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Abstract

This study for Moga oil field which Located in the eastern part of block 6, in
Muglad basin located in south west of Sudan.
According to the field under study Moga Sudanese oil field which characterized with
low recovery factors and decline in primary production due to low oil gravity (<22
API) and viscosities above 100 CP, therefore the study to find the suitable method to
increase the oil recovery efficiency.
The study aimed to implement suitable development methods in Moga oil field to
increase the recovery rates, Study the reservoir fluid properties by using CMG
software.
To achieve the objectives of this study, the below methodology had been followed:
A deeply Understanding for Moga field properties, CMG software had been studied.
Data collection for Moga oil field (reservoir characteristics, reservoir types, reservoir
pressure, temperature, PVT properties of the crude oil, fluid and rock properties and
reservoir parameters)
The CMG model has been built for the Moga 26 area (17) wells, all the parameters
had been entered to the software then model had been run for Three Cases: Do
Nothing Case (DNC), Water injection and Steam injection.

The results obtained from three cases showed that water injection can increase
the cumulative oil rate from 14.6 MMSTB to 26 MMSTB compared to DNC, Steam
Injection scenario is better and can increase the recovery factor up to 65%
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Chapter one: Introduction

1.1General Introduction:

Many of Sudan’s large oil field suffers from low recovery factor and decline in
primary production due to low oil gravity (< 22 API) and viscosities above 100 cp.
Many wells experienced premature water production. As such, Enhanced Oil

Recovery Project seem to be the option to improve oil recovery in Sudan.
1.1.1 Development Sequence

The terms primary oil recovery, secondary oil recovery, and tertiary (enhanced
oil recovery) are traditionally used to describe hydrocarbons recovered according to
the method of production or the time at which they are obtained.
1.1.1.1 Primary Recovery

Refers to the volume of hydrocarbon produced by the natural energy present in
the reservoir and/or artificial lift through a single wellbore, the natural driving
mechanisms of primary recovery are outlined as Rock and liquid expansion drive,
Depletion drive, Gas cap drive, Water drive, Gravity drainage drive and Combination
drive.

The most common primary oil recovery factors range from 20% and 40%, with
an average around 34%, while the remainder of hydrocarbon is left behind in the
reservoir.
1.1.1.2 Secondary Hydrocarbon Recovery

Once the natural reservoir energy has been depleted and the well oil production
rates decline during primary recovery, it is necessary to provide additional energy to
the reservoir fluid system to boost or maintain the production level through the
application of secondary production methods based on fluid injection Secondary
hydrocarbon (oil and/or gas) involves the introduction of artificial energy into the
reservoir via one wellbore and production of oil and/or gas from another wellbore,
secondary recovery include the immiscible processes of water flooding and gas
injection or gas-water combination floods (Laura Romero-Zeron 2012)
1.1.1.3 Tertiary Oil Recovery

Tertiary oil recovery (EOR) methods rely on methods that reduce the viscosity

of the oil, to increase output, compared to the natural or induced energy methods of




primary and secondary recovery, conventionally tertiary recovery begins when
secondary oil recovery is not enough to continue adequate production, but only when
the oil can still be extracted profitably. This depends on the cost of the extraction
method and the current price of crude oil.

Tertiary oil recovery is defined to include all processes that reduce the viscosity
of the oil, increase oil mobility and increase oil recovery beyond primary or secondary
recovery processes.

EOR (tertiary oil recovery) is the usual method for heavy-oil recovery and the

term EOR is often synonymous with tertiary recovery (G. Speight 2013).
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Figure (1.1): - Oil Production Method (James, 2009).




1.1.2 Enhanced Oil Recovery (EOR):

EOR refers to the recovery of oil through the injection of fluids and energy not

normally present in the reservoir the injected fluids must accomplish several

objectives as follows:

A
B.

Vi.
Vii.

viii.

Boost the natural energy in the reservoir.

Interact with the reservoir rock/oil system to create conditions favorable for
residual oil Recovery that include among others:

Reduction of the interfacial tension between the displacing fluid and oil
Increase the capillary number

Reduce capillary forces

Increase the drive water viscosity

Provide mobility-control

Oil swelling

Oil viscosity reduction

Alteration of the reservoir rock wettability (Laura Romero-Zerén 2012)

1.1.3 Enhanced Oil Recovery Methods Classification:

EOR processes can be classified under three main groups. These are Miscible

Gas Injection Processes, Chemical Processes, and Thermal Processes. Under these

main groups are specific types of applications of the EOR processes which are named

as follows:

A. Miscible Gas Injection Processes

1. Nitrogen injection (N2)

2. Hydrocarbon (HC) gas injection
3. Carbon dioxide (CO2) injection
4. Sour gas, flue gas, etc. injection

B. Chemical Processes

1. Polymer flooding

2. Polymer/surfactant flooding

3. Alkali-Surfactant-Polymer (ASP) flooding
4. Microbial

C. Thermal Processes

1. In-Situ Combustion (ISC) or High Pressure Air Injection (HPAI)

3



2. Steam/Hot water injection
3. Steam Assisted Gravity Drainage (SAGD) (Nnaemeka Ezekwe 2011)
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Figure (1.2): - Recovery Mechanisms (OGJ special, 1992).

