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ABSTRACT

A Systematic Approach to Offshore Fields Developntgsing an Integrated Workflow.
(August 2010)
Mari Hussain M. Algahtani, B.En., West Virginia Wersity

Chair of Advisory Committee: Dr. Gioia Falcone

| present a systematic method to primary develagtieg black oil fields. This
method uses integrated reservoir development wawkf(IRDW) that relies on
integrated asset model (IAM). Developing any ergtiield means providing a plan that
generally serves the development goal(s) spechiiednanagement. However, serving
the development goal(s) by itself does not guasaateoptimal development plan. Plans
that do not rely on an IAM are less accurate. Spiaas do not include economics in
their evaluation. Such plans are technically aamkpbut usually impractical or
unprofitable. Plans that only evaluate the fieldsdzth on current, or short-term,
conditions are potential candidates for bottlenetikss costly reevaluations. In addition,
plans that do not consider all suitable options rarsleading and have no room for
optimization. Finally, some plans are based onesuwf thumb,” ease of operations, or
operators’ preference, not on technical evaluatidrese plans mostly lower long-term
profitability and cause further production problem¥ overcome these problems,
project management must form a multidisciplinagntethat uses the IRDW. The IRDW

guides the team through its phases, stages, amb gste selecting the optimal



development plan. The 1AM consists of geologicasearvoir, wellbore, facility, and
economic models. The IRDW dictates building an 14df the base (do nothing) case
and for each development plan. The team must eieakach scenario over the lifetime
of the field, or over the timeframe the managenspacifies. Net present value (NPV)
and Present value ratio (PVR) for all options asmpared to the base case and against
each other. The optimum development plan is thetbathave the highest NPV and
highest PVR. The results of the research showedfdinaing a multidisciplinary team
and using a LDFC saves time and it guaranteestsgdbe optimal development plan if

all applicable development options are considered.
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CHAPTER |

INTRODUCTION

A reservoir's life begins with exploration and aisery and it ends with
abandonment. Between the beginning and the ene thereservoir delineation; field
development; and production by primary, secondarng tertiary meansF{g. 1.1)
(Satter et al., 1994). My study will focus on pripmaevelopment of an existing offshore
oil field using IRDW. IRDW depends on integrateder/oir development (IRD), which
is a development oriented version of integrate@riesr management. The Crisman
institute at Texas A&M University is a pioneer imegrated reservoir management. It
published the first manual of modern reservoir nganaent that proposed an integrated
approach (Satter et al., 1994).

Before introducing the IRDW, what it does, and kgnefits, | find it useful to

introduce its two pillars: the IRD team and the 1AM

This thesis follows the style &E Journal.
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Fig. 1.1-Reservoir life cycle and reservoir managem  ent (Satter et al., 1994)

1.1 Formingan IRD team

The IRD team is a multidisciplinary team that cetsiof all involved personnel,
petroleum engineers, geologists, geophysicists, @ahather needed engineering or
scientific disciplines. This teams’ goal is to fitfte most economical development plan
for their field of choice. In other words, the IRBam is the same team of the integrated
reservoir management (IRM) team, but with a singtk to perform; filed development.
1.2 UsinganlAM

The IAM is a project evaluation tool (or a modéhat consists of different
independent sub-tools (or sub-models). It consi$te reservoir simulator, wellbore
simulator, facilities simulator, and an economi@leator. All those different parts are

integrated in the IAM to form a single interactipoint between the IRD team and all



the sub-tools. The concept of integrating differeelid models to produce an accurate
development plan is not a new concept. Its humbbtgrimings date back to late 1970’s
and early 1980’s (Sullivan, 1981). However, avdéanftware and computer abilities at
that time prevented simultaneous integration asMntoday. In addition, the 1AM as
defined earlier in this section dates back to m#@PQas (Dingeman et al., 1995;
Heinemann et al., 1997).

The IAM is more accurate in simulating the actueldf performance, because it
deals with all system components simultaneouslyei-time. Therefore, it has the
ability to identify future bottlenecks in the systeThis enables advanced engineering
analysis and resourceful decision making (Moitralgt2007). Thus, it leads to selecting
the optimum development plan that introduces tgktrdevelopment option at the right
time (Arias et al., 2007; Moitra et al., 2007; Serket al., 2009; Ursini et al., 2010).
Investing in the right sized facilities during tdevelopment stage is an example of the
benefits that result from forecasting bottlenec®erbini et al., 2009). Once integrated,
the 1AM interacts with the user as a single progrdinerefore, it really saves time
because the user does not have to deal with 2pimgrams at the same time, like the
traditional method. The IAM abilities are limitednly by the capabilities of the
subprograms and the computational speed of the utan{p) used (Heinemann et al.,
1997).

Ideally, the IAM should have an economic softwertegrated into it or built in
it. However, sometimes this feature is not avadalflan economic evaluation software

is not available, the integration continues betwiéenavailable models. The model that



results from integrating the reservoir, wellboreydafacilities model without an
integrated economical model is still considered l&M. However, a thorough
economical evaluation has to be done afterwards.

Any production systemFg. 1.2) must have the following three elements: the
reservoir; the well, which includes the bottomhaled the wellhead; and the surface
facilities, which include the gathering networke theparation system, and the storage
facilities (Economides et al., 1993). This mearat tny well cannot produce with a
bottleneck in any component of the production syist€he series of pressure drops that
corresponds to every part of the system (Eq. liciates the oil path (Economides et al.,
1993). It all starts in the reservoir, where fluidspores move through the permeable
rock toward the lower pressure perforations at wedl. The well, then, receives
production from the reservoir at the sand face, lgtgland delivers it to the surface
facilities at the wellhead. Finally, production go&rom the wellhead toward the
separator in horizontal lines. In technical terthg, system performance depends on the
inflow performance relationship (IPR), the well treal lift performance (VLP), and the

facilities network performance (Economides et H93).



Fig. 1.2—A production system (Economides et al., 19  93)

Ap = APres + Aps + APcomp + APtub F BPhor «vvveveneee e
where
Ap=p-— Dsep

p: average reservoir pressure

Dsep- SEPArator pressure
Ap,.s: pressure drop in the reservoir
Ap,: pressure drop due to skin

Apcomp: Pressure drop due to completion type



Aptyup: Pressure drop in the tubing
Appor: pressure drop in the horizontal lines
121 IPR

IPR is a representation of production rate asmatfon of bottomhole pressure
(Economides et al., 1993). For a single phase ipcessible oil, the IPR curve forms a
straight line with a slope equals to one over thadpctivity index (J) Fig. 1.3). This
straight line represents equation 1.2. Undersadratl flow rate (qo) is calculated for
transient, steady-state, and pseudo-steady-states fby equations 1.3, 1.4, and 1.5

respectively, modified from (Economides et al., 399

RESERVOIR PRESSURE, PR
g
£ 0 l
e wz
0% £3
-l w
w o O)g
Wy g"
oo o
05 e
o0
) e .
~J W P
weo wf.'
=0
SLOPE=1/J
qo1 AOF=a5 max
OIL RATE, q,, STB/D

Fig. 1.3-Typical single phase oil IPR curve*

*PETE 618 course notes, Fall 2008



Qo = J(PR = Duf )erervvveeeemeeenieiieeiie et e (€01 1.2)
where & =~ pe
-1
kh(p, -
q= PPl 1ot tiog—K - 323+ 087S| e (00.13)
1626Bu qurr,
kh —
q= (P, F;Wf) ........................................................................ (eq.1.4)
14128}1£|n <+ Sj
I’.W
kh(p-
= (p OZV;; .............................................................. (eq.1.5)
141.28/1(|n ' e+S]
r.W

When pvf becomes lower that theb,pgas evolves in the reservoir causing the
flow to be a two-phase flow. This causes the n@ainbehavior in the IPR curve as
shown inFig. 1.4. Equation 1.6 represents the general two-phase HRRhermore,
equations 1.7 and 1.8 represent the two-phase \fimgeldo-steady state maximum oil

flow rate equation and oil flow rate equation respely.

2
e —1-(1-V) (’;ka) —v (’;lRf) ................................................ (eq.1.6)

If

V=0 - straight-line IPR,

V=0.8 - Vogel equation

and

V=1 - Fetkovich equation

Oo.max = (%) 14128 11, [Ink(ogérl)72re iy S] ................................................ (eq.1.7)
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Fig. 1.4-Typical two-phase IPR curve*

1.22 VLP

Wellbore flow performance depends on many compansuath as: the flow geometry
(single or two phase flow; pipe or annular flow; wartical, horizontal, or in between
flow), the fluid properties (PVT and rheologicaliaeiors), and the flow rates (laminar

or turbulent flow). The mechanical energy balamepiation (Economides et al., 1993)

*PETE 618 course notes, Fall 2008



governs fluid flow in the wellbore (Eq.1.9). Howeyéor a single phase liquid flow
(constantp) and assuming no shaft work applied, the mechhrecargy balance

equation is integrated to from equation 1.10 bglBeonomides et al., 1993).

2
D M 9 b AW, = 0 oo (eq.1.9)
P Ic Ic gcD
o _ 9 P a2, 2fppulL
Ap=p; —p, = 7 pAz + 290 Au“ + TgiD e (eq.1.10)

Equation 1.10 states that the pressure drop assdaiath the fluid movement
from point 1 to point 2 equals the summation of gressure drop due to potential
energy (Eqg.1.11), the pressure drop due to kirestergy (Eq.1.12) (Economides et al.,

1993), and the pressure drop due to friction (E@)JL(Economides et al., 1993).

App =ipAz e e (€011.110)

Apg =2LgCAu2 ............................................................................ (eq.1.12)
2f fpu?L

Apg = ;”;‘ .............................................................................. (eq.1.13)

The pressure drop due to potential energy is furtxpressed as equation 1.14
(Economides et al., 1993), since equation 1.15defiz for pipe with a length L, and a

horizontal deviation angle:

AZ =27, — 71 = LSINO oo (eq.1.15)
The pressure drop due to kinetic energy chandertiser expressed as equation

1.16 (Economides et al., 1993). For an incompréséilnd, the velocity only changes if



10

pipe diameter changes, because volumetric flowdegés not change (Eq.1.17, 1.18, and
1.19) (Economides et al., 1993). Therefore, thetitnenergy pressure drop due to pipe

diameter change is expressed in equation 1.20 (fcioles et al., 1993).

Apgr = Zigc(uz2 — U e (e0.1.16)
u=% .......................................................................................... (eq.1.17)
A= e (€0.1.18)

=% PPN (=10 Pt e K )
Apys = i‘z’;’; (5= 55) v (€q.1.20)

In the pressure drop due to friction, the Fanrfmgjion factor is expressed in
terms of Reynolds number in equation 1.21 (Econemidt al., 1993). However, in
turbulent flow the Fanning friction factor deperats both the Reynolds number and on
relative pipe roughness,(Eq.1.22) (Economides et al., 1993). Please iteféig. 1.5
for relative roughness of common piping materidle Thost common way to obtain the
Fanning friction factor is from the Moody frictidactor chart Fig. 1.6), which is based
on equation 1.23 (Economides et al.,, 1993). Howeequation 1.24 represents an

explicit equation for the Fanning friction fact&@donomides et al., 1993).
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o ot e e ee e e e e i 1.21
fr = 7e (eq.1.21)
k
€ e (eq.1.22)

where k is the protrusions length on the pipe wall

1 € 1.2613

\/?f = _410g<3.7065 +NRe\/ﬁ) (eq123)
1 € 5.0452 11098 17 149)0.8981

= —4log{3_7065— T log [2.8257+(NR9) ]} ............................ (eq.1.24)

Most fluid flow in wellbores happens in multiphasespecially if wellhead
pressure is falls below the bubble point pressnee of the most important factors
affecting two-phase flow in wellbore is the two pha distribution, which is known as

holdup. Equations 1.25 and 1.26 define hold uptler denserff) and the lighter )
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phases respectively, and equation 1.27 relates tbgather (Economides et al., 1993).
The input fractionX) of each phase is another parameter that desdmmephase flow
(Eg.1.28 and 1.29) (Economides et al., 1993). lditewh, slip velocity {:.) is used as
another measure of holdup (Eqg.1.30) (Economides. e1993), which is the difference
between the two phases average velocities. Equafi@dl and 1.32 define superficial
velocity and equations 1.33 and 1.34 show theiosldietween superficial velocity and
average in-situ velocity. Therefore, equation 1b@@omes equation 1.35 (Economides

et al., 1993).
14
Vg =73 e i (€911.25)
where V is the pipe volume ang\6 the volume of the denser phase
Va
Ya = PRSP (=1 o I 1921 5

where W is the volume of the lighter phase

Ya =1 =Yg (€01 1.27)

__4s
Ag = Qb T s (eq.1.28)
Ao = 1= Ag oo (eq.1.29)
L T PP (eq.1.30)
Uy = %“ ..................................................................................... (eq.1.31)
Ugh = e (eq.1.32)
U, = L;S“ ..................................................................................... (eq.1.33)
T = =Lt (eq.1.34)
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_i da _q_ﬁ
ug = A<_1—yﬁ yﬁ) PP (=1 I IR 1Y)

There are different vertical flow correlations hvdifferent definitions of the two-
phase viscosity, average velocity, and frictiontdacEach correlation relies on its own
set of vertical flow regimes to make those calcolet in order to obtain the pressure
gradient (Economides et al., 1993). Identifyingsa@orrelations is beyond the scope of
this section. Calculating the pressure drop isatgzkfor every flow rate anticipated.

To include the pressure drop in the surface tasli equation 1.9 and 1.10 have
to be applied for horizontal flow conditions. Forharizontal flow equation 1.10
becomes 1.36 (Economides et al., 1993), assumifixed diameter and no elevation
change potential and kinetic energy pressure daop®qual to zero. Similar to vertical
two-phase flow, horizontal flow has its own setaofrrelations to calculatap. Each
correlations has its own horizontal flow regimes (Bconomides et al., 1993).

2f puL

Ap =p; —p, = gD TTTTTITITIIII s (eq.1.36)

The VLP curves in the 1AM reflect ap that covers the bottomhole pressure all
the way to the separator. In other words, bothicedrand horizontal system pressure

drops are incorporated in a single VLP talBlig. 1.7 represents a typical VLP curve.
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o, 90, '“03 qui
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OIL RATE,a,

Fig. 1.7-Atypical VLP curve*

1.2.3 Integration

In order to have a fluid flow from the reservoir the final destination in the
surface facilities, the reservoir needs to be abldeliver the fluids to the bottomhole
and at the same time the well needs to be ableslived the fluids it gets from the
reservoir to the surface facilities. In technieits, the IPR and the VLP curves have to
agree on the point that solves them both, a pdimatural flow Eig. 1.8). The same
concepts is applied in the 1AM, where the reservoadel continuously provides the
IPR, the wellbore and facilities models continugustovide the VLP, and the overall
controller simultaneously finds the point of natutaw. The 1AM does this process for
each and every well in its system. Thus, findsrfust accurate flow rates and pressure

drops.

* PETE-618 Fall 08 course notes
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Fig. 1.8—Point of natural flow, modified from sourc e*

A key feature of the IAM is its ability to respdto changes in the IPEi(Q.

1.9), VLP (Fig. 1.10), or both Fig. 1.11).

* PETE-618 Fall 08 course notes
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Fig. 1.9-Total system with changing IPR, TPR = VLP*

WELLBORE FLOWING PRESSURE

HEEGI

OIL RATE

Fig. 1.10-Different VLP curves associated with diff

* PETE-618 Fall 08 course notes

erent GLR, modified from source*
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VLP(B;)
VLP(p5)

Flowing Bottom Hole Pressure, Pt

IPR(F,)
IPR(B,) A

Flow Rate, q

Fig. 1.11—A total system with changing IPR and VLP ~ (Economides et al., 1993)

1.3 ThelRDW

The IRDW is a systematic way that leads to selgctime optimal primary
development plan (and optimal development goalpifliaable). This workflow | am
proposing does not represent a new concept tovasalevelopment and it is not the
only workflow that can lead to the optimum devel@mnplan. However, this workflow
represents a roadmap that leads to optimum fielchgoy development if followed
correctly. The need to developing such a workflawmes from noticeable improper
development plan selection processes worldwiddy lmothe past and nowadays (Clegg
et al., 1993; Dingeman et al., 1995; Khedr et2009; Takacs, 2009). In addition, the

development concept and evaluation tool (the IR® the IAM) have been available for
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a while and their importance have been recognigediiyan, 1981; Satter et al., 1994,
Dingeman et al., 1995; Thakur, 1996), yet they wetimplemented. Thus, | realized
that the need is for an effective workflow thab&sed on the IRD and uses IAM to be a
systematic way that leads the IRD team to the aptindevelopment plan. The IRDW
requires forming an IRD team to follow its stepsl @erform the development planning.
In addition, the IRDW requires the team to use AM,l or build it by integrating
suitable commercial software models.

Starting with a specific development goal in mitite IRDW leads the IRD team
to select all applicable development options. Tlieteads the team to propose a
development plan for each development option andreftne and optimize each
development plan using IAM. Finally, the optimal vdlepment plan for each
development goal is selected among all others uti@dAM. The IRDW consists of 3
main phases and 7 stages in total. Perhaps theimpsttant stage of the IRDW is the
data analysis stage, because it the one that mseapplicable options and suitable
evaluation tools. In addition, when an IRD teamsuiee IRDW it would select the
optimal development plan in a timely manner. | wiéiscribe how this IRDW works and
the benefits associated with it in Chapter Il.

Ideally integrated reservoir management involvésaapects of evaluation.
However, that is not always practical, based on slze of the development, the
timeframe, the available personnel, and the availdata. Missing an element of the
integrated process does not justify dropping theegirated reservoir management

concept. Modern reservoir management can still pelied regardless of how



20

comprehensive the evaluation is. (Satter et aB4)18tates that “while a comprehensive
program for reservoir management is highly deseablery reservoir may not warrant
such a detailed program because of cost-effectsgertdowever, the keys to success are
to have a management program (comprehensive oandtimplement it from the start.”
My evaluation is an example of performing an inédégd reservoir management with a
lower than ideal level of available analog fieldada

Development planning is an investment in money tme. Planning time and
cost is the lowest when compared to the actuakptdife, but it is far more important
and critical. For example, well planning cost cobkl as low as 0.1% of the well cost
(Mitchell, 2006). Proper planning is fundamental saccessful project execution.
Unfortunately, sometimes proper planning is notcexed. Amazingly, the motivation to
such an act is to save development planning timst, or both. (Mitchell, 2006) states
that if hydrocarbon well planning is sacrificede ttonsequence “is a final well cost that
exceeds the amount required to drill the well ibger planning had been exercised.”
Therefore, it is far more important to invest ousmay and time to increase our chances
of getting an optimal development plan from theibeing. In fact, that is the goal the
IRDW aspires to achieve.

The traditional approach for field developmenatsedifferent models as separate
entities. Each model provides boundary conditiam¥/@ gives approximate constraints
to the other model through manual data entry. Thaual data entry is impractical
because it requires frequent updates and it is ¢onsuming too. Consequently, the top-

hole pressure is held constant for long periodsimé. Unfortunately, this traditional
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approach lacks the ability to model the overalltexysinteraction and response to new
conditions, such as introducing new well (Khedalet2009).

Regardless of how accurate the integrated mod#tesactual field performance
would not match predictions. Therefore, the dewvelept team must continuously
monitor the performance of the field and the teaadkerence to the development plan.
This surveillance leads to accurate evaluationhef whole project, assuring that the
development plan is followed, working, and is sigitimal (Satter et al., 1994).

