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ABSTRACT

Angola is the second largest oil producing country in sub-Saharan Africa, producing around
1.4 million barrels of oil and 17.9 billion cubic feet of gas per day of production. The recovery
of crude oil and natural gas from underground sources requires separation and stabilisation
treatment of all the individual phases since both exist as a hydrocarbon-water mixture in the

rock formation.

This study introduces an approach to the factorial design of an offshore topside process
facility, considering the effect of an oil field fluids’ composition and arrival temperature on the
production facility’s behaviour, which was not considered during the facility’s original design
phase. The objectives of this study were to: 1.) evaluate and perform verifications to confirm
the suitability of the existing facility to meet the desired outlet conditions by processing fluid
from the new Mucua field which has an arrival temperature of -7°C at the top of production
riser-c (PR-c); 2.) evaluate the equipment handling capability past the total liquids design
capacity by means of a detailed process train evaluation of each topside system with a clear
identification of potential bottlenecks and its optimisation for debottlenecking; 3.) develop
blowdown system verifications considering the recommended updated design cases and

operating conditions.

A new fluid blend including fluid from the Mdcua field through PR-c was used for the
simulations of case studies A to F using Aspen Tech HYSYS, based on the PR-c alignment
either to the high pressure (HP) separator (with gas lift) or to the Test separator (without gas
lift), for the six operational scenarios with operating temperatures, -7, 5, 36 and 50°C, and
operating pressures of 7 and 19 barg. Herein the relationship between these variables was
investigated and the results compared with the original design specifications of the equipment
for possible bottlenecks, which provided data for a governing case selection. An estimation
of the safe production outcomes with the new fluids addition as a function of the pressure and

temperature was therefore obtained.

From the simulations and MySEP evaluations, the gas flow rate at the intermediate pressure
(IP) and low pressure (LP) separator was found to be greater than the original design for cases
A, B, D and E, with a high liquid carryover in the gas stream and verifications on the separators’
gas outlet pressure control valves (PCVs) providing evidence of their lack of adequacy for the
full gas flow rate as per the original design. The main injection gas compressing system
showed no major concerns to accommodate all six case studies, despite the slightly higher
condensate flow rate for cases A, B and C at the 2" stage scrubber than the design flow rate
specification. The actual volumetric flow rate passing through the 1% stage flash gas

compressor suction cooler for cases A, B, D and E was greater than the original design value,



therefore the flash gas compressor system was found unlikely to handle all the gas from cases
A, B, D and E due to a relatively high pressure drop across the coolers. This led to a portion
of the process gas being flared from the LP/IP separator, which is undesired as it poses
environmental constraints and as such was found to be the major bottleneck. While there were
no concerns found for the blowdown scenario and flare system, the gas dehydration and fuel
gas, the produced water system and cooling medium system, the overall heating medium duty
requirement was exceeded for cases D and E, therefore requiring a greater heating load for
the crude oil heater to heat the incoming fluids to the operational temperature of 90°C needed

to meet the product’s true vapour pressure (TVP) specifications.

Case F was selected as the governing case based on the operating parameters and
production figures prior to the introduction of the new field fluids into the system. From the
outcomes of the simulation and evaluations with the Mucua fluid tie-in under Case F’s
configuration, it was found out that the water flow rate at the LP separator was greater than
the original design and the existing line size was validated to be able to handle the increased
flow rate. However, the pressure drop could be a problem since the water flow rate for the 2"
stage flash gas compression scrubber was found to be above the design case as well, the
production flow rates would therefore need to be increased gradually and closely monitored

to address this bottleneck.

From this study, it was concluded that in order to start-up the facility with the Mucua field fluid
tied-in without major bottlenecks under case F configuration with a production expectancy of
81170 barrels of oil per day, 73.06 million standard cubic feet per day across the HP separator
and a cargo of TVP < 14.7 psia at storage conditions: 1.) the crude oil heaters should be
upgraded from 100 to 128 plates to have increased flexibility and less gases flashing in the
cargo tanks; 2.) the heating medium temperature should be increased to the maximum
capacity sustained by the exchangers Hydrogenated Nitrile Rubber (HNBR) gaskets; 3.) the
crude oil coolers should be bypassed as the crude/crude exchangers are expected to cool the
dead oil to < 50°C; 4.) the subsea chemical injection requirements should be revised to
improve separation; 5.) monitor the Mdcua fluids water cut and arrival temperatures; as well

as 6.) monitor the flash gas compressor systems performance.
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GLOSSARY

Bubble Point: Temperature at a certain pressure at which the first gas bubble evaporates
from the oil solution in the reservoir (Glover, 2010).

Crude Qil: A naturally occurring, unrefined petroleum product composed of hydrocarbon
deposits and other organic materials (Devold, 2013).

Cricondenbar: The highest pressure at which two phases can co-exist at equilibrium (Ahmed,
2010).

Cricondentherm: The highest temperature at which two phases can co-exist at equilibrium
(Ahmed, 2010).

Critical Point: State of pressure and temperature at which all intensive properties of the gas

and liquid phases are equal. The phases can no longer be distinguished (Ahmed, 2010).

Dew Point: Temperature at which the first drop of liquid condenses from the reservoir gas
phase (Glover, 2010).

Factorial Design: Type of research methodology in which selected values of two or more
independent variables are manipulated in all possible combinations so that their interactive

effect upon the dependent variable may be studied (McBurney and White, 2007).

Floating production storage and offloading (FPSO): Typically, a reclaimed and modified
tanker or large purpose-built hull moored to the seabed used for hydrocarbons extraction,

phase separation and treatment (Leffler et al., 2011).

Gas Flaring: Combustion of gases generated during oil and gas recovery processes (Devold,
2013).

Gas Injection: Process of injecting natural gas (miscible and immiscible) or nitrogen
(immiscible) into the reservoir, to maintain pressure in the reservoir, create a gas cap and

push oil to a producing well (Lyons et al., 2015).

Gas Lift: An artificial lift method that uses an external source of high pressure gas to

supplement gas formation to lift the well fluids (Bradley and Gipson, 1987).

Hydrocarbon: An organic compound composed entirely of hydrogen and carbon (Silberberg,
2004).
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HYSYS: A chemical process simulator used to mathematically model processes from unit

operations to full chemical plants and refineries (Moran, 2015).

MySEP: Computer software used for the design, evaluation and simulation of separators and
scrubbers. It can predict separation efficiency and liquid/gas carry over in the gas/liquid, based
on details of the separator such as length, width, type of inlet and outlet devices (Moran, 2015).

Natural Gas: A hydrocarbon gas mixture naturally occurring, composed primarily of methane,
with a small percentage of carbon dioxide, nitrogen, hydrogen sulphide or helium (Lyons et
al., 2015)

OsiSoft Plant Information (Pl) Process Book: A graphics package that allows users to

create dynamic and interactive trends featuring real-time plant information (Moran, 2015).

Petroleum Reservoir: Is a subsurface pool of hydrocarbons contained in porous or fractured
rock formations (Ahmed, 2007).

Produced Water: Water produced as a by-product during the extraction of oil and natural gas

from reservoirs (Speight, 2014).

Pressure-Volume-Temperature (PVT): Phase and volumetric behaviour of petroleum
reservoir fluids (Ahmed, 2007).

Riser: A pipe that connects an offshore floating structure to a subsea system either for
production, injection and export, or for drilling, completion, and workover purposes (Bai and
Bai, 2012).

Shut-in Pressure: Reservoir pressure measured when all the gas or oil outflow has been shut
off (Ahmed, 2007).

Swivel: The heart of the subsea-to-topside fluid transfer system, ensuring that all fluids,
controls and power are safely transferred from wells, flow lines, manifolds and risers to the

rotating vessel and its processing plant under all environmental conditions (El-Reedy, 2012).

Topside Facilities: Upper part of an offshore oil platform structure above the sea level and
outside the splash zone, consisting of multiple modules, interconnected with piping, electrical
and instrumentation systems to form a complete production facility composed of the
oil/water/gas treatment, storage and export systems, utility and process support systems, as

well as living quarters (Mitra, 2009).

Water Cut: The ratio of the water that is produced in a well compared to the volume of the
total liquids produced (Speight, 2014).
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Well: A boring in the earth designed to bring petroleum hydrocarbons to the surface (Mian,
1992).
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CHAPTER 1: INTRODUCTION

1.1. Background to the Research Problem

According to Takacs (2015), the fluids mostly present in oil well production operations are
water and hydrocarbons, which range from methane to very heavy and sophisticated
compounds. During hydrocarbon extraction, as pressure and temperature change along the
path from the well bottom to the surface, phase relations and physical parameters of the
flowing fluids also change. Therefore, it is crucial to take into consideration all these changes
when designing process equipment and determining optimum operating conditions (El-Reedy,
2012; Stewart and Arnold, 2011).

The floating production storage and offloading (FPSO) facility used for the scope of this
research, has been designed to accommodate fluids from Angola’s Block 51/60 West Hub,
which consists of the fields: Tamarindo, Maboque, Gajaja, Loengo and Ginguenga (Company,
2013). The field of study for this research is Macua, which was not considered in the original
design of the vessel and might present problems and plant upsets due to certain specific

characteristics, such as the fluid’s expected low arrival temperature.

1.2. Motivation for the Research Problem

Angola is the second largest oil producing country in Sub-Saharan Africa with an output of
approximately 1.4 million barrels of oil and 17.9 billion standard cubic feet of gas per day of
production. Due to a significant drop in oil prices and an extensive lack of foreign currencies
in the market, very limited investment in exploration or production fields has occurred from
2014 to 2018, thus restricting the development and implementation of new technology for
sustainable production, as well as environmental pollution alleviation in the country
(Export.gov, 2019).

However, according to Angonoticias (2019), announcements of investments and discoveries
are expected to boost oil production starting in 2020 and 2021. The country holds 9 billion
barrels of proven oil resources and 11 trillion standard cubic feet of proven natural gas
reserves, which represent great potential for further economic development (Africa Oil Week,
2019). Upon successful tie-in of the Mucua field into the FPSO processing system, the oil
production rate is expected to increase by approximately 20 000 barrels of oil per day
(Company, 2019).

Although optimisation and analytical technologies play a vital role in enabling the oil and gas

industry to achieve its goals, limited research information has been published on optimisation



of production facilities addressing significant changes in the raw materials composition.
Moreover, it is not common practice to tie into production facilities, well fluids with significantly
different composition from the ones considered during the design, construction, and
commissioning of such facilities (Furman et al., 2017).

1.3. Statement of the Research Problem

The production facilities of the FPSO used for this study have not been designed with respect
to the composition and properties of the fluids from the Mucua field (Company, 2019). The
extent of the topsides facilities’ ability to handle the new fluid blend, which includes Mucua’s
fluids, is unknown, as well as the bottlenecks for the facilities to efficiently accommodate the
new blend and the expected increase in the liquid production throughput past the current
design capabilities.

1.4. Research Rationale

Despite the efforts of water and gas injection to compensate for the loss of the reservoirs’
natural pressure, because of fluid extraction, the best well configuration set up of the reservoirs
in operation, has been able to provide a maximum average throughput of only 60 000 barrels
of oil per day, which amounts to about 60% of the plant’s design processing capacity for the

oil stream (Company, 2019).

The debottleneck and process design evaluations for the Mdcua tie-in are important not only
from the perspective of increasing the production throughput, but because the expected
additional flow rates may exceed the plant’s design flow rate handling capacity. Therefore, a
need exists for the operating parameters of each individual piece of equipment to be compared
with its original design to identify and supersede potential bottlenecks, taking into account the

maximum load that each can safely accommodate.

1.5. Research Questions

The following questions revolve on the development of this project to supersede the

challenges expected to be encountered after Mucua tie-in takes place:

e Will the current FPSO’s topside design be able to handle the new blend of crude oll

smoothly?

¢ What will be the impact of the new blend’s temperature and composition on the plant’s

ability to meet outlet conditions?



¢ Can the topside’s process facilities be optimised for debottleneck?

o Will the topside facility have sufficient blowdown and relief capacity based on the

anticipated composition and operating conditions?

1.6. Hypothesis

The debottleneck process design study accounting for the Mdcua tie-in, would permit an
updated overview of the equipment’s handling capability to process the new blend of an FPSO
designed for exploration in the active fields of Block 51/60. This would in turn contribute to an
increase in certainty of the subsea configurations and topside equipment set-up for maximum
safe production yields, as well as to the decision of operations timeframe extension for oil
exploration within the Block 51/60.

1.7. Research Aims and Objectives

The aim of this research project is to conduct a factorial design study in order to determine:
1.) the topside facilities’ ability to handle the new fluid blend composed of well fluids from the
Mducua field; as well as 2.) the ability of the existing equipment to handle an increase past the

total liquid designed capacity.

Therefore, the objectives of this research would be an evaluation of the sections summarised
below:

a. Process train evaluation for each system- including utilities such as fuel gas system,
cooling and heating systems.

b. Verification of the suitability of the existing facilities for the lowest fluid temperature of
-7°C at the top of PR-c and the impact on the ability to meet the outlet conditions.

c. ldentification of potential bottlenecks.

d. Optimisation of the topside process for debottlenecking.

1.8. Significance of the Research

The development of the Mucua field would maximize, where practical, the re-use of the
facilities installed for the initial design phase (e.g., umbilical’s, risers, manifolds, and flow lines),
and will be timed to coincide with the capacities of the FPSO topside facilities amended by the
FPSO specification. The success of this process study would translate into an optimised

performance, as it will identify weaknesses in the current design and allow better alternatives



to be chosen prior to the desired changes being made, considering the new changed

parameters of the raw materials.

1.9. Delineation of the Study

This study will not cover:

The assessment of different techniques associated with oil extraction and processing.
The post-treatment of crude oil produced water and gas past separation and
stabilisation.

An economic evaluation of the process changes, at either a pilot and/or industrial scale.
Subsea treatment of the production fluids as wax crystal deposition, emulsion issues
and pour point problems are not envisaged for the lowest temperatures expected (-
7°C).

Ice/hydrate formation scenario analysis.

Seawater treatment, water and chemical injection systems and requirements as they
are independent systems.

Any deviations from the 0% water cut for the Mucua production fluids.

In summary, this chapter provides an overview on the background to the research problem;

an explanation of the primary motivations for the study; the aims and objectives, relevance,

as well as the delineation of the study conducted.
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CHAPTER 2: LITERATURE REVIEW

2.1. Introduction

Petroleum reservoir fluids are naturally occurring mixtures of oil, gas and water that exist at
temperatures ranging from -20 to 150°C and high pressures ranging from 180 to 600 bar. Their
compositions typically include many hydrocarbons and a few non-hydrocarbons, like nitrogen,

carbon dioxide and hydrogen sulphide (Guo et al, 2008).

According to MacCain (1990), the physical properties of these mixtures depend primarily on
composition and the pressure-vapour-temperature (PVT) conditions, as they determine how
easily the hydrocarbons are going to flow from a well in their current state and allow process
designers to select the most cost-effective extraction methods. Crude oil and natural gas are
made up of many compounds with a wide range of molecular weights. The lighter and simpler
compounds are recovered as natural gas after surface separation, while the heavier and more
complex compounds are recovered from crude oil under storage tank conditions (Whitson and
Brulé, 2000).

This chapter focuses on important insights in reservoir data, with characteristics of the well
fluids being highlighted, including information relevant to its extraction, as well as the design

and operation of the primary processing facilities of hydrocarbons.

2.2. Petroleum Reservoirs

The oil and gas industry is the largest industry in Angola, accounting for over one-third of the
gross domestic product and more than 90% of the country’s exports (World Bank, 2020;
Export.gov, 2019). According to Whitson and Brulé (2000) and Ahmed (2007), accurate data
such as pressure and temperature for the phase behaviour of the reservoir’s fluids is required
to improve oil and gas recovery. However, it is expensive to investigate the full range of phase
behaviour that can occur during a recovery process or a separation chain as hydrocarbon

fluids vary in quantity and quality from reservoir to reservoir (Guo et al, 2008).

2.2.1. Classification of Reservoirs and Fluid Systems

Petroleum reservoirs can be categorised as oil or gas reservoirs, depending on the
composition of the reservoir's hydrocarbon mixture, the initial reservoir's pressure,
temperature and the surface production’s pressure and temperature (Ahmed, 2007).

Furthermore, these broad classifications are subdivided based on the reservoir’s pressure and



temperature with respect to the critical temperature and cricondentherm in the pressure-
temperature (PT) diagram of the reservoir fluid, into five main types (Ahmed, 2010; MacCain,
1990):

e Drygas

e Wetgas

e Gas condensate

e Volatile oil

e Black oil

Figure 2.1 represents a typical P-T diagram of a multicomponent system with a specific overall
composition. According to Ahmed (2010), “these diagrams are used to classify reservoirs and
the naturally occurring hydrocarbon systems, as well as to describe the phase behaviour of
the reservoir fluids for separation purposes”. Although a different hydrocarbon system would

have a different phase diagram, the general configuration is similar (Glover, 2010).
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Figure 2.1: Typical P-T diagram for a multicomponent system (adapted from Glover, 2010)

A bubble point curve and a dew point curve make up the two-phase region. The critical point
is defined as the intersection of the bubble point curve and the dew point curve, at which point
the properties of gas and liquid mixtures become identical (Gundersen, 2013). Regardless of
temperature, the two phases cannot coexist above the cricondenbar and regardless of
pressure, the two phases cannot coexist at the cricondentherm. Furthermore, if a fluid exists
above the bubble point curve, it is classified as under saturated because it contains no free
gas, whereas if it exists below the bubble point curve, it is classified as saturated because it
contains free gas (Ahmed, 2010; Glover, 2010).



2.2.1.1. Dry Gas Reservoir

Aside from nitrogen and carbon dioxide, the hydrocarbon mixture is primarily composed of
methane, which is present as a gas in both the reservoir and the surface facilities (Gundersen,
2013). Water is the only liquid associated with the gas from a dry gas reservoir, and the
temperature in the phase diagram is higher than the critical temperature, and the surface
conditions are outside the two-phase envelope (Ahmed, 2010; Glover, 2010; Whitson and
Brulé, 2000).

2.2.1.2. Wet Gas Reservoir

Wet gas is mostly made up of light hydrocarbons like methane, ethane, propane, and butane.
The temperature is above the critical temperature, and the production path in the P-T diagram
(Figure 2.1) penetrates the two-phase envelope, resulting in the production of gas at the
surface with a small amount of liquid (Ahmed, 2010; Glover, 2010; Guo et al, 2008).

2.2.1.3. Gas Condensate Reservoir

The fluids are initially in a vapour phase, which expands as pressure and temperature
decrease. When the dew point line is reached, increasing amounts of liquids condensate from
the vapour phase; however, if the temperature and pressure fall further, the condensed liquid
may re-evaporate. The oil produced at the surface is the result of a vapour present in the
reservoir (Ahmed, 2010; Glover, 2010; Guo et al, 2008).

2.2.1.4. Volatile Oil Reservoir

The liquid oil phase coexists with the vapour phase, which has gas condensate compositions.
The production path causes minor additional condensation, and re-evaporation is possible.
When compared to gas reservoir types, the fraction of gases decreases while the fraction of

denser hydrocarbon liquids increases (Gundersen, 2013; Ahmed, 2010; Glover, 2010).

2.2.1.5. Black Oil Reservoir

The reservoir temperature is significantly lower than the system's critical temperature. As a
result, the hydrocarbon in the reservoir exists at depth as a liquid. The production path begins
with a pressure reduction with only minor expansion in the liquid phase, and once the bubble
point line is reached, gas begins to emerge from solution, with a composition that changes
very little along the production path (Gundersen, 2013; Ahmed, 2010; Glover, 2010).



2.3. Oil and Gas Separation

According to Whitson and Brulé (2000), “all reservoirs are predominantly isothermal because
of their large thermal inertia”. Figure 2.2 illustrates a PT diagram of an undersaturated
reservoir fluid, including the production path to the surface. On production, the fluid pressure
drops with a slight temperature reduction occurring as the fluid travels up the borehole. When
the P-T characteristics of the gas and liquid are examined separately, it is clear that the P-T
point representing the separator conditions falls on the dew point line of the gas separator
diagram and on the bubble point line of the oil separator diagram. This simply means that the
shape of the P-T diagram varies greatly for different mixtures of hydrocarbon gases and
liquids, and it is critical to understand the phase envelope, because it can be used to classify
and understand major hydrocarbon reservoirs (Glover, 2010; Ahmed, 2007).
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Figure 2.2: PT phase diagram for reservoir fluid separators (adapted from Glover, 2010)

2.4. Floating Production Storage and Offloading (FPSO) Facilities

A floating production storage and offloading (FPSO) facility is a floating production facility that
receives hydrocarbon fluids from a subsea reservoir via risers and flow lines and separates it
into oil, gas, water, and impurities within the in-house topside production facilities (Minerals
Management Services, 2001). According to Leffler et al. (2011), stabilised oil is stored in the
facilities’ tanks before being offloaded onto tankers for further refining in-land. Gas is used as

fuel for in-house power generation, exported to shore via a pipeline or re-injected back to the
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subsea reservoirs; while water is treated either for overboard discharge or re-injection back to

the reservoirs as well (Lyons et al., 2015).

Most FPSOs are ship-shaped and secured to the seabed via mooring systems, which can
accommodate a wide range of water depth and environmental conditions for continuous
operations in the same location for two decades or more (Randolph and Gourvenec, 2011;
Paik and Thayamballi, 2007).

2.4.1. Topsides Operational Process

The function of the oil processing system and associated equipment is to stabilise live crude
oil produced from subsea wells to meet storage and export specifications for basic sediment
and water (BS&W), temperature, salinity, and vapour pressure. A conventional oil processing
system can be split into six phases, as described in Table 2.1 (Lyons et al., 2015):

Table 2.1: Phases of hydrocarbon fluids treatment (adapted from Lyons et al., 2015)

Phase Major Processes Product

Fluid Transfer Transfer of qu.lds from reservows o Hydrocarbon fluids
topside facilities
Crude oil, Produced

Separation Three phases separation and heating Water, and natural gas

Oil stabilisation Washing, coalescing, and cooling Dead crude oil

Cooling, scrubbing, gas compression, Flare gas, fuel gas and

Gas treatment dehydration, and heating Injection/Lift gas

Flashing, hydrocyclone, flotation and

Produced water treatment .
cooling

Free oil disposable water

Fresh water for oil

Seawater treatment Filtering and reverse osmosis A
desalting

2.4.1.1. Fluid Transfer System

On a conventional FPSO, the transfer of fluids and utilities between the topside and the subsea
wells is facilitated by a turret system. The turret system comprises of a fluid and utilities transfer
system connected to the subsea wells and manifolds by means of flexible risers
(Bluewater.com 2020; El-Reedy, 2012). The swivel stack is the heart of the fluid transfer
system. Its function is to transfer fluids and utilities from the fixed part to the rotating part of
the turret (EI-Reedy, 2012; Promor.com, 2020; Company, 2015a).
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2.4.1.2. Phase Separation

The first and most critical stage of field-processing operations is the separation of well stream
gas from the free liquids (Gou et al., 2011). The hydrocarbon fluid system's phase separation
occurs in stages within different pressure separator vessels, providing a working volume for
crude oil, water and gas separation. Separators work on gravity and/or centrifugal segregation
and are typically made of carbon steel. They have a large settling section with sufficient height
or length to allow liquid droplets to settle out of the gas stream and adequate surge room for
the slugs liquid (Guo et al., 2011; Stewart and Arnold, 2008).

Based on the flow rates and physical properties, separators are designed to achieve the
maximum liquid content in the gas based on removal of more than 98% of all liquid droplets,
maximum water content in the crude outlet and maximum crude content in the water outlet.
On entry into the separation vessel, the incoming product is subjected to a pressure drop,
causing entrained gas to flash off, which is piped to the compression system for processing or
vented to flare, in the case of excess gas (Guo et al., 2011; Stewart and Arnold, 2008; Abdel-
Aal et al., 2003).

The separators are equipped with an internal weir in which the separation of the liquid and
gas separation is achieved. Furthermore, in the weir, the oil and water emulsion is also
separated. The oil and water emulsion, flowing under a natural pressure gradient into each
vessel’'s reception section, separates to form an interface. The water produced is taken off
under level control before the weir, whilst the oil flows over the weir into the outlet section of

the vessel to be taken off under local level control (Guo et al., 2011; Stewart and Arnold, 2008).

To help achieve maximum separation performance, separators normally contain the following

internal equipment (Stewart and Arnold, 2008; Company, 2013; Kirk Process, 2020):

e Cyclonic inlet device for primary gas/liquid separation and prevention of foaming which
enhances the feed spin around.

e De-foaming pack for low gas flow where the efficiency of the inlet device may be
lessened.

e Vane pack with wire mesh demister to coalesce the small liquid droplets in the gas.

e Coalescing plate packs to enhance liquid/liquid separation and to promote degassing.

e Calming baffles to distribute the fluids inside the vessel and dampen liquid movements.

o Weir for fluid segregation (i.e., water and crude oil).

e Mist eliminators to remove contaminants from process air emissions that might not
settle out by gravity and evolve as droplets.

o Vortex breakers on the liquid outlets.
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2.4.1.3. Oil Stabilisation

The salinity specification of the crude oil is achieved through crude oil washing by injection of
hot fresh water to dilute the salt content of the oil, before it is fed to the electrostatic treater for
dewatering (Speight, 2014). The water content specification of the crude is achieved by means
of an electrostatic treater, which is a coalescer vessel with off takes fitted with deflection plates
for efficient liquid dispersion (Schlumberger, 2020).

Manning and Thompson (1995) explain that the water-oil emulsion enters the treater and spills
over a weir past the section, where separated gas, is driven to the top, and the remaining
liquid then travels upward and spills over a weir into the surge section. The emulsion flows
from the surge section to the treating section via a spreader, where the final separation of
water and oil occurs in the bottom area of the vessel (between the baffle plates), aided by
residence time and the electrostatic action of the electrodes. The surge section's primary
function is to keep the vessel completely full of liquid with no gas on top, ensuring that no
stabilised oil leaves the treating section unless an equal amount of fluid enters it. The final
settling takes place in the treating section, which has a flow spreader that ensures uniform
liquid distribution. The emulsion from the spreader is directed toward the high voltage,
alternating current electrical grids (i.e., electrodes), which are charged by the fitted
transformers, while the upper grid is grounded (Manning and Thompson, 1995; Stewart and
Arnold, 2008; Ambrosio, 2014).

When heated emulsion enters an electrostatic field, water droplets gain an electrical charge,
causing them to elongate and polarise. This causes it to acquire a positive charge on one end
and a negative charge on the other, but the alternating current on the lower electrical grid
causes reverse polarity (Ambrosio, 2014). As a result, water droplets move and collide with
each other with enough force to break the thin film that surrounds them. The water droplets
then congregate into larger droplets and settle to the bottom of the treating section for removal,

while the oil rises to the top (Stewart and Arnold, 2008).

2.4.1.4. Gas Processing

The main functions of this system are to receive the gas produced from the separators and
compress it to be used as lift gas to aid oil production and to be re-injected into the reservoir
to maintain pressure (Lyons et al., 2015). Heat exchangers are provided to cool the incoming
gas stream before it is routed to the actual compressor via suction scrubbers, which are
installed for removing any entrained liquids from the gas stream prior to compression (Paik
and Thayamballi, 2007; Leffler et al., 2011).

13



Cooled gas on entering the scrubber passes through a vane inlet device, which facilitates
good distribution of the gas within the scrubber. Such combination of cooling and expansion
of gas causes entrained liquid droplets to form and collect as condensate in the bottom of the
vessel. The liquid level in the scrubber is controlled by a vortex breaker and a level control
valve. The gas leaves the top of the vessel via a vane pack through a wire mesh demister to
flow to the compressor (Paik and Thayamballi, 2007; Company, 2013).

In the oil and gas industry, a typical gas compression train comprises of two-barrel type,
vertically split compressors, in a tandem arrangement and driven via a speed increasing
gearbox by a turbine. The compressors and gearboxes are connected by flexible, non-
lubricated couplings and are equipped with a lubrication oil system, a seal gas system, a
separation gas system, and all accessories necessary for safe and efficient operation
(Crawford, 2016; Smirnov et al., 2017).Whenever it is required, a lower power compressor is
also employed to boost the gas pressure from the intermediate and low-pressure separators
so it can be fed to the injection gas compressors for subsequent disposal into the reservoir
(Ohama et al., 2006).

2.4.1.4.1. Gas Dehydration

The purpose of the gas dehydration system is to prevent hydrates and minimise potential
carbon dioxide corrosion rates in downstream facilities, as well as in the gas lift and injection

systems, when the high pressure gas is cooled to seabed temperatures (Leffler et al., 2011).

Multi cyclone scrubbers are provided to remove free liquid droplets from the incoming gas
stream thereby reducing the required water to be absorbed by the downstream contactors. On
entering the scrubber, the gas distribution system directs the gas stream downwards into the
first separation chamber via the vane pack, which encourages a swirling motion (Lyons, 2015;
Mohamad, 2009).

According to Mohammad (2009), in a typical scrubber used in a FPSO, the gas is fed to the
bottom of the scrubber and rises upwards into the second separation chamber where the free
liquids fall-out and naturally descend to the base of the scrubber, which acts as a reservoir.
Within the second separation chamber, the gas continues to swirl which allows entrained
liquids to fall out to the base of the scrubber. From the second separation chamber, the gas
passes upwards into the third stage separation chamber, which incorporates an axial flow
cyclone bundle, which acts as a mist eliminator by coalescing any entrained liquids. Any liquids

collected in the third separation chamber naturally falls to the liquid reservoir via the centrally
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located drainpipe and exits the scrubber via the vortex breaker (Lyons, 2015; Mohamad, 2009;
Company, 2016b).

In the contactors, wet gas is exposed to lean glycol, which has an affinity for water and will
absorb moisture from the gas thus, reducing the water dew point (Sulzer, 2008; Lyons, 2015;
Mohamad, 2009). The contactor is a pressure vessel equipped with structured packing which
provides a large surface area for gas/glycol contact. On entering the contactor, gas is evenly
distributed over the cross-sectional area of the vessel and diverted downwards by the inlet
deflector forcing any free liquids toward the base of the vessel. The gas reverses direction and
flows upwards into the packed section of the vessel for counter-current contact with lean
glycol. Before leaving the contactor, the dehydrated gas passes through a mesh pad, which
removes any entrained glycol from the gas stream (Leffler et al., 2011; Company, 2016b).

2.4.1.4.2. Flare Relief System

The function of the flare system is to dispose of hydrocarbon gas and liquids released from
the process trains, and utilities and dispose of the vented gas by flaring in a safe area at a
safe distance from the processing unit (Company, 2016c). A typical flare system provides a
means for handling both high pressure (HP) and low pressure (LP) flare products and
comprises of flare drums, condensate pumps, a flare ignition panel, sonic/pipe flare tips and

a vertical flare stack (El-Reedy, 2012).

Wet gas entering the flare drums from the collection headers, is subjected to a pressure drop
that causes entrained liquids to condense and form a liquid level within the drums. A liquid
collection boot at the bottom of each vessel incorporates an external heating jacket. The
heating effect enhances the gas/liquid separation within the vessels, ensuring that all
condensate leaving the drums has been freed of gas and stabilised prior to discharge to the
cargo tanks. (Company, 2016c; Fang and Duan, 2014; El-Reedy, 2012).

2.4.1.5. Produced Water Treatment

Produced water recovered from the separators are processed in flash vessels, hydrocyclones
and induced gas flotation (IGF) unit systems (Lyons et al., 2015). The purpose of the flash
vessel is to flash-off gas from water, while the purpose of the liquid/liquid de-oiling
hydrocyclone and IGF system is to remove gas and oil from the produced water for overboard
discharge via slop tanks. Within the slop tanks, a two-stage gravity and heat aided separation

and skimming process is utilised, which results in water with the desired oil in water and total
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suspended solids content at an acceptable temperature to be discharged overboard (Orszulik,
2007; Stewart and Arnold, 2008; Enhydra, 2020). According to Hyne (2014), the hydrocyclone
consists of a pressure vessel complete with high-capacity liners operating in parallel inside
the vessel with the flow distributed evenly between each liner.

The water from the high pressure separator enters at a tangent into the hydrocyclone liner,
where its velocity is converted to tangential velocity in the inlet area, imparting a centripetal
force on the fluids. Tangential velocity and centrifugal force increase as the fluid moves down
the conical section, pushing the denser fluid (i.e., water) to the outside wall of the liner and
exiting in the underflow. The less dense fluid (i.e., oil) is displaced towards the inner core of
the cyclone and by maintaining the pressure of the overflow stream lower than the underflow
stream, the central core flows in the opposite direction of the denser fluid and exits through
the reject orifice at the upstream end of the hydrocyclone (Enhydra, 2020; Orszulik, 2007;
Wyunasep.com, 2020).

By maintaining a pressure differential between the inlet stream to the outlet reject oil and
between the inlet stream to the outlet clean water, the geometry of the hydrocyclone results
in a thin hydrocarbon case flowing in the opposite direction of the cleaned water outlet and
exiting from the swirl chamber side with the clean water exiting from the tail section of the
hydrocyclone liner. Pressure ratio control is used to ensure that the reject pressure drop

follows the water pressure drop (Enhydra, 2020; Orszulik, 2007).

Clean water enters the IGF vessel, through a tangential nozzle located slightly below the
gasl/liquid interface level, which is geometrically spaced to eliminate the effect of surge or slug
flow (Stewart and Arnold, 2008). Gas bubbles are injected into the recycled water to ensure a
constant supply of flotation gas and a low spin rate to provide enough centrifugal force for
immediate oil/water separation. The gas is recycled from the flotation vessel's top to an
eductor located downstream of the recycle pump. The flotation effect and centrifugal forces
within the vessel bring the oil droplets to the surface, where they are concentrated for

subsequent skimming (Robinson, 2013).

2.4.1.6. Seawater Treatment

2.4.1.6.1. Filtration

The function of the seawater treatment system is to treat raw chlorinated seawater to produce
a freshwater stream with a reduced salt content for crude oil washing, for reservoir injection,

as well as providing cooling to various topside consumers (Fang and Duan, 2014).
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Coarse filters remove particulates above 100 pm from raw chlorinated seawater (Company,
2013). In a coarse filter vessel, water enters the vessel through an inlet nozzle and flows into
the lower half of the filter body, upwards through the turntable and to the inside of the filter
elements. Flowing from the inside to the outside of the filter elements, the water passes
through the fine screens, which purify the flow by separating smaller particles from the water
(Company, 2015b; Fang and Duan, 2014).

The multi-media filtration system consists of filtration vessels and air blowers. Within the filter
vessels, various types of media are utilised in layers of varying heights as stated by Company
(2013). On entering the media filter vessels, seawater flows over the filter beds and passes
downwards through the layers of filter media until it reaches the collection system in the base
of the vessel. Pollutants are trapped and accumulate in the filter media, while filtered seawater
exits from the base of the vessel (Colt and Huguenin, 2002).

2.4.1.6.2. Wash Water Generation

Cartridge filters oversee the removal of any residual suspended solids to aid the downstream
membranes. The filter's housing is cylindrical and has a diaphragm plate inside the shell,
which separates the top dirty section from the bottom clean section. Filter cartridges are
plugged into machined holes in the diaphragm plate so that incoming dirty water must pass
through the filter cartridges from outside to inside, and then down the cartridge into the clean
chamber below, while dirt is retained in the filter media. The filter feeds into the reverse
osmosis plant for desalting (Colt and Huguenin, 2002; Lyons et al., 2015; Fang and Duan,
2014; Company, 2015b).

Reverse osmosis is a pressurised process that uses a semi-permeable membrane to separate
solutes from a solvent and has become the most promising desalination technique in most
regions of the world (Asadollahi et al., 2017). According to Warsinger et al. (2016), the major
advantage of desalination using reverse osmosis treatment is the consistency of the produced
water quality since it is more than 95% efficient in the removal of dissolved salts and organic

material from the influent water.

The fundamental principle of reverse osmosis is that when two fluids with different
concentrations of dissolved solids are exposed to each other, they will mix until the
concentration is uniform. As a result, when two fluids are separated by a semi-permeable
membrane, the fluid with the lower concentration of dissolved solids will move through the
membrane into the fluid with the higher concentration, leaving the dissolved solids behind
(Binnie et al., 2002).
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Natural osmosis happens, when seawater and fresh water are separated by a semi-permeable
membrane and the freshwater flows towards the seawater through the membrane at a certain
pressure defined as the osmotic pressure. Reverse osmosis is the opposite, where forced
passage of seawater through a membrane is achieved by applying counter-pressure against
the osmotic pressure (Aquanext, 2020; Magbool et al., 2019; Wilf and Bartels, 2005).

The spiral-wound membranes are the most used membrane type in reverse 0smosis
desalination plants. They are made in flat sheets that are sealed like envelopes around the
permeate collector, which is backed with permeate spacer material. One end of the membrane
envelope is connected to a central perforated tube. The envelopes are rolled up to form a
spiral wound module, with mesh spacers packed between membrane envelopes to allow

seawater to pass through (Buecker, 2016; Toray, 2020).

The membranes are enclosed in series in pressure vessels to which high pressure is applied
to permeate water through the membranes. The total number of membranes, pressure vessels
and the parallel arrangement of the pressure vessels depends on the permeate flow required

and the applied pressure (Fluid Sep, 2020).

2.5. Process Design Optimisation

During a life cycle of hydrocarbons exploration, operating conditions of the wells and the feed
stream composition to the topside process constantly change, thus there is a constant need
for real-time optimisation of operating conditions and control strategies of the topside process,
considering various change in natural occurring operating scenarios such as reservoir's
change in temperature and loss of pressure, that might occur during these life cycles (Kim and
Hwang, 2018; Bieker et al., 2007).

According to Roobaert et al. (2012), projects developed adhering to best practice in areas
such as process optimisation benefit from the application of systematic detailed design based
on experience and proven results, namely improved quality, and consistency. During
conceptual design optimisation, extensive process simulations of the processing plant are
performed for each component, allowing reliable predictions of plant performance in the
presence of transient variables, which are used for evaluating the impact of component failure,

as well as the development of control and automation philosophies (Mikkelsen et al., 2013).

Factorial designs are incredibly valuable as a preliminary study for process optimisation,
permitting them to judge whether there is a connection between factors, while lessening the
chance of test mistakes and perplexing factors. A factorial design is frequently used to

comprehend the impact of at least two autonomous factors upon a single dependent variable
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(Shuttleworth, 2009). According to Mukerjee and Wu (2006), factorial designs are a type of
true experiment in which multiple controlled independent variables are manipulated to provide
the main effects of two or more individual independent variables at the same time, as well as
interactions among variables that may only be detected when the variables are examined
together.

The types of factorial designs are the between-subject factorial designs, where each
participant is only subjected to one of the study's conditions; the within-subject factorial
designs, where each participant is subjected to all the study's conditions; and the mixed-
factorial designs, which is used when the study has at least one between-subject factor and
one within-subject factor (Shuttleworth, 2009; McBurney and White, 2007).

