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Symbols

Cum oil

M = WSO

Nomenclature

Cross-sectional area of a block,
Oil formation volume factor (dimension less)
Oil compressibility,
Fluid compressibility, = -
Gas compressibility,
Oil compressibility, = -
Water compressibility, =~
Rock compressibility, =~
Cumulative oil production, million of stock tank barrel (STB)

An arbitrary function

cm ?

Gravitational acceleration, **
Reservoir Thickness or distance,
Permeability, mD

Oil Relative Permeability (dimension less)
Water Relative Permeability (dimension less)
Oil Relative Permeability in the oil-gas system (dimension less)
Oil Relative Permeability in the oil-water system (dimension less)
Length,
Molecular weight
Mobility Ratio (dimension less)
Capillary Pressure, psi
Oil-gas capillary Pressure, psi
Oil-water capillary Pressure, psi
Pressure, psi

Bubble point pressure, psi
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X,y¥,Z

Reservoir pressure, psi

Static pressure, psi

Flowing well pressure, psi
Oil Production Rate, STB\D
Universal gas constant (dimension less)
Solution gas-oil ration (dimension less)
External radius,
Wellbore radius,
Gas saturation, fraction
Water saturation, fraction
Oil saturation, fraction
Connate Water saturation, fraction
Critical oil saturation, fraction

Temperature, <~
Time, *

Time increment, =

[

Superficial or Darcy velocity,

Volume, m
Distance,
Density in term of pressure/ distance
Viscosity, centipoises (cP)
Fluid Density,
Angle, degree

Porosity, fraction
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Abbreviations

AIME the American Institute of Mining, Metallurgical and Petroleum Engineers
AOFP Absolute Open Flow Potential
API American Petroleum Institute

GNPOC Greater Nile Petroleum Operating Company
GOR Gas-0il Ratio
ECLIPSE Simulation Software (2005)

ESP Electric Submersible Pumps

EUR Estimated Ultimate Recovery
FWCT field water cut

FWCTH field water cut history

FVF Formation Volume Factor

HA A Sudanese Oil Field in Block 2A which is studied in this thesis
IMPES Implicit Pressure-Explicit Saturation
IPR Inflow performance relationship
IPTC International Petroleum Technology Conference
MMSTB Millions of Stock Tank Barrel

NTG Net To Gross Ration

ooIpP Original Oil in Place

OTC Offshore Technology Conference
OWC Oil-Water Contact

PCOSB Petronas Carigali Overseas Sdn. Bhd
PCP progressive cavity pump

PDE Partial Differential Equation

PERF Perforation

PI Productivity Index

PLT Production Logging Tool

PVT Pressure-Volume-Temperature

QC Quality Check

RF Recovery Factor

RUNSPEC Run specification

SCAL Special Core Analysis



SPE

STB
SUDAPET
Thick
VCL

WCT
WOR

3-D

Society of Petroleum Engineers
Stock Tank Barrel
Petroleum Company
Reservoir Thickness
Volume of Clay
Water Cut
Water-Oil Ratio

Three Dimensional
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Abstract
The main objective of this research is to study and evaluate the water injection in

sandstone reservoir to provide pressure support and sweep oil out of the pore space to
improve oil production. The work focuses on several important issues of reservoir
characterization and data integration for water flooding in sand stone reservoir.
In determining the suitability of a given reservoir for water flooding or pressure
maintenance many factors are important, these factors considered: reservoir geometry,
lithology, reservoir depth, porosity, permeability (magnitude and degree of variation),
continuity of reservoir rock properties, magnitude and distribution of fluid saturations, fluid
.properties, relative permeability relationships, and primary reservoir driving mechanisms
Optimization of reservoir development requires a comprehensive evaluation of many
decision variables, such as the reservoir properties, well locations and production scheduling
.parameters, to obtain the best economical strategies
Reservoir simulation studies for East Unity oil field, Muglad Basin, Sudan used to
know the best field water injection method. Reservoirs in Unity oil field are resulted of
fluvial and lacustrine deposition. The field is a highly complex anticline with major flanking
faults to the west and east. Oil is trapped in separated compartments with varying degrees of
dip faults closures. On flanking faults the oil-bearing formations are Aradeiba and Bentiu.
East Unity oil field sandstone reservoirs is young reservoir started production at 1999.
Reservoir is highly heterogeneous, characterized by mid to high porosity and mid to high
.permeability
The purpose of this simulation study is to determine the suitable water
injection method for high cumulative oil production. The simulation model was
developed using two-phase, 3D black oil options in ECLIPSE. A good history
matching was achieved for the field as general and for the wells one by one. The
bottom formation (Bentiu) did not considered or perforated through this study
because there are many previous studies suggested to produce from this
formation later because water cut will increase by 60% if this zone perforated at
the same time with Aradeiba zone.
The field now has 9 producers and 4 injectors. The study of the optimum

future performance was evaluated through several water injection cases.
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Cumulative water injection for ten years later for the base case (the actual case)
was used as the main control for all the cases. Several cases were tested
included cyclic water injection which is a process that improves waterflooding
efficiency in heterogeneous reservoirs. Several cyclic water injection scenarios
by "injection/no injection" time ratios such as 2:1, 1:1, and 1:2 also were
simulated and evaluated using numerical simulation. The cases compared
together with the actual case. The keys criteria; cumulative oil production, water
cut, and recovery; were used as qualitative indicator to determine the quality of
the comparison matches.

Simulation shows the optimum water injection rate is about 2835
Sm3/day for every well, using this amount oil recovery will increase by 3.63 %.
The study shows adding new injection well has no positive effects in the area
although cyclic water injection was failed in East Unity field since water cut

from all producers are more than 90 %.
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