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ANNOTATION

Today, offshore fields are being developed more and more often. This trend is
increasing along with the depletion of onshore fields.

Difficulties in the design and development of offshore fields are associated with
the economic profitability and safety of such projects. And often these two concepts
limit each other to some extent.

The goal of this project is to select the best technological solution using UniSim
software for the development of the K1 and K2 offshore fields.

In this work, the following steps were taken:

e There were considered possible options for construction and development of
fields;

e Calculated topsides weight for each development option;

e Also were considered potential risks in environmental and occupational safety.



AHHOTAIMSA

Ha ceroansiiinuii 1eHb Bce yaie pa3padaThIBaIOTCsI MOPCKUE MECTOPOKIACHHMS.
OTa TeHAEHIUS YCUIINBAETCS M0 MEPE UCTOLLEHUS Ha3EMHBIX MECTOPOXKICHUM.

CnoXXHOCTH TIpU TPOEKTUPOBAHUU M pa3pabOTKEe MOPCKUX MECTOPOXKICHUUN
CBSI3aHBI C 3KOHOMHYECKON pEHTa0EIbHOCTHIO U 0€30IIaCHOCTBIO TAKUX MPOEKTOB. 1
4acTO 3TH JIBa MOHATUSA B TOW WJIM MHOW CTEIIEHU OTPaHUYUBAIOT APYT Apyra.

[lenpr0 MaHHOTO MPOEKTa SBISETCS BHIOOP ONTUMAJIBHOTO TEXHOJIOTMYECKOTO
pelieHust ¢ UCTOIb30BaHUEeM MporpaMMmHoro odecrieuenus UniSim anst pa3paboTku
Mopckux Mectopoxaenuit K1 n K2.

B aT0i1 paboTe ObuH MIPEANPUHATHI CIIEIYIONTUE Iaru:

e PaccMOTpeHbl BO3MOJKHBIE BapuUaHThl OOyCTpoWCTBa U  pa3pabdOTKU
MECTOPOXKIACHUM;
e PaccunTaH BeC BEpXHETO CTPOEHUS JJI KaXKI0r0 BapuaHTa pa3pabOTKH;

o Taxxe ObBUIM paccMOTPEHBI MOTEHIMAIBHBIE PUCKM B O0JACTH OXpPaHbI
OKpY’KAIOLIEH Cpeabl U OXpaHbl TpyAa.



AHJIATIIA

byrinri xKyHI TEHI3 KEH OpBIHAAPHI XKWl Wrepiryae. byn ypaic skep ycTi KeH
OPBIHIAPHI TAYCHUIFAH CAalbIH KYIIICHEe TYCEIi.
TeHi3 keH OpBIHAAPBIH XKo0ajay MEH WUrepyAeri KUBIHIBIKTap MYHIai

o0amapaplH 3KOHOMUKAIBIK PEHTAOETbILIIrT MEH KayilCi3miriMeH OaillaHBICTHI.
Kebinece 6y exi y¥eIM 0ip-0ipiH Oenriii 6ip Jopexese MeKTeHml.

by s)xo6ansin Mmakcatsl K1 xone K2 TeHi3 keH opbIHAapsiH urepy yiria UniSim

OarmapiaMalblK  JKacaKTaMachlH KOJIJaHA OTBIPBIT, OHTAWJIBI TEXHOJOTHSIIBIK
IISHTIM/II TaH1ay OOJIBIT TaObLIA IbI.

B¥JI KYMBICTA KeJecl KaaamMaap KacCaJlabl:

e KeH opbIHAApbIH KaJIaCThIPY MEH UTePYAIH BIKTUMAJ HYCKAJIaphl Kapajbl;

e OpOip AamMy HYCKACHI YILIH )KOFApFbl KYPBUIBIMHBIH CaJIMarbl €CETENe];

o CoHjpali-aKk KOpIlaraH OpTaHbl KOpFay *oHE €HOEKTI KOpFay CajlaChIHJAFbl
QJIEYETTI TOyEKeNIep Kapajabl.
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INTRODUCTION

About a third of the world's oil production comes from offshore areas. It was in
Azerbaijan that the first in the world began to produce oil from the bottom of the sea.
Currently, more than 90 countries are engaged in hydrocarbon exploration, and 30
countries are performing stable production.

