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ABSTRACT

The objective for the work described in this research a rose from a need to analyze
production decline data where the flowing bottom hole pressure varies significantly.

The variance of the bottom hole pressure with time excludes the use of the
exponential decline model for conventional decline curve analysis (semi log plots and

type curve) through OFM software.

Using pressure normalized flow rate rather than flow rate usually does not remedy
this problem, the method we present uses historical production data regression and a
rigorous superposition function to account for the variance of rate and pressure during

production of the subfield and the big field's case of study.

In this project case of study Block 6 west of Sudan, which is belong to petro energy
E&P petroleum operating company and its produced about 46063 bbl/day and the a
cumulative production about 714863 bbl and it's the total of seven fields .

We applied the decline curve analysis for hole block 6 completely and predicting the
ratio of decline production and the a cumulative production and maximum recovery
determined and the last economic production by using the OIL FIELD MANAGER
(OFM) Program.

We apply these relations to analytical solution for verification and the use of (OFM)

on the field of study.
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CHAPTER ONE

1 INTRODUCTION



1.1 Introduction:

Decline curve analysis is a graphical procedure used for analyzing declining
production rates and forecasting future performance of oil and gas wells. A curve fit
of past production performance is done using certain standard curves. This curve fit is
then extrapolated to predict potential future performance. Decline curve analysis is a
basic tool for estimating recoverable reserves.

Conventional or basic decline curve analysis can be used only when the production
history is long enough that a trend can be identified. Decline curve analysis is not
grounded in fundamental theory but is based on empirical observations of production
decline. Three types of decline curves have been identified; exponential, hyperbolic,
and harmonic. There are theoretical equivalents to these decline curves (for example,
it can be demonstrated that under certain circumstances, such as constant well
backpressure, equations of fluid flow through porous media under "boundary-
dominated flow" conditions are equivalent to "exponential” decline). However,
decline curve analysis is fundamentally an empirical process based on historical
observations of well performance. Because of its empirical nature, decline curve
analysis is applied, as deemed appropriate for any particular situation, on single or
multi-fluid streams. For example, in certain instances, the oil rate may exhibit an
exponential decline, while in other situations it is the total liquids (oil + water) that
exhibit the exponential trend. Thus, in some instances, the analysis is conducted on
one fluid, sometimes on the total fluids, sometimes on the ratio (for example Water-
Oil-Ratio (WOR) or even (WOR + 1)).

Since there is no overwhelming justification for any single variable to follow a
particular trend, the practical approach to decline curve analysis is to choose the
variable (gas, oil, oil + water, WOR, WGR etc.) that results in a recognizable trend,
and to use that decline curve to forecast future performance.

araps et al,(1980) It is implicitly assumed, when using decline curve analysis, the
factors causing the historical decline continue unchanged during the forecast period.
These factors include both reservoir conditions and operating conditions. Some of the
reservoir factors that affect the decline rate include; pressure depletion, number of
producing wells, drive mechanism, reservoir characteristics, saturation changes, and
relative permeability. Operating conditions that influence the decline rate are:

separator pressure, tubing size, choke setting, work overs, compression, operating



hours, and artificial lift. As long as these conditions do not change, the trend in
decline can be analyzed and extrapolated to forecast future well performance. If these
conditions are altered, for example through a well workover, then the decline rate
determined pre-workover will not be applicable to the post-workover period.

When analyzing rate decline, two sets of curves are normally used. The flow rate is
plotted against either time or cumulative production. Time is the most convenient
independent variable because extrapolation of rate-time graphs can be directly used
for production forecasting and economic evaluations. However, plots of rate vs.
cumulative production have their own advantages; Not only do they provide a direct
estimate of the ultimate recovery at a specified economic limit, but will also yield a
more rigorous interpretation in situations where the production is influenced by
intermittent operations.

Good engineering practice demands that, whenever possible, decline curve analysis
should be reconciled with other indicators of reserves, such as volumetric
calculations, material balance, and recovery factors. It should be noted that decline
curve analysis results in an estimate of Recoverable Hydrocarbons, and NOT in
Hydrocarbons-in-Place. Whereas the Hydrocarbons-in- Place are fixed by nature, the
Recoverable hydrocarbons are affected by the operating conditions.

For example a well producing from a reservoir containing 1 BBL of gas-in-place may
recover either 0.7 BBL or 0.9 BBL, depending on whether or not there is a
compressor connected at the wellhead.

The following steps are taken for exponential decline analysis, and for predicting

future flow rates and recoverable reserves:

1. 1.Plot flow rate vs. time on a semi-log plot (y-axis is logarithmic) and flow
rate vs. cumulative production on a Cartesian (arithmetic coordinate) scale.

2. Allowing for the fact that the early time data may not be linear, fit a straight
line through the linear portion of the data, and determine the decline rate "D"
from the slope (-D/2.303) of the semi-log plot, or directly from the slope (D)
of the rate-cumulative production plot.

3. Extrapolate to g = gE to obtain the recoverable hydrocarbons.

4. Extrapolate to any specified time or abandonment rate to obtain a rate forecast

and the cumulative recoverable hydrocarbons to that point in time.



1.2 Research objective:

- To identify the major sub-field that affects the overall production.

- To predict the future production rate if the conditions are stable.

- Understand the causes of changes in decline rate and calculate the EUR for
each field.

1.3 Problem statement.

Through the life of oil fields it’s very important from an economic way to identify the
accurate production scheme; decline curve could help predicting the production
scenarios with time.

This study is aimed to analyze the production data with decline curve analysis for sub
fields and identify their effect on the production of the big field.

1.4 About the field.

In this project the targeted Sudanese field is Block 6 which owned by Petro-energy
E&P, area about 17,875 km2 which is currently divided into seven subfields.
Bloc-6 Existing Fields and Western Area Fields Locations:

- Greater Fula Central Processing Facility

- Moga Field Processing Facility

- FNE Field Processing Facility

- Jake Field Processing Facility

- Keyi Field Processing Facility

- Hadida Early production Facility

- Sufyan Early production Facility

1.4.1 Moga Field Processing Facility

Moga FPF is located at Moga oil field northwest of Fula Central Processing Facilities
(CPF) and connected to Fula CPF via 10” transit line with total length 17.16 km.
Moga FPF has been commissioned and put into production on Nov.18,2006.

The main purpose of FPF is to separate water and gas from the raw crude oil to meet
transit line specifications and separate solid granule and condensed liquid from the
raw natural gas to meet the power generating requirements in FPF facilities.

Moga field consists of 38 Heavy crude oil wells and 23 light crude well gathering in 5
OMGs & 3 OGMs respectively, 9 heavy crude oil wells & 3 light crude oil wells are

connected directly to FPF and are flowing as a single wells.



The crude oil from Moga Field is processed in the Moga FPF.
1.4.1.1 Moga FPF Design

Moga FPF designed to process 18,182 BLPD heavy crude oil with water cut of 45%
and 4,000 BLPD light crude oil with water cut of 50% , which leads to oil production
of 12,000 BOPD.

The FPF was designed to operate on a continuous basis with oil export 12,000 BOPD
with maximum 10% water content through Transit Line to CPF for further treatment.

1.4.2 FNE Field Processing Facility

FNE FPF is located at FNE oil field northeast of Fula Central Processing Facilities
(CPF) and connected to Fula CPF via 12” transit line with total length 10 km.
FNE FPF has been commissioned and put into production on July.08,2010

1.4.3 Jake Field Processing Facility

Jake field production facilities is apart of the phase Il upstream facilities project
within Block-6 .Jake FPF is located approximately 48 km northwest of the existing
Fula oil field.

Jake FPF has been commissioned and put into production on July.27,2010.

Jake FPF shall be designed for 15000 BOPD with 73.7 water cut ,the crud oil is
treated for the separation of oil ,water and associated gas to the required specification

,and then the crude oil is pumped to Fula CPF with export pipeline.

1.4.4 Keyi Field Processing Facility

KEYI Field Process Facility (KEYI FPF) Is A Part Of The Phase 11l Upstream
Surface Facilities’ Project Within Block 6. It’s Located Approximately 25km West Of
The Existing FULA Oil Field And Approximate Elevation Of 520 M Above MSL.
KEYI Field Is A One Of Newest And Modern Fields In Block 6; Also Its Product
Two Types Of Crude Oil .The Super Fine Light Crude And The Medium One.

