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Abstract

In oil and gas production, Boosters play a crucial role in ensuring efficient transport of well
fluids from the reservoir to processing facilities. Our research involves studying the impact of
this method on the production of 7 wells in the Brides field, Gassi Touil region. This study is
based on the analysis and interpretation of modelling results and production predictions using
the MBAL and PIPESIME software. Our findings demonstrate that implementing the booster
will result in a significant increase in gas and condensate flow rates. Furthermore, our
economic assessment reveals an exceptionally short payback period of around 41 days into
the project.

Keywords:
Booster, modelling, predictions, Brides field, MBAL software, PIPESIME software.

Résume

Dans la production pétroliere et gaziére, les Boosters jouent un rdle crucial en assurant un
transport efficace des fluides de puits du réservoir aux installations de traitement. Notre
recherche consiste a étudier I'impact de cette méthode sur la production de 7 puits dans le
champ Brides, région de Gassi Touil. Cette étude s'appuie sur l'analyse et I'interprétation des
résultats de modélisation et des prévisions de production a l'aide des logiciels MBAL et
PIPESIME. Nos résultats démontrent que la mise en ceuvre du surpresseur entrainera une
augmentation significative des débits de gaz et de condensats. De plus, notre évaluation
économique révele un délai de récupération exceptionnellement court d'environ 41 jours apres
le début du projet.

Les mots clés :

Booster, modélisation, prédictions, champ de Brides, Logiciel MBAL, Logiciel PIPESIME.
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Symbols and Abbreviations

n,: Moles of gas produced.
n;. Moles of gas initially in the reservoir.

n¢: Moles of gas remaining in the reservoir.
P;: Initial reservoir pressure.

G,: Cumulative gas production, scf.

P : Current reservoir pressure.

V: Original gas volume, ft3.

z;. Gas deviation factor at pi.

z: Gas deviation factor at p.

T: Temperature, °R.

W,: Cumulative water influx, ft3.

W,,: Cumulative water production, ft3.
G: Initial gas in place (SCF).

g: Flow rate.

Pwf: Bottomhole flowing pressure.
Pwh: Wellhead pressure.

AP: Pressure drop in each segment.
qg: Flow rate, Mcf/D.

k: Permeability, md.

h: Net vertical thickness, ft.

p,: Average formation pressure (shut-in BHP), psia.
P wis: Sandface flowing BHP, psia.
p: Viscosity, cp.

T: Temperature, °R.

Z: Supercompressibility, dimensionless.

[ 1L—




r.: Drainage radius, ft.

ry,: Wellbore radius, ft.

S: skin factor, dimensionless.
MF: Manifold.

HP: High pressure.

LP: Low pressure.
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Introduction

Introduction

Natural gas is a clean-burning source of energy extracted from geological formations. It is
widely used for various purposes such as heating, cooling, electricity generation, and the
production of essential materials like steel and concrete. The natural gas industry isan
important contributor to Algeria's Gross Domestic Product (GDP). In 2019, natural gas rents

in the country accounted for approximately 2% of the country's economy.

Oil and gas companies have sought to maximize the recovery of the reserves in place and to
extend the life of the mature oil and natural gas sites to meet the global demand for these

fossil energies, which constitute almost all of the energy consumed worldwide.

Enhancement of the production of oil and gas is considered a must during the lifespan of
any hydrocarbon reservoir, as their production naturally declines over time. Thanks to
significant technological advancements, the petroleum industry has introduced various
methods to increase the total recovery of oil and gas. These methods include artificial
recovery techniques such as gas lift, CO2 injection, as well as stimulation methods.
Additionally, it is also important to take into consideration other different elements that may
cause a decline in production such as the location, and operating environment of the wells.

Production optimization techniques may not always be a sufficient solution in these cases.

In our research, we are focusing on the Boosting technique. The compression unit
“Booster”, is a multiphase pressure boosting technology, is designed to increase the pressure
of the well fluids (oil, gas, and water mix) ensuring efficient transportation from the reservoir
to processing facilities. This boosting system can offer a cost-effective solution to well
intervention and contributes to the recovery of more hydrocarbons by overcoming pressure

drops in pipelines, ultimately prolonging the life of the hydrocarbon field.
We aim to achieve the following objectives in our study:

» Identifying the “Boosting” technology and its various applications on the production
system and discussing the potential improvements that this technique could bring.

» Employing MBAL software to model reservoirs.

» Utilizing PIPSIME software to model the Boosting unit production system.

» Optimizing the flow and analyzing the impact of the Booster on the overall system

and future production.




Introduction

Our research consists of 4 chapters. The first chapter is a general overview of the Gassi
Touil region, where our study took place. In the second chapter, we delve into the concept of
production prediction and the general knowledge required to realize our study. The third
chapter discusses the criteria for selecting the 7 candidate wells that have been chosen to be
boosted and provides a detailed description of the Boosting unit proposed. The fourth and
final chapter will contain the result of our research, detailing the use of MBAL and PIPESIM
software to model and predict the potential outcomes of implementing a Boosting unit on the

candidate wells.
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I.1 Sonatrach Production Division (DP)

Sonatrach is the Algerian national company responsible for research, production, pipeline
transportation, processing, and marketing of hydrocarbons and derivatives. It's also involved
in other sectors like power generation, renewable energies, and desalination. Sonatrach

operates in Algeria and around the world.

It's the leading company in Africa and holds a prominent position globally. Its total
production (all products combined) was 191 million TEP (Tonnes Equivalent Pétrole) in 2015.
Its activities contribute to about 31% of Algeria's Gross National Product (GNP). Sonatrach

employs 120,000 people across the group.

Sonatrach is divided into four Activities: Exploration & Production, Downstream, Pipeline
Transportation, and Marketing. The Production Division (DP) is an integral part of the

Exploration & Production Activity.

1.2 Presentation of the Gassi Touil Site
The Gassi Touil Regional Directorate is one of ten Regional Directorates that constitute the

Production Division of the Exploitation Production branch / Exploration & Production

Activity of the Sonatrach group.

Petroleum, gas, and dry gas extracted from deposits in the perimeters of Brides, Nezla
(North and South), Gassi EI Adem, Gassi Touil, Toual, Hassi Touareg (North and South),
Hassi Chergui (North and South), and Rhourd EI Khelf. [1]

The Regional Directorate has various base facilities, including:

e Two production units (one for crude oil treatment and one for gas treatment).
e Oil and gas fields.

e An agricultural area (launched as part of the Saharan agriculture development policy).

The Gassi Touil region is situated in the Ouargla wilaya, approximately 1000 km from
Algiers and 150 km southeast of Hassi Messaoud. It encompasses an area of roughly 170 km
in length and 105 km in width. [2]
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a) Geographical Coordinates:
X:06°287”E

Y:30°31’0” N

b) UTM Coordinates:
X =257,100

Y = 3,378,550

Figure 1.1: Geographique localisation Gassi Touil region. [3]

1.3 History of Gassi Touil region

The Gassi Touil region is composed of several fields, with the main ones being:
e Gassi Touil (GT), discovered in 1961, confirming the presence of oil and gas

with 80 gas wells drilled.
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Nezla Nord (NZN), discovered in 1958, indicating the presence of oil and gas with 10
oil and gas wells drilled

Nezla Sud (NZS), discovered in 1958, revealing the presence of gas with 30 gas wells
drilled

Hassi Touareg (HTG), discovered in 1958, confirming the presence of gas with 13
gas wells drilled

Hassi Chergui (HC) , discovered in 1962, confirming the presence of oil with 10 oil
wells drilled.

Gassi EI Adem (GEA), discovered in 1967, with 9 gas wells drilled.

The fields under development are:

Brides (BRD) , discovered in 1958, indicating the presence of dry gas with 12 gas
wells drilled.
Toual (TOU), discovered in 1958, revealed the presence of gas and condensate with

32 gas and condensate wells drilled. [1]

3350 —

NEZLA NORD GASSI EL ADEM
VERS HMD 1 \ D R N
3450 1— GASS|EL W%E
M
HASSI : s
TOUAREG BRIDES
B ELOCESG NZN en 1958
NZS en 1958
BRD en 1958
RHDURDE @ HAss! TOU en 1958
EL[KHELFO CHERGUI REK en 1959
NORD TOUAL HTG en 1959
GT en 1961
T HASSI CHERGUI BLOC 237 e 1962
SUD en
GEA en 1967
3300 _| | vErs IN-AMENAS
\ < \ \
220 z 270 320

Figure 1.2 : The positioning of the Gassi Touil region fields.. [4]
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Table 1.1: The reservoirs of Gassi Touil region fields. [5]

Field Reservoir
BRIDES QH
BRIDES TAG.S
BRIDES TAG.S
BRIDES TAG.S
GASSI EL ADEM QH
GASSI TOUIL TAG.S
GASSI TOUIL TA.G.
HASSI CHERGUI TAG.S
HASSI CHERGUI TAG.S
HASSI TOUAREG TAG.S
HASSI TOUAREG TAG.S
NEZLA TAG.S
NEZLA Q.H+G.O+T.AG.I
NEZLA TAG.S
TOUAL TA.G.I
TOUAL TAG.S

1.4 Brides Field Overview

The Trias Argilo-Gréseux Supérieur (TAGS) formation in the Brides region can reach
thicknesses exceeding 150 meters in some places. However, only the basal 40 to 50 meters
show potential reservoir intervals, characterized by core samples with porosities ranging from
2 to 16% and variable permeabilities of 0.1 to 177 md. Its lateral extension in the Brides
region is estimated to be hectometric (on the scale of hundreds of meters). The results of the
Brides exploration wells (BRD-1, 2, 3, 4, 5, and 6) have revealed a significant gas condensate
deposit based on the Gas-Water Contact (GWC) located at -3222 meters TVDSS (True
Vertical Depth Subsea) in the TAGS reservoir. [6]

- BRD 1 (1963): The first well drilled in the BRD area, BRD 1, encountered gas
within the TAGS formation in 1963.

- BRD 2 Drilled in 1971, BRD 3 (1974), and these three wells, drilled between
1987 and 1995 BRD 4 (09/87 - 01/90), BRD 5 (02/92 - 01/94), and BRD 6
(05/94 - 08/95)

There are three TAGS reservoirs in BRIDES:

e TAGS MAIN (BRD1, BRD12, BRD13, BRD14, BRD15).
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e TAGS WEST (BDSN-2)
e TAGS NORTH (BDSN-1)
1.4.2 Coordinates

Geographic Coordinates:

o X:6°55'00" to 7°05'00"
e Y:30°35'00" to 30°21'00"

UTM Coordinates:

» X:308 200 to 315 600
e Y:3394500 to 3378 300
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Figure 1.4: Geographique situation of Brides field. [1]
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1.5 Lithological description of the Brides Field

o The Brides region is located in the northwestern part of the Triassic Southeast
province.

« This fault has a strong vertical throw at the Ordovician level and attenuates
rapidly upwards in the series.

« At the Ordovician level, the structure, of Aptian age, seems to have been
strongly reactivated after the Senonian.

e The stratigraphic column of Bridés presents terrains from the Cenozoic,
Mesozoic and Paleozoic eras that would rest on a Precambrian basement.

e The Cenozoic is represented by the Miopliocene.

e The Mesozoic is composed of Cretaceous, Jurassic and Triassic terrains and
rests unconformably on the Lower Paleozoic terrains which are present at
Bridés through the Silurian formations, and partially of the Ordovician.

e The Cambrian would be underlying the Ordovician. [1]
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I1. Introduction

Each reservoir is composed of a unique combination of geometric form, geological rock
properties, fluid characteristics, and primary drive mechanism. Although no two reservoirs are
identical in all aspects, they can be grouped according to the primary recovery mechanism by
which they produce. It has been observed that each drive mechanism has certain typical

performance characteristics in terms of:

e Ultimate recovery factor.
e Pressure decline rate.
¢ Gas-oil ratio.
e Water production.
The term “primary recovery” refers to the production of hydrocarbons from a reservoir
without the use of any process (such as fluid injection) to supplement the natural energy of the

reservoir. [7]

We must make a distinction between Conventional and Unconventional Gas Reservoirs.

- Conventional gas reservoirs are reservoirs with sufficiently high permeability to allow
for production using conventional well technologies.

- Unconventional reservoirs are reservoirs with low permeabilities that require special
production technologies that allow for economic recoveries of gas (Typically,
permeability less than 0.1 md). These unconventional reservoirs include:

e shale gas and shale oil reservoirs.
e coal seam methane reservoirs.

e tight oil and gas sandstones or carbonates.

I1.1Primary recovery mechanisms of gas reservoirs

The determination of the drive mechanism is crucial in the early life of the reservoir, as its
recognition can significantly improve the management and recovery of reserves from the
reservoir in its middle and later life and can help reach a proper understanding of reservoir
behaviour. For gas reservoirs, three drive mechanisms are associated with conventional ones

and a fourth is associated with unconventional ones. These are:
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11.1.1 Gas Expansion is the primary drive mechanism in most conventional
gas reservoirs. This mechanism is very efficient and commonly results in
recoveries as high as 85 percent of the original gas in place. In this type of
reservoir, the principal source of energy is a result of the subsequent
expansion of the solution gas as the reservoir pressure is reduced.

11.1.2 Rock and Fluid Expansion in gas reservoirs is identical to that in
oil reservoirs. It occurs due to the slightly compressible nature of the
Connate Water and the reservoir rock. This expansion adds energy to the
reservoir and acts to keep the reservoir pressure higher than it would be
otherwise. This expansion mechanism is always dominated by gas expansion
and may only be significant in cases of over-pressured reservoirs.

11.1.3 Aquifer Drive (water encroachment) The final drive
mechanism is associated with conventional gas reservoirs. Like oil reservoirs,
this drive mechanism occurs when the reservoir communicates with a water-
bearing aquifer. As the reservoir pressure declines, the rock and water in the
aquifer expand, and water is expelled from the aquifer and into the reservoir.
This invasion of water into the reservoir provides pressure support.

11.14 Gas Desorption A drive mechanism that is associated with certain
unconventional gas reservoirs is. shale gas reservoirs and coal seam methane
reservoirs have a high content of organic material in the reservoir rock. This
organic-rich rock material has the ability to Absorb gas onto its surface (gas
stored by adhesion onto the surface). As pressure is depleted, this adsorbed gas
is released to the pore volume of the reservoir by the Desorption Process. This
desorption of gas may dominate production from the unconventional gas

reservoirs in which it occurs. [8]

11.2 Reservoir Pressure Depletion

During the life of a producing hydrocarbon field, several production stages are encountered.
Initially, when a field is brought into production, hydrocarbons flow naturally to the surface
due to current reservoir pressure in the primary stage. The primary production rate will
decline over time due to reservoir pressure depletion associated with fluid production.
The drop is rapid, continuous, and usually very gradual. This behaviour is attributed to the

fact that no extraneous fluids or gas caps are available to replenish the extracted gas and oil.
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1.3 Prediction of Reservoir Performance

Prediction of reservoir performance is a vital aspect of the oil and gas industry which guides
management’s decision of how the reservoir will behave in the future. This implies that its
success will depend solely on the accurate description of the reservoir rock properties, fluid
properties, rock-fluid properties and flow performance. Reservoir characterization is an
ongoing process throughout the field's lifespan, aimed at reducing or identifying uncertainties

associated with the static and dynamic reservoir model.

Volumetric, material balance and Decline Curve Analysis (DCA) are the three main
techniques used to provide insight into estimating the amount of oil and gas initially in place

(OOIP/GIIP) within a reservoir and predict future production.

TABLE 11.1: Comparison between the 3 main methods used to Predict reservoir performance.

Method Description R E_)ata Advantages Limitations
equirements
Estimates
OOIP/GIIP using Reservoir
. : . - Accuracy depends on
. the geometry, dimensions, Simple, minimal o
Volumetric ) . . data quality, ignores
porosity, and porosity, data required comblexities
saturation of the saturation P
reservoir.
_ Applies law of . Considers Requires more data,
Material : Production . . )
conservation of . production history | pressure data crucial,
Balance history, pressure .
(MBAL) mass to track data. EVE. GOR & pressure may not be reliable
hydrocarbons. ' ’ changes early on

Depends on data

Analyzes historical Historical : , quality & length,

) . . Relatively simple, .

Decline Curve | production data to | production data . " doesn't account for

. . quick estimates & . .

