based on the lower hydrocarbons
(done in PVTsim). Table 4.2, Table 4.3 and Table 4.4 shows the well composition with old
and new characterisation and the percentage deviation for field A, field B and field C,
respectively.
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Table 4.2: Field A well composition new vs. old characterisation

4 Fluid characterisation

Tab

Field A New Old Deviation (%)
A-N2* 0.00449 0.00449 0.00 %
A-CO2* 0.03994 0.03994 0.00 %
A-C1* 0.72172 0.72172 0.00 %
A-C2* 0.08927 0.08927 0.00 %
A-C3* 0.04346 0.04346 0.00 %
A -iCa* 0.00898 0.00898 0.00 %
A - nC4* 0.0164 0.0164 0.00 %
A -iC5* 0.00688 0.00688 0.00 %
A - nC5* 0.00792 0.00792 0.00 %
A-C6* 0.00947 0.00947 0.00 %
A-C7* 0.01332 0.01332 0.00 %
A-C8* 0.01237 0.01237 0.00 %
A-C9* 0.00707 0.00707 0.00 %
A - C10* 0.00449 0.00418 -6.85%
A-Cl11* 0.00297 0.00281 -5.51%
A-Cl12%* 0.00205 0.00201 241 %
A -C13-C14* 0.00315 0.00310 -1.49%
A - C15-C16* 0.00188 0.00196 4.24 %
A-Cl17-C18* 0.00120 0.00124 3.97 %
A - C19-C23* 0.00157 0.00159 0.86 %
A - C24-C34* 0.00109 0.00110 0.25%
A - C35-C80* 0.00031 0.00071 126.72 %
le 4.3: Field B well composition new vs. old characterisation
Field B New old Deviation (%)
B-N2* 0.00691 0.00691 0.00 %
B-CO2* 0.02402 0.02402 0.00 %
B-C1* 0.81959 0.81959 0.00 %
B-C2* 0.05805 0.05805 0.00 %
B-C3* 0.03273 0.03273 0.00 %
B-iC4* 0.00487 0.00487 0.00 %
B - nC4* 0.01047 0.01047 0.00 %
B-iC5* 0.00333 0.00333 0.00 %
B - nC5* 0.00445 0.00445 0.00 %
B - C6* 0.00475 0.00475 0.00 %
B-C7* 0.00685 0.00685 0.00 %
B-C8* 0.00588 0.00588 0.00 %
B - C9* 0.00344 0.00344 0.00 %
B-C10-C11* 0.00332 0.00439 32.06%
B-C12* 0.00137 0.00148 7.88 %
B - C13-C14* 0.00226 0.00241 6.55 %
B - C15-C16* 0.00175 0.00165 -5.67 %
B-C17-C18* 0.00135 0.00111 -17.88 %
B-C19-C22* 0.00185 0.00128 -31.04 %
B - C23-C29* 0.00163 0.00103 -36.87 %
B - C30-C40* 0.00085 0.00081 -4.08 %
B - C41-C80* 0.00027 0.00050 85.15 %
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Table 4.4: Field C well composition new vs. old characterisation

Field C New Old Deviation (%)
C- N2* 0.00247 0.00247 0.00 %
C-COo2* 0.02336 0.02336 0.00 %
C-C1* 0.26983 0.26983 0.00 %
C-C2* 0.0696 0.0696 0.00 %
C-C3* 0.0861 0.0861 0.00 %
C-ica* 0.01607 0.01607 0.00 %
C-nC4* 0.05074 0.05074 0.00 %
C-iC5* 0.0181 0.0181 0.00 %
C - nC5* 0.02853 0.02853 0.00 %
C-C6* 0.03307 0.03307 0.00 %
C-C7* 0.05277 0.05277 0.00 %
C-C8* 0.05056 0.05056 0.00 %
C- C9* 0.03487 0.03487 0.00 %
C - C10-C12* 0.06561 0.07001 6.71 %
C-C13-C14* 0.03442 0.03498 1.64 %
C-C15-C17* 0.04077 0.03981 -2.37%
C - C18-C20* 0.03065 0.02884 -5.91%
C - C21-C25* 0.03512 0.02960 -15.72 %
C - C26-C30* 0.02183 0.01992 -8.74 %
C-C31-C37* 0.01742 0.01739 -0.20%
C - C38-C47* 0.01130 0.01346 19.07 %
C - C48-C80* 0.00680 0.00992 45.81 %

The deviation between the different predicted well compositions is considerable. This verifies

that it would be interesting to see how the different compositions influence the predicted
results when incorporated into a process simulation.

4.2.3 Comparison old and new PVTsim characterisation

The two parameters compared in this section are the predicted critical pressure and the
predicted critical temperature for the new and old characterisation. These parameters are
essential for the fluid behaviour of the components. Figure 4.1, Figure 4.2 and Figure 4.3
show a comparison between the critical pressure with new and old characterisation and a
comparison for the critical temperature for field A, field B and field C, respectively. The x-
axis illustrates the molecular weight of the hydrocarbon. Critical pressure and critical
temperature
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Field A, New vs. Old Characterisation, Pc and Tc
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Figure 4.1: Critical parameters for field A, new vs. old characterisation
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Figure 4.2: Critical parameters for field B, new vs. old characterisation
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Field C, New vs. Old Characterisation, Pc and Tc
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Figure 4.3: Critical parameters for field C, new vs. old characterisation

These figures show that there is a deviation between the old and new characterisation for the
hydrocarbons. Based on this finding, a more detailed simulation analysis (chapter 7.1) shows
the effect of the deviations and what this will mean for the simulation results.

The total fluid characterisation for all fields with old and new characterisation is given in
Appendix C — Old fluid characterisation and Appendix D — New fluid characterisation.

4.3 Phase envelope

The phase envelope is the pressure and temperature prediction of the phase diagram for a
fluid consisting of multiple components. The phase envelope predicted for a fluid is
determined for a fixed fluid composition. The area inside the phase envelope is identified as
the two-phase area where both liquid and gas are present. [9, p.43] The phase envelopes
predicted for the results in this report are solely included to confirm that the phase diagram is
predicted the same in the characterisation and simulation and determine if the phase diagram
is the same between the different cases in the result. According to [18], the predicted phase
envelope will change if PNA (paraffin, naphthene and aromatic) is included in the fluid.
According to [19, p.86], the phase envelopes will be broader and higher with extended fluid
characterisation, and narrower and downscaled with a lower degree of fluid characterisation
(for instance, with C20+ or C10+ characterisation).

4.3.1 Phase envelope for the new characterisation

The phase envelopes for the different fields are obtained from the PV Tsim results and shown
in Figure 4.4, Figure 4.5 and Figure 4.6 for field A, field B, and field C, respectively.
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4 Fluid characterisation

Field A, Phase Envelope, New Characterisation, PVTsim, VF = 1.0
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Figure 4.4: Phase envelope, new characterisation, PVTsim, Field A

Field B, Phase Envelope, New Characterisation, PVTsim, VF = 0.99
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Figure 4.5: Phase envelope, new characterisation, PVTsim, Field B
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Field C, Phase Envelope, New Characterisation, PVTsim, VF = 1.0
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Figure 4.6: Phase envelope, new characterisation, PVTsim, Field C

These phase envelopes will be compared to the simulation models to determine if the fluid
characterisation is incorporated successfully into the simulation model. The different phase
envelops also show that the fields are very different when looking at the properties.

4.4 Value adjustment

The oil produced from an offshore platform consists of different qualities. These qualities can
be defined from the normal boiling point of the hydrocarbon obtained from the fluid
characterisation. The cut description for the normal boiling points is described in Table 4.5.
together with the value for the product. The prices and dollar exchange rate are retrieved 3™
of March 2021. The exchange rate used for the calculation is 8.49 NOK/USD [20].

Table 4.5: Oil products NBP range and value

Oil product NBP range |Value
°C USD/ton
Naphtha 20 - 165 °C 588.2 [21]
Jet kerosene 165 - 250 °C | 455.4 [22]
Gasoil 250-375°C | 537.9[23]
Atmospheric residue | 375+ °C 264.1 [24]

The products with NBP (normal boiling point) lower than 20 °C is cut as gas and will not be
included in the value estimation. The value of the gas export will also not be included for
value estimation. This is to limit the number of results to be discussed for this scope. A value
adjustment for the oil products mentioned will indicate value for the profit to each field.
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4 Fluid characterisation

Table 4.6: Oil product cuts for the different fields

The oil production cuts will be the same for both new and old characterisation. The cuts are
given in Table 4.6, based on NBPs given in Appendix C — Old fluid characterisation and
Appendix D — New fluid characterisation.

Field A Field B Field C
Component Cut Component |Cut Component Cut
A - iC5* Naphtha |B - iC5* Naphtha |C - iC5* Naphtha
A - nC5* B - nC5* C - nC5*
A - C6* B - C6* C - C6*
A-CT7* B-C7* C-Cr*
A - C8* B - C8* C-C8*
A - C9* B - C9* C-C9*
A - C10* KerosengB - C10-C11*|KerosengC - C10-C12* |Kerosene
A-Cl1* B -C12* C - C13-C14*
A - Cl2* B - C13-C14* C - C15-C17* |Gasoil
A - C13-Cl14* B - C15-C16*|Gasoil |C - C18-C20*
A - C15-C16* |[Gasoil |B-C17-C18* C - C21-C25*
A -Cl17-C18* B - C19-C22* C - C26-C30* |Residue
A - C19-C23* B - C23-C29* |Residue |C - C31-C37*
A - C24-C34* |Residue |B - C30-C40* C - C38-C47*
A - C35-C80* B - C41-C80* C - C48-C80*
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5 UniSim
5 UniSim

UniSim is a process simulation software developed by Honeywell International Inc. The
UniSim Design version used for the results in this report is R460.2.

5.1 Allocating components

To allocate different hydrocarbons in a process simulation using UniSim, the software
recommends using hypothetical components for the different fields. This means that there is
separate methane for each field with supposedly the same fluid characterisation. These
components are defined in the environmental design for the simulation. The fluid
characterisation for these components is described in Appendix C — Old fluid characterisation
and Appendix D — New fluid characterisation. UniSim needs the value for normal boiling
point, molecular weight, liquid density, critical temperature, critical pressure, critical volume,
and the acentric factor to define a hypothetical component.

5.2 EOS

The standard EOS used for process simulations in Equinor is the SRK equation of state. For
UniSim simulations, the company standard is to use SRK with Peneloux volume correction.
The SRK-Peneloux is thus chosen as the EOS for the simulations for this report.

5.3 The simulation model

The simulation model is built according to the process described in the Process description
chapter. The only difference is the addition of heat exchangers before the inlet and test
separators. These are added to ensure that the equipment has the same thermodynamic
properties according to the given process parameters. A figure of the model is given in Figure
5.1[25].

A closer illustration of the model is given in Appendix E — UniSim model.
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Figure 5.1: Complete UniSim model

The process input (temperature and pressure) for given process equipment are given in
Appendix F — Process equipment input and the profiles are given in Appendix G — Inflow
data for reallocation. The input composition is given in Appendix C — Old fluid
characterisation and Appendix D — New fluid characterisation.

5.4 Allocated production streams

To easier know which field the product is allocated from, the export streams are divided into
products from field A, field B, field C and the GL. This is done by using dividers in UniSim,
which allows the user to divide all the components into different product streams. These
dividers are marked with an X in Figure 5.1.
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6 ProMax

ProMax is a process simulation software developed by Bryan Research & Engineering, LLC.
The ProMax version used for the results in this report is 5.0.

6.1 Allocating components

ProMax offers an allocation method called mixed species or allocation by full account. This
gives the opportunity to use library components (not defining hypotheticals) for different
hydrocarbons in the simulation and still know which field they are coming from. Giving the
opportunity to just have one methane in the simulation instead of three hypothetical methane
like in UniSim. ProMax claims that this gives a more thermodynamically correct
commingling compared to just using hypothetical components.

For the Platform Vest case, the fluid characterisation for the lightest hydrocarbons (C1 to C6)
was the same for the different fields. These hydrocarbons were thus only added as library
components. The hydrocarbons from C7 and heavier were defined as hypothetical. ProMax
uses single oils to represent the hypothetical components, where the only needed fluid
characterisation input is the molecular weight and the specific gravity. The fluid
characterisation for the single oils is described in Appendix C — Old fluid characterisation and
Appendix D — New fluid characterisation.

6.2 EOS
The EOS used for Promax is SRK.

6.3 The simulation model

The simulation model is built according to the process described in the Process description
chapter, with added heat exchangers as the UniSim model. A figure of the model is given in
Figure 6.1 [10].

A closer illustration of the ProMax model is given in Appendix H — ProMax model.
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Figure 6.1: Complete ProMax model

The process input (temperature and pressure) for given unit operators are given in Appendix
F — Process equipment input and the profiles are given in Appendix G — Inflow data for
reallocation. The input composition is given in Appendix C — Old fluid characterisation and
Appendix D — New fluid characterisation. Same as the UniSim model.

6.4 Allocated production streams

Due to the mixed-species option in ProMax, there is no need to split the product streams into
different fields. Instead, there is an option for mixed species analysis that can be incorporated
into the stream. This analysis gives the opportunity to see what and how much product is
coming from which field.
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7 Results and discussion

7 Results and discussion

The results in this report are divided into; a fluid characterisation part where simulations with
new and old characterisation are compared, a reallocation part to specifically look at how the
ORFs change with different changes in the UniSim model and the characterisation, an
UniSim future allocation part with tuning on oil, gas and GOR, and a simple ProMax model
comparison. Different allocation methods are also compared to the current allocation
agreement for Platform Vest. The last section in this chapter includes a recommended
guideline for allocation simulation based on the results from the different cases in the results.

7.1 Simulation with new characterisation vs. old
characterisation

For this comparison part, two different UniSim simulation models are developed. Where one
model has the new characterisation, and one model has the old characterisation. The lumping
scheme, EOS, and the model in total were kept the same, with the only changes being the
fluid properties for the hypothetical components and the well composition. A detailed
description of how the model is made is given in Appendix | — Building the UniSim model.

7.1.1 Phase envelope comparison

The phase envelops from PV Tsim are compared to the phase envelops in UniSim to see if the
estimated curves match. This is a necessary quality assurance for proper setup in UniSim, to
ensure that the fluid will behave the same as the estimated fluid in PVTsim. The VF (vapour
fraction) is 1.0 for field A and field C and 0.99 for field B. The inlet conditions for the
different fields are also included on the phase envelopes. Figure 7.1, Figure 7.2 and Figure
7.3 show the phase envelope comparison for field A, field B and field C, respectively.
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7 Results and discussion

Field A, Phase Envelope, New Characterisation, UniSim vs. PVTsim, VF = 1.0
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Figure 7.1: Phase envelope, new characterisation, UniSim vs. PVTsim, Field A

Field B, Phase Envelope, New Characterisation, UniSim vs PVTsim, VF = 0.99
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Figure 7.2: Phase envelope, new characterisation, UniSim vs. PVTsim, Field B
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7 Results and discussion

Field C, Phase Envelope, New Characterisation, UniSim vs. PVTsim, VF = 1.0
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Figure 7.3: Phase envelope, new characterisation, UniSim vs. PVTsim, Field C

The curves show that the phase envelope determined from PV Tsim matches the phase
envelope determined from UniSim. This indicates that the new fluid characterisation is
incorporated correctly into the simulation model. The inlet conditions are inside the two-
phase area for all the fields.

For the old fluid characterisation, the component properties and the fluid composition are
different from the new characterisation. The phase envelopes for the old and new
characterisation are thus expected to deviate for the different fields. For the old
characterisation, a PVTsim analysis is not included. The phase envelopes are thus predicted
by UniSim. The phase envelopes from the UniSim model with the old characterisation is
compared to the predicted UniSim phase envelopes with new characterisation. The VF is 0.99
for all the fields specified in both the new and old model to get a comparable result. Inlet
conditions are also included in the figures. Figure 7.4, Figure 7.5 and Figure 7.6 show the
phase envelopes for the new and old characterisation for field A, field B and field C,
respectively.
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7 Results and discussion

Field A, Phase Envelope, UniSim, New vs. Old Characterisation, VF = 0.99
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Figure 7.4: Phase envelope, new vs. old characterisation, UniSim, Field A

Field B, Phase Envelope, UniSim, New vs. Old Characterisation, VF = 0.99
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Figure 7.5: Phase envelope, new vs. old characterisation, UniSim, Field B
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7 Results and discussion

Field B, Phase Envelope, UniSim, New vs. Old Characterisation, VF = 0.99
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Figure 7.6: Phase envelope, new vs. old characterisation, UniSim, Field C

The phase envelopes from the new and old characterisation deviate significantly from each
other. This indicates that the fluids from the new characterisation will not behave the same
way as the fluids with the old characterisation. This indicates that the results from the
different simulation models will deviate.