1.4.5 Hadida Early production Facility

Hadida FPF located at the western area of Block 6 it fars about 150km for Central
Processing Facility (CPF) at Fula Field.

Put into production on 27 of Dec.2012 with total capacity 10.000 BBL/D of light and
medium crude and connected with CPF at Fula Field with trunk line(length /150 Km
,Diameter 12’ and design capacity 60,000 bbl/d).

Running with total(12) wells (6 light cured +6 Medium crude).



1.4.6 Sufyan Early Production Facility

Sufyan EPF has been commissioned and put into production on Mar.15.2015.
Production Forecast

As short term plan PE intended to implement the following facilities:

4,000BOPD expected oil production from Sufyan Fields through early tie-in by the
end of 4th quarter of 2014.

A long term plan with following facilities was also envisaged:

Sufyan (medium crude and light crude) was targeted to produce 10,000BOPD by the
3rd quarter of 2016, and sustain for 2 years by PED (subject to reserve discovery).
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CHAPTER TWO

2 LITERATURE REVIEW AND

THEORETICAL BACKGROUND



2.1 Introduction

This demonstrates that decline curve analysis not only has a solid fundamental base
but also provides a tool with more diagnostic power than has been suspected
previously. The type curve approach provides unique solutions on which engineers

can agree or shows when a unique solution is not possible with a type curve only.

Ramsay, (1968) Rate-time decline curve extrapolation is one of the oldest and most
often used tools of the petroleum engineer. The various methods used always have
been regarded as strictly empirical and generally not scientific. Results obtained for a
well or leases are subject to a wide range of alternate interpretations, mostly as a
function of the experience and objectives of the evaluator. Recent efforts in the area
of decline curve analysis have been directed toward a purely computerized statistical
approach, its basic objective being to arrive at a unique "unbiased™ interpretation. As
pointed out in a comprehensive review of the literature by Ramsay,” "In the period
from 1964 to date (1968), several additional papers were published which contribute
to the understanding of decline curves but add little new technology.

S. Mohaghegh and T, Ertekin, (1991) A family of pressure and production decline
curves is generated for wet-gas sands with closed outer boundaries. Wet-gas sands are
characterized as gas reservoirs which produce substantial amounts of water together
with ~as. Production of water introduces complications when practicing engineers use
decline curves designed for gas reservoirs in which gas is the only flowing phase.
This usually translates to over estimation of the production performance of the
reservoir, In this paper a series of pressure and production decline curves which
accounts for the water production in wet-gas sands is presented. These decline curves
provide a simple way of extracting valuable information from available data, using
graphical methods and simple calculations, The proposed decline curves arc generated
for a radial system with closed outer boundary with one centrally located well which
fully penetrates the formation.

S. Mohaghegh, et aa (1991) In the case of pressure decline curves, pressure-time data
generated by the simulator was used to calculate the dimensionless pressure drop and
the dimensionless time groups. These dimensionless values were then plotted on log-
log scale. Pressure decline type curves are generated for different initial formation

pressures.



Gashari, R, et al (2006) The most common data that engineers can count on,
especially in the case of mature fields is production data. Practical methods for
production data analysis have come a long way since their introduction to the industry
several decades ago and they all fall into two categories.

Type Curve Matching is a very subjective procedure.

State of the art in production data analysis can provide reasonable reservoir
characteristics but it has two major shortcomings:

For reservoir characterization, the process requires bottomhole or well-head pressure
data in addition to rate data.

Bottom-hole or well-head pressure data are not usually available in most of the
mature fields.

A technique that would allow the integration of results from hundreds of individual
wells into a cohesive field-wide or reservoir-wide analysis for business decision
making is not part of today’s production data analysis toolkit.

In order to overcome these shortcomings a new methodology is introduced in this
paper that has three unique specifications:

1. It does not require pressure data (bottom-hole or wellhead);

2. It integrates decline curve analysis, type curve matching, and numerical reservoir
simulation (history matching) in order to iteratively converge to a near unique set of
reservoir characteristics for each well;

3. It uses fuzzy pattern recognition technology in order to achieve field-wide
decisions from the findings of the analysis.

Estimating reserves and predicting production in geothermal reservoirs has been
challenge for a long time. Many methods have been developed in the last several
decades. One frequently-used technique is decline curve analysis approach. Most of
the existing decline curve analysis techniques are based on the empirical Arps
equation. The equation was proposed sixty years ago. However a great number of
studies on production decline analysis are still based on this empirical method. This
paper proposed stochastic approaches of Arps equation in decline curve analysis. The
method starts with identifying no trend for loss ratio with sign test. This study shows
that the exponential decline can be represented as an AR (1) process. The application

of this approach to Kamojang geothermal field in West Java will be discussed.
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Arps used loss ratio method to determined the type curve. The simplest method to
recognize exponential decline is the loss ratios appear to be approximately constant,
which leads to differential equation gqt/dqt/dt=a where a<0

Based on the present study, the following may be drawn in the case studied:

1. Arps exponential equation can be represented as process with stochastic approach.
2. Production rate estimation from AR(1)representation of Arps exponential equation
may have a better accuracy than the Arps exponential equation.

Decline curve analysis models are frequently used but still have many limitations.
Approaches of decline curve analysis used for naturally-fractured reservoirs
developed by water flooding have been few. To this end, a decline analysis model
derived based on fluid flow mechanisms was proposed and Used to analyze the oil
production data from naturally fractured reservoirs developed by water flooding.
Relative permeability and capillary pressure were included in this model. The model
reveals a linear relationship between the oil production rate and the reciprocal of the
oil recovery or the accumulated oil production. We applied the model to the oil
production data from different types of reservoirs and found a linear relationship
between the production rate and the reciprocal of the oil recovery as foreseen by the
model, especially at the late period of production. The values of the maximum oil
recovery for the example reservoirs were evaluated using the parameters determined
from the linear relationship. The results demonstrated that the analytical decline
analysis model is not only suitable for naturally fractured reservoirs developed by
water flooding but also for other types of water drive reservoirs. An analytical oil
recovery model was also proposed. The results showed that the analytical model
could match the oil production data satisfactorily. We also demonstrated that the
frequently-used nonlinear type curves could be transformed to linear relationships in a
log-log plot. This may facilitate the production decline analysis.

As stated previously, one unique feature of naturally fractured reservoirs developed
by water injection is that incremental oil production by infill drilling wells is very
little.

This practical observation implies that the dominant driving force in water flooding
naturally-fractured reservoirs is capillary pressure. The effect of pressure drop
between injection and production wells on oil production may not be significant. The

explanation to this is discussed as follows.
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The fracture permeability and relative permeability are usually much greater than
those of matrix. On the other hand, the well spacing may be far greater than the
fracture spacing even after infill drilling (the fracture spacing in Spraberry estimated
by Baker et al.6 was about 3 feet). Therefore the pressure drop applied on each matrix
is small even though the pressure drop between injection and production wells is
great.

Water injected in injection wells will be produced at the production wells very fast
through high permeability fractures.

Based on the description, one can see that the effect of pressure drop between
injection and production wells on oil production may be small. the following
conclusions may be drawn:

1. The proposed decline analysis model derived from fluid flow mechanisms
works satisfactorily in naturally fractured reservoirs as well as in other types
of reservoirs developed by water flooding.

2. The production data of oil recovery in reservoirs studied (naturally-fractured
or highly heterogeneous) could be matched adequately using the analytical
model of oil recovery.

3. The frequently-used nonlinear type curves based on the empirical Arps
equation could be transferred to linear relationships in a log-log plot.

A new direction for decline curve analysis was given by Slider with his development
of an overlay method to analyze rate-time data. Because his method was rapid and
easily applied, it was used extensively by Ramsay in his evaluation of some 200 wells
to determine the distribution of the decline curve exponent b. Gentry's displaying the
Arps exponential, hypbolic, and harmonic solutions all on one curve also could be
used as an overlay to match all of a well's decline data. However, he did not illustrate

this in his example application of the curve.