1.4  Problem statement

Find the optimum development plan for each of fibllowing synthetic field
(Fairooz field) development goals:

1. Increasing the overall field production by 10%.damnaintaining this rate for the

longest period of time.

2. Maintaining the current plateau for the longestiqeeof time.

Your final selection should be based on the follogpiwo economical evaluation
yardsticks: NPV and PVR. Discount yearly with adiarrate of 15% and an inflation
rate of 1%/year. The timeframe of this project @sykars of production. However, stop
forecasting and abandon the field when water caeeds 80%. You can refer T@ble
1.1 below for CAPEX and OPEX. Please note that thesligament should not exceed
two years of major operations. In addition, develept plans must honor existing

facility capacities with no upgrades. Fairooz fieddsynthetic black oil field that is
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assumed to exist in the North Sea, and you canidemslelson field an analog to

Fairooz.

TABLE 1.1-FAIROOZ FIELD GIVEN CAPEX AND OPEX

ltem Value [Unit Category
Ahandonment a0|% WC
30(MMS CAPEX
Waorkover 1| MM CAPEX
op 91 MM F CAPEX
Wi 7| MMS CAPEX
Produced Qil 1|3/STBO  |OPEX
Produced Water| 0.5[3STBWP |[OPEX
Injected Water| 0.4|5/5TBWI |OPEX
Produced Gas| 0.75|3/Mscf OPEX
ESP 2[MIF CAPEX
0.3|%/STBO  |OPEX
Gashft| 02(%STBO |OPEX

| did not choose Nelson field to be an analog tosynthetic Fairooz field due to
its particular features. Nelson is just a fieldttheuld allow me to build my synthetic
field models that are closer to reality. Therefdie|son field data is only used to build a
base case for Fairooz. In the following chaptenslli further discuss my development

tools, the development options, and the resultsrecmimmendations of this study.
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CHAPTER I

THE INTEGRATED RESERVOIR DEVELOPMENT WORKFLOW

21  Theproposed IRDW (Fig. 2.1)

The IRD team must start with specific developmerdalg, a specific
development and planning timeframes, and an aatdetel of accuracy. These goals
are predetermined by corporation management, @asthge. In general, the management
sets its goals for a particular field in a way tffiegd the bigger corporate production
strategy, which changes according to global supply demand of energy. Development
goals could be: reaching maximum oil recovery, paddg at a higher production rate
(Khedr et al., 2009; Dismuke et al., 2010), sustgirthe plateau for a certain (usually
the longest) period of time (Khedr et al., 200Md amitigating overall production
decline, just to name a few. Management dictatesdeévelopment timeframe, which
covers planning the development and implementing hie engineer gets his/her first
indication of the level of how detailed his plaroald be based on the timeframe given.
For example, a one month plan is expected to eteatha project with less details than a
one year one. Every step that comes after spegityia goals have to bring the engineer
closer to fulfilling them. With a clear goal(s) mind, the engineer begins gathering
specific information about the field he/she is depeg. This stage of information

gathering is critical to the development procegssaose it is the first step in nominating
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suitable development options. The engineer hasalleciying responsibility of finding

useful information promptly.
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Selecting development options is a process byfitdelhas to go through
preparation and selecting and refining phases.hin greparation phase, the team
analyzes available data.

The IRDW | developedHig. 2.1) consists of:

3 phases: preparation, modeling and optimizatiord &nal evaluation and

selection.

7 stages: IRD team and goal setting, informatiotheyéng, data analysis, base

case, development options and technical optimimatd development plan,

economic evaluation, and final selection.

Every phase in this IRDW depends on the one befopecause every phase sets
the stage for the one that follows. The same apptiestages and steps in this IRDW. In
addition, the user cannot go from a phase to tleeadter it without completing all of its
steps. Although, completing some steps in a pdatigohase leads to another step in
another phase, the user has to finish all the stetee phase or stage he/she is in before
proceeding to the next phase. In addition, somasste the first phase leads to another
step in the third phase. In this case, the usertdagit until he/she completes all the
steps in the second phase. Furthermore, every phdake IRDW begins with a single
step, which marks the beginning of that phase.

2.2 Preparation phase
The IRDW begins with the preparation phase. Thiasphsets the stage for the

whole development.
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2.2.1 IRD team and goal setting stage

The goal setting stage begins with an importaey 8 the reservoir development
process, which is forming an IRD team. The secotgp $n this stage is setting
development goals. The development team, usuallgs aot set the development goals.
Instead, development goals are dictated by themag@ment. The development could
consist of one goal, for example increasing ovesalproduction by 20%, or multiple
goals, such as increasing reservoir-a oil prodachy 15% and extending reservoir-c
plateau 3 additional years. In addition, the degelent goal(s) could be broad, such as
reaching the maximum recovery of the field, or deth such as increasing the
reservoir’s oil production by 5% for 8 years, whitaintaining its pressure above the
bubble point and keeping its water cut as low asitde.
2.2.2 Information gathering stage

The information gathered in this stage is the finglication of the development
options, tools, and future problems. For exampie ,development team can consider gas
injection for pressure support as a developmenbwopt there is a gas cap. However, a
thorough data analysis, in the data analysis stagedetermine the actual selections
and anticipated problems.
2.2.3 Data analysis stage

In my opinion, data analysis is the most importstagge in the whole IRDW. It
defines the development options that would be etatliand it specifies the tools that
form the integrated asset model. The final develemnplan, the IRDW recommends, is

optimum among the selected development options camabinations. Therefore, the
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integrated reservoir development team must makertigh analysis of the available
data, to make a comprehensive selection of thelal@vent options. In addition, good
data analysis results in selecting the most swttdal for the evaluation. For example,
if a development team analyzes the type of exigungace facilities network in the field
they will select the right evaluation tool to evatle it. Therefore, if the field has a
flowline network, the team has to use a surfacditias software, such as GAP, to
model that network. On the other hand, a wellbmawation tool that can simulate the
total flow from sandface through the wellhead ®ragle flowline, such as PROSPER, is
an applicable (or more convenient) choice if therao common facilities network that
connects all wells to the separator. For exampkadch well is directly connected to the
platform through a riser. Finally flowline netwodn the sea bed may find ESPs more
attractive than gas-lift because the ESP optionldss gas associated with it. More gas
in the flowline network results in more backpressan the whole system (Khedr et al.,
2009).
2.3  Themodeling and optimization phase

The first stage of this phase is the base case.skadhis stage, the team builds
the base case model, matches its history, rums predictions, and analyzes its results.
Excluding the IAM, the most important model in th&se case stage is not the facilities
model or the wellbore model, it is the reservoirdelo The same history matched
reservoir model will serve as a platform for addingdifferent development options.

Therefore, the reservoir model requires more atientsually.
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24  Thefinal evaluation and selection phase

The economic evaluation stage is the first stagehef final evaluation and
selection phase, and it begins with refining erggteconomical model if necessary or
building a new economical model if an existing diloes not exist. Each company has its
own favorite yardsticks that it prefers to takedéxisions based on.

The IRDW does not treat the economical evaluati®ruat a decision making
tool, it also conceders it as an additional layeogtimization. Chapter VI shows an

example of economic optimization’s significant bétdevelopment plan selection.
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CHAPTER 1lI

THE DEVELOPMENT PREPARATION PHASE

This chapter marks the beginning of the actual @m@ntation of the IRDW in
developing Fairooz field. In this chapter | willutrate how to complete the preparation
phase of the IRDW. The problem statement of thisbgment asks to find the optimal
development scenario for two different developmgoéls, and then nominating the
most economical goal for the company to adapt.

I will illustrate how to implement the IRDW for onlone development goal,
because of the repetitive nature of the IRDW. lehatiosen increasing production by
10% for this illustration. However, | will presetite final results of both development
goals in the results and Chapter VII.

3.1 ThelRD team and goal setting stage (Fig. 3.1)

Assuming that the IRD team has been formed, the geals that the
management specified are:

1. Increasing Production by 10% and maintainnthe longest period of time.
2. Maintaining the existing plateau for the lortgesriod of time.

After | have clearly specified the development gdashould begin gathering all

necessary information that help me achieve thoaésgdherefore, completing this stage

leads to the information gathering stage.
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3.2 Information gathering stage

The first step in this stage is gathering spediftd information. However,
because Fairooz field is a fictitious North Seddfiall information will be gathered
about Nelson field (its analog).
3.2.1 Gathering specific field information (techadieand economical)g. 3.2)

Nelson field Fig. 3.3) was discovered in 1987 by Enterprise Oil PLC fi@u;
P.G. et al., 1995). It had an estimated provedpaobable reserves of 480 million bbl of
oil and 85 bcf of sales gas. The major partnerghattime where production started,
were Enterprise oil, EIf Enterprise Caledonia artelBEsso, with Enterprise as the
operator (Ewy et al., 1994). The reservoir strugtuvhich lays at 7,200 ft TVDSS, is a
dome-shaped structure draped over fault blocksdéioet al., 1998)Fig. 3.4 shows a
generalized stratigraphic sequence in the reserVbie field is normally pressured at
initial conditions. It also has a natural watervdrirom a strong aquifer underneath it.
The stock tank oil gravity is 40 ° API and the G@Raround 470 scf/STB (Griffin, P.G.
et al., 1995). Please refer T@ble 3.1 for separation specifications afi@ble 3.2 for

PVT properties.
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Fig. 3.3-Nelson
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TABLE 3.1-TWO STAGE SEPARATOR SPECIFICATIONS, FOR E ACH REGION

Area Central [Eastern [Western |Southern
=eparator Pressure psig 100 100 100 100
separator Temperature |°F ala] 150 aa] ala]
separator GORE hsctiSTH 3571 A0E 4k 361
oeparator gas gravity  [sp. gravity 08521 1.012 0827 0.538
Tank GOR hsctiSTH 106 A0 102 84
Tank gas gravity sp. gravity 1.375 1.5 1.376 1,302
Ol gravity “API 401 392 40.3 40.8
Water salinity sp. gravity | 1.06999) 1.06995] 1.06993| 1.06999
H25 Yo a a a a
CoY Ya 1.92 1.592 1.92 1.92
M2 Yo 0.76 0.75 075 0.76

TABLE 3.2-OIL AND GAS PVT TABLES FOR EACH REGION, G AS PVTS ARE GENERATED IN PROSPER

[Ares Central [Ares Western
[ivells MO, N17, W18, M15, N20, N21, FO3, FOS, and FO7 [vells MO2, NOS, W10, M15, N16, and FO1
4 Rs Bo “iso By isg 4 Rs Bo iso By isg
(psia) (Mscifsth) [(rbisthl  |{cpl (rhitdscf) [(cp) (psia) (Mscifsth) [(rbisth]  |{cp) (thidscf) [(cp)
147 0027 1.13224| 0.82124] 234736 0.01253 147 0.027| 1.13502| 0.81182] 234.761[ 0.012618
570.252 0183 1.22024| D.55358 5532| 0.01334 570.252 0182 1.22175| 055087 555875[ 0.013394
1125.81 038] 1.33097) 0.43013] 2.56463| 0.01496 1125.81 0.377] 1.33081 0.4292| 2.58216( 0.014938
1666.31 0.457| 1.37085( 0.4035 1666.31 0.443| 1.36818[ 0.40413
1651.36 1.60741 0.0175 1651.36 1.63212| 0.017317
2236592 0457 1.35812| 04244 11805 0.02083 2236592 0.443| 1.35604| 0.4245| 1.19944( 0.020413
279248 0.457| 1.34986| 0.45218| 0.95221| 0.02451 279248 0.443| 1.34787| 0.45268| 0.97526| 0.023863
3348.03 0.457| 1.34437| 0.48513| 0.83712| 0.02818 3348.03 0.443| 1.34243| 0.48574| 0.84575] 0.027341
3503.59 0.457| 1.34046| 0.52267| 07582 0.03168 3503.59 0.443| 1.33855| 0.52338| 0.75366| 0.030673
4459.14 0.457| 1.33753| 0.56428| 0.70435( 0.0348 4459.14 0.443| 1.33565| 0.56516| 0.70755[ 0.033797
S014.7 0.457| 1.33526| 0.60956| 0.66528( 0.0378 S014.7 0.443| 1.3334| 0.61056| 0.66683[ 0.035703
|Area Eastern |Area Southern
[wvells MO1, MO4, MOB, NO7, N13, FO2, FO4, and FOG [wvells BADT, hAD2, hADT, MADY, MO3, NOS, and K12
4 Rs Bo iso By Wisg [ Rs Bo iso By Wisg
(psia) (Mscifsth) [(rbisthl  |(cpl (rbiscf) [(cp) (psia) (Mscifsth) [(rbisth)  |(cp) (th/scf) [(cp)
147 0027 1.12467| 0.83825| 236.357| 0.012296 147 0027 1.13746| 0.78B58| 234.77| 0.012724
570.252 0.191] 1.21643| 0.55604| 5.47452| 0.013204 570.252 0.183| 1.22431| 0.53736| 5.56834| 0.013603
112581 0399 1.33183| 04294 245143] 0.015151 112581 0338] 1.33473 0.42| 260195| 0.015207
1681.36 1.52938| 0.015388 1672.44 0.455| 1.37506[ 0.39348
1906.43 0.556| 1.41585] 0.38206 1681.36 1.64093| 0.017584
223652 0556 1.41001| 0.38833| 1.124158[ 0.022648 223652 0.455| 1.3625| 04141 1.20625| 0.020523
2792.48 0556 1.39909| 041111 D.92655| 0.027188 2792 48 0.455| 1.35412| 044107 0.95004[ 0.023914
3348.03 0556 1.39184| 0.43836| 0.8165[ 0.031533 3348.03 0.455] 1.34855| 0.47306| 0.04096[ 0.027249
3903.59 0.556| 1.38668| 0.46955| 0.74785[ 0.035514 3903.59 0.455| 1.34458| 0.50951| 0.76573| 0.030452
4459.14 0.5596| 1.38231 0.5042( 0.70111[ 0.035128 4459.14 0.455| 1.34161| 0.54893| 0.70832[ 0.033464
5014.7 0556 1.37981| 0.54192| 0.66637| 0.042428 5014.7 0.455| 1.3393| 059333 0.66754| 0.036276

Five deviated appraisal wells were drilled aroumeltime of discovery (Kwakwa

et al., 1991). After that, 8 highly deviated wellere plannedKig. 3.6), along with
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installing a 36-slot fixed steel jacket at the eendf the area, in addition to a subsea
satellite development (Griffin, P. G. et al., 199Bhis marked the first development of
Nelson field. The platform has the capacity of 060, BOPD of oil production, 65
MMSCF/D of gas production (Jordan et al., 1998;r@xek et al., 2007). Gas is supplied
through a pipeline to St. Fergus and also to tlseliffeheader. Production commenced in
1994 with a peak production of 160,000 BOPD wha$téd for 5 months (Griffin, P. G.

et al., 1995).

PZZFI
&

e E/A Wells

0

Nelson Field

Fig. 3.6—The location of the 8 deviated wells, modi  fied from (Ewy et al., 1994)
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Fig. 3.7-Nelson field modified oil production and w ater injection histories

3.2.2 Gathering analog field informatiolfig. 3.8)
Nelson field is found in an area of massive samastteposit in a submarine fans
environment. Hydrocarbons have migrated to thoserweirs while they were in a

relatively shallow depths (Gautier, 2005).
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Preparation Phase

@
8
The Development Goal: »
10% Increment 1) et o
g
3200 psi
2200 psi
227 F
4 regions
Please refer to table #.# for the PVT tables 60°deviated single string
fig. 3.7
Field WCT at end of history is 42%
Reservoir is kept above Pb during
region production history. GOR Res = GORTOTAL
Y
0.4 cP
1.013 rbbl/STBW
2.74E-6 psi?t GL valve TVD is 7061.5 ft
2 separators
2 stages GL gas supply
Data below is for the Central region. Refer to tabl e #.# for N
all the other regions
fig. 3.5
100psig
68 F fig. 3.7
351Mscf/STB N
0.852 sp. Gravity N
106 Mscf/STB
1.375 sp. Gravity  Each well is connected to the platform with a liner , except
40.1 API 4 wells in the southern part of the field.
1.06999 sp. Gravity 5
0 % liner 044 in. ID =8
1.92% Southern pipeline 10 3
0.76% ppendix D %’,
=]
36 slot steel jacket o)
Vazquez-Beggs 2
Beggs et al 160,000 STB/D g

Avg.
Avg.

fig.3.5

Average values used, distribution is not available
150 — 300md
150 — 300md
150 md
Kr well s d sand Kr

Average value is used, distribution is not availabl e
20-25 %

65,000 MMscf/D

100 psig
68 F
50 days typical OP

15 %
yearly

1 Y%lyear
16 years
Appendix C
table 1.1

table 1.1

80% WCT, and abandonment cost is $ 30 MM

Gather Analog Fields

Missing Data?

Information

z
<

Assume, Estimate, or use

Missing Data?

as sensitivity T

Fig. 3.8—Gathering analog field information step, a  nalog information is purple
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3.2.3 Assumption, estimation, or sensitivity steqm(3.9)

The following data is still missing, and it is needto run the reservoir model.

Therefore, | had to assume, estimate, or usedtsEnsitivity parameter:

1. Assumed values (data accepted to be not al@#éab included in this section):

Fault distribution is not availabl® the reservoir is assumed to have no
faults.

Pwf and Rvh are not available> Accepted at this stage because the
tophole pressure in the IAM will be the separat@sgure (100 psig).
Maximum water production and injection rates ard awailable 2>

accepted to be unavailable at this stage.

2. Estimated:

The gaslift installation date is not availabkeestimated to be the same as
the on-stream date.

The existing WIs completion is not availabt® estimated to be 4.044
inch ID.

Maximum gas injection capacity is unknown estimated to be the same
capacity of gaslifting all wells with a 5 MMscf/day

Workover time is unknowr> estimated for gaslift tie-in to be 7 days and

for ESP installation to be 14 days.

3. Used as sensitivity:
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Aquifer pressure is unknowr> set as auto sensitivity in ECLIPSE,
where it gets calculated for each run to be in ldqum with the
reservoir pressure on top.

Aquifer volume is unknowr it is used as a history matching sensitivity
after integration. Its final value after history trising the 1AM is 1x16°
STBW.

Aquifer productivity index is unknowr> this parameter is one of the
most important history matching sensitivities besgail has a direct affect
on the reservoir pressure specially with a higtiealr permeability, and

it also has a direct affect on water cut. Its finalue after history
matching the IAM is 206 STB/day/psi.

Aquifer total compressibility (rock + water) is umwn - its value is
used as a sensitivity, and its final value aftstdry matching the IAM is
1x10° psi™.

Swirr, Soirr, Sgirr, and Pc are unknows» all those parameters are used as
a sensitivity during the IAM history matching. THieal values are in

Table 3.3.