The Caspian Sea is a unique natural site with significant potential resources for
the development of the oil and gas industry. At present, hydrocarbon reservoirs have
already been discovered in the offshore part of the Caspian. This project will focus on
the development of such field. An important role in this project will be given to safety.
Indeed, in history there are many cases of accidents and oil spills, which led to the
largest environmental disasters. [1]

1.1. General information about K1 and K2 fields

The K1 and K2 fields are located in the shallow part of the Northern Caspian
Sea, with a water depth of eight to nine meters. The nearest land area is the Buzachi
demi-island, which is located about 75 km in a southeasterly direction. This part of the
Caspian Sea is often icebound in winter, thus limiting the availability of normal
operations between December and March each year.

The K1 field is planned to be developed jointly with the K2 field. The goal of
joint development is to reduce capital costs and increase the profitability of the project.

1.2.  Production profile

Below is the production profile of the joint development of the two fields.

Production profile
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Figure 1. Production profile of Joint Development
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The maximum volume of oil production will be 20,416 thousand barrels per year
and will reach peak values in the 4th year of production. The duration of peak
production will be six years, then there will be an exponential decline.

2 MAIN PART
2.1. Technical and technological part

There are several options for the development of these fields and we will
consider some of them.

The development plan provides for the development of the K1 field as an
offshore drilling satellite with a multiphase pipeline to the offshore processing hub
located on the topside of K2 field. At the OPH, the crude oil will be prepared to
marketable qualities. After the complete processing of hydrocarbons at OPH, the
refined oil will be transported via a conventional oil pipeline to the Crude Oil Terminal
at Buzachi, that is, 75 km by sea.

K1 field will be a satellite with minimal equipment, the substructure of which is
a steel shell. Once the drilling process is completed, it is supposed that operations at
K1 topside will not require maintenance in view of remote monitoring. The move to
unmanned platforms is growing rapidly as offshore operators recognize the important
benefits offered in terms of cost savings, efficiency and, above all, safety. An
installation of this kind, recently completed by Siemens, has been on the Phillips
Petroleum West Ekofisk platform in Norway, which has been converted to an
unmanned platform.

The pipeline corridor between K2 and K1 includes an autonomous multiphase
pipeline, and also reverse water injection and gas lift lines (gas lift only for the first
development option). All produced products from K1, will be transported via a
multiphase pipeline to an OPH, where they will be prepared to marketable qualities.

The OPH will be located on the artificial island. The design of the island will be
U-shaped. The drilling module and modules for the technological preparation of oil
and its further transportation to the COT will be located on the island.

Most often, at developing offshore fields after depletion of reservoir energy, gas
liftis used in a mechanized production. Since the gas lift does not require large amounts
of electricity and solves the problem of associated gas utilization. In the first of the two
development options discussed below, it is planned to equip both fields with a gas lift,
but this will require laying an additional gas lift pipeline to K1 field. The second option
involves the abandonment of the gas lift on the K1 and its replacement with the ESP,
which will work at the expense of electricity generated at the OPH.

Offshore operations are carried out all over the world because the oil industry
finds most part of the world's hydrocarbon reserves under the oceans and seas. [2]
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Figure 2. Field development scheme (from Questor software)

In this work, we will consider two of several possible options for the
development of reservoirs. Simulation was carried out using the UniSim software,
where the optimal oil and gas treatment scheme was selected. All parameters listed
below were taken from the resulting models.

Option 1 includes a two-stage compression of the associated gas to further use
in the gas lift system, as well as a stage with a RIGC (re-injection gas compressor) for
injecting gas into the reservoir.
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Figure 3. Principal scheme of the 1st option for Joint Development

Option 2 provides for the installation of a GTL system instead of re-injecting
gas that will synthesize associated gas into liquid fuel and together with the oil, will be
transported to the COT. Also, instead of a gas injection well, two gas production wells
will be drilled for the needs of the gas lift. The scheme includes pre-treatment of gas
for the GTL system.
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Figure 4. Principal scheme of the 2nd option for Joint Development

2.2. Oil processing and export

2.2.1. Oil separation

Each time when flows from two or more wells are combined at a central facility,
a manifold is installed to ensure that the flow from all wells is extracted to any of the
main or test processing systems.

Due to the multi-component nature of the production fluid than higher the
pressure at which the initial separation occurs, the more fluid will be produced in the
separator. If the pressure on the initial separation is too high, many lighter components
will remain in the liquid phase in the separator. If the pressure is too low, not enough
of these light components will be stabilized into the liquid in the separator, and they
will be lost in the gas phase. The ability of any component of the technological flow to
instantly pass into the gas phase depends on its partial pressure. That is why it is
important to properly control the inlet pressure on the separators. [3]

To meet the technological requirements, separators are usually designed in
stages, in which the first stage separator is used for primary phase separation, and the
second and third stage separator is used for further processing. In our options, the
separators are classified according to the pressure. [4]

18



In the first option, a two-stage separation scheme is used. The multiphase flow
from the K1 and K2 manifolds is heated to a temperature of 50°C in the inlet heater at
a pressure of 13 bar abs. After that, the flow enters the three-phase separator HP, where
it is divided into three phases. The gas from the separator is directed to the first stage
of the flash gas compressors (FGC). To measure the flow rate, a test separator is
installed. The oil is sent to the second stage of the LP separation, and the water is sent
to the hydrocyclones for cleaning.