The overlay method of Slider is similar in principle to the log-log type curve matching
procedure presently being employed to analyze constant-rate pressure buildup and
drawdown data. The exponential decline, often used in decline curve analysis, readily
can be shown to be a long-time solution of the constant-pressure. It followed then that
a log-log type curve matching procedure could be developed to analyze decline curve
data

12



Decline curve analysis is a graphical procedure used for analyzing declining
production rates and forecasting future performance of oil and gas wells. A curve fit
of past production performance is done using certain standard curves. This curve fit is
then extrapolated to predict potential future performance. Decline curve analysis is a
basic tool for estimating recoverable reserves. Conventional or basic decline curve
analysis can be used only when the production history is long enough that a trend can
be identified

Decline curve analysis is not grounded in fundamental theory but is based on
empirical observations of production decline. Three types of decline curves have been
identified; exponential, hyperbolic, and harmonic. There are theoretical equivalents to
these decline curves (for example, it can be demonstrated that under certain
circumstances, such as constant well backpressure, equations of fluid flow through
porous media under "boundary-dominated flow “conditions are equivalent to
"exponential” decline). However, decline curve analysis is fundamentally an empirical
process based on historical observations of well performance. Because of its empirical
nature, decline curve analysis is applied, as deemed appropriate for any particular
situation, on single or multi-fluid streams. For example, in certain instances, the oil
rate may exhibit an exponential decline, while in other situations it is the total liquids
(oil + water) that exhibit the exponential trend. Thus, in some instances, the analysis
is conducted on one fluid, sometimes on the total fluids, sometimes on the ratio (for
example Water-Oil-Ratio (WOR) or even (WOR + 1)).Since there is no
overwhelming justification for any single variable to follow a particular trend, the
practical approach to decline curve analysis is to choose the variable (gas, oil, oil +
water, WOR,WGR etc.) that results in a recognizable trend, and to use that decline
curve to forecast future performance.

It is implicitly assumed, when using decline curve analysis, the factors causing the
historical decline continue unchanged during the forecast period. These factors
include both reservoir conditions and operating conditions. Some of the reservoir
factors that affect the decline rate include; pressure depletion, number of producing
wells, drive mechanism, reservoir characteristics, saturation changes, and relative
permeability. Operating conditions that influence the decline rateare: separator
pressure, tubing size, choke setting, workovers, compression, operating hours, and
artificial lift. As long as these conditions do not change, the trend in decline can be

analyzed and extrapolated to forecast future well performance. If these conditions are
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altered, for example through a well workover, then the decline rate determined pre-
workover will not be applicable tothe post-workover period.

When analyzing rate decline, two sets of curves are normally used. The flow rate is
plotted against either time or cumulative production. Time is the most convenient
independent variable because extrapolation of rate-time graphs can be directly used
for production forecasting and economic evaluations. However, plots of rate vs.
cumulative production have their own advantages; Not onlydo they provide a direct
estimate of the ultimate recovery at a specified economic limit, but will also yield a
more rigorous interpretation in situations where the production is influenced by

intermittent operations.
2.2 Analysis Methods

Good engineering practice demands that, whenever possible, decline curve analysis
should bereconciled with other indicators of reserves, such as volumetric calculations,
material balance, andrecovery factors. It should be noted that decline curve analysis
results in an estimate ofRecoverable Hydrocarbons, and NOT in Hydrocarbons-in-
Place. Whereas the Hydrocarbons-in-Place are fixed by nature, the Recoverable
hydrocarbons are affected by the operating conditions.For example a well producing
from a reservoir containing 1BCF of gas-in-place may recover either0.7 BCF or 0.9

BCF, depending on whether or not there is a compressor connected at the wellhead.

2.3 Production Decline Equations

Decline curve analysis is derived from empirical observations of the production
performance of oiland gas wells. Three types of decline have been observed
historically: exponential, hyperbolic, andharmonic

Decline curves represent production from the reservoir under "boundary dominated
flow"conditions. This means that during the early life of a well, while it is still in
"transient flow" and thereservoir boundaries have not been reached, decline curves
should NOT be expected to beapplicable. Typically, during transient flow, the decline
rate is high, but it stabilizes once boundarydominated flow is reached. For most wells
this happens within a few months of production.However, for low permeability wells
(tight gas wells, in particular) transient flow conditions can last several years, and
strictly speaking, should not be analyzed by decline curve methods until after they

have reached stabilization.
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All decline curve theory starts from the definition of the instantaneous or current
decline rate (D) as follow
D = -(dg/q)/dt = (dg/dt)/q

D is "the fractional change in rate per unit time", frequently expressed in "% per year". In

thefollowing diagram, D = Slope/Rate.

Praduclon rata, g
o

Time, t

Figure (2. 1) Flow rate VS. Time Decline curve

. The most common decline curve relationship is the constant percentage
decline

. (exponential). With more and more low productivity wells coming on
stream, there

. is currently a swing toward decline rates proportional to production rates

. (hyperbolic and harmonic). Although some wells exhibit these trends,
hyperbolic or

. harmonic decline extrapolations should only be used for these specific

Cases.

2.3.1 Exponential Decline

In the exponential decline, the well’s production data plots as a straight line on a semi

log paper. The equation of the straight line on the semi log paper is given by:
q= qie Pt 2.1
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s = well’s production rate at time t, STB/day
(o] = well’s production rate at time 0, STB/day
D = nominal exponential decline rate, 1/day
t = time, day

Table (2 .1) Exponential Equations

Exponential Declineb = 0

Description Equation
Rate g=qe>
Cumulative Ol Production N, =_q,-£;q
D=-In(1-D,)
Nominal Decline Rate b _G=d
a8 qi
Effective Decline Rate D, =1-¢?
o 7a
Life _lnig/q)
D

2.3.2 Hyperbolic Decline

Alternatively, if the well’s production data plotted on a semilog paper concaves
upward, then it is modeled with a hyperbolic decline. The equation of the hyperbolic

decline is given by:

g = q(L+DbDE)D oo 2.2)
Where:
g = well's production rate at time t, STB/day
g = well's production rate at time 0, STB/day
D, =initial nominal exponential decline rate (t = 0), 1/day
b =hyperbolic exponent

t =time, day
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Table (2.2) Hyperbolic Equations
Hyperbolic Declineb >0,b # 1

Description Equation
Rate a=qL+bD)F
b
: . . : q; -6 1-b
N =—21 e
Cumulative Qil Production E Dﬁ{l_b]{fj’. q7)

DJ' =%|:{1_Dei }_b _l]
Nominal Decline Rate

Dm- — (_Ti _q
i
Effective Decline Rate D,=1-¢"
Jqf -1
Life UL
bD

2.3.3 Harmonic Decline

A special case of the hyperbolic decline is known as “harmonic decline”, where b is
taken to be equal to 1. The following table summarizes the equations used in

harmonic decline:

Table (2.3) Harmonic Equations

Harmonic Declineb =1

Description Equation
4
f = -
Rate ] 1+bD;
. 0.
Cumulative Oil Production N, =i1n§
Dﬂ'
Nominal Decline Rate Ji=
l_Dsi
Effective Decline Rate D, = q,-q—q
I[‘{..!r;' flr]_]-
: ;- la/g)-1
Life D,
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Time, t

Figure (2. 2) Decline Curve Shapes for a Semi log plot of Rate VS. Time [21]

Log
Rate, q

Hyperbolic

Exponcntial

M

Figure (2. 3) Decline Curve Shapes for a Semi log plot of Rate VS. Time [21]
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Cumulative Production, Q

Figure (2. 4) Decline Curve Shapes for a Cartesian plot of Rate VS. Cumulative

Log
Rate, g

[21]

Harmonic

Hyperbolic

Cumulative Production, Q

Figure (2. 5) Decline Curve Shapes for a Cartesian plot of Rate VS. Cumulative

[21]
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CHAPTER THREE

3 METHODOLOGY



3.1 Introduction:

One of the most important tasks of a petroleum engineer is estimating, by factual
prediction, the amount of oil and gas that could be recovered from a reservoir.
Choosing the methodology is critical for accurate forecasts that are, in turn, vital for
sound managerial planning. Risks have to be minimized in the process of making
decisions based on the recoverable percentage of the original hydrocarbon in place, as
well as the residual amount of this oil when the economic limit is reached before the
need for any secondary recovery mechanism is involved, for the case of a naturally
producing reservoir-well relationship.