TABLE 3.3—-THE RELATIVE PERMEABILITY CURVES AND CAPI LLARY PRESSURE OF FAIROOZ FIELD, IT

INCLUDES SWIRR, SOIRR, SGIRR, AND PC VALUES

Sw Korw Krow Pcow
0.2 0 1 45
0.25 0.0002 0.9946 30
0.3 0.002 0.9848 15
0.35 0.0066 0.9226 6.5
0.4 0.0156 0.8441 6
0.45 0.0305 0.767 55
0.5 0.0527]  0.6931 5
0.55 0.0837] 0.6201 4.5
0.6 0.125 0.5305 4
0.65 0.178 0.4506 35
0.7 0.24M 0.3863 3
0.8 0.4219 0.2175 2
0.95 1 0 0.5
Swirr 20%

Saoirr

5%

Sg Krg Krog Pcog
0 0 1 0
0.06 0 0.525 0
0.1 0 0.375 0
0.14 0 0.213 0
0.19 0.002 0.106 0
0.24 0.006 0.042 0
0.29 0.013 0.011 0
0.33 0.035 0.001 0
0.37 0.061 0 0
0.8 0.9 0 0

Sqirr 14%

41
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Preparation Phase

@
8
The Development Goal: »
10% Increment IRD o
g.
3200 psi
2200 psi
227 F
4 regions
Please refer to table #.# for the PVT tables 60°deviated single string
fig. 3.7
Field WCT at end of history is 42%
Reservoir is kept above Pb during
region production history. GOR Res = GORTOTAL
Not available
Y
0.4 cP Same as on-stream
1.013 rbbl/STBW
2.74E-6 psi?t GL valve TVD is 7061.5 ft
2 separators
2 stages GL gas supply
Data below is for the Central region. Refer to tabl e #.# for N
all the other regions
fig. 3.5
100psig Vertical single lateral 4.044 in
68 F fig. 3.7
351Mscf/STB N
0.852 sp. Gravity N
106 Mscf/STB
1.375 sp. Gravity  Each well is connected to the platform with a liner , except
40.1 API 4 wells in the southern part of the field.
1.06999 sp. Gravity 5
0 % liner 044 in. ID =8
1.92% Southern pipeline 10 3
0.76% ppendix D %’,
=]
36 slot steel jacket [9)
Vazquez-Beggs 2
Beggs et al 160,000 STB/D g

280 ft
Avg. 7370ft
Avg. 180 ft
0 ft
7581 ft
Auto equilibrium in ECLIPSE psi

1E+16 STB

206 S
1E-5 psit
fig.3.5

Average values used, distribution is not available
150 - 300md
150 - 300md
150 md
Soirr, Sgirr, and Pc RS d sand Kr

Average value is used, distribution is not availabl e
20-25 %
Assumed not existing

None
65,000 MMscf/D

100 psig
68 F
50 days typical OP
GL tie-in, 14 days ESP WO

15 %
yearly

1 Y%lyear
16 years
Appendix C
table 1.1

table 1.1

80% WCT, and abandonment cost is $ 30 MM

Gather Analog Fields

Information

Assume, Estimate, or use

Missing Data?

as sensitivity

Fig. 3.9-Assumption, estimation, or sensitivity ste

p, new information is yellow
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Finishing this step (3.2.3) ends the informatiathgring stage and leads to the
data analysis stage.

3.3 Dataanalysisstage (Fig. 3.10)

At this stage, the team starts with analyzingilalke data from information
gathering stage. The analysis will help them selegelopment options and tools, and it
could help them anticipate future problems andié¢cks.

3.3.1 Analyze available data

Below is an example of the available data analymsformed. For more
information please refer téig. 3.10.
3.3.1.1 Sand sorting and permeability

Massive sandstone accumulations in a submarinesfaronment, indication
that the reservoir sand is well sorted and couldehhigh vertical permeabilities.
Therefore, | can assume the relative permeabilityes of the well-sorted sands as an
initial value to begin my history matching. In afiloin, high water cut is anticipated at a

relatively faster time.
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Preparation Phase

10% increment IRD team @

Bumes
[e0D
® Wea)

adl

Missing Data?

Missing Data?

Bullayres
uolrewloju|

*Oil API (39.2 — 40.8) &GOR (448 — 556 ) -> black oil -> Black oil
simulators (e.g. ECLIPSE100)
*Water column (280 ft) ->» not a deep water field.
«Initial reservoir pressure (3200 psi) and temperatu  re (227 F) > not an
over pressured reservoir nor a high temperature re  servoir
«Qil viscosity (0.84 —0.38 cp) > not a high viscosity crude
+Strong aquifer = higher water cut is expected at an earlier stage. In addition,
GOR is expected to stay constant for a longer time because the aquifer
supports P R above Pb longer.
*4 WI -> the aquifer strength is not enough by itself to mai ntain desired production
rate or P R - higher production rate may need more WIs
*KH could equal K v - water coning is expected -» water shutoffs is a good candidate
Fault distribution is not available - Fairooz field is a synthetic field, thus, actual tes  ts
cannot be performed to acquire missing data. Theref  ore, Fairooz is history matched
to Nelson field as much as possible even with no fa ults included in the reservoir
model. In other words, fault distribution is not si gnificant at this stage or for Fairooz.
*Gas compressor capacity is assumed equal to maximum production capacity -> total
gaslift gas injection rate is fixed to 65,000 MMscf/ D, and any increase in this quantity
requires facilities expansion.
» Current P R (2200 psi) is above P b = no gas cap present at the beginning of the
development, Gls are eliminated from the initial de ~ velopment options.
Each well is connected to the platform through a ri ser, except for 4 southern wells >
Assuming that the 4 southern wells are connected th rough ariser too can eliminate the
need to have a separate surface facilities model. A ny wellbore model that can simulate
flow through horizontal flowlines would be sufficien t. This is convenient because the
top-hole pressure is known and fixed (separator pre ssure 100 psig). Assuming
producing through a riser for those 4 southern well s is justified by history matching
production history while fixing the top-hole pressu re to 100 psig.
*NPV and PVR as yard sticks -» no commercial software is needed to calculate those two
yardsticks, a EXCEL is sufficient in this case .

Specifying Evaluation Tools
pecifying Nominate Suitable Development

Options and/ or Create Logical
Combinations if possible

Specifying Additional Evaluation
Tools if Needed

sisAfeuy ereq

Modeling and

Optimization

Specify Necessary Base Case
Models (Excluding Economics)

Integrate all Necessary Models
and History Match if Necessary

Build Needed Models and
History Match if Necessary

ase) aseg

Fig. 3.10-Data analysis stage and data analysis ste p
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3.3.1.2 Higher vertical permeability effect

Higher vertical permeabilities coupled with stromguifer and a number of Wis
could lead to sustaining PR above Pb for a longee.t Therefore, gas cap is not
expected to from. Thus, Gls are not likely develeptroptions candidates. In addition,
higher water cuts and water coning are possibleglteesTherefore, water cut and water
saturation should be monitored carefully duringftirecast. Solutions to such a problem
could be water shutoffs, or lowering the rate & thl producer with the highest water
production.
3.3.1.3 Oil type

The 40° API and 470 scf/STB indicate that Nelsors laablack oil crude.
Therefore, a black oil reservoir model is needed.
3.3.1.4 Surface facilities

The typical well completionstates that wellheads are on the platform, thezefo
there is no surface facility network on #eabed. This means that PROSPER is a
good evaluation tool from the bottomhole to theasefor. In addition, the backpressure
problems associated with gaslifting remote offsheedls that share a common network
facilities (Khedr et al., 2009) are not applicatdehis situation.
3.3.2 Specifying evaluation toolBi@. 3.11)

Based on the 3.3.1 above the most suitable tobutiol the reservoir model is
ECLIPSE-100 (or any similar software). It has thdity to integrate VLP tables, thus if

the VLP tables reflect surface facilities thexy@o need for a separate facilities model.

* Internal field report (unpublished data)
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ECLIPSE has the ability to be the overall congobf the field models. It also has the
ability to evaluate infill drilling well locationgunlike material balance simulators). In
addition, it has the ability to reflect the changdsreservoir geological parameters
(reservoir heterogeneity). However, | did not cleodSCLIPSE based on unique or
specific features it has, | could have used any meroial software with similar
capabilities.

The most suitable tool to build a wellbore moded afacilities model is
PROSPER (or any similar commercial software), beeathas the ability to simulate
horizontal pipe flow, and most oil producers (ORsjhe field produce through a liner
without facilities network.

| will use Microsoft Excel as the tool to build negonomic model. Excel has all
the features needed to perform the economical sisaly will develop a table that

calculates the NPV and the PVR when productiorsrate entered.
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Preparation Phase

Bumes
[e0D
® Wea)

10% increment IRD team @

adl

Missing Data?

Missing Data?

Bullayres
uolrewloju|

*Oil API (39.2 — 40.8) &GOR (448 — 556 ) -> black oil -> Black oil
simulators (e.g. ECLIPSE100)
*Water column (280 ft) ->» not a deep water field.
«Initial reservoir pressure (3200 psi) and temperatu  re (227 F) > not an
over pressured reservoir nor a high temperature re  servoir
«Qil viscosity (0.84 —0.38 cp) > not a high viscosity crude
+Strong aquifer = higher water cut is expected at an earlier stage. In addition,
GOR is expected to stay constant for a longer time because the aquifer
supports P R above Pb longer.
*4 WI -> the aquifer strength is not enough by itself to mai ntain desired production
rate or P R - higher production rate may need more WIs
*KH could equal K v - water coning is expected -» water shutoffs is a good candidate
Fault distribution is not available - Fairooz field is a synthetic field, thus, actual te  sts
cannot be performed to acquire missing data. Theref  ore, Fairooz is history matched
to Nelson field as much as possible even with no fa  ults included in the reservoir
model. In other words, fault distribution is not si gnificant at this stage or for Fairooz.
*Gas compressor capacity is assumed equal to maximum production capacity -> total
gaslift gas injection rate is fixed to 65,000 MMscf /D, and any increase in this quantity
requires facilities expansion.
» Current P R (2200 psi) is above P b = no gas cap present at the beginning of the
development, Gls are eliminated from the initial de ~ velopment options.
Each well is connected to the platform through a ri ser, except for 4 southern wells >
Assuming that the 4 southern wells are connected th rough ariser too can eliminate the
need to have a separate surface facilities model. A ny wellbore model that can simulate
flow through horizontal flowlines would be sufficie nt. This is convenient because the
top-hole pressure is known and fixed (separator pre ssure 100 psig). Assuming
producing through a riser for those 4 southern well s is justified by history matching
production history while fixing the top-hole pressu re to 100 psig.
*NPV and PVR as yard sticks -» no commercial software is needed to calculate those two
yardsticks, a EXCEL is sufficient in this case .

el (EEElsE Nominate Suitable Development
*ECLIPSE-100 for reservoir simulation 5 pm
Options and/ or Create Logical

*PROSPER for simulating fluid flow from sandface to separator e i Ny
*EXCEL tor the economics model P

Specifying Additional Evaluation
Tools if Needed

sisAfeuy ereq

Modeling and

Optimization

Specify Necessary Base Case
Models (Excluding Economics)

Build Needed Models and Integrate all Necessary Models
History Match if Necessary and History Match if Necessary

ase) aseg

Fig. 3.11-Data analysis stage and specifying evalua tion tool step
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3.3.3 Nominate suitable development options andéreate logical combinations if
possible Fig. 3.12)

| have chosen the following development optionsetdadata availability, and
available resources. Those development optiongrarié:and pressure support drilling,
gaslift, electrical submersible pumps, and watetdifs.

Proving the IRDW ability to produce the optimum dBpment plan in a timely
manner does not require a thorough evaluatingcasiple development options in my
field of choice. Only a few number of suitable di®pment options is needed, because
of the comparative nature of the IRDW final selectcriterion. The freedom to choose
the desired number of development options is vesgvenient, because | cannot
consider all applicable options in the data analgtate of the IRDW. Available data and
resources are the main hurdles that prevent camsidall suitable development options.
Evaluating all applicable options beyond the scofpthis thesis. Therefore, | decided to
evaluate for primary development option: infill apdessure support drilling, gas lift,
electrical submersible pumps, and water shutoff®s€& options are the most applicable
primary development options for the purposes «f thsearch. Plus they are widely used
in Nelson field (except for ESP). However, | wilbthconsider any development option
combinations, such as drilling infill OPs initiallgnd then gaslift the needed wells
afterwards. This allows for better analysis of tievelopment option itself, so the
technical reason behind favoring option-A is eagadentify. Remember that Fairooz is
a fictitious field that does not require a full-Eceamplementation of the IRDW, because

there is no actual need for its development. dtlior illustrative purpose.
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In reality, operating companies have access to¢lcessary data (confidential or
not) and resources that allow them to evaluataepgilicable options. Incase those data or
resources are not available, the operating comganmild easily acquire them.
Furthermore, the IRD team must evaluate all develag options that pass through the
screening process. In addition, the team has tduatea all legitimate combinations
between development options. After all, finding #esolute optimum development plan
is the goal of all real life field developments.

3.3.4 Specify additional evaluation tool if needEth. 3.13)

No additional evaluation tool is needed at thagyet Mainly, this step is intended
to specify additional evaluation tool necessaryet@luation new options that the
optimization stages might nominate.

Completing this step marks the end of the datayaizastage and the preparation

phase as a whole. The next phase is modeling amdipation phase.
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Preparation Phase

10% increment IRD team

Bumes

[e0
 wea
adl

Missing Data?

Missing Data?

Buuayres
uolrewloju|

«Oil API (39.2 — 40.8) &GOR (448 — 556 ) - black oil -> Black oil
simulators (e.g. ECLIPSE100)
*Water column (280 ft) - not a deep water field.
over pressured reservoir nor a high temperature re  servoir
«Oil viscosity (0.84 —0.38 cp) -> not a high viscosity crude

supports P R above Pb longer.

rate or P R - higher production rate may need more WIs

«Initial reservoir pressure (3200 psi) and temperatu  re (227 F) - notan

«Strong aquifer - higher water cut is expected at an earlier stage. In addition,
GOR is expected to stay constant for a longer time because the aquifer

*4 WI -> the aquifer strength is not enough by itself to mai ntain desired production

*KH could equal K v - water coning is expected -> water shutoffs is a good candidate
Fault distribution is not available - Fairooz field is a synthetic field, thus, actual te  sts
cannot be performed to acquire missing data. Theref  ore, Fairooz is history matched
to Nelson field as much as possible even with no fa  ults included in the reservoir

model. In other words, fault distribution is not si gnificant at this stage or for Fairooz.
*Gas compressor capacity is assumed equal to maximum production capacity -> total
gaslift gas injection rate is fixed to 65,000 MMscf /D, and any increase in this quantity

requires facilities expansion.
» Current P R (2200 psi) is above P b = no gas cap present at the beginning of the
development, Gls are eliminated from the initial de ~ velopment options.

Each well is connected to the platform through a ri ser, except for 4 southern wells

>

Assuming that the 4 southern wells are connected th rough ariser too can eliminate the
need to have a separate surface facilities model. A ny wellbore model that can simulate
flow through horizontal flowlines would be sufficie nt. This is convenient because the

top-hole pressure is known and fixed (separator pre ssure 100 psig). Assuming

producing through a riser for those 4 southern well s is justified by history matching

production history while fixing the top-hole pressu re to 100 psig.
*NPV and PVR as yard sticks -» no commercial software is needed to calculate those
yardsticks, a EXCEL is sufficient in this case .

two

Development options
jJodlicersd «Infill drilling and WI drilling

*ECLIPSE-100 for reservoir simulation «Gaslift
*PROSPER for simulating fluid flow from sandface to separator ESP

*EXCEL tor the economics model “Water shutoffs

‘Specifying Additional Evaluation

Tools if Needed

sisAfeuy eyeq

Modeling and

Optimization

Specify Necessary Base Case
Models (Excluding Economics)

All Models
Existing?

Build Needed Models and Integrate all Necessary Models
History Match if Necessary and History Match if Necessary

ase) aseg

Fig. 3.12-Data analysis stage, and nominate suitabl

step

e development options and/ or create logical combin

ations
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Preparation Phase

10% increment IRD team

Bumes
[0
® wea|

adl

Missing Data?

Missing Data?

Buuayres
uolrewloju|

«Oil API (39.2 — 40.8) &GOR (448 — 556 ) - black oil -> Black oil
simulators (e.g. ECLIPSE100)
*Water column (280 ft) - not a deep water field.
«Initial reservoir pressure (3200 psi) and temperatu  re (227 F) - notan
over pressured reservoir nor a high temperature re  servoir
«Oil viscosity (0.84 —0.38 cp) -> not a high viscosity crude
«Strong aquifer - higher water cut is expected at an earlier stage. In addition,
GOR is expected to stay constant for a longer time because the aquifer
supports P R above Pb longer.
*4 WI -> the aquifer strength is not enough by itself to mai ntain desired production
rate or P R - higher production rate may need more WIs
*KH could equal K v - water coning is expected -> water shutoffs is a good candidate
Fault distribution is not available - Fairooz field is a synthetic field, thus, actual te  sts
cannot be performed to acquire missing data. Theref  ore, Fairooz is history matched
to Nelson field as much as possible even with no fa  ults included in the reservoir
model. In other words, fault distribution is not si gnificant at this stage or for Fairooz.
*Gas compressor capacity is assumed equal to maximum production capacity -> total
gaslift gas injection rate is fixed to 65,000 MMscf /D, and any increase in this quantity
requires facilities expansion.
» Current P R (2200 psi) is above P b = no gas cap present at the beginning of the
development, Gls are eliminated from the initial de ~ velopment options.
Each well is connected to the platform through a ri ser, except for 4 southern wells >
Assuming that the 4 southern wells are connected th rough ariser too can eliminate the
need to have a separate surface facilities model. A ny wellbore model that can simulate
flow through horizontal flowlines would be sufficie nt. This is convenient because the
top-hole pressure is known and fixed (separator pre ssure 100 psig). Assuming
producing through a riser for those 4 southern well s is justified by history matching
production history while fixing the top-hole pressu re to 100 psig.

*NPV and PVR as yard sticks -» no commercial software is needed to calculate those two
yardsticks, a EXCEL is sufficient in this case .

Tools needed

*ECLIPSE-100 for reservoir simulation

*PROSPER for simulating fluid flow from sandface to separator
*EXCEL tor the economics model

sisAfeuy eyeq

Modeling and

Optimization

Specify Necessary Base Case
Models (Excluding Economics)

All Models
Existing?