Table 1. Separator operating parameters

Scheme Properties HP Separator | MP Separator LP Separator
Pressure, bar abs. 13 - 6
1 opt
Temperature, °C 50 - 60
Pressure, bar over. 10 3 0,5
2 opt
Temperature, °C 50 50 72

In hydrocyclones, the reservoir water is separated from the oil, then the separated
flow is sent to the CFU.

The oil flow from the HP separator is heated by an external heat carrier to 60°C
and enters the three-phase LP separator at a pressure of 6 bar abs. To prevent the release
of gas in two sequentially operating desalters, the released gas sent to the off-gas
compressor LP to increase the pressure to the values as at HP separator. As in the
previous separator, the separated production water flows to the hydrocyclones. The oil
flow is sent to the pump, where its pressure is increased to 12 bar abs.

In the option where we use GTL, there is a three-stage separation of oil, but there
IS no stabilization column. At first, the multiphase flow from the K1 manifold is heated
in the heater to 50 °Cat a pressure of 10 bars, and then it is going to the HP separator.
Water from the separator enters the hydrocyclones, and the gas enters in the gas
separator to prepare it for GTL. The oil flow is connected to the multiphase flow from
the K2 manifold and is heated by an external heat carrier to 50°Cat a pressure of 3 bar
from the pump and then enters the MP separator. The separated gas from the separator
Is going to the GTL unit, and the production water is going to the hydrocyclone. After
that, the oil after the separator is heated in two consecutive heaters with a heat carrier
to 72°Cand enters the LP separator at a pressure of 0.5 bar. The gas after the separator
enters the single-stage LP compressor, and the production water goes to the
hydrocyclone. The oil flow is further going to the pump, where its pressure rises to
10.5 bars.

2.2.2. Desalting
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Any crude oil intended for pipeline transport must comply with strict regulations
regarding water and salt content. Desalting involves mixing the heated crude oil with
washing water. This is achieved by using a mixing valve to ensure proper contact
between the crude oil and the wash water, and then passing it into the vessel, where
phase separation is ensured. [5]

The requirements for salt and water content are even more stringent due to their
negative impact on subsequent processes such as corrosion. The desalting process is
necessary to achieve the required concentrations of salts and water in the oil (water
<0.5% by weight, salt <100 mg / dm3). In both options, the desalting process is the
same, using cleaned seawater after filtration and deaeration. The process uses two
consecutive desalters. The first desalter is supplied with recirculating flushing recycled
water, separated from the second desalter to reduce the concentration of salts in the oil.
Further, after separation, the oil enters the second desalter, which is fed with fresh clean
sea water. After the oil is separated from the second desalter, the required
concentrations of salts and water in the oil are reached. The separated water from the
desalter-2 is pressed by a booster pump to a pressure of approximately 10.5-11 bar abs.
and enters the desalter-1 as recycled water.

Table 2. Desalter operating parameters

Scheme Properties Desalter 1 Desalter 2
Pressure, bar abs. 10,5 9
Temperature, °C 55 56

1 opt - -
Temperature of circulating water, °C 56
Temperature of fresh sea water, °C 60
Pressure, bar abs. 10,5 9
Temperature, °C 72 71
2 opt - -
Temperature of circulating water, °C 71
Temperature of fresh sea water, °C 60

Fresh washing water before being fed to the desalter-2 passes through two heat
exchangers: in the first case, the heat carrier is water from the desalter-1, in the second
case, it is heated to 60 ° C by a hot external heat carrier "TEG/water".

2.2.3. Oil stabilization

Since the scheme of the second option uses a three-stage oil separation, there is
no need to install a stabilization column. The stabilization column is used only In the
option where we use FGC.

The oil stabilizer is a poppet column consisting of seven stages. Heated in the
lower part of reboiler, the temperature of which in the operating mode is 180°C. The
flow after the desalter-2 is divided into two streams with a ratio of 30:70, part of the
total flow (30%) is going to the upper part of the column, and the rest is heated in the
heat exchanger and fed in the middle of the column. The separated gas from the upper
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part of the column is sent to the off-gas compressor LP. The oil heated in the reboiler
Is used as a heat carrier in the heat exchanger after the desalter-2 and going to the
export.