DCA is a method used for the prediction of future hydrocarbon production by
analyzing past production. A decline curve of a well is simply a plot of the well’s
production rates against the respective times of recording. It was recognized early in
the history of petroleum engineering that calculating reserves and production forecasts
were possible by studying past production trends.

Forecasting crude oil production can be done in many different ways, but in order to
provide realistic outlooks, one must be mindful of the physical laws that affect
extraction of hydrocarbons from a reservoir. Decline curve analysis is a long
established tool for developing future outlooks for oil production from an individual
well or an entire oilfield.

Extrapolation of production history has long been considered the most accurate and
defendable method of estimating the remaining recoverable reserve from a well and,
in turn, a reservoir.

Using decline rate analysis gives a better tool for describing future oil production on a
field-by-field level. Reliable and reasonable forecasts are essential for planning and

necessary in order to understand likely future world oil production.

3.1.1 Determining the type of decline

Based on what has been covered so far, the engineer performing a DCA analysis
needs to be aware of the following:

1. The most representative period in history that will also represent future.

2. The decline trend during that period.
3. The start point(rate) of forecast .
4

. The constraints under which the forecast needs to be made.
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However one more factor, also extremely important at this stage is to determine type
of decline. Since the signature of shape may not be apparent on a log g vs. time (most
used plot), literature provides many ways was to look at the same data, combine this
information with other knowledge about the fields before we make our conclusions.

3.1.2 Decline curves for reserve estimates

A major use of decline curve analysis is made in estimation of reserves. Even for the
assets where history matched simulation models are available, a cross check with
DCA is normally made to give increased confidence in numbers.

The fact that DCA does not have a theoretical basis is an asset here since financial
institutions are more acceptable to DCA estimates than other more technical
methodologies. A major difference when applying DCA for estimation of reserves
arises understandably due the very nature of definitions of reserves and financial
implications associated with the process. The ultimate recovery numbers become
more important than the profiles. Application of constraints in the production system,
operating costs, capital costs and well behavior itself all need to be put into right
perspective to come up with reliable estimations.

While everything else remains same, estimation of reserves does come up with
several typical situations to which there are no ready answers. Some of these
situations are listed out below for reference. The solutions to these problems could
vary from engineer to engineer or organization to organization. Some of the best
practices have however been compiled and can be found in production forecasting
principles and definition.

In this project we are going to use Oil Field Manager (OFM) Software to plot a
decline Curves and to do accurate and easy analysis for over all field, sub fields and

single well to establish a good production performance forecast of production wells.
3.1.3 What is Oil Field Manager (OFM) Software?

OFM well and reservoir analysis software offers advanced production surveillance
views and powerful production forecasting tools to manage and improve oil and gas
field performance throughout the entire life cycle. OFM software allows view, relate,
and analyze reservoir and production data with comprehensive workflow tools, such

as interactive base maps with production trends, bubble plots, diagnostic plots, decline
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curve analysis, and type curve analysis. Recent architectural changes and usability

improvements further enable organization to be more productive.

The OFM application allows you to connect to data quickly, wherever it may be
located—spreadsheets, databases, or other repositories. It also acts as a single point of
analysis for reservoir and production engineers to collaborate and manage more wells
in less time. OFM enables early detection and diagnosis of production problems for
any asset type (conventional, unconventional, thermal, etc.). The multiple
visualization canvases (charts, reports, and maps) and fast filtering capabilities enable
improved field performance by promptly identifying the well or wells that offer an

opportunity to increase production.

OFM software supports rapid, scalable deployments of enterprise-wide workflows for
a portfolio of assets. It also enables the implementation of engineering workflow
standards for sharing best practices and benchmarking multiple assets, and provides
the flexibility needed by individual users and assets to capture unique analysis

solutions or techniques.
3.1.4 OFM Workflow Capabilities:

e Production Surveillance—OFM software facilitates early detection and
diagnostics of production problems, quick generation of production trends,
diagnostic plots, reports, maps, grids, and bubbles directly from corporate
data. It also supports validation of remedial well work benefits via integration
with Avocet production operations software platform.

e Water flood Surveillance—Water flood patterns can be defined from
production and reservoir data using the OFM Streamline module. When
combined with pressure data and PVT algorithms, reservoir volumes and
voidage can be determined and further diagnostics can be carried out with
different diagnostic plots.

e Production Forecasting—Traditional decline curve analysis and advanced
forecasting techniques (e.g., analytical decline and numerical forecasts) are
available to generate better, faster, and more reliable forecasts. Connect to
Petrel reservoir simulation software and import simulation results to verify and

compare to production rates and assist in forecasting.
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A = QilField Manager 2014.1 - g x
mB-o wE

HOME | SETUP  VIEW ~ @

HEEY EgoRdEElE N HEUMEN | i 4 2| %

Launch analysis Select well Adjust display

Analysis Navigation
1) None

L)welll.. EfProper..| i Analysis

Figure (3. 1) OFM Software Interface

Tables s [x =] Master_Data - 0 X

Z psily Production ALIAS <7 EASTING_X + NORTHING_ - | FPF_NAME - GEO FIELD - LONG_NAMI~ OGM_NAME - PROD FIELD + WELL TYBE - | Well Class - Potentiality - Blog]

B fuents ﬁ 668430.358 1246319416 Fula_FPF FulaMain ~ Fula-05 N/A GreaterFula  Oil Wildcat Block-6

= st et BA-01 639482.569 1246461251 Keyi_FPF  Bara Bara-1 OGMB-1 Bara oil Wildeat Active Block-6

3 : AD-01 666174.576  1266129.548 Arad Arad-1 Arad ail Exploration Block-o
OFM.DATR. DA naitcl FN-09 60876959 151252999 Fula FPF FulaNorth  FulaNorth-03 CPFHCPKILD: GreaterFula Ol Development Block

& oM paT8 DCA Case FNE-22 663962.98  1259907.029 FNE_FPF Fula NE FulaNE-22  FRF FulaNE oil Development  Active Block-6

B OFM_DATA_DCA Configu. FW-03 649477.083  1248776.054 Fula_FPF Fula West FulaWest-03  N/A GreaterFula Ol Appraisal Block-6

S OFM_DATA_DCA Entity FS-01 £58351.538  1230049.515 Fula_FPF FulaSouth  FulaSouth-1 N/A GreaterfFula  Dry Wildcat Block-6

T 0P DATA DCA Forecast H3-1 522137.029  1279816.967 Hadida FPF  HadidaMain Hadida3-1 ~ OGM-2 Hadida oil Development Active Block-6

3 o 15-02 (34941178  1282438.801 Jake_FPF Jake South  Jake South-2 Jake oil Appraisal ldle Block-6
OFM.DATA.DCA Group M1-13 652679916 126307997 Moga FOF  Mogal Moga 1-14 GraterMoga Ol Development  Active Block6

& oFM_paT4 D Histrod.. K-18 638094441 1253321103 Keyi_FPF  KeyiMain  Keyi-18 Wi Keyi oil Development  Active Block-6

ZH OFM_DATA_DCA HistRegr.. Suf-3 461623.695 1290952843 Sufyan_EPF  Suf Suf-3 0GM-1 Sufyan ail Appraisal Active Block-6

E OFM_DATA_DCA Linits G

E OFM_DATA_DCA Ratio

Z3 OFM_DATA_DCA Ratiofor.,

E OFM_DATA_DCA Resuls

E OFM_DATA DCA Sthedule

EH oFM_DATA Deviation

EA ofM_DATA Fautt

EA ofM_DATA Log

1 OFM DATA Marker v | Record: W 1of12 v W | Y Filtered Search 1 3

Figure (3. 2) OFM Master Data Base
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3.1.5 OFM Database