7.1.2 UniSim simulation results for new vs. old characterisation

The simulation is performed with the old and new fluid characterisation to evaluate the
predicted results and study the deviations. The results predicted by the UniSim models are the
oil and gas production (both total and for each field) and the estimated value for the oil
products from each field, and the total value. The result values are taken both from an all-in
simulation, meaning that all the fields are producing to the platform simultaneously, and from
standalone cases where one field is routed through the platform alone. Both standalone cases
and all-in are included to observe the commingling effect between the fields and see the
difference when the field is producing alone. This is done for both the new fluid
characterisation case and the old fluid characterisation case. The simulation results from the
standalone cases are shown in Table 7.1, and the simulation results with the all-in case are
shown in Table 7.2.

42



7 Results and discussion
Table 7.1: Standalone simulation results for all fields with new and old characterisation

Standalone simulation Field A Field B Field C

Oil production, Sm3/d:

New characterisation 1148 2991 2747

Old characterisation 1163 2979 2749

Approximate deviation -15 11 -2

Gas production, MSm3/d:

New characterisation 2.1 9.6 0.3

Old characterisation 2.1 9.7 0.3

Approximate deviation 0.0 0.0 0.0

Value adjustment, MNOK/yr:

New characterisation 1301 3457 3067

Old characterisation 1310 3415 3020

Approximate deviation -9 42 47

Table 7.2: All-in simulation results for all fields with new and old characterisation
All-in simulation Field A Field B Field C  |Total
Oil production, Sm3/d:
New characterisation 1130 3147 2557 6834
Old characterisation 1148 3121 2570 6839
Approximate deviation -18 26 -13 -6
Gas production, MSm3/d:
New characterisation 2.1 9.6 0.3 12.0
Old characterisation 2.1 9.7 0.3 12.1
Approximate deviation 0.0 -0.1 0.0 0.0
Value adjustment, MNOK/yr:
New characterisation 1297 3564 2959 7821
Old characterisation 1309 3509 2923 7741
Approximate deviation -11 55 36 80

The oil production is given in Sm3/d, the gas production is given in MSm?®/d, and the value is
given in MNOK(/year. The new and old fluid characterisation predicts approximately the
same gas production (with the chosen unit) for all the fields and in total for both the
standalone cases and the all-in case.

For the oil production, field A and field C are getting less oil production with the new
characterisation compared to the old, while field B is getting more oil production with the
new characterisation than the old characterisation. For the value adjustment, field A is
predicted less value with the new characterisation, while field B and field C is gaining more
value with the new characterisation. These trends are current for both all-in simulation and
standalone cases.

Field B is gaining oil production when producing in an all-in simulation compared to
standalone. This means that the fluids from A and C are helping the fluids from B to go out in
the oil phase instead of the gas phase. For the C field and the A field, this is reversed with
more oil production on a standalone basis than all-in.
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7 Results and discussion

When evaluating the total production, the new characterisation predicts less oil production
compared to the old characterisation. The total gas production is approximately the same,
while the estimated values are 80 MNOK/year higher with the new characterisation compared
to the old characterisation.

The ORFs are illustrated in the form of a bar chart for each field. The ORF values are shown
inside the bars, and the lowest hydrocarbons are skipped to illustrate the deviations between
the higher hydrocarbons better. The ORFs are determined on a standalone basis since
standalone is used in the current allocation method for Platform Vest.

Figure 7.7 shows the ORFs estimated in percentage for the hydrocarbons for field A.
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Figure 7.7: Field A ORFs, new vs. old characterisation

The ORFs predicted for field A are similar but with a slight overestimation of the C7
component with the old characterisation compared to the new characterisation. The deviation
for the C7 component is 1.9 %.
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Figure 7.8 shows the ORFs estimated for field B.

Field B, ORF, New vs. Old Characterisation

100 . _
_ . =
=i o =

90 < e =
80 Q

70

60 @

g 3

T 50

o

40 -

o
30 - %

o
20
(=]
o
c3 ica nca ic5 ncs 6 c7 8 9 C10+

[ Old Characterisation  E New Characterisation

Figure 7.8: Field B ORFs, new vs. old characterisation

The ORFs predicted for field B are similar but with an overestimation for the C7+
hydrocarbons with the old characterisation compared to the new. The highest deviation is
3.1% overestimation with the old characterisation compared to the new characterisation for
the C7 component.
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Figure 7.9 shows the ORFs estimated for field C.
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Figure 7.9: Field C ORFs, new vs. old characterisation

The ORFs estimated for field C is the most similar when comparing the new and old
characterisation, with the highest deviation of 0.8 % for the iC5 component.

The consequence of keeping the old characterisation instead of switching to the new is 11
MNOK /year favouring field A, 55 MNOK/year less to field B and 36 MNOK/year less to
field C when looking at the all-in simulation case. The most crucial allocation principle is that
the allocation between the producers should always be as fair and prudent as possible. The
OREFs are also important parameters used for the current allocation agreement. Therefore, it is
important that this parameter is up to date and representative of the current fluids in
production. The new characterisation is based on newer test samples and is therefore seen as
the more up-to-date characterisation. Keeping the old characterisation will give different
values compared to the new characterisation; it is recommended to switch to the new
characterisation. The new characterisation will be used as a reference for correct allocation
results for Platform Vest for the following cases. The new characterisation simulation results
will be referred to as the initial/original results when compared to other cases.

7.2 Hypothetical components vs. UniSim allocation utility

UniSim offers a utility that gives the user the possibility to track a component from one input
stream to one outlet stream. This gives the possibility to use library components for the
lighter hydrocarbons where the fluid characterisation is estimated equally. The higher (C6+)
hydrocarbons often have varying characterisation depending on the field and will be defined
as hypothetical components like the initial case.

The results gained from an allocation utility in UniSim is the flow in either mass, mol or
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7 Results and discussion
volume (no option to get the std volume flow). This reduces the opportunity to compare the
predicted results to the results from the initial case. The standalone ORFs are the only result
obtained from the UniSim simulation using the allocation utility method. The Appendix J —
Utility method in UniSim shows how the utility allocation is used and set up in the UniSim
model.

Figure 7.10, Figure 7.11 and Figure 7.12 show the ORFs estimated for field A, field B and
field C, respectively.
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Figure 7.10: Field A ORFs, Hypo-method vs. Allocation utility

The ORFs predicted for field A are estimated slightly higher for the library components in the
utility allocation compared to the hypo-method. The highest deviation is 1.2% for the iC5
component. The higher hydrocarbons (C6+) are estimated approximately the same when
comparing the values from the two methods.
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7 Results and discussion

Field B, ORF, Allocation Utility vs. Hypo-method
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Figure 7.11: Field B ORFs, Hypo-method vs. Allocation utility

The estimated ORFs for field B follow the same trend as the field A results, with slightly
higher predictions with the utility allocation compared to the hypo-method for the lower
hydrocarbons. The highest deviation is 1.0% for the iC5 component.
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Field C, ORF, Allocation Utility vs. Hypo-method
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Figure 7.12: Field C ORFs, Hypo-method vs. Allocation utility

The field C ORFs are estimated approximately the same for the two methods, with a slightly
higher value estimation for the allocation utility compared to the hypo-method. The highest
deviation is 0.6% for the iC5 component.

Comparing the results shows that field A is the field that has the highest deviation between
the allocation utility and the hypo-method. Overall, the results are very similar, with the
highest deviation being 1.2% for iC5 in field A. The negative with using the allocation utility
method is the limitation of the possible results. If ORFs are the only needed result for a
simulation, the utility method is a good enough method. The utility method is also timesaving
since the lower hydrocarbons can be added as library components.

7.3 Benzene in the fluid setup

This part of the result illustrates how the ORFs change when an aromatic is incorporated into
the well composition. The PVT analysis reports that approximately 1 wt.% of the well fluid is
aromatics, and this section will investigate how this will affect the results from the
simulations. Benzene is used as an aromatic for this case, and 1 wt.% of the total flow from
each field is the basis for the benzene flow. Benzene is added as a library component to the
fluid setup, and all other parameters are kept the same as in the initial simulation case.

7.3.1 Phase envelope with incorporated benzene to the fluid setup

Figure 7.13, Figure 7.14 and Figure 7.15 show the phase envelope for the initial case
compared to the phase envelope where benzene is added to the fluid setup for field A, field B
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and field C, respectively. The VF is 1.0 for field A and field C and 0.989 for field B. The
inlet conditions are also included.

Field A, Phase Envelope, UniSim, Original vs. Benzene, VF = 1.0
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Figure 7.13: Phase envelope, Initial vs. benzene, UniSim, Field A

Field B, Phase Envelope, UniSim, Original vs. Benzene, VF = 0.989
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Figure 7.14: Phase envelope, Initial vs. benzene, UniSim, Field B
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Field C, Phase Envelope, UniSim, Original vs. Benzene, VF = 1.0
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Figure 7.15: Phase envelope, Initial vs. benzene, UniSim, Field C

These results show similar phase envelop curves when comparing the initial case and the case
with benzene for field A and field C. The phase envelopes predicted for field B is slightly
deviation, indicating that the fluids in the different simulation models will behave slightly
deviating from each other.

7.3.2 UniSim simulation result with added benzene

The simulation results are based on standalone for the different fields to be able to get the
correct ORF values and be able to track the benzene to the different fields. Table 7.3 shows
the total estimated results for oil and gas production on a standalone basis.

Table 7.3: Standalone simulation results for all fields with the initial case and the benzene case

Standalone simulation Field A Field B Field C
Oil production, Sm3/d:

Initial case 1148 2991 2747
Benzene case 1182 3104 2776
Approximate deviation -34 -114 -28
Gas production, MSm3/d:

Initial case 2.1 9.6 0.3
Benzene case 2.1 9.6 0.3
Approximate deviation 0.0 0.0 0.0

The gas production is estimated approximately the same for the two cases (with the given
unit MSm®/d), but the oil production with benzene is much higher than in the initial case.
This suggests that the benzene influences how much of the inlet fluid is going out in the oil
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instead of the gas. Note that for this case, only 1 wt.% of benzene was added to the inlet
streams and gives high deviations in the resulting when comparing to the initial simulation
case. Field B has the highest deviation with 114 Sm*/d more oil production with benzene
added compared to the initial case.

Figure 7.16, Figure 7.17 and Figure 7.18 show the ORFs estimated for field A, field B and
field C, respectively.
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Figure 7.16: Field A ORFs, Initial vs. benzene

The estimated ORFs for field A for the benzene case is noticeably higher than the initial case.
The highest deviation is 1.9 % higher ORF estimation for the C6 component.
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Field B, ORF, Benzene vs. Initial Case
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Figure 7.17: Field B ORFs, Initial vs. benzene

The estimated ORFs for field B with benzene is higher than the initial case. The most
significant deviation is 5.8 % for the C6 component.
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Figure 7.18: Field C ORFs, Initial vs. benzene
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The estimated ORFs for field C are the most similar between the two cases compared to the
field A and field B results. The most significant deviation is 0.6 % for the C6 component.

The predicted ORF results for all the fields estimate a higher result for the benzene case
compared to the initial case. The most noticeable deviation is 5.8 % for the C6 hydrocarbon
for field B. This deviation is only due to the addition of 1 wt. % benzene to the inflow. From
the results estimated in this section, the addition of aromatics in the fluid setup will affect the
estimated results noticeably in a process simulation.

7.4 Pressure and temperature adjustment in the first stage
separator

For this part of the results, the importance of using process input with high certainty is
studied by adjusting the temperature and the pressure for the first stage separation. The first
stage of separation consists of the inlet separator and the test separator. The adjustment is
made the same for the two separators (e.g., if the temperature in the test separator is adjusted,
the temperature in the inlet separator is also adjusted the same quantity). The temperature is
adjusted £1°C, and the pressure is adjusted +1bar, resulting in 8 different cases. The cases are
shown in Table 7.4.

Table 7.4: Pressure and temperature adjustment cases

Case name |Pressure adjustment |Temperature adjustment
P- -1 bar Initial
T- Initial -1°C
P-T- -1 bar -1°C
P+ +1 bar Initial
T+ Initial +1°C
P+T+ + 1 bar +1°C
P-T+ -1 bar +1°C
P+T- + 1 bar -1°C

Figure 7.19 shows the total oil production over the platform with the adjusted temperature
and pressure cases.
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Total Qil Production, Pressure and Temperature Adjustment, All-in Simulation
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Figure 7.19: Total oil production, all T and P adjustments

The results show that the oil production is similar, but the P+T- case and the P-T+ case gives
the highest deviation with 17 Sm®d. The result for gas production is not included due to
approximately the same predictions for all the cases.

Figure 7.20, Figure 7.21 and Figure 7.22 show some selected ORF estimations for field A,
field B and field C, respectively. These ORFs are selected due to having the highest deviation
compared to the ORFs for the other components.
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Field A, ORF, Pressure and Temperature Adjustment
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Figure 7.20: Field A ORFs, all T and P adjustments

The results show that the ORFs estimated for field A is similar, but the P+T- case deviates
the highest with 1.0 % for the nC4 and iC5 component compared to the initial case.
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Figure 7.21: Field B ORFs, all T and P adjustments
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The results show that the ORFs estimated for field B is similar, but the P+T- case deviates the
highest with 0.8 % for the iC5 component compared to the initial case.
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Figure 7.22: Field C ORFs, all T and P adjustments

The results show that the ORFs estimated for field C are similar, but the P-T+ case deviates
the highest with 0.5 % for the nC4 and iC5 component compared to the initial case.

These comparisons show that the P+T- case and the P-T+ case give the highest deviations
compared to the initial case. The estimated results for the total oil production and the ORFs
for the different fields show that it is essential always to use quality process input with a low
uncertainty as input to the simulations to get the most certain simulation results. The
deviations are not extremely large when compared to the initial case, but only two process
input parameters are adjusted in these cases. A process simulation will never be more
accurate than the accuracy of the input parameters; thus, the accuracy of the parameters is
essential for the correctness of the results.

7.5 C20+ lumping for the fluid characterisation and input

The fluid characterisation for the different fields uses lumping schemes up to C80. In this
section, the fluid characterisation is lumped together in new brackets so that C20+ includes
all components from C20 and up to C80. This chapter is included to see the importance of
fluid characterisation and determine how partite a fluid characterisation must be. For this
section, there was a need to characterise the fluid again using PVTsim with the new fluid test
samples as the input to form a new characterisation for the new lumping scheme. With the
new lumping scheme, the value adjustment cuts from the initial case cannot be used.
Therefore, the value adjustment is not included in the results in this section since the
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comparison would not be legitimate. A detailed description of the C20+ characterisation is
given in Appendix K — C20+ fluid characterisation.

7.5.

The

1 Phase envelope for the C20+ characterisation

phase envelope from PVTsim is compared to the phase envelope from UniSim to assure

the quality of the proper UniSim setup for the C20+ simulation. The phase envelope for the
initial case is also included to see how it deviates from the phase envelope predicted for the
C20+ case. Figure 7.23, Figure 7.24 and Figure 7.25 show the phase envelops for field A,

field B and field C, respectively. The VF is 1.0 for field A and field C and 0.96 for field B.

The

Pressure (Bar)

inlet conditions are also included in the figures.
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Figure 7.23: Phase envelope, Initial vs. C20+, UniSim and PVTsim, Field A
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Field B, Phase Envelope, Original vs. C20+, VF = 0.96
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Figure 7.24: Phase envelope, Initial vs. C20+, UniSim and PVTsim, Field B

Field C, Phase Envelope, Original vs. C20+, VF = 1.0
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Figure 7.25: Phase envelope, Initial vs. C20+, UniSim and PV Tsim, Field C

The curves show that the phase envelope determined from PV Tsim for the C20+ lumping
scheme matches the phase envelope determined from the UniSim model with C20+ lumping.
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This indicates that the C20+ fluid characterisation is incorporated correctly into the C20+
simulation model. The inlet conditions are inside the two-phase area for all the fields.

The phase envelopes from the initial case and the C20+ case deviate significantly from each
other. This indicates that the fluids from the C20+ characterisation will not behave the same
way as the fluids in the initial case, resulting in possible deviations between the simulation
results.

7.5.2 UniSim results for the C20+ characterisation

The results given from the UniSim models are the oil and gas production, both total and for
each field. The results are estimated both from an all-in simulation and from the standalone
cases. The standalone cases and the all-in case are included to observe the commingling
effect between the fields and see the difference when the field is producing alone. This is
done for the C20+ case, which is compared to the initial case. The simulation result with the
standalone cases is shown in Table 7.5, and the simulation result with the all-in case is shown
in Table 7.6.

Table 7.5: Standalone simulation results for all fields with the initial case and the C20+ case

Standalone simulation Field A |Field B Field C
Oil production, Sm3/d:

Initial case 1148 2991 2747
C20+ case 1148 2993 2754
Approximate deviation 0 -3 -6
Gas production, MSm3/d:

Initial case 2.1 9.6 0.3
C20+ case 2.1 9.6 0.3
Approximate deviation 0.0 0.0 0.0

Table 7.6: All-in simulation results for all fields with the initial case and the C20+ case

All-in simulation Field A Field B Field C  |Total

Oil production, Sm3/d:

Initial case 1130 3147 2557 6834
C20+ case 1130 3148 2565 6843
Approximate deviation 0 -2 -7 -9
Gas production, MSm3/d:

Initial case 2.1 9.6 0.3 12.0
C20+ case 2.1 9.6 0.3 12.0
Approximate deviation 0.0 0.0 0.0 0.0

The initial case and the C20+ case predict approximately the same gas production for all the
fields and in total with the standalone cases and the all-in case. For field A the estimated oil
production is approximately the same for both cases and simulations. Field B and field C
have a slightly lower oil prediction in the initial case compared to the C20+ case, with 2
Sm®h and 7 Sm®/d difference, respectively. When evaluating the total production, the initial
case predicts less oil production compared to the C20+ case.
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The commingling effect for the C20+ case follows the same prediction as the initial case,
with higher oil prediction for field B with all-in, and higher predictions for field A and field C
with standalone simulation.