Table 3. The main parameters of the stabilizer

Part of the column Temperature, °C Pressure, bar abs.
Top of column 58,2 6
Reboiler 175-180 6,5-7

2.2.4. Oil exports

In the option where we use flash gas compression (FGC) the export pump pumps
the oil into the pipeline to the COT, after stabilization and use as a heat carrier.

In the option where we use GTL system, the oil after the desalter-2 is used as a
heat carrier in the heat exchanger (LP Separator Preheater) and then, by using an export
pump, it is pumped into the pipeline to the COT.

In both options, export oil is pumped at a pressure of 48 bar abs. Corrosion and
paraffin inhibitors are introduced in front of the pumps. Regular cleaning is provided
with scrapers to remove paraffin deposits in the pipeline.

On the shore, volume of oil is measured, and the quality of exported products
(for the content of solid particles, water and salts) is monitored using a flow analyzer.

2.3.  Compression, preparation and injection of gas, option 1 (FGC)

Compressors are used when it is necessary to direct gas from a lower pressure
system to a higher pressure system. Oil wells often require a low surface pressure, and
the gas released from the oil in the separator must be compressed in flash gas
compressors. Flash gas compressors are usually characterized by a large pressure drop.

Often, a gas lift system is required to produce oil, after depletion of reservoir
energy. The gas lift compressor needs to compress not only the associated gas produced
with oil, but also the recirculating gas-lift gas. [6]

The gas from the HP and LP separators is sent to the OGC (off gas compressor)
and FGC (flash gas compressors) gas compression lines to prepare it for use in the gas
lift and as fuel gas. The excess gas will be re inject into the reservoir by using the re
injection gas compressor.

2.3.1. Re-injection gas compressor (RIGC)

The RIGC receives gas from the LP separator, the oil stabilization column, and
the flare system. It consists of two lines of 50% each. Each line has scrubbers at the
inlet and outlet, a single-stage compressor, and a cooler after the compressor. The
compressor will be powered by an electric motor.
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Table 4. OGC parameters (1st opt)

Temperature, °C Pressure, bar abs.
Suction / discharge 41 -65/110 5/14,0
Flange grade ASME 150#

2.3.2. Flash gas compression system (FGC)

In the first option, gas production is not provided, and the excess associated gas
IS re-inject into the reservoir through a gas injection well.

The gas is separated from the crude oil by flash evaporation at multiple pressure
levels, which leads to gas flows at multiple pressure levels, flow rate and different gas
composition. FGC consists of two lines of 50% each. Each with two compression
stages driven by the use of electric motors. Each stage consists of inlet and outlet
scrubbers, outlet coolers, and compressors. The gas is cooled by using seawater (water
+ TEG). Compression heats the gas, so there is a cooler after each compression stage.
At ahigher pressure, more liquid can separate, so the gas enters another scrubber before
being compressed and cooled again. A glycol contactor is located between the two
stages, which dewaters the gas by using a TEG absorber at a pressure of 42 bar abs.
Dewatering is necessary to prevent the formation of hydrates in gas lift systems. After
the TEG column, the gas can be used for fuel needs. Compressors in oil fields are
equipped with recirculation valves. The recirculation valve allows the compressor to
operate at low capacity, supporting the loaded compressor with the minimum required
capacity. [7]

After the second stage of the FGC, gas is used for the gas lifts of K1 and K2
fields. The excess gas goes to the re-injection.

Table 5. Design and operating conditions of the flash gas compressor system

Temperature, °C Pressure, bar abs.
Designed -46-180 60 /165
Operational 1st stage
(Suction / discharge) 41-65/144 OKT 42
Operational 2nd stage
(Suction / discharge) 42,5/153 415/143
Flange grade ASME 1500#

2.3.3. Re-injection gas compression system (RIGC)

The excess gas is fed to the RIGC and then pumped into the reservoir through
the injection well. The system consists of three 33% compressors, a scrubber at the
inlet and a cooler at the outlet. The maximum injection temperature is 120°C.
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Table 6. Design and operating conditions of the gas injection system

Temperature, °C Pressure, bar abs.
Designed -36-175 FV, 240
O_peratmnal (Suction / 42180 141/ 224
discharge)
Flange grade ASME 2,500#

2.4. Gas compression system, Option 2 (GTL)

The simulation was carried out in the UniSim software, where the optimal
scheme of oil and gas processing was selected. All the parameters listed below were
taken from the received models.

2.4.1. Gas preparation for GTL

The associated gas after separating from the oil in the HP separator is sent to the
scrubber, where it is removed from the residual liquid. Then, together with the gas
separated from MP separator, it is sent to the GTL.