Analysis (DCA) | forecast future | (oil/gas rates vs. . reservoir properties,
: forecasting i

rates. time) future behavior may

deviate

In practice, a combination of these methods is often used to get a more robust estimation of
reserves. The choice of method depends on the available data and the specific characteristics
of the reservaoir.

In this study, the prediction methods used incorporated the material balance equation

(MBE) which is predominantly pressure-temperature-volume (PVT) properties.



https://www.sciencedirect.com/topics/engineering/decline-analysis-curve
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1.4 Material Balance Equation (MBE)

The material balance equation (MBE) is the classical mathematical representation of the
reservoir. The concept of the MBE was presented by Schilthuis in 1936 and is based on the
principle of the volumetric balance. [9]

The material balance equation (MBE) has long been recognized as one of the basic tools for

interpreting and predicting reservoir performance. The MBE can be used to:

e Estimate initial hydrocarbon volumes in place.

e Predict reservoir pressure.

e Calculate water influx.

e Predict future reservoir performance.

e Predict ultimate hydrocarbon recovery under various types of primary drive

mechanisms.
The accuracy of the calculated values depends on the reliability of the available data, and

whether the reservoir characteristics meet the assumptions that are associated with the
development of the MBE. The equation is structured to keep an inventory of all materials

entering, leaving, and accumulating in the reservoir.

11.4.1 Basic Assumptions in the MBE

The MBE equation is based on premises used to simplify and eliminate the elements
hindering the calculation process while maintaining result accuracy. The basic assumptions in
the MBE are:

a) Constant Temperature: Pressure-volume changes in the reservoir are assumed
to occur without any temperature changes. If any temperature changes occur,
they are usually sufficiently small to be ignored without significant error.

b) Reservoir Characteristics: The reservoir has uniform porosity, permeability,
and thickness characteristics. In addition, the shifting in the gas-oil contact or oil-
water contact is uniform throughout the reservoir.

¢) Fluid Recovery: The fluid recovery is considered independent of the rate,
number of wells, or location of the wells. The time element is not explicitly
expressed in the material balance when applied to predict future reservoir

performance.

JIEEN ) S—
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d) Pressure Equilibrium: All parts of the reservoir have the same pressure, and
fluid properties are therefore constant throughout.

e) Constant Reservoir Volume: Reservoir volume is assumed to be constant
except for those conditions of rock and water expansion or water influx that are
specifically considered in the equation.

f) It is assumed that the PVT samples or datasets represent the actual fluid
compositions and that reliable and representative laboratory procedures have
been used. [9]

11.4.2 Development of the General Material Balance Equation

The law of conservation of mass is the basis of material balance calculations. Material
balance is an accounting of material entering or leaving a system. In its simplest form, the

equation can be written on a volumetric basis as:
Initial volume = Volume remaining + Volume removed

The MBE is designed to treat the reservoir as a single tank or a region that is characterized
by homogeneous rock properties and described by an average pressure, i.e., no pressure
variation throughout the reservoir at any particular time or stage of production. Therefore, the
MBE is commonly referred to as a tank model or a zero-dimensional (0-D) model. These
assumptions are of course unrealistic since reservoirs are generally considered heterogeneous

with considerable variation in pressures throughout the reservoir.

However, it is shown that the tank-type model accurately predicts the behaviour of the

reservoir in most cases if accurate average pressures and production data are available.

11.4.3 Gas Reservoir Material Balance

The initial gas in place G, the initial reservoir pressure pi, and the gas reserves are possible
to calculate if enough production-pressure history is available for a gas reservoir. This is
accomplished by forming a mass or mole balance on the gas as:

n, = n; —n (11.1)

p

Figure I1-1 represents a gas reservoir as an idealized gas container, the equation Il.1 gas

moles can be replaced by their equivalents using the real gas law to give:
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PscGp _ VP P[V-(We-W,)]
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Figure 11-1 An idealized water-drive gas reservoir. [4]

Essentially equation 11.2 is the general material balance equation (MBE). There are several
ways to express equation 1.2 depending on the application type and the driving mechanism.
In general, there are two types of dry gas reservoirs:

- Volumetric gas reservoirs
- Water-drive gas reservoirs

For a volumetric reservoir and assuming no water production, equation 11.2 becomes:

PscGp, (P P
= (- ()Y 3
Rearranging equation I1.3 and solving for p/z gives:
P P Pg.T
E_Z_(ﬁ)(}p (11.4)

As illustrated in Figure 11-2, equation 1.4 generates a straight line when (p/z) is plotted
versus the cumulative gas production Gp. This straight-line relationship is perhaps one of the

most widely used relationships in gas reserve determination.
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Figure 11-2 Gas material balance equation “Tank Model.” [4]

11.5 Nodal analysis

Nodal analysis is a technique used to analyze the flow behaviour and pressure distribution
throughout a production by dividing the system into segments or nodes allows for the analysis
of this system and ensures transportation of oil and gas from the reservoir to the surface takes
place through a system of pipes, including the porous medium, tubing, and the surface
gathering network with minimal losses. It is relatively straightforward to calculate the
pressure drop for each of these segments if we know the flow rate either the upstream or

downstream pressure, and the physical properties of the segment. This allows us to:

e Identify bottlenecks.

e Predict flow rates.

e Optimize production strategies.
e Improve artificial lift.

e Ensure flow assurance.

When we graph these two curves on the same graph, we refer to this as the "system graph".
The intersection of the inflow curve and the outflow curve gives the one unique flow rate at
which the well will produce a specified set of reservoir and wellbore properties. The point of

intersection will also give the unique bottom-hole pressure at which this rate will occur:
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Figure 11.3: Different Pressure Loses in the production system (Reservoir to separator).

Types of Pressure Losses in the production system:

- Reservoir Skin: (AP1 = pr — Pufs)

- Wellbore Friction: (AP2 = pwfs — pwf ).

- Tubing and Flowline Friction: (AP3 = pur — Par -

- Safety Valve Pressure Drop: (APs = Pysy — Pasv .

- Choke Pressure Drop: (APs= Pwh — Pudsc ).

- Surface Line Friction: (APe= Pdsc — Psep ).

- Total Pressure Loss in Tubing: (AP,= Pwf — Pwh).

- Separator Pressure Drop: (APg= PwH — Psep).

The system is divided into two parts based on the nodal point:
11.5.1 Inflow Performance Relationship (IPR)

The inflow curve describes the relationship between the bottomhole pressure and the flow

rate for the reservoir.

- Reservoir pressure
- Reservoir quality (permeability and thickness).

- Completion efficiency (or skin).
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- Relative permeability (change in permeability as water production starts).
11.5.2 Tubing Performance Curves (TPC)

The outflow curve describes the relationship between the pressure (Pwf) at the solution
node and the flow rate (Qs) out of the node the flowing bottom-hole pressure and the flowrate

for the wellbore, and acceleration within the tubing, pipes, and lines.
TPC: Pwf = Pwh — AP tubing — AP annulus — AP restrictions (11.5)

If we had chosen a different point as our solution node, the shapes of the curves would have
been different. The intersection of the inflow and outflow curves would have given the
pressure at the new solution node. The flow rate at which the curves intersect, however, will
be the same no matter where the solution node is taken. Calculated intersection points may

differ slightly because of numerical errors.
11.5.3 The Intersection: The Operating Point

The operating point is the intersection of the IPR and TPC curves. This point represents the

production rate and flowing bottomhole pressure at which the well is currently operating.
The system for transporting the fluid can be divided into three parts:

e Flow in the porous medium;
e Flow in vertical or directional pipes;

e Flow in horizontal pipelines.
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Figure 11.4: The operating point.

The choice and sizing of the different components is very important, but due to the
interaction between the components, a change in one of them can change the behavior of the
fluid in the others. This is why the production system (reservoir + well + surface collection)
must be analyzed as a single unit. Analyzing each part separately does not lead to good

results.

The production of a well can often be limited by the performance of a single component of
the system. If the effect of each component on the system performance can be isolated, then

the system performance can be optimized in the most economical way.

11.6 Back pressure equation

The back pressure equation is referred to as the oil and gas deliverability equation method
that can be used to specify the Inflow Performance Relationship (IPR) for completion. This
equation is also a fundamental concept in fluid mechanics used to estimate the pressure
remaining at a specific point in a pipeline system. It's particularly relevant in the context of
gas well boosting, where we want to ensure sufficient pressure at the end of the pipeline
(treatment facility) after transporting gas from the wellhead. This equation is represented in

the following form:

Q = C(pZs — %) (11.6)
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Where:

C= _703x10-6kh
B uTZ[ln(:—;)—3i+s]

(11.7)

NB:

- The exponent “n” value ranges between 0.5 (for completely turbulent flow) to
1.0 (for pure laminar flow).
- The coefficient “C” represents the Productivity Index of the reservoir. 1.0 is
often due to non-darcy flow effects.
Typically, backpressure tests consist of a series of at least three stabilized flow rates and the
measurement of bottomhole flowing pressures as a function of time during these flow

intervals.

The simplified back pressure equation is helpful for initial estimations, but it doesn't
account for all factors influencing pressure drop. For more accurate calculations, it needs to
consider the detailed flow rate calculation and pressure drop formulas with relevant fluid
properties.

'-«.!'14
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Figure 11.5: Conventional Back-Pressure Test.
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I11. Introduction

In this chapter, we will list the wells that have been suggested for potential boosting and
outline the specific criteria that need to be met for their selection. Additionally, we will
provide a detailed overview of the chosen booster, including its equipment and key
characteristics.

I111.1 Selection of candidate wells

With the aim to determine the possibility of installing a Booster appropriate for wells with
low potential in the Brides field. It is essential to study the compatibility of the compression
unit with the wells' characteristics, location, and operating environment as well as any
potential operational restrictions. The requirement to recover the total investment cost lost
must also be taken into account.

The low potential wells in the Brides field are BDSN-1, BDSN-2, BRD1, BRD12, BRD15,
BRDS-1, BRDS-2 and BRDS-EXTO02. which are connected to a high-pressure manifold
BRDMFO1, and they are currently unable to produce at the existing manifold pressure of 80
bar due to their pressure decline as shown in figure 111.1. To address this issue, installing a

booster to elevate their pressure has been proposed, allowing them to continue production at
the same manifold pressure.

r )
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Figure I111-1 Connection of manifolds and wells placement. [10]
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As it is evident in the diagram above, the well BRD-1 is connected to a junction with BRD-
14, which operates at a higher pressure than BRD-1 and has the capability to produce at the
existing manifold pressure. Therefore, we will exclude it from the wells programmed to be

boosted.
I11.1.1 History of candidate wells

The Brides field was put into operation on 04/12/2013 with the opening of 03 wells
(BRD12-13-15). Later, the wells BRDS-1, BRDS-2, BRDS-Ext2, BDSN-1 and BDSN-2 began

production in January 2022.

Table I111.1: history of candidate wells. [10] [11]

Wells Observations Start of production date

04/06/2012 TO 20/06/2012 Well
BRD-15 04/12/2013

completion in main TAGS reservoir

04/06/2012 TO 18/06/2012 Well
BRD-12 04/12/2013

completion in main TAGS reservoir

Drilling: from 11/01/2014 to 25/05/2014
BDSN-1 01/02/2022
Completion: 25/06/2014

Drilling: from 21/03/2016 to 26/07/2016
BDSN-2 . 01/01/2022
Completion: 26/07/2016
Start of drilling: 01/05/2009, End of
drilling: 14/04/2010, TD depth sounder:

5534m 01/01/2022

BRDS-1
Work Over "ENF 34" (From 02/07 to
03/22/2018): Completion of the well in the
Silurian B2 reservoir.
Start of Drilling: 11/04/2015, End of
Drilling: 17/10/2015 01/02/2022
BRDS-2

Start of completion 17/10/2015, End of
completion 31/10/2015
Start of drilling: 12/11/2015; end of
BRDS-Ext2 drilling: 04/10/2016 Start of completion:
12/25/2018; end of completion: 02/14/2019

01/03/2022
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111.1.2 DATA of candidate wells

The table below presents a collection of well test data for candidate wells acquired from

gauging tests:

Table 111.2: well test data for candidate wells. [12]

Choke| QGas Q Cond Whp |(WHT| Bhfp | BWFT | Depth
wellbore | Dt | (/6a) | (smay) | (mapy | 15| (Bare) | () | (psie) | (O) | (m)
BDSN-1 |23/07/2023| 24 73 560 52,7 0 112,32 48 |2644,70|105,82 | 2925
BDSN-1 |24/07/2023| 32 93 264 61,97 1,63 76,26 45 |1948,75|103,55| 2925
BDSN-1 |25/07/2023| 40 102 144 65,3 1,97 55,92 48 |1527,04|101,21 | 2925
BDSN-1 |19/10/2023 - 64 632 29,74 3,98 230,01 36 - - -
BDSN-2 |20/06/2023| 24 40320 32,54 0 55,99 43 |1817,33|107,19| 2923
BDSN-2 |21/06/2023| 32 45 240 17,18 7,49 37,23 44 |1281,62|106,23 | 2923
BDSN-2 |22/06/2023| 40 54 816 21,7 6,22 27,37 38 | 959,53 | 104,75 | 2923
BDSN-2 |20/10/2023 - 62 376 19,27 0 59,98 38 - - -
BRD-12 |15/02/2018| 55 373 296 72,94 0 172,37 70 = = =
BRD-12 |22/12/2018| 24 174 853 39,02 0,53 170,30 54 = = =
BRD-12 |10/07/2023| 24 11 232 0 0 44,61 46 - - -
BRD-15 |16/02/2018| 12 | 260080 | 57,41 0 149,96 | 67 ] ] ]
BRD-15 |08/07/2023| 12 64 664 0 0 48,75 53 - = =
BRD-15 |09/07/2023| 42 62 160 0 0 44,54 60 - - -
BRDS-1 |02/07/2023| 24 107 400 59,06 2,21 156,03 53 |3420,86|123,73| 3891
BRDS-1 |03/07/2023| 32 158 280 63,43 5,47 122,11 55 |2582,93|121,57| 3891
BRDS-1 |04/07/2023| 40 187 488 62,16 4,03 96,18 60 |2031,64|119,06| 3891
BRDS-1 |13/10/2023 - 97 920 0,82 0 121,97 37 - - -
BRDS-1 |14/10/2023 - 120 072 0,79 0 215,12 37 - - -
BRDS-1 |15/10/2023 - 127 344 0 0 188,64 35 = = =
BRDS-2 |25/06/2023| 24 34752 26,04 0 58,19 49 |1637,16|111,01 | 3585
BRDS-2 |26/06/2023| 32 37 632 26,04 26,04 31,72 50 |1119,15|105,51| 3585
BRDS-2 |27/06/2023| 40 40 248 27,29 0 22,27 46 | 891,25 | 102,77 | 3585
BRDS-2 |16/10/2023 - 66 984 0 0 56,99 38 - - -
B;::- 16/01/2020| 24 131249 | 117,42 0,79 149,42 39 |3700,64|132,50| 4407
BRDS-
Ext2 17/01/2020| 32 150748 | 125,39 2,04 104,61 43 |2612,12|127,80| 4407
BRDS-
Ext2 18/01/2020| 36 150953 | 111,54 2,45 83,99 46 |2156,24|124,80| 4407
BRDS-
Ext2 17/10/2023 - 51192 0 0 43,99 39 - - -
B;(?ZS- 18/10/2023 - 22 200 0 0 73,98 41 - - -
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111.2 The operating procedures for Boosting unit

I11.2.1 Pressure Boosting:

In oil and gas production, multiphase pressure boosting acts like a heartbeat, ensuring
efficient transport of well fluids (oil, gas, and water mix) from the reservoir to processing
facilities. This boosting system is crucial for maximizing production. It can be a cost-effective
alternative to well intervention and helps recover more hydrocarbons by overcoming pressure
drops in pipelines, ultimately extending the life of the oilfield. However, for stable operation,
the system requires careful consideration beyond just the booster itself. Monitoring the
reservoir, designing pipelines for the specific flow conditions, and selecting the right boosting

technology are all essential for ensuring smooth flow and maximizing production efficiency.

The main goal is to maintain a steady flow of oil and gas. As production circumstances
change, well fluids need to travel long distances to reach processing facilities. Here, boosting
wellhead pressure becomes essential to overcome the backpressure created by the downstream

gas flow system.
111.2.2 Natural Reservoir Pressure Depletion

In some cases, natural reservoir pressure might be insufficient for production, particularly

for:

e Gas-condensate fields (reservoirs with a mix of natural gas and light liquid
hydrocarbons)

o Natural gas extracted from underground reservoirs often has insufficient pressure to

travel long distances through pipelines.
111.2.3 Requirement for Boosting:

There are three main categories of transport limitations:

+ Natural depletion is insufficient: The natural pressure in the reservoir is not strong
enough to push the oil to the surface efficiently.
+ Reservoir pressure needs maintenance: The reservoir pressure needs to be

maintained to achieve a desired production rate.