The simulation results show that the difference with using C20+ lumping instead of the initial
lumping does not give high deviations.

The ORFs are determined on a standalone basis and compared to the predicted ORF values in
the initial case.

Figure 7.26, Figure 7.27 and Figure 7.28 show the ORFs estimated for field A, field B and
field C, respectively.
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Figure 7.26: Field A ORFs, C20+ lumping vs. initial case

The ORF estimates for field A predicts approximately the same values when comparing the
C20+ case with the initial case.
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Field B, ORF, C20+ Lumping vs. Initial Case
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Figure 7.27: Field B ORFs, C20+ lumping vs. initial case

The ORF estimates for field B predicts approximately the same values when comparing the
C20+ case with the initial case.
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Field C, ORF, C20+ Lumping vs. Initial Case
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Figure 7.28: Field C ORFs, C20+ lumping vs. initial case

The ORF estimates for field C predict similar values when comparing the C20+ case with the
initial case, but slightly more deviating than the deviations for field A and field B. The
highest deviation is 0.7 % for the iC4 component.

The results from the C20+ case shows that the estimates from the simulations and the ORFs
are very similar to the initial case, despite the phase envelopes dissimilarities.

7.6 C10+ lumping for the fluid characterisation and input

In this section, the fluid characterisation is lumped together in even fewer brackets so that
C10+ includes all components C10 and higher up to C80. This case is investigated since the
result with C20+ lumping showed very similar results to the initial case. This case is also
interesting since the C10+ characterisation is often a more easily obtained analysis than an in-
depth laboratory analysis for the total composition (which often is expensive). For this
section, there was also a need to characterise the fluid again using PVTsim with the new fluid
test samples as the input. A detailed description of the C10+ characterisation is given in
Appendix L — C10+ fluid characterisation.

7.6.1 Phase envelope for the C10+ characterisation

The phase envelope from PVTsim is compared to the phase envelope from UniSim to assure
the quality of the proper UniSim setup for the C10+ simulation. The phase envelope for the
initial case is also included to see how it deviates from the phase envelope predicted for the
C10+ case. Figure 7.29, Figure 7.30 and Figure 7.31 show the phase envelops for field A,
field B and field C, respectively. The VF is 1.0 for field A and field C and 0.88 for field B.
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The inlet conditions are also included for field A and field C but excluded from field B since
the inlet conditions are outside the phase envelope with the set vapour fraction.
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Figure 7.29: Phase envelope, Initial vs. C10+, UniSim and PVTsim, Field A

Field B, Phase Envelope, Original vs. C10+, VF = 0.88
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Figure 7.30: Phase envelope, Initial vs. C10+, UniSim and PV Tsim, Field B
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Field C, Phase Envelope, Original vs. C10+, VF=1.0
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Figure 7.31: Phase envelope, Initial vs. C10+, UniSim and PVTsim, Field C

The curves show that the phase envelope determined from PV Tsim for the C10+ lumping
scheme matches the phase envelope determined from the UniSim model with C10+ lumping.
This indicates that the C10+ fluid characterisation is incorporated correctly into the C10+
simulation model.

The phase envelopes from the initial case and the C10+ case deviate significantly from each
other. This indicates that the fluids from the C10+ characterisation will not behave the same
way as the fluids in the initial case, resulting in possible deviations between the simulation
results.

7.6.2 UniSim results for the C10+ characterisation

The results given from the UniSim models are the oil and gas production, both total and for
each field. The results are estimated both from an all-in simulation and from standalone
cases. Standalone cases and an all-in case are both included to observe the commingling
effect between the fields and see the difference when the field is producing alone. This is
done for the C10+ case, which is compared to the initial case. The simulation result with the
standalone cases is shown in Table 7.7, and the simulation result with the all-in case is shown
in Table 7.8.
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Table 7.7: Standalone simulation results for all fields with the initial case and the C10+ case

Standalone simulation Field A |Field B Field C
Oil production, Sm3/d:

Initial case 1148 2991 2747
C10+ case 1145 2980 2749
Approximate deviation 3 10 -2
Gas production, MSm3/d:

Initial case 2.1 9.6 0.3
C10+ case 2.1 9.6 0.3
Approximate deviation 0.0 0.0 0.0

Table 7.8: All-in simulation results for all fields with the initial case and the C10+ case

All-in simulation Field A  |Field B Field C  |Total

Oil production, Sm3/d:

Initial case 1130 3147 2557 6834
C10+ case 1127 3134 2557 6819
Approximate deviation 3 12 0 15
Gas production, MSm3/d:

Initial case 2.1 9.6 0.3 12.0
C10+ case 2.1 9.6 0.3 12.0
Approximate deviation 0.0 0.0 0.0 0.0

The initial case and the C10+ case predict approximately the same gas production for all the
fields and in total with the standalone cases and the all-in case. For field A and field B, the
estimated oil production is slightly higher for the initial case compared to the C10+ case, with
3 Sm%/h and 12 Sm®d difference, respectively. Field C has a slightly lower oil production
prediction for the standalone case when comparing the C10+ case to the initial case. In the
all-in simulation, the predicted oil production for field C is approximately the same, with 2
Sm?/h higher in the C10+ case.

The commingling effect for the C10+ case follows the same prediction as the initial case,
with higher oil prediction for field B with all-in and higher for field A and field C with
standalone.

The simulation results show that using C10+ lumping instead of the initial lumping the
deviations is not excessively high.

The ORFs are determined on a standalone basis and compared to the predicted ORF values in
the initial case.

Figure 7.32, Figure 7.33 and Figure 7.34 show the ORFs estimated for field A, field B and
field C, respectively.
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Field A, ORF, C10+ Lumping vs. Initial Case
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Figure 7.32: Field A ORFs, C10+ lumping vs. initial case

The ORF estimates for field A are similar, with the highest deviation being 0.4% for the iC5
and nC5 components.
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Figure 7.33: Field B ORFs, C10+ lumping vs. initial case
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The ORF estimates for the field B results are slightly more deviating than the A field ORF
result, with the most significant deviation for the C6 hydrocarbon at 1.1 %.

Field C, ORF, C10+ Lumping vs. Initial Case
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Figure 7.34: Field C ORFs, C10+ lumping vs. initial case

The ORF estimates for the C field are more deviating than the A and B field ORF result, with
the most significant deviation for the iC4 hydrocarbon with 2.1 %.

The results from the C10+ lumping case shows that the estimates are not too far from the
initial case but more divergent than the C20+ case results. The current allocation method for
Platform Vest is based on ORFs, meaning that the ORF estimate should be accurate.

On the other hand, a detailed laboratory analysis with a total lumping scheme is expensive;
thus, maybe an ORF estimation with C10+ lumping is sufficient for some allocations.

7.7 Future allocation in UniSim

Future allocation is the practice of allocating the predicted production to the different fields
over a period, often a few years or even longer, with commonly an allocation for each year in
the set period. It is necessary to perform future allocation as a foundation for the allocation
agreement that should be fair for all users. The future allocation is also important to estimate
the production and allocation in the future and better understand the commingling between
the different fields. The years allocated in the future allocation for this case are year 8, 10 and
12, and the profiles are given in Appendix M — Future allocation profiles. Estimates for gas,
oil, and water production, predicted GOR, inlet pressure and gas lift are given in the profile
for the selected years.

A few different methods can be used to match the simulation model to these predicted
estimates. For this scope, the predicted results for standalone simulation, all-in simulation and
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field A with field B will be evaluated for all three years. These are selected to evaluate how
the results change with different commingling and different approaches. The A with B field is
studied since the C field is the newest field on the platform; to estimate how the production
would be if field C were not routed through the platform.

For future allocation, the new characterisation with the initial lumping scheme is used.

7.7.1 Future allocation with tuning on the oil

One way to do the future allocation is to tune the inflow from each field to match the
predicted oil production from that specific field. This tuning is done on a standalone basis,
meaning that the tuning is done with no commingling between the different fields. This
tuning method is a chosen approach based on the assumption that the predicted profiles are
on a standalone basis. The tuned inflow for each field on a standalone basis is kept when
inserted into the all-in simulation case and the field A with field B simulation case. The
tuning is done on the oil instead of the gas; since the allocation method is ORF-based, it is
essential to have the estimated oil production as authentic to the actual case as possible.
Appendix M — Future allocation profiles give the profiles, and Appendix N — Future
allocation ORF result for year 10 and 12 gives complementary results that are not included in
the sections below.

Figure 7.35 shows the oil production for field A with the different simulation cases for the
three years.
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Figure 7.35: Field A, Oil production, standalone, A with B and all-in

The results for field A show slightly lower oil production when field A is producing together
with the B field, and even lower when all fields are producing together. The oil production
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from field A is negatively impacted when producing with the B field and all-in. From the
decline in the oil production over the years from field A, it is noticeable that the production
from the A field is in the tail phase.

Figure 7.36 shows the oil production for field B with the different simulation cases for the
three years.
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Figure 7.36: Field B, Qil production, standalone, A with B and all-in

The results for field B show slightly higher oil production when field A is producing together
with the B field, and even higher when all fields are producing together. The oil production
from field B is positively impacted when producing with the A field and all-in. From the
decline in the oil production from field B it is noticeable that the production from the B field
is declining, but the amount is over three times higher than the oil production from field A.
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Figure 7.37 shows the oil production for field C with the different simulation cases for the
three years.
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Figure 7.37: Field C, Qil production, standalone, A with B and all-in

Field C shows higher oil production when field C is producing alone on the platform
compared to all-in. The oil production from field C is negatively impacted when producing
with all-in simulation. The oil production from field C increases from year 8 to year 12,
indicating a steady production.
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7 Results and discussion
Figure 7.38 shows the ORFs estimated for the three simulation cases for field A in year 8.
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Figure 7.38: Field A ORFs, standalone, A with B and all-in

The standalone predicts slightly higher ORFs, following by field A with field B and then the
all-in with the lowest estimated ORFs. This indicates that less oil is predicted in the oil
production stream when not producing on a standalone basis.
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7 Results and discussion
Figure 7.39 shows the ORFs estimated for the three simulation cases for field B in year 8.
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Figure 7.39: Field B ORFs, standalone, A with B and all-in

C10+

The standalone predicts the lowest ORFs, following by field A with field B and then the all-

in case with the highest estimated ORFs. This indicates that more oil is predicted in the oil

production stream when producing with the other fields, compared to standalone.
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7 Results and discussion
Figure 7.40 show the ORFs estimated for the two simulation cases for field C in year 8.
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Figure 7.40: Field C ORFs, standalone and all-in

The standalone predicts a shockingly high ORF estimate compared to the all-in case for field
C. This indicates that a lot more oil is predicted in the oil production stream when producing
standalone than all-in with the other fields.

Field C is a low GOR field, indicating that the field contains a higher oil to gas ratio
compared to the other fields. When a low GOR field coproduces with a high GOR field, the
high amount of gas will prevent oil products from the low GOR field to go out in the oil
production stream.

Field A (medium GOR) and Field C (low GOR) are the two fields negatively impacted fields
when producing all-in compared to standalone for the oil production. Field B (high GOR) is
the only field with a better oil production estimate with all-in simulation compared to
standalone simulation. This is due to the oil components from field A and field C attracting
the oil from field B, making more of it go out in the oil production stream.

The ORF results show the same trend for all three years. ORFs for year 8 are presented
below, while ORFs for year 10 and 12 can be seen in Appendix N — Future allocation ORF
result for year 10 and 12.

7.7.2 Year 8 with GOR tuning

The GOR (Gas-oil-ratio) is another parameter that can be tuned to match the predicted GOR
for the different years. In this method the inlet flow and composition are adjusted for each
field to match the GOR prediction for the production. A new UniSim model is built to predict
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7 Results and discussion

this new composition and inflow. A detailed description of how the model is built and how it
works can be found in Appendix O — UniSim GOR model.

The estimated ORFs are predicted for year 8 for the standalone approach for the three fields.
These ORFs are compared to the ORFs estimated with the standalone oil tuning method done
in Chapter 7.7.1.

Figure 7.41 shows the field A standalone ORFs estimated for two methods in year 8

Field A, ORF, Year 8, Standalone Oil Tuned vs. GOR Tuned
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Figure 7.41: Field A, standalone ORFs, oil tuned vs. GOR tuned
The oil tuning method predicts higher ORFs compared to the GOR tuning method for field A.
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Figure 7.42 shows the field B standalone ORFs estimated for the two methods in year 8.

Field B, ORF, Year 8, Standalone Oil Tuned vs. GOR Tuned
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Figure 7.42; Field B, standalone ORFs, oil tuned vs. GOR tuned
The ORFs show similar values for the oil tuning compared to the GOR tuning for field B.
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7 Results and discussion
Figure 7.43 shows the field C standalone ORFs estimated for two methods for year 8.

Field C, ORF, Year 8, Standalone Oil Tuned vs. GOR Tuned
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Figure 7.43: Field C, standalone ORFs, oil tuned vs. GOR tuned
The oil tuning method predicts higher ORFs compared to the GOR tuning method for field C.

The low and mediate GOR fields A and C predict a lower ORF estimate with the GOR tuning
method compared to the oil tuning method. The high GOR field B estimates similar ORFs
when comparing the two tuning methods.

GOR tuning is a method that can be used when the composition is uncertain, estimated from
old samples, or if the predicted GOR value is more valid than other tuning parameters.

7.7.3 Year 8 with gas tuning

Instead of tuning the model to the oil production, it can be tuned to match the predicted gas
production. This tuning is done the same way as the oil tuning method, on a standalone basis.
The ORFs are predicted and compared to the estimated ORFs from the oil tuning method.

Figure 7.44, Figure 7.45 and Figure 7.46 show the standalone ORFs estimated for the two
methods in year 8 for field A, field B and field C, respectively.
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7 Results and discussion

Field A, ORF, Year 8, Standalone Oil Tuned vs. Gas Tuned
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Figure 7.44: Field A, standalone ORFs, oil tuned vs. gas tuned
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Figure 7.45: Field B, standalone ORFs, oil tuned vs. gas tuned
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Field C, ORF, Year 8, Standalone Oil Tuned vs. Gas Tuned
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Figure 7.46: Field C, standalone ORFs, oil tuned vs. gas tuned

Field A and field B have similar ORF predictions when comparing the results from the two
tuning methods. For field C gas tuning method estimates slightly higher ORFs compared to
the oil tuning method. The highest deviation is 1.9 % for the iC4 and nC4 components.

The differences between the oil tuning method and gas tuning methods are because the
simulations are only tuned to match one of the phases. In the oil tuning method, the predicted
gas is not matched, and for the gas tuning method, the predicted oil is not matched. Since
ORF values are essential for the current allocation agreement, the tuning on the predicted oil
is deemed more correct than tuning on the predicted gas.

7.8 ProMax vs. UniSim for Platform Vest reallocation

For this comparison part, a ProMax model was developed with the new fluid characterisation
as input. The result from the ProMax simulation case is compared to the UniSim simulation
case with the new characterisation, also called the initial case. A detailed description of how
the model is made is given in Appendix P — Building the ProMax model.

7.8.1 Phase envelope prediction

Figure 7.47, Figure 7.48 and Figure 7.49 show the phase envelope estimated by UniSim and
Promax for field A, field B and field C, respectively. The VF is set to 1.0 for field A and field
C and 0.97 for field B. The inlet conditions are also included in the figures.
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7 Results and discussion

Field A, Phase Envelope, UniSim vs. ProMax, VF = 1.0
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Figure 7.47: Phase envelope, UniSim vs. ProMax, Field A

Field B, Phase Envelope, UniSim vs. ProMax, VF = 0.97
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Figure 7.48: Phase envelope, UniSim vs. ProMax, Field B
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Field C, Phase Envelope, UniSim vs. ProMax, VF = 1.0
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Figure 7.49: Phase envelope, UniSim vs. ProMax, Field C

The phase envelopes for ProMax are predicted differently than the phase envelopes from
UniSim. The phase envelopes deviate significantly from each other, indicating that the fluids
in the ProMax model will not behave the same way as the fluids in the UniSim model,
resulting in possible deviations between the simulation results.