In Oil and Gas industry, topsides process simulation is usually performed using Aspen HYSYS
under a simulation model developed using the Peng-Robinson Equation of State (Eq. 2.1),
which expresses fluid properties in terms of the critical properties and acentric factor of each

species involved (Tangsriwong et al., 2020; Mondal et al., 2015; Gutierrez et al., 2014).

p= RT ax ”1
" Vm—b  Vp2+ 2bVy, — b2 (2.1)
Equations 2.2 to 2.4 are used to find the unknown variables in Equation 2.1.
_ 0.45724R*T.?
=T (2.2)
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=— (2.3)
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T 0.5
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The Peng-Robinson Equation of State is commonly the suggested property bundle in HYSYS.
Improvements to this condition of state, empower its precision for an assortment of
frameworks over a wide scope of conditions. It thoroughly comprehends most single-stage,
two-stage, and three-stage frameworks with a serious extent of productivity and unwavering
quality. For pressure drops, conditions are predicted by Aspen Exchanger Design & Rating
(EDR), based on the correlation between the volumetric flow rate and pressure drop as stated
in Equation 2.5 (Tangsriwong et al., 2020; Edwin et al., 2017; Gutierrez et al., 2014)
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In summary, offshore oil and gas production has been done using similar systems and
equipment everywhere in the world with the main objectives of maximising production with the
lowest related cost. In this chapter, attention was given to the hydrocarbon reservoir
classifications and the main details of the conventional physical processes, equipment and
utilities employed in the phase separation and stabilization of each of the main components of
the hydrocarbon mixture, namely oil, gas and water prior to storage or disposal. The following
chapters will present an overview on the design characteristics of the facility used for the
purpose of this study, the materials and methods selected for the investigation along with the
packages used in Aspen for the simulation as well as in-depth discussions of the findings from
the simulations and recommendations to be implemented in order to operate the facility within

the appropriate design and safety parameters
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CHAPTER 3

TOPSIDES’ DESIGN SPECIFICATIONS AND
MUCUA TIE-IN OVERVIEW
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CHAPTER 3: TOPSIDES’ DESIGN SPECIFICATIONS AND MUCUA TIE-IN
OVERVIEW

3.1. Introduction

Qil is produced utilising various techniques depending on geography. The main endeavours
started in the mid-twentieth century by means of high temperature water used to isolate
bitumen from sand and from that point forward the procedure has developed into the complex
strategies used today (CAPP, 2020).

This chapter provides information on Angola Block 51/06 reservoir's data and the key design
parameters of the equipment installed in the FPSO for the hydrocarbon fluids processing to
the desired specifications and on the main properties of the new reservoir to be tied-in to the

FPSO for oil and gas exploration.

3.2. Reservoirs’ Data

Block 51/60 covers an area of 3 000 km? in the Angolan offshore waters. It is located 350 km
off the Luanda Province. Water depth ranges from 200 to more than 1500 m. The field
information for Angola Block 51/60 West Hub has been updated as follows (Company, 2013):

¢ Tamarindo and Ginguenga: Reservoirs located about 5 to 7 km west of the FPSO.
Comprised of 7-off producers to the FPSO and an enhancing oil recovery system
composed by 4-off water alternating gas (WAG)s and 1-off water injector.

e Maboque: Reservoir located 15 to18 km north east of the FPSO. 6-off production wells
are tied back to the FPSO, and 5-off water injectors support the oil recovery.

e Loengo: Reservoir located 10 km south west of the FPSO. Tie back to Tamarindo
subsea facilities of 2-off clustered producers and 2-off daisy chained water injectors.

o Gajaja: Reservoir located 16 km south east of the FPSO. Tie back to Maboque subsea

facilities of 2-off producers and 1-off water injector.

Information about Block 51/60 reservoirs main properties, as well as the fluid composition on

a dry basis is recorded in Tables 3.1 and Table 3.2, respectively.

Table 3.1: Reservoir properties (adapted from Company, 2013)

Properties Tamarindo Ginguenga Maboque Loengo Gajaja
Reservoir Pressure [bar] 293 286.1 204.8 394.4 305
Reservoir Temperature [°C] 76 70 62 101 95
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Table 3.1 (continued): Reservoir properties (adapted from Company, 2013)

Properties Tamarindo Ginguenga Maboque Loengo Gajaja
Depth [m SS TVD] 2801 2781 2047 4026 3105
Saturation Pressure [bar] 185 266.3 192.7 164.1 246.2
Stock Tank Oil Gravity [°PAPI] 32.7 24.7 27.9 33.0 34
Average Gas-Oil Ratio [SCF/STB] 690 578 86 596.0 816
Saturated Live Oil Density [g/cm?] 0.72 0.78 0.78 - -
Saturated Live Oil Viscosity [cP] 0.9 2.58 16.68 - -
@ 20°C 20 112 30 - 15.3
Dead Oil Viscosity [cP] @ 30°C 12.1 61.1 19 - 8.7
@ 40°C 8.2 32.2 125 - 4

Table 3.2: Reservoir’s fluid composition on a dry basis (adapted from Company, 2013)

Reservoir’s Fluid Composition on Dry Basis
Component
Overall (Oil + Gas) [wt. %]
Name Molecular Tamarindo Ginguenga Maboque Loengo Gajaja
Weight [g/mol]

Ci 16.04 5.86 6.27 5.08 4.63 8.26
C2 30.07 1.26 0.21 0.59 1.48 1.94
Cs 44.10 2.67 0.58 0.39 2.78 2.22
i-Ca 58.12 0.64 0.20 0.44 0.65 0.57
n- Ca 58.12 1.67 0.56 0.50 1.69 1.51
i-Cs 72.15 0.89 0.39 0.71 0.90 0.93
n- Cs 72.15 1.08 0.48 0.63 1.02 1.13
m-cyclo-Cs 70.1 - 0.43 - 0.77 1.13
Ce 84.00 1.91 0.96 1.33 1.80 2.02
Benzene 78.11 - 0.15 0.06 0.05 0.09
Cyclo- Cs 84.16 - 0.21 - 0.34 0.37
m-Cyclo- Cs 84.16 - 0.53 - 0.95 0.98
Cz 96.00 3.34 1.12 2.69 2.26 2.28
Toluene 92.14 - 0.06 0.23 0.22 0.29
Cs 107.00 4.02 1.67 3.09 3.19 3.02
C2-Benzene 106.17 - 0.15 0.09 0.28 0.20
mp-xylene 106.17 - 0.14 - 0.16 0.53
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Table 3.2 (continued): Reservoir’s fluid composition on a dry basis (adapted from Company, 2013)

Reservoir’s Fluid Composition on Dry Basis
Component
Overall (Oil + Gas) [wt. %]
Molecular Mole.cular Mole.cular
Name Weight [g/mol] Name Weight Name Weight Name
[g/mol] [g/mol]
o-xylene 106.17 - 0.14 0.18 0.36 0.16
Co 121.00 3.37 1.50 2.28 2.87 2.75
Cio 134.00 3.58 2.30 3.06 4.07 3.65
Cu 147.00 3.04 2.05 2.63 3.60 3.09
Ci2 161.00 2.88 2.09 2.54 3.52 2.88
Cis 175.00 3.20 2.49 3.07 3.88 3.15
Cus 190.00 2.77 2.26 2.97 3.53 2.81
Cis 206.00 3.11 2.56 2.74 3.74 3.13
Cis 222.00 2.66 2.24 2.44 3.27 2.74
Cur 237.00 2.65 2.29 2.93 3.16 2.63
Cis 251.00 2.83 2.50 2.48 3.02 2.73
Cio 263.00 2.67 231 1.89 3.19 2.63
C20 275.00 2.26 1.99 2.05 2.66 2.30
Ca1 291.00 2.17 1.99 1.87 2.52 2.18
C2 305.00 2.10 1.84 1.82 2.49 2.05
Ca2s 318.00 1.97 1.82 1.73 2.33 1.99
Cos 331.00 1.85 1.73 1.63 2.21 1.84
Cos 345.00 191 1.65 1.56 2.20 1.94
Cos 359.00 1.63 1.69 1.52 1.93 1.52
Cor 374.00 1.65 1.77 1.55 2.15 1.79
Cos 388.00 1.65 1.72 1.54 1.97 1.61
Co29 402.00 1.73 1.80 1.51 2.03 1.61
Csa1 430.00 - 1.61 1.33 1.90 1.50
Cs2 444.00 - 1.55 1.21 1.95 1.50
Css 458.00 - 1.48 1.12 1.61 1.19
Cas 472.00 - 1.33 1.05 1.74 1.29
Css 486.00 - 1.33 1.00 1.75 1.22
Molecular Weight: Overall 108.70 132.40 130.00 111.11 91.33
[g/mol]
Molecular Weight — Oil [g/mol] 210.60 274.51 250.30 201.71 193.65
Molecular Weight — Gas [g/mol] 23.70 20.27 23.73 28.08 21.02
Mol % [Oil] 45.50 44.56 41.20 47.82 40.74
Mol % [Gas] 54.50 55.44 58.80 52.18 59.26

24



3.2.1. Hydrocarbon Fluids’ Arrival Conditions

The subsea production fluids’ arrival pressure is 23 barg (i.e., top of riser) with minimum and
maximum arrival temperatures of 36 and 63°C, respectively. The shut-in pressure at the
production and test manifold is 200 barg. The equipment and piping system upstream of the
Production and Test manifold was designed for 345 barg at 80°C (Company, 2013).

3.3. Product’s Specifications and Conditions

Table 3.3 provides a summary of the stabilised crude oil, produced water, gas lift and injection
specifications and conditions.

Table 3.3: Product’s specifications and conditions (Company, 2013)

Stream Parameter Value
BS&W [vol%)] <05
RVP at 37.8°C [psia] <10
Oil TVP at 50°C [psia] <147
Salt content [ptb] <35
Maximum rundown temperature [°C] 50
Free oil in water [ppm] 30
Water Total suspended solids [ppm] 10
Maximum discharge temperature [°C] 50
Water content [Ib/MMscfd] 15
Gas lift/injection operating pressure at top of riser [barg] 289
Gas Gas lift/injection operating temperature [°C] 65
Design pressure [barg] 345
Design temperature [°C] 80

3.4. Topsides Process Overview Systems

Table 3.4 highlights the current topside systems handling capacity for processing the
hydrocarbons of the 5 reservoirs listed in section 3.2.
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Table 3.4: FPSO topsides’ processing facility capacity (extracted from Company, 2013)

Parameter Value
Oil Production [BOPD] 100 000
Maximum Liquids Production [BLPD] 125 000
Gas Lift [MMscfd] 70
Gas Production [MMscfd] 80
Total Gas Processing 115
(Gas Production + Gas Lift) [MMscfd]
Gas Injection [MMscfd] 100
Produced Water Handling [BWPD] 100 000

3.4.1. Oil Separation and Treatment

Figure 3.1 illustrates the oil processing train installed in the FPSO’s Topside Facilities
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e Cold Side

» Pressure: 9.3 barg

» Temperature: 64-90°C
e Hot Side

» Medium: Steam
» Pressure: 6.5 barg
» Temperature: 130-90°C

\

Operational Parameters

e Cold Side
» Medium: Water

Crude Oil Cooler

CRUDE OIL

» Pressure: 7.5 barg

» Temperature: 30-50°C

e Hot Side
» Pressure: 3.6 barg

» Temperature: 70-50°C

Product Specifications

FINAL PRODUCT: s

Dead Crude Oil

Operational Parameters

e Pressure: 4 barg
e Temperature: 85°C

CARGO STORAGE
TANKS

Basis Sediment & Water: <0.5%vol.

Reid Vapour Pressure @ 37.8°C: 10psia
True Vapour Pressure @ 50°C: <14.7 psia
Salt Content: £35 per thousand barrels
Max. Rundown Temperature: 50°C

Figure 3.1: Block flow diagram of the oil processing train (adapted from Company, 2016€)
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The separators installed in the FPSO under evaluation in this study, are three-phase vessels
constructed of carbon steel lined with 3 mm glass flake, designed for water carryover of 10
vol% from the high pressure (HP) to the intermediate pressure (IP) separator, 5 vol% from the
IP to the low pressure (LP) separator, 1.5 vol% from the LP to the electrostatic treater and 0.5
vol% from the electrostatic treater. The HP separator operates at 19.0 barg, has an expected
operating temperature range of 36 to 63°C and is designed with a slug handling capacity of
40.36 m* between normal liquid level and high-level alarm. Gas from the HP separator flows
to the 3-stage compression systems to acquire the required pressure for injection and oil lift
purposes.

The crude oil leaving the HP separator is routed to the crude/crude heat exchangers (2 x 50%),
to exchange heat with the hot stabilised crude oil from the electrostatic treater and the
temperature is further increased to 90°C by means of a heating medium in the crude oil heaters
(2 x 50%), prior to entering the IP separator. The produced water flows under level control to
the produced water treatment units. The heated crude oil leaving the crude oil heaters
commingles with the condensate from the flash gas compressors (FGC), injection gas
compressors (IGC), blanket gas and fuel gas scrubbers and enters the IP separator at 7.0 barg

at approximately 90°C. Gas from the IP separator is routed to the FGC system.

The crude oil from the IP separator flows under level control to the LP separator for crude
stabilisation. Produced water from the IP separator flows under level control to the produced
water flash vessel. The LP separator operating at 1.0 barg and 85°C stabilises the crude oil to
the true vapour pressure (TVP) and Reid vapour pressure (RVP) specifications by removing
volatile components from the crude to avoid flashing in the cargo tanks. The stabilised crude
oil leaving the LP separator is pumped to the electrostatic treater by the crude oil pumps (2 x
100%), which pressurise the crude oil from 1 to 6 barg, through a mixing valve for the required
reduction in water content. The produced water leaving the LP separator may be routed
upstream or downstream of the produced water cooler (depending on the flow rate and cooling
requirement) prior to disposal to the slops tank, while gas from the LP separator is routed to
the FGC system.

The salinity specification of the stabilised crude oil is achieved by injecting £85°C wash water
at the discharge of the crude oil pump to dilute the salt content to 35 pth. The mixing valve is
required to facilitate salt removal from the crude product. Wash water at 6.0 barg is added
upstream of the mixing valve at the rate of 70 m®h. The mixing valve requires a 2.0 bar
pressure drop. The electrostatic treater with an operating pressure and temperature of

4.0 barg and 85°C, respectively removes the remaining water in the crude oil pumped from
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the LP separator to 0.5 vol% basic sediment and water (BS&W) using an electrostatic

coalescing process.

A portion of the produced water from the electrostatic treater is recycled to the LP separator
via a flow control valve to reduce the wash water consumption. This recycle stream has a
reduced salinity compared to the raw produced water and acts to reduce the total salinity in

the produced water carryover to the electrostatic treater.

The stabilised crude oil from the electrostatic treater is cooled by heat exchange with the crude
oil from the HP separator in the crude/crude heat exchangers (2 x 50%), before it is cooled to
a maximum rundown temperature of 50°C in the seawater cooled crude oil coolers (2 x 50%
duty). The stabilised crude oil is sent to the cargo tanks for storage. The produced water
leaving the electrostatic treater may be routed upstream or downstream of the produced water
cooler (depending on the flow rate and cooling requirement) prior to disposal to the slops tank.

Based on the flow rates and physical properties considered in the design basis (as shown in
Table 3.5), the separators were designed to achieve the following separation specifications:
¢ Maximum liquid content in the gas of 0.1 Gal/MMscf, based on the removal of 98% of
all liquid droplets equal to or larger than 10 microns
e Maximum water content in the crude outlet:
o HP separator: 10% (v/v) based on the removal of all droplets of 500 um and larger
o |IP separator: 5% (v/v) based on the removal of all droplets of 350 um and larger
o LP separator: 1.5% (v/v) based on the removal of all droplets of 280 pm and larger
¢ Maximum crude content in the water outlet of 21000 ppm on removal of oil droplets of
180 um and larger.

Table 3.5: Separators design basis (adapted from Company, 2016a)

Parameters Maximum Oil and Gas Case Maximum Water Case
[m3h] HP P LP Test HP P LP Test
Qil flow rate 710 729 702 173 175 722 701 170
Gas flow rate 7099 1366 4923 9776 5525 1217 3825 1078
Water flow rate 1715 2 69 - 687 82 106 155

Tables 3.6, 3.7, 3.8 and 3.9 provide brief design specifications of the main equipment used
within the facility for oil separation and stabilisation, namely: separators, heat exchangers,
pumps, and the electrostatic treater.
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Table 3.6: Separator’s design and operating parameters (adapted from Company, 2016a)

Parameter HP IP LP Test
Separator Separator Separator Separator
Design Pressure [barg] 30 10 10 30
Design Temperature [°C] -10/80 -10/110 -10/110 -10/80
Operating Pressure [barg] 19 7 1 6-19
Operating Temperature [°C] 36 to 63 90 85 -2-63
Table 3.7: Heat exchangers design duties (adapted from Company, 2016a)
Crude/Crude Crude Oil Crude Oil
Parameter
Exchangers Heaters Coolers

Type of Exchanger

Design Duty [kW]

5930

Plate and Gasket

Plate and Gasket Plate and Gasket

6077 3190

Table 3.8: Crude oil pumps main design parameters (adapted from Company, 2016a)

Parameter Values
Type of Pump Centrifugal
Design Capacity [m3/h] 730
Differential Head [m] 71.2
Power [kW] 151

Table 3.9: Electrostatic treater design parameters (adapted from Company, 2016a)

Parameter

Values

Oil Design Flow Rate [m3/h]
Water Inlet Design Flow Rate [m3/h]
Qil Inlet Minimum Flow Rate [m3/h]

Water Inlet Minimum Flow Rate [m3/h]

Inlet Design Salt Content in Oil [mg/L]

Max water-cut without short-circuiting [vol%]

Minimum wash water requirement [%)]

Max Oil Case: 702 / Max water case 701
Max Oil Case: 70 / Max Water Case: 83
Turndown Case: 89
Turndown Case: 9.9

211930

+30

7-8 (subject to salt content in the treater inlet)
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3.4.2. Gas Processing

The gas compression system handles the gas streams from the HP Separator (19.0 barg), IP
Separator (7.0 barg) and LP Separator (1.0 barg). The combined gas streams are compressed
to the required gas lift and injection pressure of 289 barg at the top of the riser in five stages.
The gas from the discharge of the second stage IGC (stage four) at about 144.4 barg is

dehydrated to a water content of 1.5 Ib/MMscf in a triethylene glycol gas dehydration system.

3.4.2.1. Flash Gas Compression

Flash gas compression (FGC) is provided to boost the pressure of the gas from the IP
separator, LP separator and vapour recovery unit (VRU) to the injection gas compressor
package suction pressure. The FGC trains (2 x 100%) comprise of an LP and an HP
compressor (2 stages), driven by one high voltage variable frequency drive electric motor via
a twin output gearbox. The compressors are rotary dry screw units with gas sealing provided
by a seal oil system derived from the lubricating system.

Gas from the LP separator flows to the 1% stage suction cooler, where it is cooled to 45°C by
heat exchange with a cooling medium before flowing to the 1% stage suction scrubbers, where
the gas enters via an inlet deflector and condensate is removed via a vortex breaker and
pumped back to the IP separator by a suction drain pump. The gas leaves the top of the vessel
via a vane packed wire mesh demister to flow to the 1% stage FGC, where it is pressurised to
6 barg before it is discharged to the 2" stage cooler. The discharged gas flowing to the 2"
stage cooler is joined with the gas from the IP separator and recycled gas from the 2" stage
FGC discharge.

Gas from the 1% stage compressor discharge and recycle gas are mixed with the gas from the
IP separator, then directed to the 2" stage FGC cooler. The commingled gas is cooled to
45°C by heat exchange with a cooling medium before flowing to the 2™ stage FGC scrubber.
Cooled gas enters the suction scrubber via an inlet deflector (Train A) or half open pipe (Train
B) where condensate is removed via a vortex breaker and pumped back to the IP separator
via the 2" stage drain pump. The gas leaves the top of the vessel via a vane packed wire
mesh demister to flow to the 2" stage FGC suction, for pressurisation to 19.3 barg before it is

piped into the IGC System.

Tables 3.10, 3.11, 3.12 and 3.13 provide the design specifications of the FGC system
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Table 3.10: FGC coolers’ design duties and flow rates (adapted from Company, 2014a)

Parameter

1st Stage Cooler

2"d Stage Cooler

Type of Exchanger
Design Duty [KW]

Gas Design Flow Rate [kg/h]

Shell and Tube

1477

14 745

Shell and Tube

2193

28 495

Table 3.11: FGC scrubbers’ design flow rates (adapted from Company, 2014a)

Parameter

15t Stage Scrubber

2d Stage Scrubber

Design Gas Flow Rate [kg/h]
Design Oil Flow Rate [m?%/h]

Design Water Flow Rate [m3/h]

12 595

2.78

1.69

22 798

8.71

0.8

Table 3.12: FGC drain pumps’ design parameters (adapted from Company, 2014a)

Parameter 1st Stage Pump 2"d Stage Pump
Type Centrifugal Centrifugal
Design Capacity [m3/h] 4.5 4.5
Differential Head [m] 108 55
Duty Absorbed [kW] 9.4 4.5

Table 3.13: FGC main design parameters (adapted from Company, 2014a)

1st Stage 2"d Stage
Parameter
Compressor Compressor

Type of Compressor Dry Screw Dry Screw
Design Pressure [barg] 10 30

Design Temperature [°C] -15/200 -15/200

Suction Pressure [barg] 0.45 6

Suction Temperature [°C] 45 45
Discharge Pressure [barg] 6 19.3
Discharge Temperature [°C] 123 113
Design Duty [KW] 720 935
Design Flow Rate [MMscfd] 6.7 125
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Table 3.13 (continued): FGC main design parameters (adapted from Company, 2014a)

1t Stage 2nd Stage
Parameter
Compressor Compressor
Design Molecular Weight [kg/kmol] 48.76 36.65
Turndown Flow Rate [MMscfd] 4.45 8.27
Turndown Molecular Weight [kg/kmol] 27.72 22.89
Turndown Duty [kW] 512 671

To prevent ingress of oxygen into the cargo tanks, a slight overpressure (0.039 to 0.059 bar)
is maintained in the cargo system by hydrocarbon gas blanketing and vapor recovery. During
cargo loading, vapors are emitted from the cargo tanks due to displacement and evaporation
or boil off. These vapors are recovered by a VRU compressor and pressurised to the pressure
required for entry into the FGC system, where further pressurisation takes place.

The VRU consists of a liquid ring compressor with a closed-loop seal water system. Cooling
of the seal water is achieved by a plate type heat exchanger using water as the cooling
medium. Gas at 0.04 to 0.15 barg is routed from the cargo tanks via the hydrocarbon gas
header to the inlet of the VRU. Within the compressor, gas pressure is boosted to 1.35 barg
and the stream is routed to a gas-liquid separator. From the separator, gas is routed to the
flash gas compression FGC system via FGC suction cooler. The seal water from the separator
flows under level control to the inlet of the heat exchanger where it is cooled by heat exchange
with the cooling medium flowing counter-currently through the exchanger before the seal water

is routed back to the liquid ring compressor as operating liquid.

The compressor has a capacity of 1 244 m3h (1 MMscfd), a shaft power of 80 kW and runs
at aspeed of upto 1 190 rpm. The operating water temperature into the liquid ring compressor
is designed to 45°C and the liquid temperature of the compressor discharge is estimated to
be about 55°C (Company, 2013). A block flow diagram of the flash gas compressor and the

vapor recovery unit systems is represented in Figure 3.2 and Figure 3.3, respectively.
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Operational Parameters

e Shell Side Condensate to IP
VAPOUR > Pressure: 6 barg Separator
Condensate to IP RECOVERY UNIT » Temperature: 35-62°C

Separator e Tube Side Operational Parameters
A » Pressure: 0.85 barg e Pressure: 0.55 barg
» Temperature: 85-45°C e Temperature: 45°C

FGC 15T STAGE

LP SEPARATOR |[—— Gas —s| FOZSUCTON | o1 sucTion scrusBer
ST
FGCINTERSTAGE | _ FGC INTERSTAGE | _ s linsis
SCRUBBER COOLER

Operational Parameters

Operational Parameters

Operational Parameters

e Pressure: 5.7 barg e Shell Side _ .
e Temperature: 45°C > Pressure: 6 barg . D!scharge P: 6 baorg
> Temperature: 35-64°C Gas IP SEPARATOR e Discharge T: 123°C
e Tube Side

» Pressure: 6 barg
» Temperature: 108-45°C

y

IGC 15T STAGE
FGC 2\° STAGE

Operational Parameters See IGC System Section

e Discharge P: 19.3 barg
e Discharge T: 113°C

Figure 3.2: Block flow diagram of the flash gas compression system (adapted from Company, 2016e)
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HYDROCARBON BLANKETING TO/FROM

CARGO TANKS FRESH WATER
GAS FROM HP BLANKET BLANKET VAPOUR FGC SUCTION COOLERLP
AND LP — GAS E— GAS ——31 FILTERS }———sp] RECOVERY 3| SEPARATOR p—3 FLARERECYCLETOVR
SEPARATORS COOLER SCRUBBER COMPRESSOR COMPRESSOR

CONDENSATE TO IP
SEPARATOR HEAT

EXCHANGER <«€——— CONDENSATE =3 WATER SLOP TANK

Figure 3.3: Block Flow Diagram of the vapour recovery unit system (adapted from Company, 2016e)
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3.4.2.2. Main Injection Gas Compressor

The injection gas compressor (IGC) packages (3 x 50%) are three-stage centrifugal driven by
gas/liquid fuel turbines. Each compression stage is provided with a suction cooler and a
suction scrubber, where the accumulated hydrocarbon condensate is removed by a pressure
gradient for re-injection into the oil processing train.

The suction coolers cool the temperature of the incoming gas to approximately 45°C before it
is routed to the proceeding compressor stage via suction scrubbers for entrained liquids
removal from the gas stream. The LP/IP compressors (i.e., first and second stages) are of the
barrel type, vertically split, and the centrifugal compressor pressurises the gas to 56 and 144.4
barg, respectively while the HP compressor (i.e., third stage) pressurises the gas to
approximately 293 barg before routing the gas to the injection/lift riser via a Discharge Cooler,
where a gas temperature of 65°C is achieved.

Tables 3.14, 3.15 and 3.16 provide the design specifications of the IGC System.

Table 3.14: IGC coolers’ design duties (adapted from Company, 2014b)

Parameter 1st Stage Cooler 2" Stage Cooler 3" Stage Cooler Flnalcl?)l(')sr:er:arge
Type of Exchanger Shell and Tube Shell and Tube Shell and Tube Shell and Tube
Design Duty [kW] 1127 4996 4986 3105

Table 3.15: IGC scrubbers’ design flow rates (adapted from Company, 2014b)

Parameter 1st Stage Scrubber 2"d Stage Scrubber 3'd Stage Scrubber
Type 2 stage with vane 2 stage with vane Multi Cyclone
pack pack
Design Gas Flow Rate [kg/h] 61037 61630 54221
Design Oil Flow Rate [m®h] 1.1 2.6 -
Design Water Flow Rate [m3/h] 0.6 0.2 -

Table 3.16: IGC main design parameters (adapted from Company, 2014b)

1st Stage 2"d Stage 3d Stage
Parameter
Compressor Compressor Compressor
Type of Compressor Centrifugal Centrifugal Centrifugal
Design Pressure [barg] 170 170 345
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Table 3.16 (continued): IGC main design parameters (adapted from Company, 2014b)

1t Stage 2"d Stage 3 Stage
Parameter
Compressor Compressor Compressor
Design Temperature [°C] -15/180 -15/180 -15/170
Suction Pressure [barg] 18 56 144.4
Suction Temperature [°C] 44 45 45
Discharge Pressure [barg] 56 144.4 293
Discharge Temperature [°C] 144 141 130
Maximum Speed [rpm] 14851 14851 14851
Duty Absorbed [kW] 3464 3387 2613
Gas Capacities (Each Train)
7. 7.
[MMscfd] 575 >7:3 >0
Each Gas Turbine Power [MW] 13.4 13.4 13.4

Figure 3.4 comprises of a block flow diagram of the injection gas compressor system installed
in the Topside’s section of the FPSO
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Operational Parameters

e Shell Side
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e Receives condensate
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y

IGC 2"° STAGE TRAIN
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Operational Parameters
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Operational Parameters
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Gas > IGC 1* STAGE 5] SUCTION SCRUBBER
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Operational Parameters
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Operational Parameters
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SUCTION COOLER SCRUBBER CONTACTOR SCRUBBER
Operational P t .
crefiona —alamees See Gas Dehydration System

e Shell Side
» Pressure: 140 barg
» Temperature: 141-45°C

e Tube Side
» Pressure: 6 barg
» Temperature: 35-60°C

Operational Parameters

e Shell Side
» Pressure: 293 barg
» Temperature: 136-65°C

e Tube Side
» Pressure: 6 barg
» Temperature: 35-100°C

IGC DISCHARGE
COOLER

INJECTION AND LIFT GAS TO RISER

Figure 3.4: Block flow diagram of the injection gas compression system (adapted from Company, 2016e)

38



3.4.2.3. Gas Dehydration

Gas dehydration is provided downstream of the 2" stage injection gas compressors and
consists of 2 x 50% duty rated glycol scrubbers and 2 x 50% tri-ethylene (TEG) duty rated
glycol contactors, which share a common TEG regeneration package. A side stream of the
dehydrated gas is taken-off prior to third stage compression and is used as fuel gas.

Gas dehydration is required to maintain a sufficiently low water dew point to ensure that
potential carbon dioxide corrosion rates in downstream facilities are minimised and hydrates
do not form in the downstream facilities and by ensuring that the water dew point of the gas is
lowered to below the minimum ambient seawater temperature of 4°C, the need for continuous

methanol injection is avoided.

Table 3.17 represents the design parameters of the glycol scrubbers, while Table 3.18
represents the main design parameters of the TEG contactors and Figure 3.5 illustrates the

TEG regeneration system by means of a block flow diagram.

Table 3.17: Triethylene glycol scrubbers’ design duty and flow rates (Company, 2016b)

Parameter Values
Type Vertical Multi Cyclone
Design Gas Flow Rate [kg/h] 57.3
Turndown Gas Flow Rate [kg/h] 33.7

Table 3.18: Triethylene glycol contactors design parameters (Company, 2016b)

Parameter Values
Specification [Ib/MMscfd] <15
Design Gas Flow Rate [MMscfd] 57.3
Turndown Gas Flow Rate [MMscfd] 33.7
Molecular Weight 20.3 - 23.62
Inlet Water Content 54.9 -59.4
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Figure 3.5: Block flow diagram of the gas dehydration system (adapted from Company, 2016e€)
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3.4.2.4. Fuel Gas

The normal fuel gas off-take is located downstream of the gas dehydration system at
approximately 141.4 barg. The fuel gas is pre-heated and superheated by means of hot water,
as the heating medium, before it is distributed to users. Condensate recovered in the fuel gas
scrubber is sent to the IP separator. A line from the HP separator is provided to supply LP fuel
gas to the steam boilers if the injection gas compressors are not available. The LP fuel gas is
mainly used for the steam boilers with small amounts used as stripping gas, pilot gas and
purge gas, while HP fuel gas is used at the turbine prime movers (i.e., power generation, gas

compressors and water injection pumps).

Tables 3.19 and 3.20 show the design parameters of the main equipment of the fuel gas
system and Figure 3.6 presents a block flow diagram of the overall fuel gas system employed
in the FPSO.

Table 3.19: Heat exchangers design duties (adapted from Company, 2014c)

Parameter Fuel Gas Pre- LP Fuel Gas HP Fuel Gas

Heater Superheater Superheater

Type of Exchanger Multi Tube Double Pipe Double Pipe
Design Duty [KW] 369 104 157

Table 3.20: Fuel gas scrubbers design flow rates (adapted from Company, 2014c)

Parameter Value
Design Gas Flow Rate [kg/h] 22723
Design Oil Flow Rate [m3/h] 1.8

Design Water Flow Rate [m3/h]
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Operational Parameters

e Pressure: 5.7 barg
e Temperature: 45°C

Operational Parameters

e Type: Multi-Tube

e Outer Tube
» Pressure: 6.5 barg

» Temperature: 130-96°C

e Inner Tube
» Pressure: 138.2 barg

» Temperature: 48-66°C
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Operational Parameters
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Separator

e Outer Tube
» Pressure: 6.5 barg
» Temperature: 130-75.5°C

e Inner Tube
» Pressure: 25.5 barg
» Temperature: 20-40°C

Operational Parameters

HP FUEL GAS
SCRUBBER >

HP Separator

e HP Fuel Gas Consumers
HP FUEL GAS e Power Generation Packages
SUPER-HEATER * Injection Gas Compressors

Operational Parameters

e Operating T: 18°C

y .

e Type: Double Pipe
e Outer Tube

LP FUEL GAS °
SUPER-HEATER °

» Pressure: 6.5 barg

» Temperature: 130-90°C

e Inner Tube
» Pressure: 25.5 barg

» Temperature: 27.1-47.8°C

e Water Iniection Pumps

e Operating P: 25.5 barg

LP Fuel Gas Consumers

Steam Boilers

TEG Regeneration (Stripping Gas)
Flare (Pilot/Surge Gas)

Produced H20 Flash Vessel

HP Separator Produced H20 Package

Figure 3.6: Block flow diagram of the fuel gas system (adapted from Company, 2016e€)
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3.4.2.5. Flare System

The flare system is sized to handle the highest emergency relief rate, the continuous
production flaring rate during start-up or production disruption, and the maximum topsides
blowdown relief demand. The HP flare drum receives releases from the HP and test
separators, IGC, gas dehydration, HP fuel gas system and the IGF unit, while the LP flare
drum receives relief gas from process and utility systems. Flare pumps are provided to pump

condensate that collects in the flare drums to the cargo tanks.

The HP flare tip contains six sonic gas discharge nozzles designed to provide a short
smokeless frame and is fitted with two pilot burners. The LP flare tip is a pipe flare close
coupled to the HP flare tip, fitted with a single pilot burner for ignition of the main flame. Main
equipment design parameters are shown in Tables 3.21, 3.22 and 3.23. Figure 3.7 represents

the flare relief system.

Table 3.21: HP and LP flare drums design flow rates (adapted from Company, 2016c)

Parameter HP Flare Drum LP Flare Drum
Gas Design Flow Rate [MMscfd] 175 44
Liquid Design Flow Rate [BLPD] 125000 25000

Table 3.22: Flare condensate pumps main design parameters (adapted from Company, 2016c)

Parameter Value
Type of Pump Centrifugal
Design Capacity [m3/h] 50
Differential Head [m] 29.7
Power [kW] 6.3

Table 3.23: Flare tip design specifications (adapted from Company, 2016c)

Parameter Value

Design Capacity HP/LP [MMscfd] 175/96.5
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Figure 3.7: Block flow diagram of the flare relief system (adapted from Company, 2016e)



3.4.3. Produced Water Treatment

Produced water from the HP separator is routed to the hydrocyclone, induced gas flotation
unit and a seawater aided water cooler, which is designed to achieve the required oil-in-water
(OIW) specification of 30 ppm, for direct discharge overboard or discharge to the slop tanks
in case of off specification water. The reject oil from the hydrocyclone is routed to the slop

tanks.

Produced water from the IP separator is routed to a flash vessel under level control so that
the hydrocarbon gas is removed from the water. The gas from the flash vessel is directed to
the LP flare and the water is routed to an LP water cooler to achieve a temperature of 50°C
prior to discharge to the slops tank. In the slops tank, the water can settle by gravity separation
to meet the overboard specifications of 30 ppm of free oil and 10 ppm of total dissolved solids.
Produced water from the LP separator and electrostatic treater do not pass through the flash
vessel and are routed either upstream or downstream of the LP water cooler, depending on
the flow rates and cooling requirements. Design specifications of the equipment used in
produced water treatment are listed in Tables 3.24, 3.25, 3.26 and 3.27 and an overall block

diagram is illustrated in Figure 3.8.

Table 3.24: Heat exchangers’ design duties (adapted from Company, 2015c)

Parameter HP Produced Water Cooler IP/LP Produced Water Cooler
Type of Exchanger Plate and Gasket Plate and Gasket
Design Duty [KW] 10696 6462
Design Flow Rate [m3/h] 665.6 165

Table 3.25: Hydrocyclone design specifications (adapted from Company, 2015c)

Parameter Value
Minimum Design Flow Rate [m3/h] 212
Design Rejected Oil Flow Rate [m3/h] 1.6
Inlet Maximum OIW content [ppm] 2000
Design Capacity [m3/h] 667.2
Specification [ppm] 100
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Table 3.26: Induced gas flotation design specifications (adapted from Company, 2015c)

Parameter Value
Minimum Design Flow Rate [m?/h] 33
Design Capacity [m3/h] 665.6
Specification [ppm] 30 mg/l OIW content

Table 3.27: Produced water flash vessel design specifications (adapted from Company, 2015c)

Parameter Value

Design Capacity [m3/h] 330

Design Gas Flow Rate [MMscfd] 0.5
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Figure 3.8: Block flow diagram of the produced water system (adapted from Company, 2016e)

e OIW: 30 ppm
e TSS: 10 ppm
e Max Temperature: 50°C
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3.4.4. Utility Systems

3.4.4.1. Wash Water

Coarse filters (2 x 100%) are designed for a flow rate of 3 400 m3/h and removal of particulates
down to 100 um and 3 x 50 % multi-media filters are provided for a total flow of 1 330 m%h to
remove at least 98% of particulates greater than 5 um from the seawater. The seawater feed
temperature to the seawater reverse osmosis system should be as low as possible to achieve
high membrane efficiency. As such, the water entering the fine filters is taken directly from the
coarse filter's outlet. Fresh water is generated by means of reverse osmosis membranes and
a heater ensures the wash water has a temperature of 85°C, which is required for crude
washing to avoid cooling of the crude at the injection point. Design reference for the filtration
and RO are listed in Tables 3.28, 3.29 and 3.30. A block flow diagram of the system is

represented in Figure 3.9.