Chapter 111 Boosting Method and The Candidate Wells

+ Transport of well fluids needs Boosting: The distance to processing facilities or

other factors hinder the natural flow of oil and require additional assistance.
111.2.4 Factors Affecting Lift Method Selection

The choice of an artificial lift method depends on several factors:

a) Reservoir conditions :
o Initial reservoir pressure.
o Driving mechanisms (e.g., gas cap, water drive).

o Properties of the fluids (oil viscosity, gas-to-oil ratio).

b) *"Geographical™ conditions :
o Distance to processing facilities.
o Water depth (offshore).
o Seabed topography (offshore). [13] [14]

111.3 Boosting equipment

The gas engine compressors do not require any electrical source hence they can be installed
quickly and the running cost is low.

On-demand compression unit includes:
= Separating the Condensate / Gas phases

= Boosting the gas production for export and overcoming the downstream back

pressure.

= Transfer the recovered condensate to an export line (same as a gas export line or

separate line). [15]
There are various types of Boosters used for gas wells, including:

e Reciprocating compressors: Use pistons to compress the gas in stages. These
compressors use rotating impellers to accelerate the gas, converting kinetic

energy into pressure gain.




Chapter 111 Boosting Method and The Candidate Wells

Centrifugal compressors: Use rotating impellers to increase gas pressure.
They employ centrifugal force generated by high speed.

Screw compressors: Utilize intermeshing screws to trap and compress the gas
as they rotate. They offer continuous flow and are well-suited for high-pressure

applications. [16]

Here are some additional components that are often used in conjunction with gas-boosting

equipment:

Inlet separators: These remove liquids and impurities from the gas stream
before they enter the compressor to protect the equipment.

Scrubber: A scrubber is typically a device used to remove unwanted
components from a gas stream. This could involve removing liquids, solids, or
specific gas components depending on the application.

Aftercoolers: These cool down the gas after compression as the compression
process generates heat. Cooling the gas reduces its volume and improves its
efficiency in the pipeline.

Discharge separators: These remove any liquids or condensates that may form
after cooling the gas.

Control valves: These regulate the flow of gas through the system and maintain
the desired pressure.

Piping and valves: These connect the various components of the gas boosting
system and allow for controlled flow of the gas. [17]

Air Cooler Comp ession

Gas_Engine Scrubb

Figure 111.2: Compressor unit components. [15]
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111.4 Specific Features of the Chosen Booster

As previously mentioned, the wells are linked to the high-pressure manifold (HP MF).

When the pressure in the reservoir drops, the boosting method is essential to sustain the

production of the wells at a high pressure to uphold the pressure of the wellhead and the

flowline, an artificial method becomes necessary. by elevating the pressure of fluid to align

with the original pressure of the manifold, which stands at approximately 90 Bar, whereas the

pressure reaching the manifold is only 40 Bar.

The following are the features of the Booster, which have been selected based on the

available data and features:

) ) Discharge Fuel gas Compressor
Capacity Suction Pressure )
Pressure consumption Frame
600,000 to 900,000 40 to 60 105 8000
3 2 1117 Kw
Sm/day Barg Barg Sm"/day

Table 111.3: Specific features of the chosen Boosting unit.

NB: To ensure the efficiency of the compression unit, an optimum flow rate of 300,000

Sma3/d is necessary during the production.




Chapter 111 Boosting Method and The Candidate Wells

COMPRESSOR SEPARATOR

PUMPS

Figure 111.3: Main equipment of the Boosting unit. [15]
111.5 Boosting unit operation

The role of the Boosting unit is to increase the pressure of the fluids from the candidate
wells so that they can reach the processing centre. This is achieved by separating the liquid
phase from the gaseous phase using an on-site 3-phase separator. The gaseous phase then goes
through a compressor, while the liquid phase passes through a pump, elevating the fluids'
pressure to 90 bars. After this, the two phases are combined at a junction point. The fluid, now
at a higher pressure, is then injected into the manifold and sent to the CPF (centre processing
facility).
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NB: BRDMF-01BIS 15 a manifold that contains three wells which are: BRDS-1, BRDS-2 and BRDS-Ext2.

Figure 111.4: diagram of the Boosting process.

I11.6 Factors affecting Booster selection

Key factors influencing the booster selection are:

Wellhead pressure.

The pressure required for the gas to reach its destination.

The flow rate of gas that needs to be transported per unit time.

Cost of installation, operation, and maintenance. [13] [14]
I11.7 Various applications of Boosting

Gas boosting has various applications across different industries. Here's some key areas
where gas boosting plays a vital role:
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e Boosting stations are positioned at strategic points along gas gathering and to
maintain sufficient pressure for continued flow.

o Boosters are essentially compressors that take in low-pressure gas from the gas well
and compress it to a higher pressure. [15]

111.8 The advantages of Boosting technology

Gas well boosting plays a critical role in maximizing natural gas production, enabling
efficient transportation over long distances, and facilitating the development of previously

inaccessible gas reserves. Here are some advantages of this technology:

e Sustain and enhance gas recovery.
e Reduce backpressure on wells.

o Keep/back to the required inlet pressure of the main facility (sustain inlet

design pressure).
e Self-powered and fully automated

e Temporary replacement compressor for units that are under maintenance.
e Enables Long-Distance Transportation

e Environnemental Benefits.
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V. Introduction

In this chapter, we will delve into the result of our research, providing a detailed analysis of
the use of MBAL software and PIPESIM software to model and forecast the potential impacts
of implementing a Boosting unit on the candidate wells. Furthermore, we will assess the

financial ramifications of implementing a Boosting unit.

IV.1 Using MBAL Software
V.11 Introduction to the MBAL Software

Accurate production prediction is paramount for optimizing field development and
maximizing recoverable resources. MBAL (Material Balance) software - commercialised in

the early 1990s- developed by Petroleum Experts as a component of their Integrated
Production Modeling (IPM) suite, stands as a prominent tool for achieving this objective. [18]

Aside from Material Balance, other tools also available are:

e Decline Curve Analysis.
1D model.

e Monte Carlo Simulations.
e Coal Bed Methane.
e Reservoir Allocation.
e Tight Reservoir Modelling.
e Streamlines.
All available techniques can be used in isolation or in combination to achieve various

objectives. [18]

Notably, MBAL offers three primary deployment strategies for reservoir production
prediction:

a) Integration Within a Comprehensive Reservoir Model: MBAL seamlessly
integrates with various other IPM tools to establish a robust reservoir model. This
model incorporates a wide array of data, including:

o Production History: tracking of Qil, gas, and water production volumes
over time.
o PVT Analysis: detailed characterization of reservoir fluid properties at

different pressures and temperatures.
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o Rock Properties: comprehensive analysis of the reservoir's rock
formations, including porosity, permeability, and other critical

characteristics.

b) Standalone Reservoir Analysis Tool: MBAL exhibits its versatility by functioning

independently for basic reservoir analysis. it leverages historical production data and

PVT analysis results to generate production forecasts.

c) Applications in Reservoir Production Prediction: MBAL provides comprehensive

tools to predict reservoir production accurately:

History Matching: The history matching is carried out utilizing the graphical
and analytical approaches. It involves adjusting model parameters to align with
past production data closely. MBAL facilitates this process, ensuring the model
accurately reflects the reservoir's historical behaviour. [19] [20]

Bottomhole Pressure Analysis: The MBAL algorithm evaluates reservoir
bottomhole pressure using measured pressure and production data, utilizing
material balance equations to estimate background pressure.

Reservoir Property Estimation: Using production data and material balance
calculations, MBAL can estimate Original Oil in Place (OOIP), Original Gas in
Place (OGIP), and aquifer properties.

Production Forecasting: MBAL excels at forecasting future production under
various scenarios after estimating reservoir properties and completing history

matching. This helps to optimize production strategies.
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IV.1.2 MBAL Models Inputs

a) PVT Description:

Input Parameters

Separator pressure W
Separator temperature IW
Separator GOR W
Separatar gas gravity lﬁ
Tank GOR 73~

Tank gas grawvity IW
Condenzate gravity IW
Wwiater zalinity IW
Dewpmnt;:ﬂ:;asi&i Im
Reservaoir temperature Iﬁ
Rezervor pressure IW
Male Percent H25 lﬂi

Male Percent CO2Z | 913
Male Percent N2 | 511

BARa
deg F
m3/m3
Fp. gravity
m3/ma3
#p. graviby
AP

ppm
BE4Ra
degF
B4Ra

Correlations

[3as wigoozity

Lee et al ﬂ

¥| Usze Tables
lze Matching
Model "W ater Yapour

Figure IV.1: PVT inputs of Main TAGS reservoir.

|nput Parameters

Separator pressure W
Separator termperature Iami
Separator GOR W
Separator gaz gravity IW
Tank GOR [

Tank gas gravity [0 7728
Condersate gravity [55.99
Wiater zalinity IW
Derport ol s
Reservair termperature l'm-‘i
Reservair pressure W
tole Percent H25 lni

Mole Percent CO2 |4 g5
Mole Percent N2 [ g2

B4Ra
deg C
Sm3/5m3
Zp. gravity
Sm3/5m3
Zp. gravity
&P

pprm
B4Ra
degC
BEARa

Comelations

Gaz vizcozity

Lee et al ﬂ

¥ lze Tables
IJze M atching
b odel ‘W ater W apaour

Figure 1V.2: PVT inputs of West TAGS reservoir.
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|nput Parameters

Separator pressune lmi
Separator temperature Iﬁ
Separator GOR W
Separator gaz gravity W
Tank GOR [112
Tank gas gravity IW
Condenzate gravity Iﬁ
Water zalinity IW
P perstne | 70368
Reservair termperature |2217
Reservoir pressure IW
Mole Percent H25 |[|7

Mole Percent CO2 | 995
Mole Percent M2 [1 044

B&4Ra
deg F
Sm3/Sm3
Tp. gravity
Sm3/Sm3
Zp. gravity
&P

Ppm
B4Ra

deg F
E4Ra

Comelations

Gaz vizcozity

Lee et al

=

¥ Uze Tables
IJze Matching
b odel ‘W ater W apaour

Figure 1V.3: PVT inputs of North TAGS reservoir.

b) Reservoir Description

Tank W aber Fock Fock  |ForeVolume| Relative F'ro\él\v:,lec!ltinn Froduction
Parameters Irflus Compresz. | Compaction| ws Depth | Permeability Allocation Hiztary
Tank Type |F|etrngrade Condensate ﬂ Monitor Contacts
Mame Use Fractional Flow T able [instead of rel perms)

Temperature degF
Initial Pressure BARa

Porozity fraction

Caonnate \Water 5aturation fraction
' ater Compressibility 1/psi
Original Gasz In Place Sm3

Start of Production date d/m/dy

MHeut > | Walidate |

Figure 1V.4: Tank inputs of Main TAGS reservoir.




Chapter IV

Modeling and Forecasting of the Impact
of the Booster on Candidate Wells

Tank e ater Rock Rock Pore Yolume|  Relative R \C-l'\-"ellt_ Production
Parameters Infl Compresz. | Compaction | vz Depth | Permeability ";"Dclcu:m'jonn Hiztory

Tank Type |F|etrc-grade Condensate ﬂ Monitor Contacts

Marne (TAGSWEST

|Jee Fractional Flow T able [instead of rel perms)

‘whater Compressibility

ge Con

Temperature |1 deg C
Initial Pressure |4 BiRa
Parozity fraction
Cannate Water Saturation |0 fraction

Jpsi

HEIEE
2l 7 2| &~
Lol oo
(¥
[un]

1
Original Gas In Place |5.00964e+3 | 5m3
d

Start of Production |07/12/2013 ate d/midy

Met > | Walidate |

Figure 1V.5: Tank inputs of West TAGS reservoir.
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Parameters tfluas Cormpress. | Compaction | vz Depth | Permeability .flflloocuaciiloonn Hiztary
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MHame Use Fractional Flow T able (instead of rel perms]

Temperature degF
Initial Pressure B&Ra
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Connate W ater 5 aturation fraction
waker Compressibility |Use Cor 1psi

Original Gas In Place |4.746388+8 | 5m3
Start of Production date d/m/yp

Mest = | Y alidate |

Figure 1V.6: Tank inputs of North TAGS reservoir.
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IV.1.3 History Matching for the MBAL Models

a. Analytical Method

Analytical Method

450
Match Points Status :
+ Off
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b 375 *. = Medium
q v Low
[l
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I =
o
it
=
X
g 225
M
al \X
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-1,5=+9 0 1,5e+8 3e+9 4,5e+9
Calculated Gas Producticon (Sm3)
Figure IV.7: Analytical plot of Main TAGS reservoir after regression.
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Figure 1V.8: Analytical plot of West TAGS reservoir after regression.
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Analytical Method
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Figure 1V.9: Analytical plot of North TAGS reservoir after regression.
b. Graphical Method
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Figure 1V.10: Graphical plot of Main TAGS reservoir after regression.
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Figure I1V.11: Graphical plot of West TAGS reservoir after regression.
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Figure 1V.12: Graphical plot of North TAGS reservoir after regression.

1VV.1.4 Reservoirs Pressure and Production Predictions

The graphical representation of historical production data is utilized to construct a model

that accurately reflects the behavior of the reservoirs, enabling the performance of predictive

analysis on the reservoirs.
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a. Reservoirs Pressure

Production Prediction
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Figure 1V.13: Production prediction of tank pressure from the end of history data to the year

2042 Main TAGS.
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Figure 1V.14: Production prediction of tank pressure from the end of history data to the year
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2045 West TAGS.
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Figure 1V.15: Production prediction of tank pressure from the end of history data to the year
2040 North TAGS.

b. Cumulative gas and condensate production
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Figure 1V.16: Production prediction of cumulative gas and condensate production from the
end of history data to the year 2042 Main TAGS.
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Figure 1V.18: Production prediction of cumulative gas and condensate production from the

We were able to determine the following values of initial gas volume within our reservoir
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IV.1.5 Results and commentary

by utilizing the Mbal software:
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Table IV.1: Original gas in place using Mbal software.

Original gas
reservoir in place
(MMsm3)
Main TAGS 8,77
West TAGS 5
North TAGS 0,47

The reservoir pressure prediction of Mbal software enables us to determine the approximate
future date that our reservoirs can no longer produce under the current production conditions.
Implementation of a booster system holds the potential to extend the productive lifespan of

these reservoirs by adapting them to operate under new conditions.

If we took these facts into consideration, we could calculate approximately the cumulative

hydrocarbon expected to be produced during the time we gained by using a booster:

Table 1V.2: cumulative hydrocarbon expected to be produced by using a Booster.

cumulative cumulative
expected d
reservoir gained time gas condensate
Produced Produced
year Msm3 Msm3

Main TAGS 5 864,50 0,13

West TAGS 2 400,40 0,06

North TAGS 4 80,40 0,03

V.2 Using PIPESIM Software
1VV.2.1 Introduction to the PIPESIM Software

PIPESIM is a valuable steady-state multiphase flow simulator software developed by
Schlumberger for oil and gas engineers involved in pipeline design, flow assurance analysis,
and production system optimization, that empowers to optimize well performance and ensure
the efficient operation of complex production systems and reservoir engineers to accurately
predict flow and temperature behavior within wellbores and pipelines. Its robust capabilities

enable users to:
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o Well Performance Analysis: It facilitates the creation of accurate and

representative well models.

o Network Analysis: Pipesim enables the simulation of an entire well network'’s
behaviour by analyzing the impact of various network parameters.

o Optimize existing designs: By simulating various scenarios and tweaking
parameters like choke settings, tubing sizes, and artificial lift methods,
PIPESIM helps identify bottlenecks and uncover hidden potential for
production improvement.

o Predict the effects of future changes: The ever-changing nature of oil and gas
production demands proactive planning, enabling proactive decision-making.

e Model and simulate production systems: Once calibrated with real-world
field data, it can be used to model and simulate the behavior of complex
production systems.

e Study system sensitivity: PIPESIM facilitates comprehensive sensitivity
analysis, and identifies critical factors.

o Gap Between Theory and Reality: It allows to calibrate their models with
real-world field data. Once calibrated, predict their behavior under various

conditions, and identify areas for optimization. [21] [22]
Here's an overview of Pipesim's key functionalities:

e Multiphase Flow Modeling.
o Steady-State Analysis.

e Pipeline Modeling.

e Wellbore Modeling.