7.8.2 Oil and gas prediction

The oil and gas production (both total and for each field), the estimated value for the oil
products from each field and total, and the ORFs for each field are compared. The results are
predicted from an all-in simulation, meaning that all the fields are producing to the platform
simultaneously. The ORFs are estimated from standalone simulations. The all-in simulation
results are shown in Table 7.9.
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7 Results and discussion
Table 7.9: All-in simulation results for all fields with the initial UniSim case and the ProMax case

All-in simulation Field A Field B Field C Total

Oil production, Sm3/d:

UniSim 1130 3147 2557 6834
ProMax 1118 3087 2530 6735
Approximate deviation 11 60 27 98
Gas production, MSm3/d:

UniSim 2.1 9.6 0.3 12.0
ProMax 2.1 9.6 0.3 12.1
Approximate deviation 0.0 0.0 0.0 0.0
Value adjustment, MNOK/yr:

UniSim 1297 3564 2959 7821
ProMax 1289 3380 3062 7731
Approximate deviation 9 184 -103 89

The UniSim model is predicting a higher oil production and value for all fields and in total.
The deviation on oil production is 11 Sm*/d, 60 Sm3/d and 27 Sm?/d for field A, field B and
field C, respectively. The value deviation is 9 MNOK/year, 184 MNOK/year and 103
MNOK(/year for field A, field B and field C, respectively.

The predicted gas production is approximately the same for the UniSim case compared to the
ProMax case.

Figure 7.50, Figure 7.51 and Figure 7.52 show the ORFs estimations for field A, field B and
field C, respectively.
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7 Results and discussion

Field A, ORF, ProMax vs. UniSim
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Figure 7.50: Field A ORFs, ProMax vs. UniSim

The ORFs predicted for field A in ProMax are slightly higher than the UniSim ORFs. With
the highest deviation being 3.2 % for the C7 component.
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Figure 7.51: Field B ORFs, ProMax vs. UniSim
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The ORFs predicted for field B in the ProMax model is estimated higher than the ORFs for
the UniSim model. With the highest deviation being 8.2 % for the C7 component.

Field C, ORF, ProMax vs. UniSim
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Figure 7.52: Field C ORFs, ProMax vs. UniSim

The ORFs predicted for field C in the ProMax model is estimated higher than the ORFs for
the UniSim model. With the highest deviation being 2.5 % for the C3 component.

The comparison results between the two simulation models show differences, especially
when looking at the estimated value and oil production. The ORFs are also important

parameters used in the current allocation agreement, and it is essential that these parameters
are representative.

The discussion on which of the simulation tools gives the most correct estimations is not
clear. The ProMax creators claim that the thermodynamic is more correct when creating a
mixed-species instead of using hypothetical components. The result clearly shows that there
are differences when using the two models, even when the input is supposed to be the same.
The procedure for definition hypothetical components (single oils) in ProMax is to use the
molecular weight and the specific gravity as input and let the software calculate the other
properties based on that. The set procedure for defining hypothetical components in UniSim
is to trust the total fluid characterisation given from the PV Tsim analysis and use these
parameters as input. The question then is if the properties calculated from ProMax are more
correct than the properties from PVTsim. To get a clear conclusion on the topic on which
simulation tool is the most correct, there is a need for further analyses.
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7 Results and discussion

Year 8 from future allocation is used as a base for the comparison of the different allocation
methods. The equity-based allocation is not included since the total number of different
companies with ownership in the different fields is high. The uncertainty-based allocation is
also not studied since the accuracy of the parameters is not measured or given. The methods

looked more into in this section are the allocation by difference and the pro-rata allocation.

The measurement values for the allocation are given in Table 7.10.

Table 7.10: Results from the year 8 simulations on a mass basis

Field A (Standalone) |Field B (Standalone) |Field C (Standalone) |Commingled (All-in)
Dry feed rate, (ton/d): 2307.5 12045.5 1233.6 15586.6
Typical produced gas, (ton/d): 1586.4 9271.9 127.7 11012.0
Typical produced oil, (ton/d): 721.2 2773.7 1106.6 4575.3

7.9.1 The ORF method (the current allocation agreement)
The calculation for the ORF method is done following the formulas (3.3) to (3.9). The results

are given in Table 7.11.

Table 7.11: Allocated quantity with ORF method

Field A

Field B

Field C

Typical produced gas, (ton/d):

1586.4

9291.1

134.5

Typical produced oil, (ton/d):

721.2

2755.0

1099.2

7.9.2 Allocation by difference

For the Platform Vest case, the C field was the last field to produce from the Platform. This

field is therefore chosen as the field to be allocated by difference. Field A and field B will be
allocated first, and then the rest is assumed to be from field C. The formula used for the
allocation is (3.1). The result from the by difference allocation is given in Table 7.12.

Table 7.12: Allocated quantity with by difference method

Field A

Field B

Field C

Typical produced gas, (ton/d):

1586.4

9271.9

153.8

Typical produced oil, (ton/d):

721.2

2773.7

1080.4

7.9.3 Pro-rata allocation

The pro-rata allocation is calculated using (3.2). The result from this allocation method is

given in Table 7.13.

Table 7.13: Allocated quantity with pro-rata allocation method

Field A

Field B

Field C

Typical produced gas, (ton/d):

1590.1

9293.9

128.0

Typical produced oil, (ton/d):

717.1

2757.9

1100.3
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7.9.4 Allocation by process simulation

The simulation model used is all-in year 8 in UniSim. The result from this allocation method
is given in Table 7.14.

Table 7.14: Allocated quantity with all-in simulation allocation method

Field A Field B Field C
Typical produced gas, (ton/d): 1594.9 9213.5 203.7
Typical produced oil, (ton/d): 712.7 2832.3 1030.4

7.9.5 Allocation method results

Illustrations of the result with the different allocation methods are given in the figures below.
Figure 7.53, Figure 7.54 and Figure 7.55 show the allocated oil and gas production for field
A, B and C, respectively. The y-axis for all the figures has the same range of 120 ton/d for oil
production and 100 ton/day for gas production. The green column illustrates the input values
used for the allocation obtained from standalone simulations.

Field A, Allocation Methods, Oil Production Field A, Allocation Methods, Gas Production
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Figure 7.53: Field A, Allocation methods, Gas and oil production

For field A, the different allocation methods predict similar values for both gas production
and oil production. The highest allocated value for the oil production is 721 ton/day (by
difference and ORF method) and the lowest is 713 ton/day (all-in simulation), resulting in a
deviation of 7 ton/day when comparing the methods. For the gas production allocation, the
highest value is 1595 ton/day (all-in simulation) and the lowest is 1586 ton/day (by difference
and ORF method), resulting in a deviation of 9 ton/day when comparing the methods. For
field A, the allocation method that gives the highest prediction, and the prediction equal to
the input values, are the by difference allocation and ORF method.
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Field B, Allocation Methods, Oil Production Field B, Allocation Methods, Gas Production
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Figure 7.54: Field B, Allocation methods, Gas and oil production

For field B, the different allocation methods predict deviating values for both gas production
and oil production. The highest allocated value for the oil production is 2832 ton/day (all-in
simulation) and the lowest is 2755 ton/day (ORF method), resulting in a deviation of 77 ton/d
when comparing the methods. For the gas production allocation, the highest value is 9294
ton/day (pro-rata allocation) and the lowest is 9213 ton/day (all-in simulation), resulting in a
deviation of 81 ton/day when comparing the methods. For field B, the allocation method that
gives predictions like the input values is the by difference allocation followed by the ORF
method and the pro-rata allocation.
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Figure 7.55: Field C, Allocation methods, Gas and oil production

For field C, the different allocation methods predict deviating values for both gas production
and oil production. The highest allocated value for the oil production is 1100 ton/day (pro-
rata allocation) and the lowest is 1030 ton/d (all-in simulation), resulting in a deviation of 70
ton/day when comparing the methods. For the gas production allocation, the highest value is
204 ton/day (all-in simulation) and the lowest is 128 ton/day (pro-rata allocation), resulting in
a deviation of 76 ton/day when comparing the methods. For field C, the allocation method
that gives predictions closest the input values are the pro-rata allocation followed by the ORF
method.

The results from the comparison between the different allocation methods show that there are
significant differences depending on which method that is used. The results from field A give
similar allocation values for the different methods, while the results from field B and field C
deviate considerably.
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The GOR values for the different fields are also essential to consider when selecting an
allocation method for the platform. The all-in simulation method gives a much higher oil
production to field B than any other methods and much lower oil production to field C than
the other methods. For the gas production, this trend is reversed with a much lower prediction
with the all-in simulation for field B and higher with the all-in simulation for field C. The all-
in simulation method for allocation is thus not a suitable allocation method for Platform Vest.

The by difference allocation predicts similar values to the input values for field A and field C
but deviates considerably for field C. The allocation by difference is thus not optimal for
Platform Vest. Then the ORF method and the pro-rata allocation method remains.

The input values are obtained from standalone simulations for the fields, making it not
reasonable that these input values are accurately representative when all the fields are
producing together. For field C, the pro-rata allocation predicts the same values as the input
values for gas production. When considering that field C is a low GOR field, the realistic gas
production would be a little higher than the standalone prediction. For gas production, the
ORF method and the pro-rata allocation predicts approximately the same oil allocation. This
results in the ORF method being the fairest for field C.

For field B, the pro-rata allocation and the ORF method are approximately equally deviation
compared to the input values, making both methods applicable for allocation for the field.

Based on the evaluation of the different allocation methods, the current ORF method is the
most fair and prudent allocation on Platform Vest when considering all the fields.

The evaluation is only based on and concluded for the result for year 8. When selecting an
allocation method, a complete conclusion cannot be made until predictions are calculated for
more years to study the future and historically production trends.

The calculations for the results are given in Appendix Q — Allocation methods calculation.

7.10 Recommended guideline for allocation simulation

The recommended guideline for allocation simulation based on the results in this report can
be summarised in the following points.

e Always use the newest fluid characterisation to assure a fair and prudent allocation.

e The allocation utility in UniSim is good enough if the only needed output is the ORFs.

e Aromatics in the fluid setup can impact the allocation, but this needs to be
investigated further to see the full effect.

e C20+ lumping scheme gives insignificant deviation compared to the original lumping
scheme. This new lumping scheme can be used instead of the original without
noticeable deviations.

e The PVT analysis for a C10+ lumping is much cheaper compared to a finer lumping
scheme analysis. When only comparing the estimated ORFs, the deviation between
the C10+ case and the initial case is not too large. In comparison, the results between
the new and old characterisation gave a much higher deviation. This indicates that it is
better to use C10+ lumping than to keep an old fluid characterisation.
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Future allocation can be done with different tuning methods.

The GOR tuning method is preferred if the fluid composition is uncertain or the GOR
value is the most valid estimated value for the different fields.

Tuning to match the estimated oil production is preferred if the allocation is
dependent on accurate oil simulation. This is the case for Platform Vest, where ORF
is the current allocation agreement.

Tuning to match the estimated gas production is preferred if the allocation is
dependent on accurate gas simulation. This is not the case for Platform Vest.
Allocation simulation using ProMax compared to UniSim gave noticeable deviations.
The decision on which simulation software is the most correct needs to be researched
more thoroughly before a conclusion regarding the different simulation software can
be made.

When looking at the different allocation methods, the most significant deviation
between the methods occurred for the high GOR field B and the low GOR field C.
For field A the allocation methods were not too deviating.

Based on evaluations of the different allocation methods, the current ORF method is
the most fair and prudent allocation on Platform Vest for all fields.
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8 Conclusion

Allocation simulation is a complex and complicated process, where the most crucial aspect is
to get the allocation as fair and prudent as possible. The possible allocation methods depend
on the different fields, the production platform and the owners and users. Many different parties
shall be satisfied with the established allocation method.

Platform Vest is a platform with production from three fields, where each field has different
owners. Field A is the original field on the platform, and it is important that this field is not
negatively impacted by allowing production from other fields through the same platform.
However, the allocation cannot be biased towards the A field either. The allocation method
needs to be unbiased towards all involving parties but also fair and prudent.

When comparing the different allocation methods, the current established ORF method was the
method that gave the fairest allocation of gas and oil to the different fields, especially when
considering the different GOR values of the fields. If any of the other methods were to be used,
at least one field would get an unfair allocation with either too low predictions or too high
predictions.

For future allocation, the tuning method recommended when the allocation method is ORF
based is to tune to match the predicted oil production.

Predicting the ORFs for the allocation should be as close to the initial case as possible. The
result from this report ranks the ORF deviation from highest to lowest, with the highest
occurred when incorporating benzene to the fluid inflow (5.8 %), followed by using the old
characterisation (3.1 %), using the C10+ lumping (2.1 %), allocation utility method (1.2 %),
adjusting the process input for the first stage separation (1.0 %) and lastly using the C20+
lumping (0.7 %).

The deviation between the predicted ORF in ProMax and UniSim was 8.2 %, but the conclusion
on which software is the most correct needs to be further analysed to obtain a fair decision.

The addition of benzene to the inflow gave the most significant deviation if the ProMax
comparison is disregarded. PNA in the fluid characterisation should thus be further investigated
to determine the impact this can have on the allocation.

To summarise, the newest fluid characterisation should always be used when possible. The
C20+ lumping and the allocation utility method can safely be used with approximately the
same result as the initial case if only the ORFs are the required result. The process input should
always be representative of the actual case to get the most up-to-date simulation for the
allocation. The C10+ lumping scheme can be considered without too large deviations for the
ORFs when a complete fluid analysis is not created and acquired.

In conclusion, for Platform Vest the most fair and prudent allocation method for all fields is
the current allocation method using standalone ORFs achieved from process simulations.
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Appendix A — Scope of work

University of
South-Eastern Norway

Faculty of Technology, Natural Sciences and Maritime Sciences, Campus Porsgrunn

FMH606 Master's Thesis

Title: Recommended guideline for allocation simulation

USN supervisor: Britt M. E. Moldestad

External partner: Equinor ASA, Trine Amundsen Madsen

Task background:

Oil and gas fields are typically owned by different companies. To determine the quantity and
quality of the feed and product stream belonging to each user/partner, the oil and gas
product are allocated between the partners. Allocation simulations are performed to
allocate the values between partners for ongoing production, and for evaluating
commingling effects for new tie-ins fields to define the allocation method fair and prudent
for all producers. Allocation simulation are important for all oil and gas companies, and
Equinor allocate for 50 billion NOK every month.

Task description:

A recommended guideline for allocation includes evaluation from fluid sampling, fluid
characterization, process simulation and evaluation. The following scope are recommended:
1. What is allocation and what are the basic allocation principles?

2. Evaluate PVT description of different wells. How are PVT samples taken and measured?

3. Evaluate the fluid characterization and the EOS model prediction for component
properties, and the transfer from PVTsim to the process simulation tool.

4. Evaluate the overall uncertainties in allocation simulation. Compare UniSim process
simulation tool to ProMax process simulation tool for allocation simulations for different
fields. Data from fields will be provided and case study to be performed. Evaluate the different
allocation methods.

5. Summarize the findings in a report and recommend a guideline for allocation simulation.

Student category: EET, Madelen Smedsli

The task is suitable for online students (not present at the campus): No

94



Appendices

Practical arrangements:

The Covid-19 pandemic effects the location of workplace. There is unfortunately no capacity
at the local Equinor office due to regulations. The work will be carried out at the University
or home office with close collaboration with supervisor via Teams.

Software’s to be used depend on the availability for the student. Unisim/Aspen Hysys and
ProMax (to checked) will be used during this study. If access to PVTsim, this tool will also be
used to evaluate fluid characterization. If no access, the evaluation will be carried out in
collaboration with supervisor.

Supervision:

As a general rule, the student is entitled to 15-20 hours of supervision. This includes
necessary time for the supervisor to prepare for supervision meetings (reading material to
be discussed, etc).

Signatures:
otlfolbllokiod
17.02.21

Britt M. E. Moldestad, USN Supervisor, date

Tresh b

18.02.21

Trine A. Madsen, External Supervisor, date

Madglen Smedsli

17.02.21

Madelen Smedsli, Student, date

95



Appendix B — PVTsim procedure

The PVTsim procedure is described as follows:
1) When opening PVTsim, the software opens as the following figure.

Fluid Management Fluid Operations Flash & Process Flow Assurance PVT & Reservoir Apps Interfaces Tools & Settings Help
y { ; y y e
@ = s s - o]
New Plus New No-Plus Default New TBP New Characterized New HYSYS New PROJIL New Water Mwand Pure Components
Fluid Fluid Component List Analysis Fluid Fluid Fluid Analysis Densities
New Fluid TBP Analysis New Characterized Fluid Water Analysis Pure Component
EoS | SRK Peneloux - | Polar Comps | Hv - | Visc Model CSP Visc/Thermal Cond | = C7+ Char Procedure  Normal - | std. Cond. (15,00 °C, 1,01325 bar)

# Fluid #Comps = Saved | PVT Tuned Visc Tuned EoS
~ A fluid composition must be selected

Appendices

Unit System | Metric

Polar Comps.