Table 3.28: Seawater filters’ design specifications (adapted from Company, 2015b)

Parameter Coarse Filters Multimedia Filters Cartridge Filters
Capacity [m3/h] 3400 665 667
- Element Rating: 5u
Specification 98% > 100 u 95% >5p
No of Elements: 276
Rated Power [kW] 0.37 [each motor] 21.3 [air blower] -

Table 3.29: Reverse osmosis membrane specifications (adapted from Company, 2015b)

Parameter

Value

Type
Outlet Capacity [m3/h]
Design Pressure [barg]
Design Temperature [°C]
Flow per Train [m3/h]
Number of Elements

Number of Pressure Vessels

Reverse Osmosis

80

82.7

0to 80

100

13

Table 3.30: Wash water heater specifications (adapted from Company, 2015b)

Parameter

Value

Type of Exchanger

Design Duty [kW]

Plate and Gasket

6440
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Operational Parameters

e Pressure:
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Figure 3.9: Block flow diagram of the seawater treatment system (adapted from Company, 2016e€)

49



3.4.4.2. Cooling and Heating Medium

The cooling medium system is a closed loop inhibited fresh water cooling system with supply
and return temperatures of 35°C and approximately 56°C, respectively. The cooling medium
is cooled by indirect contact with seawater in the heat exchangers (3 x 50%), which is supplied
from the outlet of the coarse filters and discharged overboard on exiting the exchangers. A
tank is used as an expansion vessel and the circulation pumps are provided in a 3 x 50%

configuration. Design specifications of the system are listed in Tables 3.31 and 3.32.

Table 3.31: Cooling medium circulation pumps’ specifications (adapted from Company, 2016d)

Parameter Value
Type Centrifugal

Design Capacity [m3/h] 740

Differential Head [mlc] 47.8

Design Duty [kW] 114.4

Table 3.32: Cooling medium exchangers’ specifications (adapted from Company, 2016d)

Parameter

Value

Type
Design Duty [kW]

Plate and Gasket
17653

The heating medium system is an inhibited freshwater heating system with heating medium
supply and return temperatures of 130°C and approximately 87°C, respectively. Heating
medium is supplied to the crude oil heaters, wash water heater, fuel gas preheater and super
heaters, HP and LP flare drum boots. The design intent of the heating medium steam supply
control is to provide the required heat to the heating medium fluid through exchangers (3 x
33%) by LP steam from the steam boilers supplied to the shell side of the exchangers. A tank
is used as an expansion vessel and the circulation pumps are provided in 2 x 100%

configuration. Design specifications of the system are listed in Tables 3.33 and 3.34.

Table 3.33: Heating medium circulation pumps’ specifications (adapted from Company, 2014d)

Parameter Value
Type Centrifugal

Design Capacity [m3/h] 385

Differential Head [mlc] 37.2

Power [kW] 49.5
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Table 3.34: Heating medium exchangers’ specifications (adapted from Company, 2014d)

Parameter Value
Type Shell and Tube
Design Duty [kW] 6100

3.5. Mlcua Tie-In: A Process Overview

The Mucua field is located in Block 51/06 approximately 180 km off the coast and about 20 km
west from the FPSO under evaluation. The first well is to be drilled in a water depth of
1636 meters. This first phase, foresees a daily oil production of approximately 20 000 barrels
of oil per day (BOPD), as one production well tie-back to the existing 4-slot Ginguenga’s
production manifold by means of one new rigid flow line of about 17 km. The produced fluids
are to be routed to the existing floating production storage and offloading (FPSO) treatment
facilities via the existing production riser, PR-c, either to the high pressure (HP) separator or
to the Test separator.

3.5.1. Mucua Reservoir PVT Characterisation

There is a 0% water cut for the Micua production fluids and the production fluids are to be
adequately treated with chemical injection for any emulsion issues due to the low temperature
envisaged upon extraction (Company, 2019). The new reservoir properties and its fluid’s
composition are shown in Table 3.35 and Table 3.36 respectively and the production and gas

lift riser line-ups are shown in Table 3.37.

Table 3.35: Mucua reservoir properties (adapted from Company, 2019)

Properties Value
Reservoir Pressure [bara] 309
Reservoir Temperature [°C] 89
Depth [m SS TVD] 3751
Saturation Pressure [bara] 212.98
Stock Tank Oil Gravity [°API] 29
Average Gas-Oil Ratio [scf/STB] 663
Saturated Live Oil Density [g/cm?] 0.88
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Table 3.36: Mucua reservoir fluid composition on dry basis (adapted from Company, 2019)

Component

Reservoir’s Fluid Composition on Dry Basis

Overall (Oil + Gas) [wt. %)]

Name Molecular Weight [g/mol] Micua
Ci 16.04 5.98
Cz 30.07 0.83
Cs 44.10 2.09
i-Ca 58.12 0.59
n- Ca 58.12 1.52
i-Cs 72.15 0.83
n- Cs 72.15 0.97
m-cyclo-Cs 70.1 0.01
Ce 84.00 1.60
Benzene 78.11 0.05
Cyclo- Cs 84.16 -
m-Cyclo- Cs 84.16 ;
Cr 96.00 2.82
Toluene 92.14 0.17
Cs 107.00 3.14
C2-Benzene 106.17 0.08
mp-xylene 106.17 0.21
o-xylene 106.17 0.14
Co 121.00 2.37
Cio 134.00 2.95
Cu 147.00 2.69
Cr2 161.00 277
Cis 175.00 3.16
Cia 190.00 2.73
Cis 206.00 2.54
Cie 222.00 2.22
Cu7 237.00 2.78
Cis 251.00 2.26
Cio 263.00 1.72
Cao 275.00 1.80
Ca 291.00 1.71
Ca22 305.00 1.64
Cas 318.00 1.55
Caa 331.00 1.46
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Table 3.36 (continued): Mucua reservoir fluid composition on dry basis (adapted from Company,

2019)
Reservoir’s Fluid Composition on Dry Basis
Component
Overall (Oil + Gas) [wt. %)]

Name Molecular Weight [g/mol] Muacua
Cas 345.00 1.39
Cas 359.00 1.36
Ca7 374.00 1.36
Cos 388.00 1.36
Ca9 402.00 1.34
Cao () 416.00 1.30
Ca 430.00 1.20
Cs2 444.00 1.17
Cas 458.00 1.05
Caa 472.00 0.97
Css 486.00 0.94
Cas () - 29.08
Molecular Weight: Overall [g/mol] 118.0

Table 3.37: Fields and separators line-ups to production and gas lift risers

Ginguenga
Riser’s Description Tamarindo + Maboque Loengo Gajaja
Muicua
PR-a: HP Separator X
PR-b: HP Separator X X
PR-c: HP or Test Separator X

PR-d: HP Separator X X
TR-a: Test Separator X

Gas Lift GL1 GL3a GL1 GL3a

Overall, in this section the FPSO under analysis has been described in detail from a design

point of view. Raw crude oil properties have been highlighted and all the processes from

subsea extraction up to the final products along with the design operational parameters and

limitations of the equipment installed to produce 125 000 barrels of liquid per day have been

thoroughly explained.
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CHAPTER 4: MATERIALS AND METHODS

4.1. Introduction

There is a large range of possibilities to test hypotheses in research problems. Research
results depend on how observations and interferences are made, the number, quantity of
levels, as well as the type of independent variables. When dealing with only one independent
variable, a single factor experimental design is normally used, but when having more than one
independent variable with more than one level, a factorial design is used for scientific

experiments (McBurney and White, 2007; Kerlinger, 2007).

In this research, six blend design cases were evaluated by means of Aspen Tech HYSYS
simulations and the operating parameters for individual equipment were compared with the
original design to identify potential bottlenecks, with a detailed study focusing only on a

governing case.

This chapter highlights the process conditions and the main parameters considered for the
factorial design cases used as basis for the Aspen Tech HYSYS simulations, discussion on
the performance evaluation of separators and scrubbers using MySEP and the experimental

set-up for the topside processing unit.

4.2. Experimental Set-Up

A summarised process flow diagram of the production unit under evaluation within the scope

of this study is illustrated in Figure 4.1, with each unit operation described in Table 4.1.
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Figure 4.1: Process flow diagram of the topside processing unit (adapted from Company, 2016e)
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Table 4.1: Process flow diagram legend

HYSYS Stream Number

Description

2
14
54
111
112
114
115
122
123
124
126
128
131
132A
133
134
137
218
223
221
222A
233A
236
253
254
310
Gas Lift
Gas Injection
Test Sep Inlet
Test Sep Vap.
Test Sep Lig.

Test Sep Oll

Treated water from HP Separator
Outlet Gas from IP Separator
Inlet Gas to 1%t Stage IGC Package
Inlet HC fluids to HP Separator
Outlet Oil from HP Separator
Outlet Gas from HP Separator
Outlet Water from HP Separator
Inlet Stream to IP Separator
Outlet Oil from IP Separator
Inlet Stream to LP Separator
Outlet Water from IP Separator
Outlet Water from LP Separator
Outlet Oil from LP Separator
Inlet Stream to Electrostatic Treater
Outlet Gas from LP Separator
Outlet Oil from Electrostatic Treater
Outlet Water from Electrostatic Treater
Outlet Gas from 2" Stage IGC Discharge Cooler
Inlet Gas to 3 Stage IGC Package
Compressed Gas from IGC Packages
Fuel Gas Outlet from TEG Contactors
Inlet Gas to 2" Stage FGC Package
Outlet Gas from 2" Stage FGC Package
HP Fuel Gas to Consumers
LP Fuel Gas to Consumers
Inlet Wash Water U/S the Electrostatic Treater
Gas Lift to Turret
Gas Injection to Turret
Inlet HC fluids to Test Separator
Outlet Gas from Test Separator
Outlet Water from Test Separator

Outlet Oil from Test Separator

4.3. Blend Cases and Criteria Definition

A within-subject factorial design, in which the temperature of the HP separator, the pressure

and temperatures of the Test separator are subjected to all the study’s conditions, along with
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process simulations were used to study the effect of such temperatures and pressures of on
the production of stabilised crude oil and natural gas. Two variables of pressure (i.e., 7 and
19 barg), which are the design operational pressure of Test separator (Company, 2019) and
four variables of temperature (i.e. -7, 5, 36 and 50°C) which are the estimated arrival
temperature of fluids to HP and Test separator’s inlet depending on the subsea configuration
(Company, 2019), were used to identify the significant effects and interactions of the topsides’
processing equipment in the production of crude oil and natural gas from the new fluid blend

incorporating fluid from the Mdcua field.

The new blend composition listed in Table 4.2, was determined based on subsea studies and
simulations for the most optimum subsea configuration to accommodate the desired flow rates
(Company, 2019) and this was used as the basis of the plant’s handling capacity stream for

the topside study.

Table 4.2: New blend definition (Company, 2019)

Flow Rate Value
Total Oil [BOPD] 100000
Total Water [BWPD] 50000
Total Liquid [BLPD] 150000
Max Total Gas Process (Gas Lift + Associated Gas) 113
[MMscfd]
Gas Lift [MMscfd] 40
Gas Injection [MMscfd] 100
Fuel Gas (estimated based on operating consumption) 10
[MMscfd]
Field % On Total Oil Rate
Ginguenga 0
Maboque 40
Tamarindo 11
Gajaja 20
Loengo 9
Mucua 20

Table 4.2 also indicates the intention of processing a total liquid flow rate of 150 000 barrels
of liquid per day (BLPD). However, this flow rate exceeds the total liquid maximum production
rate design of 125 000 BLPD as referenced in Table 3.4. Considering that the maximum liquid

production of 125 000 BLPD is associated with an estimated minimum water cut of 20% based
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on the current production profile, an evaluation is required before exceeding the current
facilities designed maximum liquid production flow rate prior to incorporating the Mucua field

fluid into the operation through the FPSO.

Tables 4.3 contains the operating pressures and temperatures of the HP and Test Separator’s
new fluid blend design for cases A to F cases that were used for the evaluation, which were
chosen based on the operational design pressures of both separators and the arrival fluids
estimated based on the line up configurations estimation as recorded in Table 4.4 (Company.
2019).

Table 4.3: Design cases for the new fluid blend

HP Separator Test Separator
Design Cases Pressure Temperature | Pressure  Temperature
[barg] [°C] [barg] [°C]
New Blend Case A 19 50 19 5
New Blend Case B 19 50 19 -7
New Blend Case C 19 50 7 5
New Blend Case D 19 36 19 5
New Blend Case E 19 36 19 -7
New Blend Case F 19 36 7 5

The balance of the flow rates from the plant’s configuration in Table 4.4 to reach the total flow
rate indicated in Table 4.1 are meant to be sent to the HP Separator. For the gas lift, 40
MMscfd is the average total gas lift rate, out of which only 10 MMscfd is envisaged to be
injected at TR-a, base. Therefore, depending on the riser’s alignment, it may go either to the
HP Separator or to the Test Separator. If MUcua (PR-c riser) is aligned to Test Separator, then
no gas lift is envisaged to the Test Separator. This is summarised in Table 4.4. In addition,
Table 4.4 shows the water cut considered for each stream case to the Test Separator. The
balance to reach the total water flow rate of 50 000 barrels of water per day (BWPD) was

considered for the streams routed to the HP separator.

Table 4.4: Criteria for flow allocation of the cases for the tie-In Process

Streams to Test Separator

Design Cases

. . . . Gas lift
Riser alignment BOPD Reservoir fluids wcC [MMscfd]
Case_A TR-a 20 000 Maboque 40% =10
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Table 4.4 (continued): Criteria for flow allocation of the cases for the tie-In Process

Streams to Test Separator
Design Cases o . . . Gas lift
iser alignment BOPD Reservoir fluids wWC [MMscfd]
Case B PR-c 20 000 Mucua 0% 0
Case C TR-a 20 000 Maboque 40% =10
Case D TR-a 20 000 Maboque 40% =10
Case E PR-c 20 000 Mucua 0% 0
Case F TR-a 20 000 Maboque 40% =10

4.4, HYSYS Simulation Basis

The viscosity of the New Blend fluid with an arrival temperature range of 36 to 50°C to the HP
separator is expected to be slightly higher than the original design. Additionally, a new
correlation was developed for the Mucua fluid’s arrival temperature of -7°C. To simulate this,
when the Mdcua line is routed to the Test separator, the total fluids from the test separator are
routed to the intermediate pressure (IP) separator and not to the LP separator which is the
case when the test separator is operating at 7 barg. No further impact is envisaged for the
topside’s operation due to the viscosity difference between the new blend and the original

design blend, as it is negligible.

4.5. Simulation Validation and Governing Case Selection

The simulation was setup based on the original plant operational design information with the
inlet well fluid stream being adjusted to match the new fluid blend. The gas lift flow rate, the
produced water flow rate and separator allocation was adjusted accordingly for each case

requirement based on the New Blend definition as per Table 4.2.

In addition:

o New hypothetical components were created based on the PVT characterization data
in Table 4.2 and all streams were adjusted to stock tank conditions (i.e., 15.6°C and
1.013 bara / 14.7 psia).

e The hydrocarbon liquid volumetric flow rates were adjusted to match the provided new
blend composition.

e The stream from each field to the HP separator was connected to the MIX-OIL-New
Blend mixer to create the New Blend stream.

e The stream to the Test separator was defined from the TR-a Maboque or PR-

¢_Mucua, which was used to define the stream to the Test Separator (Figure 4.1) via
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TR-a_Maboque or PR-c_Mucua depending on the case. The New Blend stream was
used to define the crude oil stream feeding into the HP separator (Figure 4.1). The
arrival condition of temperature and pressure was adjusted to match the arrival
conditions indicated in Table 4.3.

¢ The Well Water stream, TR-a_Maboque stream, PR-c_Mucua stream, Test Well Water
(Dummy) stream and Gas Lift stream were adjusted to match the provided blend flow
rate information (Table 4.4).

e The blanket gas was adjusted to 1 MMscfd at the inlet of the flash gas compressor
(FGC) train.

e The fuel gas flow rate was defined as 10 MMscfd for the Mucua tie-In evaluation
(Company, 2019). The original design fuel gas flow rate was 21 MMscfd (Company,
2013).

e The water carryover in oil from the Test separator was considered to be zero
(assuming full separation efficiency).

o The rest of the parameters in the simulation were as per the original plant operational

design.

The governing case study chosen for the production throughput simulation was considered on
the basis that it was the closest to the operating conditions prior to the tie in, which was
validated against the operating conditions retrieved from the OsiSoft plant information (PI)
Process Book and the Daily Production Report dated 29 March 2020 listed in Table A.1
(Appendix A). An overview print screen for each analysed case showing the process
simulation as an overall picture of the main processing equipment can be found in Tables B.1
to B.5 in Appendix B.

In summary, this section covered all the characteristics, basis, parameters, and stream
identification used for the Aspen Tech HYSYS simulations, including all the assumptions
made. The Peng-Robinson Equation of State was chosen as the property bundle to develop
the model of dynamic simulation as it is the most suitable for hydrocarbon compounds
(Tangsriwong et al., 2020), except for the pressure drop within the FGC system, for which
Aspen Exchanger Design & Rating was used as it is the most suitable package to estimate

and monitor pressure drops within gas systems (Haydary, 2019).
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CHAPTER 5: RESULTS AND DISCUSSION

5.1. Introduction

A whole process train evaluation for the new blend with Mucua tie-in, as well as the anticipated
lower operating temperatures for the Test separator was conducted based on the Aspen Tech
HYSYS simulations. The inlet streams conditions of the new blend were compared with the

equipment’s original design handling capacity and the potential bottlenecks were identified.

Overall, this chapter interprets and discusses the topside process evaluations acquired by
HYSYS simulations, computer-based evaluations of separators using MySEP, line-sizing
calculations, blowdown scenarios and the flare system.

5.2. Topside Process Train Evaluation

Six cases (i.e., Cases A to F) were investigated in this study as defined in Table 4.2. The
results presented were obtained based on the information provided in Tables 4.3 and 4.4.
Deviations from the assumptions made, such as 0% water cut for the Micua production fluid
were not covered by this work and therefore require re-evaluation of the facility to determine
acceptability. Design verification checks were performed for the major topsides’ equipment
and discussions have summarised in the sub-sections 5.2.1 to 5.2.15.

5.2.1. HP Separator

HP SEPARATOR
Simulation vs. Design [Oil Phase Inlet]
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Figure 5.1: HP separator inlet stream's oil phase volumetric flow rate
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HP SEPARATOR
Simulation vs. Design [Vapour Phase Inlet]
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Figure 5.2: HP separator inlet stream's gas phase volumetric flow rate
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Figure 5.3: HP separator inlet stream'’s water phase volumetric flow rate

Figure 5.1 to 5.3 presents the volumetric flow rate results for the assessment of the HP
separator by Aspen Tech HYSYS. It was observed that the operating parameters for all six
cases are within the design limit for the HP separator capacities (i.e., 7099.1 m%nh, 710.2 m*/h
and 686.6 m®/h, respectively for the HP separator inlet stream’s vapour, gas and water phase
volumetric flow rates) and therefore, no concern was identified for this equipment and no

further evaluation was conducted for this equipment.

5.2.2. IP Separator

It can be observed in Figures 5.4 and 5.5, that the original design oil phase volumetric flow of
729.3 m3/h through the IP separator is exceeded for cases A and B by 1.2%; and by 1.5% for
cases D and E; while the gas flow rate simulated for cases A, B, D, E and F exceeded the
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design volumetric gas flow rate of 1363.3 m3/h by 14%, 17%, 33%, 35% and 4% for cases A,
B, D, E and F, respectively. Considering this, the adequacy of the separator to handle the
increased gas and oil flow rates was further validated using the MySEP computer software
program, for which the findings are recorded in Appendix C, Table C.2. Figure 5.6 represents
the IP separator inlet stream's water phase volumetric flow rate, with none of the cases found
to exceed the design value of 81.7 m?¥h.
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Figure 5.4: IP separator inlet stream's oil phase volumetric flow rate
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Figure 5.5: IP separator inlet stream's gas phase volumetric flow rate
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IP SEPARATOR
Simulation vs. Design [Water Phase Inlet ]
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Figure 5.6: IP separator inlet stream's water phase volumetric flow rate

According to the results obtained from the MySEP evaluation, the new blend condition has
resulted in a maximum gas load factor (K-value) of 0.36 m/s for the vane pack, which is higher
than the manufacturer specification of 0.28 m/s and correlates to a greater liquid carry-over in
the gas stream than the original design. However, the amount of liquid carry-over is negligible
from a volumetric flow rate perspective (i.e., 0.068 m3hr maximum for case E). In addition, the
downstream flash gas compressor (FGC) 2" stage cooler is a shell and tube design where
the slightly higher liquid loading is expected not to have any detrimental effect on the cooler
performance with respect to the fouling, as it is assumed that its design considers a fouling
margin (Company, 2013). Considering that the downstream compressors have scrubbers to
capture the liquid condensate, even with a higher liquid carry-over, the scrubber is designed
to knock down the condensate and provide sufficient protection to the compressor (Company,

2013). This will be further enunciated in the FGC scrubber’s evaluation in section 5.2.9.

The oil residence time was found to be less than the recommended value of 5 minutes
(Appendix C, Table C.2). However, the separation efficiency is above 98.5% for all the cases.
The maximum hydrocarbon liquid outlet velocity is 2.31 m/s for cases D and E, which is higher
than the recommended value of 2.0 m/s. The maximum hydrocarbon liquid outlet velocity is
only a consideration in relation to the convergence of flow towards the liquid outlet and for
ensuring there is not too much additional distribution in the vessel (Company. 2019). Since
the velocity constraint is exceeded at the hydrocarbon liquid outlet where the effect on liquid
distribution is not a consideration (i.e., it is behind the weir), the higher velocity for the liquid

outlet is not expected to be a concern.

The impact of the greater flow rate to the line sizing calculation is validated in Appendix D,
Table D.1. Such evaluation concluded that the critical parameters (i.e., fluid velocity, flow

induced turbulence, acoustically induced vibration, pv? and Mach number) are all within the

66



design limit, but pressure drop could be an issue because of the higher gas flow rates. The oil
line and produced water line were not validated since the flow rate was within the design limit
as per Tables 5.4 and 5.6.

The adequacy of the pressure control valve (PCV) leading to the HP flare was validated for
handling the high flow rate for case E only, as it presented the highest gas flow rate of all the
cases. The IP separator features two PCVs, namely T71-PCV-003 and T71-PCV-013, as
highlighted in the process flow diagram (PFD) in Appendix E, Figure E.1. The T71-PCV-013
has a much larger valve flow coefficient (Cv) of 962 compared to 141 for T71-PCV-003, which
was originally designed to allow operation at a low operating pressure (Appendix F, Table F.16
and Table F.17). T71-PCV-013 is deemed able to accommodate all the cases based on its
datasheet. According to its datasheet, T71-PCV-003 is sized for a maximum flow rate of 8986
Smd/h (7.63 MMscfd) only. However, even though T71-PCV-003 is unable to allow flow to
occur for any of the cases, when T71-PCV-013 is arranged for split range control with T71-

PCV-003, it could then be considered as an acceptable combination.

The capacity of T71-PCV-010 at the outlet of the IP Separator going to the FGC was evaluated
and found not able to allow flow for cases A, B, D, and E. The valve is sized for a maximum
flow rate of 8986 Sm3/h as per its datasheet (Appendix F, Table F.18). In this case, the FGC
system would be likely overwhelmed and would not be able to handle the new blend condition.
Based on the results obtained and recorded in Appendix G, Table G.2, the oil side level control
valve (LCV) T62-LCV-007 and produced water side T62-LCV-005 have flow rates lower than
its design values of 759.7 and 80.0 m3/h respectively, therefore there is no concern for these

two control valves.

5.2.3. LP Separator

From the results obtained during the LP separator simulation as represented in Figures 5.7 to
5.9, it was noted that the gas flow rate for cases A, B, D and E (i.e., 5907.5 m®h, 5907.7 m3h,
6173.6 m*/h and 6173.6 m?%h, respectively) exceeded the design gas flow rate of 4923.2 m%h
by 20% for both cases A and B and by 25% for cases D and E. The actual oil and water flow
rates for cases A, B, D, E and F (i.e., 704.4 m3/h, 704.4 m3h, 704.9 m3/h, 704.9 m?h and
702.4 m3/h, respectively for the oil flow rates; and 105.8 m®nh, 105.8 m3h, 105.9 m%h and
105.9 m?/h, respectively for the water flow rates) exceeded the design volumetric oil and water
flow rates of 702.3 m®/h and 105.6 m®h, respectively by approximately 0.4% for all the cases,

which could be considered negligible from a process design perspective.
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Figure 5.7: LP separator inlet stream's oil phase volumetric flow rate
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Figure 5.8: LP separator inlet stream's gas phase volumetric flow rate
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Figure 5.9: LP separator inlet stream's water phase volumetric flow rate

The adequacy of the LP separator to handle increased gas, oil and water flow was further
validated using the MySEP computer software program, from which findings are recorded in
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Appendix C, Table C.3. The new blend condition has resulted in a maximum gas load factor
of 0.361 m/s, which is higher than the manufacturer defined K-value of 0.278 m/s as per its
datasheet in Appendix C, Table C.3. This correlates to a relatively greater liquid carry-over in
the gas stream compared to the original design. The maximum liquid carry-over rate is 0.005
m?h for cases A, B, D and E (Appendix C, Table C.3, and the impact to the downstream is
inconsequential as the downstream scrubbers will be able to handle the liquids, the oil
residence time, and the hydrocarbon liquid outlet velocity even though there is deviation from
the required criteria. These deviations are justified to be not of concern as highlighted further

in the FGC scrubber’s evaluation in section 5.2.9.

Considering that the LP Separator has a relatively larger flow rate for gas for cases A, B, D
and E (i.e., 5907.5 m®nh, 5907.7 m%h, 6173.6 m%h and 6173.6 m%h) compared to the original
design flow rate of 4923.2 m3h, the impact to the line sizing calculation was validated and
recorded in Appendix D, Table D.1. This evaluation yielded the conclusion that the existing
line size can handle the increased flow rates and all the critical parameters are within the

design limit, however pressure drop could be an issue due to the higher flow rates.

The adequacy of T71-PCV-004 leading to the LP flare was validated by means of comparison
between its datasheet (Appendix F, Table F.21) and the actual flow rates obtained for the
simulation, for handling the increased flow rate. Assessment shows that the gas flow rate is
too high for cases A, B, D, and E, as the maximum gas flow rate per the manufacturer
datasheet (Appendix F, Table F.21), is 8182 Sm?h (6.95 MMscfd), while cases D and E flow
rate of 6173.6 m*/h (10193 Sm3h or 8.6 MMscfd), was predicted as recorded in Appendix G,
Table G.3.

5.2.4. Electrostatic Treater

Figures 5.10 and 5.11 represents the assessment of the volumetric flow rate of the inlet
stream to treater.
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Figure 5.10: Electrostatic treater inlet stream's oil phase volumetric flow rate
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Figure 5.11: Electrostatic treater inlet stream's water phase volumetric flow rate

The actual oil flow rates for cases A, B, D and E (i.e., 704.3 m®h, 704.3 m3/h, 704.7 m%/h and
704.7 mi/h, respectively), exceed the design volumetric oil flow rate of 702.3 m?®nh, of the
electrostatic treater. However, for the cases D and E, the excess flow rate is around 0.34%
above the design volumetric flow rate and this is assumed to be within the margin of what the
electrostatic treater can accommodate.

5.2.5. Test Separator

From Figures 5.12 to 5.14, which are representations of the oil phase, gas phase and water
phase volumetric flow rate results obtained from the Aspen Tech HYSYS simulation of the test
separator’s inlet stream, the actual gas flow rate for cases C and F (i.e., 2457.9 m®h and

2460.9 m?h, respectively) were found to be exceeding the design volumetric flow rate of
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1902.0 m® h for the test separator by 29%. This is due to the combination of the lower operating

pressure of the test separator with the Maboque’s fluids’ temperature.
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Figure 5.12: Test separator inlet stream's oil phase volumetric flow rate
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Figure 5.13: Test separator inlet stream's gas phase volumetric flow rate
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TEST SEPARATOR
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Figure 5.14: Test separator inlet stream's water phase volumetric flow rate

The new blend condition resulted in a maximum gas load factor for the vane pack (carry-over
rate) of 0.116 m/s for cases C and F, obtained from MySEP evaluation (Appendix C, Table
C.4), which is lower than the value defined by the manufacturer of 0.135 m/s, as per test
separator’s datasheet (Appendix F, Table F.5). It may be concluded that there are no concerns
regarding the test separator. It is also worth noting that in the low pressure cases, the gas
must be diverted to the flare, as there is no system installed to recover the gas when the test
separator is operating below the injection gas compressor (IGC) suction pressure of 19 barg
(Company, 2014b).

5.2.6. Crude Oil Pumps

Figure 5.15 and 5.16 shows the results for the head and power’s assessment of the crude oll
pumps by HYSYS.
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Figure 5.15: Crude oil pumps head assessment
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Figure 5.16: Crude oil pumps power assessment

It was found that the operating parameters for all six cases were within the design limit of 71.2
m head and 151 kW power for the crude oil pumps. Therefore, no concern was identified for

this equipment and no further evaluation needed to be conducted.

5.2.7. Crude Oil Heat Exchangers

The required duty of the crude/crude exchangers, as well as the crude oil heaters for cases D
and E exceeded the original design limit of 11860 kW and 12154 kW by 659/1177 kW and
1588/1970kW, respectively as represented in Figure 5.17 and 5.18. This is likely due to the
lower operating temperatures of the test separator. Currently 100 plates are installed in each
oil heater’s frame, but according to the datasheet (Appendix F, Table F.6), each frame can be
fitted with up to 128 plates, therefore a further evaluation was performed for the oil heater as
recorded in Appendix F, Table F.7. By adding 28 plates to each frame, the duty is expected to
increase from 6077 to 7080 kW for each crude exchanger, totalising 14160 kW when both are

in operation.
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Figure 5.17: Crude oil heaters duties
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Figure 5.18: Crude/Crude exchangers duties
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There were found no concerns in the assessment of the crude oil coolers as shown below in

Figure 5.19.
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Figure 5.19: Crude oil heaters duties

5.2.8. Injection Gas Compressors (IGC)

Figure 5.20, 5.21, 5.22 and 5.23 show the results for the assessment of the inlet to the injection
gas compressors (IGC) suction coolers. It was found that the required duty for all six cases
was within the design limit of 14 214 kW for the combined duty of the IGC coolers. No concern

was identified for the coolers and therefore, no further evaluation was needed.
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Figure 5.20: 1%t stage injection gas compressor cooler duties
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Figure 5.21: 2" stage injection gas compressor cooler duties
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Figure 5.22: 3 stage injection gas compressor cooler duties
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Figure 5.23: Injection gas compressor discharge cooler duties
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It was noted that the operating parameters for all six cases were within the design limits of 1.1,
3741.0 and 0.6 m¥hr, respectively for the oil phase, gas phase and water phase of the IGC
1% stage suction scrubber as seen in Figures 5.24, 5.25 and 5.26. Therefore, no concern was
identified, and no further evaluation was conducted.
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Figure 5.24: 15t stage injection gas compressor suction scrubber oil phase
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Figure 5.25: 1st stage injection gas compressor suction scrubber gas phase
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1ST STAGE IGC SUCTION SCRUBBERS
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Figure 5.26: 15t stage injection gas compressor suction scrubber water phase

For the 2" stage suction scrubbers, as shown in Figures 5.27 to 5.29, the actual oil volumetric
flow rate was higher than the original design of 2.6 m3hr by 4% for case A (2.7 m®hr), 0.1%
for case B (2.6 m¥hr) and 19.2% for case C (3.1 m%hr). MySEP evaluation led to the
conclusion that there are no concerns. The adequacy of the existing LCV, T71-LCV-
111/211/511, on the liquid outlet line was evaluated for the worst scenario namely case C and
it was noted that the original design has a maximum volumetric flow rate of 5 m3/h (as per the
LCV datasheet in Appendix F, Table F.22). Therefore, the design valve flow coefficient (Cv)
will be able to cover the maximum required flow rate of 3.1 m%h (case C), for this study
(Appendix G, Table G10).
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Figure 5.27: 2" stage injection gas compressor suction scrubber oil phase
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Figure 5.28: 2" stage injection gas compressor suction scrubber gas phase
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Figure 5.29: 2" stage injection gas compressor suction scrubber water phase

Figure 5.30 shows the results for the assessment of the 3rd stage IGC suction scrubber. It
was found that the operating parameters for all six cases were within the design limit of 359.0
m3/hr for the IGC 3rd stage suction scrubbers. No concern was therefore identified, and no
further evaluation was conducted for this equipment.
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Figure 5.30: 3" stage injection gas compressor suction scrubber gas phase

From the Aspen Tech HYSYS simulation outcomes of the IGC for the new blend cases as
represented in Figures 5.31, 5.32 and 5.33. It was observed in Figure 5.31 that cases A and
B had the highest volumetric gas flow rate at the inlet to the 1 stage IGC system with
101.2 MMscfd (2 x 50.6 MMscfd). The design capacity of the IGC for the 1%t and 2" stages
(refer to Figures 6.31 and 6.32) is 57.5 MMscfd per unit or 115 MMscfd with two units online.
The IGC system should not have major concern in operating the new blend condition. The
new blend generally has a relatively heavier molecular weight of 23 g/mol (Appendix G, Table
G.12), compared to the original design of 20.3 g/mol (Appendix F, Table F.8), but is within the
established allowable design ranges and therefore should not have an impact on the IGC
performance. It was therefore concluded that there is no concern for the IGC to handle the
new blend.
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Figure 5.31: 1%t stage injection gas compressors volumetric flow
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Figure 5.32: 2" stage injection gas compressors volumetric flow
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Figure 5.33: 3 stage injection gas compressors volumetric flow

5.2.9. Flash Gas Compressors (FGC)

Figures 5.34 and 5.35 shows the results for the assessment of the 1t and 2" stage flash gas
compressor (FGC) suction coolers inlet stream flow rates; and Figures 5.36 and 5.37 shows
the results for the duty assessment of the 15t and 2" stage FGC suction coolers via Aspen
Tech HYSYS simulation.

It was noted that the actual volumetric flow rate passing through the 1% stage FGC suction
cooler is greater than the original design value of 5404.0 m%hr for cases A, B, D and E (i.e.,
7171.9 mé/hr, 7172.1 m3/hr, 7475.7 m3/hr and 7459.9 m3/hr, respectively). A detailed pressure
drop investigation across the 15t and 2" stage suction cooler was therefore conducted to better

assess the suitability of such equipment to handle the new Mucua fluid blend.
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Figure 5.34: 1st stage flash gas compressor cooler inlet flow rate
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Figure 5.35: 2" stage flash gas compressor cooler inlet flow rate

The high flow rate is the main driver for the high duties observed for cases A, B, D and E in
Figure 5.36. The 2 FGC trains (A and B) have different designs for the 15t and 2" stage suction
coolers (i.e., the coolers have different tube inner diameters), length and effective area
therefore the pressure drop is different for the same operating conditions). The train A FGC
coolers consists of old equipment, while the train B coolers are a newer design and have a
relatively larger capacity.
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Figure 5.36: 15t stage flash gas compressor cooler duties
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Figure 5.37: 2" stage flash gas compressor cooler duties

For the new operating conditions for the new Mucua fluid blend, where the gas flow rate is
greater than the original design, the train A cooler resulted in a greater pressure drop
compared to the train B cooler. Considering that the performance of the train A and B would
be impacted significantly by the inlet pressure of the 1%t and 2" stage, the pressure drop across
the cooler was investigated in detail via Aspen Tech HYSYS modelling. The evaluation was
individually performed for the FGC train A and B by considering the design differences of the

coolers between both trains.

Two detailed hydraulic calculations were setup in Aspen Tech HYSYS per the following actual
isometrics: one from the gas outlet of the LP separator across the 1 suction cooler until the
inlet of the 1% stage FGC inlet nozzle; and another hydraulic check from the gas outlet of the
IP Separator to the 2" stage FGC inlet nozzle. The intention of the hydraulic check was to

predict the pressure drop of the gas flow from the IP separator and LP separator along the
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process line and across the suction cooler. To predict the pressure, drop across the cooler,
the original manufacturer provided pressure drop of 0.5 bar was used as a basis. The pressure
drop for the new condition was predicted by Aspen Exchanger Design & Rating (EDR) to be
0.73bar and 0.58 bar for train A and B respectively based on the correlation between the
volumetric flow rate and pressure drop as highlighted in Appendix B, Figure B.5.

The operating conditions at the 15t and 2" stage inlet of the compressor were then generated
through the detailed Aspen Tech HYSYS simulation and summarised in Table 5.1 for train A
and Table 5.2 for train B.