1.1.4 Heavy Oil

Heavy oil is a type of petroleum that is different from conventional petroleum in
so far as it is much more difficult to recover from the subsurface reservoir. It has a
much higher viscosity (and lower API less than 20°) than conventional petroleum;
Heavy oil is an oil resource that is characterized by high viscosities (i.e. resistance to
flow) and high densities compared to conventional oil. Most heavy oil reservoirs
originated as conventional oil that formed in deep formations but migrated to the
surface region, where they were degraded by bacteria and by weathering and where

the lightest hydrocarbons escaped (James 2009).




1.1.4.1 Heavy Oil Classification:

According to the Canadian Center for Energy, heavy crude oil is itself classified
into different categories according to specific gravity and viscosity at reservoir
conditions:

A) Heavy Oil:

Its type of crude which have API" degree greater than 10, viscosity less than

10,000 CP (10 Pas) and it flows at reservoir conditions.
B) Extra-heavy oil:

The API" degree of which is less than 10 and the in situ level of viscosity is less
than 10,000 CP (10 Pas), which means that it has some mobility at reservoir
conditions.

C) Natural bitumen:

Often associated with sands, and also referred to as tar sands or oil sands, the
API degree of which is less than 10 and the in situ viscosity greater than 10,000 CP
(10 Pas); it does not flow at reservoir conditions.

Note that the extra-heavy oil and bitumen have an API" less than 10, which

means a specific gravity greater than 1: they are heavier than pure water (Alain 2011).

API Gravity
A
22.3°API
Heavy oll
10°API
Extra-heavy oll Bitumen and tar sands

< >
<10,000 cP Viscosity > 10,000 cP

Figure (1.3): - Heavy Oil Classification (Alain, 2011).




1.2 Problem Statement:

According to the field under study Moga Sudanese oil field which characterized
with low recovery factors and decline in primary production due to low oil gravity
(<22 API) and viscosities above 100 CP, therefore the study to find the suitable
method to increase the oil recovery efficiency.

1.3 Objectives:

Study the possibility of implementation a suitable development method in Moga

oil field to increase the recovery rates.

1.4 Introduction of Case Study (Moga QOil Field):

Moga Field Located in the eastern part of block 6, 20 km to the north of FN
field in Muglad basin located in south west of Sudan (approximately 760 Km from
Khartoum MSL 400 m, three reservoirs (Aradeiba, Bentiu & AG) were developed.
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Figure (1.4): - Filed Locations (Husham, 2017).

Moga field produce heavy & light crude, produce light crude from (27)
wells gathered in three OGMs (6, 7 and 8) from AG reservoir located in four areas
(7, 10, 18 and 33), Heavy crude from (51) wells gathered in five OGMs (1, 2, 3, 4
and 5) located in three main areas (1, 20 and 26).




4\' Depth Map of AG1d (Moga3D)
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Figure (1.5):-Structure Map of to Bla & AG1d (PE, DTR, 2017).

Moga-26 Area:

Start Production Apr. 2006 Produced from Bentiu with strong bottom aquifer
and viscous oil (412 cp @ res temp), All wells producing with PCP.

By May.31, 2016 the wells (total/ active): (17/16) daily oil rate is 1222 STB/D,
Liquid rate is 4875 STB/D, and WC is 75%, cum oil 10.7 MMSTB.

WC increase rapidly due to unfavorable mobility ratio of heavy oil.

Ql: 4875.641 bbLl'day W.C: T4.927 oL

Qo: 1222.459 bbl/'day Cum.il: 10.651 MMSTEB

——— Fluid (bbl/d) ——

KRC Overhaul,
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Figure (1.6): - Cum oil, WC, oil and liquid rate for Moga-26 Area (PE, DTR,
2017).




Moga-20 Area:
Start Production Apr. 2006 Produced from Bentiu with strong bottom aquifer

and viscous oil (491 cp @ res temp), all wells producing with PCP.
By May.31, 2016 wells (total/active): (9/9) daily oil rate is 644 STB/D, Liquid
rate is 1441 STB/D, and WC is 55%, Cum oil 3.9 MMSTB.

WC increase rapidly due to unfavorable mobility ratio of heavy oil

Ql: 1441.453 bbl/day W.C: 55.296 o5

Qos: 644.385 bbl/'day Cum.Qil: 3.987 MMSTB
KRC Overhaul,
Fluid vbL/d]
e MADr.2011

20E "--N—“ |

o T T T T T
2006 o7 os o9 10 Date 11 12 13

Figure (1.7): - Cum Qil, WC, Oil and Liquid Rate for Moga-20 Area (PE,
DTR, 2017).

14 1s 16

Moga-1 Area:
Start Production Jun. 2008 Produced from Bentiu and Aradeiba, Bentiu has

strong bottom aquifer which indicated by stable DFL, while Aradeiba is associated
with weak aquifer, all wells producing with PCP.

By May.31st, 2016, the wells (total/ active), (18/17), daily oil rate is 1276
STB/D, Liquid rate is 2828STB/D, WC is 55% and Cum oil 3.9 MMSTB.