« Facility Modeling.

e Production System Analysis.
o Atrtificial Lift Design. [21]

1VV.2.2 Modeling of the Candidate wells

This is crucial for accurately simulating production systems of multiphase flow, considering
the behaviour of oil, gas, and water mixtures within the network. So, we can see the matching
of the candidates wells (BDSN-1, BDSN-2, BRDS-1, BRDS-2, BRD-12, BRD-15, BRDS-
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Ext2) to the manifold BRDMFO1, the booster that is located there verses GEA-MF to NZ-MF

directly to the processing facility (Cpf), as is showed in the figure

CPF Nz GEA

Nz TocPRZLH GEAToNZ  SEEMF niiine

Ck BRD-15
BRD-15

i

Figure 1V.19: Network schematic of Boosting Model.

Figure 1V.20: GIS of Boosting Model.

To enhance the accuracy and approximation of well-design simulations in PIPESIM, we

employ well-technical sheets as a reference guide. These technical sheets provide

comprehensive information about the well's characteristics, including its geometry, formation

properties, fluid properties, and production data. By incorporating this information into

PIPESIM, we can refine the well design model and achieve a more realistic representation of

the well.

JIY) —
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Figure 1V.21: PIPESIM models of candidate wells.
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1VV.2.3 Wellhead Pressure simulation

Generating reservoir performance curves (IPR) for individual wells using well-test data and

the PIPESIM software is crucial for optimizing well production and reservoir management

strategies.

PIPESIM utilizes the multi-rate method, a common technique for generating IPR curves, the

core of this method lies in determining the coefficients “c” and “n”.

Name Geometry pro... Fluid entry Top MD Middle MD Bottom MD Type Active IPR model
) ft v |m - |ft -
1 |BDSN-1 Vertical - |Single paoint ~ 3740,035 | Perforation | |Back press... -
&+
Reservoir | Sand | Fluid model
Reservoir pressure: 4874954 psig
Reservoir temperature: | 105 degC 4500
IPR basis: Gas
4000
Constant C 0,004569078 sm3/d/psi*2n
Slope n: 1 L
Use test data: = 3000
Test type: O Multipoint @) Isochronal E. 2500
Q pwf Pws 000
. sm3/d - | psig ~ | psig - 00
1 |?3980 2644,698 4874954
93264 1948,747 4874,954 1000
100502 1527,036 4874954 500
1]
20000 40000 60000 80000 100000
Q (sm3/d)

Figure 1V.22: Curve IPR of BDSN-01
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Name Geometry pro... Fluid entry Top MD Middle MD Bottom MD Type Active IPR. model
| ft - | ft - |t -
| 1 |BDsN-2 Vertical - [Single paint - 12294,95 Perforation | |Back press... -

L+ ]

Reservoir | Sand | Fluid model

Reservoir pressure: 4336,085 psig -
Reservoir temperature: | 105 degC - 4000
IPR basis: Gas
Constant C 0,002605886 sm3/d/psi®2n 2200
Slope n: 1 3000
Use test data: v -
) B 2500
Test type: O Multipoint @ Isochronal 2
£ 2000
0] Pwf Pws [
. sm3/d ~ | psig ~ | psig - 1500
1 |4D32[} 1817,328 4336,085 TS
45240 1281,617 4336,085
3 500
O
0 10000 20000 30000 40000 50000

Q (sm3/d)

Figure 1V.23: Curve IPR of BDSN-02.

General | Deviation survey | Heat transfer | Tubulars | Downhole equipment | Artificial lift | Completions | Surface equipment
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Name Geometry pro... Fluid entry Top MD Middle MD Bottom MD Type Active IPR model
4 ft -t - it -
| 1 [BRDS-2 | Vertical ~ | Single point 12523,79 | Perforation | | Back press... ~

L+ ]

Reservoir | Sand | Fluid model

Reservoir pressure: 5827,08 psig -
Reservoir temperature: | 120 degC - 5500
IPR basis: Gas 5000
Constant C: 0,001130231 sm3/d/psi*2n - 4500
Slope n: 1 4000
Use test data: = 3500
Test type: ® Isochronal £ 3000
Q Pwf Pws E 2500
. sm3/d ~ psig | psig - 2000
1 |34?’52 1684,593 5827,08 1500
37632 1148,882 5827,08 000
500
[0}

0 10000 20000 30000

Q (sm3/d)

Figure 1V.24: Curve IPR of BRDS-2.
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General | Deviation survey

~) COMPLETIONS

Heat transfer

Tubulars

Downhole equipment

Arti

cial lift | Completions

Surface equipment

Name Geometry pro... Fluid entry Top MD Middle MD Bottom MD Type Active IPR model
o ft “'m v ft -
| 1 |BRDS-1 Vertical ~ [Single point | 3969,5 | Perforation [ | Back press... -
+
Reservoir | Sand | Fluid model
Reservoir pressure: 4711,415 psig -
Reservoir temperature: | 130 degC - 4500
IPR. basis: Gas 4000
Constant C: 41,00264 sm3/d/psi®2n
3500
Slope n: 0,5
Use test data: = SO0
Test type: Multipoint ~ ®) Isochronal E 2500
-
Q Pwi Pws & 2000
. sm3/d ~ | psig psig - 1500
1 | 107400 39574 4711415
2582,928 4711415 1000
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Figure 1V.25: Curve IPR of BRDS-01.

Figure 1V.26: Curve IPR of BRDS-Ext02.

General = Deviation survey | Heat transfer | Tubulars | Downhole equipment | Artificial lift | Completions | Surface equipment
~ ) COMPLETIONS
Name Geometry pro... Fluid entry Top MD Middle MD Bottom MD Type Active IPR model
- t .|t - |ft -
| 1 [BRDS-EXT2 _ |vertical ~ [ Single paint  ~ | 14673,56 ] |Perforation | | Back press... ~
L+
Reservoir | Sand | Fluid model
Reservoir pressure: 7064,99 psig - 7000
Reservoir temperature: | 135 degC - 6500
IPR basis: Gas 6000
Constant C: 0,6785435 sm3/d/psi®2n - BELY
Slope n: 0,6992726 200G
4500
Use test data: (| —
E‘ 4000
= 3500
kS
a 3000
2500
2000
1500
1000
500
4] 50000 100000 150000
Q (sm3/d)
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General

Deviation survey

Heat transfer | Tubulars

~) COMPLETIONS

Downhole equipment

Artificial lift | Completions

Surface equipment

Name Geometry pro... Fluid entry Top MD Middle MD Bottom MD Type Active IPR model
A ft - |ft - |ft -
[ 1 [BRD12 | ertical ~ | Single point -~ | 10897,31 | |Perforation | | Back press.. -
L+
Reservoir | Sand | Fluid model
Reservoir pressure: 2483,895 5i
E psig 2400
Reservoir temperature: | 112 degC
2200
IPR basis: Gas
2000
Constant C: 0,0004735893 || sm3/d/psi*2n
1600
Slope n: 1
1600
Use test data: | —
g 1400
o
= 1200
=
& 1000
800
600
AD0
200
Q 500 1000 1500 2000 2500
Q (sm3/d)
Figure 1V.27: Curve IPR of BRD-12.
General | Deviation survey | Heat transfer | Tubulars | Downhole equipment | Artificial lift | Completions | Surface equipment
) COMPLETIONS
Name Geometry pro... Fluid entry Top MD Middle MD Bottom MD Type Active IPR model
v ft - | ft - ft -
| 1 [BRD-15 Vertical ~ [single point - 10964,57 Perforation | | Back press... -
L+
Reservoir | Sand | Fluid model
Reservoir pressure: 2481,82 si
£ psig 2400
Reservoir temperature: | 101,72 degC
2200
IPR basis: Gas
2000
Constant C: 0,003316183 sm3/d/psi©2n
1800
Slope n: 1
1600
Use test data: 1 —
E‘ 1400
o
= 1200
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1000
800
600
400
200
0 5000 10000 15000 20000
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Figure 1V.28: Curve IPR of BRD-15.

NB: For the wells BRD-15, BRD-12, and BRDS-EXT2, the constants "c" and "n" are

calculated solely by the reservoir pressure due to the lack of recent well-test data.
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Table 1V.3: Summary of IPR calculation results.

Wells AOF C N
2956,495 0,0004735893 1
20667,7 0,003316183 1
193782,1 41,00264 0,5
38570,42 0,001130231 1
109239,6 0,004569078 1
49327,01 0,002605886 1
164435,4 0,6785435 0,6992726

IV.2.4 PVT Data Inputs

In the context of simulation using PIPESIM, we employed PVT (pressure, volume,
temperature) data to enhance our understanding of the fluid's behavior and accurately
represent it within the simulation. By incorporating PVT data, we can enhance the model's
ability to select appropriate correlations, characterize fluid properties, and predict flow

behavior with greater precision.
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Table 1V.4: Composition of reservoir fluids.

Reservoirs

Composition

TAGS NORTH TAGS WEST TAGS MAIN
81,446 81,446 81,383 80,71869  |82,453 82,453
5,652 5,652 6,353 6,301142 |6,614 6,614
2,497 2,497 2,814 2,79103 2,706 2,706
0,64 0,64 0,617 0,6119635 |0,662 0,662
1,015 1,015 1,076 1,067217 0,897 0,897
0,639 0,639 0,574 0,5693145 0,51 0,51
0,43 0,43 0,423 0,4195471 0,339 0,339
0,103 0,103 0,128 0,1269552 |0,071 0,071
0,826 0,826 0,704 0,6982534 | 0,596 0,596
0,048 0,048 0,087 0,0862898 |0,079 0,079
0 0 0,1 0,0991837 |0 0
0,777 0,777 0,64 0,6347758 |0,571 0,571
0,027 0,027 0,05 0,0495919 | 0,054 0,054
0,004 0,004 0,009 0,0089265 |0,007 0,007
0,018 0,018 0,03 0,0297551 |0,027 0,027
0,698 0,698 0,578 0,5732819 |0,546 0,546
0,514 0,514 0,402 0,3987185 |0,373 0,373
0,461 0,461 0,406 0,4026859 |0,367 0,367
0,366 0,366 0,323 0,3203634 | 0,285 0,285
0,291 0,291 0,257 0,2549022 |0,225 0,225
0,253 0,253 0,228 0,2261389 |0,202 0,202
0,203 0,203 0,186 0,1844817 |0,161 0,161
0,172 0,172 0,161 0,1596858 |0,137 0,137
0,137 0,137 0,131 0,1299307 |0,11 0,11
0,133 0,133 0,129 0,127947  |0,107 0,107
0,103 0,103 0,103 0,1021592 |0,082 0,082
0,075 0,075 0,075 0,0743878 |0,058 0,058
1,044 1,044 0,654 0,6486615 |0,539 0,539
0,995 0,995 1,799 1,784315 0,923 0,923
0,019 0,019 0,015 0,0148776 |0,014 0,014
0,414 0,414 0,388 0,3848328 |0,285 0,285
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IV.2.5 Data Matching

The selection of an appropriate vertical flow correlation is crucial for building a reliable

well model in PIPESIM, a reservoir simulation software. This correlation should minimize the

relative error between simulated and measured well performance data. PIPESIM offers a

variety of correlations to choose from.

Table 1VV.5:Vertical flow correlations

Correlation Wells
LedaFlow v. 1.4 3-Phase BDSN-2
LedaFlow v. 1.4 2-Phase BDSN-1
Gray (modified) BRD-12
Govier, Aziz [Tulsa (Legacy 1989)] BRD-15
Govier, Aziz & Fogarasi BRDS-Ext2
Gomez BRDS-2
Duns & Ros [Tulsa (Legacy 1989)] BRDS-1
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() Show grid  ® Show plot

~ ) AXES SERIES
Select Bottom X-axis: Pressure v psig
Select Left Y-axis: Elevation v |ft
Select Right Y-axis: |None
Data matching : BDSN-1 - Data matching

0
£
2
§ £ -5000
2
@ -10000

1000 1500 2000 2500 3000 3500 4000 4500

Pressure (psig)

Initial VC=Agf1 Qutlet Pressure=1079.969 psia RM5=59,944
Initial VC=DR Qutlet Pressure=725.8566 psia RMS=300,434
Initial VC=GA Outlet Pressure=1092.543 psia RMS5=56,188

Initial VC=Gomez1 Outlet Pressure=1105.134 psia RMS5=53,313
Initial VC=Gomez2 Qutlet Pressure=1110.773 psia RM5=51,926
Initial VC=GRAYM Qutlet Pressure=1177.024 psia RMS=78,988
Initial VC=GRAYQ Qutlet Pressure=1177.152 psia RM5=79,064
Initial VC=HEBR Qutlet Pressure=1123.707 psia RM5=60,037
Initial VC=LEDA2P1.4 Qutlet Pressure=1048.56 psia RMS=71,113

Optimized VC=Agf1 Outlet Pressure=1106.896 psia RM5=54,849
Optimized VC=DR Qutlet Pressure=949.3763 psia RM5=138,417
Optimized VC=GA Outlet Pressure=1107.128 psia RM5=54,544
Optimized VC=Gomez1 Outlet Pressure=1105.171 psia RMS=52,391
Optimized VC=Gomez2 Outlet Pressure=1108.044 psia RMS=51,214
Optimized VC=GRAYM Outlet Pressure=1106.394 psia RM5=53,36
Optimized VC=GRAYO Qutlet Pressure=1106.148 psia RM5=53,396
Optimized VC=HBR Qutlet Pressure=1107.6 psia RM5=58,343
Optimized VC=LEDA2P1.4 Outlet Pressure=1107.395 psia RMS=48,739

FEREREREEEEEE
HEEREEEREEE

Initial VC=LEDA2P2.2 Outlet Pressure=1056.736 psia RM5=69,579 [ ] Survey data BDSN1 23/07/2023 00:00:56
E Data matching 0 x
Name: BDSN-1 - Data matching
Description:
Data matching | Engine console | Profile results | Results summary
Vertical multiphase cortelation Calibrated ~ Calibrated Calibrated ~ Initial Calibrated ~ Initial Calibrated ~ Initial Calibrated ~ Initial Calibrated
vertical vertical U value pressure pressure temperature  temperature  holdup holdup total total
4 friction factor  holdup factor  multiplier RMS RMS RMS RMS RMS RMS RMS RMS
1 [LedaFlow . 14 2-Phase 2 0819576 [1101745  [543941 32571946 16720689 16167115 [0 [ 71113099 48739061
2 |LedaFlowv. 14 3-Phase 2 0819576 1.101745 5439241 32571%6 16.720689 16.167115 0 0 71113099 48739061
Z Gomez Enhanced 2 1000394 1.187494 35.386079 3535007 16539433 15.863916 0 0 51925512 51213987
4 |Gomez 2 0.994729 1.086791 36.788816 36213541 16.523989 16.177778 0 0 53312804 52391319
Z Gray (modified) 1110854 1379899 1.130811 62.585891 37352416 16402129 16.007433 0 0 7898802 53.359849
6 |Gray (coriginal) 1149784 1378334 1.126622 62.662046 37.375104 16401906 16.021064 0 0 79063952 53.396167
Z LedaFlowv. 2.2 2-Phase 0.509749 0.825361 1.177009 52.972505 38.034802 16.606343 15.86074 0 0 69.578848 53895542
8 |ledaFlowv.22 3-Phase 0.509749 0.825361 1.177009 52972505 38034802 16.606343 15.86074 0 0 69.578848 53895542
I Govier, Aziz [Tulsa (Legacy 1989)] 05 1071117 0817282 38011283 36.282912 16504139 17.658058 0 0 54515422 53.94097
10 | Govier, Aziz & Fogarasi 0.774288 0958861 0844219 39.653658 37.106043 16.534572 17437829 0 0 5618823 54543872
E Aziz Govier Fogarasi 05 09323 0872348 43390535 3761521 16.55347 17.233764 0 0 50944006 54848974
12 |Hagedom & Brown 1407351 1046709 1.294424 43614647 42800114 16421929 15.542417 0 0 60036576 58.342531
E Duns & Ros [Tulsa (Legacy 1989)] 0.5 05 0942922 202713236 121101403 17.540424 17.20109 0 0 300.25366 138.302492
|14 | Duns & Ros [Baker Jardine] 05 05 0942922 282893281 121215789 17.540328 17.200793 0 0 300433609 138416582