OFM can be viewed as having two integrated layers - database and application.
Basically, the database layer handles the data part; and the application controls the
user interface, as well as the processing data/information per request. OFM database
is Microsoft Access-based. All data/information are stored in tables (and sometimes
views). Therefore, OFM database has all the characteristics of a relational database,

including constraints, keys, and indices. (As illustrated in figure 3-3)

a8 HEADERID : Table Hli‘l

Fueld Data Type Descripton
¥ LnacUETD] Text
|| Wiy _1d Text &
[ {Cmpl_1d Text
|__JZone_Id Text
_JCI0 Text
[ Auas Toxt
| XCOOR Number
28] YCOOR Nt
| |UPPERPERF Normibe
|| LOWERPERF Number
[ | WELLSERTALNUM Number
| |KEELEVATION Numbet
| | TOTALDEPTH Normiber
| |MIDPERFDEPTH Nurmibet
| OWNERFRACTION Numibe
COMPLETIONDATE Date/Time
i WELLBORE Toxt
Field Properties
Gerersl | Lookup |
Field Size 20
Format
Input Mask
Capton
Default Valus
Valdation Rue
Valdation Text
Required No
Allow Zero Langth No
Indexed Yes {No Duplicates)
Unicode Comprassion Yos

Figure (3. 3) OFM Data base filling table

3.2 Setting Up a Forecast Scenario

- We are going to choose the active producing wells which already entered in
OFM data base. (As illustrated in figure 3-4)
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Well List
Look in: | () Demo Database - £ Eg-

|- Conversion Sample

|- Example Files for Company Standard Formats
|iFormat Files

@Samp_Temps

| Text Load Files

[Z] Prod_wellsas. tet

File name: |
Files of type: | Text Fies ("ba) = m

Figure (3. 4) Choosing active wells from OFM Data base

- Select the created filter to apply the wells conditions to the base map. (As
illustrated in figure 3-5)

: Filter (18 Completions) o x

B % E-K 0 B o
- [@ Project Filters

- @l Category

o Table Cata

¥ pb= DCAData
-2 432 Match
- P Well List

- b Ofm Query
+ i Ofm Queryl
@ Table Query
f'i% SOL Query
~: 2 Map Area

Figure (3. 5) Applying wells conditions to base map

- Then select the forecast tabbed to display the analysis. (As illustrated in figure
3-4)
- Even though you can generate forecast from monthly, daily, or even sporadic

data, the forecast (rate) results in OFM.
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Flow Model | Historical Regression | Forecast |
~ Varnable Association
Phase/Analysis [oa =1
Time (Date) | Date =i
Cum. Od. Mobl joucum ~1
O Rate. bbl/d |0t CalDay ~| T instart Rate
Flovwng Pressure | = |
inmisl Pressure | =1
~ Model Description
Solution = LateTim= Ol
Reservoir Type |Cenvertional ~1 fsotrermbDza |
Porosty | Singie Porosey =~
Permeabity Jctrepic = |
Inner Boundary JRadal Flow A |
Outer Boundary |Finge Groudar Dramage &ea > ]
Pressure Changes JConstact Pressurs Stese ~1
[ ok | cance

Figure (3. 6) Phase Analysis List

- [@ mep:0emo200=" [-= Forecast Forecasti: (18), Case1 |

10000
Phase :Gas
Case Mame : Cazel
b ]
i : -0.00219776 M.n.
| | | 1 | L || o 147 46T Metid
= 1w o o === dhrblpgadlan
3 1 1 LS te : 32010
= i 1 - 7| End Rate I 14T4.6T Mchid
= - = Final Rate : 191,962 Mclid
= ! 1l Cumn, Prod, ;245422 MU
= 100 = v ¥ % : = Cum. Date : DRIIIZ000
= A e e 15 | E16.23 Miet
= H %:l . 1 | Eur 1 3070.45 Muet
& EL - | Forecast Ended By : Time
- | Forecast Date
o 10 - - -
1
197¥2 7374 7576 77 78 70 20 81 B2 B2 B4 55 56 67 ©6 89 90 91 92 0304 05 06 07 93 92001 02 03 04 05 06 07 08 09 10
| Historical Regression %
Case1: (18) @
Historical Fit (Ao Match: R*2 = 0438272 |
it} = gi* eocp{ -Di " 1]
1 - Months from 197107731
qi= 10566
|Di = -0.00219776 M.n,
Historical Last Data.
Date | 2000408730
| Rate | 147 46T |Mctid =
I‘-Fme:an| |I. ,| HE) Database F |

Figure (3. 7) OFM Rate-Time decline on semi log axis
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Historical Regression X
Casef: RED_4:C1_3 A
Historical Fit Equation (Auto Malch: R\2 = 0.727312)
q(t) = qi * exp( i *t)
t- Months from 1980/02/29
qi=37.468
Di = 0,000920428 M.
Historical Last Data
Date 2000/06/30
Rate 27.167 |bbld
Cumulative | 299,359 Mbbi |
| Cummulative Production | Average Rate | Rate
Historical Fitted Error Historical Fitted Error Historical Fitted Error
Date | Mbbl | Mbbl | (%) | bbld | bokd | (%) | bk | bold | (%)
1] 19800315 | 0,508 0562 1061 387 746 1061 1639 345 12854
2| 1980104115 | 237 112 2% 60.10 3743 3N 6210 3742 3978
3| 198000515 | 42620 28M 3328 62.03| el 067! 61.00/ 3138 KT

Figure (3. 8) OFM Forecast Data analysis

This tabbed page above enables to read the information about real historical data and

the fitted data, the fit equation, and its correlation coefficient.

After analyzing our historical data so we can fit it with one of Decline Curve Types.

3.2.1 Hyperbolic Fit Type

We locate the historical match section of the properties pane and set the fit type to

hyperbolic. (As illustrated in figures below)

[= History Match
Fit Type Hyperbolic
Method Auto
= b Value
Method Lzer
User 0.6 I l
- 120N AE Forecast: BUUE_5:5¢ 0
e ol
- Case Name Casel
b (06

ﬂl - 8.20544 boid
- DEFANIN00
10 e - DER3NINDE

o - 0951303 Me:

= - End Fale * 1 phid

& = Firal Rate - 4 CEZAA povd
= Cum. P - 131 554 Kbbi
& Cum. Dabe - DEF30000
= - Resanes - 11,6517 Mbbi
o ELR - 202,208 Kbbi
s ¥ Forecsst Ended Sy - Tme
g, ; | ORI DR - 1203
o

=B =l = = = F -] - = = W = Boane o w & o &“

Figure (3. 9) OFM Rate-Time Hyperbolic decline on semi log axis
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3.2.2 Exponential Fit Type

We did the same steps in Hyperbolic fit type then figure appear as below.

1209200 Forecast entily. ORANGE_15.0e 3
100
=L
]

5
=0
a8
=51 3
E E E e
A S ———
e 'I ‘*--a'-i
o =
[ T

L . - ar = = Jam o (17 1.9 o o]

Phisa B |

Gt Nani HH-=]

b H |

1] TROEEM M
q T LIS bl
i} : H{ELE00

] (M ]
End Faia D01 kWA
Final Faia : LEN1E bhld
Cum. Frad * ILEM Mbb)
cum. ak * BGEE000
Restrsas : LIEH2 M
ELR : BAER MW
FrereetErdad By : Tine

Fare @ st Dk 5

Figure (3. 10) OFM Rate-Time Exponential decline on semi log axis

By default, OFM activates four report tabs, Historical Regression Report, Forecast

Report, Summary Report, and Database Forecast Report. (As illustrated in figures

3.8)
Forecast - %
Caset: RED_4:Ci_3 | ~
quati 1
]l 1 Qq = 306009 * exp( -0.000920428 *1 ), {- Months from 1998/06/29
Working Forecast and Actual Production Comparison |
Working Forecast Period 06/29/1998 - 06/30/2005
Forecasted Production } 75.326 Mbbl
During the Period of | 06/29/1998 - 06/30/2000
Actusl Production 21.520 Mbbi
Forecasted Producton 22,154 Mbbl
Ql"eranc:e Compared to Actual D».634 Mbbi
Relative Difference | 2945 %
Remaining Forecasted Period 06/30/2000 - 06/30/2005
Remaining Forecasted Reserves 53,172 Mbbdi
Ultimate Recoverabie Reserves 352,531 Mbbi ]
| Instant. Rate  Average Rate Monthly Volu Cumulative V' Hist & Fcst C Remaining Re|  Schedule
Date bbld | bbid (] MBL MBLI Mool
le: # 1 (Ended By: Time)|
1] 1998106730 | 30.60] 30.60] 0.031] 0.031] 21
2| 199800731 | 3057 3059 0948 0979 1
3| 19980831 | 3054 3056 0947 1.926 21 v
Casel: RED_4:C1_3
Schedul Start Date Start Rate End Date End Rate Reserves
bbld bbld Mbbl
# 1 1908/06 3060 2005/06 2832 75.326