Further details on the ability of the FGC Train A and Train B to accommodate the new
conditions are needed to be conducted by the manufacturer using propriety calculations, which
were not considered for the scope of this thesis. Thus, it is concluded that the new blend
presented higher flow rates for cases A, B, D and E at the 1% stage inlet (i.e., > 6.9MMscfd)
with high flow rates observed for all the cases at the 2" stage inlet (i.e., > 13.0 MMscfd) and
as such, any excess gas from the IP and LP separators would have to be flared due to the
limitations of 13Mmscfd for the FGC.
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Table 5.1: FGC Train A performance based on pressure drop evaluation

Case_A Case_B Case_C Case_D Case_E Case_F
Operating Data 1st ond 1st ond 1st ond 1st ond 1st ond 1st ond

Stage Stage Stage Stage Stage Stage Stage Stage Stage Stage Stage Stage
Vapour Flow Rate atinlet MMSCFD 7.47 14.14 7.44 14.14 6.55 13.50 7.98 15.69 8.15 15.56 6.55 13.50
Vapour Mass Flow at inlet kg/h 18345.1 26544.0 18265.7 26429.3 148105 25089.2 19734.1 29560.1 20124.0 29153.2 14805.9 25073.1

SUCTION CONDITIONS
Operating Pressure at compressor flange barg -0.04 4.60 0.45 4.60 0.34 4.58 -0.15 4.60 -0.32 4.60 0.34 4.60
Operating Temperature at compressor flange °C 44.27 44.55 44.40 44.54 44.67 44.54 44.10 44.47 43.80 44.47 44.66 44.57
Actual Volume Flow vapour m3/h 9991.3  3147.2 98442 31432 6279.4 30145 12032.1 3487.6 15303.4 3459.2 6276.7  3004.0
Molecular Weight vapour kg/kmol 49.22 37.61 49.21 37.47 45.31 37.23 49.58 37.76 49.48 37.55 45.31 37.23
Mass Density vapour kg/m?3 1.84 8.43 1.86 8.41 2.36 8.32 1.64 8.48 1.32 8.43 2.36 8.35
Cp/(Cp-R) vapour - 1.11 1.14 1.11 1.14 1.12 1.14 1.11 1.14 1.11 1.14 1.12 1.14
Compressibility Factor vapour - 0.98 0.95 0.98 0.95 0.98 0.95 0.99 0.95 0.99 0.95 0.98 0.95
DISCHARGE CONDITIONS

Operating Pressure at compressor flange barg 6 19 6 19 6 19 6 19 6 19 6 19
Operating Temperature at compressor flange °C 142.14 120.92 141.5 120.6 132.8 121.3 147.0 120.6 157.2 120.56 132.77 121.16
Actual Volume Flow vapour m3/h 1738.9 1044.17 1728.0 1041.4 1499.1 998.5 1880.5 1155.3 1975.8 1145.7 1498.6 997.7
Molecular Weight vapour kg/kmol 49.22 37.61 49.21 37.50 45.31 37.23 49.58 37.76 49.48 37.55 45.31 37.22
Mass Density vapour kg/m?3 10.54 25.42 10.57 4.78 9.88 25.13 10.49 25.59 10.18 25.45 9.88 25.13
Cp/(Cp-R) vapour - 1.083 1.110 1.083 1.11 1.09 1.11 1.08 1.11 1.08 1.11 1.09 1.11
Compressibility Factor vapour - 0.95 0.90 0.95 0.90 0.95 0.90 0.95 0.90 0.95 0.90 0.95 0.90
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Table 5.2: FGC Train B performance based on pressure drop evaluation

Case_A Case_B Case_C Case_D Case_E Case_F
Operating Data 1st ond 1st ond 1st ond 1st ond 15t ond 15t ond
Stage Stage Stage Stage Stage Stage Stage Stage Stage Stage Stage Stage
Vapour Flow Rate at inlet MMSCFD 7.10 13.28 7.08 13.26 6.46 12.60 7.51 14.8 7.58 14.73 6.46 12.60
Vapour Mass Flow atinlet kag/h 17329.2 24823.4 17256.8 24696.2 14583.1 23297.3 184758 27871.7 18686.2 27568.6 14579.9 23292.9
SUCTION CONDITIONS
Operating Pressure at compressor flange barg 0.33 4.99 0.33 5.00 0.53 5.00 0.28 5.00 0.15 4.99 0.53 5
Operating Temperature at compressor flange °C 44.58 44.60 44.6 44.60 44.70 44.65 44.52 44.53 44.45 44.53 44.73 44.65
Actual Volume Flow vapour m3/h 6834.9 2751.6 6781.8 2740.3 5413.2 2612.0 7522.0 3068.5 8422.6 3050.47 5411.9 2611.7
Molecular Weight vapour kg/kmol 48.89 37.47 48.87 37.32 45.25 37.05 49.30 37.66 49.42 37.50 45.24 37.04
Mass Density vapour kg/m?3 2.54 9.02 2.54 9.01 2.69 8.92 2.46 9.08 2.22 9.04 2.69 8.92
Cp/(Cp-R) vapour - 1.11 2751.6 1.11 1.14 1.12 1.14 1.11 1.14 1.11 1.14 1.12 1.14
Compressibility Factor vapour - 0.98 0.94 0.98 0.94 0.98 0.95 0.98 0.94 0.98 0.94 0.98 0.95
DISCHARGE CONDITIONS
Operating Pressure at compressor flange barg 6 19 6 19 6 19 6 19 6 19 6 19
Operating Temperature at compressor flange °C 114.86 117.2 1145 116.8 113.8 117.5 115.9 116.8 119.7 116.8 113.8 117.5
Actual Volume Flow vapour m3/h 1526.5 968.4 1518.1 965.1 1398.0 920.9 1616.5 1078.7 16495 1070.8  1397.8 920.8
Molecular Weight vapour kg/kmol 48.89 37.47 48.87 37.32 45.25 37.05 49.30 37.66 49.42 37.50 45.24 37.04
Mass Density vapour kg/m?3 11.35 25.63 11.37 25.59 10.43 25.30 11.43 25.84 11.33 25.74 10.43 25.30
Cp/(Cp-R) vapour - 1.08 1.11 1.09 1.11 1.10 1.11 1.09 1.11 1.09 1.11 1.10 1.11
Compressibility Factor vapour - 0.94 0.90 0.94 0.90 0.95 0.90 0.94 0.90 0.94 0.90 0.95 0.90
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Figures 5.38 to 5.43 are graphical representations of the results for the volumetric flow rates

for the oil phase, water phase and gas phase assessments of the 1st and 2nd stage FGC
suction scrubbers.
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Figure 5.38: 1t stage flash gas compressor suction scrubber oil phase
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Figure 5.39: 1%t stage flash gas compressor suction scrubber gas phase
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Figure 5.40: 1ststage flash gas compressor suction scrubber water phase
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Figure 5.41: 2" stage flash gas compressor suction scrubber oil phase
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Figure 5.42: 2" stage flash gas compressor suction scrubber gas phase
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Figure 5.43: 2" stage flash gas compressor suction scrubber water phase

It was found that cases A, B, D and E exceeded the design volumetric flow rate of 5236.0
m?hr and 2302.8 m?hr for both the 15t and 2" stage FGC scrubbers for the gas streams. In
addition, the original design liquid flow rates for the oil of 2.8 m3hr for the 1% stage and 8.7
m?3/hr for the 2" stage were also exceeded for these cases. With both stages operating beyond
design, flaring would be expected at the LP and IP separator gas outlets. In summary, cases
A, B, D and E will likely overwhelm the capacity of the FGC. Therefore, to produce the volume
of oil specified (refer to Table 4.2), excess gas from the IP separator and LP separator would
have to be flared.

Having gas flaring from the separators is not a safety concern but poses issues from
environmental and/or regulatory perspectives. The approximate amount of flaring estimated
by the Aspen Tech HYSYS simulation that will be needed at the separators is shown in Table
6.3.

Table 5.3: Flare rates from IP and LP separator estimated by HYSYS

Case_A Case_B Case_C Case_D Case_E Case_F

Simulation
Case LP IP LP IP LP IP LP IP LP IP LP IP
Sep Sep Sep Sep Sep Sep Sep Sep Sep Sep Sep Sep

Flare Gas
Rate 0.845 1.215| 0.800 1.286 | 0.000 1.077 | 1.325 2.696 | 1.399 2.586 | 0.000 1.077

[MMscfd]
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5.2.10. Gas Dehydration

As shown in Figure 5.44 and 5.45, the operating parameters for all cases are within the
design limit for the gas dehydration system.
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Figure 5.44: Gas dehydration scrubber gas phase
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Figure 5.45: Water dehydration scrubber water phase

5.2.11. Produced Water Flash Vessel

The produced water treatment for the new Mucua fluid blend conditions is within the design
limit of the produced water design rate of 100 000 BWPD (i.e., 662.5 m3/h). Therefore, it is
expected that the produced water flash vessel in the produced water treatment system should
be able to handle the new operating conditions. Figure 5.46 shows the results for the

assessment of the produced water flash vessel by Aspen Tech HYSYS simulation.
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Figure 5.46: Produced water flash vessel volumetric flow rates

5.2.12. Produced Water Cooler

Based on Figure 5.47, the produced water cooler was found to be within design limit (i.e., 6028
kW) for the new operating conditions, thus there is no concern for this vessel
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Figure 5.47: Produced water cooler duties
5.2.13. Utilities

5.2.13.1. Cooling and Heating Medium

The cooling medium capacity is evaluated by comparing the overall duty of major cooling
medium consumers with the system’s original design. Figure 5.48 represents the cooling duty
requirement for the major topsides heat exchangers, namely IGCs, FGCs and Crude OiIl
Coolers
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Figure 5.48: Total cooling medium exchangers duties

The total cooling duty required by the major heat exchangers for cases A, B, C, D, Eand F
was found to be 26463 kW, 26665 kW, 21133 kW, 25996 kW, 26099 kW and 20573 kW,
respectively which is less than the original design value of 32100 kW for these heat
exchangers. Therefore, the existing cooling medium system is able to handle the overall
cooling requirement for the new operating conditions. In addition, considering that there is no
extra duty requirement for the existing cooling medium, the seawater requirement for the

seawater/cooling medium heat exchanger will not impacted either.

The heating medium capacity was evaluated by comparing the overall duty of the major heat
consumers with the original design value of 12774 kW. Figure 5.49 represents the heating
duty requirement for the major topsides heat exchangers, namely the crude oil heaters and

fuel gas heaters (i.e., the pre-heater, high pressure, and low pressure superheaters).
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Figure 5.49: Total heating medium exchangers duties

The overall required heating medium capacity for cases D and E (i.e., 14016 kW and 14399
kW) exceeded the total design heating capacity of 12774 kW by 10% and 13%, respectively
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due to the lower operating temperature of the test separator. The cases shown in Figure 5.49
considers 90°C outlet from the crude oil heaters. For cases C and F where the test separator
liquid outlet is routed to the LP separator (in order to bypass the IP separator due to a lower
operating pressure of 6 barg), the test separator liquid bypasses the crude oil heaters. In these
cases, although the Reid vapour pressure (RVP) specification was met, the true vapour
pressure (TVP) specification was not met in the Aspen Tech HYSYS simulation, as shown in

Figures 5.50 and 5.51.
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Figure 5.50: Crude oil Reid vapour pressure simulation vs design
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Figure 5.51: Crude oil True vapour pressure simulation vs design

A higher crude oil heater outlet temperature of more than the normal 90°C was required for
cases C and F to account for the test separator fluids bypassing the heater to achieve the
design TVP.
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5.2.13.2. Seawater

The required seawater cooling duty for the major heat exchangers using seawater as the
cooling medium was within the design limit of 23105 kW as shown in Figure 6.52. Therefore,

the requirement of the seawater duty is not impacted by the new operating conditions.
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Figure 5.52: Seawater cooling requirements

5.2.13.3. Fuel Gas System

The fuel gas system operating conditions for the tie-in evaluation were within the design limit
of the fuel gas system. The original design of the system is based on 21 MMscfd of the original
blend. For the evaluation of the new blend, only 10 MMscfd was considered. Therefore, it is
expected that the equipment in the fuel gas system should be able to handle the new blend.

All the operating parameters for the new blend and operating parameters for the Mdcua tie-in
were within the range of the fuel gas scrubber design as shown in Figures 5.53 and 5.54. The
corrected Wobbe index for all the cases is shown in Figure 5.55 and is within the design limit
of turbine, which is 37 - 49 MJ/Sm? as defined by the Turbine manufacturer (Appendix F, Table
F.11). Therefore, the operating conditions for the new fluid blend met the requirements of the
fuel gas supply. In addition, the required duties for the fuel gas heat exchangers were within
the design limit (Figure 5.56, 5.57 and 5.58) and as such, the capacities of fuel gas exchangers

are not a concern.
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Figure 5.53: Fuel gas scrubber oil phase

FUEL GAS CRUBBER
Simulation vs. Design [Actual Volumetric Flow Rate]

Case_F

Case_A Case_B Case_C Case_D Case_E Case_F

= Vapour Stream = === Vapour_Design

Figure 5.54: Fuel gas scrubber gas phase
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Figure 5.56: Fuel gas pre-heater duties
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Figure 5.57: HP fuel gas superheater duties
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Figure 5.58: LP fuel gas superheater duties
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5.2.14. Blow down Scenario

An evaluation was conducted for the low temperature operation of the test separator to
determine the impact on the system. The blowdown from the test separator is mainly the
depressurisation process through a blow down valve (BDV) tagged T62-BDV-022 (located in
separate gas outlet stream of the test separator connected to the flare system), in the scenario
of compressor trip. The blow down usually co-occurs with the blow down from the other
production separator within a short period. In this study, the blowdown was evaluated for case
B and E where the test separator operated at 19 barg (highest pressure) and -7 °C (lowest

temperature).

The blow down rate from the major topsides blow down valves should remain approximately
the same as the original design value of 175 MMscfd (Company, 2013), although the
blowdown rates may be slightly different due to the compositional difference of the new fluid
blend from the original design. Due to the low operating temperature of the test separator for
cases B and E, the blow down rate from T62-BDV-022 was expected to be slightly greater
than the original design value of 7.4 MMscfd at 63°C. However, considering that the original
design for the HP flare header (full adiabatic blowdown of 175 MMscfd) includes a 10% margin
of 17 MMscfd (Company, 2014e), the slightly different blow down rate from new operating

condition will not be of concern.

5.2.14.1. Impact of Low Temperature in the Piping and Flare Network

During the blow down of the test separator through T62-BDV-022, extreme low temperature
is expected to be seen downstream of the blow down valve. In addition, the contents of the
test separator and the inside wall of the vessel may be subjected to temperature slightly lower
than the initial temperature of the blow down due to the flashing hydrocarbon liquid which

accounts for decreasing pressure inside the vessel during the blowdown process.

The low temperatures indicated in Figure 5.59 were evaluated with respect to the minimum
design temperature of the material of construction of the test separator. The Aspen Tech
HYSYS blow down evaluation indicated a temperature downstream of the blow down valve of
-23°C. This is within the material design limit of -46°C (Company, 2014e). The vessel wall
temperature from the Aspen Tech HYSYS evaluation was -8°C for the portion where liquid is
in contact and -4°C for the portion where metal is in contact with the vapour. The vessel wall
minimum design temperature is -10°C, which is close to the Aspen Tech HYSYS evaluation
and should not be a concern as heat gain from the ambient conditions will increase the metal

wall temperature. Hence this operating scenario is well within limits of the design conditions
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as shown in Figure 6.59, which represents the dynamic simulation results from the Aspen

Tech HYSYS evaluation of cases B and E.
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Figure 5.59: Test separator blowdown for case b and e HYSYS evaluation results

During blowdown, as per the dynamic simulation result indicated in Figure 6.59, the fluid in
the test separator may be exposed to temperatures as low as -8°C. However, Mdcua wells

are not injected with water and hence there is no risk of ice formation within the vessel.

5.2.14.2. Hydrate Formation inside Test Separator

In this study, the overall assumption is that hydrate formation is not a concern considering
there is continuous low dosage hydrate inhibitor (LDHI) injected into the subsea structures.

The downstream operating condition.

5.2.14.3. Ice Formation

With an operating temperature of -7°C in the test separator, the flaring/blow down of the test
separator would generate a cold gas stream in the flare header (Company, 2019). When this
cold gas stream encounters the wet streams from the HP separator, there is a concern of
ice/hydrate formation in the flare header. Worst case scenario, the ice/hydrate accumulation
may block the flare header partially or fully, compromising the safety integrity of the flare
system. The ice/hydrate formation concern is minimal during the operation of cases A, C, D
and F due to the operating temperature of the test separator of 5°C. The test separator
blowdown will be short-term and usually co-occurring with the blow down HP and IP

separators. The predicted warm streams from the HP and IP separators (Company, 2014e),
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will be sufficient to warm up the cold stream from the test separator above the freezing point

of water and out of the hydrate formation zone.

The concern for ice/hydrate formation is particularly applicable for Cases B and E. The ice

formation in the flare header may happen due to the following factors:

e The presence of a cold stream on a continuous basis. During the operation of Case E,
the test separator is continuously flaring cold gas into the flare header.

e The presence of a wet stream on a continuous basis. Most of the water content in the
wet stream is coming from water saturation under the test separator operating
conditions. The water carry-over (if any) also contributes, but in a small percentage to
the overall water content. The mixing of the cold and wet streams generates a condition
in the ice/hydrate formation envelope, which is dependent on the overall condition of

the gas composition, dew point and temperature (Company, 2014e).

The scope of this report does not analyse in detail the scenarios of ice/hydrate formation (refer
to section 1.9 in Chapter 1), since rigorous engineering evaluation needs to be conducted to
justify and/or quantify a few scenarios of ice/hydrate formation. It was therefore concluded that
the risk of the flare header being blocked by ice/hydrate formation is minimal, particularly when
the cold test separator flare gas is mixed with the wet gas from the IP separator.

5.2.15. Flare System Capacity

The total topsides high pressure blow down is 175 MMscfd (Table 3.21). As per the discussion
in section 5.2.14, the existing HP flare header capacity should be able to cover the blow down

scenario for the new operating conditions considering the 10% design margin.

For the production flaring scenario, the debottleneck cases have a smaller gas production rate
when compared to the original design (refer to Appendix G, Tables G.1 and G.2). For cases
B and E, the gas production rate totalised 85.7 and 89.2 MMscfd, respectively (i.e., HP
separator: 76.9 and 79.0 MMscfd and IP separator: 8.8 and 10.2 MMscfd, respectively for
cases B and E); while for cases C and F it totalised 89 and 86.9 MMscfd, respectively (i.e. HP
separator: 71.4 and 69.3 MMscfd, respectively for cases C and F, with 17.6 MMscfd for the
test separator for both cases). Therefore, there was found to be no concern for the continuous,

production flaring.

Like the HP flare header evaluation in section 5.2.14, the blowdown rate in the LP flare header

will not significantly change when compared to the original design. Considering the 10%
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margin that the original design features, the LP flare header capacity will have no issues under

the new operating conditions.

5.3. Governing Case Selection

The options available for the topsides facility to allow the new fluid blend to obtain the true
vapour pressure (TVP) specification with the bottleneck of crude oil heaters and the flash gas
compressor (FGC) systems are very limited. From the Aspen Tech HYSYS simulations it was
found that the FGC system was found to be unable to safely handle the flow rates for cases
A, B, D and E; while for cases C and F, the gas flow rates were very close to the maximum
design flow rate (Table 5.1 and 5.2). Increasing the pressures in the IP or LP separators would
lead to less gases being routed to the FGC system and therefore cause more cargo manual
venting requirements, which is undesirable, since it is normally an activity controlled by the
operator in the cargo control room, which is prone to lack of proper control in case of
distractions.

From the overall analysis the configurations and conditions for cases A, B, D and E faced
challenges to safely process the oil and gas from the new fluid blend. Therefore, the test
separator was found neither viable to be operating at 19 barg, nor able to process Mucua’s

production riser-c (PR-c) fluids.

Case C and case F presented the least bottlenecks and were found to be most ideal cases
regarding configuration and conditions. For these cases, the test separator liquid outlet was
routed directly to the LP separator due to the lower operating pressure of 6 barg, thus
bypassing the crude oil heaters as well as the IP separator. In cases C and F, the TVP
specification was not met in the Aspen Tech HYSYS simulation. However, in reality, a low
temperature override controller is located upstream of the electrostatic treater to boost the
output of the heaters to achieve a temperature of 90°C at the inlet to the treater (Company,
2016a). To account for this and obtain realistic duty requirements for cases C and F, the output
temperature of the crude oil heaters was adjusted to achieve the TVP specifications in the

Aspen Tech HYSYS simulations. The results are shown in Table 5.4.

Table 5.4: TVP adjusted heating duty of crude oil exchangers for cases C and F

Duty [kW] Crude/Crude  Crude Qil Total Hgating Load
Exchangers Heaters (Design Case)
Design Case 11860 12154 12774
Case C 7360 14551 14831
Case F 10490 16822 17101
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The actual operating configuration of the heating medium exchangers is 3 x 33% (Company,
2014d), therefore the design duty of the heating medium exchangers is 3 x 6071 kW (Table
3.7), yielding 18213 kW, which is 1112 kW more than the required duty of 17101 kW, to meet
the process heating requirements for case F. Thus, the heating medium system is not
expected to be a bottleneck. Although the heating medium system exchangers can supply the
required heating duty, the crude oil heaters containing 100 plates are not able to achieve the

required amount of heating, which is surely a bottleneck (section 5.2.7).

The current operating pressure and temperature conditions of the test separator (i.e., 6 barg
and 15°C), obtained from the OsiSoft plant information (PIl) Process Book for 29 March 2020
as listed in Table A.1 (Appendix A), were used as the basis to select the governing case. The
governing case was found to be case F over case C, because in the original design prior to
the Mucua fluid tie-in the HP separator was operating at 19 barg and 52.3°C. Case C is based
on these values (refer to Table 5.3 in Chapter 5), meaning that the temperature of the 20 000
BOPD from Maboque through test riser-a (TR-a) (refer to Table 5.4 in Chapter 5) would not
have a visible effect on the HP separator operating temperature, which is unrealistic
considering the additional flow rate of 20 000 BOPD, against the total production rate before
the tie-in of 60 000 BOPD.

5.4. Current Operating Conditions with Midcua tie-in Simulation

The operating conditions listed in Table 5.5 were used to simulate the actual process
parameters using the configurations and conditions of case F to predict the plant’s behaviour
for the Mdcua fluid tie-in (i.e., New Fluid Blend). Some data was obtained from the OsiSoft PI
Process Book and some from the production report (refer to Table A.1 in Appendix A). All the
flow rates indicated are actual flow rates, except for the gas flow rates which are based on

standard conditions.

Table 5.5: Operating conditions of the plant on 29 March 2020 without Mdcua tied-in

HP Separator [PR-a, PR-b, PR-c and PR-d Risers]

Oil stream outlet [BOPD] 47921.0

Water stream outlet [BWPD] 30661.0

Total Fluids Inlet [BLPD] 78582.0
Gas Flow (incl. Gas Lift) [MMscfd] 63.84
Operating Temperature [°C] 52.8
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Table 5.5 (continued): Operating conditions of the plant on 29 March 2020 without MUcua tied-in

HP Separator [PR-a, PR-b, PR-c and PR-d Risers]

Operating Pressure [barg] 19.0

Gas Lift to HP Separator [MMscfd] 25.41

Test Separator [TR-a Riser]

Qil stream outlet [BOPD] 26337.0
Water in Flow 40% WC [BWPD] 10534.8
Water stream outlet [BWPD] 114.0
Total Fluids Inlet [BLPD] 26451.0
Water in oil outlet [BS&W 40 vol%] 10580.4
Gas Flow (All flared) [MMscfd] 7.3
Operating Temperature [°C] 15.0
Operating Pressure [barg] 6.0
Gas Lift to Test Separator [MMscfd] 0

Gas Processing

IGC Train A 3" Stage Discharge [MMscfd] 27.0
IGC Train C 3" Stage Discharge [MMscfd] 27.0
Fuel Gas [MMscfd] 8.23

Gas Lift [ MMscfd] 25.41

HP Flare [MMscfd] 16.85

LP Flare [MMscfd] 4.34

Gas Injection [Field] 20.65

Gas Produced from Reservoir [MMscfd] 50.07
Compressed Gas [MMscfd] 54.0

In addition, the following assumptions were considered based on the operating information:

e Both crude oil heaters are in service (i.e., 2 x 50%).

o 2 x injection gas compressor (IGC) trains online (i.e. 2 x 50%).

e All liquids from the test separator are routed to the LP separator due to the low
operating pressure of the test separator and there is not efficient water separation in
the test separator due to the low temperature.

e The water cut from the HP Separator is assumed to be 10%.
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e The Mucua fluids are considered to have a 0% water cut.

e There is no gas lift to the test separator.

e 60 000 BOPD are produced as per the daily operations report summary.

e The additional 20 000 BOPD from Mucua at -7 °C are routed to the HP separator.
e An 80 000 BOPD production target.

The simulations study with the above considerations resulted in the following main findings
captured in Table 5.6.
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Table 5.6: Separators’ evaluation (Actual and Mucua: Case F)

HP separator IP separator

LP separator Test separator Electrostatic treater
Phase Parameter [units] Actual + Design Actual+ Design Actual + Design Actual + Design Actual + Design
Micua Case Micua Case Mucua Case Mucua Case Mucua Case
Vapour Std Gas Flow [MMscfd] 73.06 107 7.2 7.6 2.51 6.9 7.24 29.0 - -
Oll Actual Volume Flow [m3/h] 461.2 710.2 472 729.3 559.4 702.3 105.0 173.0 559.3 702.3
Water Actual Volume Flow [m&3/h] 220.2 686.6 53.7 81.7 108.3 105.6 72.82 155.0 48.94 82.6
Table 5.7: Operating parameters of the oil train’s equipment simulation results (Actual and Mlcua: Case F)
Parameter HP separator P LP Test Electrostatic  Crude/Crude Crude Oil Crude Oil
separator  separator  separator treater Exchangers Heaters Coolers
Pressure [barg] 19 6 1 6 4 8.3 6 1.9
Temperature [°C] 43.9 97.3 66.9 15 67.1 58.9 98.4 50
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The HP separator is expected to operate at 19 barg (Table 5.5), with the temperature expected
to decrease from 52.8°C (Table 5.5) to 43.9°C (Table 5.7) due to the tie-in with Mlcua. With
the Mucua fluid tie-in the inlet flow rate of the light liquid is expected to be 461.2 m%h (i.e.,
69 620 BOPD) and the gas to be 47.65 MMscfd (plus the fixed gas lift flow rate of 25.41
MMscfd (Table 5.5), totalising 73.06 MMscfd as shown in Table 5.6.

The oil coming from the treater, is expected to heat the fluid from the HP separator from 43.9
to 58.9°C, in turn cooling the dead oil to 50°C in the crude/crude exchangers. While the crude
oil heaters heat the fluid from 58.9 to 98.4°C considering the design duty of 12 142 kW (Table
5.8).; no further cooling of the dead crude oil will be required, since it has already been cooled

to 50°C in the crude/crude exchangers.

Table 5.8: Qil train heat exchangers’ duties (Actual and Mucua: Case_F)

Duty [kW] Crude/Crude Crude Qil  Crude Qil
y Exchanger Heaters Cooler
Design Case 11860 12154 6380
Actual + Mucua 4559 12142 0

The test separator is expected to operate at the conditions of 6 barg and 15°C, as well as the
current design flow rate conditions, since the Mudcua fluid will not be routed to it. Therefore,
similar to the original design conditions 7.2 MMscfd of gas is expected to be flared (Table 5.6),
while together the oil and water are routed to LP separator due to there being no liquid

separation on account of the low temperature and operating pressure of 6 barg.

The IP separator is expected to operate at the original design operating pressure of 6 barg, at
a temperature of 97.3°C based on this study. This temperature could be decreased; however,
this would cause the TVP of the dead crude oil to increase in the cargo tanks. There is not
expected to be any gas flaring necessary from the IP separator, since the test separator outlet
fluids will bypass it. The LP separator is expected to also operate at the original design
operating pressure of 1 barg, at a temperature of 66.9°C as recorded in Table 5.7, although
the fluid flow rate is expected to exceed the water flow rate compared to the original design.
Based on the simulation using case F as the governing case the treater is expected to operate

at the original design operating pressure of 4 barg and at a temperature of 67.1°C (Table 5.7).

The duties of the IGC and FGC systems are within the original design capacity, as shown in
Tables 5.9 and 5.10. However, for the 2" stage FGC scrubber, it was noticed that the water
flow rate is above the original design as highlighted in Table 5.11. This may cause a bottleneck

and must be monitored closely by increasing the production rates gradually during operation.
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Table 5.9: IGC and FGC coolers' duties (Actual and Mdcua: Case F)

1st Stage  2"d Stage 3" Stage ) 1st Stage  2nd Stage
Coolers Duty [kW] IGC IGC IGC IGC Discharge FGC FGC
Design Case 1127 4996 4986 3105 1479 2193
Actual + Micua 273.5 3363 3399 1966 379.8 1603

Table 5.10: IGC and FGC duties HYSYS evaluation (Actual and Mdcua: Case F)

C°m'°re[sk3v°]r SDUY | 1o StageIGC 27 Stage IGC 37 Stage IGC 15! Stage FGC 2" Stage FGC
Design Case 3464 3387 2613 512 671
Actual + Mucua 2624 2123 1794 281.2 517.9
Table 5.11: IGC and FGC scrubbers (Actual and Mdcua: Case F)
15t Stage IGC 2"d Stage IGC 3d Stage IGC
Phase Parameter Actual + Design | Actual + Design | Actual+ Design
Mucua Case Mucua Case Mucua Case
Vapour Std Gas Flow [MMSCFD] 40.81 57.0 40.5 57.0 36.22 50.0
Oil Actual Volume Flow [m?3/h] 0.1 11 1.2 2.6 - -
Water Actual Volume Flow [m3/h] 0.1 0.6 0.1 0.2 - -
1st Stage FGC 2" Stage FGC
Phase Parameter
Actual + Design | Actual + Design
Micua Case Mucua Case
Vapour Std Gas Flow [MMSCFD] 3.0 6.3 8.2 11.0
Oil Actual Volume Flow [m3/h] 0.4 2.8 5.2 8.7
Water Actual Volume Flow [m3/h] 0.4 1.5 0.9 0.8

The tri-ethylene glycol (TEG) contactors and the fuel gas systems are within the design
capability with regards to the scrubbers’ performance, as well as the heater’s requirements as

per the tabulated results in Tables 5.12 and 5.13.

Table 5.12: Glycol and fuel gas scrubbers (Actual and Mdcua: Case_F)

Glycol Scrubber

Fuel Gas Scrubber

Phase Parameter Actual + Design Actual + Design
Mucua Case Micua Case
Vapour Std Gas Flow [MMSCFD] 40.3 57.3 8.1 21.0
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Glycol Scrubber Fuel Gas Scrubber
Phase Parameter Actual + Design Actual + Design
Muicua Case Mlcua Case
Oil Actual Volume Flow [m?3/h] - - 0.77 1.8
Water Actual Volume Flow [m?3/h] 0.03 0.05

Table 5.13: Fuel gas heaters’ (Actual and Macua: Case_F)

Duty [kW]
Heaters Fuel Gas Pre- HP Fuel Gas LP Fuel Gas
Heater Superheater Superheater
Design Case 369 157 104
Actual + Micua 143.2 54.8 27.8

Based on the Aspen Tech HYSYS simulation, it is expected that a standard ideal liquid
volumetric flow rate of 81 170 BOPD (i.e., basic sediment and water (BS&W) of 0.5% and
American petroleum institute (API) of 33.99) will be processed in the cargo tanks (Figure 5.60).
At 50°C the TVP, based on the study, is 21.5 psia and Reid vapour pressure (RVP) 7.6 psia
at 37.8°C as tabulated in Table 5.14.

Table 5.14: RVP and TVP prediction (Actual and Mucua: Case_F)

Parameters Actual + Mlcua Design Case
RVP at 37.8°C [psia] 7.6 <10
TVP at storage conditions at 50°C [psia] 21.48 <14.7

Based on this the TVP is off-specification and there is expected to be 0.4215 MMscfd of gas
flashing in the cargo tanks constantly. This can be handled by the vapour recovery unit (VRU)
which is designed for 1.0 MMscfd in order to keep the cargo tanks at 14.7 psia for storage
conditions. Figure 5.60 represents a process flow diagram of the simulation case including the
Mucua fluid tie-in under case F configuration with the flow rates for the oil, gas and water

streams indicated.

This chapter interpreted and discussed: 1.) the topside process evaluations acquired by
HYSYS simulations; 2.) the computer-based evaluations of separators using MySEP; 3.) line-

sizing calculations; 4.) blowdown scenarios; and 5.) the flare system.
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Figure 5.60: Process flow diagram with flow rates — Actual + Micua (Case F configuration) simulation results
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CHAPTER 6: CONCLUSION AND RECOMMENDATIONS

An entire process train evaluation for the new fluid blend with Mucua tie-in, as well as the new
lower operating temperature for the test separator was conducted; and there was found not to
be any concerns for the high pressure (HP) and test separators ability to handle the new blend
cases (i.e., cases Ato F) if the production fluids are treated by chemical injection for emulsion
and low temperature issues. The gas flow rate at the intermediate pressure (IP) and low
pressure (LP) separators were found to be greater than the original design for cases A, B, D
and E. In terms of separator’s performance, there was a high liquid carry-over in the gas
stream of the separators and verifications of the IP and LP separators gas outlet’s pressure
control valve (PCV) leading to the HP/LP flare and flash gas compressor (FGC) system
concluded that they are not adequate for the full gas flow rate of these cases as per the original

design.

The suction coolers of the injection gas compressor (IGC) system showed no concern in terms
of the exchanger’s performance based on the simulated duty requirements even though the
condensate flow rate for cases A, B and C at the IGC 2" stage scrubber is slightly higher than
the design flow rate. There was no concern for the compressor to handle the new fluid blend
as the flow rate and the duties were found to be lower than the cases used for rating the

compressors and turbines.

The FGC Train A was found unlikely to handle all the gas in cases A, B, D and E due to the
relatively high pressure drop across the coolers. Once the FGC system is overwhelmed, it is
expected to have a portion of the process gas being flared from the LP and IP separators,
which is undesirable. The FGC Train B was found to be able to handle more gas than Train
A, however detailed original manufacturer analysis is required to determine the suitability of
each FGC train to accommodate blend cases A, B, D and E. Per the results of the simulations,
the actual volumetric flow rates passing through the 1 stage FGC suction cooler for cases A,
B, D and E is greater than the original design value and such was found to be a major

bottleneck.

No concerns were found for the blowdown scenario and flare system, the gas dehydration,
cooling medium, fuel gas, and seawater, as well as the produced water system, even though

for some cases the overboard water temperature may be lower than 50°C.

The design heating load for the new fluid blend was found to be adequate for cases A, B, C
and F. The overall heating medium duty requirement was exceeded for cases D and E. This

is primarily due to the lower operating temperature of the HP separator requiring a greater
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heating load for the crude oil heater to heat the incoming fluids to the required operational

temperature of 90°C and meet the temperature vapour pressure (TVP) specifications.

Case F was selected over case C as the governing case for the detailed study based on the
operating parameters prior to the introduction of the new fluid blend. Based on the Aspen Tech
HYSYS simulation results of the Mucua fluid tie-in under case F configurations and conditions,
it was found that the heavy liquid (i.e., water) flow rate at the LP separator was greater than
the original design. The impact to the line sizing was validated and it was found that the
existing line size can handle the increased flow rate and is within the design limit, but pressure
drop could be an issue. The water flow rate for the 2" stage FGC scrubber was found to be
above the original design. To address this bottleneck, the production flow rates would have to
be monitored and increased gradually.

Therefore, for some flexibility in operation and as mitigations for the new fluid’s addition, the

following actions are proposed as recommendations:

e To upgrade the crude oil heaters from 100 to 128 plates to achieve the desired TVP
specification, without needing to continuously vent 0.4827 MMscfd of gas flashing in
the cargo tanks, as it would be flashed off in the IP/LP separator and result in the least
amount of gases flashing in the cargo tanks.

e To increase the heating medium from the current temperature of 120 to 130°C.

e To send a gas warm stream from the IP separator to the flare header to keep the
temperature of the flare main header above the freezing point for flaring from the test
separator during low temperature (i.e., 5°C and below) and low pressures.

e Bypass the crude oil coolers since the dead oil is already cooled to 50°C in the
crude/crude exchangers.

e To revise the subsea chemical injection requirements, such as hydrate inhibition,
demulsification and wax inhibition in order to improve separation.

e To closely monitor the FGC 2" stage scrubbers’ liquid level and FGC system
performance during start-up as the flow rates simulated are expected to pass the
design for all the six cases.

¢ Closely monitor the Macua fluids water cut and arrival temperatures since this research
and all the recommendations are solely based on 0% water cut.

e To have the manufacturer of the FGC evaluate the maximum rated capacities as there

is likely no further margin for its operation.

The study was performed for a standard ideal liquid volumetric flow rate of approximately

81 170 BOPD and considering 73.06 MMscfd of gas flowing at the HP separator gas outlet
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line. In summary, with the above mitigations in place there is not expected to be any major
bottlenecks for start-up.

Computer aided design is an essential part of industrial practice. There are several world-
renowned software tools of which Aspen HYSYS is one of them and its advantages are
unquestionable particularly in the field of process outlet conditions for conventional oil and gas
systems. However, there is still opportunity for development. With regard to the current study
future investigation could be performed after the proposed changes are implemented so as to
observe the real operating data against the data predicted for the governing case selected by
means of simulations in order to have an exact account of the suitability of the simulation
assumptions and parameters used, which should be adjusted, and the simulations run again
if necessary.
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APPENDIX A: PRODUCTION REPORT AND PROCESSING PARAMETERS

Table A.1: Production report and processing parameters

vessel: IIIEGEGEGE Report Date: 29-Mar-20
Production
fFilename: NGA-2020-03-29.xls

Security Level Status: 1 Normal

Qil & Gas Production

Oil Uptime 24 hrs 00 min 100.0% Gas Lift Uptime 24 hrs 00 min 100.0%

Oil Production Target 77,000 bbls 12242 m® Gas Injection Uptime 24 hrs 00 min 100.0%

Oil meter to storage, Gross 40,739 bbls 9,657 m® Gas Produced 50.070 mmscf 1.4 MNm?
Oil meter to storage, NSV 40,545 bbls 9,626 m* Gas Lift 25.410 mmscf 0.7 MNm?
Oil Import 0 bbls om? Gas Injected 20.650 mmscf 0.6 MNm?
Offspec Crude 0 bbls 0Om? Gas Exported 0.000 mmscf 0.0 MNm?
Total onboard at 24:00hrs 863,753 bbis 137,325 m? Gas Imported 0.000 mmscf 0.0 MNm?
Pigging Oil Volume 61,020 bbls 9.701 m® Fuel Gas 8.230 mmscf 0.2 MNm?
GOR Calculated 827 scf/bbl Gas Flared HP 16.850 mmscf 0.5 MNm?
Oil Shortfall 16,455 bbils 2,616 m* Gas Flared LP 4.340 mmscf 0.1 MNm?
Oil Shortfall Responsibility Client Gas Flared Max. Allowable 1.500 mmscf 0.0 MNm?

Excess Flaring Responsibility OPS

Water Injection

Water Injection Uptime 24 hrs 00 min 100.0% Water Inj Pump A Uptime 24 hrs 00 min 100.0%
Water Injection Target 51,759 bbils 8229 m* Water Inj Pump B Uptime 24 hrs 00 min: 100.0%
Water Injected 51,759 bbils 8,229 m®

Water Injection Shortfall 0 bbls om?®

WI Shortfall Responsibility
JProduced Water

Produced Water Overboard 0 bbls 0me Produced Water from process 48,445 bbls 7.702 m®
ffrom Process to slops

Avg ppm OIW from Process to 450 ppm ocM

Sea

Oil Volume to Sea 0.00 bbls 0m?