Figure 1V.29: Data Matching of BDSN-1.
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[\, Datamatching O x
Name: BRD-12 - Data matching
Description:
Data matching | Engine console | Profile results | Results summary
O Show grid  ® Show plot
 Case
1 [Survey data BRD12 10/07/20.| ) AXES SERIES
2 |Initial VC=Agf1 Inlet Pressur... Select Bottom X-axis: Total distance *Im
3 |Optimized VC=Agf1 Inlet Pr... Select Left Y-axis: | Pressure * | psig
4 Initi_al YC:DR Inlet Pressure=... Select Right Y-axis: |None
5 | Optimized VC=DR Inlet Pres...
6 | Initial VC=GA Inlet Pressure=..,
T |Optimized VC=GA Inlet Pres... Data matching : BRD-12 - Data matching
8 |Initial VC=Gomez1 Inlet Pres... 000
9 | Optimized VC=Gomez1 Inlet..| & ~
10 |Inital VC=Gomez2 netPres.,|  § 3
11 | Optimized VC=Gomez2 Ilet.| & ~ 2000 e
12 [Inital VC=GRAYM Inlet Press.. —
13 | Optimized VC=GRAYM Ilet.. 0 500 1000 1500 ] 2000 2500 3000
" Total distance (m)
14 |Initial VC=GRAYO Inlet Press...
15 |Optimized VC=GRAYO Inlet... | (] Initial VC=Agf! Inlet Pressure=6101.805 psia RM5=1040,897 J| Optimized VC=Agf1 Inlet Pressure=5926.838 psia RMS=761,897
16 |ILL-CONDITIONED Initial VC.. Initial VC=DR Inlet Pressure=6137.22 psia RM5=1094,365 vl Optimized VC=DR Inlet Pressure=5958.228 psia RMS=612,09
17 | Optimized VC=0RK Inlet Pre... Initial VC=GA Inlet Pressure=6101.931 psia RM5=1041,09 vl Optimized VC=GA Inlet Pressure=5928.88 psia RMS=761,97
18 | Initial VC=TOR Inlet Pressure...| [/] Initial VC=Gomez1 Inlet Pressure=5739.743 psia RM5=401365 v Optimized VC=Gomez1 Inlet Pressure=5595.146 psia RMS=55,177
19 | Optimized VC=TOR Inlet Pre... M Initial VC=Gomez2 Inlet Pressure=5739.743 psia RMS=401,365 J| Optimized YC=Gomez2 Inlet Pressure=5595.146 psia RMS=55,177
20 |Initial VC=TGA Inlet Pressure... Initial VC=GRAYM Inlet Pressure=5567.606 psia RMS=115,869 I| Optimized YC=GRAYM Inlet Pressure=5591.369 psia RMS=42,802
21 |Optimized VC=TGA Inlet Pres... Initial VC=GRAYO Inlet Pressure=5567.604 psia RMS=115,875 v Optimized VC=GRAYQ Inlet Pressure=5591.366 psia RM5=42.811
T JLL-CONDITIONED Initial VC... m ILL-CONDITIONED Initial VC=0RK Inlet Pressure=6162.714 psia RM5=1132,297 i Optimized VC=0RK Inlet Pressure=6057.807 psia RMS=972,894
? Optimized VC=TORK Inlet Pr... || === Initial VC=TOR Inlet Pressure=5137.03 psia RMS=1094,081 i Optimized YC=TDR Inlet Pressure=5957.93 psia RM5=811,587
Initial VC=TGA Inlet Pressure=6067.49 psia RMS5=987,927 V| [} Survey data BRD12 10/07/2023 00:00:28
I\ Data matching m]
Name: BRD-12 - Data matching
Description:
Data matching | Engine console | Profile results | Results summary
Vertical multiphase carrelation Calibrated ~ Calibrated Calibrated ~ Initial Calibrated ~ Initial Calibrated ~ Initial Calibrated ~ Initial Calibrated
vertical vertical Uvalue pressure pressure temperature  temperature  holdup holdup fotal total
4 friction factor  holdup factor  multiplier RMS RMS RMS RMS RMS RMS RMS RMS
1 | Gray (modified) [1.23335 1263827 2963099 2014754 0344823 [mesr 44512 [0 o 115866881 |42.802044
2 |Gray (original) 123335 1263827 2963099 72020554 0353187 43854271 42457425 0 0 115874825 142810613
3 |Gomez 2 05 01 366913396 10584329 34451972 44592463 0 0 401365368 55.176792
. 4 |Gomez Enhanced 2 05 0.1 3669133% 10584329 34451972 44592463 0 0 401365368 55.176792
| 3 |Govier, Aziz [Tulsa (Legacy 1969)] 0608914 05 01 902041834 664200979 25885406 30974659 0 0 98792724 695235638
b |Aziz Govier Fogarasi 0612603 05 01 101556738 732062857 25329914 20834328 0 0 1040897295 | 761.897185
| | Govier, Aziz & Fogarasi 0609256 03 0.1 1015761733 732136033 25327898 20833479 0 0 1041.08%3 761969512
. 8 |Duns &Ros [Tulsa (Legacy 1989)] | 1371952 05 01 1069358301 782373375 24723134 2921359 0 0 1094081435 | 811.586966
. 9 |Duns & Ros [Baker Jardine] 1371952 05 01 1069645296 782883303  24.72002 29207069 0 0 1094365316 | 812090372
10| Orkiszewski [Baker Jardine] 03 03 10 1107.891883  946.706747 24405391 26187494 0 0 1132297273 972894242
(11| Orkiszewski [Tulsa (Legacy 1989)] |03 05 10 1107891923 946700973 24452744 26187492 0 0 1132344667 | 972.894465

Figure 1V.30: Data Matching of BRD-12.
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& Dat

Name:

a matching

BRDS-Ext2 - Data matching

Description:

Data matching | Engine console | Profile results | Results summary

() Show grid  ®) Show plot

. Case
1 [Survey data BRDSext2 17/10..] |/ AXES SERIES
2 |Initial VC=Agf1 Inlet Pressur... Select Bottom X-axis: Pressure * |psig
3 | Optimized VC=AgfT Inlet Pr... Select Left Y-axis: | Elevation -t
4 |Initial VC=DR Inlet Pressure=... Select Right V-axis:  None
5 | Optimized VC=DR Inlet Pres... 5 ‘
6 |Initial VC=GA Inlet Pressure=...
7 | Optimized VC=GA Inlet Pres... Data matching : BRDS-Ext2 - Data matching
8 |Initial VC=Gomez1 Inlet Pres... 0
9 |Optimized VC=Gomez1 Inlet..|  § oo
10 |Initial VC=Gomez2 Inlet Pres... E g
11 |optimized Ve=Gomez2 nket..| & 1%
12 | Initial VC=GRAYM Inlet Press... =B
13 |Optimized VC=GRAYM nlet... 1200 1400 1600 1800 2000 2200 2400 2600 280-0 3000 3200 3400 3600 3800 4000 4200 4400
- Pressure (psig)
14 | Initial VC=GRAYO Inlet Press...
15 | Optimized VC=GRAYQ Inlet... [v Initial VC=Agf1 Inlet Pressure=4214.67 psia RMS=104,742 V] Optimized VC=Agf1 Inlet Pressure=4131.352 psia RMS=54,548
16 | Initial VC=TDR Inlet Pressure... ¥ Initial VC=DR Inlet Pressure=4413.303 psia RMS=256.873 Optimized VC=DR Inlet Pressure=4136.829 psia RM5=54,786
17 | Optimized VC=TDR Inlet Pre... ¥ Initial VC=GA Inlet Pressure=4217.831 psia RM5=107,153 Optimized VC=GA Inlet Pressure=4144.37 psia RMS=18,283
18 | Initial VC=TGA Inlet Pressure... [Vl Initial VC=Gomez1 Inlet Pressure=3315.563 psia RM5=689.236 [ Optimized VC=Gomez1 Inlet Pressure=4063.647 psia RM$=99,024
19 | Optimized VC=TGA Inlet Pre... [V Initial VC=Gomez2 Inlet Pressure=3315.563 psia RM5=689.236  [/| Optimized VC=Gomez2 Inlet Pressure=4063.647 psia RM5=99,024
E Initial VC=GRAYM Inlet Pressure=2724.647 psia RMS5=1194,148 Optimized VC=GRAYM Inlet Pressure=3180.878 psia RMS5=806,023
E Initial VC=GRAYO Inlet Pressure=2724.635 psia RMS=1194,159 Optimized VC=GRAYO Inlet Pressure=3180.834 psia RMS=806,06
|7 Initial VC=TDR Inlet Pressure=4412.817 psia RM5=256,5 m Optimized VC=TDR Inlet Pressure=4136.133 psia RM5=54,648
[v Initial VC=TGA Inlet Pressure=4145.249 psia RMS=54.459 v Optimized VC=TGA Inlet Pressure=4144.125 psia RM5=18,554
E [] Survey data BRDSext2 17/10/2023 00:00:55
I\ Data matching n
Name;  BRDS-Ext2 - Data matching
Description:
Datamatching | Engine console | Profile results ~ Results summary
Vertical multiphase correlation Calibrated ~ Calibrated ~ Calibrated  Initial Calibrated ~ Initial Calibrated ~ Initial Calibrated ~ Initial Calibrated
vertical vertical Uvalue pressure pressure temperature  temperature  holdup holdup total total
4 friction factor  holdup factor  multiplier RMS RMS RMS RMS RMS RMS RMS RMS
1| Govier, Aziz & Fogarasi 006869 (102385 02207 (66340324 [13374000 40812787 48093 0 0 07531 18283379
L Govier, Aziz [Tulsa (Legacy 1989)] 0941719 1130525 0121156 13.8447 13.279098 40644243 5275344 0 0 54488043 18554442
3_ Aziz Govier Fogarasi 1.004737 0850777 3390987 63929768 10184785 40812225 44363008 0 0 104741993 54.547793
| 4 | Duns & Ros [Tulsa (Legacy 1989 1663380 0547852 8191339 215666847 104049 40833336 44.2435% 0 0 256500183 54.6484%
| 3| Duns & Ros [Baker Jarding] 1663386 0547852 8191339 216039011 10.542252 40833523 44243597 0 0 256872334 54783849
L Gomez 05 2 9965021 650.198419 54819418 39037689 44204794 0 0 689.236108  99.024212
L Gomez Enhanced 05 2 9965021 0650.198419 54819418 39037689 44204794 0 0 689.230108  99.024212
| 8 |Gray (modified) 2 2 8040466 1156146316 761748083 38001541 44274662 0 0 1194147857 806.022745
|9 | Gray (original) 2 2 8040466 1156157122 | 761784861 3800152 44274663 0 0 1194158642 806.039524

Figure 1V.31: Data Matching of Ext-2.
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matching [m]
Name: BRDS-2 - Data matching
Description:
Data matching | Engine console | Profile results | Results summary
) Show grid  ® Show plot
- Case
1 [Survey data BRDS2 26/06/20..| ) AXES SERIES
2 | Initial VC=Agf1 Outlet Pressu... Select Bottom X-axis:| Pressure ~ |psig
3 OFF"“iZEd VC=Agf1 Outlet P... Select Left Y-axis. | Elevation - |ft
4 Inltl_al YC:DR Qutlet Pressur... Select Right V-axis: | None
5 |Optimized VC=DR Outlet Pr...
6 | Initial VC=GA Outlet Pressur...
7 | Optimized VC=GA Outlet Pr... Data matching : BRDS-2 - Data matching
8 | Initial VC=Gomez1 Outlet Pr... = o =
9 | Optimized VC=Gomez1 Outl... = N
10 | Initial VC=Gomez2 Outiet Pr... g SN0 3
11 | Optimized VC=Gomez2 Outl... 5 -10000
12 |Initial VC=GRAYM Outlet Pre... “
13 | Optimized VC=GRAYM Outle.. 500 1000 1500 2000 2500 3000 ] 3500 4000 4500 5000 5500
14 [ Initial VC=GRAYO Outlet Pres... RO
15 | Optimized VC=GRAYO Outle... [V Initial VC=Agf1 Outlet Pressure=179.244 psia RMS=608,094 I Optimized VC=Agf1 Outlet Pressure=319.9101 psia RMS=554,221
16 | Initial VC=TDR Outlet Pressu... Initial VC=DR Qutlet Pressure=76.11436 psia RMS=639,69 [v] Optimized VC=DR Outlet Pressure=237.366 psia RMS=571,045
17 | Optimized VC=TDR Qutlet P... Initial VC=GA Qutlet Pressure=192.9308 psia RMS$=604,445 [V Optimized VC=GA Outlet Pressure=334.5871 psia RM5=552,303
18 | Initial VC=TGA Outlet Pressur... [Vl Initial VC=Gomez1 Qutlet Pressure=407.2506 psia RMS=569,96 [ Optimized VC=Gomez1 Outlet Pressure=454.3068 psia RMS=543,393
19 | Optimized VC=TGA Qutlet Pr.. [v] Initial VC=Gomez2 Qutlet Pressure=407.2506 psia RM5=569,96 [¢] Optimized VC=Gomez2 Outlet Pressure=452.7862 psia RMS5=543,545
Initial VC=GRAYM Qutlet Pressure=458.5788 psia RMS=567,764 Iz Optimized VC=GRAYM Qutlet Pressure=501.3435 psia RMS5=547,725
Initial VC=GRAYO Outlet Pressure=458.6171 psia RM$=567,763 IZ Optimized VC=GRAYO Outlet Pressure=501.3731 psia RMS=547,726
m Initial VC=TDR Qutlet Pressure=76.50273 psia RMS=639,552 |7 Optimized VC=TDR Qutlet Pressure=237.7004 psia RMS=570,97
v Initial VC=TGA Outlet Pressure=222.3507 psia RM5=597,489 ] Optimized VC=TGA Outlet Pressure=370.125 psia RM5=548,206
. Survey data BRDS2 26/06/2023 00:00:13
I\ Data matching 0 X
Name; |BRDS-2 - Data matching
Description:
Data matching | Engine console | Profile results  Results summary
Vertical multiphase correlaion ~ Calibrated  Calibrated  Calibrated ~ Intil Calibrated ~~ Inital Calibrated ~ Initial Calibrated ~ Inital Calibrated
vertical vertical Uvalue pressure pressure temperature  femperature  holdup holdup total total
4 friction factor  holdup factor - multiplier ~ RMS RMS RMS RMS RMS RMS RMS RMS
1 |Gomez 966 102 (0191989 [SI244 SB0BEH | MTIMB9 (1008485 [0 0 560959943 [54339348
| 2 Gomez Enhanced 1634969 1002399 0186389 S3245451 533 UTAE9 1020582 0 0 56995004 543544828
| 3 Gray (modified) (804543 0856076 0133383 533235266 53343TET 3452851 W81 0 0 67763776 547725157
| 4 Gray (original) 0804543 0856076 0133383 SP2685 53344454 528308 1428176 0 0 567762092 | 547726261
| 3 Govier, Aziz [Tulsa (Legacy 198%] 05 05 0190171 56219584 538222230 35203063 9983437 0 0 507488003 548.205676
| 6 Govier, Aziz & Fogarasi (750637 05 0.178781 569.142137 542248242 35302726 10055182 0 0 604444863 552303424
| 1 Aziz Govier Fogarasi 1.092924 05 0183238 572602634 54424092 35490944 9979733 0 0 608093578 554220652
| 8 Duns & Ros [Tulsa (Legacy 1989)]  0:630914 05 0236436 60292060 558844838 36630848 12125411 0 0 630551538 570970249
|9 Duns & Ros [Baker Jardine] (630914 05 0236436 B03.04%009 558915817 36040086 1212973 0 0 639669995 571.0433%