Figure (3. 11) OFM Forecast Data analysis

29




CHAPTER FOUR

4 RESULTS & DISCUSSION



4.1 Results:

n

450000 §00000 BIOC&U@BHSG Ma]) 654000 700000

13000005 [ T _Soran T ) 1300000

SOt 4 *[_]
HW - -
1275000

1275000

1250000 BANE | T 1250000
F5-02
g ]"Sél)l
1225000 '“b_ 1225000
NS-01
¢ Dry Hole sHjo1 <
12000001 < Gas Producer stz 1200000
* Qil Producer ‘
WATER
1175000 ‘ 1175000
1
450000 500000 550000 600000 650000 700000
Figure (4. 1) Block -6 Base Map
* The above figure showing all block 6 wells location .
Block 6 crude oil decline analysis:
. Block: Block-6
10 Rate-Fime-Decline-Analysi
T
i
105 _ __,-w"}’
Working forecast Parameters
s = Phase S Qil
Case Name : Casel
=2 b :
i . Di :-0.0164912 Hi.n.
10— qi - 46063 1 bbl/
] — i - 10/31/2016
LR ] te - 10/31/2026
— Final Rate £ 333179 bbl/d
) Cum. Prod. © 184937 MMl
i Cum. Date - 06/30/2016
107 Reserves 529926 MMbpl
b Reserves Date - 10/31/2026
] EUR - 714863 MMbpl
Forecast Ended By : Time
g DB Forecast Date : Not Saved
R ! Reserve Type - None
10 e —T
2003 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Date

Figure (4. 2) Block-6 Oil Phase Decline

The above figure showing crude oil decline curve, historical regression and future
forecast with EUR and final economical rate for all Block 6 after 10 years predicting
time.
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Historical Regression:

Program requirement (production history data).
Cumulative Production 184937 MMbbl thru 06/30/2016

b Value Di (M.n.) gi (bbl/d) Ti

0.00 -0.01649 8825.507 11/07/2003

Working forecast

Program requirement (Future predicting).
EUR 714863 MMbbl

b ) ) ) ge Res. Ended

Di (M.n.) | qi (bbl/d) ti Te

Value (bbl/d) | (MMDbbl) By

0.50 |-0.01649 |46063.090 | 06/30/2016 | 06/30/2026 | 0.000 |4031.031 | Time

Block 6 water phase decline analysis:

forecast with EUR and cumulative production for all block 6 after 10 years predicting

time.

WATER, bbl/d
=

I
2003 04 05 06 07

| | | |
08 09 10 11 12 13 14 15 186 17 18 19

Nate

20

- 66258.7 bbl/d
- 06/30/2016

- 06/30/2026

- 0 bblid

- 141857 MMbbI
- 06/30/2016

- 0 MMbbl
Reserves Date - 06/30/2026
EUR - 141857 MMbbl
Forecast Ended By : Time

DB Forecast Date - Not Saved

Dorrrmin Tomme ELY

Figure (4. 3) Block-6 Water Phase Decline

The above figure showing water phase decline curve historical regression and future

Historical Regression
Cumulative Production 141857 MMbbl thru 06/30/2016

b Value

Di (M.n.)

qi (bbl/d)

Ti

1.00

0.00000

0.000

11/21/2003
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Working forecast

EUR 141857 MMbbl

b Di ) ) ge Res. Ended
gi (bbl/d) Ti Te
Value | (M.n)) (bbl/d) | (MMbbI) By
0.50 0.000 | 65258.653 | 06/30/2016 | 06/30/2026 | 0.000 0.000 Time
Fula NE crude oil_decline analysis:
10°
10° =
= T = IV\I;tnlrking forecast ~ Parameters
8 - Phase - 0l
_i10 Case Name : Casel
5] k- b 205
Di -0.157654 M.n.
g - 7930.46 bbl/d
10 f - 06/30/2016
_I te 0313172017
Final Rate - 940406 bblid
Cum. Prod. - 12446.8 MMbbl
| Cum. Date - 06/30/2016
O ey, e
Date [={§]=} E 100720 R KRRk
Figure (4. 4) Fula NE Oil Phase Decline Curve
The above figure showing crude oil decline curve historical regression and future
forecast with EUR and cumulative production for Fula NE feild.
Historical Regression
Cumulative Production 12446.8 MMbbl thru 06/30/2016
b Value Di (M.n.) qi (bbl/d) Ti
0.0 -0.02135 1760.200 09/30/2009
Working forecast
EUR 19929.5 MMbbl
b Di(M.n) |qi ti Te ge (bbl/d) | Res. Ended
Value (bbl/d) (MMbbl) | By
0.50 |-0.15765 7930.459 | 06/30/2016 | 03/31/2017 | 94040.602 | 7482.684 | Rate
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Fula NE water phase analysis:
PROD_FIELD: Fula NE

W0 Rate-Time Decline Analysis
10°
3 Working forecast ~ Parameters
10 Phase - Water
= ’ —— Case Name : Casel
2 . b 205
L. B Di :-0.0541283 M.n
g0 qi - 4894 53 bblid
‘;‘ 7 ti - 0613012016
X : te - 06/30/2016
s = Final Rate - 10049 .4 bblid
10 Cum. Prod. - 5101 5 MMbbI
Cum. Date - 06/30/2016
Reserves -0 MMbbI
o Reserves Date - 06/30/2016
10 EUR -5101.5 MMbbl
Forecast Ended By : Rate
DB Forecast Date : 10/30/2016
W' Reserve Tyge - None i
2008 10 1 12 13 14 15 ‘ 16

Date

Figure (4. 5) Fula NE Water Phase Decline Curve

The above figure showing water phase decline curve historical regression and future
forecast with EUR and cumulative production for Fula NE feild.

Historical Regression

Cumulative Production 5101.5 MMbbl thru 06/30/2016

b Value Di (M.n.) qi (bbl/d) Ti

0.0 -0.05413 125.418 09/30/2009

Working forecast

EUR 5101.5 MMbbl

b Di (M.n.) qi ti Te ge Res. Ended
Value (bbl/d) (bbl/d) (MMbbl) By
0.50 -0.05413 | 4884.530 | 06/30/2016 | 06/30/2016 | 10049.4 | 25473.028 | Rate
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Greater Fula crude oil decline analysis:

CIL, bblid

10°

Date

Reserves Date

— : -2 =
i — ﬁ Working forecast ~ Parameters
::{ % Phase il
Case Name - Caset
b 105
i Di :-0.00230086 M.n.
3 qi - 777461 bblid
] fi - 06/30/2016
te - 06/30/2026
Final Rate - 10464 bblid
i Cum. Prod. - 83230.8 MMbbl
Cum. Date - 06/30/2016
2003 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 |Reserves :32939.6 MMbbl

-0613020%6

Figure (4. 6) Greater Fula Oil Phase Decline Curve

The above figure showing crude oil decline curve historical regression and future
forecast with EUR and cumulative production for Greater Fula.