The gas separated from the LP separator and the flare system enters a single-
stage OGC compression system consisting of: inlet and outlet scrubbers, a compressor
and a cooler. The gas is cooled to 50°C. After that, the gas is supplied to the GTL
system.

Table 7. OGC parameters (2nd opt)

Temperature, °C Pressure, bar abs.

Suction / discharge 721126 1,5/4,0

2.4.2. Gas preparation for the K2 gas lift

In the second option, it was decided to abandon the use of the gas lift on the K1
field, because of using the ESP. In this connection, there will be no need for a gas lift
pipeline to K1. The injection gas well was also replaced with production gas wells,
where the extracted gas from the gas cap will be used for the K2 gas lift.

Before using the gas for the gas lift, it is necessary in prepared it. At the initial
stage using: a scrubber to separate the residual liquid and superheater. The superheater
IS necessary to raise the temperature from 60°Cto 120°C in this temperature range, gas
transportation is provided without the release of liquid it according to the technological
requirements of gas lifting equipment.
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Figure 5. Gas to gas lift 1st stage (opt 2)

During further development of the field, the pressure of the gas cap is reduced
to 80 bar abs., in this case, it is necessary to use the equipment: a scrubber and a
compressor for raising the pressure to 120 bar abs..

120 bar

K

Y — “J "—I_’

Gas Lift K2
Gas compressor

Scrubber

._
L

Figure 6. Gas to gas lift 2nd stage (opt 2)

Table 8. Compressor for gas lift (opt 2)

Temperature, °C Pressure, bar abs.

Suction / discharge 55/92 80/ 120

2.4.3. GTL system

GTL technology is widely used by many companies: Sasol, BP, Chevron and
Shell. For example, Shell built the Pearl plant in Qatar.

The GTL system is based on the Fischer-Tropsch process and consists of
synthesizing associated petroleum gas into fuels such as kerosene and gasoline. This
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transformation uses iron and cobalt-based catalysts. The resulting synthesized fuel can
be mixed with natural oil produced in the field and delivered to the market by using
the existing oil transportation infrastructure. In other words, the problem of gas
utilization is solved and there is no need to build an export gas pipeline to the shore.
Possible problems in the future design will only consist in the location of the system
itself. It all depends on the overall dimensions.

The process itself consists of four stages:

e Stage 1: supply of gas and steam to the reformer, part of the gas is used for
combustion for heating

e Stage 2: removing any water and compressing the gas stream

e Stage 3: supply of dry synthesis gas to the Fischer-Tropsch reactor

e Stage 4: separation of the resulting HC and water

Removal of any
water and
compression of the
gas stream

Gas reforming

Dry synthesis gas Separation of the
supply to FT obtained HC and
reactor water

Figure 7. Stages of the GTL process

2.5. Flare system

A flare system is provided in both options. According to the existing legislation,
to environmental protection, gas flaring is banned in normal or continuous mode. The
system is used to prevent emergencies, only for emergency purposes for short periods
of time. For example, when the compression systems are temporarily turned off. When
a block is turned off, the flare system can be used for a short period of time, if the
appropriate permissions are available. It burns gas until the problem or emergency is
resolved.

The flare system consists of:

e LP systems, unloading gas from flotation and associated gas at pressures
below 10 bar abs;

e HP systems, unloading the glycol regeneration system at a pressure above 10
bar abs.
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Both systems consist of: a collection net, a drum, and a flare stack. The network
of pipes that enters the liquid knockout drum, it is called the flare header. The liquid
knockout drum separates the trapped liquid in the gas stream to prevent it from being
released into the atmosphere. The HP and LP flare stacks are located on the same tower.
The HP flare stack has a tip and due to the high pressure, the gas is burned at a speed
close to the speed of sound. The LP stack has an open tip. The LP system includes a
steam recovery blower. When the vapor capture system is switched off, the flare
collectors are purged with fuel gas. In extreme cases, the reserve stock of inert gas is
used. The purge gas is injected at a certain rate at points along the collector to prevent
air from entering, which could create a flammable or explosive mixture. In the case of
an explosion in the flare tube, the flashback seal drum prevents the flame from entering
the flare collector. [8]

The flare pilots and the ignition system keep the pilot burners burning
continuously while the flare is running. A rainwater drain tank is also provided to
prevent liquid from entering the flare line.