WC increase rapidly due to unfavorable mobility ratio of heavy oil
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Figure (1.8): - Cum oil, WC, oil and liquid rate for Moga-1 Area (PE,
DTR, 2017).

1.5 Thesis Outlines:

In this thesis Chapter one include the general introduction, problem statement,
Objective of the study and introduction to case study. Chapter two is theoretical
background of heavy oil production and the literature review, while chapter three is
illustrating the methodology of optimum methods suitable to reduce viscosity using
CMG software. Chapter four is project results and discussion of the work and Chapter
five is the conclusion and recommendations.




Chapter (2) Theoretical Background & Literature

Review

2.1Theoretical Background:

There are several methods for heavy oil recovery, these methods range from
recovery due to reservoir energy (i.e., the oil flows from the well hole without
assistance) to enhanced recovery methods in which considerable energy must be
added to the reservoir to produce heavy oil.

Although some heavy-oil reservoirs yield oil by primary and secondary recovery
methods), it is more traditional in terms of heavy-oil recovery to apply thermal oil
recovery techniques of which steam injection is the most popular.

Heavy-oil recovery efforts include thermal methods (steam floods, cyclic steam
stimulation, steam-assisted gravity drainage (SAGD)) as well as non-thermal methods
(cold flow with sand production, cyclic solvent process, vapor-assisted petroleum
extraction (VAPEX)).

2.1.1 Primary Recovery (Cold production):

Produce heavy oil by primary recovery methods (cold production), dependent
upon the fluidity of the heavy oil which, in turn, is dependent upon the reservoir
temperature, the term cold production refers to the use of operating techniques and
specialized pumping equipment to aggressively produce heavy-oil reservoirs without
applying heat.

In summary, the recovery from primary production in heavy-oil reservoirs may
be as high as 20% but is often lower. At the conclusion of primary production,
therefore, there is still a significant amount of oil in place in the reservoir, and the
reservoirs have been stripped of their natural energy. In order to recover additional
oil, the reservoir energy has to be replenished, and then oil has to be displaced to

production wells.
2.1.2 Secondary Recovery:

When dealing with heavy-oil reservoirs, 90% or more of the original oil in
place can be left in the reservoir after attempts at primary or cold production

,Secondary oil recovery uses various techniques to aid in recovering oil from
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depleted or low-pressure reservoirs, Pumps and other secondary recovery
techniques increase the reservoir’s pressure by water injection (water flooding),
natural gas injection (gas flooding), and gas lift, which injects air, carbon dioxide,

or some other gas into the reservoir.
2.1.3 Tertiary Recovery:

EOR (tertiary oil recovery) is the usual method for heavy-oil recovery and the
term EOR is often synonymous with tertiary recovery, its include thermal and Non-
thermal methods:
2.1.3.1 Non-thermal Methods:

a) Alkaline Flooding:

b) Carbon Dioxide Flooding

c) Cyclic Carbon Dioxide Stimulation:
d) Polymer Flooding:

e) Micellar Polymer Flooding:

2.1.3.2 Thermal Recovery Methods:

Thermal recovery involves heating up the reservoir, thereby lowering the heavy
oil’s viscosity and enabling the oil to flow to the wellbore. The application of thermal
recovery methods to heavy oil production focuses on reducing the viscosity of the oil
and increasing the mobility to move the oil to a production well, The thermal recovery
processes used today fall into two classes: processes in which a hot fluid such as
steam is injected into the reservoir and processes in which heat is generated within the

reservoir itself, such as the combustion processes.

11
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Figure (2.1): - Oil

a) Fluid Injection:

Hot-fluid injection processes are those processes in which preheated fluids are
injected into a relatively cold reservoir. The injected fluids are usually heated at the
surface, Fluids range from water (both liquid and vapor) and air to others such as
natural gas, carbon dioxide, exhaust gases, and even solvents.

b) Steam Injection:

Steam processes are most often applied in reservoirs containing viscous oils and
tars, in steam stimulation processes, heat and drive energy are supplied in the form of
steam injected through wells into the heavy oil reservoir, the concept behind the
steam-based processes is generally viscosity reduction so that the heavy oil can flow
to the production well.

c) Steam Flooding (steam drive):

Steam can be injected into one or more wells with production coming from
other wells (steam drive). This technique is very effective in heavy oil formations but
has found little success during application to heavy oil reservoirs because of the

difficulty in connecting injection and production wells.

12
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Figure (2.2): - Schematic Cross-Section of Continuous Steam Injection (Vogel JV,
19821).

d) Cyclic Steam Injection:

Cyclic steam injection (or cyclic steam stimulation) is the alternating injection
of steam and production of oil with condensed steam from the same well or wells.