Historical Regression

Cumulative Production 83230.8 MMbbl thru 06/30/2016

b Value Di (M.n.) qgi (bbl/d) Ti
0.00 -0.00196 12774.048 11/07/2003
Working forecast
EUR 118111 MMbbl
b Di qi ti Te ge (bbl/d) Res. Ended
Value | (M.n.) (bbl/d) (MMbbl) By
0.50 | -0.00230 | 7774.608 | 06/30/2016 | 06/30/2026 | 10463.978 | 32939.608 | Time
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Greater Fula water phase decline analysis:
PROD _FIELD: Greater Fula

o Rate-Time Decline Analysis
Working forecast ~ Parameters
; -~ Phase - Water
% 10 Case Name - Casel
53 i b 05
r o, Ll Di --0.0322217 WMon
10 gi -18391.1 bblid
§ ; f - 0613012016
1 te - 067302016
10 Final Rate :66172.5 bblid
of Cum. Prod. - 64255 MMbbl
. Cum. Date - 08/30/2016
10 Reserves -0 MMbbl
v Reserves Date  : 06/30/2016
4 3 EUR - 64255 MMbbl
10 Forecast Ended By : Rate
DB Forecast Date : Not Saved
2 Rgserve lepe - None ‘
2003 04 05 06 07 08 09 0 1 12 13 14 15 16

Date

Figure (4. 7) Greater Fula Water Phase Decline Curve

The above figure showing water phase decline curve historical regression and future
forecast with EUR and cumulative production for Greater Fula.
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Historical Regression

Cumulative Production 64255 MMbbl thru 06/30/2016

b Value Di (M.n.) gi (bbl/d) Ti
0.00 -0.03222 579.170 11/21/2003
Working forecast
EUR 64255 MMbbl
b Di gi (bbl/d) ti Te ge (bbl/d) Res. Ended
Value | (M.n.) (MMbbl) By
0.50 | -0.03222 | 18391.051 | 06/30/2016 | 06/30/2016 0.000 32939.608 | Time
Greater Moga crude oil decline analysis:
10 P% ;
,,éf{
2
P
10' ot
- Working forecast ~ Parameters
2 - Phase 0l
a Case Name - Casel
= ) 1 b 05
0 ¥ : Di --0.0196542 M.n.
" g : 7395.09 bblid
L7 t - 06/3012016
. te - 04/3012022
Final Rate - 75820.4 bblid
] Cum. Prod. - 20086.2 MMbb!
Cum. Date - 06/30/2016
1[}2 Reserves - 50436.5 MMbbl
2006 07 08 09 10 1 12 13 14 15 1§ 17 18|ReservesDale  :04/30/202
Date ELR 795226 MMbbl

Figure (4. 8) Greater Moga Oil Phase Decline Curve

The above figure showing crude oil decline curve historical regression and future

forecast with EUR and cumulative production for Moga.
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Historical Regression

Cumulative Production 29086.2 MMbbl thru 06/30/2016

b Value Di (M.n.) qi (bbl/d) Ti
0.00 -0.00891 4080.282 04/07/2006
Working forecast
EUR 79522.6 MMbbl
b Di (M.n.) qi ti Te ge (bbl/d) Res. Ended
Value (bbl/d) (MMbbl) By
0.50 | -0.01965 | 7395.094 | 06/30/2016 | 04/30/2022 | 75820.422 | 50436.456 | Rate
Greater Moga water phase decline analysis:
PROD_FIELD: Grater Moga
10° Rate-Time Decline Analysis
10° %
i t Ry
= 0 te 06302016

N

Final Rate : 32564 bblid

Cum. Prod. 1220488 MMbbl

Cum. Date - 06/30/2016

Reserves - 0 MMbbl

Reserves Date - 06/30/2016

EUR 1 22048.9 MMbbl

e

Forecast Ended By : Rate

DB Forecast Date : Not Saved

pul

Reserve Type - None

2008

a7 03 09 10

11 12
Date

13

14 15 16

Figure (4. 9) Greater Moga Water Phase Decline Curve

The above figure showing water phase decline curve historical regression and future

forecast with EUR and cumulative production for Moga.

Historical Regression

Cumulative Production 22049.9 MMbbl thru 06/30/2016

b Value

Di (M.n.)

qi (bbl/d)

Ti

0.00

-0.03990

242.719

04/07/2006
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Working forecast

EUR 22049.9 MMbbl

b Di (M.n.) qi ti Te ge Res. Ended
Value (bbl/d) (bbl/d) | (MMbDbI) By
0.50 | -0.03990 | 7790.741 | 06/30/2016 | 06/30/2016 | 0.000 | 54157.877 | Rate
Keyi crude oil decline analysis:
10
10’ . it
% Working forecast ~ Parameters
< L1 Phase -0l
g 3 Case Name - Casef
b 05
100 Di --0.00511956M.
qi - 5717.02 bblf
T ti - 06/30/2016
- te - 06/30/2026
Final Rate - 11908.8 bbl/
Cum. Prod. - 12331.5 MMpbl
10° Cum. Date - 06/30/2016
2010 12 13 14 6 17 18 19 20 21 22 23 |Reseres -30133.5 MMbbl
Date Reserves Date  : 06/30/2026

Figure (4. 10) Keyi Oil Phase Decline Curve

The above figure showing crude oil decline curve historical regression and future
forecast with EUR and cumulative production for Keyi.

Historical Regression Cumulative
Production 12331.5 MMbbl thru 06/30/2016
b Value Di (M.n.) qi (bbl/d) Ti
0.00 -0.00435 4881.057 09/11/2010
Working forecast

EUR 42465 MMbbl
b Di qi ti Te ge (bbl/d) | Res. Ended
Value | (M.n.) (bbl/d) (MMbbI) | By
0.50 |-0.00512 |5717.018 | 06/30/2016 | 06/30/2026 | 11908.799 | 30133.497 | Time
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Keyi water phase decline analysis:
PROD FIELD: Keyi .

0 Rate-Timé Decline Analysis
10
3
% 10 Working forecast ~ Parameters
a Phase - Water
E 0 Case Name - Casel
= b 05
g Di -0.0535337 Mn
10 q -4622.03 bbl/d
ti - 06/30/2016
- te - 06/30/2016
i | Final Rate - 11063 bbl/d
= Cum. Prod. - 5625.58 MMbbl
Cum. Date - 06/30/2016
0" Reserves - 0 MMbbl
2010 1 12 13 14 Reserves Date  : 06/30/2016
Date EUR - 5625.58 MMbb

Figure (4. 11) Keyi Water Phase Decline Curve

The above figure showing Water phase decline curve historical regression and future
forecast with EUR and cumulative production for Keyi.

Historical Regression

Cumulative Production 5625.58 MMbbl thru 06/30/2016

b Value Di (M.n.) qgi (bbl/d) Ti
0.00 -0.05353 266.255 09/11/2010
Working forecast
EUR 29315.1 MMbbl
b Di qi ti Te ge (bbl/d) | Res. Ended By
Value | (M.n.) (bbl/d) (MMbbl)
0.00 |-0.05353 | 4622.025 | 06/30/2016 | 01/31/2020 | 46287.346 | 23689.551 Rate
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Jake crude oil decline analysis:

i

OIL, bblid
-

2010

1 12 13

1 16 17

18 19 20

Date

Worling forecast ~ Parameters
Phase -Qil
Case Name - Caset
b 05
Di --0.00129802 M
qi - 10760.8 bbl
ti - 0613012016
te - 06/30/2026
Final Rate - 12655 bblid
Cum. Prod. - 38517.9 MMbbl
Cum. Date - 06/30/2016
Reserves - 42617.2 MMbbl
Reserves Date  : 06/30/2026

22 93 |EUR - 81135.1 MMhbl
Forecast Ended By - Time

Figure (4. 12) Jake Oil Phase Decline Curve

The above figure showing crude oil decline curve historical regression and future
forecast with EUR and cumulative production for Jake.

Historical Regression

Cumulative Production 38517.9 MMbbl thru 06/30/2016

b Value Di (M.n.) qgi (bbl/d) Ti
0.00 -0.00124 16015.512 07/26/2010
Working forecast
EUR 83473.6 MMbbl
b Di gi (bbl/d) | ti Te ge (bbl/d) | Res. Ended
Value | (M.n.) (MMbbI) | By
0.50 |-0.00130 |10760.841 | 06/30/2016 | 06/30/2026 | 12655.010 | 42617.221 | Time
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Jake water phase decline analysis:

YWWATER, bblid
=

o e i

Working forecast ~ Parameters

Phase - Water

Case Name - Casel

b 045

Di “0Mn.

g - 246603 bbl/d
fi - 06/30/2016
te - 06/30/2026
Final Rate -0 bblid

Cum. Prod. - 40522.5 MMbb

. Cum. Date - 0613012016
0 % Reserves -0 MMbbl
. Reserves Date - 06/30/2026
10 EUR - 40522.5 MMbb
: Forecast Ended By : Time
N DE Forecast e Tivor Saved
2010 213 14 18 16 17 18 19 20 2 2 25 Rpeiegpe g5 None

Nate

Figure (4. 13) Jake Water Phase Decline Curve

The above figure showing water phase decline curve historical regression and future
forecast with EUR and cumulative production for Jake.