Build Needed Models and
History Match if Necessary

Integrate all Necessary Models
and History Match if Necessary

ase) aseg

Fig. 3.13-Data analysis stage and specifying additi  onal evaluation tools step
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CHAPTER IV

DRILLING AND WATER SHUTOFFS

Drilling new wells, with respect to primary oilefd development, could mean
drilling an OP, a gas injector (Gl) for pressurpport, a water injector (WI) for pressure
support, or other water wells such as water didp®®) or water supply (WS) ones.
In fact, drilling is an integral part in many oiefd developments, since without it no
reservoirs could be reached, no hydrocarbons cbeldoroduced, and no reservoir
pressure could artificially be supported. It alsdines reservoir boundaries; it either
confirms them with a dry hole or extends them wigw net pays and new well testings.
Furthermore, drilling is the only source of corbattgive critical reservoir information
such as rock wettibility, residual water saturatiamiginal and effective porosity,
absolute and relative permeabilities, capillary sptee, rock compressibility, and
reservoir heterogeneity, just to name a feun addition, well testing a new well gives
useful information about its new drainage area,cwldould be an area not reached by
well testing before. Furthermore, well testing givimformation such as formation
permeability, distance to faults, fracture halfgdn average reservoir pressure, and
drainage area, and this information is extremely useful espégifbr newly drilled
OPs. Dirilling also opens the door for logging nenwas in the reservoir, which gives

information such as porosity, permeability, stowal stresses, lithology, hydrocarbon

* PETE-665 Fall 08 and PETE-618 Fall 08 course siote
*PETE 663 Summer 09 notes, Well Testing part
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types, and oil water contactéowever, the benefits of drilling do not stopsapplying
reservoir information; they also include increasiagervoir overall recovery (Anderson,
1991; Chilingarian et al., 1996), supporting resarvpressure (Anderson, 1991),
increasing reservoir production rate (Anderson, 1)9%nd extending production
plateau.
4.1  Drilling options

In this development, drilling options will be dimig OPs (infill drilling) and
drilling pressure support WIs. | have chosen a lsingtring 60° deviated well
configuration for the OPs and a vertical well cgnofiation for the WIs. This OP
completion configuration is the most suitable oeeduse one reservoir is present in the
field and based on its available geological infaiora These two reasons will be
discussed further in this chapter. | will use tBiB configuration in building both the
base case and infill drilling scenarios. Furthemmaone base case scenario OPs will have
a 4.044 inch inner diameter tubing because itesattual existing inner diameter. The
infill OP will have the same completion configuratias the existing OPs. | have chosen
the vertical water injection configuration becaube WIs are completed in a strong
aquifer, below the original OWC. GlIs for pressureport are not among the
development options because there is no primarycgpspresent in the field, and no
secondary gas cap had formed until the end of the@ugtion history period. Sea water is

the water source for water injection in the Nd@#w, thus there is no need to drill water

* PETE 663 course notes Summer 09, Log part
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supply wells in this development (Kumar et a0?2). In addition, OSPAR regulations
states that produced formation water could be disgpon the North Sea after treating it
(Kumar et al., 2007). Therefore, water disposallsvate not among the drilling options
considered in this development.
4.2  Thereason behind choosing the proposed well configuration

| have chosen a single string 60° deviated wellfigaration for all OPs in the
field because there is one reservoir present infigld and based on the limited
geological information available. The original ORsre mainly 60° deviated wells, with
the exception of two single lateral horizontal welPlus, the original OPs have a 4.044
inch tubing. Therefore, all existing OPs in my micale 60° deviated wells with a 4.044
inch tubing. Furthermore, the infill oil wells agpoing to have the same degree of
deviation and the same tubing diameter for consisteand ease of comparison. In
addition, all infill drilling wells will have a sigle string completion because they only
penetrate one reservoir. Producing from a singterk®ir eliminates the need to have
another producing string. It is worth to mentioattthe majority of Nelson OPs are gas
lifted, and these gas-lifted wells produce fromgentubing. However, the gas-lift gas is
not injected through the annulus of the well, iaually injected through an injection
string for safety precautions (Griffin, P. G. et, d995). This means that those wells
have an upper dual string configuration and a logiegle string configurationF{g.
4.1). However, the injection pathway is irrelevanbtbproduction as long as the desired

gas-lift gas injection rate is met. Thereforayill use a single string well configuration

* Internal field report (unpublished)
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with annular gas lift injection, for the base c&¥®s too. | have stated the reasons behind
choosing the existing OP completion and the demiadingle and tubing diameter for the
infill OPs. However, | still have to justify the isability of the deviated configuration for
infill OPs among all other possible configurations.

It is more convenient to justify choosing the pregod configuration by stating
why other configurations are not applicable. Thare four known types of well
configurations: vertical, deviated, horizontal, duateral, and multilateral. While
vertical and deviated well configurations share #d@me vertical well production
equation (Eqg. 4.1)*, horizontal, dual lateral, amdlti lateral configurations share the
same horizontal well production equation. It is thomentioning that the production
equation for the dual and multi lateral wells imply the summation of the horizontal
production equations associated with each latdadhi, 2000), since each lateral is a
horizontal branch in the welF{g. 4.2). Assuming all parameters are constant and all
wells are drilled in their optimal locations, comipg the deviated and horizontal well
productivities to the vertical well one gives th@ldwing conclusions. Deviated well
productivity is greater than vertical well prodwitly due to the overall deviated well
skin factor reduction caused by the negative giartido skin (Economides et al., 1993).
In addition, horizontal well productivity is greatéhan the vertical one because

horizontal well experience decreased pressure adrawdEconomides et al., 1993).

* PETE-618 Fall 08 course notes
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UPPER, DUAL STRING,COMPLETION
(ANNULAR SAFETY SYSTEM)

LOWER, SINGLE STRING, COMPLETION

Fig. 4.1-Nelson'’s typical gas-lift oil producer com pletion, modified from (Griffin, P. G. et al., 1995 )
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Fig. 4.2—Horizontal, dual and multilateral well con  figurations (Joshi, 2000)

Horizontal wells require much more details and a&cy in reservoir description,
reservoir heterogeneities, reservoir anisotropigy (Eqg. 4.2) (Furui et al., 2003), and
well drainage boundaries when compared to vertiagls (Economides et al., 1993).
Calculating horizontal well productivity requiresndwing the following three
parameters: producing lengthy;, and the skin factor (Babu and Odeh, 1989; Joshi,
2000; Furui et al., 2005). Those parameters are toafind and mostly estimated (Joshi,
2000). To add to the complexity the situation, sk factor and thé,,; are interrelated.
The dependency of the skin factor on thg contributed to the usual nonuniform

damage zoneHg. 4.3).

L ami T | o
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Fig. 4.3—-Nonuniform damage zone associated with het  erogeneities in lani (Furui et al., 2003)

The available geological information does not uilel detailed vertical and
horizontal distribution, which makes selecting aritantal or multilateral well
configuration misleading. Therefore, drilling hait#al, dual lateral, and multilateral
wells is not among the development options | cagred for this field.

4.3  Drilling schedule and new well location

| am going to use the combination of reservoir gues mapping (Anderson,
1991), oil saturation, and reservoir thickness amedhod to locate new wells. This
method is affective and suitable to the level odible data. However, in reality, the
IRD team must also conceder an approach such amtheroposed by (Mancini et al.,
2004):

1. Characterize the geologic, petrophysical, and e®ging properties of the

formation
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2. Construct a three dimensional geologic model amnelsarvoir simulation model
for the reservoir intervals
3. Use the reservoir characterization, engineeringrvesr performance analysis,
and geologic and reservoir simulation modeling sseas propose the most
suitable well location
Reservoir pressure mapping contributes to detengiaptimal oil well locations
(Dehdari et al., 2008). However, the reservoir gues mapping method, as Anderson
originally presented it, is not suitable to my me& because he assumed constant
reservoir thickness. Therefore, | had to factoreservoir thickness and oil saturation to
my method in order to get accurate results. Therves pressure mapping method,
including my thickness and oil saturation modificat(step # 5), requires performing
the following steps:
1. Locating existing wells on reservoir's map
2. Plotting reservoir pressure on a contour map (isolmaap) Fig. 4.4)
Anderson proposed a set of equations to calcukegervoir pressure
based on five general assumptions. However, | angoiog to use it in locating
infill drilling wells, simply because it is much awate, more convenient, and a
lot faster to use ECLIPSE to calculate the reserpmssure at any point in the
reservoir. Furthermore, the need to use a resesuniulator, such as ECLIPSE,
to calculate reservoir pressure is grater when iplaltwells are scheduled at

different times during the development. Introducangew well to the system has
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its own effect on reservoir pressure, thus the @/lpobcess has to be repeated for

every well in the drilling schedule.

. Drawing streamlinesHg. 4.5):

a. Streamlines intersect pressure contours orthoggnadicause fluids flow in
the direction of the “maximum pressure gradienth@arson, 1991).

b. Streamlines go from high pressures to lower press{&nderson, 1991).

c. Streamlines pass through counters with minimum aure (Anderson,
1991).

. Locating the infill drilling well in the area witthe lowest pressure gradient

Lower pressure gradients (widely spaced pressunéours) indicate a

poorly drained region of the reservoir (Andersof91). Therefore, areas with

lower pressure gradients are good candidates far@Bs. On the other hand,

higher pressure gradients (closely spaced pressomgours) indicate good

drainage (Anderson, 1991).

. Changing the well location if either thickness drsaturation is not sufficient for

significant oil production.
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Fig. 4.4—Hypothetical pressure contour map for thre e oil wells P1, P2, and P3 (Anderson, 1991)
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Fig. 4.5-Streamlines crossing pressure contours, mo  dified from (Anderson, 1991)

| will construct the drilling schedule assuming tneailability of one rig on the
platform. OP drilling time is 50 days (Ewy et d994), and WI drilling time is 45 days.

These times include drilling, completing, and tgin the well to the platform.
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44  Water shutoffs

Increasing water cut has its own negative effefctthe production system.
(Ghedan et al., 2009) states that “increasing waiewill reduce oil recovery, diminish
wells’ productivity and increases cost of eventadificial lift and produced water
handling.” He went further to state that 75% ofdurced fluid is formation water. This
problem could be treated by many options such asléf, 2000):

» polymer/gel placement around the wellbore to mokfgtive permeability

* mechanically installing an inflatable compositeeske polymerized in-situ
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CHAPTER V

ARTIFICIAL LIFT

Gadlift (Fig. 5.1)
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There are two artificial lift options | am going ¢tonsider, continuous Gaslift and

Gaslifting is a process that works by injectingunak gas into a producer tubing

to reduce the density of the fluid to increasegheduction rate, or make the well flow

again. Gaslift can operate from 10 to 80,000 STB/dayd @ncan handle higher

deviation and sand productiorOther than the initiation stage, the continuoaslif

injects gas from the lowest valve availableEq. 5.1 is used to calculate the flowing

bottomhole pressure in a gaslifted well.

Pu = Pun TGauDo T Go(Df = Dyy) e e

where

Pwf

Pwh

Gav

Ghv

Dov

Df

av — ov

is the flowing bottomhole pressure

is the wellhead pressure

is the tubing flowing gradient above pointrgéction
is the flowing gradient below point of injeatio

Is the depth of injection

is the depth of the formation

* PETE-618 Fall 08 course notes
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Fig. 5.1-A typical gaslift system*

5.2 ESP

ESP operates mechanical work on the wellborediqUinis work is transferred to
the liquid as pressure. In other words, the ligthdt leaves the pump has a higher
pressure that when it entered Eq. 5.2, shows how to calculate the work requived

the pump for an incompressible fluid*.

* PETE-618 Fall 08 course notes
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Below is the procedure to design an ESP

1. Determine the needed Pwf for the production ratehoice (from the IPR)

2. Calculate the pressure just below the pump, fra@aphase flow calculation and
starting with Pwf

3. To determine P2 at the desired rate, base youulasitns on a single-phase
liquid flow.

4. You can find the required work once tiad® is known, based on empirical
knowledge of frictional losses in the pump.

* PETE-618 Fall 08 course notes
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CHAPTER VI

MODELING AND OPTIMIZING PHASE AND ECONOMIC EVALUATDON STAGE

6.1 Themodeing and optimizing phase (Fig. 6.1)

1
| Specify Necessary Base Case
| Models (Excluding Economics)

All Models

Existing? W
7]

@

Build Needed Models and Integrate all Necessary Models Q

History Match if Necessary| and History Match if Necessary 2

!
Use the Integrated Model to
gg:ﬁi:ﬂ:: Forecast Production up to the
Timeframe Specified

]

Build Development Model(s)
Based on the Nominated
Development Options
(Excluding Economic Models),

ew Costs?

N

Modeling and Optimization

‘ Run Predictions, Evaluate
Results, and Optimize
the DevelopmentPlan,

Integrate all Newly
Created Models \

lew Options or
Combinations?

ue|djuawdolaaaq o uoneziwundo
leaiuyoa] g suondg uawdojarag

Fig. 6.1-The modeling and optimization phase, the s  econd phase of the IRDW
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Preparation Phase

10% increment IRD team

Bumes
[e0D
® Wea)

adl

Missing Data?

Missing Data?

Bullayres
uolrewloju|

*Oil API (39.2 — 40.8) &GOR (448 — 556 ) -> black oil -> Black oil
simulators (e.g. ECLIPSE100)
*Water column (280 ft) ->» not a deep water field.
«Initial reservoir pressure (3200 psi) and temperatu  re (227 F) > not an
over pressured reservoir nor a high temperature re  servoir
«Qil viscosity (0.84 —0.38 cp) > not a high viscosity crude
+Strong aquifer = higher water cut is expected at an earlier stage. In addition,
GOR is expected to stay constant for a longer time because the aquifer
supports P R above Pb longer.
*4 WI -> the aquifer strength is not enough by itself to mai ntain desired production
rate or P R - higher production rate may need more WIs
*KH could equal K v - water coning is expected -» water shutoffs is a good candidate
Fault distribution is not available - Fairooz field is a synthetic field, thus, actual te  sts
cannot be performed to acquire missing data. Theref  ore, Fairooz is history matched
to Nelson field as much as possible even with no fa  ults included in the reservoir
model. In other words, fault distribution is not si gnificant at this stage or for Fairooz.
*Gas compressor capacity is assumed equal to maximum production capacity -> total
gaslift gas injection rate is fixed to 65,000 MMscf /D, and any increase in this quantity
requires facilities expansion.
» Current P R (2200 psi) is above P b = no gas cap present at the beginning of the
development, Gls are eliminated from the initial de ~ velopment options.

Each well is connected to the platform through a ri ser, except for 4 southern wells >
Assuming that the 4 southern wells are connected th rough ariser too can eliminate the
need to have a separate surface facilities model. A ny wellbore model that can simulate
flow through horizontal flowlines would be sufficie nt. This is convenient because the
top-hole pressure is known and fixed (separator pre ssure 100 psig). Assuming
producing through a riser for those 4 southern well s is justified by history matching
production history while fixing the top-hole pressu re to 100 psig.

*NPV and PVR as yard sticks -» no commercial software is needed to calculate those two

yardsticks, a EXCEL is sufficient in this case .

Tools needed

*ECLIPSE-100 for reservoir simulation

*PROSPER for simulating fluid flow from sandface to separator
*EXCEL tor the economics model

sisAfeuy ereq

Modeling and

Optimization

Necessary Base Case Models
*History matched ECLIPSE-100 reservoir model
*PROSPER model for each well

Build Needed Models and
History Match if Necessary

Integrate all Necessary Models
and History Match if Necessary

ase) aseg

Fig. 6.2—The modeling and optimization phase, speci

fying necessary base case models
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6.1.1 The base case stage
6.1.1.1 Specify necessary base case moH&isq.2)

I need a history-matched ECLIPSE-100 model forath@og field (Nelson field),
in order to use it as a base to run predictions agewtlop my synthetic field (Fairooz
field). This reservoir model does not have to eyactatch Nelson field, because Nelson
is just an analog to Fairooz. | also need a PREDPSPnodel for all 23 existing OPSs.
Those 23 PROSPER models have to model production fhe bottomhole all the way
to the separator. In other words, surface facditias to be modeled as discussed in
Chapter IV.
6.1.1.2 Are all models existing?

No, none of the models specified in 6.1.1.1 exists
6.1.1.3 Build needed models and history matchc¢essaryKig. 6.3)
6.1.1.3.1 Building the reservoir model in ECLIPSED1

Please refer to Appendix-A for the actual codesdu®r the base case and the
infill drilling option for the 10% increment devgdment goal. No history matching is

required at this stage. | will history match theMAafter | integrate all models.
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Preparation Phase

10% increment IRD team

Bumes

[e0o
®» Wweay

adl

Missing Data?

Missing Data?

Bullayres
uolrewloju|

+0il API (39.2 — 40.8) &GOR (448 — 556 ) = black oil = Black oil
simulators (e.g. ECLIPSE100)
*Water column (280 ft) -» not a deep water field.
«Initial reservoir pressure (3200 psi) and temperatu  re (227 F) > not an
over pressured reservoir nor a high temperature re  servoir
«Oil viscosity (0.84 —0.38 cp) = not a high viscosity crude
*Strong aquifer =» higher water cut is expected at an earlier stage. In addition,
GOR is expected to stay constant for a longer time because the aquifer
supports P R above Pb longer.
*4 WI -> the aquifer strength is not enough by itself to mai ntain desired production
rate or P R - higher production rate may need more WIs
*KH could equal K v - water coning is expected -» water shutoffs is a good candidate
Fault distribution is not available - Fairooz field is a synthetic field, thus, actual te
cannot be performed to acquire missing data. Theref  ore, Fairooz is history matched
to Nelson field as much as possible even with no fa  ults included in the reservoir
model. In other words, fault distribution is not si gnificant at this stage or for Fairooz.
*Gas compressor capacity is assumed equal to maximum production capacity -> total
gaslift gas injection rate is fixed to 65,000 MMscf /D, and any increase in this quantity
requires facilities expansion.
» Current P R (2200 psi) is above P b = no gas cap present at the beginning of the
development, Gls are eliminated from the initial de ~ velopment options.
Each well is connected to the platform through a ri ser, except for 4 southern wells >
Assuming that the 4 southern wells are connected th rough ariser too can eliminate the
need to have a separate surface facilities model. A ny wellbore model that can simulate
flow through horizontal flowlines would be sufficie nt. This is convenient because the
top-hole pressure is known and fixed (separator pre ssure 100 psig). Assuming
producing through a riser for those 4 southern well s is justified by history matching
production history while fixing the top-hole pressu re to 100 psig.

*NPV and PVR as yard sticks -» no commercial software is needed to calculate those two
yardsticks, a EXCEL is sufficient in this case .

Tools needed

*ECLIPSE-100 for reservoir simulation

*PROSPER for simulating fluid flow from sandface to separator
*EXCEL tor the economics model

sisAfeuy ereq

Modeling and

Optimization

Necessary Base Case Models
*History matched ECLIPSE-100 reservoir model
*PROSPER model for each well

All Models
Existing?

Build Needed Models
« History matching will be performed
at the next step
*Refer to Appendix A for ECLIPSE model

Integrate all Necessary Models
and History Match if Necessary

*Refer to Appendix B for PROSPER models

ase) aseg

Fig. 6.3-The modeling and optimization phase, build  ing needed models
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The strategy | adapted in building the model wasd¢orporate all certain Nelson
parameters with all their details, incorporate utae or analog parameters with a lower
level of details, and change the uncertain parameaie decrease their details until |
achieve an acceptable history match.

Nelson consists of 7 geological regiosg 3.5), and 4 PVT regionsT@ble
3.2). | have decided to reduce the initial number eblggical regions from 7 to 4,
mimicking the PVT regions. Those 4 PVT regions eeatral, eastern, western, and
southern. Initially, 1 thought that reducing theolygical regions to 4 might be an
oversimplification. However, the limited reservbeterogeneity data, that | have, forced
me to simplify the parameters even more. After,tha¢alized that the more | simplify
and generalize the uncertain data while maintairtivg certain data, the faster | get
toward reasonable history match (see section @)1 Therefore, | have decided to unify
the geological regions into one, while keeping 4hBVT regions because it certain. |
have used the PVT reports in the oil PVT data sedth ECLIPSE. However, | had to
use PROSPER to generate the gas PVT tables | mskd gas PVT section in ECLIPSE
(Table 3.2). | have set Water PVT and compressibility asdnistnatching sensitivities,
and | have set an estimated initial value to bdtthem. | have set rock compressibility
as a history matching sensitivity, and estimatedn#ral value to it too. In addition, |
have assumed that the reservoir has a flat topdattidms for simplicity. However, to
reflect the dome shape of the reservoir, | havetileded necessary grid cellsig. 6.4).
Nelson has a strong water aquifer underneath it,assumed it has a large volume and

assumed it had a productivity index of 100 STB/day/and then used those two
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parameters as history matching sensitivities. Tdugfer productivity index became an
integral history matching parameter (see sectiarilél).