Discharge Overboard Temp 50 Temp °C
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Figure B.1: Simulation’s inlet streams (Cases A, C, D and F)
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Figure B.3: Simulation’s inlet streams (Cases B and E)
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Figure B.4: Simulations (Cases B and E)

126



Pipe FGCAT_Cooler

Seg_la
e — o T

[ FGCA1_Cooler
| Process Pressure Drops (TUBE-SIDE ) | 73.52 [ kPa |
[ FGCA2_Cooler |
| Process Pressure Drops (TUBE-SIDE ) | 58.87 | kPa |

Fipe FGCAZ_Cooler

Seg_1b 125 b Pipe

- Seg_2b
125.a ‘Tt
2334 _a 233A b 234 _a
233 0

Figure B.5: Flash gas compressor’s cooler pressure drop simulation’s (Cases B and E)
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APPENDIX C: MYSEP EVALUATION REPORTS

Table C.1: IGC 2nd stage scrubber MySEP evaluation

INPUT DATA
Operating Conditions
Cperating Pressure barg 52.70 57.00 S7.00
Dperating Temperature C 45,00 45,00 45,00
Gas

Gas Flow Rate MMSCFD S0 S0 41
Gas Molecular Weight kg'kmol 233 2309 2322
Gas Density kg 55.4 6219 83.08
Compressibility Factor - 0.854 0.214 0.807
Gas Viscosity cP 0.0140 0.0135 0.0135

Hydrocarbon Liguid

HC Liquid Flow Rate BOPD 1401 405 453
HC Ligquid Density kgdm® S05.00 54372 530.44
HC Liguid Viscosity cP o.11 0.13 012
HC Liquid Surface Tension dwnedcm 11.00 8.37 7.593
Aqueous Ligquid
Aqueous Ligquid Flow Rate BWIFD 22,00 2400 15.00
Aqueocus Liquid Density kgim® 554 00 S5 00 5594 10
Aqueous Liquid Viscosity cP 0.50 0.59 0.59
Aqueous Liquid Surface Tension dynei/cm 53.82 53.57 53.50

VESSEL DESIGN OVERWVIEW

Design_Case Case_A Case_C

Mode Design
Vessel Orientation Wertical
Separation Type 2-Phase
Vessel ID [mim] 1200
Vessel Tan-Tan [mm] 2650
Head Type Elliptical
Body Flange Mo
Gas Side Summary
Vessel K-Value m's 0.080 0.081 0.067 0.090
Gas Velocity m's 0.257 0.227 0.183 0.257
Inlet Section mbar 12.00 10.00 7.00 12.00
Distribution Baffles mbar 0.00 0.00 0.00 0.00
Mesh Agglomerator mbar 1.00 1.00 1.00 1.00
Cyclones mbar 44 .00 40.00 28.00 4400
Demisting # [none] mbar 0.00 0.00 0.00 0.00
Gas Outlet Nozzle mbar 5.00 4.00 3.00 5.00
Total mbar 52.00 55.00 38.00 52,00
Gas Outlet d100 micron 23.00 24.00 27.00 27.00
madhr 0.002 0.0040 0.000 0.002
Total Carryover — — —
Y USGIMEMSCF 0.19 0.05 0.02 0.19
Vessel Separation Efficiency e 899 .93 g9 .99 100.00 100.00
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Table C.1 (continued): IGC 2nd stage scrubber MySEP evaluation

INLET PIPING AND NOZZLES
Min. ID M.B. Actual LD
[mim] [inzh] [mirr]
Inlet Piping - 10.000 215800
MNozzles
Inlet 174,32 10.00) 243.00
Gas Outlet T0.48 10.00) 243.00
Liquid Qutlet 40.83 2.00 51.00
Inlet Piping
Max Droplet Size [Predicted] micron 595.00 471.00 595.00 595.00
Mist Fraction [Predicted] G 22140 13.730 5,300 22140
Mist Flow Rate m/hr 2087 0.394 0.204 2087
Nozzles
Inlet Velocity m's 5.33 5.55 448 5.33
Inlet Momentum kg/ms* 2363 1961 1307 2383
Gas Outlet Velocity m's 3.27 5.53 4.45 5.27
Gas Cutlet Momentum kg/ms* 2180 180 1254 2180
Ligquid Outlet Velocity m's 1.28 0.39 0.43 1.28
LIQUID-LIGUID SECTION
Setpoints and Residence Time
i Volume
Level CElne il Time [min]
[mm] [m?]
HHLL &00 0.72 236 213 0.1
HLL 700 1.44 473 4.25 0.23
MNLL S00 1.44 473 425 0.23
LLL 300 0.54 1.77 1.59 0.08
LLLL 225 1.62 5.32 478 0.25
Degassing
Length M 200 200 200 -
Liquid Velocity m's 0.002 0.001 0.00 0.002
Mixture Degassing d100 micron 35.00 20.00 21.00 35.00

130




Table C.1 (continued): IGC 2nd stage scrubber MySEP evaluation

GAS-LIQUID SECTION

Design_Case

Case_A

Inlet Device

Type Wane Pack
Length [mm] 250
Remowal d100 (predicted) micron 0.00 0.00 0.00 0.00
Mist Sep. Effic. (Predicted) Y 0.00 0.040 0.040 0.00
Carryover Rate meih 2.09 0.39 0.20 2.09
Section Efficiency s 77.85 85 27 93.61 03.6
Gravity Separation Section

Design Liquid Level [mm] =0 [
Vessel K-Value mi's 0.090 0.081 0.067 0.090
Remowal d100 (predicted) micron 0.000 0.000 0.000 0.000
Sep. Effic. (Predicted) Yo 0.000 0.000 0.000 0.000
Carryover Rate meih 2087 0.304 0.204 2087
Section Efficiency o 0.00 0.00 0.00 0.00

Agglomerator

Type Me=h
Device Orientation Horizantal
Agglomerator Area [m?] 0.97
Diameter [mm] 1200
Thickness [mmy] 100
Drainage Through Area [¥] 14
K-Value m's 0.105 0.055 0.078 0.105
Gas Velocity m's 0.255 0.264 0.213 0.255
Sep. Effic. (Predicted) ) 99 .930 99,900 00 930 99 930
Carryover Rate mih 0.002 0.000 0. 0.002
Device Efficiency %o 99.93 S9.90 £ 99.93
Demisting Device # 1
Type Cyclones
Deck Orientation Horizantal
Number of Cyclones 13.00
Assembly Length [rmm] 500
Cyclone Diameter [mim] 85
Swrirl Angle [*1 40
Swirl Inside Diameter [rmm] 43
Separation Length [mm] 167
Gas Flow / Cyclone meih 80.558 70.957 572687 80.558
Ligquid Flow ! Cyclone mth 0.000 0.000 0.000 0.000
Gas pu”® kgdnr 852 000 751.000 495 000 252 000
Remowval d100 (predicted) micron 59.000 71.000 20.000 &0.000
Sep. Effic. (Predicted) £ 2.830 2780 2.840 2,840
Carryover Rate meih 0.002 0.000 0.000 0.002
Device Efficiency % 2.83 278 2.04 2.04
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Table C.2: IP separator MySEP evaluation

INPUT DATA
_ Units Design_Case Case_ A Case_B Case_D Case_E Case_F
Operating Conditions
Operating Pressure barg 7.00 7.00 7.00 T.00 7.00 7.00
Operating Temperature C 50.00 28.71 86.69 38.73 28.73 29.01
Gas
Gas Flow Rate MKMSCFD a ] ] 10 10 a
Gas Molecular Weight kag'kmol 36 4 3294 32.66 33.438 33.24 33.52
Gas Density kgl 10 9.11 5.03 9.27 9.21 529
Compressibility Factor - 0.965 0.963 0.963 0.962 0.962 0.961
Gas Viscosity cP 0.0120 0.0125 0.0123 0.0123 00122 o012
Hydrocarbon Liquid
HC Liquid Flow Rate BOPD 1109092 111381 1113599 111745 111741 29353
HC Liquid Density kgl 82210 759410 793093 793 40 7593.30 78751
HC Ligquid Viscosity cP 6.30 222 222 219 219 1.95
HC Liquid Surface Tension dynelcm 19.00 18.05 18.05 17.95 17.96 17.89
Aqueous Liguid
Aqueous Ligquid Flow Rate BWPD 302.00 10218.00 | 10177.00 | 10323.00 | 10273.00 | 10177.00
Aqueous Liquid Density kgl 1061.00 D57 57 D57 62 0957 60 057 60 057 .40
Aqueous Liquid Viscosity cP 0.40 0.32 0.32 0.32 0.32 0.31
Aqueous Liguid Surface Tension dynelcm 54.00 80.71 60.73 60.786 80.72 8067
VESSEL DESIGN OVERVIEW
Design_Case Case A Case_ B Case D Case E Case_F
Mode Design
Vessel Orientation Horizontal
Separation Type 3-Phaze
Vessel ID [mm] 3500
Vessel Tan-Tan [mm] 10000
Weir res
Split Flow No
Weit to Downstream Tan Distance [mmi] 1000
Boot No
Gas Side Summary
Vessel K-Value mi's 0.018 0.020 0.020 0.024 0.024 0.01% 0.024
Gas Velocity mi's 0.164 0.187 0191 0.218 0.221 0.171 0.221
Inlet Section mbar 35.00 43.00 43.00 42.00 45.00 31.00 4500
Distribution Baffles mbar 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Agglomerator [None] mbar 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Vane Pack mbar 5.00 7.00 2.00 10.00 10.00 5.00 10.00
Demisting #2 [None] mbar 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Gas Outlet Nozzle mbar 3.00 .00 4.00 5.00 5.00 3.00 5.00
Total mbar 44.00 53.00 54.00 63.00 54.00 40.00 54.00
Gas Outlet d100 micron 32.00 35.00 35.00 40.00 40.00 2400 40.00
“thr 0.016 0.035 0.038 0.065 0.058 0.027 0.058
Total C m
otalLarryover USGMMSCE 13.75 ZE 8T 3718 185 3156 185
Vessel Separation Efficiency % 100.00 00.00 100.00 .89 100.00 100.00
Ligquid Side Summary
0il Residence Time min 3.180 3.150 3.150 3.140 3.140 0 3.920
Water Removal d100 micron 170.000 123.000 123.000 122.000 122.000 00 170.000
Water Residence Time min 565.92 5.72 B.79 18.55 16.63 5 565.92
il Remowal d1080 micron 3.00 20.00 20.00 20.00 20.00 0 20.00
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Table C.2 (continued): IP separator MySEP evaluation

INLET PIPING AND NOZZLES

Win. I N.B. Actual LD,
[mmim] [inzh] [rmm]
Inlet Piping - 14.000 333.340
Nozzles
Inlet 386517 16.00 355.40
Gas Outlet 14425 8.00 203.20
Qil Qutlet 351.81 16.00 337.00
Water Outlet 109.97 6.00 152.40
Inlet Piping
Max Droplet Size [Predicted] micron 1584.00 1655.00 1664.00 1405.00 1384.00 1885.00 1584.00
Mist Fraction [Predicted] o 0.140 0.220 0.240 0.450 0.520 0.150 0.520
Mist Flow Rate me/hr 1.015 1.785 1.831 3.944 4168 0.567 4165
Nozzles
Inlet Velocity mis 472 5.32 5.38 5.50 596 463 5.96
Inlet Momentum kgims” 5539 7955 5058 5599 2979 5733 5979
Gas Outlet Velocity mi's 11.70 13.34 13.59 15.54 15.78 1217 15.78
Gas Outlet Momentum ko/ms® 1370 1621 16589 2240 2285 1378 2285
Qil Qutlet Velocity m's 227 2.30 2.30 2.31 2.31 1.84 2.31
Water Outlet Velocity m's 0.03 1.03 1.03 1.04 1.04 1.03 1.04
LiQuiD-Liuil SECTION
Units Design_Case Case_A Case B Case D Case_E Case F Max
Setpoints and Residence Time
el Setpoint
[rmm]
HHLL 2800 0.87 0.85 0.85 0. 1.07
HLL 2320 0.85 0.88 0. 0. 1.08
NLL 2050 0.88 0.87 0. ] 1.08
LLL 1750 0. 0.85 0. 0. 1.08
LLLL 1530 a. 0.85 0.35 a 1.11
Top of Weir 1400 - 10.21 10.11 10.16 10.25 .5
HIL 1050 4.058 4.05 <. 211 4.652
NIL S00 5.08 5.03 5. 5.10 5.73
LIL 7 o0 345 342 3. 3.47 3.90
LLIL 550 2.18 2.10 5. 8.22 .23
Length mm 3151 3151 3151 3151.000 | 3151.000 | 3151.000 | 3151.000
Oil Degassing d100 micron g2.000 55000 55.000 56.000 55.000 47.000 92.000
Water Degasing d100 micron 2.00 2.00 5.00 2.00 2.00 5.00 2.00
Ligquid -Liguid Separation
Design Oil-Water Level [mm] 500
Separation Length Oil Layer [mm] 3540
Separation Length Water Layer [mm] 3151
Plate Pack Coalescer es
Plate Spacing [mm] 10
Plate Angle [*]1 45
Plate Length [mm] 1220
Top Elevation [mm] 2500
Open Area [%:] 100
Oil Residence Time min 3.18 3.15 3.1 .

Qil Welocity m's 0.051 1 0.051 0.051 0.051 21
Water Remowal d100 micron 170.00 .00 123.00 122.00 122.00 .00
il Reynolds Number - 132.00 00 367.00 373.00 373.00 00

Water Residence Time min 565.92 16.72 16.55 16.63 565.92
Water Velocity m's 0.000 0.008 0.010 0.00% 0.010

0il Remowal d100 micron 3.00 20.00 20.00 20.00 20.00
Water Reynolds Number - 15.00 573.00 579 576.00 579.00
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Table C.2 (continued): IP separator MySEP evaluation

GAS-LIGQUID SECTION

_ Units Design_Case Case A Case B Case D Case E Case F Max

Inlet Device
Type Inlet Cyclones
Number of Tubes 2
Tube ID [mm] 450
Vortex Finder ID [mm] 38
Swirl Angle [*] 45
Separation Length [mm] 225
Assembly Length [mm] 550
Bottom Elevation [mm] 765
Remaoval d100 [Predicted] micron 157 153 150 140.0 138.0 7.0 157.0
Mist Sep. Effic. [Predicted] e 98.75 895.22 98.21 47 .65 5781 98.55 98.75
Section Sep. Effic. [User Defined] e §9.00 99.00 §9.00 99.00 99.00 98.55 §9.00
Carryover Rate m/hr 7.3 &.06 &.05 &.0% .08 9.56 §.56
Section Efficiency Y 99.00 99.00 §9.00 99.00 99.00 938.55 §9.00
Gravity Separation Section
Design Liquid Level [mm] 2600
Gas-Liquid Separation Length [mm] 5000
Vapour Space Height [mm] 000
Vessel K-Value mis 0.018 0.020 0.020 0.024 0.024 0.019 0.024
Removal d100 [Predicted] micron 32.000 35.000 35.000 39.000 39.000 33.000 38.000
Sep. Efficiency [Predicted] e 49.70 99.34 99.28 98.51 9841 9961 99.70
Carryover Rate m'/hr 0.022 0.053 0.058 0121 0129 0.038 0.129
Section Efficiency e 4970 099 34 99 28 98.51 98 41 99 61 4970
Demisting Device # 1
Type Wane Pack
Deck Orientation Vertical
Max Allowable K-Value [mis] 0.208
Vane Pack Area [m’] 0.152
Bottom Elevation [mm] 3265
Aszsembly Length [mm] 750
Vane Spacing [mm] 20
Bend Angle [*] 50
K-Value mis 0. 0.307 0.311 0.361 0.364 0.284 0.354
Gas Velocity mis 2, 2,545 2.900 3.316 3.362 2.597 3.362
Gas pu® kg §2.00 74.00 76.00 102.00 104.00 §3.00 104.00
Removal d100 [Predicted] micron 45.00 44 .00 44.00 41.00 40.00 45,00 45.00
Sep. Efficiency [Predicted] e 26.37 33.94 35.28 45.23 47.56 258.36 47.56
Carryover Rate m'/hr 0.016 0.035 0.032 0.085 0.063 0.027 0.068
Device Efficiency e 26.37 33.94 35.28 45.23 47.56 28.36 47 .55
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Table C.3: LP separator MySEP evaluation

INPUT DATA
Operating Conditions
Operating Pressure barg 1.00 1.00 1.00 1.00 1.00 1.00
Operating Temperature C 82.00 25.00 8253 82.50 82.24 8224
Gas
Gas Flow Rate MKMSCFD 7 3 & 8 9 ]
Gas Molecular Weight kg'kmal 44.51 421 45351 4545 45.81 4575
Gas Density kg/m® 31 29 37 3.16 3.19 3.19
Compressibility Factor - 0.979 0582 0.975 0.978 0.4978 0978
Gas Viscosity cP 0.0100 0.01 0.0093 0.0120 0.0093 0.0092
Hydrocarbon Liquid
HC Liguid Flow Rate BOPD 108015 105820 106334 106334 106409 106405
HC Liguid Density kg/m® 834.70 828.89 807.90 807.90 80788 807.87
HC Liquid Viscosity cP 7.40 6.90 3.02 3.02 3.02 3.02
HC Liquid Surface Tension dyne/cm 21.30 2070 20.08 20.08 20.07 20,07
Aqueous Liquid
Aqueous Liquid Flow Rate BWPD 10416.00 1583800 15977.00 | 15578.00 [ 15982.00 | 15882.00
Agueous Liquid Density kgimr® 1065.20 1065.20 96244 962.45 562 66 962 66
Aqueous Liquid Viscosity cP 0.40 0.40 0.34 0.34 0.34 0.34
Aqueous Liquid Surface Tension dyne/cm 65.00 55.00 51.87 51.88 61.93 61.92
VESSEL DESIGN OVERVIEW
Units Design_Case 1 | Design_Case2 (Case A Case_ B Case_ D Case E Max
Maode Design
Vessel Orientation Horizontal
Separation Type 3-Phase
Vessel ID [mm] 3500
Vessel Tan-Tan [mm] 12000
Head Type Elliptical
Weir fes
Split Flow No
Weit to Downstream Tan Distance [mm] 1500
Boot No
Gas Side Summary
Vessel K-Value miz 0.038 0.027 0.045 0.045 0.047 0.047 0.047
Gas Velocity miz 0.593 0.480 071 0711 0.745 0.743 0.745
Inlet Section mbar 3.00 3.00 400 £.00 £.00 400 £.00
Distribution Baffles mbar 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Agglomerator [None] mbar 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Vane Pack mbar 5.00 4.00 8.00 8.00 0.00 10.00 10.00
Demisting #2 [None] mbar 0.00 0.00 0.00 0.00 0.00 0.00
Gas Qutlet Nozzle mbar 2.00 A0 00 00 3.00 3.00 3.00
Total mbar 11.00 7.00 15.00 6.00 7.00 17.00 7.00
Gas Outlet d100 micran 31.00 35.00 28.00 31.00 27.00 28.00 35.00
Total C meihr 0.00 0.000 0.004 0.005 0.005 0.005 0.005
o arryover USGMNMSCF 0.62 0.08 2.81 4.08 3.94 3.85 4.08
Vessel Separation Efficiency % 00.00 100.00 100.00 00.00 00.00 100.00 00.00
Liquid Side Summary
0il Residence Time min 3.980 4.000 3.980 3.580 3.870 3.970 4.000
Water Removal d100 micran 158.000 189.000 155.00 156.000 | 156.000 | 156.000 | 158.000
Water Residence Time min 18.00 12.42 12.38 12,38 12.38 12.38 18.00
Qil Removal d100 micron 21.00 26.00 25.00 25.00 29.00 28.00 25.00
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Table C.3 (continued): LP separator MySEP evaluation

INLET PIPING AND NOZZLES
Min. 1D M.B. Actual 1D.
[mim] [inch] [mim]
Inlet Piping - 18.000 434740
Nozzles
Inlet 38197 36.00 914,40
Gas Qutlet 203 14.00 337.00
Qil Qutlet 353.06 14.00 337.00
Water Qutlet 136.83 6.00 154.00
Inlet Piping
_ Units DESign_Case 1 Demgn_case 2 Case_A CESE_B CESE_D CESE_E Max
Max Droplet Size [Predicted] micren 1206.00 1631.00 54400 34400 551.00 5594.00 1631.00
Mist Fraction [Predicted] e 0480 0.140 1.200 1.200 1.540 1.520 1.540
Mist Flow Rate mrihr 3.70 1.168 5 759 3.740 12 476 12303 12476
Nozzles
Inlet Velocity mis 241 1.96 2,54 254 2.96 2.93 2.96
Inlet Momentum kg;‘ms" a5 oo 529 829 ] fi54 n66
Gas Outlet Velocity mis 15.33 11.91 18.40 18.40 19.27 18.23 19,27
Gas Outlet Momentum k/ms? 725 41 72 1071 1185 178 1185
0il Qutlet Velocity mis 2.18 2.18 2.19 218 2.20 2.20 2.20
Water Qutlet Velocity Lk 1.03 1.57 1.58 1.58 1.58 1.58 1.58
LIQUID-LIQUID SECTION
Units Design_Case 1 Design_Case 2 Case_ A Case B Case D Case_E Max
Setpoints and Residence Time
Setpoint . - Volume
Level Time [min
[mm] L [m’]
HHLL 2800 0.95 0.95 0.94 0.94 0 0.94 11.09
HLL 2350 1.00 1.0 1.00 1.00 0 0.98 11.68
NLL 2100 0.52 0.5 0.492 0.52 0 0.82 0.75
LLL 1875 0.93 0 0.92 0.92 0 0.92 0.85
LLLL 1650 1.66 1.66 1.66 1.66 1.66 1.66 9.45
Top of Weir 1400 7.58 7.55 754 7.54 7.54 13.31
HIL 1050 3.03 3.03 3.03 3.03 3.03 5.34
NIL 500 3.77 3.76 3.78 3.7 3.78 5.63
LIL 700 2 5 2 2 4.51
LLIL 550 5. 5.07 5. 5. 10.71
Degassing
Length mm 7391 7301 7301 7351.000 | 7351.000 | 7391.000 | 7391.000
Qil Degassing d100 micran 104.000 101.000 53.000 58.000 58.000 58.000 04.000
Water Degasing d100 micran 10.00 12.00 12.00 12.00 12.00 12.00 12.00
Liquid -Liquid Separation
Design Oil-Water Level [mm] S00
Separation Length Oil Layer [mm] 7391
Separation Length Water Layer [mm] 7381
Plate Pack Coalescer es
Plate Spacing [mm] 10
Plate Angle [*] 45
Plate Length [mm] 1000
Top Elevation [rmm] 2600
Cpen Area [%] 100
0il Residence Time min .00 4.00
Qil Velocity m's 0.047 0.047 0.047 0.047 0.047 0.047 0.047
Water Removal d100 micran 158.00 188.00 156.00 156.00 156.00 156.00 158.00
0il Reynolds Number - 105.00 112.00 251.00 251.00 251.00 251.00 251.00
Water Residence Time min 19.00 12.42 12.39 12.39 12.38 12.38 19.00
Water Velocity mis 0.010 0.015 0.015 0.015 0.015 0.015 0.015
Oil Remowval d100 micron 21.00 26.00 25.00 25.00 25.00 25.00 25.00
Water Reynolds Number - 513.00 785.00 336.00 335.00 834.00 334.00 336.00

136



Table C.3 (continued): LP separator MySEP evaluation

GAS-LIGUID SECTION
_ Units Design_Case1 | Design_Case? Case A Case B Case D CaseE Max
Inlet Device
Removal d100 [Predicted)] micron 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mist Sep. Effic. [Predicted] %o 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Carryover Rate mihr 3.70 117 .76 9.74 12.43 12.30 12.43
Section Efficiency %o 99.52 99.86 98.80 98.80 938.45 98.43 99.85
Gravity Separation Section
Design Liquid Level [mm] 2600
Gas-Liquid Separation Length [mm] 8217
Vapour Space Height [mm] 000
Vessel K-Value mis 0.035 0.027 0.045 0.045 0.047 0.047 0.047
Removal d100 [Predicted] micron 43.000 37.000 45,000 54,000 50.000 50.000 54,000
Sep. Efficiency [Predicted] % 99.91 99,95 59,52 99,57 59,52 5959 99.98
Carryover Rate mithr 0.003 0.000 0.03 0.042 0.052 0.051 0.052
Section Efficiency % 99.91 99,95 59,52 99,57 59,52 5959 99.98
Demisting Device #1
Type Wang Pack
Deck Orientation Vertical
Max Allowable K-Value [mis] 0.212
Vane Pack Area [m?] 03
Bottom Elevation [mm] 327
Assembly Length [mm] 250
Vane Spacing [mm] 20
Bend Angle [*] 60
K-Value m's /8 ]
Gas Velocity m's 559 047 7
Gas pv® ka/n? 64.00 36.00 95.00 95.00 05.00 104,00 05.00
Removal d100 [Predicted] micron 31.00 35.00 28.00 00 27.00 28.00 35.00
Sep. Efficiency [Predicted] % 80.44 08,36 88.35 87.43 89.76 89.71 89.76
Carryover Rate m'thr 0.0m 0.000 0.004 0.005 0.005 0.005 0.005
Device Efficiency % 80.44 08,36 88.35 87.4 89.78 88.71 89.78
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Table C.4: Test separator MySEP evaluation

INPUT DATA
Operating Conditions

Operating Pressure barg 15.00 .00 .00

Operating Temperature C 62.00 S.00 5.00
Gas

Gas Flow Rate MMSCFD 25 12 12
Gas Molecular Weight kg/kmol 21.1 20.84 20.82
Gas Density kgdm® 155 7.45 7.45
Compressibility Factor - 0.953 0.965 0.955
Gas Viscosity cp 0.0130 0.01 0.01

Hydrocarbon Liquid

HC Liquid Flow Rate BOPD 28097 20358 20342
HC Liquid Density kg'm® 8559.70 322.70 882.88
HC Liquid Viscosity cP 24.00 17.895 18.03
HC Liquid Surface Tension dyneicm 22.00 2397 23599
Aqueous Liguid
Aqueous Liquid Flow Rate BWPD 0.00 1334500 13345.00
Aqueous Liquid Density kgdm® 10238.00 102300 1022.559
Aqueous Liquid Viscosity cP 0.50 1.50 1.50
Aqueous Liquid Surface Tension dyneicm 53.10 75.51 75.51

VESSEL DESIGN OVERWVIEWW

Units Design_Case 1 Case_C Case_F Max
Mode De=ign
VWessel Orientation Horizontal
Separation Type 3-Phazse
VWessel ID [rmm] 3500
VWessel Tan-Tan [Mmm] S000
Head Type Elliptical
Weir res
Split Flow Mo
Weit to Downstream Tan Distance [mm] 1000
Boot Mo
Gas Side Summary
Wessel K-Value m's 0.038 0.033 0.033 0.038
Gas Velocity m's 0.277 0.355 0.355 0.355
Inlet Section mbar 2.00 4.00 4.00 4.00
Distribution Baffles mbar 0.00 0.00 0.00 0.00
Agglomerator [None] mbar 0.00 0.00 0.00 0.00
Vane Pack mbar 2.00 1.00 1.00 2.00
Demisting #2 [None] mbar 0.00 0.00 0.00 0.00
Gas Outlet Nozzle mbar 1.00 0.00 0.00 1.00
Total mbar 4.00 5.00 5.00 5.00
Gas Cutlet d100 micron 53.00 51.00 51.00 53.00
Total Carryover mfhr 0.000 0.000 0.000 0.000
USG/MMSCE 0.00 0.00 0.00 0.00
Wessel Separation Efficiency Y 0000 100.00 100.00 100.00
Liguid Side Summary
Qil Residence Time min 4110 5.270 5.270 5270
Water Remowval d100 micron 1568.000 1307 000 1312.000 1568.000
Water Residence Time min 0.00 4.58 4.58 4,58
il Remowal o100 micron 0.00 455,00 4495.00 455.00
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Table C.4 (continued): Test separator MySEP evaluation

INLET PIPING AND NOZZLES

Kin. ID M.B. Actual 1.0
[mm] [inch] [mm]
Inlet Piping - 24 000 250.000
Nozzles
Inlet 525.562 24.00 570.00
Gas Outlet 168.3 16.00 4045.40
il Qutlet 174.85 6.00 124.18
Water Outlet 125.03 6.00 152.40
Inlet Piping
_ Units DESign_Case'1 case_{: case_F Max
Max Droplet Size [Predicted] micron 2000.00 2000.00 2000.00 2000.00
Mist Fraction [Predicted] Y 00140 00140 0.010 00140
Mist Flow Rate m/hr 0.014 0.018 0.017 0.017
Nozzles
Inlet Velocity m/'s 2.27 2.91 2.52 292
Inlet Momentum kgdms® 223 722 723 723
Gas Outlet Velocity m's .10 5.25 5.26 5.26
Gas Outlet Momentum kgdms® 268 206 208 268
il Qutlet Velocity m's 257 2. 2.00 2587
Water Outlet Velocity m's 0.00 1.35 1.35 1.35
LIGUID-LIauiD SECTION
Setpoints and Residence Time
Lewvel SHET Time [min] Volume
[mm] [m*]
HHLL 2050 1.41 1.81 1.81 07
HLL 1850 2.95 3.80 5.80 .53
NLL 1450 1.438 1.80 1.80 28
LLL 1250 0.89 1.14 1.14 .56
LLLL 1050 1.11 1.42 1.43 .20
Top of Weir 1150 0.00 2568 268 85
HIL 500 0.00 1.989 1.99 .93
NIL 700 0.00 1.78 1.78 52
LIL 00 0.00 1.15 1.15 70
LLIL 350 0.00 1.655 1.65 <
Degassing
Length mm 1525 1525 1525 1525.000
Oil Degassing d100 micron 753.000 552.000 553.000 753.000
Water Degasing d100 micron 0.00 171.00 171.00 171.00

Liquid -Liquid Separation

Design Oil-Water Level [mim] 700
Separation Length Oil Layer [mm] 2004
Separation Length Water Layer [mm] 1525
Plate Pack Coalescer Mo
Qil Residence Time min 4.11 527 527 5.27
0il Velocity mis 0.023 0.018 0.018 0.023
Water Removal d100 micron 1568.00 1307.00 1312.00 1568.00
Oil Reynolds Number - 433400 4541.00 4518.00 4541.00
Water Residence Time min 0.00 4 58 4 58 4 53
Water Velocity mi's 0.000 0.020 0.020 0.020
il Removal d100 micron 0.00 495.00 495.00 495.00
Water Reynolds Number - 0.00 22087.00 22123.00 22123.00
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Table C.4 (continued): Test separator MySEP evaluation

GAS-LIQUID SECTION

Units

| Design_Case 1 I Case_C

Max

Inlet Device

Removal d100 [Predicted] micron 0.0 0.0 0.0

Mist Sep. Effic. [Predicted] ) 0.00 0 0.00 0.00

Carryover Rate me/hr 0.014 0. 0.017 0.017
Section Efficiency e O O O 9999 0o,

Gravity Separation Section

Design Liquid Level [rmm] 2050
Gas-Liquid Separation Length [rmm] 3541
Vapour Space Height [rnm] 950
Vessel K-Value m's 0.038 0. 0.033 0.038
Removal d100 [Predicted] micron 53.000 50 50.000 53.000
Sep. Efficiency [Predicted] e 9097 o 99.93 995938
Carryover Rate mefhr 0.000 Q. 0.000 0.000
Section Efficiency £ 59.97 S 99.98 99 58

Demisting Device # 1

Type Wane Pack
Deck Orientation Wertical
Max Allowable K-Value [mis] 0.214
Vane Pack Area [m°] 0.542
Bottom Elevation [mm] 2308
Assembly Length [rmm] 1080
Vane Spacing [mm] 20
Bend Angle [*] 50
K-Value m's 0.135 0.115 0.118 0.135
Gas Velocity m's 0.582 1.257 1.259 1.2559
Gas pu= kgénr 15.00 12.00 12.00 15.00
Removal d100 [Predicted] micron 74.00 56.00 55.00 74.00
Sep. Efficiency [Predicted] %Yo 25 985 40 28 40 43 40 43
Carryover Rate me/hr 0.000 0.000 0.000 0.000
Device Efficiency Ve 25.96 40,28 40,43 40,43
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APPENDIX D: LINE SIZING VALIDATION

Table D.1: Line sizing validation analysis results

PROJECT NO. HI39510
PROCESS CALCULATION SHEET FACIITY FPSONAGOMA
CAL-PR-004 : TWO-PHASE LINE SIZING
CALCULATION NO. CAL-PRD4
Software Technical Sheet: ES43985-PEPRPRPF999004 Rev.V2 Issue Date:  21-Nov-16
PROCESS DATA
REV. LINE SPECIFICATION o SASHRPOR SPERRTING GATR LINE DATA CALCULATION CRITERIA
PIPE | ACTUAL OPERATING CORROSION ACTUAL
1\
s | % | e | e | i | ACTAL |STUOID) AL | PN e e | | | S ones olne | ML | AT | crcron S0
CLASS |FLOWRATE E INJECTION? FLOWRATE
inch - 2 = bpd kg MNiscid kgn® | _kg/kmal barg C g 3 2 5 mm mm mh kg/n® mis 2 s
CASEASC| 24 PM MG11018 | BD3A | 1266400 | 6141 7202 175 213 19.79 497 Confinuous |__No 20 Duplex 5309 0.03 52046 1459 527 300 2484
CASEB 2% PM ME11018 | BD3A | 1356000 | 8255 81.70 178 216 19.86 4975 Continuous | No 20 Duplex 5309 0.03 58%.5 1421 591 300 2517
CASED&F| 24 PM MG11018 | BD3A | 1260600 | 6230 70.00 176 207 1944 3559 Confinuous |__No 20 Duplex 5309 0.03 49432 1536 501 300 2420
CASEE % PM M611018 | BD3A | 1354700 | 633 79.76 176 210 1921 3574 Confinuous | No 20 Duplex 5309 0.03 56382 1476 571 300 2469
CASEARC| %4 PL T621001 | BD3A | 1266400 | 8141 7202 175 213 19.79 497 Confinuous | No 20 Duplex 5309 0.03 52046 1459 527 300 2434
CASEB 24 PL T621001 | BD3A | 1356000 | 8255 B1.70 178 216 19.86 49705 Continuous |__No 20 Duplex 5309 0.03 5835 142.1 591 300 2517
CASED&F| 24 PL T621001 | BD3A | 1260600 | 6230 70.00 76 207 19.44 3559 Continuous | No 20 Duplex 5309 0.03 $9432 1536 501 300 2420
CASEE 24 PL T621001 | BD3A | 1354700 | 8343 79.76 176 210 19.21 35.74 Confinuous | No 20 Duplex 5309 003 55382 1476 571 300 2469
TEST SEP INLET E 2 2 Z z 2 2 = z
CASEASD| 16 PM M611020 | BD3A | 342000 | 8179 16.04 188 198 193 479 Confinuous | No 10 Duplex 3937 003 1,069.1 2010 244 300 21.16
CASEBSE| 16 M M611020 | BD3A | 211200 | 6240 859 182 180 195 7345 | Continuous | No 10 Duplex 3937 0.03 5640 2181 129 300 2031
CASEC&F| 16 PM M611020 | BD3A | 336900 | 8330 1761 75 208 7 45% Continuous | No 10 Duplex 3637 0.03 26704 806 5.09 300 341
TCASEASD| 16 PL M611020 | BD3A | 42200 | 6179 16.04 188 198 193 479 Continuous | No 10 Duplex 3937 003 T,069.1 2010 244 300 2116
CASE BSE 16 PL M611020 | BD3A | 21,1200 | 8240 859 182 180 195 7345 | Continuous | __ No 10 Duplex 3937 003 564.0 2181 129 300 2031
CASEC&F| 16 PL M611020 | BD3A | 336900 | 8830 1761 75 208 7 45% Continuous | No 10 Duplex 3937 0.03 26704 806 5.09 300 B4l
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Table D.1 (continued): Line sizing validation analysis results

REWV. LINE SPECIFICATION PROCESS DATA LNEDATE CALCULETION CRITERIE
PIPE ACTUAL
MOMINAL | SERWICE ACTUAL INLET MLET MoL sFE PP INTERMAL MASS REYNOLDS ACTUAL | ACTUAL
NUMEER TERIAL | VDLUME FLOWRATE VISCOSTY Tactor WOLUM FRICTION FACTOR CALCULATION OCITY | VELOCTY
DIAMETER “?:mss DENSTY PRESSURE| TEMP. weerT | © ‘SCHEDULE | MATERIAL | DHAMETER FLME.E FLOWRATE |  NUMBSER VELOCITY | 4Puo UE,“_M-,- LT
ich - - - - iis [T = Eamg T - - - mm mm P [ - i £ =3 [+ s Gari00m
TEST 12 [z 1138 BO3A 53 W 182 [eT3]E] 150 38 1983 300 il Dupex EIEK] 005 BE12 TE, 0023 1EE3 53 | OOigeed Ei5S EEE} EE V] 0004 F0.40 5031
GAS - - - - - - - - - - - - - - -
[CASE Al - - - - - - - - - - - - - - -
BCV INLET 70 =] Tris058 B03A 753 Wi LT [e3]E] LN EX:] K] 00 05 Dupeex | 9846 DOi3087 (] B757 i EX F0.40 ]
PCV OUTLE] 10 BH TTE2Z53 ALSE 6.2 MiEChT 15 0010 10 45 1533 165 A0 5] 254.5 0014150 E.d55 5,406 B.40T BT 12258 5000
TEST 1z FG TI11133 BD3A £ WiEC 167 i) BT 2 1808 20 Dupiex 3111 (] B30 B036 a061 152 EEAS EEN]
[CASE B - - - - B - — = - - -
FCV INLET 10 ) TTiz053 BD3A £ WhEC 167 BT ] 15108 300 05 Dupex | 2646 [In i Fd ] B08% R 211 [iTiF] EE45 EEN
PCV OUTLE] 10 BH TTE2Z53 ALSE a6 MG 15 i 10 1933 165 40 cs 254.5 0014511 E.358 5295 A.301 2555 0034 12258 5000
iNote 24 - - - - - - - - - - -
TEST iF FG 1133 BO3A T7E WRECH L] (el 150 E00 138 300 20 Dupiex EEK] [I[FETE] BG5S BEE0 SE 406 TO0E. TIE 518
[CASECY - - - - - - - - - - -
FCV INLET 10 EC Triz05 BD3A 176 WiEC L] 001z (EL] E00 =135 300 05 D% 2545 0013010 EETS Bred BT6T 551 (K] TIE
BV 0 BH | | ACSE LA MheGld | 15 | oo | 10 45 L= -] 40 -t rikd | =955 | 12258
Thicts 3 - - - - - - - - - - -
TEST iF FG LEERRES] BOA 62 e 62 Tait 67 8 REEE] 300 =0 Dupiex EiEN] 0077501 [ a798 ) 3= [iiar) FO.40 S0
GAS OUTLET - - - - - - - - - -
[CASED) - - - - - - - - - - -
FCV INLET i1} e T8 BOGA 62 WRECT 52 [=3j) 167 [ EEE] 300 05 D% AL [iMajkiv o B ] XL [X (i3] 70,40
B 0 BH | ALEE & MiEchd | iE:] [sLi ] 10 L] 155 A0 [ 354F 3 Ed55 A0E 407 4ESD oiiE =]
o 21 - - - - - - - - - -
T ERT T B Triiias BEEE HE TESd 172 =155 TET ] TEHE 00 ) Duplex T ] E77S 2oy HEEE == i
GAS OUTLET - - - - - - - - - - -
[CASEE] - - - - - - - - - - -
POV i} BE Tris053 BO3A 13 Wi 172 [=C3}] L% =3 5108 300 05 Dupex | 9645 0013683 E705 5536 T i [iuar] i ST
BV 10 BH TIE2Z53 ALGE a6 MiEch 15 0010 10 I iEEE] 165 A0 [+ 2545 0014511 B.355 5295 B.301 5 O03d 12256 5000
ot 21 - - - - - - - - - - -
—_TEST 1 B T13E B0 177 WREST ik | o1} [ R} AT 300 i} Cupiex A [\l i ] BT =15 538 [olvj ] 11238
GAS OUTLET - - - - - - - - - -
GASE F) - - - - - - - - - -
'l'-&ﬂ'ﬂ_El 10 EE Tristeg | BOaA 17T TRECH | [sLuj} [ L] psk: ] =00 05 Gupex | %546 E i H7Ed 1558 (i) E]
PCV OUTLEY 10 BH TIECZ53 ALGE 7.7 MiECt 15 0010 10 45 1983 165 40 5] 2545 00113 BATZ BT A48 ] 0180 12256 5000
=] - - - - - - - - - - -
HE 16 EG TT1i00 BD3A 16 Wit 166 00tz BT FEE 2138 300 0 Dupiex. 3T 001773 (=] [ 276 ] LT TaEE k]
ey - - - - - - - - - - -
CASE &) - - B - - - - B - -
—FEN'N.EI L] BE oo [ E0EA i WRECH | (=11 a3 1ET 405 138 300 0 Dupex | 3937 ooy [ o G5 53] 049 s =iy EL- ]
PCV OUTLET 14 BH TTES030 ALSE 1 MiECH 15 0010 10 45 1933 165 30 5] 3565 0013118 E758 B731 AT31 T [ 12258
() - E - - - - - B B = =
HE 16 FG TI1I0 BD3A B0 WiEC 166 [TijE] BT 454 2135 300 0 Dupiex. 3T OO1i751 55 9234 R 1159 G033 Fa54 k]
GAS OUTLET - - - - - - - - - - -
[CASE ] - - - - - - - - - -
FCV INLET 16 EG TTTI00 BD3A 0 WiiEC 166 [PTijE] BT FETS 2135 300 0 Dupex | 3337 DOTi7s1 ] ¥ ] 1159 0033 T35 k]
BCV OUTLEY iy BH TiE2030 ALSE D0 NivECin 15 0010 10 45 19.83 165 30 [ 356.5 0013101 B.761 5736 ATaT 73558 0587 2256 50,00
(o= 3) - - - - - - - - - - - - - - -
55 i3 e Trii001 BO3A o1 WECT Tai0 67 FERS 138 300 0 Dupex. =N e} ERETE] 51,0670 T365 k]
EAS OUTLET - - - - - - - -
“loAsET] B Z B B B B - B
POV INLET i ] Trii00 BO3A e [ Oain 167 FEXS 138 300 0 Dupex | 3337 003 ERETE] 51,0670 Ta6s forkec]
BCV OUTLET 14 G TVE2030 ALIE MiECT] 166 0010 1.0 48 19.83 165 30 [ 365 D.OS 455 TEATAZ 050 R
(Moi= 3) - - - - - - - -
5] & [z Trii0a1 BO3A HE Wi 69 Taiz iET EET Y 074 300 0 Dupex E=ENd (e} 43457 B T8 )
GAS OUTLET - - - - - - - -
—(EAsED) - : - - - - - -
PV INLET i3 =) 1001 BO3A 5 WhEc L] aiz 16 354 k] 500 i) Dupex | 5337 (5} 7 TiEe T ] ]
PCV OUTLE] 14 BH TTES030 ALSE A5 MhEChT 15 0010 10 45 EEE] 165 30 [+ 365 005 36,1329 BE,6518 12256 5000
HE 16 =] 711001 BO3A 765 MECTD 170 [T[F 187 355 2086 300 0 Dupiex 33T 003 N ] 30,0143 TZT6 5175
GAS CUTLET - - - - - - - -
[CASE 1 - - - - - - - -
BCV INLET T& [z Tri001 BO3A ) WECT 170 (i1} 16 E=E S08E 300 i) Dupex | 3837 [TE} AT0E A BO,0148 T35 5178
PCV OUTLE] 14 BH TTES030 ALSE 6.5 MiECh] 15 0010 10 48 1933 165 30 [ FEE 005 42,2173 75,9911 1215 5000
[=Fd] - - - - - - - -
HE i FG TII00 BO3A 3 WRECH L] (el BT E=T FikE] 300 i) Dupiex. 33T 005 ATES 1,517 TIE 518
[ I I - - - - - - - -
TCASE F1 - - - - - - - -
FCV INLET 16 EG TITI00 BD3A 53 Wi 69 [T BT 354 2073 300 0 D% T [TvE} ﬁ T1ET TIEE 518
BTV 4 BH | | ALSE [ 553 | WNecd | 15 | [ 10 | 48 | 1983 | i85 30 [ 365 s | | eEdsdT | ] s.00 |
THote 7 - - - - - - - - - - - - - - -
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Table D.1 (continued): Line sizing validation analysis results