Pilot Burners

% Steam

Line

Flare Tip

Steam
Nozzles —)

Gas Barnier

Flare Stack

Ignition Device

Gas Collection
Header and

Transfer Line Purge r

(— \ Gas

'
Y v v ' |
-Air Line

knock-out Water Gas Line
Drum — Sear

- S

=1 S

Drain

Figure 8. Schematic illustrates the components of a typical flare system [9]

2.6. Fuel gas

26



The fuel gas system is identical for both options. The fuel gas system provides
dry gas for specific systems. High pressure fuel gas is used to generate electricity. Low-
pressure gas is used for a purge of the flare network.

2.7. Preparation of produced and sea water

2.7.1. Preparation of produced water

The produced water, after separation from three separators for the first option
and two for the second option, enters the system for the preparation of produced water.
The system for both options consists of hydrocyclones, CFU and protective filters. The
system provides water treatment to a concentration of oil <15 mg / | and mechanical
impurities <15 mg / I. It also provides the installation of a produced water drum, into
which the streams will drain from the LP separator and the desalter-1.

Due to the hydrocyclones of oil treatment, its concentration in the water is
reduced to 100 ppm. While the hydrocyclones of sand treatment reduce the content of
mechanical impurities to <15 mg/I.

Then the stream enters the CFU, where the flotation process takes place. It is
achieved by introducing gas into the CFU, in the result suspended particles (mechanical
impurities and oil) float to the surface. That’s why, a constant supply of gas is
necessary. Also, reagents such as coagulants and flocculants can be used in the flotation
process, which promote the aggregation of suspended particles. After the water flow
leaves the CFU, the oil content in it does not exceed 15 mg/l. The residual gas from the
CFU will be directed to the LP flare unit.

The role of protective filters is to further reduce the concentration of mechanical
impurities in water.

HP Separator MP Separator LP Separator Desalter

Produced
water drum

Deoiling Desanding Cartridge guard
Hydrocyclones Hydrocyclones filters

To water injection

Figure 9. Produced water treatment scheme
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2.7.2. Seawater intake and treatment

The use of seawater treatment and injection to increase oil recovery is widely
practiced around the world. Seawater can be treated at different levels to provide the
required water quality, compatible with the reservoir to maintain pressure. Insufficient
water preparation can negatively affect the injection efficiency, change the wettability
of the reservoir, or lead to clay swelling.

In both options, the seawater treatment system is the same. Seawater is injected
into the reservoir along with produced water to maintain reservoir pressure. It is also
used in the production of drinking water, as well as in the process of desalting oil.

In the Caspian Sea, the content of mechanical impurities exceeds 200 mg /|, and
they have a fine particle size distribution. That is why the preparation of seawater is
necessary.

The seawater treatment system consists of:

« Seawater pumps that pump water from the Caspian Sea. They are located in a
pit for seawater intake. Hypochlorite is injected at the pump outlet to prevent the
formation and accumulation of bioflora.

« Coarse and medium filters that greatly reduce the content of mechanical
impurities in seawater.

» Deaeration columns, where the dissolved oxygen is removed. To improve the
work, an antifoam agent is injected at the entrance to the deaerator. And oxygen
absorber is injected down the column to reduce its concentration at the outlet from 20
to 10 ppm.

« Water injection pumps that pump part of the seawater at the outlet of the
deaeration column together with produced water to inject them into the reservoir. The
rest of the seawater is going through a reverse osmosis membrane and is used to
desalting of oil.
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Figure 10. Seawater treatment scheme

2.8.  Weights of OPH equipment

The MEL (Master Equipment List) is important in assessing weight. Regardless
of the chosen method, the MEL will be the basis for weight estimation.

The MEL is used as a basis for determining the weights of other disciplines by
applying the experience weight factors. This method is used in the feasibility study and
concept development stages, as well as in the FEED stage. Based on the MEL
information, you can determine the appropriate requirements for the area and volume
of the upper structure, as well as creates drawings. Based on the drawings, the weight
of bulk and structural elements can be calculated with the help of area / volume density
coefficients. Based on the MEL information, you can find out the weight of the
equipment for each module. [10]

The equipment was divided into modules according to their intended purpose.
There is a difference in weight between both options, especially in the gas part. In the
option where we use GTL system is almost no gas compression. When comparing the
weights, the second option does not take into account the weight of the GTL system.
The weights of some modules have been included in the calculations for the weights
of other modules. For example, the weights of the M02 module are included in the M03
calculations.