Cyclic steam stimulation is often the preferred method for production in heavy
oil reservoirs that can contain high-pressure steam without fracturing the overburden.
The minimum depth for applying cyclic steam stimulation is on the order of 1,000 ft,
depending upon the type and structure of the overlying formations, there are three
phases in cyclic steam stimulation. First, high-temperature, high-pressure steam is
injected for up to 1 month. Second, the formation is allowed to soak for 1 or 2 weeks
to allow the heat to diffuse and lower the heavy oil viscosity. Third, heavy oil is
pumped out of the well until production falls to uneconomic rates, which may take up
to 1 year. Then the cycle is repeated, as many as 15 times, until production can no
longer be recovered, artificial lift is required to bring the heavy oil to surface, typical
recovery factors for cyclic steam stimulation are (20-35) % with SOR of (3-5.22).

Steam flood processes may follow cyclic steam stimulation
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e) Combustion Process:

This process is sometimes started by lowering a heater or igniter into an
injection well. Air is then injected down the well, and the heater is operated until
ignition is accomplished. After heating the surrounding rock, the heater is withdrawn,
but air injection is continued to maintain the advancing combustion front. Water is
sometimes injected simultaneously or alternately with air, creating steam which
contributes to better heat utilization and reduced air requirements.

f) Steam-Assisted Gravity Drainage (SAGD):

This method involves drilling two parallel horizontal wells, one above the other,
along the reservoir itself. The top well is used to introduce hot steam into the oil
sands. As the heavy oil thins and separates from the sand, gravity causes it to drain
into the lower well, from where it is pumped to the surface for processing Even
though the injection and production wells can be very close (between 15 and 25 ft),
the mechanism causes the steam-saturated zone (known as the steam chamber) to rise
to the top of the reservoir, expand gradually sideways, and eventually allow, drainage
from a very large area. The method is claimed to significantly improve heavy oil
recovery by between 50% and 60% of the OOIP and is therefore more efficient than

most other thermal recovery methods.

Produced bitumen/water mixture Water bitumen Bitumen
separation

Production well Water

Clean water Wator of Pipelined to
Steam ) i ater cleanup | a refinery or
Boiler recycling to an upgrader

Injection well

Qil sands reservoir

Steam Chamber Mobilized bitumen
moves by gravity
toward production

4 well
I

300-600 m depth

Injection and
production wells
5-7 m apart

1,000—1,500 m length
Figure (2.3): - Cross-sectional view of the SAGD concept (K. Banerjee, 2012).

B ———————————————
14




2.1.3.3 Other Methods:

Horizontal Well Technology:

Long horizontal wells with several multilateral branches have been used widely
in the development of the heavy oils of Venezuela, where production rates as high as
(2,000-2,500) barrels/day, this technology can only achieve (8-15) % recovery and

only from the best high-permeability zones.
2.2 Literature Review

Patrick Shuler, et all (2010) presents an evaluation of different chemical agents
that can reduce dramatically the apparent viscosity of a heavy crude oil or a thick
emulsion. The focus of this study is on methods to improve the production of heavy
oils and very viscous emulsions such as are found in California, Canada, and
Venezuela. This study identified several surfactant-demulsifier formulations that can
reduce the viscosity of such heavy fluids by as much as 3 orders of magnitude, a
novel torque viscosity measurement device provides an accurate and convenient
method to determine the viscosity of emulsions over a wide range of temperatures,
shear rates, and mixture viscosities. Aqueous surfactant/demulsifier formulations
identified in this study can reduce dramatically the viscosity of heavy oils and their
emulsions, and its effective will vary, depending on the crude oil being treated.

Abdalla Elhag Suliman,et all (2011): illustrate that a considerable number of
Enhanced Oil Recovery (EOR) techniques have been assessed in order to recommend
suitable EOR development project for the Thar Jath field, , three most promising
techniques; ASP, steam flood/CSS and in-situ combustion were developed to
optimize pattern spacing, injection rates and pressures for each technique,
Comprehensive screening study confirming that feasibility of EOR in the Thar Jath
field and recommending Steam Injection (CSS) as preferred EOR technique, The
injection scheme for TJ-1 Lower BEN CSS pilot comprise 3 cycles of 30 days
injection, 10 days soaking and up to 180 days production, At least two cycles, and a
minimum of 13 months in the Upper BEN CSS pilot are completed before any
definite “proof of concept”, or pilot failure, is considered.

Raj Deo Tewaril et.all (2011): provided Case Study about implementation and
evaluation of Cyclic Steam Stimulation in heavy oil field of Sudan (FNE) Fula North

East field is a medium size heavy oil field at shallow depth of 550-600m, eight wells
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selected spread over the field encompassing varying reservoir characteristics for
understanding the efficacy of the process, steam injection and soaking periods were
optimized for 6-10 and 3-5 days respectively. And average heated radius varies 8.5-
18.30 m, Cyclic steam stimulation (CSS) increased the oil rate 400-600 bopd more
than 3 times of the average cold production which is around 125-150 bopd.
Performance results of all the steam stimulated wells suggest a good success of the

pilot in terms of improvement in oil rate.