Although relative permeabilities are set as historgtching parameters, their
initial values had to be estimated. The initiahtele permeability curve is based on the
well sorted sand provided by (Ahmed, 2006) corretat

At this step | have only matched the original ailglace (OOIP)Kig. 6.5), by
lowering porosity, changing the irreducible watetusation (&irr) value in the relative
permeability curves, and deactivating border ceffsle maintaining the overall dome
shape. Porosity was reduced to its lowest reporédae of 20% and the suitableii®
was 20%. The reported OOIP at the end of 1997 @8s\VMstb, and with an average
production of 120 Mstb/d for 3 years, the OOIPIe beginning would be around 859
MMstb. The OOIP the model calculated was aroundM88stb, which is an acceptable

8.6% increase.

* Internal field report (unpublished)



Office 2008.1

il5at

\ | J

I T I T
050000  0&1667 053333 065000 066667 058333 060000 OB1667 063333 065000 (0O6GEE6E7 068333 070000 071667 073333 075000
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FOIP  STB

TIME YEARS

Fig. 6.5—Fairooz STOIP (STB)

| will defer matching the production rate untiintegrate the models in section
6.1.1.4, because including the wellbore and faediimodels increases the accuracy of
history matching. Integrating allows to history ofatproduction rates and tophole
pressures. In my case the tophole pressure ispaator pressure (100 psig).
6.1.1.3.2 Building the wellbore and facilities mtsdfor all existing OPs

Please refer to Appendix-C for a detailed desonpbf how | built PROSPER
wellbore models for each well, by showing a stetep demonstration on building NO1

model.
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| have assumed that the point of communication eetw PROSPER and
ECLIPSE is the top of the formation. In other wqorals OP PROSPER models are going
to share the same last casing that has a TVD df #3T will use PROSPER models to
mainly generate the VLP files for the purpose ¢égnation. | will not use PROSPER to
generate IPR files because ECLIPSE can do it intirea. When building the wellbore
and facilities PROSPER models for the 4 wells #u&t not gaslifted, | will consider
them as gaslifted wells.
6.1.1.4 Integrate all necessary models and hist@atgh if necessary-{g. 6.6)

In building an integrated model for the base cadendlls are not going to be
modeled all the way to the surface. | will placerthin the reservoir model only and
assume they are capable of injecting up to the mmaxi recorded water injection rate
over the history of the field. Integration is dan€ECLIPSE.

Please refer to Appendix-A for the input data €ised for the base case IAM and
the 10% increment by infill drilling IAM. Also, ref to Fig. 6.7 for the results of the

base case IAM history matching.
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Missing Data? @5
+Oil API (39.2 — 40.8) &GOR (448 — 556 ) = black oil > Black oil
simulators (e.g. ECLIPSE100)
*Water column (280 ft) -» not a deep water field.

«Initial reservoir pressure (3200 psi) and temperatu  re (227 F) > not an
over pressured reservoir nor a high temperature re  servoir
«Oil viscosity (0.84 —0.38 cp) = not a high viscosity crude
*Strong aquifer =» higher water cut is expected at an earlier stage. In addition,
GOR is expected to stay constant for a longer time because the aquifer
supports P R above Pb longer.
*4 WI -> the aquifer strength is not enough by itself to mai
rate or P R - higher production rate may need more WIs
*KH could equal K v - water coning is expected -» water shutoffs is a good candidate
Fault distribution is not available - Fairooz field is a synthetic field, thus, actual te  sts
cannot be performed to acquire missing data. Theref  ore, Fairooz is history matched
to Nelson field as much as possible even with no fa  ults included in the reservoir

ntain desired production

Preparation Phase

*NPV and PVR as yard sticks
yardsticks, a EXCEL is sufficient in this case .

model. In other words, fault distribution is not si
*Gas compressor capacity is assumed equal to maximum
gaslift gas injection rate is fixed to 65,000 MMscf

requires facilities expansion.

» Current P R (2200 psi) is above P b = no gas cap

development, Gls are eliminated from the initial de
Each well is connected to the platform through a ri
Assuming that the 4 southern wells are connected th
need to have a separate surface facilities model. A
flow through horizontal flowlines would be sufficie
top-hole pressure is known and fixed (separator pre
producing through a riser for those 4 southern well

production history while fixing the top-hole pressu

Tools needed
*ECLIPSE-100 for reservoir simulation

*PROSPER for simulating fluid flow from sandface to

*EXCEL tor the economics model

-> no commercial software is needed to calculate those

gnificant at this stage or for Fairooz.
production capacity -> total
/D, and any increase in this quantity

present at the beginning of the
velopment options.
ser, except for 4 southern wells >
rough ariser too can eliminate the
ny wellbore model that can simulate
nt. This is convenient because the
ssure 100 psig). Assuming
s is justified by history matching
re to 100 psig.
two

Development options

«Infill drilling and WI drilling
*Gaslift

*ESP

*Water shutoffs

separator

No additional evaluation tool

needed

sisAfeuy ereq

Modeling and
Optimization

Necessary Base Case Models
*History matched ECLIPSE-100 reservoir model

*PROSPER
All Models
Existing?

Build Needed Models
« History matching will be performed
at the next step
*Refer to Appendix A for ECLIPSE model
*Refer to Appendix B for PROSPER models

model for each well

«All PROSPER models are integrated into ECLIPSE
*The IAM is history matched by:
*Fixing the top-hole pressure to 100 psig
*Reducing the actual Nelson history by 13%
*Refer to fig. 6.7

ase) aseg

Fig. 6.6—The integration and matching step in the b

ase case stage
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Modeling and Optimization

*Refer to Appendix B for PROSPER models *Refer to fig. 6.7
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Fig. 6.9-The IAM forecast, oil rate, reservoir pres  sure, water injection rate, and water cut

6.1.1.5 Use the integrated model to forecast pribmiuaip to the timeframe specified
(Fig. 6.8)

The resultsKig. 6.9) are ready for analysis. The next step in the lbase stage
is analyzing the forecast of the IANFig. 6.10 shows the completed IAM forecasting

step.
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Modeling and Optimization

*Refer to Appendix B for PROSPER models *Refer to fig. 6.7
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6.1.1.6 Analyze base case resufig(6.13)

Fig. 6.9 shows the reservoir pressure, oil production ratger cut, and water
injection rate of Fairooz field base case. | haadized that the field sustained its overall
production plateau for a year and a half. Aftett,tbéd production starts declining, water
injection rate stays the same, water cut continoi@screase but in a slower acceleration,
and reservoir pressure starts to increase. Theeaser in reservoir pressure was
interesting, especially that the water injectioterna fixed during the forecasting period.
Fig. 6.11 shows the increasing trend of field water productiate and the fixed water
injection rate vs. time. It indicates that the weador this phenomenon is the strong
natural aquifer pressure support.

After running the results from the integrated asswidel | found that gas
production was less than the actual (forecastedaot limit) (Fig. 6.12), but | will apply

the same percentage 65% (Gerrard et al.) for fagl g
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Fig. 6.11-Base case field water injection rate (FWI

R) and field water production rate (FWPR)
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Fig. 6.12—-IAM oil production rate, gas productionr  ate, and GOR

(Gerrard et al., 2007) stated, that the availglle compressor capacity is lower
than all producers’ gas-lift gas needs. Howevecahse Nelson at that time have had
more gas lifted wells drilled, | am going to assuthat the current gas compressor is
capable of supplying the gas-lift gas needs foRalkxisting oil producers. This makes
the current gas compressor capacity 69,000 Mscf/bagause all wells needed an
average of 3,000 Mscf/day of gas-lift gas to matoh field production (23x 3000
Mscf/day = 69,000 Mscf/day). However, | am not assy 100% gas-lift gas recycling
efficiency. Instead, | am assuming 90% efficienwhjch means that the actual gas rate

allocated for gas-lift is 6,900 Mscf/day (10% of @¥0 Mscf/day). This same quantity of
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Modeling and Optimization

*Refer to Appendix B for PROSPER models *Refer to fig. 6.7

*Plateau is maintained for 1.3 year

*Gas production is within capacity Refer to fig. 6.9 for

*PRr is above P b > gas cap will not base case forecast
form, this also confirms not using Gl

Field GOR is constant
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gas-lift gas will apply to the ESP cases, becahedrtitial 19 gas-lifted wells still need
the gas-lift gas. This means that the 69,000 Magfid going to be divided between 19
wells instead of 23, thus more gas-lift gas perldtes well.

6.1.2 Development options and technical optimizatibdevelopment plari(g. 6.14)

At this stage the evaluation becomes specifieceémh development option. All
steps in this stage will be repeated for all 4 tlgu@ent options. | will illustrate this
state for infill drilling only. However, | will preent the final development plan for the
rest of the development options, in the followirtngpter.
6.1.2.1 Infill drilling
6.1.2.1.1 Build development models based on themated development options

Please refer to Appendix-A for the IAM infill diithg data file.

For infill drilling | need a wellbore and facilisePROSPER model for each new
well drilled. All infill wells are not artificially lifted during the lifetime of this
development. However, | will use the VLP files frahe nearest well that shares the
same PVT properties. This approximation is judtitasince all wells are drilled from
the same platform, with the same deviation angke same completion, and they all stop
at the top of the formation (7371 ft TVD). Finalthe PROSPER VLP files | generated
cover all possible ranges of water cut and GORs they are applicable for the whole
development timeframe. When the new OPs are intediun ECLIPSE, | will set the

gaslift injection rate to zero, and this turns thell to a natural flowing mode (no
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artificial lift). Please refer toHig. B-14) and to Appendix-B in general for more
information about natural lift VLP and gaslift VLP.

I will use the history matched base case model modify it to be able to
evaluate the infill drilling development option ftine selected development goal. The
first step is to increase the field oil plateaull®®o, which is the new goal | am trying to
meet. This increment takes the field oil productiate from 126200 STB/day to 138820
STB/day. In addition, | will change all parametaeeeded to allow ECLIPSE to account
for adding up to 9 extra wells, such as WELLDIMST&BDIMS. On the other hand,
and based on the strong aquifer support and gstedin reservoir pressure (see base case
analysis in 6.1.1.6), | cannot justify drilling neW!Is at this initial point in the
development. However, | will evaluate drilling neWls if the field performance
analysis indicates a need to do so.

This step does not ask to run predictions, so Il nvdve to the next step in the

IRDW.
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Modeling and Optimization

*Refer to Appendix B for PROSPER models

*Plateau is maintained for 1.3 year
*Gas production in within capacity
*PRr is above P b > gas cap will not

form, this also confirms not using Gl
Field GOR is constant

*Refer to fig. 6.7

Refer to fig. 6.9 for
base case forecast
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Fig. 6.14—Building development options models
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6.1.2.1.2 Are there any new updates to cost?

No, there is no update to cost, because drillogj ts estimated and set to a fixed
value. However, in reality, drilling cost is calatéd by multiplying target depth with the
calculated drilling cost/ft (Eq. 6.1) (Mitchell, @6). This means that the actual drilling
cost could be estimated after the well locatiospscified. In other words, in reality the
IRD team would calculate drilling cost while evaing the results in section 6.1.2.1.4

below.

$/ft = w .................................................................... (eq. 6.1)
where

$/ft = cost per foot

Cs = bit cost

Cr = rig cost

TR = rotating time (hours)

TT = trip time (hours)

and

Y = footage per bit run

6.1.2.1.3 Integrate all newly created mod€ig)(6.15)

The base case wells are all integrated, and limiglgrate the VLP files for every

new OP as soon as | find its location.
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Modeling and Optimization

*Refer to Appendix A for PROSPER models

*Plateau is maintained for 1.3 year
*Gas production in within capacity
*PRr is above P b > gas cap will not

form, this also confirms not using Gl
Field GOR is constant

*Refer to fig. 6.7

Refer to fig. 6.9 for
base case forecast

o
q © QO =
8% n
) Missing Data? o3
%} 83
] 73
e =2
o Missing Data? a3
c
i)
—
9 Development options Noina e
© «Infill drilling and Ontions and/ or
o Data has been analyzed WiI drilling CP '0b$ at' 9
o «Gaslift * ESP ombinations g
[a » Water shutoffs >
Tools needed 2
*ECLIPSE-100 for reservoir simulation No additional Specifying Additional 2
*PROSPER for simulating fluid flow from sandface to separator levaluation tool Evaluation Tools
*EXCEL tor the economics model needed if Needed
Necessary Base Case Models
*History matched ECLIPSE-100 reservoir model
All Models *PROSPER model for each well
Existing?
Build Needed Models *All PROSPER models are integrated into ECLIPSE I
« History matching will be performed *The IAM is history matched by: 2
at the next step «Fixing the top-hole pressure to 100 psig Q
*Refer to Appendix A for ECLIPSE model *Reducing the actual Nelson history by 13% 1]

Infill drilling option
*New wells are added to ECLIPSE model, using the
modified Anderson method

*New wells will share the same typical PROSPER
model of the closest well in the same region

ue|d wawdojanaq jo uoneziwndo

[eoluyoa) 7 suondo juswdojensq

: icti Y
Refer to Appendix A for the ng]ezaig'c:::%;\{::;?e New Options or
infill drilling option IAM the Development Plan Combinations?
N

S by
= i i S o
= 8 Build new/ Refine Existing IR RS New Options or Y S 3
c .2 Economic Model [BesEd e CpeEE Combinations? 23
28 Guidelines : 85
S y
LLl % 2
T g T
< o3 End Select the Optimal =
LL Development Plan S g

Fig. 6.15—Integrating all newly created models




89

6.1.2.1.4 Run predictions, evaluate results, artisnige the development plan
The first run is going to be the modified baseecésee 6.1.2.1.1Fig. 6.16

shows that the plateau is maintained for 9 months.

140000

120000

120000

1100060

FOPR STB/DAY

80000

TIME  YEARS

Fig. 6.16—Initial oil rate results of the infill dr illing option for the 10% increment goal

This means that the first well has to be on-stredétier 8 months. | will use my
modification to Anderson method (see Chapter IMjrid the location of the infill wells.
Therefore, | plot a pressure contour map of thiel fadter 8 months of production, right

before the decline<jg. 6.17).
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Fig. 6.17—An Isobaric map of Fairooz field

Then, | draw streamlines over the same nkag. 6.18). The location of the first
infill well (FO1) is in the area of lowest pressugeadient Fig. 6.18). However, the
pressure gradient by itself is not enough for saickecision, thickness and saturation are
evaluated also. As a result, | had to change F@atilmn and move it toward the
northeast. This will allow for more recovery becaudle well will encounter more pay
zone and more oil saturation. At this point, | knthe new location of FO1, thus | have
to choose its PROSPER model. The closest well 8. Rldwever, the chosen location
for FO1 has different PVT properties than N09. Efare, | have to look for the closest
well that has the same PVT properties. N16 sh&yesave PVT properties as FO1, and

it is the closest well to FO1. Therefore, | willeuigs VLP files in my model.



Fig. 6.18—Fairooz isobaric map with streamline and

szszsz

the location of the first proposed well
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m  The first FO1 well location

= The final FO1 well location
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22222

Fig. 6.19—Fairooz isobaric map with streamline and  the old and new location of the first proposed well

Running the reservoir model with FO1 drilled andstream resulted in a slight
rate reduction and two-month plateau extenskog. 6.21). Therefore, | will assume that
FO1 is drilled 50 days prior to its current on-atredate and introduce FO2 at the end of
the 9 months period. FO2 well location is foundngsthe same modified Anderson
method Fig. 6.19). The closest well to FO2 is NO1, and they shé&we sgame PVT

properties. Therefore, FO2 will have the same Vilgs fas NO1.



Fig. 6.20—F01 and FO2 locations

zzzzz
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Fig. 6.21-Two-month plateau extension

Running the reservoir model with the FO1 and FQ2edale mentioned above
resulted in a two-month plateau extensibrg(6.21). This leads to plotting the pressure
contour, the streamline, the thickness, and thesailration maps for each plateau
decline. Due to the repetitive nature of this pss¢d will present below the proposed
development plan T@ble 6.1), which is the final version before the economical
evaluation. Fig. 6.20 shows well locations, anérig. 6.22 shows final production

forecast.
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TABLE 6.1-THE PROPOSED DRILLING SCHEDULE

Drilling Schedule

Well I 1998 1999
JAN | FEB | WMAR | APR | WAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC | JAN | FEB | MAR | APR | MAY

IF01
IF02
IF03
PFO1

PF02
PFO3
PFO4
PFO5
PFO6
PFO7

Table 6.1 above illustrates the drilling schedule of thepgmsed development
plan. At the very early stages of the developmembikover PNO8 (Shut) and convert it
into a water injector PF03. Then | drill two waiejectors to maintain the declining
reservoir pressure. Pressure decline was not eegpbetsed on analyzing production and
pressure profiles of the base case (see 6.1.1@yetkr, running the reservoir model
without additional water injection resulted in reser pressure declineF{(g. 6.24).
Consequently, water injection was an additionakgeity to development planning, in
terms of the number of WIs and their locations. Trhedified Anderson method
nominated WI locations except for the worked-od3, because its location is already
known. WIs and OPs were competing against eachr dthethe available 9 opening
slots. Analyzing the simulation runs indicate ttreg ratio of 7 new OPs to 3 new WI is

the optimum, having in mind the 80% water cut limit



Fig. 6.22—Existing and new well locations, new well

Cilsat

s start either with PF or IF
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Fig. 6.23-The final production forecast for infill drilling options
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Fig. 6.24-The reservoir pressure decline associated  with the infill drilling option without additional water
injection

Based orfFig. 6.23 above, this development plan increases oil pracdindty 10%
and maintains it for an additional year with reggedhe base case.
Fig. 6.25 summarizes this step (Running predictions, evalgahe results, and

optimizing step).
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Modeling and Optimization

*Refer to Appendix B for PROSPER models *Refer to fig. 6.7

*Plateau is maintained for 1.3 year

*Gas production in within capacity Refer to fig. 6.9 for

*PRr is above P b > gas cap will not base case forecast
form, this also confirms not using Gl

Field GOR is constant
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Fig. 6.25—-Running predictions, evaluating the resul  ts, and optimizing step
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6.1.2.1.5 Are there any new options or combinaffons
No, there are no further options or combinatiddswever, in reality adding a
new platform and new wells might be evaluated.

6.2  Theeconomic evaluation stage (Fig. 6.26)

Run Economic Analysis
Based on Corporate
Guidelines

New Options or

\_Build new/ Refine Existing
Combinations?

Economic Model

uopenjeas
ajwouoay

Fig. 6.26-The economic evaluation stage, part of th e final evaluation and selection phase

6.2.1 Build new or refine existing economic model

This step asks to use Microsoft Excel (my evaaratool of choice) to build an
economical model that calculates the NPV (Eq.6.8) #VR (Eq.6.3) for each
development planTable 6.2 below has all the parameters | need to build twemic

model.
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TABLE 6.2—ALL ECONOMIC PARAMETERS USED IN BUILDING THE ECONOMIC MODEL

Timeframe| 16|years
Discount Rate| 15|% ie
Abandonment| 80|% WC
30{MMS CAPEX
Workover 1[MMS CAPEX
oP 9[MM3 CAPEX
50|days Drill & Complete
Wi 7 [MMS CAPEX
50|days Drill & Complete
Produced Qil 1[5/STBO  |OPEX
Produced Water| 0.5[3/STBWP |OPEX
Injected Water| 0.4|5/STBWI |OPEX
Produced Gas| 0.75[3/Mscf OPEX
ESP 2|ME CAPEX
0.3[3/STBO  |OPEX
Gasliftff 02[3/STBO |OPEX
Fule| B5|% of produced gas
Gaslit gas|  10{% of gaslift gas needed

NPV = 3™, (NCF), [ﬁ] ............................................................. (eq. 6.2)

where
NCF is the net cash flow
NCF = total cash flow — total costs

] is the current year
n is the last year of the timeframe
i is the interest rate
NPV ok
PVR = S present CAPEX value PPN (=10 P ST

| have built an economic model that uses the pricolu@nd injection data to
calculate the NPV and the PVR for each developrpéam. The model calculates the
OPEX automatically, because all individual opematoosts are in the form of cost per
barrel. However, the user has to enter CAPEX byllarihe corresponding time. Please

note that CAPEX include the abandonment cost.