2) When defining the EOS as SRK Peneloux, click on new plus fluid and the following

page will open:
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Select/Edit Fluid

Appendices

Plus Fluid - Lumping: Felt A

wel | rest |[Final | Flid |
@ Sample | | Text |
Composition | Sampling Data | PVT Data | ViscData Points | Injection Gases | Lumping | Interaction Parameters | Notes |
E Tl oput ype Component Weight % | Mol Wt Doty
H20 - afem
weon | Classical Extended GC | N2 0,442 28,014 =
EtOH coz2 5,187 44,010
Fiuid T
PG =i c1 40,746 16,043
PGME = | o Plus No-Plus | cz 9,46 320,070
MEG o3 6,745 44,007
DEG Composition In ; 1,837 8,124
TEG ic4 5 3
DPGME | Mol % © Weight % | s, 3317 58,124
PG ics 1,733 72,151 =
Glyceral Uncertainty on Plus MW nCs 2,012 72,151
MaCl [ 5,00[% cs 2,846 85,400 0,6647
K cz 4,282 31,400 0,7383
NaBr
caci2 AddRemove Components c8 4,530 104,000 0,7652
I Add o9 2,566 118,200 0,7762
HCOOK cu 2,114 195,000 0,8420
Remove
Ker c1 1,534
HCOOCs c12 1,162
cafir2 c13 1,113
znEr2
c14 0,894
He
H2 c1s 0,802
Ar cs 0,603
o2 c17 0,521
HS cis 0,503
fa c19 0,423
oo i 0,34
MeMercpt C7+isomers -> Cn fractions Cc20 3 3
c21 0,300
Ve Et-5f Extend Cn to ;] 00|
neo-Cs f Total
Adjust Plus MV to match Saturation Paint Normaiize Weight to Mol Lump C7+Mw &Dens Input Wax Fractions
Temperature | e roparaffin Analysis
Pressure | |bara
& oK Cancel

3) The input to the figure above is found from the analysis reports (not added as an
appendix due to confidentiality). The input is mol % or weight % (from N2 to C36+

for field A, and from N2 to C10+ for field B and C), the mol weight (from N2 to C10)
and the density (C6 to C10). The Cn is extended to 36 as shown above (for all field).
4) The lumping scheme is defined in the lumping fane as illustrated in the figure below

(for field A):
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5) Click the OK button, and the following output is given:
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coz2
Cci
cz
c3
iC4
nc4
iC5
nC5
(o3
c7
[o::]
(2]
Ci0
Cii
Ciz

E
=

6) The figure above is the new fluid characterisation for field A.
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Appendix C — Old fluid characterisation

The old fluid characterisation for field A, B and C is shown in the tables below:

Field A - Old characterisation
Component Molfrac | NBP MW | LigDen| Tc P c V_c |Acentric factor
- C g/mol | kg/m3 C bara [m3/kmol -
A - N2* 0.00449|-195.750| 28.020| 804.000(-146.950|33.944| 0.090 0.040
A-CO2* 0.03994| -78.500| 44.010| 809.000| 31.050|73.765| 0.094 0.225
A-Cl* 0.72172|-161.550| 16.040| 300.000| -82.550|46.002] 0.099 0.008
A-C2* 0.08927| -88.550| 30.070| 356.700| 32.250/48.839| 0.148 0.098
A-C3* 0.04346| -42.050| 44.090| 506.700| 96.650|42.455] 0.203 0.152
A -iC4* 0.00898| -11.750| 58.120| 562.100| 134.950|36.477| 0.263 0.176
A - nC4* 0.01640| -0.450| 58.120| 583.100| 152.050|37.997| 0.255 0.193
A -iC5* 0.00688| 27.850| 72.150| 623.300| 187.250|33.843| 0.306 0.227
A - nC5* 0.00792| 36.050| 72.150| 629.900| 196.450/33.741| 0.304 0.251
A - C6* 0.00947| 68.750| 85.400| 664.800| 234.250|29.688| 0.370 0.296
A-CT7* 0.01332| 91.950| 91.400| 737.200| 272.490|34.020| 0.457 0.454
A-C8* 0.01237| 116.750|104.100| 764.600| 295.754|29.233| 0.476 0.492
A-C9* 0.00707| 142.250|119.100| 776.000| 320.125|25.495| 0.527 0.534
A - C10* 0.00418| 165.850({134.000| 782.000| 341.955|22.599| 0.585 0.576
A-Cl1* 0.00281| 187.250({147.000| 793.000| 359.596|21.018] 0.630 0.612
A-Cl12* 0.00201| 208.350|161.000| 804.000| 377.358|19.693| 0.681 0.650
A - C13-C14*| 0.00310| 236.050|181.570| 820.005| 401.831|18.296] 0.760 0.706
A - C15-C16*| 0.00196| 273.239|212.662| 839.028| 435.191|16.763| 0.887 0.785
A - C17-C18*| 0.00124| 306.217|243.657| 853.442| 468.289|15.666| 1.021 0.860
A - C19-C23*| 0.00159| 346.355|283.294| 869.391| 504.761|14.721| 1.205 0.952
A - C24-C34*| 0.00110| 425.731|367.157| 898.302| 574.201|12.967| 1.613 1.118
A - C35-C80*| 0.00071| 550.612|600.203| 986.695| 745.214|13.353] 2.970 1.318

100



Appendices

Field B - Old characterisation

Component Molfrac | NBP MW | LigDen| Tc Pc V_c |Acentric factor
- C g/mol | kg/m3 C bara [m3/kmol -
B - N2* 0.00691|-195.750| 28.020| 804.000|-146.950|33.944| 0.090 0.040
B - CO2* 0.02402| -78.500| 44.010| 809.000] 31.050|73.765| 0.094 0.225
B-C1* 0.81959|-161.550| 16.040| 300.000| -82.550]|46.002] 0.099 0.008
B - C2* 0.05805| -88.550| 30.070| 356.700| 32.250/48.839| 0.148 0.098
B-C3* 0.03273| -42.050| 44.090| 506.700| 96.650|42.455| 0.203 0.152
B - iC4* 0.00487| -11.750| 58.120| 562.100| 134.950|36.477 0.263 0.176
B - nC4* 0.01047| -0.450| 58.120] 583.100| 152.050|37.997| 0.255 0.193
B - iC5* 0.00333] 27.850| 72.150| 623.300| 187.250|33.843| 0.306 0.227
B - nC5* 0.00445| 36.050| 72.150| 629.900| 196.450|33.741] 0.304 0.251
B - C6* 0.00475| 68.750| 84.700| 667.600| 234.250|29.688| 0.370 0.296
B-C7* 0.00685| 91.950| 91.000] 738.900| 265.226|34.364| 0.453 0.453
B - C8* 0.00588| 116.750{104.800] 762.000| 290.199|30.027| 0.482 0.494
B - C9* 0.00344| 142.250{121.000] 768.200| 314.967|25.520| 0.544 0.540
B - C10-C11*| 0.00439| 175.504/139.568| 786.924| 341.455/22.588| 0.605 0.593
B - C12* 0.00148| 208.350{161.000{ 804.000| 368.325/20.181| 0.681 0.650
B - C13-C14*| 0.00241| 236.371|181.819| 820.189| 392.675/18.611| 0.761 0.706
B - C15-C16*| 0.00165| 273.401|212.813| 839.095| 425.270|16.925| 0.888 0.785
B - C17-C18*| 0.00111| 306.254|243.696| 853.456| 454.795|15.729| 1.021 0.860
B - C19-C22*| 0.00128| 341.698|279.107| 867.522| 486.545/14.792| 1.184 0.942
B - C23-C29*| 0.00103| 404.299|343.077| 890.808| 539.121|13.880| 1.489 1.074
B - C30-C40*| 0.00081| 485.030|463.927| 925.426| 584.513|12.468| 2.119 1.258
B - C41-C80*| 0.00050| 586.846|687.185|1008.297| 727.629|13.459| 3.434 1.312
Field C - Old characterisation
Component Molfrac [ NBP MW |[LigDen| Tc P c V_c |Acentric factor
- C g/mol | kg/m3 C bara [m3/kmol -
C - N2* 0.00247|-195.750| 28.020| 804.000|-146.950|33.944| 0.090 0.040
C - CO2* 0.02336| -78.500] 44.010| 809.000{ 31.050|73.765| 0.094 0.225
C-C1* 0.26983|-161.550| 16.040| 300.000| -82.550{46.002| 0.099 0.008
C-c2* 0.06960| -88.550| 30.070| 356.700| 32.250{48.839| 0.148 0.098
C-C3* 0.08610| -42.050| 44.090| 506.700| 96.650|42.455] 0.203 0.152
C-iC4* 0.01607| -11.750| 58.120| 562.100| 134.950|36.477| 0.263 0.176
C - nC4* 0.05074| -0.450| 58.120| 583.100| 152.050|37.997| 0.255 0.193
C-iC5* 0.01810] 27.850| 72.150| 623.300| 187.250{33.843| 0.306 0.227
C - nC5* 0.02853| 36.050| 72.150| 629.900| 196.450|33.741| 0.304 0.251
C - C6* 0.03307| 68.750| 84.900| 666.800| 234.250({29.688| 0.370 0.296
C-Cr* 0.05277| 91.950| 91.100| 738.800| 274.051|34.306] 0.454 0.454
C-C8* 0.05056| 116.750/105.100] 760.600| 299.624|30.166| 0.485 0.494
C-C9* 0.03487| 142.250{120.200] 771.400| 324.194|26.329| 0.537 0.538
C - C10-C12*| 0.07001| 185.638|145.555| 792.116| 361.074|22.444| 0.629 0.610
C - C13-C14*| 0.03498| 236.230|181.709| 820.108| 404.908|19.410] 0.761 0.706
C - C15-C17*| 0.03981| 281.814|219.983| 842.837| 446.039|17.528| 0.920 0.804
C - C18-C20*| 0.02884| 324.247|261.749| 860.608| 485.673|16.166] 1.103 0.902
C - C21-C25*| 0.02960| 372.657|310.352| 879.558| 528.193|15.246| 1.329 1.008
C-C26-C30*| 0.01992| 427.130/369.879| 898.535| 575.505|14.554| 1.613 1.121
C-C31-C37*| 0.01739| 476.979|443.996| 918.904| 631.448|14.095] 1.996 1.235
C - C38-C47*| 0.01346| 534.466|581.660| 967.975| 773.306|14.726] 2.724 1.354
C - C48-C80*| 0.00992| 632.335/798.965/1053.372| 919.284|16.849| 4.104 1.237
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Appendix D — New fluid characterisation

The new fluid characterisation for field A, B and C is shown in the tables below:

Field A - New characterisation
Component Molfrac| NBP MW | LigDen| T c P c V_c |Acentric factor
- C g/mol | kg/m3 C bara [m3/kmol -
A - N2* 0.00449(-195.750| 28.014| 804.000|-146.950|33.944| 0.090 0.040
A - CO2* 0.03994| -78.500| 44.010| 809.000| 31.050|73.765| 0.094 0.225
A-C1* 0.72172|-161.550| 16.043| 300.000| -82.550|46.002| 0.099 0.008
A-C2* 0.08927| -88.550| 30.070| 356.700| 32.250/48.839| 0.148 0.098
A-C3* 0.04346| -42.050| 44.097| 506.700| 96.650|42.455| 0.203 0.152
A-iC4* 0.00898| -11.750| 58.124| 562.100| 134.950|36.477| 0.263 0.176
A - nC4* 0.01640| -0.450| 58.124| 583.100| 152.050|37.997| 0.255 0.193
A-iC5* 0.00688| 27.850| 72.151| 623.300| 187.250|33.843| 0.306 0.227
A - nC5* 0.00792| 36.050| 72.151| 629.900| 196.450|33.741| 0.304 0.251
A - C6* 0.00947| 68.750| 85.400| 664.700| 234.250|29.688| 0.370 0.296
A-C7* 0.01332| 91.950| 91.400| 738.800| 255.105|34.156| 0.455 0.454
A - C8* 0.01237| 116.750{104.000| 765.200| 278.491|30.856| 0.475 0.491
A - C9* 0.00707| 142.250{119.200| 776.200| 300.934|26.823| 0.527 0.535
A - C10* 0.00449| 165.850{133.704| 789.718| 321.034|24.312| 0.575 0.576
A-Cl11* 0.00297| 187.250(146.704| 801.947| 337.909|22.673| 0.619 0.612
A-C12* 0.00205| 208.350{160.704| 813.112| 354.775|21.246| 0.671 0.650
A - C13-C14*| 0.00315| 235.802|181.082| 827.590| 377.793|19.676] 0.751 0.704
A - C15-C16*| 0.00188| 273.146|212.279| 845.276| 409.423|17.949| 0.880 0.784
A -C17-C18*| 0.00120| 306.236|243.380| 861.389| 438.404|16.835| 1.015 0.860
A - C19-C23*| 0.00157| 346.726|284.841| 882.807| 475.256|15.970] 1.207 0.955
A - C24-C34*| 0.00109| 426.411|383.196| 921.044| 553.238|14.890| 1.700 1.146
A - C35-C80*| 0.00031| 492.630|499.174| 953.945| 630.397|14.402| 2.271 1.299
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Field B - New characterisation

Component Molfrac | NBP MW | LigDen| Tc P c V_c |Acentric factor
- C g/mol | kg/m3 C bara |m3/kmol -
B - N2* 0.00691|-195.750| 28.014| 804.000|-146.950|33.944| 0.090 0.040
B - CO2* 0.02402| -78.500| 44.010| 809.000|] 31.050|73.765| 0.094 0.225
B-Cl* 0.81959|-161.550| 16.043| 300.000| -82.550|{46.002| 0.099 0.008
B - C2* 0.05805| -88.550| 30.070| 356.700| 32.250{48.839| 0.148 0.098
B-C3* 0.03273| -42.050| 44.097| 506.700| 96.650|{42.455| 0.203 0.152
B - iC4* 0.00487| -11.750| 58.124| 562.100| 134.950|36.477| 0.263 0.176
B - nC4* 0.01047| -0.450| 58.124| 583.100| 152.050|37.997| 0.255 0.193
B - iC5* 0.00333| 27.850| 72.151| 623.300| 187.250|33.843| 0.306 0.227
B - nC5* 0.00445| 36.050| 72.151| 629.900| 196.450|33.741| 0.304 0.251
B - C6* 0.00475| 68.750| 84.800| 667.400| 234.250({29.688| 0.370 0.296
B-C7* 0.00685| 91.950| 91.000| 741.400| 254.887|34.580| 0.450 0.453
B - C8* 0.00588| 116.750|{104.600| 762.900| 278.975|30.456| 0.480 0.493
B - C9* 0.00344| 142.250|{120.200| 772.400| 301.598|26.308| 0.536 0.538
B - C10-C11*| 0.00332| 176.357|140.082| 792.265| 329.102|23.254| 0.602 0.594
B - Cl12* 0.00137| 208.350{161.000| 810.051| 354.584|21.046| 0.675 0.650
B - C13-C14*| 0.00226| 236.627|182.018| 825.236| 378.315/19.469| 0.758 0.707
B - C15-C16*| 0.00175| 274.121|213.486| 843.345| 410.175|17.781| 0.887 0.787
B - C17-C18*| 0.00135| 306.118|243.550| 859.228| 438.191|16.736| 1.017 0.860
B - C19-C22*| 0.00185| 342.853|281.231| 879.258| 471.652|15.957| 1.189 0.947
B - C23-C29*| 0.00163| 403.512|352.417| 908.951| 528.901|15.072| 1.534 1.091
B - C30-C40*| 0.00085| 477.672|468.563| 945.787| 612.035|14.474| 2.131 1.265
B - C41-C80*| 0.00027| 577.277|668.668| 992.620| 743.902|14.384| 3.279 1.329
Field C - New characterisation
Component Molfrac | NBP MW |[LigDen| Tc P c V_c |Acentric factor
- C g/mol | kg/m3 C bara [m3/kmol -
C- N2* 0.00247|-195.750| 28.014| 804.000|-146.950|33.944| 0.090 0.040
C-CO2* 0.02336| -78.500| 44.010| 809.000| 31.050|73.765| 0.094 0.225
C-C1* 0.26983|-161.550| 16.043| 300.000| -82.550|46.002] 0.099 0.008
C-C2* 0.06960| -88.550| 30.070| 356.700| 32.250/48.839| 0.148 0.098
C-C3* 0.08610| -42.050| 44.097| 506.700| 96.650|42.455| 0.203 0.152
C -iC4* 0.01607| -11.750| 58.124| 562.100| 134.950/36.477| 0.263 0.176
C - nC4* 0.05074| -0.450| 58.124| 583.100| 152.050|37.997| 0.255 0.193
C-iC5* 0.01810| 27.850| 72.151| 623.300| 187.250|33.843| 0.306 0.227
C - nC5* 0.02853| 36.050| 72.151| 629.900| 196.450/33.741| 0.304 0.251
C - C6* 0.03307| 68.750| 84.900| 666.800| 234.250|29.688| 0.370 0.296
C-C7* 0.05277| 91.950| 91.000| 741.400| 254.887|34.580| 0.450 0.453
C-C8* 0.05056| 116.750]/105.000| 761.600| 279.334/30.211| 0.484 0.494
C-C9* 0.03487| 142.250|120.300| 772.400| 301.726|26.282| 0.536 0.538
C - C10-C12*| 0.06561| 187.102|146.479| 798.544| 337.724|22.533| 0.626 0.613
C - C13-C14*| 0.03442| 236.788|182.144| 826.117| 378.580|19.500| 0.757 0.707
C - C15-C17*| 0.04077| 282.567|220.685| 848.476| 417.553|17.547| 0.919 0.806
C - C18-C20*| 0.03065| 324.771|262.240| 871.283| 455.294/16.378| 1.099 0.904
C - C21-C25*| 0.03512| 373.036/315.460| 896.119| 500.021|15.518| 1.350 1.019
C - C26-C30*| 0.02183| 426.742|385.107| 922.419| 552.753|14.900| 1.690 1.148
C - C31-C37*| 0.01742| 475.895|466.712| 947.672| 610.041|14.564| 2.110 1.263
C - C38-C47*| 0.01130| 533.725|580.175| 976.416| 684.064|14.434| 2.722 1.354
C - C48-C80*| 0.00680| 626.160|787.354/1017.399| 813.772|14.638| 3.954 1.254
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Appendix E — UniSim model

The figures below illustrate the UniSim model.