R.R. Ibatullin, et all (2012) illustrate that more than 450 heavy oil fields and
deposits have been identified in the Republic of Tatarstan with oil-in-places ranging
between 1.4 and 7.0 billion tons, according to different estimates. Considering high
viscosity of heavy oil, thermal recovery methods seem the right solution for
development of shallow heavy oil fields. Heavy oil was produced through vertical
wells, and different thermal recovery techniques were tested, including in-situ
combustion, steam and gas mixture injection, and cyclic steam stimulation. The shift
from conventional vertical wells to SAGD horizontal well pairs led to an order-of-

magnitude increase

Eric Delamaide, et all (2015) discuss the challenges and potential solutions for
Enhanced Oil Recovery in heavy oil reservoirs with bottom aquifer, the study
reviewed field cases of EOR experience with bottom aquifer for chemical as well as
thermal processes (SAGD, steam injection as well as In Situ Combustion). Steam
assisted Gravity Drainage (SAGD) appears to be the most adapted because controlling
the steam chamber pressure allows preventing the inflow of water or conversely the
loss of oil to the water zone. In Situ Combustion appears to be a potential solution but
the process has seen few successes and field extensions even without bottom water.

Chemical EOR has been applied extensively but mostly in lighter oil, although
its use in heavy oil has been gaining in importance these past few in production rates.

Ayman R. Al-Nakhli, et.all (2016) Illustrated a new thermochemical research
program reduce oil viscosity to improve well productivity and the overall reservoir
depletion efficiency for heavy oil and tar launched by Saudi Arabia, Saudi Aramco it
enabling in-situ steam generation by chemical reaction (EXO-Clean) to mobilize the

low API crude oil or tar reserves, the technology depend on generate steam in situ
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rather than conventional steam injection methods, Moreover, the method can be
applied to produce deep heavy oil reservoirs that cannot be produced with traditional
steam injection method, Based on the BTU delivered from the reaction, 1 bbl of the
reaction is equivalent to 1.82 bbl of Steam Injected per Day (BSIPD) at given above
conditions The oil production when chemicals are used for in-situ steam generation,

increases about double of production compared to super quality-steam flooding.

Hassan Al Saadiet, et.all In, 2016 provides an alternative method to improve
production and recovery of heavy oil, especially in the Middle East and clarify The
current technologies for reducing viscosity are Steam injection and Miscible Gas
(hydrocarbon or carbon dioxide) injection, however both steam and miscible gas has
technical and economic limitations so that an alternative technology is required to
extend beyond them. The research program was conducted simulate reservoir
behavior by implementing mixture viscosity sensitivity performance test imbibitions
tube test and core flood test. The tests are implemented using actual reservoir oil,
water and rock. The result of viscosity reduction is able to reduce oil viscosity from
more than 376 cp at reservoir temperature to less than 10 cp mixture viscosities at
temperature between 60 and 90° C. For comparison, steam injection is able to reduce
viscosity of heavy oil to become less than 10 cp, but requires a temperature of 350° C
instead of 60 to 90°.

Husham Elbaloula et.all (2016): designed a model to simulate steam flooding of
heavy oil reservoir in FNE oil field in which the reservoir is shallow and thin , six
different cases at different well spacing were investigated and compared with the base
case, the numerical thermal simulator was used to simulate the data from the present
steam flooding experiments. The result showed that converting of Cyclic Steam
Stimulation (CSS) to steam flooding after the third cycle could improve the recovery
factor of the field up to 43 ~ 50.1%, while CSS only can increase the recovery percent
of the suggested well groups by 32.5 - 34.2% of the studied sector model which

makes it more attractive method as development Case for FNE oil field.

17



Husham and Tagwa (2017): illustrate and analyze the performance of CSS
phase’s implementation starting from the first pilot up to full field scale through
different stages, and analysis for the CSS performance implementation including the
injection parameters in FNE field .The result showed that the CSS is very successful
and the average oil rate is almost 1.6 times compared to cold production, the CSS
only can increase the recovery percent from 32.5 - 34.2% which makes it more

attractive method as development Case for FNE oil field

All previous studies of block 6 were been for FNE, FN Oil Field, while this the
first study for Moga oil field illustrate Moga formation types, crude oil types and
reservoirs rock/fluid properties, this study trying to find suitable methods to enhance
Moga heavy oil recovery.
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Chapter Three: Methodology

3.1 Introduction

To achieve the objectives of this study, the below methodology had been
followed:
1. A deeply Understanding for Moga field properties: (reservoir characteristics,
reservoir types, reservoir pressure & temperature, PVT properties of the crude oil,
fluid properties, rock properties, reservoir parameters).
CMG software had been studied.
Data collection
CMG sector model for Moga field data.

o~ w N

The model had been built for the Moga model data
CMG software is a group of software’s specialized in reservoir simulation it’s
consisting of:
a) Builder
b) GEM - Compositional & Unconventional Oil & Gas Reservoir Simulator
c) IMEX - Three-Phase, Black-Oil Reservoir Simulator
d) STARS (thermal simulator)
e) Win Prop (model generator)
f) CMOST (optimization software)
g) RESULTS - Visualization & Analysis
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CMG'’s Builder Tool allows the User to Build a Dataset by following a Logical Series of Creation Steps.
These steps, Defined in Builder’s Tree View (Shown Below) Help in leading the User to a fully-defined dataset Easily and Accurately.