REV. LINE SPECIFICATION FROCESS DATA ONE DATA CELCOLATION CRITERIA
PIPE ACTUAL EROSIONAL | NOISE
NOMINAL | SERVICE ACTUAL INLET INLET MOL FIFE PIFE | INTERNAL 55 REYNCLDS ACTUAL | ACTUAL
DAMETER | cope | MUMEER | MATERIAL | VOLUMEFLOWRATE | peyerry |VRCOSTY |nprcoime| Tewp. | wedT | ©™ |scHEDULE| MATERIAL | DIAMETER VOLUME | o) oWWRATE | NUMBER FRICTION FACTOR CALCULATICH VELOCTY | ipyy | VEHOGITY | VELCCITY
CLASS FLOWRATE LT L
neh - - - - Unis [l o tan “C Kgkmal - - - mm mm [ ¥ T A 3 = e Bar1oom ms M

P SEFARATOR - - - - - - - - - - - - - -
P sep iH PG TII004 | ADGA BT WAMGCT EX [I0jH BE BE ] 00 i[5 Dugkx AT .03 TERT 14,1833 | 1300440 | 0013068 | BGIT B7a1 ERC:) TE [ 0156 FO00
FCW et B PG TT004 | ADSA BT WMSCT] EXi 1oz [ FH ] 00 (5 Dugkx FHi (] 15T 4,085 | @713z | 001414 | 70 B513 BETS 268 U046 0156 FO.00
FCV Oullet B BL T7I1004 | AD3A 87 MMsCT] 23 [INiF 1.0 B4E 3361 200 105 Dugkex 21156 ] 5255 142620 | 2017347 | 0013462 | 8708 B.617 3618 4375 0181 137.81 £0.00
P iz PG TTI1004_| AD3A B8 WMSCT 36 [ITH BB B R 00 05 Dugkex a7 .03 18570 143167 | 134056 | OO130E0 | 8515 5744 ERE] 3 1006 10206 F0.00
PCV Iniat E PG TTI1004 | AD3A B8 MMsCT 36 00z 56 BEE R 200 105 Dugkex 2116 0.03 16570 143167 | 1994300 | 0013460 | 8706 [GH BEIT 1309 0047 10206 £0.00
FCV Oufiet B BL TA1004 | AD3A 88 WMsCTD 23 101z 1.0 BE EEL] 200 105 Dugkex 2115 (] 54057 147331 | 205230 | 001452 | &710 B.620 8622 501 0187 13781 £0.00
P 5ep 12 ] T711004_ | AD3A 67 MMSCT 86 [IoF 66 B87 285 200 108 Dupkex 347 .03 12728 W36 | 1026806 | 0013343 | 8853 B.648 BESE 458 0004 10230 £0.00
FCV Iniet B FG TA1004 | AD3A 67 WMsCTD 36 101z 56 B8.7 3285 200 105 Dugkex 2115 (] 1.77438 103636 | 1527236 | 0013643 | 8671 BS54 8562 1007 1026 10230 £0.00
FCV Ouliet B BL TI1004_ | AD3A 67 WMECTD 23 [ 1.0 B4E L] 00 05 DUgkx 2115 () 4ET7 112173 | 1562510 | 001%% | 8604 B.564 e ] 0110 19781 FO.00
P sep 1z PG TII00d | ADGA 101 WAMSCT 58 [InjH BE BE SR 00 i[5 Dugkx AT 003 18122 TEAZTE | 1576160 | 0012911 | 8553 575 BEAT 35 [ [KE] ]
FCV it B PG TT1004_| AD3A 101 WMSCT 38 [IiF BE B SR 00 i[5 Dugkx 716 .03 19122 TES0TE_| 23406l | 0013380 | A724 B.54d BELE 1511 [ [KE] FO.00
PCV Oullet E BL T7I1004_| AD3A 101 WMSCT 23 10z 0 BAE HE 00 05 Dugkex 216 0.03 THAT 68320 | 2353183 | 0013318 | 872 B.544 BESE I [F3 19781 E0.00
P iz PG TT1004_| AD3A 02 WMSCT 38 [InH BE B EERT] 00 i[5 Dugkx a7 .03 15220 60387 | 1546504 | 0012006 | Bosd B.797 BE03 3 [ [KE] FO.00
PCV Iniet E PG TTIi004 | AD3A 02 WMMSCT 38 [ITiFy BE BEE 324 200 05 Dugkex 216 0.03 1,5220 169387 | 2350560 | DOISATT | 872 B.645 BESE 1521 0054 [KE} E0.00
FCV Oufiet B BL TA1004 | AD3A 102 WMsCTD 23 101z 1.0 BE 3361 200 105 Dugkex 2115 (] 74456 170273 | 2385884 | 0013311 | 872% B.647 8646 5563 1252 13781 £0.00
P 12 PG TI1004 | AD3A 79 MMsCTl 88 [INiF 66 B8.E 352 200 105 Dugex 3147 [TE] 1483.0 13,1808 | 1235550 | 0013141 | 8900 B.716 8724 535 0005 10113 £0.00
FCV Init E PG TT1004_| AD3A 74 MMscld 38 001z BE BSE EEI 200 05 Dugkex i 0.03 14590 13,1809 | 1837498 | 001518 | 6% B.55 BE0T [ 0039 0113 £0.00
POV Ouliet B BL TT1004_| AD3A 79 WMSCT 23 [IoH 0 BE e 00 5 Dugkx i .03 BET 253 | 182438 | O0IsIT | 8ear .55 EE [T 1152 9781 FO00

TAZEF - - - - - - - - - - - - - - -

L5 GEPARATOR B - B - - B - - - - B -
[E] iz PG TTI007 | AD3A B2 WAMSCT FI 0010 [ 24 S 200 05 Dugkex a7 0.03 BI85 2 E5A94 | 2132067 | ODIZET6 | G006 B.879 BER2 B 0030 17556 E0.00
_FTVS'?EI E Fiz THI007 | ADA T. FE] 1010 [E] K 55 0 Dugkx I8 003 [FEN 1E.565.4 IT7T05E | 0013243 | gaal (X 50 5030 0231 17556 £0.00
FCV Ouliet 16 BL T | ADGA B2 TAMECT] 23 [IiiF 70 BE EEL] 00 05 DUgkx 3364 () 55630 13,7286 | 1O1SG1E | 0013050 | 884 B.742 ERE) 1341 [ 19781 E]
e T e T | ADGA T FE] L] L] 7K T | @0 | s Tiugex 34T 5] B0 5650 ZOATIS0 | OOl | o EAT3 BB ZET LLEf) TTEdT E)
POV it B PG TAI007_| AD3A 82 TAMECT] 29 1010 [E] B23 54 00 [ DUokEx HiE ] BA01 TE5630 | 3,103,992 | 0013 | 8750 BL.BER BEAT 059 [FEH 7617 ]
FCV Ouliet 16 BL TI1007_| AD3A 82 WMSCTD 23 [INiF 1.0 B4E EE] 00 05 Dugkex 364 ] 55630 137286 | 1019518 | 0013050 | 8964 B.742 8754 1341 [T 137.81 £0.00
1P sep [ PG TT007 | AD3A 59 WMSCT 28 1010 ] 708 [EEE]] 00 5 Dugkx a7 .03 [ 27846 | 1436068 | 0012088 | 853 B767 EREE] 631 [ 17028 FO00
FCV Iniet E PG TTI007 | AD3A 59 WMSCT 28 0010 [ 708 FEEC] 00 05 Dugkex 716 .03 35650 12746 | 2137060 | D014 | 8714 B.528 3528 BT [RI3 17928 F0.00
PCV Ouflet 16 BL TTIi007 | AD3A 59 MMsCT 23 [IhH 0 BAE EEI] 200 105 Dugkex 3EA 0.03 a7 SETTS 733628 | 0013507 | 8B59 B.589 8605 9Es 0004 13781 £0.00
[E] 12 PG TT1007 | AD3A 86 MMSCH 29 0010 09 B2.1 4581 200 108 Dupkex 347 .03 67671 155247 | 2205815 | 0012653 | G011 B.887 8890 2417 0034 7617 £0.00
'Fﬂ?le'l E FiZ TH " ADIA 1 Fi] ] [E] B2l 55 105 Cugkx s (] B.767.1 65207 04T | 0013230 | a0 A 5 E ] 7617 £0.00
FCV Ouliet 16 BL TAI07 | AD3A 86 WAMSCT] 23 1010 10 BE EEL] 00 05 Dugkx 364 () 52601 143883 | 1283227 | O0iZrie | a0 B837 BELT 1406 [ 13781 ]

CASED - - - - - - - - - - - - - - -
[ Feep 1 P& THI007 | ADGA EL FL] o] k] 5] FLk] 0| s Dupkx Eil i) B0 5 55035 TASA0E | OOI%EEs | anil E87 TER "5 [iliE") 17617 ]
FCV it B PG TII007 | ADSA BE WAMGCT FI 1010 ] B2 ET6 00 i[5 Dugkx Tk .03 708 o533 | 3276560 | 0013230 | BT [ ) =] 1250 TTE1T FO00
FCV Oullet e BL TTI007 | AD3A BE WAMSCT 23 1010 0 BE HE 00 i[5 Dugkx A .03 B 2601 A58 | 1283207 | OO1Z77E | a0se B.837 BEAT 3 [ 19781 FO.00
1P sep [ PG TT007 | AD3A 52 WMSCT F 1010 ] T0E & 00 5 Dugkx a7 .03 TET20 135480 | 1500F0d | 001242 | BOE B.785 EREL] 660 [ 61T FO00
FCV Iniet E PG TTI007 | AD3A 52 WMSCT 29 0010 [ TOE & 00 05 Dugkex 716 .03 1E720 35485 | 224F35 | 0013366 | 8721 B.53 B 351 1% 61T F0.00
PCV Ouflet 16 BL TTIi007 | AD3A 62 MMsCT 23 [IhH 0 BAE EEI] 200 105 Dugkex 3EA 0.03 [YER] 10,3802 TI0031 | 0013433 | 8EE7 B513 8628 014 0004 13781 £0.00

FACFF - - - - - - - - - - - - - - -
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Table D.1 (continued): Line sizing validation analysis results
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APPENDIX E: OIL TRAIN PROCESS FLOW DIAGRAM
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Figure E.1: Oil process train flow diagram
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APPENDIX F: SELECTED EQUIPMENT DATASHEET

Table F.1: HP separator datasheet

Operating Conditions

Case - 1 2
Pressure bar(g) 19 19
Temperature °eC 62 63
kg/h 112875 86740

Gas flowrate

(a)ym3/h 7099 5525
Gas density @P,T kg/m? 15.9 15.7
Gas viscosity @P,T cP 0.013 0.013
Gas compressibilty - 0.9550 0.9557
Oil flowrate (a)m?/h 710.2 175
Qil density @P, T kg/m? 859.7 839.8
Qil viscosity @P,T cP 24 24
Qil surface tension dyne/cm 22 20
Total water flowrate (a)ym3/h 171.5 687
Water density @P,T kg/m? 1092 1078
Water viscosity @P, T cP 0.9 0.6
Water surface tension dyne/cm 74 70
Foaming tendency - Yes
Waxing tendency - Yes

Table F.2: IP separator datasheet

Operating Conditions

Case -
Pressure bar(g) 7 7
Temperature °C 90 89
kg/h 13663 10107

Gas flowrate R

(a)ym”/h 1366.3 1217.7
Gas density @P,T kg/m? 10.0 8.3
Gas viscosity @P,T cP 0.012 0.013
Gas compressibilty - 0.9510 0.9686
Oil flowrate (a)m3/h 729.3 722.4
Qil density @P,T kg/m? 822.1 819.5
Qil viscosity @P,T cP 6.3 7.1
Oil surface tension dyne/cm 19 19
Total water flowrate (a)m®/h 2 82
Water density @P,T kg/m? 1061 1064
Water viscosity @P,T cP 0.4 0.4
Water surface tension dyne/cm 64 64
Foaming tendency - Yes
Waxing tendency - Yes
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Table F.3:

LP separator datasheet

Operating Conditions

Case - 1 2
Pressure bar(g) 1
Temperature eC 82 85
Gas flowrate ka/h 15262 11091

(a)ym3/h 4923 3824.5
Gas density @P,T kg/m? 3.1 2.9
Gas viscosity @P,T cP 0.010 0.010
Gas compressibilty - 0.9793 0.9819
Oil flowrate (a)m?/h 702.3 701
Oil density @P,T kg/m? 834.7 828.9
Oil viscosity @P,T cP 7.4 6.9
Qil surface tension dyne/cm 21.3 20.7
Total water flowrate (a)m?3/h 69 106
Water density @P,T kg/m? 1065.2 1065.2
Water viscosity @P,T cP 0.4 0.4
Water surface tension dyne/cm 66 66
Foaming tendency - Yes
Waxing tendency - Yes

Table F.4: Electrostatic treater datasheet

Operating Conditions
Case - 1 z
Pressure bar{qg) 4
Temperature °c 83 85
Gas flowrate kg,-ftw i i

(a)m~/h - -
Gas density @P,T kg/m* - -
Gas viscosity @P,T cP - -
Gas compressibilty - - -
il flowrate (a)m’/h 702 701
Qil density @P,T kg/m* 834.8 828.9
il viscosity @P, T cP 6.5 7.0
Qil surface tension dynefcm 21 21
Total water flowrate (aym?/h 70 83
Water density @P,T Iﬂ:gf"r'nJ 1065 1065
Water viscosity @P, T cP 0.4 0.4
Water surface tension dyne/cm 65 66
Foaming tendency - No'
Waxing tendency - Yes

147



Table F.5: Test separator datasheet

Operating Conditions

Case - 1 2z 3 g
Pressure bar(g) 19 19 3 3
Temperature °C 62 63 58 &0
ka/h 30241 16920 33239 17615

Gas flowrate 3

(a)m/h 1902 1078 Q776 ELOS
Gas density @P, T kg,J'm'j 15.9 15.7 3.4 3.2
Gas viscosity @P,T cP 0.013 0.013 0.012 0.012
Gas compressibilty - 0.9551 0.9559 0.9882 0.9897
oil flowrate {aym/h 173 17 172 17
Qil density @P, T kg,."m'j 859.7 g39.8 877.1 856.9
il viscosity @P, T cp 24 24 24 24
Oil surface tension dyne/fcm 22 20 25 23
Total water flowrate {a)mi/h - 155 - 154
Water density @P, T kg,fm'" - 1078 - 1080
Water viscosity @P,T cp - 0.6 - 0.6
Water surface tension dyne/fcm - 70 - 70

Foaming tendency
Waxing tendency

Yes
Yes
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Table F.6:

Fluid

Mass flow rate ka/'h
Fluid Condensed/Vapourized kag/h
Inlet temperature °C
Outlet temperature (vapor/liquid) °C
Operating pressure (In/Cut) bara
Pressure drop (Perm/Calculate) kPa
Velocity Connection (In/Out) m/s
Heat Exchanged kKW
Heat transfer area m?2
O HT.C service WIHm=*K)
O H.T.C clean WIm2*K)
Duty Margin %
MTD K

Relative directions of fluids
Mo. of plates

Mo. of effective plates
MNumber of passes
Extension capacity

FPlate maternal/ Thickness
Sealing matenal
Connection matenal
Connection standard
MNozzle orientation

Fluid

Density

Specific heat capacity
Thermal conductivity
Wiscosity inlet
Yiscosity outlet

Mass flow rate
Inlet temperature
Outlet temperature
Pressure drop

Heat Exchanged
L.MT.D.

100 plates crude oil heater datasheet

Heating medium
128089

0.000

130.0

89.7

!

13.3
0.775/0.751

BO77
147.0
1276
1604
257
32.4

Countercurrent
100

g

1

28

TI/0.85 mm
HNER GLUED
Titanium

10"

S1-=52

Table F.7: 128 plates crude oil heater datasheet

ka/m?
kKJ/I(kg™K)
WWAIMTKD)
cP

cP

ka/h
“C
“C
kPa

kW
K

Hot side
Heating Medium
O44 4

424

0.688

0214

0.265

250000
130.0
106.0
28.8

7080 (Please check)

326

Crude
336228
2442
B63.6

90.0
10.3/8.13
1222
3.73/564

HMEBR GLUED
Titanium

10"

54 =- 53

Cold side
Crude OQil 2

359 (average)
Pro Forma
0.072 (average)
4 .30

1.23

240300
54 .4
105.0
112

Due to the higher heat load and the higher crude outlet temperature the plate pack must be

extended from 100 plates to 128 plates. (full capacity for current frame size)

Also the capacity of Heating Medium is increased from 128.000 to 250000 kag/h.

Relative directions of fluids

Mumber of plates
Mumber of passes
Extension capacity

Plate material / thickness

Countercurrent
128

1

(8]

TI /7 0.85 mm
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Table F.8: 1st stage injection gas compressor datasheet

e IETEN] Ap LI -

DENO.  VCETOMS; HEZE242483 [TEMND.  ATTUD ATTI20 ATTI40
SI EM ENS PURCHASE ORDER NO. 01.30510.0018 /0018
Siemens Nederland N.V. INGUIRY NO.
CENTRIFUGAL AND AXIAL COMPRESSOR REVISION NO. i DATE  20-02-2014
DATA SHEET (AP1 617-7TH Chapter 2) PAGE fa  OF 7B GPRM
SIUNITS (1-1.6.5)

i|aPPLICABLE TO: | ) PROPOSAL ® Purchase As built

2|FoR SBM Offchore/EN UNIT KTTI1,2,3 K-TT121 23 K-TT141,23

3|3mE Wgoma FRS0 SERIAL NO. VCSTOR /VCETD / VCATI0 NCETSANCETETVCETSS

4|3ERVICE Associated gas NO. REQUIRED 3 off 50% trains

5|MANUFACTURER Siemens Nederand N.V. DRIVERTYPE (1-3.1.1) GT (S6T400)

B|MODEL STC-GV (06-5-8) / [0B--A) DRIVER [TEM NO KT-T71 10020040

7

8|INFORMATION TO BE COMPLETED: O BY PURCHASER O By MANUFACTURER £\ MUTUAL AGREEMENT (PRIOR TO PURCHASE)

D OPERATING CONDITIONS

10 [ALL DATA ON PER UNIT BASIS)

11| SPECIFIED OPERATING CASE Max 1 Max 2
11a|  CASING TYPE Bamel Bame! Barre Barrel
116  SECTION 15t stage Ind stage Jrd stage 15t stage Ind stage 3rd stage
12|/ © A% HANDLED (ALSO SEE PAGE

13| £\ GAS PROPERTIES (1-2.1.14)

14| @ Standard flow (1.01325 BAR & 15.6°C WET) Emh@156C) | 67723 87625 56852 B7ETT 67634 5EETS
14| @ WEIGHT FLOW, (WET) g 56387 58231 50518 81355 61199 52055
15| BYPASS FLOW, (WET) [ i] 0 D 0 il 0
16| INLET CONDITIONS

17| @ PRESSURE lbarg] (note &) 1780 54,70 14220 780 54,34 141,26
13| @ TEMPERATURE FC] 433 445 473 435 445 478
12| @ RELATIVE HUMIDITY {NOTE 8 [%] 100.0 1000 0.0 1000 1000 00
20| @ MOLECULAR WEIGHT I 2032 0,3 20,33 2138 2138 213
|l cpce (K1) {NOTE17) H 1207 1.441 1838 1300 1445 1854
20| [l COMPRESSIRILITY (Z1) (NOTE 1.7) H 0,258 0877 0,787 0,055 DATR 0780
73| I INLET VOLUME, (WET) ] 3340 {182 3680 3044 1197 W7
24| DISCHARGE CONDITIONS
25| @ PRESSURE [barg] (notz 6] 56,04 144,40 203,01 55,88 143,45 203,00
26| M TemPERATURE re] 44 141 130 144 141 1204
el ) (NOTE17) H 1271 1,301 1,556 1273 1,304
2a| ] comPRESSIBILITY (22 (NOTE 1.7) H 0,282 0,851 1,03 0,081 0,346 1030
20| M GAS kW REQUIRED (W] a4 3387 2551 63 3381 2554
30| I TRAIN BRAKE kW REQUIRED [KW] 8223 213 5323 215
31| BRAKE kW REQUIRED AT DRIVER INCL 26 % GEARLOSSES (W] o7 o788
32|l srEED [rem] 13740 1432
33| I TURNDOWN [] Siee performance curves
34| Il POLYTROPIC HEAD [kJikg] 158.8 1204 053 1502 1228 D18
35| I POLYTROPIC EFFICIENCY [%] 743 B15 530 730 B8 520
33| @ CERTIFIED POINT YES YES YES NO NGO NO
37|© EXPECTED OPERATION AT EACH CONDITION (%)
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Table F.9: 2" stage injection gas compressor datasheet

e

PRI
N S w8 s R v o o e xR w e oy pogs gy

SIEME

Siemens Nederland N.V.

v s g e u

JOBNDT T 'WCATORS; HEZ82474808 TTEMND. -~ ATr110;A-TT120; A-TT140
PURCHASE ORDER NO. 01.30510.0018/0018

INQUIRY NO
CENTRIFUGAL AND AXIAL COMPRESSOR REVISION NO. 05 DATE  20-02-2014
DATA SHEET (API1617-TTH Chapter 2) PAGE b OF 7 BY  GPRM
SIUNITS (1-1.6.5)

1|APPLICABLETO: [ )  PROPOSAL @ Purchase As built

2|FOR SBM Ofichore/ENI UNIT K-T7111,2.3: K-T7121, 2.3 K-T7141.2.3

3(sITE N'goma FPS0 SERIALNO. VCE708 | VCET00 ) VCATI0 NCETS6NCETETVCETER
4{SERVICE Associated gas NO. REQUIRED 3 off 50% trains

5| MANUFACTURER Siemens Nederland NV DRIVER TYPE (1-3.1.1) GT (2GT400)

&(MODEL STC-2V (06-8-8) / (06-5-4) DRIVER ITEM NO. KT-T710/20/40

7

&(INFORMATION TO BE COMPLETED: () BYPURCHAZER [ BY MANUFACTURER /N MUTUAL AGREEMENT (PRICR TO PURCHASE)

] OPERATING CONDITIONS

i [ALL DATA ON PER UNIT BASIS)

SPECIFIED OPERATING CASE L MW Caset L MW Case?

11a] CASINGTYPE Barrel Barel Bamel Bamel
11|  SECTION 1st stage 2nd stage Jrd stage 1st stage 2nd stage Jrd stage
12| GAS HANDLED [ALSO SEE PAGE ]

i3 /\ GAS PROPERTIES (1-2.1.14)

14| @ Standard flow (1.01325 BAR & 15.8°C WET) [Em'h@158C] [ 58106 58205 40482 #3208 2310 54430
15| @ WEIGHT FLOW, (WET) [kgh] 43507 41546 30200 il 0228 43110
16  BYPASSFLOW, (WET) %] 0 0 0 1] 0 i
16  INLET CONDITIONS

i7| @ PRESSURE [barg] (note &) 17,30 5703 143 06 1780 8717 146,00
12| @ TEMPERATURE ') M7 440 478 340 440 478
12| @ RELATIVE HUMIDITY {NOTE &) [%] 1000 il il 1000 1000 00
20| @ MOLECULAR WEIGHT i 17,88 780 1768 1878 18,75 1878
21| cpiov (K1) (NOTE1.7) [ 1340 1448 1734 1318 1444 1788
2| [ COMPRESZIBILITY (71) (NOTE1.7) [ 0,986 0.916 0,862 0,050 050 0822
23|Il INLET VOLUME, (WET) [mh] 342 1028 73 3602 1082 17
24|  DISCHARGE CONDITIONS
25| @ PRESSURE [barg] {note &) 58,37 146,18 2300 58 51 148,20 203,00
26| I TEMPERATURE ') 154 153 152 143 134
|l cpity (K2) (NOTE1.7) [ 1298 1,387 1487 1,288 1,280 1538
22| [l COMPRESSIBILITY (72) (NOTE 1.7) [ 0,930 0,387 1.073 0,960 0,470 1053
20| I GAS kW REQUIRED kW) 2137 3037 2000 1303 3211 2368
30| I TRAIN BRAKE kW REQUIRED [KW) B261 2078 8508 432
31| I BRAKE kW REQUIRED AT DRIVER INCL 28 % GEARLOSSES [kW] B 0264
32|l speeD [rpm] 14304 14020
33|l TuRNDOWN [a] See performance curves
34|l POLYTROPIC HEAD [klfkg] 1018 153,1 1180 1770 15 1042
35| POLYTROPIC EFFICIENCY [%] 740 81,0 406 748 81,5 52,7
35| @ CERTIFIED POINT NO NO NO NOD NO ND
37|0 EXPECTED OFERATION AT EACH CONDITION (%)
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Table F.10: 3 stage injection gas compressor datasheet

T T e == 'i}t:ﬁ?om; HE2e2aA08 TENND T ;w-ﬁn-ti;:ﬁ.-r.-ua; ATTI40
SI EM ENS PURCHASE ORDER ND. 01.38510.0018 /0018
Siemens Nederland N.V. INGURY NO
CENTRIFUGAL AND AXIAL COMPRESSOR REVISION NO. 05 DATE  20-1-2014
DATA SHEET (AP1 617-TTH Chapter 2} PAGE e OF 7 BY  GPPM
SITUNITS (1-1.6.5)

1|APPLICABLE TO: () PROPOSAL @ Purchase A5 built

2|FoR SBM Offshore/EN UNIT K-T7111,.2,3 KTT121,2.3 K-T7141.23

3|3me N'goma FP30 SERIAL NO. VCS708 / VC5708 ) VCST10 NCETSANCETSTNCETSE
4|SERVICE Associated gas NO. REQUIRED 3 off 50% trains

5|MANUFACTURER Siemens Mederland NV DRIVER TYPE (1-3.1.1)  GT(3GT400)

&|MODEL STC-SV (06-8-B) / {06-8-4) DRIVER ITEM NQ. KT-T7110/20/40

7

2|INFORMATION TO BE COMPLETED: O BYPURCHASER [] 8YMANUFACTURER Z\ MUTUAL AGREEMENT (PRIOR TO PURCHASE)

] OPERATING CONDITIONS

0 [ALL DATA ON PER UNIT BASIS)

SPECIFIED OPERATING CASE 0 SRC1

i1a] CASINGTYPE Barrel Bamel Bamel Bamel
1]  SECTION 1st stage 2nd stage 3rd stapge 13t stage 2nd stage Jrd stage
12| GAS HANDLED {ALS0 SEE PAGE

13|/ GAS PROPERTIES (1-2.1.14)

14| @ Standard fiow (1.01325 BAR & 156°C WET) [EmYh@I5AC) | 55043 53801 35080 40204 42800 33578
i5| @ WEIGHT FLOW, (WET) Tkgh] 43887 42812 2786831 1267 4 48074 5 335008
16|  BYPASSFLOW, (WET) [%] 4 40 19 0 n g
18|  INLET CONDITIONS

i7| @ PRESSURE [barg] (note &) 1780 56,14 14282 i7.80 54 66 13001
12| @ TEMPERATURE [*cl 364 440 4780 40.30 44 80 4780
12| @ RELATIVE HUMIDITY {NOTE &) [%] 1000 100.0 00 1000 100.0 00
20| @ MOLECULAR WEIGHT i 1881 1881 1881 458 2363 2304
71| cpov kY {NOTE 1,7 H 1,320 1,441 1771 1.279 1400 2084
22|l COMPRESSIBILITY (71) {NOTE 1.7 H 0,880 0,508 0,638 0020 0818 0,706
73| I INLET VOLUME, [WET) [mh] 3085 246 20 2690 203 182
24|  DISCHARGE CONDITIONS
25| @ PRESSURE [barg] (nate &) 5748 14502 20300 55,00 142 11 203.00
26| I TEMPERATURE [*cl 146 147 148 127 123 1287
7| cpity (K2 {NOTE 1,7) H 1286 1,285 1405 1,273 1430 1604
22| [l COMPRESSBILITY (72) {NOTE 1,7 H 0,871 0,971 1,064 00z 0,502 0,008
20|l GAs kW REQURED kW] 2883 72 1783 2300 2056 1523
30| I TRAIN BRAKE kW REQUIRED KN 5736 1845 4867 1671
31| BRAKE kW REQUIRED AT DRIVER INCL 2,8 % GEARLOSSES [kW] 7778 8421
12|l speeD (e 13708 11545
13| Il TURNDOWN [%] See performance cunies
34| Il POLYTROPIC HEAD [kJikg] 1750 1412 10,1 1233 1008 782
35| I POLYTROPIC EFFICIENCY [%] 740 804 478 742 805 478
35| @ CERTIFIED POINT NO NE NO NO NGO NO
37| EXPECTED OFERATION AT EAGH CONDITION (%)
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Table F.11: Injection gas compressor gas generator datasheet

= L Fa

20

22
21
24
28
20
27
28
29
a0

¥
33
4
35

36

CONSTRUCTION FEATURES (Gas Generator)

B soccos  Gas Generator

MATERIALS OF CONSTRUCTION (4.10)
MAX. CONT. 14300 RPM TRIP 15000 RPM COMPRESSORROTORBLADES 174 PH& FV 448E
B LsreraL cricaL sPeeDs (DAMPED) COMPRESSOR STATOR VANES 17-4 PH & BS970 410DP
FIRST CRITICAL 4173 rem 1stBounce woDE |SHaFT BSOT0 620 M40 BLADENANE COATING Sermetal 5380 DP
SECOND CRITICAL 6072 rem  2nd Bounce MoDE TURBINE WHEELS OR
THIRD CRITICAL 18272 mem  1stBending wmoDE STAGE NOZZLES BLADES DIsCs
FOURTH CRITICAL RPM MODE INCO939 | CM186LC | INCOT18
[ FroTOTYRE OR MODIFIED ROTOR SUFPORT [47.35) 2 INCO939 | CM186LC | INCOT1B
O TRAIN LATERAL ANALYSIS REQUIRED (D1.3) 3
1|Q TRAIN TORSIONAL ANALYSIS REQUIRED (274.5) 4
[] TorsionaL crRmcAL sPEEDS:
FIRST CRITICAL RPM
SECOND CRITICAL RPM
THIRD CRITICAL RPM
FOURTH CRITICAL RPM  |COMBUSTORS Haynes 230
VIBRATION: (4.7.4.5) (7.2.30) COMPRESSORCASING  BS 2789 Grd2012
B AL owaBLE TESTLEVEL: SHAFT 41.0 MICRONS PP |COMBUSTOR CASING BS 2789 Grd20/12
CASE 9  mmisEC TURBINE CASING BS 2789 Grd2012
[l rotamion, vieweoFromorveene Dow [ cow GAUGE BOARDS AND CONTROL PANELS
1|AIR COMPRESSOR:
stages 11 wax TIP SPEED 427 mis GAUGE BOARDS
TYPE Axial raTio 16731 B oczmon None, all indication on VDU
CASING SPLIT (2.2.3) D AXIAL @ RADIAL CONTROL CONSOLES (5451.1) O owsko O oFF skiDLOCAL
ROTOR L] soLio B suLter @ oFF skiDREMOTE
TUREINE: weATHER PROTECTIONREQUIRED O ves @ no
STAGES 2 MAX. TIP SPEED 496 mis @ SPECIFICATION  JB 72 IP6E (on skid), UCP IP54 (control room)
CASING SPLmh @ AXIAL :] RADIAL O ANNUNCIATOR REQUIRED (5.44.85)
ROTOR [ soLo B suirer B visuaL ispLay unT (vou) W xeveosrn
COMBUSTORS: (4.3.2)
1|l siLe B wuLTRLE, NUMBER 6
W oo [ vaup [ ouac Fuet
MAX. ALLOW TEMP. VARIATION M = CONTROL SYSTEMS
APPLICABLE PLANE TYPE (54.15)
FUEL NOZZLES PER COMBUSTOR 1 Pilot + 1 Main Owmeci Oeneu O wvora O etectic O eLecTRONIC
@ woBBE INDEX NO. REQD (4.3.7) . MNMax 37 -49 Mmea ® NICROPROCESSOR BASED O coMBINED

-
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Table F.12: 1st and 2" stage flash gas compressors datasheet

DOG, WO, | STTTi0a
PROCESS DATA SHEET TAG MO, BT (TRAN A)
H-TTASASS (T RAN i)
ROTARY SCREW COMPRESSOR SHEET &3 cd 0T
aussTITY | 2 x voes
PROJUELT AREILA BLECK 15755 Wast Hub D Prcjoct PREFARET G ChiY Po
LOCATION Cefstezie Ango CHECHKED WLL WiLL WL
FECILITY I 203X IR OABA-FPS 0 APFRONED WILL oWE GAE
CLIENT Eni firgats 3o, DATE Hi-kar-11 18- Juk11 28-Hzrv-11
PROJEST NG, HIZEE10 REVISIOH [ A Az
REV. GEMERAL DATA URITS
1| Hamn Flazh Gas Comprassar (Tmin A & B)
] P&ID Ho. - DTV AH2FATS
3 Fui Hardled Hydmoarkon gas
&] Opmration (fntinugess: fin - Contlouous
5| Trpn Two 12 |slage varisbis specd dry screw compressan (Hov 1, 2)
&] oetenr - Elociioiolor o fed fope )
7| Liguid Enirainmen fyee | nal - P Mot 3)
B| Harardes Servion {yas # nal| - Yea
8] Comasive Service {yes- type of Gorrosive agent / nol - r——
10
11| CESIGN DATA
12 Cormpressor Sugs bag Aut EXmge Zed Stage
3| Design Preveirs barg [ ap ¥
18| Deasln Tampamabns (Priden.. | v ) T RETE -850 .
1ﬂ-| Setia-pul Preassorn ipersiage] [y 3.3 {Haold 1) B8 Hold 1)
18] Salte—oul Pressure [evera|  barg 5.7 [Hok 1)
17] Dasmign Margin % (Hcta 4)
18] Design Life yeurs 8
|
. Gas Case 1| . Mx. Gas Cace 2 Turndown Cats
Az 2 OPERATING DATA iMobe 5.8, T) {righ C02) |Hiats 55
[Mote 5, &, T}
21} Comprassos Slage - 15 Slage|  Fnd Stage istEtage|  2nd Stapel]  fetStage]  Znd Stage|
&2 | 22| vaper Fowats i Incatl)  Mscid 57| 125 53 105 0.3 [
a2 23| Vapor Wass Flow @] kg 16419 =27 12,61 i zol| 404 En4
m Flow HiMeedd el g 7. [4] B 7é7r
EMEITHJH'E
:!ﬂ Opmraicg Fressure I compeesser langa))  barg 045) BEL | a EET | 0
A2 27| Opsraieg Temperalum [0 cormproasor Aange) © 449] or | e | e | 448 443
a2 | an| sl vaume Fow ivapar)]  Amim &037] z.£27] 4,713 z1e] 263 124
82 | 28| Molecuar weight, [ 48.78| = | 47, EERT | ELEr | 22.80|
A2 sy Daraly pempar)]  mpimt 28] a4 27| L | 15 56|
A2 | 31| cpiicer {vpar)) - 1.108] 1.1 1111 1.048] 1204 1z238)
a2 32| Compressibiity Facior [vapary - CLETEN OLGTHT| o5EET 08535 0581
33
34| ASCHARGE CONDITIONS [Mata )
Az 5| Operating Pressurs {3 comgrexsns Nangw)| Earg 0| 165 E.0] i | &0 193
A2 | 36] Opersling Temgersiuwn [ compresser ange) = f23 He] 73 rea 28 eee] 2] iP5 seed ) 70 e
&2 | o7| Mass 0 rapory  bg'm? 1.2 5.5 0T EER | 524 1324
B2 30| ©p i [Cp-RY (vapar) - 1,087 7 [RITE .00 4 11209 14068 1,193 ¥
A2 | aofc itlity Facior eapan) - FrEE [Tk [T o 05608 7 [TTICE
r = Epw AbrE | £26% rﬁ%‘)‘ FEPI | ik
1| PERFORMANCE {io0.7 ¥ )| fre0. T %) s PO NTED]
A Ealimaled Gas Powsr EW &15° =R 451" ?"m‘] R TR
23] Adiabats EfcRney E Ef & g enl| fo ent| §2 cend L7 &5 L7 &6r
44| Cestifled Poim tyee /ol - e e Hzs He| Mgl Ha|”
ol BHP resuired kW 720 | 935 Bf fe2 § 572 | é7)
48| HOTES [ HOLD
82 | 47| Rufer 1o Sneetor of o7
48l 4] Lowgrwtior- rafed [peed will ool fe changed Srom origieal proces 3" cerfified comdi TR @ Fellows .
£l It ifmge compresser o I s 180 ¥ Raged ppeed,
n - by S rpm @ [00.73% Morra) cgeod for repised srectss gof corfified conditro . |
51| Lsd singt comprestar dl 52T bpmi @ 100 ¥e  Raled opckd. ’
| bab2 a-;m & jer.d v Nesal £pord for nw‘ﬂ&gﬁﬂfﬁﬁ canditian .
5
S ¥ 2 Prslye presiure 15 camproser 4N Josiom oressare, IF 16 Mk a deslin presfare  of sperating cordition Jer
| Y Mt iafor_dvbig,
T . )
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Table F.13: Injection and flash gas compressors scrubber’s datasheet

Operating Conditions

Vessel Tag No. - V-T7141 V-T7142 V-T7143 V-T7151
Case - 1 1 1 1 2
Pressure bar{g) 18 57 138 0.55 0.55
Temperature 2c 44 45 48 45 45

. ka/h 61037 61630 54221 16410 12595
Gas flowrate \

(a)m/h 3745 1113 359 5551 5236
Gas density @P, T I(g,"rl"Fi 16.2 55.4 151.1 3.0 2.4
Gas viscosity @P, T cP 0.01 0.01 0.02 0.01 0.01
Gas compressibilty - 0.94 0.84 0.73 0.97 0.98
il flowrate (a)m’/h 1.1 2.6 - 2.78 -
Oil density @P, T kg/m® 669 555 - 696 -
0il viscosity @P,T cP 0.28 0.14 - 0.34 -
Heavy Liquid flowrate (a)m’/h 0.6 0.2 0.13 1.69 -
Heavy Liquid density kg/m® 904 994 1100 992 -
Heavy Liquid viscosity cP 0.6 0.6 20.0 0.6 -
Foaming tendency - Yes Yes No Yes -
Waxing tendency - No Mo Mo Mo -
Vessel Tag No. - V-T7152 V-T2701
Case - 1 1 2
Pressure bar(qg) 5.7 0.14-0.25 0.14-0.25
Temperature °C 45 50 50
ka/h 22798 17530 10661
Gas flowrate . " o
(a)m’/h 2297 9226'" 8agatt!