1524, ULice|d

|20 DO EDESY
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Process Input

Appendices
Appendix F — Process equipment input

Unit Name Stream Name
Temperature, °C Pressure, bara
20VA001 20VAQ001, Inlet 47.26 33.74
20VA004 20VAQ004, Inlet 40.73 32.20
20HA101 20HA101, Outlet 79.49 -
20VA002 20VA002, Inlet - 23.50
20VA003 20VA003, Inlet - 2.05
21HB001 21HB001, Outlet 55.13
23VG001 23VG001, Inlet 30.00 1.86
23KA001 23VG001, Vapour 1.77
23KA001, Qutlet 89.86 7.11
23vVG002 23VG002, Inlet 30.00 6.97
23KA002 23VG002, Vapour 6.86
23KA002, Outlet 97.84 23.57
23VG003 23VG003, Inlet 21.52 23.09
23KA003 23VG003, Vapour 2273
23KA003, Outlet 109.88 76.96
23VG600 23VG600, Inlet 21.65 29.50
23KA600 23VG600, Vapour 29.22
23KAB600, Outlet 98.78 75.44
24VG001 24VG001, Inlet 23.70 75.66
24VE001 24VEQO01, Inlet 28.32 75.19
27VG001 27VG001, Inlet 25.00 73.68
27TKA001 27VG001, Vapour 73.51
27KA001, QOutlet 101.41 182.32
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Appendix G — Inflow data for reallocation

INPUT

INPUT Production
Felt A Felt B Felt C
Day Day Day
Production Production Production
from MPFM from MPFM
to Platform Vest to Platform Vest to Platform Vest
Measured Measured Measured
tonn/d tonn/d tonn/d
2754.24 10420.36 2578.72
In reservior input
Well Gas Lift Well Gas Lift
from from
Platform @st Platform @st
to FELTC to FELT B
kSm3/d kSm3/d
(allocated) (allocated)
508.8 943.6
In reservior Input
EELT A FELT B FELT C
ARRIVALTEMP,, C 75 60.23 66.8
ARRIVAL PRES., bara 48.46 49.58 44
TO INLET SEPARATOR NO YES YES
TO TEST SEPARATOR YES NO NO
WATER PROD., Sm3/d 2462.1 2428.1 72.6
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Appendix H — ProMax model

The figures below illustrate the ProMax model.
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Property Package Selection

@ Fluid Package: Platform Vest

Property Package Filter

MRTL ”
OLI_Electrolyte ® All Types
Peng-Robinson (D EOSs

PR-Twu () Activity Models
Eslfl\ilmberger Black Qil O Chao Seader Models
Sour PR (O) Vapour Pressure Models
Sour SRK () Electrotyte Models
Miscelaneous Types
SRE-Twu O b
Steam_Air W

Component List Selection

Platform Vest - 17.02.21

b Wiew...

Enthalpy Method Option

(®) Equation of State
() Lee-Kesler

[ use EOS Density
[ smooth Liguid Density
Modify H2 Tc and Pc

|:| Corrected Chueh and Praugnitz correlation
Advanced Thermodynamics:

[ UniSim Thermo

Appendices

Appendix | — Building the UniSim model

The procedure for building the UniSim model is as follows:
1) The EOS is set to SRK as shown in the figure below:

T Set Up | Parameters JParametersZ JBinar}r Coeffs JStab Test JPhase Order JRxns JTabuIar JNotes |

Delete Name | Platform Vest Property Pkg [

Edit Properties

2) The component list is added and named Platform Vest as shown in the figure below:

8] Platform Vest - Reallocation Medel - ORF - New characterization.use - UniSim Design R460.2

File Edit Basis

Tools  Window Help

& E &

A Hw¥m «

‘ 4 Simulation Basis Manager

Component Lists:

HHY

Master Component List Ve

Platform Vest - 17.02.21

Impaort...

Export...

Refresh

Enter PVT En

= Components |Fluid Plkgs JHypotheticaIs J Hypo Correlation Sets JOiI Manager JReactions JComponent Maps JJser Properties J—‘

vironment...

Enter Regression Environment...

Return to Simulation Environment...
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3) Hypothetical components for each field is defined as follows, with the fluid
characterisation as the input.

& Hypo Group: Platform Vest - Felt A [r=] -2 S
rHypo Group Controls
Group Name | Platform Vest - Felt A | | CorEsl e | | e |
Component Class | Hydrocarbon ~ | | Estimate Unknown Props | | Notes |
NEP Lig Density Te Pc Ve -
MName tal MW [kg/m3] q lbar] m3/kgmole] Acentricity
Felt A-N2* | -19575 2801 804,00 -146,95 33,94 0,0900 0,0400
Felt A - CO2* -78,50 440 809,00 31,05 FERI 0,0040 0,2250
Felt A-C1* | -161,55 16,04 300,00 -82,55 46,00 0,0990 0,0080
Felt A - C2* -88,55 30,07 356,70 32,25 43,84 0,1480 0,0980
Felt A - C3* -42,03 4410 506,70 96,65 42,45 0,2030 01520 |
Felt A -iC4* -11,75 58,12 562,10 134,95 36,48 0,2630 01760 |
Felt A - nC4* -0,43 58,12 583,10 152,05 38,00 0,2550 0,1930
Felt A -iC5* 27,85 7215 623,30 187,25 3384 0,3060 0,2270
Felt A - nC5* 36,05 72,15 620,90 196,45 33,74 0,3040 0,2510
Felt A - C6* 68,75 85,40 664,70 234,25 29,69 0,3700 0,2960
Felt A - C7* 91,95 91,40 738,80 255,11 34,16 0,4550 0,4540
Felt A - C8* 116,75 104,00 765,20 278,49 30,86 0,4750 04910 |
Felt A - C9° 142,25 119,20 776,20 300,93 26,82 0,5270 05350 |
Felt A - C10* 165,85 133,70 785,72 321,03 243 0,5750 0,5760
Felt A- C11* 187,25 146,70 801,95 337,91 22,67 0,6190 0,6120
Felt A - C12* 208,35 160,70 813,11 354,77 21,25 0,6710 0,6300
Felt A - C13-C14* 235,80 181,08 827,59 377,79 19,68 0,7510 0,7040
Felt A - C15-C16* 273,15 212,28 845,28 408,42 17,95 0,3800 0,7840
Felt A - C17-C18* 306,24 243,38 861,39 438,40 16,84 1.0150 0,8600
Felt A - C19-C23* 346,73 284,84 882,81 475,26 15,97 1,2070 0,9550
Felt A - C24-C34* 426,41 383,20 921,04 533,24 14,89 1,7000 1,1460
Felt A - C35-C80* 492,63 498,17 953,95 630,40 14,40 22710 1.2990
Hypo Controls:
| View.. | Addtiypo | AddSoid || Delete | UNFAC.. | (@ Base Properties (O VapourPressure

4) The library component of H20 is added to the component list as shown in the figure

- —
4 Component List View: Master Compenent List EI@
Add C ~Selected Components————— ~Components Available in the Library
p
; H20
b Library C_:_rmpunents Felt A - N2* ~ Match | View Fiters...
- Felt A - CO2*
> -Hypo Components Felt & - C1%
i Other Comp Lists Felt A - C2% (O)SimName (@) Full Name / Synonym () Formula
Felt A - C3*
Felt A 4% | chedpure |
Felt A - nC4* Toluene Toluene CTHE
Felt A - IC5* Benzene Benzene CEHE
Fe‘t N o e < Substitute-= Cyclohexane  CC6 C6H1Z
F:\tA 26" Hydrogen H2 H2
Felt A - C7* co co co
Ealt A - C8* Remove—» Argon Argon Ar
Felt A - Ca* Ethylene = C2H4
Felta . C10r E-Benzene  E-BZ CaH10
FeltA-Cl1* Siiver Siiver Ag
Folt A Cl2* 124-MBenzene 124-M-BZ CoH1Z
FollA . o13.c1ar Ammonia  NH3 NH3
Felt A - C15-C16* iews Component... Oxygen oz oz
Felt A - C17-C18% Methanol Methanaol CH40
Folt A £10 cage EGlycal EG C2HE02
Folth . coa.caan n-Ci1 ci Cl1H24
Felt A - Can oo n-C1z iz C12H26
Felt B N2+ n-Cl3 i3 C13H28
FeltB . CO2* n-Cl4 Cl4 C14H30
FoltB . C1r n-C1s cis C15H32
Fe‘tB' o n-C16 c16 C16H34
Folth . Cav n-c17 a7 C17H36
Fe\tB-'CA* n-C18 c18 C18H38
Folth . meat n-C19 cig C19H40
Felt B . icor n-C20 c20 C20H42
Felt B - nCs* n-c21 c21 C21H44
FeltB . Con n-cz2 cz2 C22H46
FoltB . C7 n-c23 c23 C23H45
FeltB . Co* n-C24 24 C24H50
Folth . Cor n-C25 cas5 C25H52
) n-C26 C26 C26H54
Fetg-coom n-c27 a7 C27HSE
Felt B - C13-C14% n-C28 €28 C28H58 v
< > Falt B. C15.C1R% hd Show Synonyms. [ custer
" Selected |Component by Type I Component Databases ]
Delete Name Master Component List
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5) When the environment is defined the model can be build by using the equipment
shown in the figure below:

Case (Main) n

6) The final UniSim model is illustrated in Appendix E — UniSim model.
7) The following spreadsheets are created when the UniSim model is finish built.

Platform Vest
Reallocation Model

ORF Allocation with New Characterization

Process Reservior Quality Value
Input Input Contral Adjustment

Expanded

MassBalance: -4

8) The process input sheet is as follows, where the values are incorporated directly into
the stream.

127



Process Input
rCurrent Cell
Imported From: 20VA001, Inlet
c4 Variable: Temperature Anglesim | Rad
A B C "] E
1
2 Unit Name Stream Name Temperature Pressure
3 i bara
4 20001 20VADD1, Inlet 47.26 C 33.74 bar
5 20VADD4 20VADD4, Inlet 40.73C 32.20 bar
6 20HAT01 | 20HATD1, Outlet 7949C
7 20VADD2 20VADDZ, Inlet 23.50 bar
8 20VADD3 20VADD3, Inlet 2.050 bar
9 21HBO01 | 21HBOD1, Outlet 5513 C
10
11 23VG001 23VG001, Inlet 30.00C 1.860 bar
12 23KA001 | 23VG001, Vapour 1.770 bar
13 23KA0D1, Outlet 89.86 C 7.110 bar
14 23VG002 23VGO02, Inlet 30.00 C 6.970 bar
15 23KA002 | 23VG002, Vapour 6.860 bar
16 23KAD02, Qutlet 97.84C 23.57 bar
17 23VG003 23VG003, Inlet 2152¢C 23.09 bar
18 23KA003 | 23ViG003, Vapour 22,73 bar
19 23KAD03, Qutlet 109.9C 76.96 bar
20
E 23VGE00 23VGEOD, Inlet 2165C 29.50 bar
22 23KAG0D | 23VG600, Vapour 20,22 bar
23 23KAB00, Outlet 93.78C 75.44 bar
24
25 24VGD01 24VGD01, Inlet 23.70C 75.66 bar
26 24VEDD1 24VEDD1, Inlet 2832¢C 75.19 bar
2T
28 27VG001 27VG001, Inlet 2500C 73.68 bar
20 27KA001 | 27VG001, Vapour 73.51 bar
30 27KADD, Qutlet 1014 C 182.3 bar
5]
3z
< >
" Connections Parameters ]Formulas Spreadsheet | Calculation Order ]Ini‘tialize From ] ! r
| Delete | | Function Help... | | Spreadsheet Only... | [ gnored
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9) The reservoir input sheet is as follows, where the values are incorporated directly into

the stream.

A B C 2] E F H 1 J K L M N o P

E FIECD Felt A Well Felt B Wel Felt B GL Felt C Felt C GL
3
B molfrac moffrac moffrac moffrac
s COMPONENTS N2 0.004290 N2 006910 N2 0.006919 N2 002470 N2 0006919
B co: 0.039939 c0: 024020 co: 0.024029 [ 023360 C 0.024029
7 c 721708 8 818508 c 795407 C 265830 C 795407
8 .089269 .058051 .095295 .069600 .095295
B C: 043459 @ 032730 c: 042381 C 086100 C 048381
10 i 008980 i 004870 i 007295 i 016070 i 007895
1 n 016400 n 010470 n 015477 nC 050740 nCd 015477
12 i 006820 i 002330 i 002523 i 018100 iCs 002523
13 n .007920 n .004450 ni .002233 n .028530 nCs .002233
14 003470 004750 001841 033070 6 00184+
18 013320 006850 000000 (%} 052770 [} 000000
1 012370 005830 ca 000000 050560 8 000000
17 007070 002440 @ 000000 034871 =] 000000
18 C 004433 C10-C .003325 C10+ .000000 C .06561 c10 .000000
18 c 002371 © 001368 Total 10000 E 03441 Tot: T0000
20 C 002055 Ci3-C 002260 C 04077
21 cixc 003148 Ci5-C 001747 C 0306
2 Ci5-C 001881 cir-C 001351 @ 03512
23 C17-C .00119¢ C19- .001851 C2 .021828
= cie 00157 E 001633 E 017424
25 4-C34 001034 ca0- 000845 C 011301
% C35-Ca 00031 - 000270 c 006803
27 Total 1.0000 Total 1.0000 Tota 10000
28
B ARRIVAL TEMP., C 7500C §0.23¢C 86.80C
30 ARRIVAL PRES, bara 48.46 bar 49.58 bar 4400 bar
31
2
33 TO INLET SEPARATOR 0.0000 1.000 1.000
] TO TEST SEPARATOR 1.000 0.0000 0.0000
35
36
37 | WATER PROD, Sm3/d: (Measured) 262 2428 7260
3% WATER PROD., Sm3/h 1026 m3/h 101.2m3th 3025 m3fh
39
40
41 PROD. TO PV, tonn/d 2754 1.042e+004 2579
a2 PROD. 10 PV, kg/h T.148e+ 005 kg/h 338264005 kg/h 7.0756+005 kg/h
43
[0 WELL GAS LIFT, ksm3/d 36 Allocated 088
45

e Formulas Calculation Order | Initialize From | User Variables |Notes |
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10) The quality control sheet is as follows, where the simulated values are compared to
the measured values. As well as a mass balance over the total process.