*PETE 664 class notes titled Petroleum EconomicSulmmer 2009
*PETE 664 class notes titled Investment Yardstjksmmer 2009
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6.2.2 Run economic analysis based on corporateslijues

The economic evaluation shows that this developiplam passes both corporate
yardsticks. It has a NPV of $ 5,210 MM, and a PMRE®5 MM (Table 6.3). In 2008
water cut exceeds the abandonment limit of 80%.réfbee, the timeframe of this

project becomes 11 years instead of 16.

TABLE 6.3—INFILL DRILLING INITIAL ECONOMIC EVALUATI ON FOR THE 10% INCREMENT GOAL

Time |Gross |CAPEX|OPEX |Total (Cash Present |Present
Income Cost  |Flow Value CAPEX Val.
years | MM MME  [MMS [MIS (MM WIS NIME
1998 611.11| 51.00(108.34| 15934 451 77 42128 47 56
1999 853.72| 27.00{115.84)| 142 84 710.88 662.90 2518
2000] 1286 25 0000 114.01) 114 .01 1172 24 940 54 0.00
2001] 918.55 0.00]104.98| 104 98 81357 57385 0.00
2002] 766.08 0.00] 97.57| 97.57 668.51 409.89 0.00
2003] 79417 0.00] 91.19] 9119 702.99 37481 0.00
2004] 977 31 0.00] 8891 88.91 588 41 411 88 0.00
2005] 1182 .58 0.00] 84.86) 84.86[ 1097.72 442 54 0.00
2006] 1266.05 0.00] 82.70] 82.70[ 1183.35 414 84 0.00
2007] 1262 10 0001 79.71) 7971 118239 36044 0.00
2008] 767.55| 30.00] 3295 62.94 704.60 186.77 7.94
2009 0.00 0.001 0.00{ 000 0.00 0.00 0.00
2010 0.00 0.00] 000 000 0.00 0.00 0.00
2011 0.00 0.00] 000 000 0.00 0.00 0.00
2012 0.00 0.00] 000 0.00 0.00 0.00 0.00
2013 0.00 0.000 0.00{ 0.00 0.00 0.00 0.00

[PV M3 | 5,209.53 |

IPvR |  64.56]

6.2.3 Are there any new options or combinations?

Yes, there are some options that can change theagewent plan and hopefully
turn better NPV and PVR. This leads us to the dat@ysis stage in the preparation
phase of the IRDW, where the team has to specdyctimbinations neede#ig. 6.27

below, shows the progress of this economic evalnatiage.
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Fig. 6.27-The progress of the economic evaluation s  tage, completed steps are colored in green
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Water shutoffs is ideal at this stage. However,ill wot consider it at this

evaluation, because | want to exclusively evalwsted development options | have
chosen earlier. A second solution to this waterpeablem is to reduce production rate
of high water cut OPs, especially after productstarts declining. Therefore, | have

changed the necessary code in ECLIPSE to shut ds¢ violating water cut OPs. The

results of this costless optimization are presemtddble 6.4 below. NPV has increased

from $ 5,210 MM to $ 6,376 MM, and the PVR has @aged from $ 65 MM to $ 88

MM.

TABLE 6.4-INFILL DRILLING ECONOMIC EVALUATION FOR T HE 10% INCREMENT GOAL AFTER ECONOMIC

OPTIMIZATION
Time |Gross  |CAPEX|OPEX |Total |Cash Present |Present
Income Cost  |Flow Walue CAPEX Val.

vears | MMS MMS MM [MMS MW MM MM

1998] 611.11| 51.00{108.34[159.34 45177 421.28 47 56
1999] 853.72| 27.00]115.84[142 84 710.88 66290 2518
2000] 1281.86 0.00] 11387 113.87| 1167.99 94709 0.00
2001] 90595 0.00]104.04] 104.04 301.91 56543 0.00
2002| 76561 0.00] 97.58| 9758 56802 409 59 0.00
2003] 809.56 0.00] 92.50] 92460 717.06 382.31 0.00
2004] 95592 0.00] 89.34| 89.34 396.58 415 67 0.00
2005] 1189.93 0.00] 85.34| 85.34| 110459 445 31 0.00
2006] 123638 0.00] 81.83] 81.83] 115455 404.74 0.00
2007] 122974 0.00] 77.71 77.71| 1152.03 351.18 0.00
2008| 1668.38 0.00] 7489 74.89| 159349 422 40 0.00
2009 908.30 0.00| 7272 7272 33558 192 60 0.00
2010] 1462 37 0.00] 67.93| 67.93] 139444 279.50 0.00
2011 916.55 0.00] B576| G576 350.79 148.29 0.00
20121 99110 0.00] 6206 6206 929.04 14080 0.00
2013] 1475 48 0.00] 5983 59.83| 141561 186.56 0.00

[NPV MMS | 6,375.66 |

IPVR

87.66 |
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Modeling and Optimization
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As a conclusion, the final optimal development plam infill drilling option, is
to increase field oil production 10% and maintdirihie longest period of time using
infill drilling is:

» Drilling 7 OPs according to the drilling scheduleegented inTable 6.1, and
according to the well locations specifiedrig. 6.22.

» Drilling 2 new WIs and converting PNO8 to a thiréter injector according to
the drlling schedule presentedT@able 6.1, and according to the well locations
specified inFig. 6.22.

» Shutting the OPs that significantly contribute lte bver al water cut increase of
the field.

Those results and the economic optimization loap ibwstrated in the IRDW
(Fig. 6.28, 6.29, and6.30).

The IRD team has to repeat the steps of the foligwiwo stages; the
development options and technical optimization efelopment plan stagé&i@. 6.14)
and the economic evaluation stagég( 6.26) for all other 3 development options. This
will lead to finding the optimum development plaw £ach development option for one
goal. The whole process is then repeated to gebgltimum development plan for each
development option for the second goal. Upon cotimgethe economical evaluation
stage for all development options and goals thentewves to the final selection stage.
In the final selection stage the team economiaaiypares all development options and

selects the optimum.



109

CHAPTER VII

RESULTS, FINAL SELECTION, AND DISCUSSION

7.1 Results

Table 7.1 below, summarizes the final results of the Fairbeld development.

The development plans are summarized below.

TABLE 7.1-FINAL ECONOMIC EVALUATION OF FAIROOZ FIEL D DEVELOPMENT

Development goal | Yardstick Development option
Infill Shutoffs Gaslift ESP
10% Increase MNPV MM | 6,375.66 | 594116 | 6,284 39 | 5.914.74
PVR 8766 | 25774.93 | 1,684 32 792 86
Maintain Plateau MNPV MM | 514938 | 5914.95 | 6.311.93 [ 5.9358.31
PVR 16692 | 2566131 | 1.692.20 796.02

Infill drilling
1. 10% increment goal
a. Drilling 7 OPs and 2 WI
b. Converting a shut-in OP to a WI

c. Shutting the OP that contributes the most toward WC

2. Maintain plateau goal
a. Drilling 3 OPs
b. Converting a shut-in OP to a WI

c. Shutting the OP that contributes the most toward WC

Gaslift
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1. 10% increment goal
a. After 6 months of production start tieing-in theOPs, which are not
gaslifted, to the gaslift line
b. Shutting the OP that contributes the most toward WC
2. Maintain plateau goal
a. After 11 months of production start tieing-in theOfs, which are not
gaslifted, to the gaslift line

b. Shutting the OP that contributes the most toward WC
ESP

1. 10% increment goal
a. After 2 months of production start installing thangps to the 4 OPs,
which are not artificially lifted.
b. Shutting the OP that contributes the most toward WC
2. Maintain plateau goal
a. After 2 months of production start installing thangps to the 4 OPs,
which are not artificially lifted
b. Shutting the OP that contributes the most toward WC

Please note that the ESPs are installed at the samaefor both development
goals. That is due to the different ESP designd tmeeach goal.

Water shutoffs

1. 10% increment goal

Shutting the perforations the contribute the mastewcut in the OPs
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2. Maintain plateau goal
Shutting the perforations the contribute the mastewcut in the OPs

7.2  Final selection
7.2.1 The development option for each developmeal g
7.2.1.1 10% increment

The development option of choice for the 10% inarmgoal is gaslift.
Although gaslift did not get the highest NPV noe thighest PVR, but its NPV ($ 6,285
MM) is very close to the infill drilling’s highetiPV ($ 6,376 MM) with a difference of
$ 90 MM. It also has the second highest PVR, urilid drilling which has the lowest
PVR. Gaslift overall performance on the selecteddstacks makes it the optimal
development option for this particular goal.
7.2.1.2 Maintaining the plateau

The development option of choice for the maintdatgau goal is gaslift also. Its
NPV ($ 6,312 MM) was the highest among all othetians. It, also, has the second
highest PVR. Therefore, gaslift's overall perforrcanon the economical evaluation
yardsticks makes it the optimal development optince again.
7.2.2 The development goal

Since gaslift was the optimal development option doth goals, selecting the
optimal development goal becomes relatively eaSike development goal that has the
highest gaslift NPV is the optimal one. Thus, maimng the plateau is the optimal

development goal.
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Based on the results presented above, my recomt@mda to maintain the
current field plateau with gaslift.
7.3  Discussion

The IRDW leads to viewing the economic evaluatisnaa optimization loop,
and a final decision making tool, as it was cleaibyne in 6.2.2 and 6.2.3. If economic
evaluation is considered as an economic evaluatibyy not further optimization would
have been done to infill drilling. Consequentlwibuld have had a lower NPV.

To further illustrate how IRDW guides to viewintgeteconomic evaluation as an
optimization loop, | will compare different evaluat processes and show how
misleading their decisions are. | will perform th@mparison on the 10% increment goal
with infill drilling, gaslift, and ESP the develogmt options. The first process totally
ignores economic evaluation, the second one usasortc evaluation as a decision
making tool, and the third process is the one RBW adapts; using the economic

evaluation as an optimization loop and a decisiaking tool.

TABLE 7.2-HOW EACH DEVELOPMENT OPTION IS RANKED WIT H DIFFERENT EVALUATION CRITERIA

10% Goal No economic evaluation |Economic evaluation as | Economic evaluation as an optimization
a decision making tool |loop and an economic evaluation tool

Cumulative Plateau

oll production |time NPV PVR NPV PVR

MM STB Days MM $nam
Infill 435 1650 5,210 65 6,376 83
Gaslift 425 510 5,367 553 6,284 1,685
ESP 402 330 5,071 353 5,915 793

Best
Second best
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Table 7.2 shows that when no economic evaluation is perfdimte
development option that has the highest producatenbecomes the most favorable. Not
considering the economic evaluation is misleadingd avrong. However, just
considering the economic evaluation as a decisiakimy tool is misleading too. The
final evaluation inTable 7.2 considered the economic evaluation as an optimizat
loop, and | believe it is the most accurate wayltoeconomic evaluation, because it
reflects reality the most. For example, let us assthat gaslift was chosen based on the
second method (using economic evaluation as jdstesion making tool), thus the high
water cut was not considered as a problem at the ¢f the development. Then when
water cut increases to a value near 80% a new a@veint team may form and evaluate
this “new” problem, while they could have anticipatt and found its solution long time
ago.

After completing the study and making the recomna¢inds, there is one
guestion to ask: what could have lead to the goeeratl performance of gaslift,
especially against infill drilling for the 10% irement goal?

The relatively lower CAPEX and OPEX in gaslift ééspment plan played a
major role in its overall good economical performm@nin fact, there is no doubt that
infill drilling supersedes gaslift in terms of praction. Infill drilling maintained the
plateau 3 times longer than gaslift, and it produt® MM STB more oil than gaslift
(Table 7.2). However, the final decision had to come throtlgheconomical evaluation
yardsticks specified. Gaslift has a lower CAPEXgdo the total number of gaslift

candidates (4 OPs) and their existing completidhN&lson OPs were gaslifted except
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4 OPs, thus gaslift option could not be performadore than 4 wells. However, infill
drilling options had more candidates, because ¢ livaited by the 9 available slots on
the platform. In addition, all existing OPs in Far share the same typical Nelson
completion that has gaslift valves installed algeathis means that the actual cost to
gaslift an OP in Fairooz is the cost of tie-in (@ry small cost when compared to
drilling), and the maximum possible CAPEX equals tle-in cost of 4 wells. On the
other hand, gaslift has a lower OPEX too. The Gadkvelopment plan resulted in
relatively lower oil, gas, and water productionesgtwith respect to the infill drilling
development planHg. 7.1). Therefore, gaslift OPEX is lower than infill timng,
because OPEX is calculated as a cost per stanaduche. Please refer tbable 7.3
below for a CAPEX and OPEX comparison between betrelopment options.

In this study | have illustrated the importancepefforming a comprehensive
evaluation to a particular development goal, antlale presented a method that
organizes this process and leads to the optimadldpment plan and development goal

if implemented correctly.

TABLE 7.3—-CAPEX AND OPEX COMPARISON BETWEEN INFILL DRILLING AND GASLIFT DEVELOPMENT
OPTION FOR THE 10% INCREMENT GOAL

10% Goal CAPEX OPEX
FPresent Value|Present Value
3 MM 3 MM

Infill 73 691

Gaslift 4 620

Difference’ 69 71

* Infill - Ga=lift
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CHAPTER VI

CONCLUSIONS

8.1 Conclusions
8.1.1 IRDW leads to optimal development plan aptiheal development goal

The IRDW leads the IRD team to selecting the optipramary development
plan between the different development plans ituatas. Each development plan paces
through a loop of thorough technical and economegaluations and optimizations, and
the comparative nature of the IRDW favors the negsinomical one.

The IRDW also leads to selecting the optimal dgwelent goal, if the operating
company requires evaluating more than one goal.
8.1.2 Data analysis: the most important stage®tRDW

Although the IRDW leads to selecting the optimatelepment plan, the selected
plan is not the absolute optimum unless the teaatuates all applicable development
options. The need to evaluate all applicable ogtimghlights the importance of the data
analysis stage, in the IRDW. If the IRD team pearfsithe data analysis step in the data
analysis stage correctly, it will identify all apgdble development options. Therefore,
the evaluation will be comprehensive. Furthermaalecting the development tools,
which form the 1AM, takes place in this stage. Té&lection process depends on
available data analysis. If the IRD team does eotopm the data analysis step correctly,
it might not be able to select the right evaluattonl. In fact, selecting the wrong

evaluation tool leads to less accurate resultsnability to evaluate some applicable
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development options. Therefore, the IRD team muast gxtra attention to this stage
because of the critical decisions it takes during i
8.1.3 The IRDW helps reducing development plantimg

The IRDW shortens the overall planning time beeatideads the IRD team to
evaluate only applicable (technical and economioptjons. The team does not waste
any time evaluating technically or economically magical options. In addition, the
IRDW bases its final development plan selectioreconomical evaluation. This assures
that the development plan would not be uneconomidating implementation.
Furthermore, the IRDW relies of an IAM. As a resuhle IRDW does not require
frequent manual boundary conditions updates to apsiurate results because the
integration is done in real-time. On the other hahé time wasting routine of manual
data entry is required for nonintegrated modelgetivaccurate predictions.
8.2 Future work

Although this IRDW specifically deals with primadevelopment of black oil
fields, similar workflows could be developed fottural gas, gas condensate, volatile oll,
heavy oil, and unconventional oil or gas fields.abidition, similar workflows, such as
the IRDW, could be modified to target specific cmtees of black oil fields. For

example, a workflow that specializes in maturedfigévelopment.
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APPENDIX A
THE BASE CASE AND THE INFILL DRILLING OPTION FOR TH 10%

INCREMENT DEVELOPMENT GOAL ECLIPSE MODELS

| have used ECLIPSE to build the reservoir modeltfie whole project. For this
project my interaction with ECLIPSE passes throtgh stages, model building and
result viewer. The first screen that appears wh€hIBSE is first launched is shown in
(Fig. A-1). In that screen the user can run the model hdslie(ECLIPSE button), and
the user can view the results of the model he/seated (Office button). In this
Appendix, | will illustrate how I built the reseriranodel and the IAM for the base case

and the infill drilling 10% incremental.

= ECLIPSE Simulation Software Launcher 2009.1 (Apr 09) BE E:
ECLIPSE ‘ E300 FrontSim FloGrid ‘ DOffice Flaiz SCaL ‘ SimOpt ‘ FTi ‘ Pseudo SIS ‘ Wli_nodgnw
: 3 sLb
GRID GRAF Schedule WFFi { Manuals | License Exit
: ] Tl

Software installed under Chacl

The Horme directory is chechhome

The Tools directory is Checlitools\pc
Master config file chechmacrosiconfig.ecl
Input file suffix = LMK

The Granite driver numberis 49

BOOKSHELF = pdf
The OS Lewvelis Windows P

Lkd_LICENSE_FILE = 2701 2{&pe-license patamu.adu
B/4/2010 4:35:23 PM
Staring ECLIFSE Office 2009.2 in directory hiymy documentsiresearcheclipse

Starting the 2009.2 Software hanuals Bookshelf

Fig. A-1-ECLIPSE main window
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Any model built in ECLIPSE100 is based on the failog sections: RUNSPEC,
GRID, EDIT, PROPS, REGIONS, SOLUTION, SUMMARY, a®CHEDULE. The
RUNSPEC section allocates memory and specifiesrgemmdel parameters. The GRID
section provides necessary information to calcufaiee volume and transmissibility.
The EDIT section carries adjustments to the GRIEtise output. The PROPS section
provides pressure and saturation-dependent prepesfithe reservoir fluid and rocks.
The REGIONS section assigns variable propertiethéoreservoir. The SOLUTION
section finds the initial conditions of the simudat The SUMMARY section specifies
the variables to be written in the output. Findhg SCHEDULE section is one of the
most important sections in ECLIPSE because itessérction that enables integration. It
also controls surface faculties and wells

Below is the base case of Fairooz field. The irdiilling 10% increment case
has two kinds of added data. The first kind onhts lbase case data, and the second one
works with it. The data that omits the base casa @acolored in red, and the data that
works with the existing data is colored in greehisTmodel is the history matched IAM
too, and the integration keywords are underlinedther words, to read the data file for
the base case reservoir model only, omit the umeetland red texts. However, if you
would like to read the data file for the base d#@dd, omit the red text only. The same
applied to infill drilling. If you would like to \ew the 1AM data file for infill drilling,
read the data file with the underlined text, omdgtithe base case data with the red

colored text, reading both data with the greenrealdext.