Grids can be easily created and manipulated Allows easy customization of post-
in a variety of types, including Cartesian and processing variables to be output
Corner-Point, for Fractured and Non-

Fractured reservoirs. Reservoir properties
can be defined on a grid through the use of Relative Permeatfility C.urves can be
formulas, geostatistics, the importation of v 1/0 Control ’ easily generated with Builder's Wizard,
Logs, Map files and Isopachs, Micro-seismic utilizing user-defined endpoints and
data, and Rescue Models. v/ Reservoi ) exponents in a Corey-type Equation, or
copy & paste your own tables directly.
/ ) Hysteresis Options, Capillary Pressure
Curves, End-point scaling (based on
Define Fluids Models via Builder’s v Rock-Flud ) Temperature or Concentration), and
easy-to-use PVT Wizard or import Interpolation Sets can all be easily
amore complex Fluid Model ¢ Initial Conditions ) defined.
Generated in WinProp
' Numerical 4
Allows the user the ability to Initialize
Auser can easlly define how the v Geomechanics ’ the Model based on Contact Depths,
simulator will run in terms of Saturations, and Capillary Pressures.
v Welks & Recurent ’ Defining of multiple initialization

timestep sizes, residual checking,

jons is available.
and implicitness. regions is availa

Well trajectories and history can be imported and
well constraints can be defined for proper modelling
of what is seen in the field. Advanced options allow

for users to define Cycling Groups and Triggers for

activating well activities throughout a run.

The user can define different
geomechanical regions and constitutive
models for fully-coupled finite element

geomechanical simulations

Figure (3.1): - CMG builder user interface.
Advantages:

1. Easily and effectively visualize and analyze simulator output data.

2. Make fast and informed decisions about improving recovery and
performance for a well or a field.

3. Real-time updating of results as simulation progresses.

4. Repeat plot facility for wells and groups to rapidly generate plots for
analysis.

5. Complete integration of production and property profile plotting with 3D
environment.

6. Output to 3D geological software to complete the seismic to-simulation-and-

back workflow.
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3.2 Building Simulation Model:

The Model has been built for Three cases (DNC, Water Injection &Steam
Injection), then the Model Run for each one and the result shown in the below

chapter.
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Chapter Four: Results and Discussion

4.1 Introduction

Moga Field Production Performance
Great Moga Start Production since Apr-2006, By May-31- 2016: daily oil rate is
5630 STB/D, liquid rate is 13772 MSTB/D, and WC is 59 %, cumulative oil
production 30.7MMSTB/D and contributes about 12.5% of PE total daily oil

production.

All HC wells produce with PCP and Different production technology were

adopted for LC wells:

1. 4 wells produce naturally

2. 3 wells produce with gas lift
3. 8 wells produce with PCP
4. 1 well produce with BPU

Ql: 13772.591 bbl/day

W.C: 592.121 24

23000 o
20000

27000

24000

21000

18000

15000
12000

L0000

6000 -

3000

100

Qo: 5630.113 bbl/day Cuom.il: 27.792 MMSTB
——— Fluid (bbl/d) ——  Oil (bbL/d)
i,
2006 o7 o8 e 10 11 1z 13 14 is 16
Date
2006 d? T Oé dg iﬂbang 1i iz is i4 is 16

Figure (4.1): - Cum Oil, WC, Oil and Liquid Rate for Great Moga (PE, DTR, 2017).
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Table (4.1): - Reservoir Properties for Moga (PE, DTR, 2017)

Parameters Moga26 Moga20 Mogal Moga6 Moga25 Moga4
Formation Bentiu Bentiu Bentiu | Aradeiba Bentiu Aradeiba | Aradeiba
Depth, m 790 760 877 840 907.6 707 743
Initial reservoir
) 855 795 1055 814 1006 989.5
Pressure,psi
Temperature, C° 52 52.5 53.5 51.85 59 46 51
Porosity, % 37.6 15.2 26.9 30 23.1 31.6 26
Permeability md 3908 200 3777 309 46.4~187.3 | 156.73 99
Oil gravity, API 20 20.7 17.7 17.75 20.88 18.4
Viscosity @ Res
413 491 901 569 319 569
Tem, cp
FVF, RB/STB 1.0162 1.0013 1.001 1.01 1.01
OOIP 79*10° STB
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4.1.1 Moga Heavy Production Performance (2015-2016)

Since Jun. 2015: daily oil production decrease from 5331 STB/D to 3276
STB/D, WC increased from 62% to 67%.

The main reason for oil production decline is the oil price crisis which results in

suspension of development activities.

Ql: 9929.041 bbl/day W.C: 67.006 924
Qo: 3275.951 bbl/day Cum.Oil: 18.879 MMSTB
——— Fluid (bbLid) —— Ol (Bhl/d)
15000 T

JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY

2015 t 2016

JUN JUL AUG SEP OCT OV DEC JAN FEB MAR APR MAY

Figure (4.2): - Moga Heavy Production Performance (2015-2016) (PE, DTR, 2017).
4.2 Modeling

The model had been built for Moga-26 area Bentiu formation its consists from
17 well the parameters had been entered to the software and run with different Case,
the first Case build by using IMEX and Convert the simulator from IMEX to STARS
for the other Cases
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Figure (4.3): - Well Distribution in the Reservoir.