PRODUCTION
---------------------------------- lated Produced Gas Simulated Produced Gas | Measured Gas Production Dev. %
Sm3/h MSm3/d MSm3/d %
Felt A 8.803e+004 STD_m3/h 2,113 5TD_m3/h
Felt B 4,002e+005 STD_m3/h 9.606 STD_m3/h
Felt C 1.270e+004 STD_m3/h 0.3047 STD_m3/h
Total preduction 5.010e+005 STD_m3/h 12,02 STD_m3/h 11.81 3.44 %
Simulated Prod. Condensat Simulated Prod. Condensate | Measured Qil Production Dev. %
Sm3/h Sm3/d Sm3/d %a
Felt A 47.07 m3/h 1130 m3/h
Felt B 131.1 m3/h 3147 m3/h
Felt C 106.6 m3/h 2557 m3/h
Total preduction 2847 m3/h 6834 m3/h 3641 17.45 %
IMASS BALANCE
Feed rate Product rate
kmole/h kg/h
Felt A 9818 kgmole/h Gas Export 2.372e+004 kgmole/h
Felt B 2.503e+004 kgmole/h Cond Export 1547 kgmole/h
Felt C 2061 kgmaole/h Fuel 0.0000 kgmole/h
Flare 0.0000 kgmele/h
H20 12.80 kgmole/h
Produced Water 1.163e+004 kgmole/h
Feed rate total 3.691e+004 kgmole/h Product rate 3.691e+004 kgmole/h

Imbalance

-0.00 %

11) The ORF sheet is as follows, where the ORFs are calculated directly into the sheet.
(Only A and B in the figure to save space)

A B C D E F G H | K
1
B OIL RECOVERY FACTOR, ORF Felt A Feed Felt A Cond Felt A ORF Felt B Feed Felt B Cond Felt B ORF
3 ka/h ka/h % kg/h ka/h %
[ N2 507.99 kg/h |_4.8518e-003 kg/h 9.551e-004 N2 3420.9 kg/h | 2.0946e-002 kg/h 6.123e-004
5 coz 7099.0 kg/h 10.498 kg/h 0.1479 coz 18681 kg/h 18.241 kg/h 9.764e-002
6 cl 46762 kg/h 83600 kg/h 1.788¢-002 C1 | 2.3236e+005 kg/F 26.964 kg/h 0.0116
7 c 10841 kg/h 75.303 kg/h 06946 [+ 30848 kg/h 13975 kg/h 04530
8 c 77309 kg/h 546,54 kg/h 7.061 [&] 25506 kg/h 11995 kg/h 4703
9 ica 21080 kg/h 47432 kg/h 22.50 ic4 5002.3 kg/h 77722 kg/h 15.54
10 nC4 38498 kg/h 12193 kg/h 31.67 nCé 10754 kg/h 24325kg/h 2262
1 ic5 20048 kg/h 1108.9 kg/h 55.31 ic5 22459 kg/h 1822.8 ka/h 42.93
1z nCs 23078 kg/h 1425.5 kg/h 61.77 ncs 5674.0 kg/h 27992 kg/h 2933
13 C6 32662 kg/h 2702.7 kg/h 275 C6 71183 kg/h 5230.6 kg/h 73.61
14 c7 49168 kg/h 4624.8 kg/h 94.06 7 11016 kg/h 9914.0 kg/h 90.00
15 c8 51956 kg/h 5100.4 kg/h 98.17 =] 10869 kg/h 10539 kg/h 96.96
16 €] 34035 kg/h 3390.7 ky/h 99.62 €] 73072 kg/h 72603 kg/h 99.36
7 Cl0+ 14748 kg/h 14746 kg/h 99.99 Cio+ 61359 kg/h 61353 kg/h 99.99
18 10 24260 kg/h 24243 kg/h C10-C11 82305 kg/h 82243 kg/h
18 cn 17604 kg/h 1760.1 kg/h ciz 3891.5 kg/h 3891.2 kg/h
20 ciz 13335kg/h 1333.5kg/h Ci3-Cl4 72694 kg/h 72693 kg/h
2 C13-C14 23032 kg/h 2302.2 kg/h C15-Cl6 65914 kg/h 65914 kg/h
7] C15-C16 16124 kg/h 1612.4 kg/h C17-C18 5813.3 kg/h 5813.3 kg/h
23 ci7-cie 11751 kg/h 11751 kg/h ci9-c22 92014 kg/h 92014 kg/h
2 C19-C23 18109 kg/h 1810.9 kg/h C23-C29 10170 kg/h 10170 kg/h
25 C24-C34 1692.7 kg/h 1692.7 kg/h C30-C40 7005.1 kg/h 7005.1 kg/h
2 €35-C80 63348 kg/h 63348 kg/h C41-C80 3186.8 kg/h 3186.8 kg/h
27
28 Co+ 31530 kg/h 30564 kg/h 9684 | %CE+ inCond. Che 97669 kg/h 94305 kg/h 9656 | %C6 in Cond.
29 TOT | 1.1475e+005 kg/h 35433 kg/h TOT | 4.3417e+005 kg/F | 1.0352e+005 kg/F
30
31 C6~ fraction 0.8626 C6~ fraction 05110
32 C10+ fraction 04162 C10+ fraction 0.5927
33

12) The value adjustment sheet is as follows, where the value in NOK/year is calculated

directly into the sheet. (only C included in the figure to save space).
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M o P Q R 5 T u
Felt C Dollar Price (04 8450 |
Felt C-iC5* | 558.58 kg/h Maphtha Tonn/y | Price (USD/y) | Naphtha price ( 583.2
Felt C-nC5* [ 10093 kg/h | 17180 kg/h | 1.5030e+003 kg/h | 8.852e+007 | Kerosene price | | 4554
Felt C - C6* | 2053.9 kg/h Kerosene Gas oil price (04 537.9
Felt C- C7* | 4295.1kg/h | 15779 kg/h | 1.3822e+005 kg/h | 6.295e+007 Residue | 2641
Felt C - C8* | 5120.6 kg/h Gasoil

Felt C-C9* | 41425kg/h | 27943 kg/h | 2.4478e+005 kg/h | 1.317e+008

Felt C- C10-C12* | 9548.4 kg/h Residue

Felt C- C13-C14* | 62302 kg/h | 28276 kg/h | 24770e+005 kg/h | 6.541e+007

Felt C- C15-C17* | 8942.8 kg/h

Felt C- C18-C20* | 7988.1 kg/h | 89178 kg/h

Felt C - C21-C25* | 11012 kg/h Total USD/y | 3.485e+008

Felt C - C26-C30* | 8354.6 kg/h Total MNOK/y 2939

Felt C - C31-C37* | 8082.1 kg/h

Felt C - C38-C47* | 6516.1 kg/h

Felt C - C48-C80* | 5323.2 kg/h

Sum | 83178 kg/h
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The utility method is as follows:

Appendices

Appendix J — Utility method in UniSim

1) Add a utility called allocation utility to either the condensate export stream or the gas

export stream.

2) In the utility the feed stream is selected as follows:

4T Product Allocation: Felt A - Utility allocation

Mame ‘ Felt A - Utility allocation

Feed Streams
Flowsheet Available Feed Streams

Case(Main) Felt A Produced Wat

Felt B Produced Wate
Felt B Well

Felt B_GL

Felt C Produced Wat:
Felt C Well

Felt C_GL

[[] show Intermediate Feed Streams

Add —>

<-— Remove

Selected Feed Streams

Felt A Well

B Setup |Results |

3) In the figure above the A field well is selected as the feed stream.
4) In the result tab the product stream is selected, as follows:
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Flowsheet

Case(Main)

Condensate Export (1
Flare Qut

Fuel

Gas Export (15C and -
Gas Export for HHV (I
H20

Total PW

Appendices

Awvailable Product Streams Component Allocation from feeds to the selected prot
OMolar @Mass (O Volume () Percent

[[] show Intermediate Product Streams

Felt A Well
Product \ Feeds lkg/h]

H20 0,00000
Felt A - C6* 2706,3
Felt A- C7* 46274
Felt A - C8* 5101,6
Felt A - C9* 33909
Felt A - C10* 24243
Felt A - C11* 1760,2
Felt A-C12* 13335
Felt A - C13-C14% 2303,2
Felt A - C15-C16* 16124
Felt A - C17-C18* 11751
Felt A - C19-C23* 1810,9
Felt A - C24-C34% 1692,7
Felt A - C35-C80" 633,48
Felt B - C6* 0,00000
Felt B - C7* 0,00000
Felt R - CA* 0 000NN

" Setup Results |

5) The utility will track the components from the selected feed stream to the selected

product stream. The results is available in molar, mass or volume flow.
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Appendix K — C20+ fluid characterisation

The C20+ fluid characterisation for field A, B and C is shown in the tables below:

Field A - C20+ characterisation
Component Molfrac| NBP MW |LigDen| T c Pc V_c |Accentricity
- C g/mol | kg/m3 C bara |m3/kmol -
Felt A - N2* 0.004|-195.750| 28.014|804.000|-146.950/33.944| 0.090 0.040
Felt A - CO2* 0.040| -78.500| 44.010|809.000| 31.050/73.765| 0.094 0.225
Felt A- C1* 0.722|-161.550| 16.043|300.000| -82.550/46.002] 0.099 0.008
Felt A - C2* 0.089| -88.550| 30.070|356.700| 32.250/48.839] 0.148 0.098
Felt A - C3* 0.043| -42.050| 44.097|506.700| 96.650/42.455] 0.203 0.152
Felt A - iC4* 0.009| -11.750| 58.124|562.100| 134.950|36.477| 0.263 0.176
Felt A - nC4* 0.016] -0.450| 58.124|583.100| 152.050|37.997| 0.255 0.193
Felt A - iC5* 0.007| 27.850| 72.151|623.300| 187.250/33.843| 0.306 0.227
Felt A - nC5* 0.008| 36.050| 72.151|629.900| 196.450/33.741| 0.304 0.251
Felt A - C6* 0.009| 68.750| 85.400|664.700| 234.250({29.688| 0.370 0.296
Felt A - C7* 0.013| 91.950| 91.400| 738.800| 255.105|34.156| 0.455 0.454
Felt A - C8* 0.012| 116.750{104.000| 765.200| 278.491|30.856| 0.475 0.491
Felt A - C9* 0.007| 142.250{119.200| 776.200| 300.934|26.823| 0.527 0.535
Felt A - C10* 0.004| 165.850{133.704| 789.718| 321.034|24.312| 0.575 0.576
Felt A - C11* 0.003| 187.250{146.704|801.947| 337.909|22.673| 0.619 0.612
Felt A - C12* 0.002| 208.350{160.704|813.112| 354.775|21.246| 0.671 0.650
Felt A - C13-C14*| 0.003| 235.802(181.082|827.590| 377.793|19.676] 0.751 0.704
Felt A - C15-C16*| 0.002| 273.146|212.279|845.276| 409.423|17.949| 0.880 0.784
Felt A- C17-C19*| 0.002| 311.677|248.729|864.485| 443.421|16.705| 1.039 0.873
Felt A - C20+* 0.003| 411.882|358.140|913.705| 540.935|15.141| 1.635 1.110
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Field B - C20+ characterisation
Component Molfrac| NBP MW |[LigDen| T ¢c Pc V_c |Accentricity
P - C g/mol | kg/m3 C bara |m3/kmol -
Felt B - N2* 0.007|-195.750| 28.014|804.000|-146.950(33.944| 0.090 0.040
Felt B - CO2* 0.024| -78.500| 44.010/809.000| 31.050/73.765| 0.094 0.225
Felt B - C1* 0.820{-161.550| 16.043|300.000| -82.550({46.002| 0.099 0.008
Felt B - C2* 0.058| -88.550| 30.070|356.700| 32.250(48.839| 0.148 0.098
Felt B - C3* 0.033| -42.050| 44.097|506.700| 96.650(42.455| 0.203 0.152
Felt B - iC4* 0.005| -11.750| 58.124|562.100| 134.950|36.477| 0.263 0.176
Felt B - nC4* 0.010| -0.450| 58.124|583.100| 152.050|37.997| 0.255 0.193
Felt B - iC5* 0.003| 27.850| 72.151|623.300| 187.250|33.843| 0.306 0.227
Felt B - nC5* 0.004| 36.050| 72.151|629.900| 196.450|33.741| 0.304 0.251
Felt B - C6* 0.005| 68.750| 84.800|667.400| 234.250({29.688| 0.370 0.296
Felt B - C7* 0.007| 91.950| 91.000|741.400| 254.887|34.580| 0.450 0.453
Felt B - C8* 0.006| 116.750/104.600| 762.900| 278.975|30.456| 0.480 0.493
Felt B - C9* 0.003| 142.250|120.200| 772.400| 301.598|26.308| 0.536 0.538
Felt B - C10* 0.002| 165.850/134.000| 786.189| 320.808|24.039| 0.580 0.576
Felt B - C11* 0.002| 187.250/147.000| 798.664| 337.702|22.440| 0.624 0.612
Felt B - C12* 0.001| 208.350/161.000| 810.051| 354.585|21.046| 0.675 0.650
Felt B - C13-C14*| 0.002| 236.627|182.018|825.236| 378.315/19.469| 0.758 0.707
Felt B - C15-C16*| 0.002| 274.121|213.486|843.345| 410.175|17.781 0.887 0.787
Felt B- C17-C19*| 0.002| 311.880|249.219|862.572| 443.513|16.602| 1.043 0.874
Felt B - C20+* 0.004| 430.133|377.497|920.750| 563.383|15.019| 1.819 1.133
Field C - C20+ characterisation
Component Molfrac| NBP MW |[LigDen| T ¢ Pc V_c |Accentricity
P - C g/mol | kg/m3 C bara |m3/kmol -
Felt C - N2* 0.002|-195.750| 28.014|804.000|-146.950(33.944| 0.090 0.040
Felt C - CO2* 0.023| -78.500| 44.010|809.000| 31.050(73.765| 0.094 0.225
Felt C - C1* 0.270{-161.550| 16.043|300.000| -82.550({46.002| 0.099 0.008
Felt C - C2* 0.070| -88.550| 30.070|356.700| 32.250(48.839| 0.148 0.098
Felt C - C3* 0.086| -42.050| 44.097|506.700| 96.650(42.455| 0.203 0.152
Felt C - iC4* 0.016| -11.750| 58.124|562.100| 134.950|36.477 0.263 0.176
Felt C - nC4* 0.051| -0.450| 58.124|583.100| 152.050(37.997| 0.255 0.193
Felt C - iC5* 0.018| 27.850| 72.151|623.300| 187.250|33.843| 0.306 0.227
Felt C - nC5* 0.029| 36.050| 72.151|629.900| 196.450|33.741] 0.304 0.251
Felt C - C6* 0.033| 68.750| 84.900|666.800| 234.250({29.688| 0.370 0.296
Felt C - C7* 0.053] 91.950| 91.000|741.400| 254.887|34.580| 0.450 0.453
Felt C - C8* 0.051| 116.750/105.000| 761.600| 279.334{30.211| 0.484 0.494
Felt C - C9* 0.035| 142.250/120.300| 772.400| 301.726|26.282| 0.536 0.538
Felt C - C10* 0.024| 165.850/134.000| 786.398| 320.842|24.051| 0.580 0.576
Felt C - C11* 0.022| 187.250/147.000| 799.061| 337.766|22.462| 0.624 0.612
Felt C - C12* 0.020| 208.350/161.000| 810.621| 354.677|21.076] 0.675 0.650
Felt C - C13-C14*| 0.034| 236.788|182.144|826.117| 378.580{19.500| 0.757 0.707
Felt C - C15-C16*| 0.028| 274.264|213.620|844.490| 410.479|17.823| 0.887 0.787
Felt C - C17-C19*| 0.034| 312.159|249.509|864.100| 443.997|16.652| 1.043 0.874
Felt C - C20+* 0.102| 458.772|413.577|936.366| 598.386|14.968| 2.098 1.169
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Appendix L — C10+ fluid characterisation

The C10+ fluid characterisation for field A, B and C is shown in the tables below:

Field A - C10+ characterisation
Component Molfrac| NBP MW |LigDen| T c Pc V_c |Accentricity
P - C g/mol | kg/m3 C bara |m3/kmol -
Felt A -N2* 0.004|-195.750| 28.014|804.000|-146.950|33.944| 0.090 0.040
Felt A- CO2* | 0.040| -78.500{ 44.010{809.000| 31.050|73.765| 0.094 0.225
Felt A - C1* 0.722|-161.550| 16.043|300.000| -82.550]|46.002| 0.099 0.008
Felt A - C2* 0.089| -88.550| 30.070|356.700| 32.250|48.839| 0.148 0.098
Felt A - C3* 0.043| -42.050| 44.097|506.700| 96.650|42.455| 0.203 0.152
Felt A - iC4* 0.009| -11.750| 58.124|562.100| 134.950|36.477| 0.263 0.176
Felt A - nC4* 0.016/ -0.450| 58.124|583.100| 152.050|37.997| 0.255 0.193
Felt A - iC5* 0.007| 27.850| 72.151|623.300| 187.250|33.843| 0.306 0.227
Felt A - nC5* 0.008| 36.050|{ 72.151|629.900| 196.450|33.741| 0.304 0.251
Felt A - C6* 0.009| 68.750| 85.400|664.700| 234.250|29.688| 0.370 0.296
Felt A - C7* 0.013| 91.950| 91.400|738.800| 255.105|34.156| 0.455 0.454
Felt A - C8* 0.012| 116.750{104.000| 765.200| 278.491|30.856| 0.475 0.491
Felt A - C9* 0.007| 142.250{119.200| 776.200| 300.934|26.823| 0.527 0.535
Felt A - C10+*| 0.019| 272.242|195.000|842.000| 412.857|19.292| 0.964 0.795
Field B - C10+ characterisation
Component Molfrac| NBP MW |LigDen| T c Pc V_c |Accentricity|
P - C g/mol | kg/m3 C bara |m3/kmol -
Felt B - N2* 0.007{-195.750| 28.014|804.000{-146.950{33.944| 0.090 0.040
Felt B- CO2* | 0.024| -78.500| 44.010{809.000| 31.050|73.765| 0.094 0.225
Felt B - C1* 0.820|-161.550| 16.043|300.000| -82.550{46.002| 0.099 0.008
Felt B - C2* 0.058| -88.550| 30.070|356.700| 32.250{48.839| 0.148 0.098
Felt B - C3* 0.033| -42.050| 44.097|506.700| 96.650{42.455| 0.203 0.152
Felt B - iC4* 0.005| -11.750| 58.124|562.100| 134.950({36.477| 0.263 0.176
Felt B - nC4* 0.010f -0.450| 58.124|583.100| 152.050{37.997| 0.255 0.193
Felt B - iC5* 0.003| 27.850| 72.151|623.300| 187.250{33.843| 0.306 0.227
Felt B - nC5* 0.004| 36.050| 72.151|629.900| 196.450{33.741| 0.304 0.251
Felt B - C6* 0.005| 68.750| 84.800|667.400| 234.250{29.688| 0.370 0.296
Felt B - C7* 0.007| 91.950| 91.000|741.400| 254.887({34.580| 0.450 0.453
Felt B - C8* 0.006| 116.750{104.600| 762.900| 278.975/30.456| 0.480 0.493
Felt B - C9* 0.003| 142.250(120.200| 772.400| 301.598(26.308| 0.536 0.538
Felt B - C10+*| 0.015| 326.161|237.000| 866.000| 463.929|17.547| 1.251 0.907
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Field C - C10+ characterisation