Gas density @P,T kg/m* 9.9 1.9 1.2
Gas viscosity @P,T cP 0.01 0.01 0.01
Gas compressibilty - 0.94 0.99 1.00
Oil flowrate (a)m’/h 8.71 0.2'Y 0
Oil density @P,T kg/m’ 627 741 795
Oil viscosity @P,T cP 0.21 0.55 1.73
Heavy Liquid flowrate (a)m’/h 0.8 0.93'" -
Heavy Liquid density kg/m” 992 238 -
Heavy Liquid viscosity cP 0.6 0.5 -
Foaming tendency - Yes Mo Mo
Wazxing tendency - No No Mo
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Table F.14: 1st stage flash gas compressors coolers’ datasheet

Service of Unit FGC Suction Cooler Train B Item No. E-T7151
Size 675.000 x 4699 94 mm Type BFU Horz.  Connected In 1 Parallel 1 Series
SurfiUnit (Gross/Ef) 181.93 /179.89 m2 Shell/Unit 1 SurfiShell (Gross/Eff) 181.93 7 179.88 m2
PERFORMANCE OF ONE UNIT

Fluid Allocation Shell Side Tube Side
Fluid Wame Water Liquid Hydrocarbaon
Fluid Quantity, Total ka/hr 467203 147451

Vapor (InfOut) 147451 11469.0

Liquid 467203 467203 17631

Steam

Water 467203 ART203 1513

Noncondensables
Temperature {InfOut) C 35.00 62.20 84.70 45.00
Specific Gravity 0.9947 0.9827 0.8072
Viscosity mi-s/m2 0.7192 0.4514 0.0100 0.0080 VML 04376
Molecular Weight, Vapor
Malecular Weight, Noncondensables
Specific Heat kJdikg-C 41776 41826 1.9100 17600 WIL 3147
Thermal Conductivity Wim-C 0.6225 0.6533 0.0200 0.0200 VL 0260
Latent Heat kJikg 2336.90 692.742
Inlet Pressure kPa 651.340 186.333
Velocity mis 027 21.84
Pressure Drop, Allow/Calc  kPa 50.001 | 23.983 30.000 | 20553
Fouling Resistance (min)  m2-K/W 0.000250 0.000150
Heat Exchanged W 1476581 MTD (Corrected) 163 C
Transfer Rate, Service 502.47 Wimz2-K Clean 76276 Wim2-K Actual 573.89 Wim2-K

CONSTRUCTION OF ONE SHELL Sketch (Bundle/Nozzle Orientation)
Shell Side Tube Side
Design/Test Pressure kPaG 100002/ FV 1000.02 / FV l r \i
Design Temperaiure Cc -20/200.00 -20/200.00 [ |
No Passes per Shell 2 2 - /
Corrosion Allowance mm 15 0 . !
Connections  {In mm 1@ 202.718 150# RF |1 @ 254.500 150% RF
Size & Out mm 1@ 202718 150# RF |1 @ 254.509 150# RF
Rating Intermediate @ i@

TubeNo. 3pgy  OD 19.050 mm Thk{Avg) 1.651 mm Length 4.700 m Pitch 23.812 mm Layout 60
Tube Type Plain Material 316 STAINLESS STEEL (17 CR, 12 NI}
Shell ID 675.000 mm oD mm  |Shell Cover

Channel or Bonnet

Channel Cover

Tubesheet-Stationary

Tubesheet-Floating

Floating Head Cover

None

Impingement Plate

Baffles-Cross Type SINGLE-SEG. %Cut (Diam) 20.00 Spacing(cic) 298.000 Inlet 450.000 mm
Baffles-Long Seal Type
Supports-Tube U-Bend Type
Bypass Seal Arangement Tube-Tubeshest Joint
Expansion Joint Type
Rho-V2-Inlet Nozzle 162 61 kg/m-s2 Bundle Enfrance 267 24 Bundle Exit 27050 ko/m-s2
(Gaskets-Shell Side Tube Side
-Floating Head
Code Requirements  ASME VIl Div.1 TEMA Class R
Weight/Shell 4471.14 Filled with Water 6546.01 Bundle 2375.16 kg

Remarks: 1. 2 nos. 2" 150# WNRF vent and drain nozzles on shellside.
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Table F.15: 2" stage flash gas compressors coolers’ datasheet

Service of Unit FGC Interstage Cooler Train B Item No. E-T7152
Size 680.000 x 5399.93 mm Type BFU Horz.  Connected In 1 Parallel 1 Series
SurffUnit (Gross/Eff) 245.07 / 242,44 m2 Shell/Unit 1 SurfiShell (Gross/Eff) 245.07 [ 242.44 m2
PERFORMANCE OF ONE UNIT

Fluid Allocation Shell Side Tube Side
Fluid Name Water Blend 1
Fluid Quantity, Total ka/hr 65241.3 284852

Vapor (InfOut) 28495 2 203361

Liquid F52413 652413 7364

Steam

Water 795

Noncondensables
Temperature {In/Out) C 35.00 £3.90 107.60 45.00
Specific Gravity 0.9935 0.9809 06319
Viscosity mN-s/fm2 07192 0.4403 0.0110 0.0100 WL 0.2067
Malecular Weight, Vapor
Molecular Weight, Noncondensables
Specific Heat kJikg-C 41801 41901 21200 19100 WL 2542
Thermal Conductivity Wim-C 0.6237 0.6585 0.0300 0.0200 viL 0119
Latent Heat kJikg 1549.05 391.144
Inlet Pressure kPa 651 340 701340
Welocity mis 0.41 11.88
Pressure Drop, Allow/Calc  kPa 100.002 36.748 30.000 | 29.089
Fouling Resistance (min) ~ m2-KiW 0.000250 0.000150
Heat Exchanged W 2201321 MTD (Corrected) 168 C
Transfer Rate, Senvice 54067 Wim2-K Clean 817.04 Wim2-K Actual 60121 Wim2-K

CONSTRUCTION OF OME SHELL Sketch (Bundle/Mozzle Orientation)
Shell Side Tube Side
Design/Test Pressure kPaG 100002/ Fv 1000.02/FV L o \ I
Design Temperature Cc -20 /200.00 -20/200.00 ‘ L,II
No Passes per Shell 2 2 ™F
Carrosion Allowance mm 15 0 h < 4
Connections  |In mm 1@ 202718 150# RF |1 @ 254 500 150# RF
Size & Out mm 1@ 202718 150# RF |1 @ 254.509 150# RF
Rating Intermediate @ @
TubeMNo.  4s50 OD 15.875 mm Thk{Avg) 1.651 mm Length 5.400 m Pitch 19.850 mm Layout 30
Tube Type Plain Material 316 STAINLESS STEEL (17 CR, 12 NI)
Shell 1D 680.000 mm oD mm  |Shell Cover
Channel or Bonnet Channel Cover
Tubesheet-Stationary Tubesheet-Floating
Floating Head Cover Impingement Plate None
Baffles-Cross Type SINGLE-SEG. %Cut (Diam) 24 84 Spacing(c/ic) 482.000 Inlet 482.000 mm
Baffles-Long Seal Type
Supparts-Tube U-Bend Type
Bypass Seal Amrangement Tube-Tubesheet Joint
Expansion Joint Type
Rho-Y2-Inlet Nozzle 31749 kg/m-s2 Bundle Entrance 401.66 Bundle Exit 406.79 kg/m-s2
(Gaskets-Shell Side Tube Side
-Floating Head

Code Reguirements  ASME VIl Div.1 TEMA Class R
Weight/Shell 5568.56 Filled with Water 7825.41 Bundle 323853 kg

Remarks: 1. 2 nos. 2" 150# WNRF vent and drain nozzles on shell side
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Table F.16: Pressure control valve T71-PCV-003’s datasheet

Customer : SBM 2012

Project : ENI BIk15/06-West Hub R4

Valve Tag #: T71-PCV-003

‘ontrol Valve Specification PO#:001.39510.000525 REV 0 Proj Mum : Page # 47
‘repared By : Senal#: 718880.047 Cuote 1D : CHTan_WJVZ0688_2823 P&ID -
JOLAC Engineering Sdn Bhd Rev/By : 0.0/CHTan Altemate : Line :
Sh ' ication -11- a2
1 Fipe Size, Up/Down 6.000/6.000 51 |Act. Type/Matl VL Cylinder / Aluminum
c |12 Pipe Sch, Up/Down 105 /105 52 | |Act Size 50
-g 3 Allow Noise/Add AtinType  B570/ 53 | |Stroke/Spring 250/ Dual
ol |4 Process Fluid Process Gas 5| |54 FaillAir-To Close [ Open
ol |5 Design Prass Temp. 0.00/10.00 bar (g) /-10.00/110.00 °C E 55 | Vol Tank/Qrient [
gL6 Min Cond 2 Max Cond 4 3 86 | [Tubing Size/Mtl  1/4"/316 55
ST Temperature €l 60.000 90.000 57 | |Fitting Mig/Mil Swagelok / 316 55
518 Inlet Press ~ (har(g)) 7.000 7.000 58 | |[Handwheel
£ 19 Outlet Press  (bar(gl) 1.500 1.500 59 | |Actuator O-Rings  Buna-N
S1110 | |Liq FlowRate () 0 0 60
5| |11 ] |Gas Flow Rate (5m'h) 858600 8986.000 61
Lﬂ‘j 12| |Viscosity (eF) 0.014 0.012 62 | |[Model Logix 3000 Series / MD
8 13 |VaporPress  (bar(@) 0.000 0.000 63 | [Model # 3211MD-28-D6-M-04-40-05-00
P 14 |SGMW 38.820 35920 64 | | Diagnostic Advanced
§ 15 | |Max Shufoff / Shutoff Class 10.000 bar / Class IV _ L 165 | |Comm/Signal HART /4 -20mA
21116 [ |Available Air Supply 5.500 bar (q) & |66 | |Housing/Conn Stainless Steel / M20
17l vave Function Throtting 2| |67 | |Piezo Temperature Extended Piezo temp
18 Min Cond 2 Max Condd | 5| 68| |Shaft Lingar-D Shait
w| [19] [Flow Cosff (v 12173 113.857 &1 |69 | |Action 4-Way
SL120 | |EstSiroke  (Percent) 14.000 £0.000 70| |Feedback None
o| |21 | |Pressure Drop (bar) 5.500 5.500 71| |Gauges 2 55-35 PSIBARIKPA
ﬁ 22| |ChokeDrop  fbar) 34928 4531 72 Pos Tag/Mounting T71-PY-003 4
B[23] |Noise [I-EC](dBA) B0.000 87.000 131 |Model
81124 | |Valve Vel {mach#) 0.050 0495 74
251 |Pipe Vel {mach#) 0147 : 5
26 | |Valve Model / Body Type Mark One / Glohe / MegaStraam 0| |76
P Size/Pressure Class/Body Form  4.00 f CL 150/ Cast E 7
28| |Trim#- Cv [ Characteristic 3508 Cviidt | Equal Percent ol |78
29| | StagesiPass Size/Ret Guiding 1 Stage /D [ Guided & 79
30| |Flow Direction Flow Under a0
]l Body Matl / Bonnet Matl Duplex 88 22% Cr f Duplex 85 22% Cr 21
32 | |End Conn/Sch/Face to Face Integral Flange / /154 575.08.01 82 | |ModeliQty
33| |Flange Finish 125-250Ra 83 | |Cv-KviDe-en
M Bonnet Type Standard / % a4 [ |Volt'watt
= 3| | Trim Type P/B PTFE! @ | 185 | |Body/Housing Mt
36| | Plug Matl / Facing Duplex 88 22% Cr/ | (‘,?, 86 | |Body/Elect Conn
é 37| |Plug Stem Facing/Pilot Spring [l 87 | |Port SizeMig
38 | | Seat Ring Matl/ Facing Duplex 85 22% Crf 38 | T
ﬁ‘ 38| | Soft Seat/Pilot Plug 39 | | Air FilterMnting f
m| (40| |Retainer Matl Duplex 55 22% Cr 90 | |FiterRegMnting ASCO 342A8205GMB / Bracket
2|4 PB Design/Sleeve Mi Duplex 35 22% Cr M Flow Booster f
§ | 142 [ |Guides Upper/Lower Duplex 22% & GL PTFE/Duplex 22% & G| PTFEZ | |Booster Canfig
43 | |Packing Matl/ Style / Vac/Fire  PTFEV-Ring/ Single/ / v 93 | |Quick Exhaust I
44 | |Packing - Live-Loaded o 94 | |SupTubelJctn Box [
45 | |Bonnet Port / Body Drain { § 1195 | |Lockup
46 |  |Bellows Type  Material { 96 | |Plate ID
47| |Body Bolting/Bonnet Flange Matl  Duplex 3 22% Cr/ Duplex 58 22% Cr 97 | |Plate Type
48 (Gaskets PTFE 98 Packaging Standard
49| |Gland Flange Material Stainless Stesl 99 | |Pwr. Sup.
e ——
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Table F.17: Pressure control valve T71-PCV-013’s datasheet

S Customer - SBM 2012 Project - ENI BIk15/06-West Hub R4 Valve Tag #: T71-PCV-013
sontrol Valve Specification PO#:001.39510.000525 REV 0 Proj Num Page# 50
‘repared By - Senal#: 718880.050 Quote ID - CHTan_WJVZ9689_2826 P&ID -
JOLAC Engineering Sdn Bhd ReviBy : 0.0/CHTan Altemate : Line
3hah, j Application ; Date /Ver: 2012-11-26 /12 6242
1 Fipe Size, UpDown 12.000/12.000 51| |Act Type/Matl VL-ES Cylinder / Carbon Steel
el 2 Fipe Sch, Up/Down 1057105 52 | |Act Size 150ES
'1% 3 Allow Noise/Add Atin'Type  85/0/ 53 | |Stroke/Spring 6.00 / Heavy Duty
w| |4 Process Fluid Process Gas 5| |54 | |FailAirTo Close f Open
0| |5 Design Press./Temp. 0.00/10.00 bar (g) /-10.00/110.00°C ﬁ 55 | [Vol. TankiQrient [
gL6 Min Cond 2 Max Cond 4 E 86 | [Tubing SizeMtl  3/8"/ 316 55
ST Temperature (€] 40,000 80.000 57 | |Fitting Mfg/Mtl Swagelok / 316 55
5|18 Inlet Press  {har(g)) 2000 2.000 58 | [Handwhesl
£ |9 Outlet Presg  (barigl) 0.500 0.500 59 | |Actuator O-Rings  Buna-N
S1110| Liq FlowRate (mh 0 0 60
g| |11 ] |Gas Flow Rate (3mh) 1770.000 17697.000 61
Lﬂ‘j 12| |Viscosity (cF) 0.01 0.01 62 | [Model Logix 3000 Series / MD
8 13| |VaporPress  (bar(a)) 0.000 0.000 63 | [Model # 3211MD-28-D6-M-04-40-05-00
P 14 |SGMW 43.030 43.030 64 | |Diagnostic Advanced
§ 156 | |Max Shutaff / Shutoff Class 10.000 bar / Class IV L1685 | |Comm/Signal HART /4-20mA
21 116 | |Available Air Supply 5.500 bar(g) & |66 | [Housing/Conn Stainless Steel / M20
& 17 |Valve Funclion Throttling 2| |67 | |Piezo Temperature Extended Piezo temp
18 Min Cond 2 Max Condd | &| |68 | |Shaft Linear-D Shaft
m| [19] |Flow Coeff (v 78734 7031748 @1 169 | |Action 4-Way
81120 | |EstSiroke  (Percent) 13.000 68,000 70 | |Feedback None
©| |21 | |Pressure Drop (bar} 1.500 1.500 71| |Gauges 2 55-35 PSIBAR/KPA
ﬁ 22| |Choke Drop  (bar} 1144 1475 12 Pos Tag/Mounting T71-PY-013/
B[]23] |Noise [[-ECT(dEA) 74.000 85000 73 | |Model
81124 | |Valve Vel (mach#) 0.025 0.287 74
25 i {mach#) 0187 z 75
26 | |Valve Model / Body Type Mark One / Globe / MegaStream | |76
27| |Size/Pressure Class/Body Form 10,00/ CL 150/ Cast E 7
28| \Trim # - Cv [ Characteristic 8.00A Cv:962 | Equal Percent | |78
29| | Stages/Pass SizefRet Guiding 1 Stage / A/ [ Guided g 79
30| |Flow Direction Flow Under a0
A Body Matl / Bonnet Matl Duplex 55 22% Cr f Duplex 85 22% Cr 81
32| |End Conn/Sch/Face to Face Integral Flange / /15A 575.08.01 82 | |Model/Qty
33| |Flange Finish 125-250 Ra 83 | |Cv-Kv/De-en
M| Bonnet Type Standard / E 84 | |VoltWatt
| |35 [Trim Type PIB PTFE! g | |85 | |BodyHousing M
=HEEE Plug Matl / Facing Duplex S5 22%Cr/ { 0‘; 86 | |Body/Elect Conn
g 37| |Plug Stem Facing/Pilot Spring [ 87 | |Port SizeiMig
38 | |Seat Ring Matl / Facing Duplex 55 22% Cr/ 88 | | TagReset-Overmide
i 39| | Soft Seat/Pilot Plug 89 | |Air FitterMnting !
m| |40 | |Retainer Matl Duplex 55 22% Cr 80 | |Filter-Reg/Mnting ASCO 342A8205GMB [ Bracket
24 PB Design/Slesve Mi Duplex 58 22% Cr 91 Flow Booster Bifold VBP-12-11-V-02 / Bracket
; | |42 [ |Guides UpperiLower Duplex 22% & GL PTFE/Duplex 22% & G| PTFE2 | |Booster Config 1 Top 1 Bottom
43| |Packing Matl/ Style/Vac/Fire  PTFEV-Ring / Single [ / @ 83 | |Quick Exhaust !
44 | |Packing - Live-Loaded o 84 | |SupTubelctn Box 314" By Others [
45| |Bonnet Port/ Body Drain f & 195 | |Lockup
46 | |Bellows Type / Material f 86 | |PlatelD
47| |Body Bolting/Bonnet Flange Matl  Duplex 55 22% Cr/ Duplex 35 22% Cr 87 | |Plate Type
48| |(Gaskets FTFE 88 | |Packaging Standard
49 | |Gland Flange Material Stainless Stesl 89 | |Pwr. Sup.
20 Cland Flange Boting___Stainjess Steel 00__inng Conn, Type
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Table F.18: Pressure control valve T71-PCV-010’s datasheet

S Customer : SBM 2012 Project : ENI Blk15/06-West Huh R4 Valve Tag #: T7T1-PCV-010
ontrol Valve Specification PO#:001.39510.000525 REV 0 Proj Num : Page#:49
repared By - Senal# : 713880.049 Quote ID : CHTan_WJVZ9689_2825 PaID:
JOLAC Engineering Sdn Bhd Rew/By : 0.0/CHTan Altemate : Line :
Shah Alam, Malaysia Appication 201211
i Fipe Size, Up/Down 8.000/8.000 511 |Act. Type/Matl WL Cylinder / Aluminum
el 12 Fipe Sch, Up/Down 1057108 52 | |Act Size 100
-,g 3 Allow NoisefAdd AtinType 8570/ 53 | |SfrokelSpring 3,00/ Standard
ol |4 Process Fluid Process Gas g |54 | |FailAirTo Close [ Open
ol 5 Design Press.Temp. 0.00710.00 bar(g) /-10.00/110.00 °C ﬁ 55 | Vol Tank/Orient |
216 Min Cond 2 Cond 3 Cond 4 E 56 | |Tubing SizeMtl 104" /316 55
ST Temperature  (C) 80,000 90.000 57 | |Fitting Mg/t Swagelok / 316 33
L8 Inlet Press ~ (barigl) 7.000 7.000 A8 | |Handwheel
£[[9 Qutlet Pregs  (bar(g)} f.500 6.500 59 | |Actuator O-Rings  Buna-N
S0 |Liq FlowRate ) 0 80
gl |11 ] |GasFlow Rate (3mh) 297.000 8086.000 61
lﬂ‘j 12| [Viscosity (cF) 0014 0.012 62 | |Model Logix 3000 Series / MD
3 13| |VaporPress  (har(a)) 0.000 0.000 63 | |Model# 3211MD-28-D6-M-04-40-05-00
3 14| |5GMW 35.920 35.920 64 | |Diagnostic Advanced
@ 15 ] [Max Shutoff / Shutoff Class 10.000 bar /Class IV _ 165 | |CommySignal HART /4 -20 mA
21 16 [ |Available Air Supply h.500 bar(g) 2| |66 | [Housing/Conn Stainless Steel [ M20
& 1471 Valve Function Throttling 2| |67 | |PFiezo Temperature Extended Pieza temp
18 Min Cond 2 Cond 3 Condd | 3| |68 | |Shaft Linear-D Shaft
s 19| |Flow Cosff v 1178 233684 | 169 | |Action 4Way
A1120| |EstStroke  (Percent) 16.000 90,000 70 | |Feedback Mone
©| |21 | |Pressure Drop (bar) 0.500 0.500 71| |Gauges 255-35 PSI/BARKPA
ﬁ 22 | |ChokeDrop  (bar) 4957 4 508 72 | |Pos Tag/Mounting T71-PY-010/
B1(23| |Noise [EC] (dBA) <70 =0 73| Model
81124 | |Valve Vel [mach#) 0.002 0.074 74
2o | |Pipe Vel {mac) 0038 : [
26 | |Valve Model / Body Type Mark One / Globe [ Standard 0| |76
27| |Size/Pressure Class/Body Form  6.00/CL 150/ Cast E il
281 |Trm# - Cv/Characteristic 500 Cw:355.0 [Equal Percent n| 78
20 | |Stages/ Design i1 €19
30 | |Flow Direction Flow Over a0
H Body Mat! f Bonnet Matl Duplex 35 22% Cr/ Duplex 55 22% Cr i1
32 | |End Conn/Sch/Face to Face Integral Flange / [ I5A 575.08.01 82 | |ModeliQty
33| |Flange Finish 126-250Ra 83 | |Cv-Kv/De-en
M | |Bonnet Type Standard / g 84 | [Volt\Watt
= 35| [Trim Type / P/B Seal Matl. Unbalanced / @ |85 | |BodyHousing M
36| |Plug Matl f Facing / Stem cover  Duplex 8522% Cr/ / ,3 86 | |Body/Elect Conn
5 37| |Stem Facing / Pilot PlugfSpring I 87 | |Port Size/Mtg
38 | |Seat Ring Matl / Facing Duplex 55 22% Cr{ 88 | [TagReset-Ovemide
TE‘ 39| |Seat Style / Soft Material 89 | |Air FilterMnfing {
m| [40 [ |Retainer Mat Duplex 55 22% Cr 80 | |Filter-RegMnting ASCO 34248205GMB / Bracket
2| |41 |Sleeve Material 91 | |Flow Booster [
91142 | |Guides Upper/Lower Duplex 22% & GL PTFE/Duplex 22% & G| PTFE2 | |Booster Coniig
43 | |Packing Matl/ Style /Vac/Fire  FTFEV-Ring / Single/ f # 83 | |Quick Exhaust {
44 | |Packing - Live-Loaded o 84 | |SupTubelcin Box [
45 | |Bonnet Port / Body Drain { 5195 | |Lockup
46 | | Bellows Type [ Material | 86 | |Plate 1D
47 | |Body Bolting/Bonnet Flange Matl  Duplex 55 22% Cr/ Duplex 35 22% Cr 87 | |Plate Type
48 | |Gaskets PTFE 98 | |Packaging Standard
49 | |Gland Flange Material Stainless Steel 89 | |Pwr. Sup.
|_J50.|_|Gland Flange Boing_____Stanless Stee 00.|_Wiing Conn, Tipe
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Table F.19: Pressure control valve T62-LCV-005’s datasheet

N Customer : 3BM 2012 Project  ENI Blk15/06-West Hub R4 Valve Tag #: T62-LCV-005
sontrol Valve Specification PO#:001.39510.000525 REV 0 Proj Num : Page#: 3
’repared By - Senal# : 718880.031 Quote 1D : CHTan_WJVZ9689_2807 P&ID:
JOLAC Engineering Sdn Bhd RewiBy : 0.0/CHTan Altemate Line
shan Alam, Malaysia Applicaton Date [Ver: 2012:11:26 12602
1 Fipe Size, Up/Down 4.000/4.000 51| |Act. Type/Matl VL Cylinder / Aluminum
cL2 Pipe Sch, Up/Down 40140 52 | |Act. Size 50
-,g 3 Allow Noise/Add AfinType  85/0/ 53 | |Siroke/Spring 2.00 / Standard
ol |4 Process Fluid Produced Water §| |54 | |Fail/AiFTo Close { Open
w5 Design Press.Temp. 0.00710.00 bar(g) /0.00/110.00°C E 55 [ Vol TankiOrient  /
216 Min Nar Max Cond 4 E 56 | |Tubing SizeMtl  1/4"/316 55
S Temperature (€1 80.000 £0.000 84.000 57 | |Fitting Mfg/Mt Swagelok / 316 38
5118 Inlet Press ~ {bar(g)) 7.100 2.000 7.100 58 | |Handwheel Side Mnt/Cont Connect
£l ]9 Qutlet Press  (bar(g)) 1.100 1.100 1.100 59 | |Actuator O-Rings  Buna-N
G110 |Lig FlowRate (mh) 16.600 £0.000 80.000 il
g| [11 [ |Gas Flow Rate (Sm'h) 0 0 0 61
lﬂ‘j 12| |Viscosity (cF) 0400 0.400 0.400 62 | |Model Logix 3000 Series / MD
3 13| |VaporPress  (bar(a) 0450 0.450 0.450 63 | |Model# 3211MD-28-D6-M-04-40-05-00
3 14 |SGMW 0.940 0.940 0.940 64 | |Diagnostic Advanced
§ 15| |Max Shutoff / Shutoff Class 18.800 bar fClass [V _ 1165 | |Comm/Signal HART [4-20mA
21116 | |Available Air Supply 5500 bar(g) 2| |66 | [Housing/Conn Stainless Steel f M20
&1 1471 valve Fundtion Throttling 2| |67 | |Piezo Temperature Extended Piezo temp
18 Min Nor Max Condd | 3| |68 | |Shaft Linear-D Shaft
@| |19 |Flow Coeff (& 7597 70.898 3654 | |g9 | |Action 4-Way
SL120| |EstStroke  (Percent) 13.000 £1.000 56.000 70 | |Feedback Mone
©| (21| |Pressure Orop (bar) 6.000 0.900 6.000 71| |Gauges 2 55-35 PSI/BAR/KPA
ﬁ 22| |ChokeDrop  (bar) 6.226 2.264 6.444 72| |Pos Tag/iMounting TE2-4Y-005f
3| |23 | |Noise [EC] (dBA) <70 <10 <70 73| |Model
§1{24] [Valve Vel {mis) 0.569 2057 2743 74
2o {mis) 2707 : 75
26 | |Valve Model / Body Type Mark One / Globe / CavControl | |76
27| |SizefPressure Class/Body Form  4.00/ CL 150/ Cast E i
28 | |Trim# - Cv / Characteristic J00A Cv:Eh { Equal Percent w| |78
2| |stage 1Stage/ / 1 & rg
30 |Flow Direction Flow Qver a0
31| |Body Matl / Bonnet Matl Carbon Steel (WCB) / Carbon Steel Al
32| |End Conn/Sch/Face to Face Integral Flange / /13A 575.08.01 82 | |ModeliCty
33| |Flange Finish 125-250 Ra 83 | |Cv-KwiDe-en
M | |Bonnet Type Standard / E 84 | [Volt\Watt
x 351 [Trim Type Unbalanced f o| |85 | |BodyHousing Mt
36 [ |PlugMatl f Facing 36 35/ Full Cont. Alloy 6 / ¢ |186 | |Body/Elect Conn
5 37| |Plug Stem Facing Alloy 6, LGAT [ 87 | |Port Size/vig
38 [ |Seat Ring Matl/ Facing 36 55/ Full Bore Alloy 6 88 | | TagReset-Overide
'E 39 | | Soft Seat Material 89 | |AirFiterMnting  /
m| [40 | |Retainer Matl H63S 80 | |Fiter-RegMnting ASCO 34248205GMB / Bracket
2| |41 | |PB Design/Sleeve M 81 | |Flow Booster /
§ 42 | |Guides Upper/Lower 36 55 & GL PTFE/Alloy 6 92 | |Booster Config
43 | |Packing Matl/ Style/Vac/Fire  PTFEV-Ring/ Single/ / # 83 | |Quick Exhaust {
44| |Packing - Live-Loaded o 84 | [SupTubellctn Box
45 | |Bonnet Port / Body Drain i & 1195 | (Lockup
46 | |Bellows Type / Material { 96 | |Plate 1D
47 | |Body Bolting/Bonnet Flange Matl ~ B7-2H PTFE(Xylan) Coated / Carbon Steq| (WCHEI7 | [Plate Type
48 | |Gaskets FTFE 88 | |Packaging Standard
49 | |Gland Flange Material Stainless Steel 89 | |Pwr. Sup.
B N £ M et R L

161



Table F.20: Pressure control valve T62-LCV-007’s datasheet

N Customer : SBM 2012 Project : ENI Blk15/06-West Hub R4 Valve Tag #: T62-LCV-007
-ontrol Valve Specification PO#:001.39510000525 REV 0 Proj Num : Page#: 32
“repared By : Serial# : 718880.032 Quote 1D ; CHTan_WJVZO689_2808 P&ID :
JOLAC Engineering Sdn Bhd Rev/By : 0.0/CHTan Altemate Line:
3hah Alam, Malaysia Application . 2012-11-
1 Pipe Size, Up/Down 12.000/12.000 o1 |Act Type/Matl WL Cylinder / Aluminum
el ]2 Pipe Sch, Up/Down 20120 52 | |Act Size 200
-,g 3 Allow Noise/Add AttnType  85/0/ 53 | |Stroke/Spring 4,00/ Standard
ol |4 Process Fluid Crude Qil 5| |54 | |FaillAi-To Close [ Open
o5 Design Press. /Temp. 0.00/10.00 bar (g) /-10.00/110.00°C E 55 | Vol Tank/Orient [
2L Min Cond 2 Max Cond 4 3 56 | [Tubing SizeMMl  3/8"/316 55
S Temperature  (C) B7.000 83.000 57 | |Fiiting Mfg/Mtl Swagelok / 316 55
5| |8 Inlet Press  (barigl) 7.000 7.000 58 | [Handwheel Side Mnt/Cont Connect
£] |9 Qutlet Pregs  (barigl) 1.000 1.000 59 | |Actuator O-Rings  Buna-N
G110 |Lig FlowRate (m*h) 72.100 759.700 60
5| |11 | [Gas Flow Rate (3m'h) 1] 0 61
lﬂ‘j 12 | |Viscosity () 14.600 16.200 62 | |Model Logix 3000 Series/ MD
3 13| |VaporPress (barial) 7870 7.980 63 | |Model# I211MD-28-D6-M-04-40-0500
3 14| [SG-MW 0.820 0.820 64 |  |Diagnostic Advanced
§ 15 | |Max Shuioff / Shutoff Class 10.000 bar fClass IV _ | 165 | |CommiSignal HART/4-20 mA
21 116 | |Available Air Supply 5500 bar(g) 2| 166 | [Housing/Conn Stainless Steel / M20
&1 1471 Valve Funcion Throtting 2| |67 | |Piezo Temperature Extended Piezo temp
18 Min Cond 2 Max Condd | 5| [68 | |Shaft Lingar-D Shaft
@ 19| |Flow Coeff, (Cv 129,147 838,663 | 69| |Action 4-Way
A1(20] |EstStroke  (Percent) 24000 66.000 10 | [Feedback Mone
| (21| |Pressure Drop (bar) 6.000 6.000 71| |Gauges 2 55-55 PSIIBAR/KPA
ﬁ 22| |ChokeDrop  (bar] 0.343 0.904 72 | |Pos Tag/Mounting T624-007
B1(23 | |Moise [UEC| (dBA) - .- 73| |Model
Sl |24 | VaheVel  (ms) Flashing Flashing T4
25 | |Pipe Vel (mis) Elashing 2 78
26 | |Valve Model / Body Type Mark One / Globe / Standard a| |76
27| |Size/Pressure Class/Body Form  12.00/ CL 150/ Cast E i
28| |Trim#- Cv [ Characteristic 950 CvA310 [ Equal Percent w| |78
29| |Stages/ Design 111 € g
30| [Flow Direction Flow Crver a0
31| |Body Matl/ Bonnet Matl Carbon Steel (WCB) / Carbon Steel 21
32| |End ConnfSch/Face to Face Integral Flange | 154 575.08.01 82 | |Model/Cty
33| |Flange Finish 125-250 Ra 33 | |Cv-Kv/De-en
3 | |Bonnet Type Standard f -‘E’ 34 | |Volt'Watt
= 35| |Trim Type / P/B Seal Matl. Unhalanced / @ |85 | |BodyHousing M
36 | |Plug Matl / Facing / Stem cover 316 33/ Full Cont. Alloy 6/ (‘,?, 86 | |Body/Elect Conn
é 37| |Stem Facing / Pilot Plug/Spring ~ Alloy 6, LGA/ / a7 | |Port SizefMtg
38 | |SeatRing Matl/ Facing 316 55/ Full Bore Alloy 6 38 | _[TagReset-Overide
TE‘ 39| |Seat Style / Soft Material 89 | |AirFiterMnting [
| |40 | |Retainer Matl 3655 90 | [Filter-RegMnting ASCO 342A8205GMB / Bracket
2| |41 | |Sleeve Material 91| |Flow Booster [
:;'E 42 | |Guides Upper/Lower 316 55 & GL PTFE/Alloy 6 92 | |Booster Config
43 | |Packing Matl/ Style/Vac/Fire  PTFEV-Ring / Single/ f w 93 |  |Quick Exhaust {
44 | |Packing - Live-Loaded o 94 | |SupTubelctn Box [
45 | |Bonnet Port/ Body Drain / 51195 | (Lockup
46 | |Bellows Type / Material / 96 | |[PlatelD
47 | |Body Bolting/Bornet Flange Matl  B7-2H PTFE(Xylan) Coated / Carbon Stedl (VCHE7 | |Plate Type
48 | |Gaskets PTFE 98 | |Packaging Standard
49 | |Gland Flange Material Carbon Steel 99 | |Pwr. Sup.
@__ Gland Flange Bolfing Cabon Steel Zinc Plated r;]-[J \Wiing Conn, Type
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Table F.21: Pressure control valve T71-PCV-004’s datasheet