Figure 1V.32: Data Matching of BRDS-2.
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|
Name: BDSN-2 - Data matching
Description:
Data matching | Engine console | Profile results | Results summary
(O Show grid @ Show plot
 Case
1 [Survey dataBDSN2 21/06..] «| |/ AXESSERIES
2 |Initial VC=Agf1 Outlet Pr... Select Bottom X-axis: | Pressure ~ |psig
3 |Optimized VC=Agf1 Outl.. Select Left V-axis: | Elevation -t
4 In|t|§| VC=DR Outlet Pres.. Select Right Y-axis: | None v
5 | Optimized VC=DR Outlet...
6 |Initial VC=GA Qutlet Pres...
7_|Optimized VC=GA Outlet.. Data matching : BOSN-2 - Data matching
8 |Initial VC=Gomez1 Outlet... 0
9 |Optimized VC=Gomez1... 5
10 | Initial VC=Gomez2 Outlet.. EE S0
11 | Optimized VC=Gomez2... @ -10000
12 | Initial VC=GRAYM Outlet...
13 |Optimized VC=GRAYM O... 500 1000 1500 2000 .2500 3000 3500 4000
= Pressure (psig)
14 | Initial VC=GRAYO Outlet...
15 | Optimized VC=GRAYO O... [¥] Initial VC=Agf1 Outlet Pressure=349.1624 psia RMS=379,796 |/} ————— Optimized VC=Agf1 Outlst Pressure=612.9914 psia RMS=179,238
16 [Initial VC=HBR Qutlet Pre... Initial VC=DR Outlet Pressure=286.3628 psia RMS=429,156 [} Optimized VC=DR Outlet Pressure=540.3367 psia RMS=233,131
17 | Optimized VC=HBR QOutl... Initial VC=GA Qutlet Pressure=346.1686 psia RM5=382,196 ¥ Optimized VC=GA Qutlet Pressure=607.3631 psia RMS5=183,269
18 |Initial VC=LEDA2P14 Qut... [Vl Initial VC=Gomez1 Qutlet Pressure=789.9457 psia RMS=81,871 [} ————— Optimized VC=Gomez1 Outlet Pressure=815.1086 psia RMS=58,626
19 | Optimized VC=LEDAZP1.... M Initial VC=Gomez2 Qutlet Pressure=789.9457 psia RMS=81,871 \J < Optimized YC=Gomez2 Outlet Pressure=815.1086 psia RM5=58,626
20 |Initial VC=LEDA2P?2.2 Out... Initial VC=GRAYM Outlet Pressure=1075.607 psia RM5=232,723 E_ Optimized VC=GRAYM Outlet Pressure=867.3844 psia RM5=80,566
21 |Optimized VC=LEDAZP2.... Initial VC=GRAYO Outlet Pressure=1075.619 psia RM5=232,732 [f]|————— Optimized VC=GRAYO Outlet Pressure=867.4332 psia RMS=80,595
T Initial VC=LEDA3P14 Outl... Initial VC=HBR Outlet Pressure=1192.349 psia RMS=313,641 W— Optimized VC=HBR Outlet Pressure=1035.848 psia RM5=205,794
? Optimized VC=LEDA3P1... Initial VC=LEDA2P1.4 Qutlet Pressure=824.0466 psia RMS=74,599 N Optimized VC=LEDA2P1.4 Qutlet Pressure=816.6272 psia RMS5=54,88
T nitial VC=LEDA3P2.2 Outl... Initial VC=LEDA2P2.2 Qutlet Pressure=837.5435 psia RMS$=91,958 E [} Survey data BDSN2 21/06/2023 00:00:45
25 | Optimized VC=LEDA3P2...
| 26 | Initial VC=ME Outlet Pres.. -
|
Name: BDSN-2 - Data matching
Description:
Data matching | Engine console | Profile results | Results summary
Vertical multiphase correlation Calibrated Calibrated Calibrated Initial Calibrated Initial Calibrated Initial Calibrated Initial Calibrated
vertical vertical U value pressure pressure temperature  temperature  holdup holdup total total
4 friction factor  holdup factor ~ multiplier RMS RMS RMS RMS RMS RMS RMS RMS
1 [LedaFlowv. 1.4 2-Phase [2 1203189 [o1 |3763527  [2695527  [36963488  [2792448 [0 0 [74598759  [54879749
| 2 |ledaFlow v. 1.4 3-Phase 2 1.203189 0.1 37.63527 26.95527 36.963488 2792448 0 0 74598759 54879749
| 3 [Mukherjee & Brill [Baker Jardine] 1593377 0.644498 0.1 145.161565 29.519695 37.74739% 27.864245 0 0 182.908961 57383939
| 4 |Mukherjee & Brill [Tulsa (Legacy 1... 1670432 0.637334 0.1 146.38175 20.586048 37.756167 27861502 0 0 184137917 57447549
| 5 |Gomez Enhanced 2 1.120265 0.1 44782464 30.776552 37.088793 27.849267 0 0 81871257 58625819
6 |Gomez 2 1.120265 0.1 44.782464 30.776552 37.088793 27.849267 0 0 81.871257 58625819
Z LedaFlow v. 2.2 2-Phase 1.888064 1.130476 0.1 54.959175 44.280847 36.999181 27539248 0 0 91.958356 71.820095
| 8 |ledaFlowv. 2.2 3-Phase 1.888064 1.130476 0.1 54959175 44.280847 36.999181 27539248 0 0 91.958356 71820095
| 9 |Gray (modified) 2 2 0.192821 196.696601 54011399 36.026185 26.554918 0 0 232722787 80566317
|10 | Gray (original) 2 2 0.192821 196.705965 54.040838 36.026142 26554563 0 0 232732107 805954
| 11 |Govier, Aziz [Tulsa (Legacy 1989)] 0.5 05 0.1 301.136658 115982772 38.526438 27953529 0 0 339.663096 143.936301
12 | Aziz Govier Fogarasi 0.5 0.5 0.1 340964434 151.15762 38831767 28080516 0 0 379.796201 179.238136
E Govier, Aziz & Fogarasi 05 05 0.1 343370889 155.147483 38.825265 28121737 0 0 382196154 183.269221
| 14 |Hagedom & Brown 1.952506 2 1.833979 278014081 166.287061 35.62662 39506607 0 0 313.6407 205.793668
| 15 |Duns & Ros [Tulsa (Legacy 1989)] 05 05 0.1 389.883701 204343535 39.164207 28659365 0 0 429.047909 233.0029
|16 | Duns & Ros [Baker Jardine] 05 05 0.1 389.988803 204469779 39166942 2866168 0 0 429,155745 233131459
\_17_| No Slip Assumption 2 0715278 1.1875 291.165825 28933828 35.519856 36626962 0 0 326685681 325965242

Figure 1V.33: Data Matching of BDSN-2
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Name: BRD-15 - Data matching
Description:
Data matching | Engine console = Profile results | Results summary
O Show grid  (® Show plat
. Case
1 [Survey data BRD15 17/1... Q/JRXESSERIES
2 | Initial VC=Agf1 Inlet Pres... Select Bottom X-axis: | Pressure * |psig
3 | Optimized VC=Agf1 Inlet... Select Left Y-axis:  |Elevation - ft
4 Imtlél VC=DR Inlet Pressu... Select Right Y-axis: | Nane N
5 |Optimized VC=DR Inlet P...
6 |Initial VC=GA Inlet Pressu...
7 | Optimized VC=GA Inlet P... Data matching : BRD-15 - Data matching
8 |Initial VC=Gomez1 Inlet P... )
9 | Optimized VC=Gomez1 I... §
10 |Initial VC=Gomez2 Inlet P.., FE -5000
11 | Optimized VC=Gomez2 ... - 10000
12 |Initial VC=GRAYM Inlet Pr...
1 OFFimlzed VC=GRAYM In... 1000 1500 2000 2500 oressure (pSig)SUDU 3500 4000 4500
14 | Initial VC=GRAYO Inlet Pr...
15 | Optimized VC=GRAYO Inl... [ Initial VC=Agf1 Inlet Pressure=4700.69 psia RMS=156,469 [v] Optimized VC=Agf! Inlet Pressure=4629.485 psia RMS=0,037
16 | Initial VC=HBR Inlet Press... [¥] Initial VC=DR Inlet Pressure=4832.148 psia RMS=404,431 Optimized VC=DR Inlet Pressure=4679.179 psia RMS=111,306
17 | Optimized VC=HER Inlet... [¥] Initial VC=GA Inlet Pressure=4699.273 psia RMS5=153,544 Optimized VC=GA Inlet Pressure=4629.511 psia RM$=0,027
18 | Initial VC=LEDA2P14 Inle... ¥ Initial VC=Gomez1 Inlet Pressure=4601.271 psia RMS=68,668 ¥ Optimized VC=Gomez1 Inlet Pressure=4629.123 psia RMS=0,889
19 | Optimized VC=LEDA2P1.... \.I Initial VC=Gomez2 Inlet Pressure=4597.323 psia RMS=78,651 M Optimized VC=Gomez2 Inlet Pressure=4628.899 psia RMS=1.417
20 |Initial VC=LEDA2P2.2 Inle... E Initial VC=GRAYM Inlet Pressure=4560.088 psia RMS=178413 Optimized VC=GRAYM Inlet Pressure=4623.913 psia RM5=13,237
21 |Optimized VC=LEDAZP2... E Initial VC=GRAYO Inlet Pressure=4560.066 psia RM5=178,474 Optimized VC=GRAYO Inlet Pressure=4623.832 psia RM5=13,431
T Initial VC=LEDA2P1.4 Inle... ’7 Initial VC=HBR Inlet Pressure=4563.123 psia RMS=169.854 m Optimized VC=HEBR Inlet Pressure=4627.17 psia RM5=5,502
? Optimized VC=LEDA3P1.... [¥] Initial VC=LEDA2P1.4 Inlet Pressure=4594.077 psia RMS=86,937 [/ Optimized VC=LEDA2P1.4 Inlet Pressure=4630.021 psia RMS=1,226
T Initial VC=LEDA3P2.2 Inle... E Initial VC=LEDA2P2.2 Inlet Pressure=4611.517 psia RM5=43,212 Survey data BRD15 17/10/2023 00:00:36
| 25 |Optimized VC=LEDA3P?....
| 26 | Initial VC=TDR Inlet Press.. -
l& Data matching g x
Name: BRD-15 - Data matching
Description:
Data matching | Engine console | Profile results | Results summary
Vertical multiphase correlation Calibrated Calibrated Calibrated Initial Calibrated Initial Calibrated Initial Calibrated Initial Calibrated
vertical vertical U value pressure pressure temperature  temperature  holdup holdup total total
4 friction factor  holdup factor  multiplier RMS RMS RMS RMS RMS RMS RMS RMS
1| Govier, Aziz [Tulsa (Legacy 1989)] |2 lo677958 [10 [91.08 |0.003898 0 lo lo 0 191,08 |0.003828
| 2 | Govier, Aziz & Fogarasi 2 0.582992 10 153.54359 0.026563 0 0 0 0 153.54359 0026563
| 3 |Aziz Govier Fogarasi 2 0.533566 10 156.469457 0.03685 0 0 0 0 156469457 0.03685
| 4 |LedaFlowv.22 2-Phase 1.22985 1.121057 3567637 43212245 0.601775 0 0 0 0 43212245 0601775
| 5 |LedaFlowv.2.2 3-Phase 1.22985 1.121057 3.567637 43212245 0.601775 0 0 0 0 43212245 0601775
| 6 |Gomez 0.854942 1.196239 3.287837 68.668269 0.889044 0 0 0 0 68.668269 0.889044
| 7 |LedaFlowv.14 2-Phase 0.80206 1.274243 3.030662 86.937119 1.226164 0 0 0 0 86.937119 1226164
| 8 |LedaFlowv. 14 3-Phase 0.80206 1.274243 3.030662 86937119 1.226164 0 0 0 0 86.937119 1226164
| 9 |Gomez Enhanced 0836164 1.234181 3.160898 1865087 141698 0 0 0 0 78.65087 141698
| 10 |Hagedorn & Brown 2 2 10 169.85421 5.501658 0 0 0 0 169.85421 5501658
| 11 | Gray (modified) 2 2 10 178413413 13.237092 0 0 0 0 178413413 13.237092
| 12 | Gray (original) 2 2 10 178474378 13431201 0 0 0 0 178474378 13431201
| 13 | Duns & Ros [Tulsa (Legacy 1989)] 05 0.5 01 404.152487 111.100762 0 0 0 0 404.152487 111.100762
| 14| Duns & Ros [Baker Jardine] 05 0.5 01 404431321 111306197 0 0 0 0 404431321 111306197

Figure 1V.34: Data Matching of BRD-15




Chapter IV

Modeling and Forecasting of the Impact
of the Booster on Candidate Wells

1VV.2.6 Simulation Results

The results presented here in summarize the outcomes of PIPESIM simulations conducted

for the project, specifically focusing on the performance of the employed Booster and the

resulting flowrates and pressure characteristics for the designated candidate wells.

Table 1V.6: Results of PIPESIM simulation.

ST ST
Temperature |ST  oil \Water |ST gas|ST gas | Water
Name Pressure(out) |°C rate rate rate GOR CuT
Psig SM3/d SM3/d | SM3/d SM3/SM3 | %
BDSN-1 112,8601 87,58207 42,23273 |0 96777,74 12291534 |0
BDSN-2 96,52816 84,53686 17,05269 |0 44112,52 |2586,836 |0
BRD12 86,96652 86,40932 4,432331 |0 13720,32 |3095,51 0
BRD-15 102,7197 80,83314 18,81405 |0 58239,08 |3095,51 0
BRDS-1 171,2682 122,4592 118,7227 |0 164483,9 |1385,446 |0
BRDS-2 94,45031 103,2312 26,27636 |0 36404,49 |1385,446 |0
BRDS-EXT2 124,8975 118,0181 73,46516 |0 156702,5 |2133,018 |0

To evaluate the effectiveness of our proposed methodology (Boosting Method), we

conducted a comparative analysis of the simulation results obtained from PIPESIM with the

actual data from previous well tests. The comparison is presented in the form of graphs,

allowing for a clear visualization of the performance and accuracy of our approach.
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Figure 1V.35: Well-test data VS PIPESIME simulation results of Whp.
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Figure 1V.36: Well-test data VS PIPESIME simulation results of Qg.
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Q Cond

Well test PIPESIM F I

Figure 1V.37: Well-test data VS PIPESIME simulation results of Qcond.

The simulation results validate the Booster suitability for the project and confirm its ability
to deliver the required flow rates to the candidate wells. The flow and pressure analysis
provides a comprehensive understanding of the fluid dynamics within the pipeline network,

ensuring safe and efficient operation.

V.3 The Economic Study

It is essential to conduct an economic evaluation of any operation to justify its
implementation on wells. This involves calculating the total cost of this particular operation
on the one hand, and on the other hand, calculating the possible daily gain of the production
expected from the wells. This will enable us to determine the amount of time necessary to
recover our investment and begin generating profits from the project.

1VV.3.1 Estimation of the costs associated with the booster unit

In order to calculate the total costs associated with installing the Booster unit, it is

necessary to know:

» The daily rental price of the Booster unit: is 13000 to 14000 USD $
» The duration for which the unit needs to be installed (NPT): it takes
approximately 20 days to set up and install the boosting unit which during

the wells well not produce.
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NB:

- The booster daily rental cost includes the setup cost of the booster unit and all its
related expenses (labour, equipment, etc.).

- We chose the maximum cost possible of the booster (which amounts to 14000 USD$),
to represent the daily rental expenses of the booster in our study. In order to account

for the highest potential financial losses in this project.
IV.3.2 The expected average daily production and income

Based on our simulation using the PIPESIM software we were able to estimate the
expected average daily production rate of our candidate wells after using a boosting unit, as
highlighted in the table below. This data allows us to estimate the probable daily income of

this project:

Table IV.7: Expected average daily production for rate natural gas, condensate and GPL.

Products Natural Gaz Condensate GPL Total dail
Daily rates mmBtu ™ ™ income Y
y 21307,6247 102,761982 53,0936907
Daily UsSD$ 271106,4972 54533,2148 21502,94473 347 142,66
income | DzD 364312911 7328173,405 2889565,713 46 649 030,22

NB:

The data in our calculations is based on the average base price of natural gas, condensate
and GPL in May 2024.

Table 1V.8: The base price of natural gas, condensate and GPL in May 2024

Products Natural Gaz Condensate GPL
Unit USD $/mmBtu USD $/TM USD $/TM
Base price 12,72345 530,675 405

1Sm3 =0.04 mmBtu
1USD= 134,38 DZD (As of 25/05/2024)

IVV.3.3 The Net Gain of the Boosting Project

The total net gain of the project is equal to the expected production rate in a day minus the
daily rental cost of the booster multiplied by the number of operating days minus the total lost
during the installation period. We can formulate it as such in equation 1V.1:
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Total lost costs

Total Total daily daily rental Number of . > )
. = ( . - . . > . — during the installation (|V-1)
net gain production income for boosting unit/ = operating days
of the booster
Where:

Total lost costs
during the installation = NPT X (
of the booster

Daily Total daily

= V.2
rental cost productionincome) 72228532 USD$ ( )

As we can see all the elements in formula IV.1 are known aside from the number of
operating days, which we need to determine in order to estimate the point at which we will
cover our investment and begin to make a profit from this project. Our goal is to reach where

the total production income is higher than boosting unit expenses.