Component Molfrac| NBP MW |LigDen| T¢c P c V_c |Accentricity
- C g/mol | kg/m3 C bara |m3/kmol -
Felt C - N2* 0.002|-195.750{ 28.014| 804.000|-146.950| 33.944| 0.090 0.040
Felt C - CO2* 0.023| -78.500[ 44.010| 809.000{ 31.050| 73.765| 0.094 0.225
Felt C - C1* 0.270]-161.550| 16.043| 300.000| -82.550| 46.002| 0.099 0.008
Felt C - C2* 0.070| -88.550| 30.070| 356.700| 32.250| 48.839| 0.148 0.098
Felt C - C3* 0.086| -42.050[ 44.097| 506.700| 96.650| 42.455| 0.203 0.152
Felt C - iC4* 0.016] -11.750| 58.124| 562.100| 134.950| 36.477| 0.263 0.176
Felt C - nC4* 0.050] -0.450| 58.124| 583.100| 152.050| 37.997| 0.255 0.193
Felt C - iC5* 0.019| 27.850| 72.151| 623.300| 187.250, 33.843| 0.306 0.227
Felt C - nC5* 0.029] 36.050| 72.151| 629.900| 196.450| 33.741| 0.304 0.251
Felt C - C6* 0.033] 68.750[ 84.900| 666.800| 234.250| 29.688| 0.370 0.296
Felt C - C7* 0.053] 91.950| 91.000| 741.400| 254.887| 34.580| 0.450 0.453
Felt C - C8* 0.051| 116.750| 105.000| 761.600| 279.334| 30.211| 0.484 0.494
Felt C - C9* 0.035| 142.250| 120.300| 772.400| 301.726| 26.282| 0.536 0.538
Felt C - C10+* | 0.264| 371.024| 274.490| 889.000| 511.099| 16.799| 1.563 0.989
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The future allocation profiles for field A, B and C for year 8, 10 and 12 are shown in the

Appendices
Appendix M — Future allocation profiles

tables below:
Field A - Future allocation
Year Gas Oil Water GOR |Inlet pressure|Gas Lift
Sm3/d Sm3/sd | Sm3/d | Sm3/Sm3 bar kSm3/d
8 2238890/ 961.95| 494.50| 2327 38 -
10 1604748| 632.30| 116.30| 2538 38 -
12 1400900 518.28| 118.98| 2703 32 -
Field B - Future allocation
Year Gas Oil Water GOR |Inlet pressure|Gas Lift
Sm3/d Sm3/sd | Sm3/d | Sm3/Sm3 bar kSm3/d
8 11168145|3 477.07|2 192.08| 3212 38 300
10 10759291|2 397.68|1 263.41| 4487 38 100
12 9380462|1560.74| 768.52| 6010 32 50
Field C - Future allocation
Year Gas Oil Water GOR |Inlet pressure|Gas Lift
Sm3/d Sm3/sd | Sm3/d | Sm3/Sm3 bar MSm3/d
8 167432 1342 0 125 38 0.05
10 293621 2373 0 124 38 0.14
12 255732 2075 14 123 32 0.32
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Appendix N — Future allocation ORF result
for year 10 and 12

The following tables shown the ORFs for field A, B and C for the future allocation for year
10 and 12.
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Appendix O — UniSim GOR model

The model for the GOR tuning is developed as follows:

[

Appendices

1) A simplified model of the process is created upstream the different fields well inflow.
As shown in the figure below:

MIE1134 B

MIX-105-34

2) A separate sheet is added to tune on the GOR value. This sheet is shown in the figure

below:
B GOR Adjustment - Felt A =N
—Current Cell
Al Variable: | Anglesin: || Rad
o B C 1) E

1

2 COMNDEMNSATE

3 Simulated Prod. Condensate | Simulated Prod. Condensate Measured Oil Production Dnff.
4 sm3/h Sm3/d Sm3/d 3
5 Felt A 39.90 m3/h 957.6 961.9 -0.45 %
1

7 GAS

[i] Simulated Produced Gas Simulated Produced Gas | Measured Gas Production Diff.
g Sm3/h MSm3/d MSm3/d %
10 Felt & 9,285e+004 STD_m3/h 2228 2.239 -0.47 %
11

12

13 Sm3/h Sm3/d

14 Simulated il (GOR sim) 19.71 m3/h 73.0

15

16 Simulated Gas (GOR. sim) 4,935e+004 5TD_m3/h 1.184e+006

F

18

19 Measured Simulated Total Simulated Diff.
20 Sm3/5m3 Sm3/5m3 Sm3/5m3 %
3 GOR 2327 2504 2327 -0.02 %
22

23 Simulated Well Feed 5.985e+004 kg/h

24

25 Upscaling Factor 2.034

26

27 Upscaled feed rate 1.217e+005 kg/h

L4

" Connections Parameters ]Formulas Spreadsheet | Calculation Order llnitialize From ]User‘u"ariables INotes ]
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3) The C5 and C10 fields include the simulated gas and condensate production over the
total process (not the simplified case). These values are compared to the measured
values and the difference is calculated.

In D21 the GOR for the total process is calculated.

For the simplified case, the gas and condensate are shown in C14 and C16. The GOR
for the simplified model is calculated using these values and are shown in C21.

The adjuster (ADJ-4-4) on the stream mixed into the gas stream for the simplified
case, adjust its flow to match the GOR on the total process to the measured GOR.
The gas and condensate on the simplified case are mixed, and the composition in this
stream is exported to the Field A Well stream.

The mass flow into the simplified process is guessed in B23. An upscaling factor is
calculated using D5/C14. The upscaled feed rate is calculated in B27, and this value is
exported as the Felt A Well mass flow.
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Appendix P — Building the ProMax model

The procedure for building the ProMax model is as follows:
1) The EOS is set to SRK as shown in the figure below:

@ Platform Vest ? X

Environment Name [ Platform vest |

Property Package Components Extended Components Binary Interactions Options Reaction Sets Motes

®) Use Predefined Package

() Use Custom Package
Predefined Packages
Current Package: SRK
Available Packages
Package Vapor Package Liquid Package ~
I: Scatchard-Hamer-SRK SRK Scatchard-Hamer
Span and Wagner CO2 EOS Span and Wagner CO2 EOS Span and Wagner CO2 EQS
|: Spedal Brine-PR. Peng-Robinson Peng-Robinson Brine
[ Spedal Brine-SRK SRK SRK Brine
[ sri SRK SRK
[] SRK Polar SRK Polar SRK Polar
[] sRK-Kabadi-Danner SRK-Kabadi-Danner SRK-Kabadi-Danner
|: Sulfur - PR Sulfur Peng-Robinson Sulfur
[ sulfur - SRK Sulfur SRK Sulfur
[ Sulfur ASRL - PR Sulfur Peng-Robinson Sulfur ASRL o
[ leutboe acm__cow Colbur €DV Colfune AEL
Package Types Molar Volume/Liquid Density Method
Al «| | COSTALD (HBT) ~
L 0K Cancel Apply

2) The hypothetical components (the C6+ components) are added as single oils as shown
in the figure below:

- - - g wuinacy

ProMax@C:\Users ED\OneDrive o — [} * psi
5 Help
I e ..I \.‘.\ ow
Mo B0 DBEAE &S - @ I 4
| 2sre00
7 ™ Flowsheets ~ ||| @ Felta- ce ? X
Calculators
User Value Sets Single Oil Correlations Notes
4. Recoveries
+-4§. Energy Budgets Mame: | Felt A - C6™
+ Environments
} Mixed Spedes Co ey s
w oils Volume Average Boiling Point | 64,8963_“[
. Felt A - C6* Mole_cular We.lgn[ | Bs,q_knjkmol
@ FeltA-c7* Spedific Gravity | 0,665
Felt A - ca API Gravity | 81,282
- " Critical Temperature | 230,717 °C
": . Critical Pressure 20,9365 bar
- s wa Critical Volume | 0,360494 m* 3/kmol
Eeta L Acentric Factor ' 0,278503|
: :jt: EE( Carban to Hydrogen Ratio l 5,07948 Viscosity Type
4 Refractive Index | 1,37321 @ N
@@ FeltA- C15¢ Temperature of Low T Viscosity 310,928 K Dynamic
i@ FeltA - C17-C Low Temperature Viscosity | 0,00025868 Pa*s
i@ FeltA - C19< Temperature of High T Viscosity| 372,039 K
i@ FeltA - Caa-( High Temperature Viscosity | 0,000165819 Pa”s
i@ Felt A - €35+ Watson K | 12,7427
i@ FeltB - C6* ASTM DEB6 10-90% Slope | 0 K/%
i FeltB-C7* ASTM D93 Flash Point 246,751 K
i Felt B - 8* Pour Point | 258,433 K
@ FeltB-Co* Paraffinic Fraction | 86,2361 %
Enth B e Naphthenic Fraction 13,7639]%
at * Aromatic Fraction | 0%
Tdeal Gas Heat Capadity | 136,891 1/(mol*K)
—— | ProMax:ProMaxIProjectiQils!Felt A - C6*IPropertieslASTM D93 Flash Point ~
Warning: ASTM D93 Flash Point calculation: The value of 64,8963 2C for Volume Average Boiling Point should be t -
DraMavy:DraMaviDrndartNilciFalt A - CAR*IDranartaciDosir Dnind
< >
o oK Cancel Aol
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3) The component list is created with library components for components lower than C6,
as shown in the figure below:

@ Platform Vest

Environment Name [ Platform Vest

Property Package Components Extended Components Binary Interactions Options Reaction Sets Notes

Component Filtering Criteria

Name Formula CASRN Exdusive Types Aliases O Exdusive Atoms
| | All Types ~ Al Aliases ~ Any Atoms M
Available Components (11605) Installed Components (54)
MName CASRN Formula MW (kg/mol) NBP (K) NFP(K) Flash |~ Name CASRN  Formula MW (kg/mol) NBP (K) NFR (K) Flash Pt(K) SMILES Y
7/ Hydrogen, Monatomic 12385-13-6 H 0,00100794 20,397 13,56 7 H2O 7732-18-5 H20 0,0180153 373,124 273,15 (o] ]
7/ Hydrogen Radical 12385-13-6 H 0,00100794 20,397 13,56 7 Nitrogen 7727-37-9 N2 0,0280134 77,344 63,149 N#N
7 Hydrogen, Atamic 12385-13-6 H 0,00100794 20,397 13,56 702 124-38-0 CO2 0,0440005 104,65 216,58 0=-C=0
TIH* 12385136 H 0,00100794 20,397 13,56 7 C1 74-82-8 (H4 0,0160425 111,66 90,694 C
7 Hydrogen, distomic, equilibrium  1323-74-0  H2 0,00201588 20,268 13,803 > 7Q 74-84-0  C2HG 0,030060 184,55 00,352 cC
7 Hydrogen, diatomic, para 800000-49-1 H2 0,00201588 20,268 13,803 - ] 74-08-6 (3HB  0,0440056 231,11 85,47 [e(w]s
7 Hydrogen, diatomic, ortho B00000-50-4 H2 0,00201588 20,39 13,057 7 -Ca 75-28-5 CAH10  0,0581222 261,43 113,54 co(C)C
7/ Hydrogen 800000-51-5 H2 0,00201588 20,39 13,957 2 n-C4 106-97-8 C4H10  0,0581222 272,65 134,86 occ
7/ Hydrogen (para) 800000-49-1 H2 0,00201588 20,268 13,803 ot 705 78-78-4 (C5H12  0,0721488 300,994 113,25 216 CC(Qo)C
7 Hydrogen (ortho) B00000-50-4 H2 0,00201588 20,39 13,957 o -5 109-66-0 C5H12  0,0721488 309,22 14342 233,15 c(o)cco
? Hydrogen (equilibrium) 1333-74-0  H2 0,00201588 20,268 13,803 ? Felt A - C6*
7 p-Hvdronen 1333-74-0  H? 0.00201588 20,268 13803 ~ 7 Felt A - C7*
< > 7 Felt A - C8*
% Felt A - C9*
Available Oils and User Mixed Spedies (6) 7 Felt A - C10*
Felt A ~ = 7 Felt A - C11*
Felt A - Mixed * Felt A - C12*
Felt A_x1 >{ 7 Felt A - C13-C14* W
Felt B - Mixed v < >
L] OK Cancel Apply

4) The model is built with process equipment using ProMax shapes as shown in the

figure below:
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Shapes -

Search shapes - P

More Shapes »

ProMax AutoKinetic Reactors
ProMax Auxiliary Objects
ProMax Distillation Columns
ProMax Fluid Drivers
ProMax Heat Exchangers
ProMax Mixers/Splitters
ProMax Reactors

ProMax Recycles

ProMax Separators

ProMax Valves

ProMax Streams -
Drop Quick Shapes here
D 2 Phase 2 Phase

Separator... Separator...
2 Phase 2 Phase
Separator... Separator...
2 Phase 3 Phase
Separator -... Separator
3 Phase 3 Phase
Separator 2 Separator 3

ﬁ 3 Phase ﬁ 3 Phase
Separator 4 Separator 5

5) The finished model is shown in Appendix H — ProMax model.

6) ProMax comes with a excel interface, but due to time limitation spreadsheets where
not made for the ProMax model. Instead, the results were read directly from the
different product streams.
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Appendix Q — Allocation methods

calculation

1) By Difference

2) Pro-Rata

By difference

Inputs Quantites (ton/d):
Measured export gas (tonne/d) 11012.02
Field B estimate - gas 9271.90
Field A estimate - gas 1586.36
Measured export oil (tonne/d) 4575.28
Field B estimate - oil 2773.69
Field A estimate - oil 721.20
Calculations

Q - Produced gas 11012.02
Q1 - Produced gas allocated to Field C 153.76
Q - Produced oil 4575.28
Q1 - Produced oil allocated to Field C 1080.38

Pro rata

Inputs Quantites (ton/d):
Measured export gas (tonne/d) 11012.02
Field A estimate - gas 1586.36
Field B estimate - gas 9271.90
Field C estimate - gas 127.70
Gas estimation 10985.96
Measured export oil (tonne/d) 4575.28
Field A estimate - oil 721.20
Field B estimate - oil 2773.69
Field C estimate - oil 1106.62
Oil estimation 4601.51
Calculations

Field A calculated - gas 1590.12
Field B calculated - gas 9293.89
Field C calculated - gas 128.01
Field A calculated - oil 717.09
Field B calculated - oil 2757.87
Field C calculated - oil 1100.31

Appendices
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3) ORF method

Year 8

Standalone ORF Field A Field B Field C

N2 0.0 0.0 0.0
CO2 0.3 0.1 0.9
C1 0.0 0.0 0.1
C2 1.2 0.3 4.1
C3 9.2 3.0 33.2
iC4 24.4 10.7 69.0
nC4 33.2 16.1 79.7
iC5 55.8 33.1 92.7
nC5 62.4 39.5 94.6
Cé6 83.5 65.6 98.3
Cc7 94.6 86.1 99.5
C8 98.4 95.8 99.9
Cc9 99.7 99.1 100.0
C10+ 100.0 100.0 100.0

Year 8

Inflow, tonn/d Field A Field B Field C

N2 10.2 94.9 0.8
C0O2 142.8 518.3 11.7
C1 940.3 6446.7 49.4
C2 218.0 855.8 23.9
C3 155.6 707.6 43.3
iC4 42.4 138.8 10.7
nC4 77.4 298.4 33.6
iC5 40.3 117.8 14.9
nC5 46.4 157.4 23.5
Cé6 65.7 197.5 32.0
Cc7 98.9 305.6 54.8
C8 104.5 301.6 60.6
Cc9 68.4 202.7 47.9
C10+ 296.6 1702.3 826.6
SUmMm 2307.5| 12045.5 1233.6

Appendices
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Year 8

Allocation basis, oil, tonn/d |Field A Field B Field C

N2 0.0 0.0 0.0
Cc0o2 0.4 0.3 0.1
C1 0.3 0.5 0.0
C2 2.6 2.5 1.0
Cc3 14.3 21.5 14.4
iC4 10.4 14.9 7.4
nC4 25.7 48.2 26.8
iC5 22.5 39.0 13.8
nC5 29.0 62.2 22.2
(¢3) 54.9 129.5 31.5
C7 93.6 263.2 54.5
Cc8 102.8 288.8 60.5
Cco 68.2 200.9 47.9
C10+ 296.5 1702.1 826.6
SUum 721.2 2773.7 1106.6

Inputs Quantites (ton/d)
Measured export gas (tonne/d) 11012.02
Measured export oil (tonne/d) 4575.28
Imbalance, oil -26.19
Imbalance, Gas 0.70
Year 8
Allocated values, oil, ton/d: |Field A Field B Field C
SUM 721.2 2755.0 1099.2
Year 8
Allocation basis, Gas, ton/d: |Field A Field B Field C
SUM 1586.3 9290.5 134.5
Year 8
Allocated values, Gas, ton/d: |Field A Field B Field C
SUM 1586.4 9291.1 134.5
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