N Cusfomer : SBM 2012 Project : ENI Blk15/06-West Hub R4 Valve Tag #: T71-PCV-004
Control Valve Specification PO#:001.39510000525 REV 0 Praoj Num Page#:48
Preparad By Senal# : 716880.048 Quote 1D : CHTan_WJVZ9689_2824 P&ID :
JOLAC Engineering Sdn Bhd ReviBy: 0.0/CHTan Altemate : Line:
shan Alam, Malaysia Appication Date/ Ver: 2012-11.06 1126202
1 Pipe Size, Up/Down 8.000/16.000 51| |Act Type/Matl VL-ES Cylinder / Carhon Steel
cl2 Pipe Sch, Up/Down 20020 52 | |Act Size 100ES
-,g 3 Allow Noise/Add AtinType  85/0/ 53 | |Stroke/Spring 4.00 / Standard
o |4 Process Fluid Process Gas 5| |54 | |FaillAirTo Open { Close
0| 5 Design Press.Temp. 0.00710.00 bar (o) /-10.00/110.00 °C ﬁ 55 | |Vol. Tank/Orient  /
2116 Min Cond 2 Max Cond 4 :‘E 56 | |Tubing Size/Mtl 38"/ 316 55
S Temperature  (€) 45,000 82.000 57 | |Fitting Mfg/Mtl Swagelok / 316 55
S8 Inlet Press  (bar(g) 1.000 1.000 58 | |Handwheel
£l 19 Qutlet Press  fbar(g)) 0.200 0.200 59 | |Actuator O-Rings  Buna-N
G110 |Lig Flow Rafe (mh) 0 0 i
g [11 | [GasFlow Rate (3m'h) 213700 8182.000 i1
lﬂ‘j 12 | |Viscosity ieF) 0012 0.010 2 | Model Logix 3000 Series / MD
3 13| |Vapor Press  (baria)) 0.000 0.000 63 | Model # 3211MD-28-D6-M-04-40-05-00
9 14| |SGMW 44100 44100 64 | |Diagnostic Advanced
g 16 | |Max Shutoff / Shutoff Class 10.000 bar / Class IV _ |65 | |CommiSignal HART /4 -20 mA
2 |16 | |Available Air Supply 5500 bar(g) ®| 166 | |Housing/Conn Stainless Steel / M20
&1 147 IValve Function Throftling 2| |87 | |Piezo Temperature Extended Piezo temp
18 Min Cond 2 Max Condd4 | &| [68 | |Shaft Linear-D Shaft
@| |19 ] |Flow Coeff, (€] 11.758 453,151 | g9 | |Action 4Way
81120 | |EstStroke  (Percent) 13.000 92.000 70 | |Feedback Mone
o |21 | |Pressure Drop thar) 0.800 0.800 71| |Gauges 2 55-55 PSIIBARIKPA
ﬁ 22| |ChokeDrop  fbar) 1413 1.227 12 | Pos TagMounting T71-PY-004
31123 | [Noise [[e-ECI(dBA) <10 86.000 73| |Model
G1{24 ] |Valve Vel {mack#) 0.007 0.258 74
Jh | Pipa Vel {mac) 0070 z Jid
26 | |Valve Model / Body Type Mark One / Globe / MegaStream | |76
27| |Size/Pressure Class/Body Form  8.00/CL 150/ Cast E 7
28 | |Trim#- Cv [ Characteristic 625 CvE15.0 [Equal Percent o | |78
20| |Stages/Pass Size/Ret Guiding 1 Stage /B / [ Standard & 79
30 [ |Flow Direction Flow Under a0
31 | |Body Matl / Bonnet Matl 3685/31685 1
32 | _|End Conn/SchiFace to Face Integral Flange / /15A 575.08.01 82 | |ModeliCiy
33 | |Flange Finish 125-250 Ra 83 | |Cv-KviDe-en
M | |Bonnet Type Standard / -‘E’ 84 | [Volt'Watt
= 35| [Trim Type PIB PTFE! @ | |85 | |Body/Housing Mtl
36 | |Plug Matl f Facing 635/ g;, 86 | |Body/Elect Conn
5 37| |Plug Stem Facing/Pilot Spring I 87 | |Port Size/Mtg
38 | | Seat Ring Matl / Facing 16585/ 88 || Tag/Reset-Overide
TE‘ 30| |Soft Seat/Filot Plug 89 | |AirFilterMnting
m| [40 | [Refainer Matl 1655 80 | |Filter-RegMnting ASCO 34248205GMB / Bracket
21 |41 | |PB Design/Sleeve M 3655 81 | |Flow Booster {
S1 |42 | |Guides UpperLower 316 85 & GL PTFE/316 35 & GL PTFE 42 | |Booster Config
43 | |Packing Matl/ Style/Vac/Fire ~ PTFEV-Ring/Singlef [ @ 93 | |Quick Exhaust {
44 | |Packing - Live-Loaded o 84 | |SupTubel)ctn Box |
45 | |Bonnet Port / Body Drain { 61195 | |Lockup
46 | |Bellows Type / Material | 86 | |PlatelD
47 | |Body Bolting/Bonnet Flange Matl ~ BEM-BMA / 316 55 87 | |Plate Type
48 | |Gaskets PTFE 98 | |Packaging Standard
49 | |Gland Flange Material Stainless Steel 89 | |Pwr. Sup.
20 |__[Cland Flange Bolfing Stajnless Stesl 00 Wirng Gonn, Type
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Table F.22: Pressure control valve T71-LCV-511’s datasheet

S Customer : SBM 2012 Project : ENI Blk15/06-West Hub R4 Valve Tag#: TT1-LCV-511
sontrol Valve Specification PO#:001.39510.000525 REV D Proj Num : Page#: 42
‘repared By - Serial # : 718880.042 Cuote ID : CHTan_WJVZ9689_2818 P&ID :
JOLAC Engineering Sdn Bhd ReviBy : 0.0/CHTan Altemate : Line:
Shan Alam, Malaysia Application ; Date [ Ver : 2012-11-26 [12.6292
i Pipe Size, Up/Dawn 2000/ 2.000 51| |Act Type/Matl WL Cylinder / Aluminum
e 12 Fipe Sch, Up/Down 160/ 160 52 | |Act Size A0
-% 3 Allow Noise/Add AtinType 8570/ 53 | | Stroke/Spring 15/ Dual
of |4 Process Fluid Condensate 5 54| |FailAirTo Close [ Open
ol |5 Design Press.Temp. 0.00/115.00 bar ) /-15.00/180.00 °C g 55 | Vol Tank/Orient |
o6 Min Cond 2 Max Cond 4 56 | |Tubing Size/Mtl 144"/ 316 55
E i Temperature 'Cl 45,000 45,000 < 57 || Fiiting Mfg/Mtl Swagelok / 316 55
5|18 Inlet Press  (barigl) 57.000 57.000 58 | |Handwheel
£]19 Outlet Press  (barigh 18.000 18.000 59 | |Actuator O-Rings  Buna-N
S|.110 | |Lig Flow Rate () 0.500 5,000 80
E 1] |Gas Flpw Rate ';Sm‘uhj a 0 61 : :
3 12 | |Viscosity (cF) 0.106 0.106 62 | [Model Logix 3000 Series / MD
8 13| [VaporPress (baral) 58,010 58.010 63 | |Model# 3211MD-28-D6-M-04-40-05-00
9 14 ] |SG-MW 0.480 0480 64 | | Diagnostic Advanced
g 15 | |Max Shutoff / Shutoff Class 115.000 bar [ Class IV _ 166 | |Comm/Signal HART /4 - 20 mA
£ 16 | | Available Nr Supply 5.500 _bar {a) 2| |66 I-Iqusing!Cann Stainless Stleelf M20
101 [Valve Funclion Jhrotting 2| |67 | |Piezo Temperature Extended Piezo temp
18 Min Cond 2 Max Cond4 | 3| (68| |Shaft Lingar-D Shaft
§ 19| [Flow Cosff,  (Cv) 0.183 1207 G169 |Action 4-Way
20| |EstStroke  (Percent) 29.000 77.000 70 | |Feedback None
o| |2 | |Pressure Drop (bar) 38.000 39.000 71| |Gauges 2 55-55 PSIIBARKPA
ﬁ 22| |ChokeDrop  (bar) 4685 11.339 72 | Pos Tag/Mounting T71-LY-511/
O (23| |Mopise [EC] (dBA) --- --- 73| [Model
SLi4 | |VaveVel (s} Flashing Flashing 74
20| |Pipe Vel mis) Flashing 3 [
26 | |Valve Model f Body Type Mark One / Angle / Standard @ |76
27| |Size/Pressure Class/Body Form  1.00/CL 1500/ Cast BT
28 | |Trim# - Cv / Characteristic HCv2h { Equal Percent o| 78
2| |Stages/ Design I €| 79
301 [Flow Direction Flow Over 80
3 [ |Body Matl/ Bonnet Matl J635/316 55 il
32 | |End Conn/Sch/Face to Face RTJ/ [ Valtek Standard 82 | |Model/Qty
33| |Flange Finish . 83 | |Cv-Kv/De-en
M | |Bonnet Type Standard / = 184 | |Volt\Watt
= 35| |Trim Type / P/B Seal Matl. Unhalanced / E 85 | |BodyHousing Mt
36 | |PlugMatl/ Facing / Stem cover  440C SSHT/ / (?, 86 | |Body/Elect Conn
5 37| |Stem Facing / Filot Plug/Spring 1 87 | |Port Size/Mig
38 | |Seat Ring Matl/ Facing 440C SSHT/ 88 | |Tag/Reset-Overide
ol 139 | |Seat Style/ Soft Material 89 | |AirFitterMnting
E 40 | |Retainer Matl 410 35 HT Nitrided 80 | |Filter-RegMnting  ASCO 34248205GMB | Bracket
81 41| |Sleeve Material 91 | |Flow Booster Bifold VBP-12-11-V-02 / Bracket
g 42 | |Guides Upper/Lower 316 55 & Graphite/Alloy 6 82 | |Booster Config 1 Bottom
43 | |Packing Matl/ Style/Vac/Fire  Graphite Rib-Braid / Single / [ ® 83 | |Quick Exhaust f
44 | |Packing - Live-Loaded o 84 | |SupTubefctn Box 34" By Others /
45 | |Bonnet Port / Bady Drain f 5195 | |Lockup
46 | | Bellows Type [ Material I 96 | |Plate D
47 | |Body Bolting/Bonnet Flange Matl ~ BBM-BMA /316 35 87 | |Plate Type
48 | |Gaskets Spiral Graphite 98 | |Packaging Standard
49 | |Gland Flange Material Stainless Steel 89 | |Pwr. Sup.
——e i —_—
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APPENDIX G: RAW RESULTS FROM HYSYS

Table G.1: HP separator simulations vs. design

HP Separator Inlet (Stream 111)

Phase Parameters Case_A Case_B Case_C Case_D Case_E Case_F Design
Vapour Mass Flow [kg/h] 76345.6  84681.0 76217.5 71906.2 80163.9  71706.6 112875.0
Vapour Std Gas Flow [MMscfd] 71.6 79.0 71.4 69.5 76.9 69.3 107
Vapour Actual Gas Flow [m%h] 4523.3 4999.3 4510.9 4181.5 4634.0 4169.1 7099.1
Vapour Mol. Weight [kg/kmol] 21.4 215 214 20.7 20.9 20.7 215
Vapour Mass Density [kg/m?] 16.9 16.9 16.9 17.2 17.3 17.2 15.9
Vapour Viscosity [cP] 0.012 0.013 0.012 0.012 0.012 0.012 0.013
Light Liquid Mass Flow [kg/h] 468111.7 474052.8 468407.4 472106.6 478022.5 4724752 610599.0
Light Liquid Actual \[/rgé‘;r';']‘e Flow 574.6 571 575.2 573.4 569.8 574.2 710.2
Light Liquid Mass Density [kg/m?] 814.7 830.3 814.3 823.3 839.0 822.8 859.7
Light Liquid Viscosity [cP] 34 4.2 34 4.3 53 4.2 24.0
Heavy Liquid Mass Flow [kg/h] 239856.8 327266.5 239842.8 242740.3 331147.2 242726.0 740130.0
Heavy Liquid ~ ~ctua \[/rgé‘;;:]‘e Flow 2425 330.8 242.4 242.7 331.2 242.7 686.6
Heavy Liquid Mass Density [kg/m?] 989.3 989.2 989.3 1000 1000 1000 1078.0
Table G.2: IP separator simulations vs. design
IP Separator Inlet (Stream 122)
Phase Parameters Case A Case B Case C Case D Case E Case F Design
Vapour Mass Flow [kg/h] 14213.6 143634 10581.4 | 16854.9  16970.1 13220 13663.0
Vapour Std Gas Flow [MMscfd] 8.6 8.8 6.5 10.1 10.2 7.9 7.6
Vapour Actual Gas Flow [m3/h] 1560.1 1590.0 1164.5 1817.7 1843.4 1423.7 1363.3
Vapour Mol. Weight [kg/kmol] 32.9 32.7 32.8 335 33.2 335 35.9
Vapour Mass Density [kg/m?] 9.1 9.0 9.1 9.3 9.2 9.3 10.0
Vapour Viscosity [cP] 0.012 0.012 0.012 0.012 0.012 0.012 0.013
Vapour Mass Flow [kg/h] 585938.9 585929.8 465114.4 587305.4 587216.6 466201.5 599569.0
Light Liquid ~ Actual Volume Flow [m3/h] 737.8 738.0 589.9 740.3 740.2 591.9 729.3
Light Liquid Mass Density [kg/m?] 794.1 794.0 788.4 740.3 793.3 787.6 822.1
Light Liquid Viscosity [cP] 2.2 2.2 2.0 2.2 2.2 1.9 7.1
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Table G.2 (continued): IP separator simulations vs. design

IP Separator Inlet (Stream 122)

Phase Parameters Case_A Case_B Case_C Case_D Case_E Case_F Design
Light Liquid Mass Flow [kg/h] 64817.6 64562.5  63902.3 65481.8 65169.8 645435  86971.0
Heavy Liquid Actual Volume Flow [m3/h] 67.7 67.4 66.7 68.4 68.1 67.4 81.7
Heavy Liquid Mass Density [kg/m?] 957.6 957.6 957.4 957.6 957.6 957.4 1064.0
Table G.3: LP separator simulations vs. design
LP Separator Inlet (Stream 124)
Phase Parameters Case A Case B Case C Case D Case E Case_F Design
Vapour Mass Flow [kg/h] 12883.7 13584.8 15262.0
Vapour Std Gas Flow [MMscfd] 5.9 6.2 6.9
Vapour Actual Gas Flow [m3/h] 4307.7 4923.2
Vapour Mol. Weight [kg/kmol] 45.5 45.5 435 45.8 45.8 43.9 44.1
Vapour Mass Density [kg/m?] 3.2 3.2 3.1 3.2 3.2 3.2 3.1
Vapour Viscosity [cP] 0.010 0.010 0.010 0.010 0.010 0.010 0.010
Light Liquid Mass Flow [kg/h] 569086.3 569088.4 572035.7 569478.6 569451.4 572393.1 586242.0
Light Liquid  Actual Volume Flow [m3/h] _ 701.9 _ 702.3
Light Liquid Mass Density [kg/m?] 807.9 807.9 815.0 807.9 807.9 814.9 834.7
Light Liquid Viscosity [cP] 3.0 3.0 3.6 3.0 3.0 3.6 7.4
Heavy Liquid Mass Flow [kg/h] 101862.3 101869.9 95622.6 101917.7 101919.1  95689.5 112464.0
Heavy Liquid  Actual Volume Flow [m3/h] _ 98.4 _ 98.5 105.6
Heavy Liquid Mass Density [kg/m3] 962.4 962.5 971.7 962.7 962.7 971.7 1065.2
Table G.4: Electrostatic treater simulations vs. design
Electrostatic Treater Inlet (Stream 132A)

Phase Parameters Case_ A Case B Case_C Case_D Case_E Case_F Design
Light Liquid Mass Flow [kg/h] 569085.3 569087.7 572033.8 569477.6 569450.7 572391.2 586542'
Light Liquid Actual Volume Flow [m3/h] _ 701.7 _ 702.3 702.3
Light Liquid Mass Density [kg/m3] 808.0 808.0 815.2 808.1 808.0 815.1 834.8
Light Liquid Viscosity [cP] 3.0 3.0 3.6 3.0 3.0 3.6 6.5
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Table G.4 (continued): Electrostatic treater simulations vs. design

Electrostatic Treater Inlet (Stream 132A)

Phase Parameters Case_ A Case B Case_C Case_D Case_E Case_F Design
Heavy Liquid Mass Flow [kg/h] 79469.9 79469.9 79565.4 79481.6 79480.9 79576.6  87942.0
Heavy Liquid  Actual Volume Flow [m3/h] 82.6 82.6 81.9 82.6 82.6 81.9 82.6
Heavy Liquid Mass Density [kg/m?] 962.4 962.4 971.6 962.6 962.6 971.7 1065.0

Table G.5: Test separator simulations vs. design
Test Separator Inlet (Stream Test Sep Inlet)

Phase Parameters Case_ A Case B Case C Case D Case E Case_F Design

Vapour Mass Flow [kg/h] 15997.5 7789.0 18325.7 16016.6 7789.0 18330.6  30241.0

Vapour Std Gas Flow [MMscfd] 16.2 8.6 17.6 16.2 8.6 17.6 29.0

Vapour Actual Gas Flow [m3/h] 865.5 439.4 2457.9 866.6 439.4 2460.9 1902.0

Vapour Mol. Weight [kg/kmol] 19.8 18.1 20.8 19.8 18.1 20.8 21.1

Vapour Mass Density [kg/m?] 18.5 17.7 7.5 18.5 17.7 7.4 15.9

Vapour Viscosity [cP] 0.011 0.011 0.011 0.011 0.011 0.011 0.013

Light Liquid Mass Flow [kg/h] 121162.6 115192.1 119032.0 121101.1 115192.1 118971.3 148728.1
Light Liquid  Actual Volume Flow [m3/h] 137.9 139.8 134.8 137.8 139.8 134.8 173.0
Light Liquid Mass Density [kg/m?] 878.8 824.0 882.7 878.9 824.0 882.9 859.7
Light Liquid Viscosity [cP] 14.0 7.3 17.9 14.1 7.3 18.0 24.0
Heavy Liquid Mass Flow [kg/h] 90529.3 - 90397.3 90529.9 - 90397.2 167090.0
Heavy Liquid  Actual Volume Flow [m3/h] 88.5 - 88.4 88.5 - 88.4 155.0
Heavy Liquid Mass Density [kg/m?] 1023.2 - 1022.6 1023.2 - 1022.6 1078.0
Table G.6: Crude oil pumps simulations vs. design
Crude Oil Pumps
Parameter Case_A Case_ B Case C Case D Case E Case F Design
Flow Rate [m3/h] 717.1 717.1 714.5 717.5 717.5 715.0 730
Head [m] 62.9 62.9 62.3 62.9 62.9 62.4 71.2
Power [kW] 132.8 132.8 132.3 132.9 132.9 132.4 151
Density [kg/m?] 810.6 810.6 817.8 810.6 810.6 817.7 845
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Table G.7: Qil train heat exchangers simulations vs. design

Oil Train Heat Exchangers’ Duties

Duty [kW] Cézgke];i;u;e Crude Oil Heater Crude Qil Cooler

Design Case 11860 12154 6380
Case_A 9673 11281 1272
Case B 10206 11693 729
Case_C 4990 10030 2100
Case_D 12355 13742 0
Case_E 12873 14124 0
Case_F 8105 12075 0

Table G.8: Injection gas compressor coolers simulations vs. design

IGC Suction Coolers’ Duties

ouy e R
Design Case 1127 4996 4986 3105
Case_A 401 4190 4235 2413
Case_B 489 4195 4235 2413
Case_C 529 3445 3471 1881
Case_D 114 4118 4219 2419
Case_E 157 4123 4219 2420
Case_F 222 3376 3454 1886

Table G.9: 1st stage injection gas compressor scrubbers’ simulations vs. design

15t Stage IGC Suction Scrubbers (Stream 212)

Phase Parameters Case_ A Case B Case C Case D Case E Case F Design
Vapour Mass Flow [kg/h] 59107.8 59120.7 48775.1 57482.4 57685.9 47868.5 61037.0
Vapour Std Gas Flow [MMSCFD] 50.6 50.6 41.3 50.0 50.1 41.0 58.0
Vapour Actual Gas Flow [m3h] 3223.1 32245 2621.0 3211.5 3221.8 2605.1 3741.0
Vapour Molecular Weight [kg/kmol] 23.4 23.4 23.7 23.0 23.1 23.4 21.2
Vapour Mass Density [kg/m?] 18.3 18.3 18.6 17.9 18.0 18.4 16.3
Vapour Viscosity [cP] 0.012 0.012 0.012 0.012 0.012 0.012 0.010
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Table G.9 (continued): 15t stage injection Gas Compressor scrubbers’ simulations vs. design

15t Stage IGC Suction Scrubbers (Stream 212)

Phase Parameters Case_ A Case B Case C Case D Case E Case F Design
Light Liquid Mass Flow [kg/h] 298.9 349.7 498.0 1.7 3.9 86.3 708.0
Light Liquid Actual Volume Flow [m3/h] 0.5 0.5 0.8 0.0 0.0 0.1 11
Light Liquid Mass Density [kg/m?] 662.4 661.3 653.0 717.5 709.0 663.5 669.0
Light Liquid Viscosity [cP] 0.3 0.27 0.25 0.50 0.45 0.27 15.0
Heavy Liquid Mass Flow [kg/h] 238.0 258.7 231.0 137.5 145.6 130.3 563.0
Heavy Liquid Actual Volume Flow [m3/h] 0.2 0.3 0.2 0.1 0.1 0.1 0.6
Heavy Liquid Mass Density [kg/m?] 994.5 994.4 994.8 993.6 993.8 994.9 994.0

Table G.10: 2" stage injection Gas Compressor scrubbers’ simulations vs. design
2" Stage IGC Suction Scrubbers (Stream 215)

Phase Parameters Case_A Case B Case C Case D Case E Case F Design

Vapour Mass Flow [kg/h] 57511.6 57564.6 47052.8 57173.7 57207.3 46714.1 61630.0

Vapour Std Gas Flow [MMSCFD] 49.9 49.9 40.6 49.8 49.8 40.5 57.0

Vapour Actual Gas Flow [m3/h] 924.7 924.7 745.9 925.3 925.4 746.3 1112.0

Vapour Molecular Weight [kg/kmol] 231 23.1 23.2 23.0 23.0 23.1 21.2

Vapour Mass Density [kg/m?] 62.2 62.2 63.1 61.8 61.8 62.6 55.4

Vapour Viscosity [cP] 0.014 0.014 0.014 0.014 0.014 0.014 0.010
Light Liquid Mass Flow [kg/h] 1473.6 14314  1625.2 174.2 346.4 1059.0 1431.0
Light Liquid Actual Volume Flow [m3/h] 2.7 2.6 3.1 0.3 0.6 2.0 2.6
Light Liquid Mass Density [kg/m?3] 543.7 543.9 530.4 554.9 553.0 538.1 555.0
Light Liquid Viscosity [cP] 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Heavy Liquid Mass Flow [kg/h] 160.5 162.5 128.4 172.3 170.0 126.4 194.0
Heavy Liquid  Actual Volume Flow [m3/h] 0.2 0.2 0.1 0.2 0.2 0.1 0.2
Heavy Liquid Mass Density [kg/m?] 994.2 994.2 994.1 994.2 994.2 994.1 994.0
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Table G.11: 3 stage injection Gas Compressor scrubbers’ simulations vs. design

3 Stage IGC Suction Scrubbers (Stream 223)

Phase Parameters Case_ A Case B Case_ C Case D Case E Case F Design
Vapour Mass Flow [kg/h] 51651.3 51700.0 41177.9 51337.6 51368.9 40869.2 54221.0
Vapour Std Gas Flow [MMSCFD] 44.8 44.8 355 44.7 44.7 35.4 50.0
Vapour Actual Gas Flow [m3/h] 297.0 297.1 232.1 297.7 297.7 232.7 359.0
Vapour Molecular Weight [kg/kmol] 23.1 23.1 23.2 23.0 23.0 23.1 21.2
Vapour Mass Density [kg/m?] 173.9 174.0 177.4 172.5 172.5 175.7 151.1
Vapour Viscosity [cP] 0.021 0.021 0.021 0.021 0.021 0.021 0.020
Table G.12: 3 stage injection Gas Compressor scrubbers’ simulations vs. design
Injection Gas Compressors (Stream 214, 217 and 220)
DUTY Volumetric Flow Std Molecular Weight
[kW] [MMSCFD] [kg/kmol]
Remarks
qst 2nd 3rd qst 2nd 3rd qst 2nd 3rd
Stage Stage Stage TOTAL Stage Stage Stage Stage Stage Stage
Maximum | 3464 3387 2613 9546 57.4 57.4 49.9 20.32  20.33  20.33 | 0% Bypass Flow
DESIGN Only one compression
CRITERIA &MN Case | 3181 3080 2076 8337 | 493 493 343 | 17.60 17.69  17.68 | train in operation
0% Bypass flow
44% Bypass flow stage 1
Turndown | o0 o812 1845 7581 | 467 456 207 | 1881 1881  18.81 | 40% Bypass flow stage 2
Case 1 19% Bypass flow stage 3
20% Bypass flow stage 1
Eurndzown 2401 2286 1571 6258 | 41.8 414 285 | 2453 2363 2364 | 23% Bypass flow stage 2
ase 9% Bypass flow stage 3
Case_A 3235 2607 2204 8047 50.6 49.9 44.8 23.4 23.1 23.1
Case_B 3237 2608 2204 8049 50.6 49.9 44.8 23.4 23.1 23.1
Case C 2623 2100 1727 6449 41.3 40.6 35.5 23.7 23.2 23.2
Case_D 3231 2610 2208 8049 50.0 49.8 44.7 23.0 23.0 23.0
Case_E 3231 2611 2208 8049 50.1 49.8 44.7 23.1 23.0 23.0
Case_F 2612 2102 1729 6443 41.0 40.5 35.4 23.4 23.1 23.1
Table G.13: 1st stage flash gas compressor coolers’ simulations vs. design
1st Stage FGC Suction Coolers (Stream 20)
Phase Parameters Case_ A Case B Case C Case D Case E Case F Design
Vapour Mass Flow [kg/h] 20836.2 20821.4 15013.9 21876.5 21809.7 15115.0 14745.0
Vapour Std Gas Flow [MMSCFD] 9.2 9.2 6.9 9.6 9.6 6.9 6.915
Vapour Actual Gas Flow [m3/h] 7171.9 7172.1 5241.3 7475.7 7459.9 5340.6 5404.0
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Table G.14: 2" stage flash gas compressor coolers’ simulations vs. design

2"d Stage FGC Suction Coolers (Stream 233A)

Phase Parameters Case_ A Case B Case C Case D Case E Case F Design
Vapour Mass Flow [kg/h] 24178.3 27481.7  28495.0
Vapour Std Gas Flow [MMSCFD] 12.4 13.1 13.4
Vapour Actual Gas Flow [m3/h] 2683.0 38324 2843

Table G.15: 15t and 2 stage flash gas compressor coolers’ duties simulations vs. design

1stand 2" Stage FGC Suction Coolers’ Duties

Duty [kW] 15t Stage Cooler 2" Stage Cooler

Design Case 1479 2193
Case_A 2148
Case B 2163
Case_C 1685
Case D
Case_E
Case_F

Table G.16: 15t stage flash gas compressor scrubber’s simulations vs. design

1st stage FGC Suction Scrubbers (Stream 231)

Phase Parameters Case_ A Case_ B Case C Case_ D Case_E Case F Design
Vapour Mass Flow [kg/h] 12595.0
Vapour Std Gas Flow [MMSCFD] 6.3
Vapour Actual Gas Flow [m3/h] 5236.0
Vapour Molecular Weight [kg/kmol] 49.5 49.5 45.9 49.8 49.8 46.2 40.1
Vapour Mass Density [kg/m?] 3.0 3.0 2.8 3.0 3.0 2.8 2.4
Vapour Viscosity [cP] 0.009 0.009 0.009 0.009 0.009 0.009 0.010
Light Liquid Mass Flow [kg/h] 24246  2421.9 632.3 24919 24886 6469  1934.9
Light Liquid Actual Volume Flow [m3/h] _ 0.9 _ 0.9 2.8
Light Liquid Mass Density [kg/m?] 693.0 693.0 704.1 692.7 692.7 703.8 696.0
Light Liquid Viscosity [cP] 0.34 0.34 0.38 0.34 0.34 0.38 0.3
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Table G.16 (continued): 1st stage flash gas compressor scrubber’s simulations vs. design

1st stage FGC Suction Scrubbers (Stream 231)

Phase Parameters Case_ A Case B Case_ C Case_ D Case E Case F Design
Heavy Liquid Mass Flow [kg/h] 1806.0 1803.6 784.6 1858.5 1855.1 806.4 1532.0
Heavy Liquid  Actual Volume Flow [m?3/h] 1.8 1.8 0.8 1.9 1.9 0.8 15
Heavy Liquid Mass Density [kg/m3] 992.1 992.1 992.1 992.1 992.1 992.1 992.0

Table G.17: 2" stage flash gas compressor scrubber’s simulations vs. design

2"d Stage FGC Suction Scrubbers (Stream 234)

Phase Parameters Case_A Case B Case_ C Case D Case_ E Case F Design
Vapour Mass Flow [kg/h] 19280.7 22094.8 22798.0
Vapour Std Gas Flow [MMSCFD] 10.5 11.0
Vapour Actual Gas Flow [m3/h] 1940.1 2209.8 2302.8
Vapour Molecular Weight [kg/kmol] 36.8 37.0 36.6
Vapour Mass Density [kg/m?] 9.9 10.0 9.9
Vapour Viscosity [cP] 0.010 0.010
Light Liquid Mass Flow [kg/h] 4593.4 5461.2

Light Liquid Actual Volume Flow [m3/h] 6.7 7.3 8.7
Light Liquid Mass Density [kg/m?] 625.5 625.3 632.1 625.4 625.4 632.2 627.0
Light Liquid Viscosity [cP] 0.21 0.21 0.22 0.21 0.21 0.22 0.2
Heavy Liquid Mass Flow [kg/h] 863.3 873.3 686.0 972.2 980.2 793.5 793.6
Heavy Liquid Actual Volume Flow [m3/h] _ 0.7 _ 0.8 0.8
Heavy Liquid Mass Density [kg/m3] 992.3 992.3 992.3 992.3 992.3 992.3 992.0
Table G.18: Glycol scrubber’s simulations vs. design
Glycol scrubber (Stream 218)

Phase Parameters Case_ A Case_ B Case C Case_ D Case E Case F Design

Vapour Mass Flow [kg/h] 57473.4 57526.8 470215 571359 57169.5 46683.4 58186.0

Vapour Std Gas Flow [MMSCFD] 49.9 49.9 40.6 49.8 49.8 40.5 57.3

Vapour Actual Gas Flow [m3/h] 320.7 320.7 257.1 321.5 321.6 257.8 402.4

Vapour Molecular Weight 23.1 231 232 23.0 23.0 23.1 20.3

[ka/kmol]
Vapour Mass Density [kg/m?] 179.2 179.4 182.9 177.7 177.8 181.1 144.6
Vapour Viscosity [cP] 0.021 0.021 0.022 0.021 0.021 0.021 0.019
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Table G.18 (continued): Glycol scrubber’s simulations vs. design

Glycol scrubber (Stream 218)

Phase Parameters Case_ A Case B Case C Case D Case E Case_ F Design
Light Liquid Mass Flow [kg/h] - - - - - - -
Light Liquid Actual Volume Flow [m3/h] - - - - - - -
Light Liquid Mass Density [kg/mq] - - - - - - -
Light Liquid Viscosity [cP] - - - - - - -

Heavy Liquid Mass Flow [kg/h] 37.9 37.8 30.9 37.8 37.8 30.9 45.6
Heavy Liquid Actual Volume Flow [m3/h] 0.04 0.04 0.03 0.04 0.04 0.03 0.05
Heavy Liquid Mass Density [kg/mq] 997.0 997.0 996.9 997.0 997.0 996.9 996.7

Table G.19: Produced water flash vessel simulations vs. design

Produced Water Flash Vessel (Stream 311)

Phase Parameters Case_ A Case B Case C Case D Case E Case F Design
Light Liquid Mass Flow [kg/h] - - - - - - 3050.5
Light Liquid Actual Volume Flow [m3/h] - - - - - - 3.6
Light Liquid Mass Density [kg/m?] - - - - - - 845.0
Light Liquid Viscosity [cP] - - - - - - 7.3/5.9

Heavy Liquid Mass Flow [kg/h] 118948.5 28160.6 125211.9 119491.7 28654.4 125764.0 384104.0
Heavy Liquid Actual Volume Flow [m3/h] 1181 29.4 124.6 118.6 29.9 125.2 361.0
Heavy Liquid Mass Density [kg/m?] 1007.4 957.3 1004.8 997.0 957.2 1004.6 1064.0

Table G.20: Produced water cooler simulations vs. design

Produced Water Cooler’ Duties

Duty [kW] Value
Design Case 6028
Case A 360
Case B 5183
Case_C 0
Case_D 353
Case_E 5179
Case_F 0
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Table G.21: Cooling medium consumers duties simulations vs. design

Cooling Medium Consumers Duties

IGC 1st IGC 2 IGC 3 IGC FGC 1%t FGC 2nd Total Cooling
Duty [kW] Stage Stage Stage Discharge Stage Stage Load
Cooler Cooler Cooler Cooler Cooler Cooler (Design)
Design Case 1127 4996 4986 3105 1479 2193 32100
Case_A 401 4190 4235 2413 1837 2148 26463
Case_B 489 4195 4235 2413 1836 2163 26665
Case_C 529 3445 3471 1881 795 1685 21133
Case_D 114 4118 4219 2419 1896 2360 25996
Case_E 157 4123 4219 2420 1893 2368 26099
Case_F 222 3376 3454 1886 819 1878 20573
Table G.22: Heating medium consumers duties simulations vs. design
Heating Medium Consumers Duties
Duty [kW] Crude QOil Fuel Gas Pre- HP Fuel Gas LP Fuel Gas Total H_eating Load
Heater Heater Superheater Superheater (Design Case)
Design Case 12142 369 157 104 12774
Case_A 11281 176 66 34 11556
Case_B 11693 176 66 34 11969
Case_C 10030 180 66 34 10311
Case_D 13742 175 66 34 14016
Case_E 14124 175 66 34 14399
Case_F 12075 179 66 34 12354

Table G.23: New blend Reid vapour pressure and true vapour pressure simulations vs. design

New Blend RVP and TVP

Parameter Case A Case B Case C Case D Case E Case F Design
RVP at 37.8°C [psia] 5.61 5.63 7.30 5.72 5.73 7.42 <10
TVP at 50°C [psia] 14.19 14.20 19.38 14.22 14.22 19.34 <14.7
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Table G.24: Cooling duties for the major seawater heat exchangers simulations vs. design

Cooling Duties for the Major Seawater Heat Exchangers

Produced Water Crude Oil HP Separator PW Total Cooling Load
Duty [kW] .
Cooler Cooler Cooler (Design)
Design Case 6028 6380 10697 23105
Case_A 360 1272 0 1632
Case B 5183 729 13 5924
Case _C 0 2100 0 2100
Case_D 353 0 0 353
Case_E 5179 0 0 5179
Case_F 0 0 0 0
Table G.25: Fuel gas scrubber simulations vs. design
Fuel Gas Scrubber (Stream 252)
Design Design
Phase Parameters Case_ A Case B Case C Case D Case E Case F Normal Start-Up
Case Case
Vapour Mass Flow [kg/h] 10858.6 10874.1 10840.9 10868.9 10876.2  10839.0 22723.0 18646.0
Vapour Std Gas Flow [MMSCFD] 9.8 9.8 9.7 9.8 9.8 9.8 21.0 18.0
Vapour Actual Gas Flow [m®h] 394.1 394.1 390.9 394.4 394.5 391.5 893.0 1211.0
Vapour Molecular Weight 223 223 223 223 223 223 20.9 20.8
[kg/kmol]
Vapour Mass Density [kg/m?] 27.6 27.6 27.7 27.6 27.6 27.7 255 15.4
Vapour Viscosity [cP] 0.012 0.012 0.012 0.012 0.012 0.012 0.010 0.010
Light Liquid Mass Flow [kg/h] 669.0 665.2 752.6 609.7 610.1 696.0 1107.0 0.3
Light Liquid Actual \[/rs';/‘:]"e Flow 11 11 13 1.0 1.0 12 1.8 0.0003
Light Liquid Mass Density [kg/m?] 591.4 591.0 583.5 592.1 592.4 585.8 601.0 860.0
Light Liquid Viscosity [cP] 0.18 0.18 0.17 0.18 0.18 0.17 0.2 8.4
Heavy Liquid Mass Flow [kg/h] - - - - - - - -
I Actual Volume Flow
Heavy Liquid (méh] - - - - - - - -
Heavy Liquid Mass Density [kg/m3] - - - - - - - -
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Table G.26: Fuel gas operating parameters simulations vs. design

Fuel Gas Operating Parameters (Stream 253 and 253-2)

Fuel Gas — Normal — sourced from outlet of TEG contactor

Power
Design Design Generation
Parameter Case_A Case_B Case_C Case_D Case_E Case_F L 9 . 9 .
Minimum Maximum Turbine
Requirement
Molecular Weight 223 223 223 223 223 223 17.8 225
[kg/kmol]
LHV [MJ/Sm?] 41.8 41.8 42.8 41.8 427 427 33.3 45.6
HHV [MJ/Sm?] 46.1 46.0 47.1 46.0 47.0 47.0 - -
Wobbe Index
(Simulation) 52.5 52.4 53.6 52.4 53.5 53.5 - -
[MJ/Sm?]
Gas Te[Tcp]erat”re 37.1 37.0 36.8 36.7 36.6 36.6 ; ;
Wobbe Index
(Corrected at 46.0 45.9 47.0 46.0 46.9 46.9 40.90 49.80 37-49
T°C) [MJ/Sm?3)
Fuel Gas — Start-Up — Sourced from Hp separator
Molecular Weight 214 215 21.4 20.7 20.9 20.7 208 218
[kg/kmol]
LHV [MJ/Sm?] 40.7 39.7 41.0 39.6 38.7 39.9 35.0 41.6
HHV [MJ/Sm?] 44.9 43.8 452 43.7 427 44.0 - -
Wobbe Index
(Simulation) 52.1 50.8 52.5 51.6 50.3 51.9 - -
[MJ/Sm?]
Gas Te[rpcp]erature 69.4 69.5 69.4 55.4 55.5 55.4 ; ;
Wobbe Index
(Corrected at 43.4 423 43.7 43.8 427 44.1 36.30 44.10 37-49
T°C) [MJ/Sm?]
Table G.27: Fuel gas heat exchangers simulation vs. design
Fuel Gas Heat Exchangers Duties
Duty [kW] Fuel Gas Pre-Heater HP Fuel Gas Superheater LP Fuel Gas Superheater

Design Case
Case A
Case_B
Case_C
Case D
Case_E

Case_F

369

176

176

180

175

175

175

157

66

66

66

66

66

66

106

34

34

34

34

34

34
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