Historical Regression

Cumulative Production 40522.5 MMbbl thru 06/30/2016

b Value Di (M.n.) qgi (bbl/d) Ti
1.00 0.00000 0.000 07/30/2010
Working forecast

EUR 40522.5 MMbbl
b Di gi (bbl/d) | ti Te ge Res. Ended
Value | (M.n.) (bbl/d) | (MMbbI) | By
0.50 | 0.00000 | 24660.275 | 06/30/2016 | 06/30/2016 | 0.000 | 0.000 Time
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Hadida crude oil decline analysis:

10 i
10
T
T ) |
E 3 ‘! M
10
6 1 [ i~ T |
Working forecast ~ Parameters
\ Phase -Qil
10 Case Name - Caset
b 05
Di -0.0174089 Mn.
ql - 2256 58 bbll
I f - 06/30/2016
002 13 14 1B 6 7 1. 19 0 2N n |e - 0613012026
vae e SHU9

Figure (4. 14) Hadida Oil Phase Decline Curve

The above figure showing crude oil decline curve historical regression and future
forecast with EUR and cumulative production for Hadida.

Historical Regression

Cumulative Production 6135.42 MMbbl thru 06/30/2026

b Value Di (M.n.) qi (bbl/d) Ti

0.0 0.0174089 2256.58 06/30/2016
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Working forecast

EUR 10166.5 MMbbl

b Di (M.n.) | qi (bbl/d) ti Te ge Res. Ended
Value (bbl/d) | (MMbbI) By
0.5 | 0.0174089 | 2256.58 | 06/30/2016 | 06/30/2026 | 539.909 | 4031.03 time

Hadida water phase decline analysis:

The above figure showing water phase decline curve historical regression and future

VSIS

PROD FIELD: Hadida
Rate-Tirfie Decline Anal

10000
1000 o T Working forecast ~ Parameters
3 Phase - Water
- Case Name - Casef
2100 b 03
3 Di --0.0647142 Mn
2 q - 4257 61 bbl/d
R t - 06/3012016
I& te - 06/30/2016
Z Final Rate - 8767.17 bbl/d
1 Cum. Prod. -3979.8 MMbbl
Cum. Date - 0613012018
Reserves - 0 MMbbl
0.1 Reserves Date - 06/30/2016
EUR -3979.8 MMbbl
Forecast Ended By : Rate
0.01 DB Forecast Date : Not Saved
2012 13 15 |ReserveType  :None

Date

Figure (4. 15) Hadida Water Phase Decline Curve

forecast with EUR and cumulative production for Hadida.

Historical Regression

Cumulative Production 3979.8 MMbbl thru 06/30/2016

b Value

Di (M.n.)

qi (bbl/d)

Ti

0.00

-0.06471

550.345

12/06/2012
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Working forecast

EUR 3979.8 MMbbl

b Value | Di (M.n.) | qi ti Te ge Res. Ended
(bbl/d) (bbl/d) | (MMbbl) | By
0.50 -0.06471 | 4257.611 | 06/30/2016 | 06/30/2016 | 0.000 | 18540.453 | Rate
Sufyan crude oil decline analysis:
PROD_FIELD: Sufyan
10000 — Rate-Time Decline Analysis ‘ ‘
5000 3 —— ] =
ﬁh 1 Working forecast ~ Parameters
1000 ?’q[! —%%““‘f Phase -0l
500 3= 3 Case Name - Casel
1b 0.5
100 ~u 1Di - 0.0359888 M.n.
o 50 I* 1qi - 8830.95 bbl/d
3 It - 06/30/2016
i 10 Ite - 06/30/2026
o 5 4 Final Rate - 884.912 bbl/d
4 Cum. Prod. - 1982 MMbbl
1 4 Cum. Date - 06/30/2016
05 | Reserves - 10209 MMbbl
9 Reserves Date - 06/30/2026
0.1 1EUR 12191 MMbbl
0.05 -+ Forecast Ended By : Time
4 DB Forecast Date : Not Saved
o T 16 17 18 19 20 21 2 73 {ReserveType - None

Date

Figure (4. 16) Sufyan Oil Phase Decline Curve

The above figure showing crude oil decline curve historical regression and future
forecast with EUR and cumulative production for Sufyan.

Historical Regression

Cumulative Production 1982 MMbbl thru 06/30/2016

b Value

Di (M.n.)

qi (bbl/d)

Ti

0.00

-0.13394

1096.770

03/14/2015
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Working forecast

EUR 1982 MMbbl

b Di qi ti Te ge Res. Ended
Value | (M.n.) | (bbl/d) (bbl/d) | (MMbbI) | By
0.50 0.13394 | 3805.491 | 06/30/2016 | 06/30/2016 | 0.000 | 4031.031 | Time
Sufyan water phase decline analysis:
PROD FIELD: Sugan_
10000 - ySIS
I |1 ey
1000
% Working forecast ~ Parameters
D_1Ul} E == Phase - Water
¥ e Case Name - Case
= b 05
£ Di 0223951 Mn
v g - 487 337 bblid
: fi - 06/30/2016
te - 06/30/2016
= Final Rate -1486 11 bblid
Cum. Prod. - 203,052 MMbbl
Cum. Date - 06/30/2016
01 Reserves -0 Mibbl
© TMAR APR TMAY TJUN T JUL (UG SEP_OCT NOV_DECT JAN "FEB Reserves Date - 06/30/2016
A1 — EUR - 203 052 MMbb

Figure (4. 17) Sufyan Water Phase Decline Curve

The above figure showing water phase decline curve historical regression and future
forecast with EUR and cumulative production for Sufyan.

Historical Regression

Cumulative Production 203.052 MMbbl thru 06/30/2016

b Value

Di (M.n.)

qi (bbl/d)

Ti

0.00

-0.22395

45.438

03/14/2015
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Working forecast

EUR 203.052 MMbbl

b Di (M.n.) |qi ti Te ge Res. Ended
Value (bbl/d) (bbl/d) | (MMbbI) | By
0.50 |-0.22395 |487.337 | 06/30/2016 | 06/30/2016 | 0.000 | 0.000 Time
Table (4. 1) Final results
Field Name Di EUR, MMbbl
Greater Fula -0.00230086 118111
Greater Moga -0.0196542 79522.6
Greater Fula North East -0.157654 19929.5
Hadida 0.0174089 10166.5
Jake -0.00129802 83473.6
Keyi -0.00511956 44706.3
Sufyan 0.036 12191
Block 6 -0.0164912 714863
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Chapter Five

5 Conclusion and Recommendations



5.1 Conclusion

e The historical production data for the fields were collected from the start till
the end of June 2016.

e the collected data were uploaded in OFM table data base for further analysis.

e OFM organized the data as it inserted and each field wells were grouped as
completions and sub fields.

e Historical data analysis was performed to define the decline rate cases and
select the best fit to be used as decline curve base.

e With the consideration of the historical regression the hyperbolic decline
method was used to give a reasonable result.

e A new case was introduced to discuss the effect of the water production by
analyze the water production rate and found to be the major effect on the total
field production.

e The EUR was calculated by the end of 2026 for each field.

5.2 Recommendations

e This analysis for block 6 could be performed on a different scenarios and
assumption to find the most accurate prediction method, as we did in our
research for the main resones of historical production regression decline curve
analysis through our tool (OFM) software and the future prediction as well as.

e Using the decline curve with the historical regression to give optimum results,
and determining the time for other in enhancement methods when its
necessary.

e Perform this analysis on the wells level for more accurate an detailed results

on the reasons for production decline.
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