*Schlumberger course notes: ECLIPSE Blackoil ResieiSimulation, training and exercise guide, vemsioO.
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T

TITLE
-- Fairooz field base case

-- turn on end point scaling option

ENDSCALE
/
-- make initial solutions stable for fine-grid metd
EQLOPTS
QUIESC/
-- define tracer dimensions (we are trasing aquifeater)
TRACERS
-- oil-tracer water-tracer gas tracer
0 1 0 /
DIMENS
--NX NY NZ
24 25 6/

-- Specifies phases present: oil, water, gas arssdived gas

OIL
GAS
WATER
DISGAS

-- Field units to be used
FIELD

WELLDIMS

---------- UPPER LIMITS ---snmmeemmmea

- WELLS CONN/WELL GROUPS WELLS/GROUP
30 20 30 15/
38 20 38 30/

TABDIMS

--- EXACT --- ---- UPPER LIMIT ---

-- SAT PVT SAT-NODE PVT-NODE
23 4 23 20 /
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START
-- Represents the starting time of this study
--DD MMM YYYY

01 FEB 1994/

UNIFOUT generate single "unified" output file
UNIFIN read single "unified" restart file

-- define aquifer dimensions

AQUDIMS

-- analytical-aquifer max-connection-block
4* 1 600/

-- Specifies the size of the stack for Newton itévas

NSTACK

100/

VEPPDIMS

151 10101023/

TOPS
600*7370/

-- Specifies the length of the cell in the X direm: 1,000 ft
DX
3600*1000 /

-- Specifies the length of the cell in the Y direwt: 1,300 ft
DY
3600*1300/

-- Specifies the length of the cell in the Z dirémt: 36 ft
Dz

3600*30 /

/

-- import the Active cells from external file
INCLUDE
'IncludeS\MariACTNUM.GRDECL"/



BOX
124 125 16/

-- Specifies absolute permeability in the X dirextt 300 mD (Maximum Value)
PERMX

3600*300

/

-- Specifies absolute permeability in the Y dir@cti 300 mD (Maximum Value)
PERMY

3600*300

/

-- Same as horizontal value
PERMZ

3600*300

/

-- Specifies porosity: 20%
PORO

3600*.20

/

ENDBOX

-- Refining the grid arround each well

CARFIN

-- Name 1112 J1J2 K1K2 NX NY NZ
'‘NO2' 88 171715 11 11 10/

/

ENDFIN

CARFIN

-- Name 1112 J1J2 K1K2 NX NY NZ
'‘NO5' 44 121215 11 11 10/

/

ENDFIN

CARFIN

-- Name 1112 J1J2 K1K2 NX NY NZ
'N10' 55 1616 15 11 11 10/

/

ENDFIN
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CARFIN

-- Name
‘N15'

/

ENDFIN

CARFIN
-- Name
'N16y'
/
ENDFIN

CARFIN
-- Name
'NO3y'
/
ENDFIN

CARFIN

-- Name
'NO8'

/

ENDFIN

CARFIN
-- Name
'‘N12'

/
ENDFIN

CARFIN
-- Name
'‘A01"

/
ENDFIN

CARFIN
-- Name
'‘A02'

/
ENDFIN

CARFIN

1112 J1J2

K1 K2 NX NY NZ

33 101015 11 11 10/

1112 J1J2

K1 K2 NX NY NZ

66 141415 11 11 10/

1112 J1J2

K1 K2 NX NY NZ

1515 1616 1 5 11 11 10/

112 J1J2
1515 1818

112 J1J2
1818 1818

112 J1J2
1818 2222

112 J1J2
1919 2323

K1 K2 NX NY NZ
15 11 11 10/

K1 K2 NX NY NZ
15 11 11 10/

K1 K2 NX NY NZ
15 11 11 10/

K1 K2 NX NY NZ
15 11 11 10/
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-- Name
'‘A03'

/

ENDFIN

CARFIN
-- Name
'‘A04

/
ENDFIN

CARFIN

-- Name
‘NO1'

/

ENDFIN

CARFIN
-- Name
'NO4'
ENDFIN

CARFIN
-- Name
'NO6'

/
ENDFIN

CARFIN
-- Name
'NO7"

/
ENDFIN

CARFIN
-- Name
'N13'

/
ENDFIN

CARFIN
-- Name
'NO9'

/

1112
20 20

1112
20 20

1112
1313

1112
19 19

1112
16 16

1112
18 18

1112
2121

1112
12 12

J1J2 K1K2 NX

NY NZ

20201 5 11 11 10/

J1J2 K1K2 NX

NY NZ

2222 15 11 11 10/

J1J2 K1K2 NX
99 15 11 11

J1J2 K1K2 NX
77 15 11 11

J1J2 K1K2 NX
44 15 11 11

J1J2 K1K2 NX
5515 1111

J1J2 K1K2 NX
99 15 1111

J1J2 K1K2 NX

NY NZ
10 /

NY NZ
10 /

NY NZ
10 /

NY NZ
10 /

NY NZ
10 /

NY NZ

111115 11 11 10/
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ENDFIN

CARFIN

-- Name
'N17'

/

ENDFIN

CARFIN

-- Name
'N18'

/

ENDFIN

CARFIN

-- Name
'N19'

/

ENDFIN

CARFIN
-- Name
'N20'

/
ENDFIN

CARFIN
-- Name
'N21'

/
ENDFIN

CARFIN
-- Name
'FO1'

/
ENDFIN

CARFIN
-- Name
'FO2'

/
ENDFIN

1112 J1J2 K1K2 NX NY NZ
55 55 15 11 11 10/

1112 J1J2 K1K2 NX NY NZ
1313 1313 15 11 11 10/

1112 J1J2 K1K2 NX NY NZ
1212 22 15 11 11 10/

1112 J1J2 K1K2 NX NY NZ
1212 77 15 11 11 10/

1112 J1J2 K1K2 NX NY NZ
66 88 15 11 11 10/

1112 J1J2 K1K2 NX NY NZ
0909 1111 15 11 11 10/

1112 J1J2 K1K2 NX NY NZ
1616 99 15 11 11 10/
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CARFIN

-- Name 1112 J1J2 K1K2 NX NY NZ
'FO3' 1010 8 8 15 11 11 10/

/

ENDFIN

CARFIN

-- Name 1112 J1J2 K1K2 NX NY NZ
'FO4' 1616 1212 15 11 11 10/

/

ENDFIN

CARFIN

-- Name 1112 J1J2 K1K2 NX NY NZ
'FO5' 1111 55 15 11 11 10/

/

ENDFIN

CARFIN

-- Name 1112 J1J2 K1K2 NX NY NZ
'FO6' 1818 8 8 15 11 11 10/

/

ENDFIN

CARFIN

-- Name 1112 J1J2 K1K2 NX NY NZ
'FO7' 1010 1414 15 11 11 10/

/

ENDFIN

-- Specifies what is to be written in the GRID outfile

RPTGRID

11111000/

-- export initial properties (PERMX, etc.) to *.IN file

-- for 2D/3D disply

INIT

-- export grid geometry to *.GRID (old) or *.EGRIDnew) file

-- for 2D/3D display

GRIDFILE
-- Grid-file
0

(old) Egrid-file (new)
1 /0 = no output; loatput
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-- export properties to *.PRT (print file)
-- for data check

RPTGRID

TRANX ALLNNC /

EDIT S ——

L]

-- define tracer properties
-- 1. tracer name is limited to 3 characters
-- 2. each ECLIPSE model can have up to 50 tracers
-- 3. tracer is passive, it doesn't change fluidoperties
TRACER
-- tracer-name phase
AQW WAT / AQW is water tracer in ageif
/

--Oil PVT Data
PVTO
- Rs p Bo Viso

--(Mscf/stb) (psia) (rb/stb) (cp)
0.027 14.700 1.13224 0.82124
0.183 570.252 1.22024 0.55858
0.380 1125.81 1.33097 0.43013
0.457 1666.31 1.37085 0.40350
2236.92 1.35812 04124
2792.48 1.34986 0452
3348.03 1.34437 04B5
3903.59 1.34046 06&22
4459.14 1.33753 0ZBB4
5014.70 1.33526 0®:®9
/ null record terminates table 1 Central
0.027 14.700 1.12467 0.83825
0.191 570.252 1.21643 0.55604
0.399 1125.81 1.33189 0.42040
0.556 1906.43 1.41585 0.38206
2236.92 1.41001 0388
2792.48 1.39909 O0m1n1
3348.03 1.39184 0238
3903.59 1.38668 0.4595
4459.14 1.38281 0.5D42
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5014.70 1.37981 0.5419
/ null record terminates table 2 Eastern
0.027 14.700 1.13509 0.81482
0.182 570.252 1.22175 0.55087
0.377 1125.81 1.33081 0.42R20
0.448 1666.31 1.36818 0.40413
2236.92 1.35604 @32
2792.48 1.34787 Q8%
3348.03 1.34243 0485
3903.59 1.33855 0323
4459.14 1.33565 656
5014.70 1.33340 0830
/ null record terminates table 3 Western
0.027 14.700 1.13746 0.78858
0.183 570.252 1.22481 0.53/736
0.380 1125.81 1.33473 0.42000
0.455 1672.44 1.37586 0.39348
2236.92 1.36250 @x1
2792.48 1.35412 Q@A
3348.03 1.34855 Q@G
3903.59 1.34458 0%D9
4459.14 1.34161 O0%9
5014.70 1.33930 0393
/ null record terminates table 4 Southern

--Gas PVT Data

PVDG

- P Bg Visg

-- (psia) (rb/Mscf) (cp)
14.700 234.73600 0.012530
570.252 5.53200 0.013340
1125.810 2.56463 0.014960
1681.360 1.60741 0.017500
2236.920 1.18060 0.020830
2792.480 0.96221 0.024510
3348.030 0.83712 0.028180
3903.590 0.75820 0.031660
4459.140 0.70436 0.034900
5014.700 0.66529 0.037900

/ null record terminates table 1 Central
14.700 236.35700 0.012296
570.252 5.47452 0.013204
1125.810 2.48143 0.015151
1681.360 1.52939 0.018388



2236.920
2792.480
3348.030
3903.590
4459.140
5014.700

1.12418
0.92655
0.81650
0.74788
0.70111
0.66697

0.022646
0.027189
0.031533
0.035514
0.039129
0.042428

/ null record terminates table 2 Eastern
14.700 234.76100 0.012618
570.252 5.55878 0.013394

1125.810
1681.360
2236.920
2792.480
3348.030
3903.590
4459.140
5014.700

2.59216
1.63212
1.19944
0.97526
0.84575
0.76366
0.70758
0.66689

0.014938
0.017317
0.020413
0.023863
0.027341
0.030673
0.033797
0.036703

/ null record terminates table 3 Western
14.700 234.77000 0.012724
570.252 5.56834 0.013608

1125.810
1681.360
2236.920
2792.480
3348.030
3903.590
4459.140
5014.700

2.60195
1.64093
1.20625
0.98004
0.84896
0.76573
0.70882
0.66754

0.015207
0.017584
0.020598
0.023914
0.027249
0.030452
0.033464
0.036276

/ null record terminates table 4 Southern

-- define water PVT table

PVTW

-- P-ref Bw
3200 1.013
3400 1.013
3200 1.013
3200 1.013

Cw

Vw Cvw

2.74E-6 0.4 [/ null recoaiminates table 1 Central
2.74E-6 0.4 /null recoaiminates table 2 Eastern
2.74E-6 0.4 [/ null recoaiminates table 3 Western
2.74E-6 0.4 /null recoadminates table 4 Southern

-- define surface density of each phase

GRAVITY

- OIL WATER GAS

40.1 1.07 0.852/ null record terminates lmh Central
39.2 1.07 1.012/ null record terminates @ Eastern
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40.3 1.07 0.827 / null record terminates @B Western
40.8 1.07 0.838/ null record terminates @l Southern

-- define rock compressibility

ROCK
-- P-ref
3200
3400
3200
3200

Cr

2.81E-6 / null record terminates taldle
2.82E-6 / null record terminates talde
2.80E-6 / null record terminates talde
2.81E-6 / null record terminates taldle

-- define saturation functions
--Oil-Water Saturation Table Data
-- typical well sorted sand stone

SWOF

-- Sw
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.80
0.95

Krw  Krow Pcow
0.0000 1.0000 45.0
0.0002 0.9946 30.0
0.0020 0.9848 15.0
0.0066 0.9226 6.5
0.0156 0.8441 6.0
0.0305 0.7670 5.5
0.0527 0.6931 5.0
0.0837 0.6201 4.5
0.1250 0.5305 4.0
0.1780 0.4506 3.5
0.2441 0.3863 3.0
0.4219 0.2175 2.0
1.0000 0.0000 0.5

/ end of table 1

0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.80
0.95

0.0000 1.0000 45.0
0.0002 0.9946 30.0
0.0020 0.9848 15.0
0.0066 0.9226 6.5
0.0156 0.8441 6.0
0.0305 0.7670 5.5
0.0527 0.6931 5.0
0.0837 0.6201 4.5
0.1250 0.5305 4.0
0.1780 0.4506 3.5
0.2441 0.3863 3.0
0.4219 0.2175 2.0
1.0000 0.0000 0.5
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/ end of table 2

0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.80
0.95

0.0000
0.0002
0.0020
0.0066
0.0156
0.0305
0.0527
0.0837
0.1250
0.1780
0.2441
0.4219
1.0000

/ end of table 3

0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.80
0.95

0.0000
0.0002
0.0020
0.0066
0.0156
0.0305
0.0527
0.0837
0.1250
0.1780
0.2441
0.4219
1.0000

/ end of table 4

0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.80
0.95

0.0000
0.0002
0.0020
0.0066
0.0156
0.0305
0.0527
0.0837
0.1250
0.1780
0.2441
0.4219
1.0000

/ end of table 5

0.20

0.0000

1.0000
0.9946
0.9848
0.9226
0.8441
0.7670
0.6931
0.6201
0.5305
0.4506
0.3863
0.2175
0.0000

1.0000
0.9946
0.9848
0.9226
0.8441
0.7670
0.6931
0.6201
0.5305
0.4506
0.3863
0.2175
0.0000

1.0000
0.9946
0.9848
0.9226
0.8441
0.7670
0.6931
0.6201
0.5305
0.4506
0.3863
0.2175
0.0000

1.0000

45.0
30.0
15.0
6.5
6.0
5.5
5.0
4.5
4.0
3.5
3.0
2.0
0.5

45.0
30.0
15.0
6.5
6.0
5.5
5.0
4.5
4.0
3.5
3.0
2.0
0.5

45.0
30.0
15.0
6.5
6.0
5.5
5.0
4.5
4.0
3.5
3.0
2.0
0.5

45.0
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0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.80
0.95

0.0002
0.0020
0.0066
0.0156
0.0305
0.0527
0.0837
0.1250
0.1780
0.2441
0.4219
1.0000

/ end of table 6

0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.80
0.95

0.0000
0.0002
0.0020
0.0066
0.0156
0.0305
0.0527
0.0837
0.1250
0.1780
0.2441
0.4219
1.0000

/ end of table 7

0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.80
0.95

0.0000
0.0002
0.0020
0.0066
0.0156
0.0305
0.0527
0.0837
0.1250
0.1780
0.2441
0.4219
1.0000

/ end of table 8

0.20
0.25
0.30

0.0000
0.0002
0.0020

0.9946
0.9848
0.9226
0.8441
0.7670
0.6931
0.6201
0.5305
0.4506
0.3863
0.2175
0.0000

1.0000
0.9946
0.9848
0.9226
0.8441
0.7670
0.6931
0.6201
0.5305
0.4506
0.3863
0.2175
0.0000

1.0000
0.9946
0.9848
0.9226
0.8441
0.7670
0.6931
0.6201
0.5305
0.4506
0.3863
0.2175
0.0000

1.0000
0.9946
0.9848
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30.0
15.0
6.5
6.0
5.5
5.0
4.5
4.0
3.5
3.0
2.0
0.5

45.0
30.0
15.0
6.5
6.0
5.5
5.0
4.5
4.0
3.5
3.0
2.0
0.5

45.0
30.0
15.0
6.5
6.0
5.5
5.0
4.5
4.0
3.5
3.0
2.0
0.5

45.0
30.0
15.0



0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.80
0.95

0.0066
0.0156
0.0305
0.0527
0.0837
0.1250
0.1780
0.2441
0.4219
1.0000

/ end of table 9

0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.80
0.95

/ end of table 10

0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.80
0.95

/ end of table 11

0.0000
0.0002
0.0020
0.0066
0.0156
0.0305
0.0527
0.0837
0.1250
0.1780
0.2441
0.4219
1.0000

0.0000
0.0002
0.0020
0.0066
0.0156
0.0305
0.0527
0.0837
0.1250
0.1780
0.2441
0.4219
1.0000

0.9226
0.8441
0.7670
0.6931
0.6201
0.5305
0.4506
0.3863
0.2175
0.0000

1.0000
0.9946
0.9848
0.9226
0.8441
0.7670
0.6931
0.6201
0.5305
0.4506
0.3863
0.2175
0.0000

1.0000
0.9946
0.9848
0.9226
0.8441
0.7670
0.6931
0.6201
0.5305
0.4506
0.3863
0.2175
0.0000

0.20 0.0000 1.0000
0.25 0.0002 0.9946
0.30 0.0020 0.9848
0.35 0.0066 0.9226
0.40 0.0156 0.8441

6.5
6.0
5.5
5.0
4.5
4.0
3.5
3.0
2.0
0.5

45.0
30.0
15.0
6.5
6.0
5.5
5.0
4.5
4.0
3.5
3.0
2.0
0.5

45.0
30.0
15.0
6.5
6.0
5.5
5.0
4.5
4.0
3.5
3.0
2.0
0.5

45.0
30.0
15.0
6.5
6.0
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0.45
0.50
0.55
0.60
0.65
0.70
0.80
0.95

/ end of table 12

0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.80
0.95

/ end of table 13

0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.80
0.95

/ end of table 14

0.20
0.25
0.30
0.35
0.40
0.45
0.50

0.0305
0.0527
0.0837
0.1250
0.1780
0.2441
0.4219
1.0000

0.0000
0.0002
0.0020
0.0066
0.0156
0.0305
0.0527
0.0837
0.1250
0.1780
0.2441
0.4219
1.0000

0.0000
0.0002
0.0020
0.0066
0.0156
0.0305
0.0527
0.0837
0.1250
0.1780
0.2441
0.4219
1.0000

0.0000
0.0002
0.0020
0.0066
0.0156
0.0305
0.0527

0.7670
0.6931
0.6201
0.5305
0.4506
0.3863
0.2175
0.0000

1.0000
0.9946
0.9848
0.9226
0.8441
0.7670
0.6931
0.6201
0.5305
0.4506
0.3863
0.2175
0.0000

1.0000
0.9946
0.9848
0.9226
0.8441
0.7670
0.6931
0.6201
0.5305
0.4506
0.3863
0.2175
0.0000

1.0000
0.9946
0.9848
0.9226
0.8441
0.7670
0.6931

5.5
5.0
4.5
4.0
3.5
3.0
2.0
0.5

45.0
30.0
15.0
6.5
6.0
5.5
5.0
4.5
4.0
3.5
3.0
2.0
0.5

45.0
30.0
15.0
6.5
6.0
5.5
5.0
4.5
4.0
3.5
3.0
2.0
0.5

45.0
30.0
15.0
6.5
6.0
5.5
5.0
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0.55 0.0837 0.6201
0.60 0.1250 0.5305
0.65 0.1780 0.4506
0.70 0.2441 0.3863
0.80 0.4219 0.2175
0.95 1.0000 0.0000

/ end of table 15

0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.80
0.95

/ end of table 16

0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.80
0.95

/ end of table 17

0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60

0.0000
0.0002
0.0020
0.0066
0.0156
0.0305
0.0527
0.0837
0.1250
0.1780
0.2441
0.4219
1.0000