Below are the dry weights of the equipment by module. However, when
designing the substructure, operating weights are taken into account.
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Table 9. Equipment dry weight for K2 OPH

odule Descrption ptonte | OptiomTe.
Module 1 LQ 259 259
Module2 | Compression/ Follow incl in M03 incl in M03
up compression
Module 3 Oil separation 2681 1106
Moduleq | ‘/aterTreatment& 1459 1503
Utilities
Module 5 Power generation 2205 2187
Module 6 Flare Knock-out 163 163
Module 6A Export 573 477
Module 7 Pipe Rack
Module 8 Manifolds 114 114
Module 9 Flare Stack 7 7
Module 10 Gas Lift Compression - 176
X1 Warehouse Steel incl in MO1 inclin MO1
X2 Skid Beams incl in M08 incl in MO8
X3 Escape Route
X4 Closed Drain incl in x7 inclin x7
X5 Fire Water Ring Main inclin x7 inclin x7
X6 Flow Lines incl in MO7 incl in M08
X7 Other 604 544
X8 Stairtowers
K2 OPH Subtotal 8 065 6534

2.9.  Weights of topsides

The dry and operating weight and center of gravity of the topside must be
monitored throughout its life. Data from the topsides weight database should be the
primary document used by engineers when evaluating or re-analyzing structures.

The design allowance is 20%. It applies to individual weight elements and does
not depend on the project phase, drawings or revision of technical data. Rather, they
depend on the accuracy of the data at any given time. This principle reduces the
coefficients and optimizes the load capacity of the platform at an early stage.

It is important to understand that design allowance - is a measure of the accuracy
of the base dry weight of a product. Weight allowance should generally apply only to
the base dry weight of each item and not to its contents. Since all operational increases
must be accurately determined at the early stages of the detailed design of the project.
[10]
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Figure 11. Allocation of topside allowances and reserves diagram [10]

When calculating the dry weights of the topsides for both options, take into
account the weights of bulk materials, in addition to the main equipment, such as:

Piping

Instrumentation and telecommunications
Electrical equipment

Structure

Utility room

Fire protection

Safety

Insulation

Painting

HVAC (Heating, Ventilation and Air Conditioning)
Fire wall

Since K1 is being developed as a remote drilling satellite, the living quarters in
it is used only in the winter season when drilling in both options. In the summer, it is
planned that the drillers will live in Flotel, and in the winter, due to the icebound
Caspian Sea, they will live in living quarters. The reasons for using Flotel in the
summer are due to the safety of drillers. Because of the risks of a blowout, since only
in the summer is it planned to perforate wells. When designing the substructure, the
operating weight of the modules is taken into account, while the dry weight of the
modules is included in the calculations of transportation, hook-up and commissioning.
The modular design is used to reduce the amount of work and labor required for
installation and hook-up.
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Figure 12. Dry weight for K1 and K2 Topsides

Module Description Dr(\;r\,l\tliziﬁ?;:st *Drg::liii:'h::nd
Module 1 LQ 3773 3773
Module 2 Compression/ Follow up compression incl in M03 inclin M03
Module 3 Oil separation 9 555 2070
Module 4 Water Treatment & Utilities 6 009 6 009
Module 5 Power generation 6284 6284
Module 6 Flare Knock-out 1142 1142

Module 6A Export 1998 1908
Module 7 Pipe Rack 1659 1659
Module 8 Manifolds 2985 2985
Module 9 Flare Stack 369 369
Module 10 Gas Lift Compression - 174

X1 Warehouse Steel incl in MO1 inclin MO1
X2 Skid Beams incl in M08 incl in MO8
X3 Escape Route 50 50
X4 Closed Drain incl in x7 inclin x7
X5 Fire Water Ring Main inclin x7 inclin x7
X6 Flow Lines incl in MO7 incl in MO7
X7 Other 1900 1900
X8 Stairtowers 197 197
K2 OPH Subtotal 35921 28 520
K1LQ LQ 1019 1019
K1 Drilling Drilling 1588 1588
K1 Topside Upstream 5744 5533
K1 Subtotal 8351 8 140

* Not included GTL system

2.10. Costs estimate

The capital cost calculations for topsides include: purchase, fabrication,
construction, hook-up and commissioning (HUC), transportation and installation
(T&I) costs. The cost of elements is determined by weight and evaluated for each
module.

Methodology for calculating the cost of topsides:
Calculation of the cost of materials for topside modules
Design Allowance for Main Equipment 10%
Design Allowance for Other materials 20%
Material Cost =

((Net weight x Design Allowance on for Procurement Cost) * Unit rate)
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Calculation of fabrication cost for topside modules
Total Manhours = Gross Dry Weight * Manhour Norm * PF
Total Fabrication Cost = Total Manhours * Hourly Rate

The fabrication of the modules will be done in the Caspian Sea area. Almost all topsides
modules will be fabricated in RoK.