BOOSTING UNIT EXPENSES TOTAL PRODUCTION INCOME

14000000
12000000
10000000

8000000

PRICE USDS$

6000000
4000000

2000000

1 3 5 7 9 1113 1517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55
OPRATING DAYS

Figure 1V.38: Boosting unit expenses vs. total production income curve.

Even though we still have a system rental cost, the daily profitability will eventually cover
it. As it is shown in Figure 1V.38 the investment will be paid off relatively quickly. According
to our calculations, after approximately 22 days of production, we begin to make a profit.

Therefore, it's clear that the booster project has the potential to be profitable long term.
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Conclusion

Conclusion

While a definitive assessment of the booster unit's efficiency for the seven candidate wells
(BRDS-1, BRDS-2, BDSN-1, BDSN-2, BRD-12, BRD-15, BRDS-Ext2) requires further

analysis, the technology presents a compelling case for boosting production rates.

Our research demonstrates a significant increase in gas and, particularly, condensate flow
rates. Notably, the use of a booster unit eliminates the wells' distance as a production obstacle.
We were able to achieved an average flow rate of 568474.9 Sm3/day, demonstrating the
booster's effectiveness.

Furthermore, our economic evaluation indicates a remarkably short payback period. Within
approximately 21 days, following this period, production profits will significantly exceed the
initial investment.

This translates to a highly cost-effective solution that overcomes distance limitations and
boosts overall production efficiency.

Additionally, the unit optimizes flow conditions, minimizing energy consumption and
potentially extending the reservoir's productive life. This translates to long-term cost savings

and a sustained revenue stream.

However, the most significant economic benefit likely arises during a critical period of
reservoir pressure decline. Here, the booster unit acts as a countermeasure, preventing
production decline and ensuring economically viable well performance — a crucial factor for

maintaining profitability.

Ultimately, a cost-effectiveness analysis alongside a detailed reservoir engineering study
will determine the optimal timing for implementing the booster unit. However, our research
results strongly suggest that this technology can be an effective method that maximize

production efficiency, extends wells life, and ultimately boosts their bottom line.




Recommendations

To ensure a more accurate study and realisation of this project, we would like to add

some suggestions:

» We propose using Machine Learning to provide better evaluations of the results
obtained based on the modeling of PIPESIM and MBAL Software.

» We suggest the possibility of creating a new LP manifold that connects the
candidates wells to the LP inlet of the processing facility (CPF).

» For the well BRD-1, we recommend using another boosting unit to increase its
pressure.

» Another potential solution for BRD-1 is to create a new pipeline that connects it
to the HP BRD-MFO01 to boost it with the other wells.

» Boosting methods offer a temporary solution to the current reservoir pressure
decline. Therefore, it's crucial to consider and potentially use other production
optimization methods that often involve direct intervention at the reservoir

level.
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BDSN-2

FICHE TECHNIQUE

COORDONEES UTM

X=309 8355 m

Y= 3 389 55162 m

RESERVOIR TAGS

COUPE TECHNIQUE

Zsol = 19933 m

Zrab =210 m

EQUIPEMENTS DE SURFACE
DESIGNATION TYPE & DIMENSIONS
PLAQUE DE BASE 20" 3K
(CASING SPOOL 20" 3K x 13°5/8 5K
TUBING HEAD 13"5/8 SK x 117 - 5K
ADAPTELUR 11" 5K x 471716 - 5K
Lower Master Valve 471/16 - 5K CAMERON T &% m
Upper Master Valve (Hydraunlic)  |4°1/16 - 5K STREAM FLO
Cross 471/16 - 5K CAMERON
Wing valve 471716 - 5K STREAM FLO
Arbre de noel Lateral Valve  |471/16 - 5K CAMERON
Swab valve 471716 - 5k CAMERON
Top cap 471/16 - SK CAMERON
EQUIPEMENTS DE FOND
Wl 10 2629 (TN B (A LOvhG LU
1 Tubing hanger WP 4 % NOVAM 13158 0.485 [N
2 Pup Joint 1.244 0,49
3 [2 Tubing 4.5" 15.1#13Cr V.Top 23,701 1,73 13 3E Lsizm
4 |Pup Joint 4.5" 15.1#13Cr 0,900 2543 WL
5 [Flow coupling 4"1/2 1,785 26,33 e
6 |TRSSV 4"%5 1510 # VAM TOP PIN 3.688” 1365 28,12
7 |Flow coupling 4" % 15.10# VAM TOP 1,795 2948
& [243 Tubing 4.5" 15.1#13Cr V. Top 2873136 3128 201
9 |Halliburton 3.688" R nipple 0,375 200441 frve [l |
10 |Tubing 4.5" 15.1813Cr V.Top 11,852 2904,7Y9
11 |Pup Ji 45" 15.1813Cr 0,930 2916,64
12 |Ratch Latch 4™ % 13.50# VAM TOP 0,590 917,62
13 |7" MHR Packer OD= 5875 1D =3.875" LE15 2918.21
14 |Mill Out Extension 57 15008 NEW VAM 1,585 2920,02 L
15 |Reducing adapier 0304 292161 WS 2699 m
16 |Flow coupling 4 % 15.10# VAM TOP 1,795 292191 | P10
Otis RN nipple 4% 15,108 VAMTOP Box X Pin , e
7 |3.688 X 3.456 NO GO V4 S
18 |Perforated pup joint 47 15 1510 # VAM TOP 3020 292413
19 |Mule Guide Shoe 4" 2 15,10 # VAM TOP 0,305 292715
20 |End of complétion 292746
OBSERVATIONS iEm
Appareil : WDI 814
Forage : du 21/03/2016 au 26/07/2016
Completion : 26/07/2016
Date Diam | Dens [Tvpd Pénét|  Top (m) | Bottom (m) | Réservoir
o - 3736 37425
37475 3756 TAGS
37575 3759
TILNR 47172 2963 m
Téte crepine
a1z
el T 36lim
23320
a1
1 - 3959 m
———— D a0n0 m
Mise & jour le 29/11/2009 par Sce Tpuits




FICHE TECHNIQUE

COORDONEES UTM

X=310490.01

Y= 3 3B1430.15

BRD 15

RESERVOIR TAGS

COUPE TECHNIQUE

Haut TR._Sol =7.68 m

EQUIPEMENT DE SURFACE
DESIGNATION TYPE & DIMMENSION
P/Base FMC casing head housting 207 3K x 13"5/8 CHH 5K
Tubing Head Cameron 13"5/8 x 11"-5K
Adapter Cameron T"-5K 2 4" 1 16-5K 187578
ARBRE NOEL 4"1/16-5K 55 87,5#
VANNE HYDRAULIQUE 2 Vannes 4"1/16-5K: 2VM+VL
EQUIPEMETS DE FOND
N DESIGNATION LONG TOP s
1 Thy hanger 117 NOM. H BPV, 3"900 MIN Bore, L Tle=0.67 (olive 0.481 0.000 MNED 682
fletée 4" 12ZNVAM (Fx4"12 N-Vam (F)15.10¢ BTM ! !
2 |Reéd 4"1/2NVam MxWVamTop M 13.50¢ 13%cr MED,ID=3.920 1,228 0481
3 |01 Thg 4"1/2 vam top 13.50 # 13% cr VM 80 26,617 1,709
5 |Pup joint 4"1/2 vam top 13.50 # 13% cr VMEQD [IR.:%1 28,326
6 [Pup joint 4"1/2 vam top 13.50 # 13% cr VMB0 0,894 20214
7 |Flow coupling 13% Cr C 95 -4"500- 13.50 # VAM TOP FXM 1,796 30,108
g }.F:E;\ 4"1/2 Vam Top 13504 -T500 psi avee sidge intégré 1.366 31.904
9  |Flow coupling 13% Cr C 95 -4"500- 13.50 # VAM TOP FXM 1,757 33,270
10 (202 Tubing 471/2 vam top 13.50 # 13% cr -N&D- ID=3"320 2554626 | 35,027
11 |Pup joint 4" 1/2 vam top 13.50 # -13% cr- VM BO 1.423 2589653
12 |Siége R 3"688 L_ Nipple 47 1/2 - 13.504VAMTOP FXM 0,378 | 1591076
13 |Pup joint 4" 1/2 vam top 13.50 # 13% cr VM 80 1476 | 2591454
14 (1 thg4"1/2 vam top 13.50 # 13% cr N B0 12,645 | 2592930
15 |Pup joint 4" 1/2 vam top 13.50 # 13% cr VM 80 14200 | 2605575
16 |Ratch latch 4712 0D -13.50¢ WAM TOP model seals 13% cr 0,593 2606,995
Packer MHR 7"23-32% max, OD 57875, 1D 3.875 {
17 L=1.82IM) Bas Packer 1.0ZM - Haut packer 0.80M 1815 | 2607.588
18 [Millout extention 5"I82NVAMMx M 1,665 2609403
19 [Réd 3" IB# N VAM x4 172" VAM TOP 13508 Fx M 0,305 2611068 >
20 |Flow Cp 4.5" Vam Top B.P 15.10 #13Cr 1,795 2611373 TINE T
21 Siége type RN 47 1/2 N VAM 135 # 13% Cr ID= 3.688 NO 0426 | 2613168 | . I
GO 345 Fx M 9"5/8
22 |Tube perforé 4”1/2 VAM TOP 13.5% 13% Cr VM 80 1020 | 2613594 | PLIO 53.5¢%
23 |Mule Shoe Guide 4".96 VAM TOP 13.58 VM 13% Cr ID:4" 0,303 2616614
PERFORATIONS @
DATE PHASI[TIR TYPE PEN _[EHD TOP
27072012 | 60°F | 6SPF |2"7/8 Power Jet Omega| 36" | 034" 3321 TLNR 41
CASING
Hole S1ze 26 Ia" 127174 812
Casing Size 18"5/8 13"3/8 958 ]
Casing Con BTC BTC N VAM M VAM 70 PO 328
OBSERVATIONS :
Puits foré par ENAFOR 06 : Haut TR- = 7.68 M
Diébut de forage le : 24/04/2012, Fin de forage le : 21/06/2012 TAGS
Puits sous saumiire densité 1.30
Espace annulaire 1875/ x 13"3/8 cimenié au jour
Espace annulaire 1373/8 x 9 sous boue a Ihuile d: 1.05 TiCMT
Espace annulaire 9758 x 4"1/2 sous saumure d: 1.30 4" 12 PLLO 13_5:'
String Elongation 1,18 m, String compréssion 5T soit -0,53 m

Tlm

1.’-‘2“:11
2416 m

2660 m

3244 m

3327 m

3357m

3407 m
3410m

Mise a jour par Sce tech Puits le 19/03/14




- - — X 309 73591
BRDS. 1 FICHE TE(JHN]Q[JE COORDONEES UTM = t_l:‘,’,_mm
RESERVOIR SILURIEN B2 COUPE TECHNIQUE [ = _
EQUIPEMENT DE SURFACE
DESIHGNATION TYPE & DIMENSIONS

PLAQTE DE BASE

e T e

20"3/4-3K x 13°5/8-5K

CASING HEAD
EE

IEE-SE x [35E-TOK

CASING SPOOL

210K x 11" 15K

FACK OFF FLANGE

2-15K x TT™ TOKE

TUBING HEAD

11" x 7"1/16 10K- EMC

L1E"5/8

ADAFTETR

TUTE TOE x 4°T/Té T - FMCT

WSS m

ARBRE DE NOEL

4*1/16-10K - FMC

WVANNES HYDRAULIQLUES

AT TOE (WAMS+VL) - FMC

EQUIFPEMENTS DE FOND

N DESIGNATION [T T
1 Tubing hanger 4.5" 13.5% VAM FMC 0457 0000
2 Pup Joint X/0ver 4.5" NVAM-V TOP 1.285 0457
3 326 Tubing Jt4.5" 13,50 4 13Cc L13 WV TOP IB6R.T6T 1.742
4 Halliburton 3.688" R nipple 4.5" 15108 VAM TOP 0,376 JAT0.509
K Tubing Jt 4.5" 13 530 # 13Cr L13 V TOP 11,849 IRT0RES 13"3/% PL1G
& Pup Joint 4.57 13,50 # 13Cr V TOP 2009 EEERIET] = = “[ﬁf T
7 |Ratch Latch 0,527 384,753 @2E16 m
L] 7" MHR Packer 1,243 JRAS IR0
9 Mill Out Extension 1,590 IRRT.22
10 |Red.adapter 0,305 IREE.R] o 5/R P10
11 Flow coupling 4.5 Vam Top B.P 13Cr 1.755 IRR9,12 . L BTC 53.5#
12 |Halliburton 3.688" RN nipple 15,108 (NO GO 3.456) 0,425 359087 @33k m
13 |Perforated Pup Joint 4.5" 15,10 # 2979 IR9L. 30
14| Mule Shoc Guide 0215 380438 i
15 |Fin complétion IR AD
PERFORATIONS
DATE DIAM | DENS | TYPE [PENETR TOP BTM VR
03/04/2010 3934.0 ECETITN I ,@,
[ 1508 4 S0P JRC 43" 3940,0 39460 F——
39300 39630
23032010 4712 s S0P JRC 43 39961 anos,n | Siurien "B ]
bt il "B2
AT 4073,0 upper
OR/032010 s A Silurien"B1" 3 E TI,.E,
0960 41000
BF NY4@ 4040 m
41080 41120 i
162000 410,00 41980 BE N"3@ 4% m
420200 42055 | Silurien "A2"
15/02/2010 B ERTE
—_— —_— Perfos(SilLB1)

OBSERVATIONS :
Completion faite par Rig ENF-16

Quanzite de Hamra "QH")

Rig Elevation & T.ID Balts = 6,650 m.

| Capture d'écran et croquis i

Début forage: 01052004 | Fin de sondage: 14042010, TD sondeuwr : 5534m (Nivean atieint :

Work Over "ENF 34" (Du 07702 an 22/03/2018) : Complétion du puits dans le réservoir Silurien
B2. String compression 712 0,810 m, Tubing stretch @ 3,5200m

A0 Tk
4112m
Cement Plug
M2 BF N2 4180 m
A1 B0-4125 g Perfos (Sil.AZ)
419 m
Téne liner 4213 m
4 m
TP 32

IViE % .
[Cement Plug M1 NV S04 e

LS302-5178
FI-S1TE m BP N*l@ 5313 m

Duartzites
e Hamra

>

jr— Rl L]
T ES3d m |3 So7m S533

Mlise @ jowr le 24082009 par Sce T.puits




FICHE TECHNIQUE COORDONEES UTM [ 37 180
BRDS-z [ . S — - H izhle = 8, 15m
Réservoir Silurien F6-B2 COUPE TECHNIUE
EQUIPEMENTS DE SURFACE -
Diésigmation Fabricant | Type/modéle PN | Dimension nominale Série Dhservation
(Casing Head Housing 3K
i asing Spool 3K x SK - = .
{Casing Spool SK x 10K @ 51m Babac
Pack-off Flange Adapter 10H x 5K
Tuhing Head FAIC 11"x 7116 SK - I
Adaptateur FMC Tlex 471116 SK T : i
Suspension Dlive T/ 16 5K
Vanme maitresse inférieure |[FMO EFET 5K Manuelle
Vanne maiiresse supérieure |[FMC 4"1/ 16 SK Hydrauligue
Croix Cameron 41716 SK
Vannes katérale (cdte produc{FMC 41716 SK Hydraulique
Vanmes katérale jedne kill) (Cameren 471716 SK Manuelle
Vanme de curage (Cameron B SK Manuelle
Top Cap FMC 4*1/16 SK
EQUIPEMETS DE FOND I - chTiE
™ DESIGNATION
1 |Ohive 71106 N " L2N-Vam down F x 4 TC UP F:BPY MIN BORE 37900
2 351 Tubing 4 SMES N.VAM
3 INipple R 3.688 L3558 o
4 J0I Tubing 435" 13 MBS N.VAM 10206 SET 3758
5 JOIPUPS JOINT 4.5 Cr 1,469
6 [Ratch Latch 0,590 35790486
7 |77 MHR Packer 1817
& Ml Dut Extension 1,590}
9 JRed.adapter 0,304
10 JFlow Cp 4.57 Vam Top B.F 130 1.795
11 [Nipple RN 3.456"™ NO-GO 47172 13508 V. TOP 0,424
12 [Perforated Pup Jt 4.5" 13 ICR VAM TOP PE3D 2.947
13 Mule Shoe Guide 4.5% 13.50# VAM TOP 0,303 E:,
14 JEnd of completion
3500 m " Top liner 47 112
FERFUORATIONS
DATE AN DENS TYPE PENETRATION Towr BTM REMAROUE
. . . — TAGH Perfir T m .
033 fspd 412 3767 m “lucm; o ——
3R0Tm . _— .
033 e Gun 278 412" TWI5m I':"_l':"“:' E\r’_'rj‘i_‘
I8 2 m crios ouveries
ITSHm
(OBSERVATIONS - = Perfiss Squeesies
Debut de Fomge - 1102015 | Fin de Forage © 171002005 TTET m
Debut de completion 06/1V2H15 |, Fin de completion 171002015
Pusls producieur du Gaz o Condensal
3HOLS m
E Perfins Duvertes
IHET
i SETL 4™ 12
B 4000 - 4543 | o
T 45440