The permeability in the reservoir ranged from 100 up to 82,313 as shown in the

below figure.

MOGA26 55T
Permeability | (md) 20150101 — | = o
74,092;?A

165,871
57,649
49,428
41,207
132,985
24,764

16,543
8,321

100

Figure (4.4): - Permeability Distribution in the Reservoir.
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The porosity distribution in the reservoir ranged from (0.0 — 0.4) as shown in the

below model view.

by 2015 0.40

Porosity 2015-01-01 .

0,36 ZLSHAR

2017 |
M2« 032 |
M26-2)

s MM‘ 0.28
m ? o
z% P2
0.16
| 0.12
0.08
- 0.04
0.00

Figure (4.5): - Porosity Distribution in the Reservoir.
The CMG model had been built for the Moga 26 area (17) wells, all the
parameters had been entered to the software then model had been run for three Cases:
1. Do Nothing Case (DNC)
2. Water injection

3. Steam injection

4.2.1 Do Nothing Case (DNC):
After the model build run as DNC and result as follow
4211 Oil Rate
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Time (Date)
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Figure (4.6): -.DNC QOil Rate.
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The oil rate start with 74 (bbl/d) on 2006 and increase up to 4697.8 (bbl/d) on
Jan 2015 then decreased to 332 (bbl/d) on 2025, the rate on Sep 2025 decreased to
zero.

4212 Cumulative oil Production
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Figure (4.7): - DNC Cumulative Oil.
The cumulative oil on Jan 2015 was 6.60686e+006 up to 1.45621e+007 (bbl) on
Aug 2025 and remain constant due to no production after this date.

4.2.1.3 Water Cut %
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Figure (4.8): - DNC Water Cut.

The water cut on 2006 was 32% increased to 82% on 2015 and continuously
increase to 98% on 2025
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4.2.1.4  Oil Recovery
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Figure (4.9) :-DNC Oil Recovery Factor.

The oil recovery factor on 2015 was 9.5, increased up to 21.2 on 2025
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Figure (4.10): - DNC Combination Result.
The figure showed that combination of cumulative oil, oil rate, WC and
recovery factor.
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Table (4.2): - DNC Production Data.

DNC Production Data

Date Cum Qil OIL Rate(bbl/d) WC % RF
1-Jan-2015 6.2154e+006 4697.8 82.556 9.5980
1-Aug-2025 1.4562e+007 0 98 21.1667
1-Jan-2036 1.4562e+007 0 0 21.1667

4.2.2 Water Injection:
The simulator converted from IMEX to START then select well to convert from
producer to injector, run the model and the result as below.
4.2.2.1 Cumulative Oil

P e s

NOGAZY
FIEELD-PRO stars-moga-26.water-nj irf

Lamimve O 30, PELD YO, ML

23 epe
BA Mo Toe

Cumdaive 04 5C 00
: .
\

Figure (4.11): - Water Injection Case Cumulative Oil.
The cumulative oil on Jan 2015 was 137445e+007up to 259793e+007 (bbl) on
2036 and remain constant due to no production after this date.
4.2.2.2 Water injection case recovery factor calculation:
RF=NP/N
Where:
RF: Recovery Factor
NP: Cumulative oil produced, STB N: Initial (original) oil-in-place, STB
RF=259793e+007/ (79*%10"6) RF= 1.37445e+007/ (79*10"6)
The oil recovery factor on 2015 was 17.4 %, increased up to 32.9 % on 2036.
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4.2.2.3 Oil Rate
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Figure (4.12)

: -Water Injection Case Oil Rate.

The oil rate increased and reach the maximum rate 7687.88 (bbl/d) on May-
2010 and the rate decreased to 4697.8 (bbl/d) on Jan 2015 and the rate sable until Sep

2036.

4.2.2.4 Water Cut %
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Figure (4.13): -Water Injection Case Water Cut.

The water cut increased to 67.8 % on 2015 and continuously increase to 94.1%

on 2036.

30




Table (4.3): - Water Injection Production Data.

Water Injection Production Data

Date Cum Qil Oil Rate(bbl/d) WC % RF
1-Jan-2015 1.37445e+007 4697.8 67.8 174 %
1-Jan-2036 259793e+007 4697.8 94.1 32.9%

4.2.3 Steam Injection:

The model has been built by the same steps that used to build the water

injection model but the different between the two models that the injected

fluid temperature in the steam model is about (482 F) while the water injection

temperature (100 F), and the steam quality is 0.75.
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Figure (4.14): -Steam Injection Case Cumulative Oil.

The cumulative oil on Jan 2015 was 1.4697.8e+007 increased to 5.13443e +007
(bbl) on Jan 2036.
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4.2.3.2 Oil Rate
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Figure (4.15): - Steam Injection Case Oil Rate.

The oil rate on Jan 2015 was 6230.8 (bbl/d) and the rate increased to 6710.2
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Figure (4.16): - Steam Injection Case Water Cut.