Calculating the cost of forwarding for topside modules
Freight Forwarding = (Total Fabrication Cost + Material Cost) * 10%
The freight cost is 10% of the bulk and equipment cost transported to Caspian Sea.

Calculation of the hook-up & commissioning costs for topside modules
Total Manhours =
Manhour Norm * Modules complexity factor * Gross Dry Weight

The complexity factor of each module is defined by a qualitative approach. The man
hours per Te of HUC between modules may vary significantly depending on:

e The number of interface connection (estimated by the construction manager).
e Size, type and location of each module

All modules are built in the Caspian Sea area. The modules will be transported
by barge from the yards to the Island.

When comparing the costs for the two development options, it was defined that
the second option is 13.6% more expensive than the first. But taking into account the
GTL system and the future increase in production due to its use, it can be concluded
that both options require more detailed revision.

2.11. Environmental and labor safety
When designing the topsides takes into account various aspects that need to be
considered for safe operation.

The structure and structural elements must be constructed and maintained in such
a way as to withstand loads throughout their entire service life. [11]

In other words, they should:
e Withstand extreme impacts;
e Provide a good level of damage resistance
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When designing the topsides, it is necessary to take into account possible
emergency situations such as:

1) Fires;

2) Explosions;

3) Collisions with ships;

4) Impacts from falling and swinging objects, broken cables and wires;
5) Emergency landing and helicopter crash;

6) The effect of accidental flooding in cases of damage to compartments.

When using an ice-resistant unmanned satellite platform, some of the above
emergencies can be minimized or avoided. In particular, problems such as collisions
with ships and helicopter crashes can be minimized with the help of remote monitoring
and absence of maintenance employees on the platform. It is also considering the
possible risk of collision when the platform is located close to the shipping lanes.

The main solutions for the layout of block modules in technological areas are
developed in order to minimize:

e Frequency and severity of the consequences of accidents;
e The possibility of spreading accidents to other modules

Design solutions should eliminate the emissions of explosive gases, flammable
liquids, and toxic substances in the modules.

An open drainage system for hazardous effluents should exclude the possibility
of:

e Accumulation of spilled hydrocarbons on the places;
e Spread of hydrocarbon spills

Solutions for drainage systems must ensure that it will work in all weather
conditions. [12]

Living quarters should be located away from potentially hazardous systems.

2.11.1. Fire protection system

The fire protection system must perform the functions of alarm, detection,
localization and elimination of fire. Also, emergency evacuation routes should be
provided for such factors as ice formations on the sea surface, snowfall, snowstorm
that complicate the evacuation. Platform maintenance employees must be provided
with personal protective equipment and protective clothing in case of fire.

The exhaust devices of the ventilation systems are equipped with gas sensors
and send signals to the control room. Dispatchers can remotely shut off the air intake
in case of gas contamination.

The drainage system must work properly in all weather conditions to drain all
foam and water used during in firefighting. [13]
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CONCLUSION AND RECOMMENDATION

This project introduces a new concept and compares it with the existing one.

Evaluating the options under consideration, we can conclude that the GTL
system is more promising in terms of applying new technologies. The only problem is
the cost-effectiveness of its use. This technology brings a significant increase in
production, but requires a significant area for placement. If it is possible to place GTL
on the OPH, then there will be no need to build a gas pipeline to the COT, since the
synthesized fuel will be transported along with the oil. This will significantly reduce
the necessary capital investment. At this stage, there is no data on the exact parameters
of the GTL system. That is why it is difficult to say whether this option is really better
than with FGC. Only with further evaluation of the overall CAPEX will it become
known which of the options are more profitable.

It is recommended to consider in more detail the international safety standards
for FEED stage, for the development of offshore fields. Also, with more detailed
design, it is possible to reduce the weight allowance according to the international
standard.
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OPH
coT
ESP
RIGC
GTL
FGC
HP
MP
LP
0GC
CFU
TEG
FT
HC
SRU
MEL
FEED
LQ
HVAC
HUC
T&l
CAPEX
RoK

LIST OF TERMS AND ABBREVIATIONS

Offshore Processing Hub
Crude Oil Terminal

Electrical Submersible Pump
Re-Injection Gas Compressor
Gas to Liquid

Flash Gas Compression

High Pressure

Medium Pressure

Low Pressure

Off Gas Compression
Compact Flotation Unit
Triethylene Glycol
Fischer-Tropsch
Hydrocarbons

Sulphate Removal Unit
Master Equipment List
Front-End Engineering Design
Living Quarters

Heating, Ventilation and Air Conditioning
Hook-Up and Commissioning
Transportation and Installation
Capital Expenditure

Republic of Kazakhstan
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