Mdise & jour le 1112019 par service tech-puits




FICHE TECHNIQUE _|coorwoxnees vrp =222
) o TY=340021278 m
BDSN-1 RESERVOIR TAGS COUPE TECHNIQUE om0
- o ) o Ztab = 205,82 m
EQUIPEMENT DE SURFACE
DESIGNATION TYPL & DIMENSIONS
TUBING HEAD 13"5/8 5K x 11" 5K - Crown
ADAPTATELR TT7 5K x 471716 SK- FMC
Vannes hyvdrauliques LMS + UHMV 4 1/16" 5K - FMC
A mas _lree 471/ 16 5K - FMUC
Wing valve 4"1/16 5K - Hydraulic FMC
Swab valve 4"1/16 5K - FMC
Top cap 471716 5K - CROWN
EQUIPEMENTS DE FOND H<5=5 H1 . 59m
K55-87.58
N DESIGNATION LONG TOP
1 Olive Crown 11" taraudée 4"1/2 NV B x 4"3/4 ACME 0,485 0,00
2 JPup Joint 1,060 0.49
3 310 joints de tubing 4.5" New Vam P110 13,5# 2905425 1,55
4 JOTIS L. Nipple R 4"1/2 New Vam 0,350 290697 | 5oy | 497 m
5 JPup Jr 4.5 2,060 290732 | N8O 68
[4 Joint Tubing 4.5" 9,280 2909.38
7 Baker Anchol Seal 4"1/2 New Vam 0,900 2918,66
Baker Hydraulic Packer SABL3 7" 32-38# 1,740 291956 | o
10 JReducing adapter 4"1/2 NV x 5" VAM 0,210 292130 2595 m
Mill Out Extension 5" VAM 1,700 2921,51 | | 2680m
11 JFlow coupling 4"1/2 NV 1,800 29232
12 JOTIS L. Nipple RN 4"1/2 New Vam 0,390 292501 ‘{_.'5 8 o150
14 |Mule Guide Shoe 4 ¥ New Vam 0,600 292540 0
15 JEnd of completion 292600
OBSERVATIONS 4
Completion réalisée par I'appareil TP-139 -
)
Date Diam | Dens | Type | Pénét Top (m) Bottom (m) |Réservoir
37325 3747.5 TAGS
T/LNR 4"172 Bl 25m
TR0 328 1613 m
47112 F_
P10 13.5% TD: 3793 m

Mise @ jour le 15/10/2019 par Sce Tpuits




X=311 175, (¥

T . EES UT!
BRD 12 FICHE TECHNIQUE COORDONEES UTM  ————r—0
Zsod = 190 m
R TAGS OUPE TECHNIOUE
RESERVIOIR TALGS COUPE TECHNIOQUE T
EQUIPEMENT DE SURFACE
SIGEMNATHON TYPE & DIMMENSION
COMPACT CRG HOUSING R-TOHDL 13" 5/R-3K (BX 160y, WP: 630 psi
ADAFTER AVEC VANNE 15758 -5K x 4" 1/16-5K —
SUSFENSION OLIVE 13738 MOM BPY 3080 | &5 m
ARBRE MOEL 471/ 16-5E CAMEROMN
VANNE HY DRAULIQUE CAMERDN 2 VWannes 471 16-3K: 2VMEVL
EQUIPFEMETS DE FOND
™ DESIGNATION LONG | TOP
SSMC 13"5/8 Cam Thg Hanger, 4712 Vam top F with 4° BPV,
L [iype H & 14" CL port , ID: 3870 0300 | 000
1 B J A" 12 Vam Top 13,58 13% Ce-LA0D OD: 4068, ID: 37795 1460 0,50 _ -
I 00 thg & 1/2° 13,5% 13%Cr-LA0 Vam top, OD: 4"968, ID: 37795 [ 12250 196 | 13738 435m
3 [P 14712 Vam Top 13.5% 13% Cr-LE0 OD: 4968, ID: 37795 1510 | 1421 | 80 6ss
3 |00 abg 4 172" 13,52 1 3%Cr-L20 Vam wp, OD: 4968, 1D: 35795 12.020 15,72
4 P VAT Wam Top 13,55 13% Cr-LED OD: 47968, ID: 37703 1510 .74
5 |FiCpling 4 1/2" 13,52 13%Cr-C98 WV owop, OD: 3128, ID: 3,795 (] X 25
TRSSY Hall 3,688" NE Self Equalizing OD: 6,970, 7500 P51,
3o
& 13,508 13%0Cr L1
7 |B Cpling 4 1/27 13,58 13%Cr- C95 V iop, OD: 5 128, ID: 1,795 1,750 | 3238
g [P J4"12 Vam Top 13.5# 13% Ce-LAD OD: 4"068, [D: 37795 ] EENE]
G |06 Thg 4 'Y W iop 15,35 |l e- LR, OD: 4,068, 10 3,708 247500 | 35,72
10 [P 1412 Vam Top 13,58 13% Ce-LE0 OD: 4"06E, ID: 315795 L4y | 2510,72
i ."ih:ge-i 172 Vam Top 13,508 type R 3,688 Hallils, OD: 47982, 0,380 | 251212
12K psi wp
12 |/ 74" 12 Vam Top 13,52 13% Ce-LR0 OD: 49568, ID: 37795 L5380 | 251230
13 |/ 74" 12 Vam Top 13,52 13% Ce-LRD OD: 49068, ID: 37795 L350y | 251408
Ranch latch Mitribe seal Assembly 4" 1/2 Vam Top Hallib 145 4%
19 opes 00, ID: 37867- 1250 13%6Ce 7500 pai wp 0390 | 251338
. . N ErRTE.
18 Hallibur 7'"23-328 Ml“.t. P.‘Eh.“ assy HNBR DI.L. E.T. 1810 | 251617
TD:3" BT5-TSM psi wp Nifrile Elastomers,13%Cr FW
i B ion 3" 18# New Vam MxM 13% O &
15 Millout Extension 3 _J"'i Mew Vam MM | Cr 10000 Psi D000 | 251708
wpOD: 3"035, ID: 47220 TILME 7 . 2340m
. |Adaptor %188 N-Vam F x 4"12 Vam Top M 13,50¢, 13% x| oo o000l
17 18540 psi wp . OD: 57610, 1D: 3,884 Sl el S
18 |B/ 4% 12 Vam Top 13.5# 13% Ce-LRD OD: 4*068, ID: 15703 1,500 | 231028 T‘lt"' AT B m
19 |02 dbg 4 172" 13,5# 13%Cr-LE0 Vam top, OD: 4"958, ID: 37795 24 390 | 232087
20 BT 4712 Vam Top 13,58 13% Co-LED OD: 4"968, ID: 37793 1,300 | 254526
Shege 4" 172 Vam Top 13.50# tvpe R 3,688 " Hallib,
- 0380 | 2546.76
1 e 500312000 ped wp. 13% Cr 5, ‘E‘I
22 |B T ALY Vam Top 13,52 13% Ce-LRD OD: 4968, ID: 37795 L300 | 234714
23 |00 dbg 4 172" 13.5# 13%Cr-LE0 Vam top, OD: 4"958, ID: 37795 11980 | 234873
TR 158 13% Cols  A0GE.
24 B BLTFurL 4172 Wam Top 13,58 13% Cr-L80 OD: 45068 3000 | 256071
[[n:3"79%
24 |Shr4 172 Vam Top 1 3% Cr 13,50 , OD: 4,960, [D: 3 867 0,3 | 2563,73 =
PERFORATIONS
DATE PHASTTIR TTPE FEN |EHD Ii—['[‘ HI.II[.‘E
o - 13T e -
o2z | see | espr | U2 SHAPED o 6| 0as [Giias TLNR #7172 =m
CHARGE T
OBSERVATIONS ; T — 90 m
Rig name : TP 20, Diébut forage le 25082006, Fin forage le 0722007, Bouchon de ciment PILD 328
4 33E2 m, 15000 Lbs compression
Flm
TAGS g E
3332m
Cement retamer 4 3382 m
Az 1418 m
PLIO 1354

Mise @ jour le 86052004 par Sce Tpuits




FICHE TECHNIQUE B
5 ol ol 4 UT™ ¥=3 371 490,006 m
BRDS-Ext2 RESERVOIR SILURIEN F6-A2 e
S SR - ! TECHNIQUE Fiab = 222495 m
EQUIPEMENTS DE SURFACE
IVESICNA LIOMN Fabricant [ Modéle miEnsion meminalke RN LHservalions
Pliague de base Sk
Casing Spaoal ETET
Tubing Hesd Streamila Skox IOK
Adaplateur FALC 10K @
Vanne maitresse lnl FAC 10k Manue|le
Vanne mailresse Sup FABIC 10K Hydrauhgue
Ciroix FAMC 10K
Vamne latérale de praduction | FMC 10K Hydrauliguse
Vaane latérale (Kill side) FAMIC 10K Manielle
Vamne de corage FMC 10K Manuelle
Top cap FALC 10K
™ LONG TOP en w04 m
1 FMC TUBING HANGER 0,530 .00 :;:_':'.‘.“.l.\.‘
2 |2 0is The 4.5" 13.5813Cr NEWWVAM WM 85 ) 288 0,530
3 | X-Over 13,50 13CR NEW WVAM Box x VAM TOP Pin 1780 | 20818
4 |Pup joint 4 12" 15.1# 13Cr LEO VAM TOP BxP 1.49%2
3 |Flow Coupling 4.57 15.1 #13Cr VAM TOP BxP 1.75%
6 |6.97" NE J.6ER" TRSSSY 2280
7 |Flow Coupling 4.57 15.1 #13Cr VAM TOP BxP 1.
& |4 joints tubing 4.5" 13.5% L13 VAM TOP L
4 |M-OVER 13,502 13CR NEW VAM Pin x VAM Top Box 1470
10 |347 joints tubing 4.5" 13581 3Cr NEW VAM VM E5 ELE i 2
11| X-OVER 13,502 13 CR NEW VAM Box x VAM Top Pin 1944 | 361730
12 |65 joints tubing 4.5 13.5% L13 Vam Top To6,335 [3619.245
13 |Siege R 3.6HE" 0379 | 4385580
14 (45" 1354 L1131 VAM TOP 11,584 |4 549
15 (Pup joint 4.57 15 1#13Cr VAM TOP bax 1952 |43 43
16 |Ratch Laich 0,528 |4399.525
17 |7" MHR Packer 1343 | ddmins3
1% |Mill Out Extension 1595 | 4401,%06
19 |[Adaptor Crossover 4.5" 1515 NVBx VT P {305
20 |Flow Coupli .57 15,1 #130r VAM TOP BXP 1,755
21 [3.6EE" RN Nipple 3.456" No-zo 0415 _ L
22 |4.5" 15.1#13Cr Perforated PJ Vam T BxP 2976 | H06ITE] gpeam 2986 m
21 |Mule shoe 0214 |4408,052]  s= N0
24 |Fin de complétion 4409 166
Top limerT *
OBSERVATIONS Aekm
Diébut de forage: 12/1 1/2015; fin de forage: 100042016 (Appareil ENF-32) -
Début de complétion: 25/122018; fin de complétion: 14022019 {Appareil ENF-34) 4T et 83 52 dxsm
P18
Intervulle Perfos Top (m) Battam {mj Riscr i a Eu" -AnaS
lére série 4128 4140,5 Silurien B2 @
150 ..L'L'/L.'I_"\:'
2éme série 4468 4477 Silurien A2 @

&
E.uc.u..uﬁn

Top Bi &
1 dSerm
BC
TIk: Sikill s

4599 m

Adise & jour le 17022819 par Sce Tpoits




‘Sil B2’Reservoir

Constituants MW (g/mole) % molaire du p (g/m®)
gaz brut
N2 28.014 4.643 -
co2 44 .01 0.238 -
C1 16.043 72.743 -
Cc2 30.07 6.788 -
C3 44.097 2707 -
iC4 58.124 0.679 -
nC4 58.124 1.286 -
iC5 72.151 0.736 -
nC5 72.151 0.759 -
C6 86.178 1.563 0.664
C7 96 1.960 0.738
C8 107 1.326 0.765
C9 121 1.219 0.781
C10 134 0.954 0.792
C11 147 0.719 0.796
C12 161 0.515 0.833
C13 175 0.402 0.825
C14 190 0.274 0.836
C15 206 0.188 0.842
C16 222 0.115 0.849
c17 237 0.076 0.845
Cc18 251 0.050 0.848
C19 263 0.022 0.858
C20 275 0.017 0.863
Cc21 291 0.009 0.868
Cc22 305 0.007 0.873
C23+ 350 0.006 0.877

Total 100.00




PVT SiL A2
Componen Reservoir Fluid GEA e molzZ
Wit Mole 7

N2 112 1.02

cCoz2 8.89 B By 0,259 0,312
H2S 0,00 0,00 o, EREL 3,454
Ci1 46,75 7413 niC1 401542 73,907
c2 E2 3.83 nC2 3,165 6,913
c3 B.71 387 nC3 £.213 4,123
i-C4 1.75 0.7¢ icd 2,458 1237
n-C4 277 121 nCd 2,568 1,291
i-C5 145 0.51 neo-C5 0,041 0,017
E;J_EE 11;3 g'ig iCs 2177 0,853
Mcyclo-C5| 010 0,03 E';E ;223 .;E.I—:gg
Benzene 0,04 0.0 . -
Cyclo-CE 06 005 Benzene 0,071 0,027
C7 147 039 C7 7,244 0,655
Mcyclo-C6 0.3 0,08 Toluene 0,333 0,106
Toluene 0.6 0,04 s 23353 0,80z
C8 152 036 Ethylbenzene 0,015 0,005
C2-Benzen 0.06 0.0m M- and P- Hule 0,442 0122
mp-Xylens 0,23 0,06 0- Hylene 0,130 0,036
o-Xylene 0,06 0,01 [nic] 1,536 0,413
c3 121 0.26 C10 2,163 0,446
Ci0 135 0.26 ch 1,531 0,343
ctn 110 0.13 iz 1524 0,252
C12 038 AL 13 1533 0,244
C13 0.87 0,13 Cid 1,377 0,203
E}; g';g S'Sg 15 1276 0,176
 —— T
C17 0,54 006 : :
C18 043 0E Ci5 0,355 0,113
9 0.43 004 19 0,770 0,084
C20+ Mass % 14,99 Cz0+ 6835 0.557

Component

M

H.S

co,

C1

cz

C3

iCd

rCd
nea-C5
(=

nCS

CE
Benzene
C7
Toluene
Ca
Ethulbenzene
m-and p- Xule
o= Xulene
C3

[my 1]

C1

ciz

C13

Cid

15

Cl6

17

[y 1]

C13

Calculated Fluid NZ QH

Wi

G320
<0.001
5,605
43,364
13,560
7035
1735
2441
0067
1238
0453
1531
014
1372
nave
1322
0,006
0034
0.02d
0335
[
0778
0.6ST
0533
0493
0423
0345
0328
0257
0,152

mol*

3327
<0.001
314
287
0,647
3733
0723
0332
0.0z
0.405
0314
0.413
005
0323
0.0
0273
0.
0005
0005
0,183
0154
onv
0o
0.078
0053
0.047
0036
0032
0.02d
0076

0,064