The water cut increased to 64.1 % on 2015 and continuously increase to 94.0 %

on 2036.
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4.2.3.4 Steam injection case recovery factor calculation:
RF=NP/N
Where:
RF: Recovery Factor
NP: Cumulative oil produced, STB N: Initial (original) oil-in-place, STB
RF=5.13443e +007/ (79*10"6) RF= 1.46978e+007/ (79*10"6)

The oil recovery factor on 2015 was 18.6 % increased up to 65 % on 2036.

Table (4.4): - Steam Injection Production Data.

Steam Injection Production Data

Date Cum Qil OIL Rate(bbl/d) WC % RF
1-Jan-2015 1.46978e+007 6230.8 64.1 18.6%
1-Jan-2036 5.13443e +007 6710.2 94.0 65 %

Table (4.5): - Combination Production Data.
Scenario Date Cum Qil (bbl) OIL Rate(bbl/d) | WC % RF %
DNC 1-Jan-2015 6.2154e+006 4697.8 82.556 9.5980
1-Jan-2025 1.4562e+007 0 98 21.1667
1-Jan-2015 1.37445e+007 4697.8 67.8 17.4
Water 1-Jan-2036 2.59793e+007 4697.8 94.1 32.9
Injection
Steam 1-Jan-2015 1.46978e+007 6230.8 64.1 18.6
Injection
1-Jan-2036 5.13443e +007 6710.2 94.0 65
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Chapter Five: Conclusion and Recommendations

5.1 Conclusion

1. Moga Heavy Production Performance has been reviewed and studied.

2. Dynamic model for Moga Oil Field has been build using advanced EOR
simulator to understand the production performance and propose the suitable
method for the field.

3. The results showed that water injection can increase the cumulative oil rate
from 14.6 MMSTB to 26 MMSTB compared to DNC.

4. The final results showed that Steam Injection scenario is better and can

increase the recovery factor up to 65%.

5.2 Recommendations.

1. Detail study is highly recommended for Steam Injection Parameters.
2. Economic Evaluation should be done for optimum scenario before

implementation.
3. It’s highly recommended to study the required injection equipment’s and

surface facility as well.

34



Reference

1.

10.

11.

AY. Huc,2011, HEAVY CRUDE OILS, IFP Energies Nouvelles
Publication, France.

Abdalla Elhag Suliman, et all (2011) case steady: Comprehensive EOR
Screening and Pilot Test for Thar Jath Heavy Oil Field, Soudan, SPE
Enhanced Oil Recovery Conference held in Kuala Lumpur, Malaysia, 19-21
July 2011.

Alvarado, V. (Vladimir),2010, Enhanced oil recovery, Gulf professional
Publishing, United States of America.

Ayman R. Al-Nakhli, all (2016): case steady Saudi Arabia: In-Situ Steam
Generation a New Technology Application for Heavy Oil Production, SPE
Heavy Oil Conference and Exhibition held in Kuwait City, Kuwait, 6-8
December 2016.

Dwijen K. Banerjee,2012, QOil sands, heavy oil, & and bitumen, PennWell

Corporationm, United States of America.

Eric Delamaide, et all (2015): Enhanced Oil Recovery of Heavy Oil in
Reservoirs with Bottom Aquifer, the SPE Western Regional Meeting held in
Garden Grove, California, USA, 27-30 April 2015.

Hassan Al Saadiet.all (2016): case steady in Middle East: Improve Heavy Oil
Production and Recovery by Reservoir Modification as Alternative
Technology to Steam and Miscible Gas Injection

Husham A. Elbaloula and Dr. Tagwa A. Musa (2017): Full Field
Implementation of Cyclic Steam Stimulation to Enhanced Oil Recovery for a
Sudanese Oil Field, Proceedings of the International Conference on Industrial
Engineering and Operations Management Rabat, Morocco, April 11-13, 2017
Husham Elbaloula et.all (2016): Designing and Implementation of the First
Steam Flooding Pilot Test in Sudanese Oil Field and Africa, SPE Kingdom of
Saudi Arabia Annual Technical Symposium and Exhibition held in Dammam,
Saudi Arabia, 25-28 April 2016, SPE-182790-MS

James G. Speight (2009), Enhanced Recovery Methods for Heavy Oil and
Tar Sands, Gulf Publishing Company, United States of America.

James G. Speight (2013), heavy oil production process, Gulf professional
Publishing, United States of America.

35



12.

13.

14.

15.

Nnaemeka Ezekwe,2011, Petroleum reservoir engineering practice, prentice
hall, United States of America.

Patrick Shuler, SPE, ChemEOR, et all (2010): Heavy Oil Production
Enhancement by Viscosity Reduction, SPE at the Western North America
Regional Meeting held in Anaheim, California, USA, 26-30 May 2010

R.R. Ibatullin, SPE, N.G. et all (2012): Problems and Solutions for Shallow
Heavy Oil Production, SPE Russian Oil & Gas Exploration & Production
Technical Conference and Exhibition held in Moscow, Russia, 16-18
October 2012.

Raj Deo Tewaril etall (2011) case steady: Successful Cyclic Steam
Stimulation Pilot in Heavy Oilfield of Sudan, Enhanced Oil Recovery
Conference held in Kuala Lumpur, Malaysia, 19-21 July 2011.

36