0.0000
0.0002
0.0020
0.0066
0.0156
0.0305
0.0527
0.0837
0.1250
0.1780
0.2441
0.4219
1.0000

0.0000
0.0002
0.0020
0.0066
0.0156
0.0305
0.0527
0.0837
0.1250

1.0000
0.9946
0.9848
0.9226
0.8441
0.7670
0.6931
0.6201
0.5305
0.4506
0.3863
0.2175
0.0000

1.0000
0.9946
0.9848
0.9226
0.8441
0.7670
0.6931
0.6201
0.5305
0.4506
0.3863
0.2175
0.0000

1.0000
0.9946
0.9848
0.9226
0.8441
0.7670
0.6931
0.6201
0.5305

4.5
4.0
3.5
3.0
2.0
0.5

45.0
30.0
15.0
6.5
6.0
5.5
5.0
4.5
4.0
3.5
3.0
2.0
0.5

45.0
30.0
15.0
6.5
6.0
5.5
5.0
4.5
4.0
3.5
3.0
2.0
0.5

45.0
30.0
15.0
6.5
6.0
5.5
5.0
4.5
4.0
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0.65 0.1780 0.4506
0.70 0.2441 0.3863
0.80 0.4219 0.2175
0.95 1.0000 0.0000

/ end of table 18

0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.80
0.95

/ end of table 19

0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.80
0.95

/ end of table 20

0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70

0.0000
0.0002
0.0020
0.0066
0.0156
0.0305
0.0527
0.0837
0.1250
0.1780
0.2441
0.4219
1.0000

0.0000
0.0002
0.0020
0.0066
0.0156
0.0305
0.0527
0.0837
0.1250
0.1780
0.2441
0.4219
1.0000

0.0000
0.0002
0.0020
0.0066
0.0156
0.0305
0.0527
0.0837
0.1250
0.1780
0.2441

1.0000
0.9946
0.9848
0.9226
0.8441
0.7670
0.6931
0.6201
0.5305
0.4506
0.3863
0.2175
0.0000

1.0000
0.9946
0.9848
0.9226
0.8441
0.7670
0.6931
0.6201
0.5305
0.4506
0.3863
0.2175
0.0000

1.0000
0.9946
0.9848
0.9226
0.8441
0.7670
0.6931
0.6201
0.5305
0.4506
0.3863

3.5
3.0
2.0
0.5

45.0
30.0
15.0
6.5
6.0
5.5
5.0
4.5
4.0
3.5
3.0
2.0
0.5

45.0
30.0
15.0
6.5
6.0
5.5
5.0
4.5
4.0
3.5
3.0
2.0
0.5

45.0
30.0
15.0
6.5
6.0
5.5
5.0
4.5
4.0
3.5
3.0
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0.80 0.4219 0.2175
0.95 1.0000 0.0000
/ end of table 21

0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.80
0.95

0.0000
0.0002
0.0020
0.0066
0.0156
0.0305
0.0527
0.0837
0.1250
0.1780
0.2441
0.4219
1.0000

1.0000
0.9946
0.9848
0.9226
0.8441
0.7670
0.6931
0.6201
0.5305
0.4506
0.3863
0.2175
0.0000

/ end of table 22

0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.80
0.95

0.0000
0.0002
0.0020
0.0066
0.0156
0.0305
0.0527
0.0837
0.1250
0.1780
0.2441
0.4219
1.0000

1.0000
0.9946
0.9848
0.9226
0.8441
0.7670
0.6931
0.6201
0.5305
0.4506
0.3863
0.2175
0.0000

/ end of table 23
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2.0
0.5

45.0
30.0
15.0
6.5
6.0
5.5
5.0
4.5
4.0
3.5
3.0
2.0
0.5

45.0
30.0
15.0
6.5
6.0
5.5
5.0
4.5
4.0
3.5
3.0
2.0
0.5

--Gas-0il Saturation Table Data

SGOF

- Sg
0.00
0.06
0.10
0.14
0.19
0.24
0.29
0.33
0.37

Krg Krog Pcog

0.000
0.000
0.000
0.000
0.002
0.006
0.013
0.035
0.061

1.000
0.525
0.375
0.213
0.106
0.042
0.011
0.001
0.000

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0



0.80
/-1
0.00
0.06
0.10
0.14
0.19
0.24
0.29
0.33
0.37
0.80
[--2
0.00
0.06
0.10
0.14
0.19
0.24
0.29
0.33
0.37
0.80
/--3
0.00
0.06
0.10
0.14
0.19
0.24
0.29
0.33
0.37
0.80
/--4
0.00
0.06
0.10
0.14
0.19
0.24
0.29
0.33
0.37

0.900

0.000
0.000
0.000
0.000
0.002
0.006
0.013
0.035
0.061
0.900

0.000
0.000
0.000
0.000
0.002
0.006
0.013
0.035
0.061
0.900

0.000
0.000
0.000
0.000
0.002
0.006
0.013
0.035
0.061
0.900

0.000
0.000
0.000
0.000
0.002
0.006
0.013
0.035
0.061

0.000

1.000
0.525
0.375
0.213
0.106
0.042
0.011
0.001
0.000
0.000

1.000
0.525
0.375
0.213
0.106
0.042
0.011
0.001
0.000
0.000

1.000
0.525
0.375
0.213
0.106
0.042
0.011
0.001
0.000
0.000

1.000
0.525
0.375
0.213
0.106
0.042
0.011
0.001
0.000

0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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0.80
/--5
0.00
0.06
0.10
0.14
0.19
0.24
0.29
0.33
0.37
0.80
/-6
0.00
0.06
0.10
0.14
0.19
0.24
0.29
0.33
0.37
0.80
[--7
0.00
0.06
0.10
0.14
0.19
0.24
0.29
0.33
0.37
0.80
/--8
0.00
0.06
0.10
0.14
0.19
0.24
0.29
0.33
0.37

0.900

0.000
0.000
0.000
0.000
0.002
0.006
0.013
0.035
0.061
0.900

0.000
0.000
0.000
0.000
0.002
0.006
0.013
0.035
0.061
0.900

0.000
0.000
0.000
0.000
0.002
0.006
0.013
0.035
0.061
0.900

0.000
0.000
0.000
0.000
0.002
0.006
0.013
0.035
0.061

0.000

1.000
0.525
0.375
0.213
0.106
0.042
0.011
0.001
0.000
0.000

1.000
0.525
0.375
0.213
0.106
0.042
0.011
0.001
0.000
0.000

1.000
0.525
0.375
0.213
0.106
0.042
0.011
0.001
0.000
0.000

1.000
0.525
0.375
0.213
0.106
0.042
0.011
0.001
0.000

0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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0.80
/--9
0.00
0.06
0.10
0.14
0.19
0.24
0.29
0.33
0.37
0.80
/--10
0.00
0.06
0.10
0.14
0.19
0.24
0.29
0.33
0.37
0.80
/--11
0.00
0.06
0.10
0.14
0.19
0.24
0.29
0.33
0.37
0.80
[--12
0.00
0.06
0.10
0.14
0.19
0.24
0.29
0.33
0.37

0.900

0.000
0.000
0.000
0.000
0.002
0.006
0.013
0.035
0.061
0.900

0.000
0.000
0.000
0.000
0.002
0.006
0.013
0.035
0.061
0.900

0.000
0.000
0.000
0.000
0.002
0.006
0.013
0.035
0.061
0.900

0.000
0.000
0.000
0.000
0.002
0.006
0.013
0.035
0.061

0.000

1.000
0.525
0.375
0.213
0.106
0.042
0.011
0.001
0.000
0.000

1.000
0.525
0.375
0.213
0.106
0.042
0.011
0.001
0.000
0.000

1.000
0.525
0.375
0.213
0.106
0.042
0.011
0.001
0.000
0.000

1.000
0.525
0.375
0.213
0.106
0.042
0.011
0.001
0.000

0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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0.80
/--13
0.00
0.06
0.10
0.14
0.19
0.24
0.29
0.33
0.37
0.80
/--14
0.00
0.06
0.10
0.14
0.19
0.24
0.29
0.33
0.37
0.80
/--15
0.00
0.06
0.10
0.14
0.19
0.24
0.29
0.33
0.37
0.80
/--16
0.00
0.06
0.10
0.14
0.19
0.24
0.29
0.33
0.37

0.900

0.000
0.000
0.000
0.000
0.002
0.006
0.013
0.035
0.061
0.900

0.000
0.000
0.000
0.000
0.002
0.006
0.013
0.035
0.061
0.900

0.000
0.000
0.000
0.000
0.002
0.006
0.013
0.035
0.061
0.900

0.000
0.000
0.000
0.000
0.002
0.006
0.013
0.035
0.061

0.000

1.000
0.525
0.375
0.213
0.106
0.042
0.011
0.001
0.000
0.000

1.000
0.525
0.375
0.213
0.106
0.042
0.011
0.001
0.000
0.000

1.000
0.525
0.375
0.213
0.106
0.042
0.011
0.001
0.000
0.000

1.000
0.525
0.375
0.213
0.106
0.042
0.011
0.001
0.000

0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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0.80
/--17
0.00
0.06
0.10
0.14
0.19
0.24
0.29
0.33
0.37
0.80
/--18
0.00
0.06
0.10
0.14
0.19
0.24
0.29
0.33
0.37
0.80
/--19
0.00
0.06
0.10
0.14
0.19
0.24
0.29
0.33
0.37
0.80
/--20
0.00
0.06
0.10
0.14
0.19
0.24
0.29
0.33
0.37

0.900

0.000
0.000
0.000
0.000
0.002
0.006
0.013
0.035
0.061
0.900

0.000
0.000
0.000
0.000
0.002
0.006
0.013
0.035
0.061
0.900

0.000
0.000
0.000
0.000
0.002
0.006
0.013
0.035
0.061
0.900

0.000
0.000
0.000
0.000
0.002
0.006
0.013
0.035
0.061

0.000

1.000
0.525
0.375
0.213
0.106
0.042
0.011
0.001
0.000
0.000

1.000
0.525
0.375
0.213
0.106
0.042
0.011
0.001
0.000
0.000

1.000
0.525
0.375
0.213
0.106
0.042
0.011
0.001
0.000
0.000

1.000
0.525
0.375
0.213
0.106
0.042
0.011
0.001
0.000

0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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0.80 0.900 0.000

/--21

0.00 0.000 1.000
0.06 0.000 0.525
0.10 0.000 0.375
0.14 0.000 0.213
0.19 0.002 0.106
0.24 0.006 0.042
0.29 0.013 0.011
0.33 0.035 0.001
0.37 0.061 0.000
0.80 0.900 0.000

[ --22

0.00 0.000 1.000
0.06 0.000 0.525
0.10 0.000 0.375
0.14 0.000 0.213
0.19 0.002 0.106
0.24 0.006 0.042
0.29 0.013 0.011
0.33 0.035 0.001
0.37 0.061 0.000
0.80 0.900 0.000

/--23

-- export end points to *.INIT file

-- for 2D/3D display

FILLEPS

-- export a warning message if PVT table extrapadet happens

EXTRAPMS
1/

REGIONS

-- import the saturation regions from external file

INCLUDE

'IncludeS\FairoozZSATNUM.GRDECL"'/

SOLUTION

0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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-- initialize the reservoir by equilibration
-- accuracy=0 for block-center method
-- accuracy is > or <0 for fine-grid method
-- DATUM is calculated backwards from OWC per Regio
EQUIL
-- DATUM P@DATUM OWC PC@OWC GOC PC@GOGVR RVVD
Accuracy (N)
7370 3200 7550 O 1* 1* n* 10 |/

-- initial solution GOR (Rs) vs depth
RSVD
-- DEPTH Rs
-- (ft) (Mscf/stb)
7370 0.457
8615 0.457
/

-- export initial solutions (pressure, So, Sw, Rg) to restart file
-- for 2D/3D display or restart cases

RPTRST

BASIC=2/

-- define Fetkovich aquifer

AQUFETP

--ID DEPTH PRESSURE VOLUME Ct(Cw+Cr) PI PVTW
1 7581 1* 1E+16 1E-5 2061 /

-- connect the aquifer to the bottom of the reseirvo
AQUANCON
- 1D 11-12 J1-J2 K1-K2 PHACE
1 12412566 K+/
/

-- initial concentration of AQW tracer in a grid lck

-- 1. TBLK = prefix; F=free state (could be disseld state); AQW=name
-- 2. Concentration is dimensionless, defined a£@yax

TBLKFAQW

3600*1 /

-- initial concentration of AQW tracer in the aquér

AQANTRC

-- aquifer-ID tracer-name tracer-concentration
1 AQW 1.0 /

/



SUMMARY  <-memmmmmcemee e

-- import pre-defined vectors
INCLUDE
'Includes\Fairooz<SUMMARY'.INC'/

SCHEDULE  --nmemmmemmmemmeem e e

INCLUDE
'Includes\PROSPER\GLPO1.Ecl/
INCLUDE
'Includes\PROSPER\GLPO2.Ecl/
INCLUDE
'Includes\PROSPER\GLPO03.Ecl/
INCLUDE
'Includes\PROSPER\GLPO04.Ecl/
INCLUDE
'Includes\PROSPER\GLPO5.Ecl/
INCLUDE
'Includes\PROSPER\GLPO06.Ecl'/
INCLUDE
'Includes\PROSPER\GLPOQO7.Ecl/
INCLUDE
'Includes\PROSPER\GLPO08.Ecl'/
INCLUDE
'Includes\PROSPER\GLP09.Ecl/
INCLUDE
'Includes\PROSPER\GLP10.Ecl/
INCLUDE
'Includes\PROSPER\GLP12.Ecl/
INCLUDE
'Includes\PROSPER\GLP13.Ecl/
INCLUDE
'Includes\PROSPER\GLP15.Ecl/
INCLUDE
'Includes\PROSPER\GLP16.Ecl/
INCLUDE
'Includes\PROSPER\GLP17.Ecl/
INCLUDE
'Includes\PROSPER\GLP18.Ecl/
INCLUDE
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'Includes\PROSPER\GLP19.Ecl/
INCLUDE
'Includes\PROSPER\GLP20.Ecl/
INCLUDE
'Includes\PROSPER\GLP21.Ecl/
INCLUDE
'Includes\PROSPER\GLAOQL1.Ecl/
INCLUDE
'Includes\PROSPER\GLAQ2.Ecl/
INCLUDE
'Includes\PROSPER\GLAQO3.Ecl/
INCLUDE
'Includes\PROSPER\GLAQ4.Ecl/

-- export solutions to restart file at each repargj step
RPTRST
BASIC=3 FREQ=1/

RPTSCHED
WELLS=5 CPU=2/

-- drill wells

-- 1. well & group name is limited to 8 charactefso space)

-- 2. 1 Jis located at reservoir top

-- 3. BHP-depth is defaulted to mid depth of top sh@ompletions
WELSPECL

--WELL GROUP L-GROUP | J BHP-deptPHASE

PNO2 West NO2 6 6 73700IL /
PNO5 West NO5 6 6 73700IL /
PN10 West N10 6 6 73700IL /
PN15 West N15 6 6 73700IL /
PN16y West N16y 6 6 73700IL /
PNO3y South NO3y 6 6 73700IL /
PNO8 South NO8 66 73700IL /
PN12 South N12 66 73700IL /
PAOL South AO01 66 73700IL /
PAO2 South A02 66 73700IL /
PAO3 South AO03 66 73700IL /
PAO4 South A04 66 73700IL /
PNO1 East NO1 66 73700IL /
PNO4 East NO4 66 73700IL /
PNO6 East NO6 66 73700IL /
PNO7 East NO7 66 73700IL /
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PN13 East N13 6 6 73700IL /

PNO9 Central N0O9 6 6 73700IL /
PN17 Central N17 6 6 73700IL /
PN18 Central N18 6 6 73700IL /
PN19 Central N19 6 6 73700IL /
PN20 Central N20 6 6 73700IL /
PN21 Central N21 6 6 73700IL /
PFO1 West FO1 6 6 73700IL /
PF02 East FO02 6 6 73700IL /

PFO3 Central FO3 6 6 7370 OIL /

PFO4 East FO04 6 6 73700IL /

PFO5 Central FO5 6 6 7370 OIL /

PFO6 East FO06 6 6 73700IL /

PFO7 Central FO7 6 6 7370 OIL /
/

WELSPECS

--WELL GROUP | J BHP-depth PHASE
IN1ly East 172 1* WATER /
IN23 East 2314 1* WATER /
IN14 West 2 7 1% WATER /
IN22 South 1119 1* WATER /
IFO1 South 1410 1* WATER /
IFO2 Centeral 6 2 1* WATER /
IFO3 South 1518 1* WATER /

/

-- complete wells

COMPDATL

-- Well L-GRID | J K1-K2 Status Sat CPBiam kh Skin D direc
PNO2 NO2 6 613 OPEN 1* ©»¥708 1* -3 1* z /
PNO2 NO2 6 635 OPEN 1* »#708 1* -3 1* z /
PNO2 NO2 6 658 OPEN 1* »#708 1* -3 1* z /
PNO2 NO2 6 6 8 10 OPEN 1* o»*708 1* -3 1* z /
PNO5 NO5 6 613 OPEN 1* »#708 1* -3 1* z /
PNO5 NO5 6 6 35 OPEN 1* »#708 1* -3 1* z /
PNO5 NO5 6 658 OPEN 1* »#708 1* -3 1* z /
PNO5 NO5 6 6 8 10 OPEN 1* o»*708 1* -3 1* z /
PN10 N10O 6613 OPEN 1* »708 1* -3 1* z /
PN10 N10 6 635 OPEN 1* »#708 1* -3 1* z /
PN10 N10O 6 658 OPEN 1* »708 1* -3 1* z /
PN10 N10 6 6 8 10 OPEN 1* ™»*708 1* -3 1* z /
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PN15 N15 6613 OPEN 1* 0708 1* -3 1* z |/
PN15 N15 6635 OPEN 1* ©#708 1* -3 1* z |/
PN15 N15 6 658 OPEN 1* 0708 1* -3 1* z |/
PN15 N15 6 6 8 10 OPEN 1* 0708 1* -3 1* z /
PN16y N1y 6 6 1 3 OPEN 1* ©*708 1* -3 1* z /
PN16y N1y 6 6 3 5 OPEN 1* 0*708 1* -3 1* z /
PN16y N1y 6 6 58 OPEN 1* ©*708 1* -3 1* z /
PN16y N1y 6 6 8 10 OPEN 1* 0¥708 1* -3 1* z /
PNO3y NO3y 6 6 1 3 OPEN 1* 0*708 1* -3 1* z /
PNO3y NO3y 6 6 3 5 OPEN 1* ©#708 1* -3 1* z /
PNO3y NO3y 6 6 58 OPEN 1* 0*708 1* -3 1* z /
PNO3y NO3y 6 6 8 10 OPEN 1* 0¥708 1* -3 1* z /
PNO8 NO8 6613 OPEN 1* ©#708 1* -3 1* z |/
PNO8 NO8 6 6 35 OPEN 1* 0708 1* -3 1* z |/
PNO8 NO8 6 658 OPEN 1* 0#708 1* -3 1* z |/
PNO8 NO8 6 6 8 10 OPEN 1* 0708 1* -3 1* z /
PN12 N12 6613 OPEN 1* 0708 1* -3 1* z |/
PN12 N12 66 35 OPEN 1* ©#708 1* -3 1* z |/
PN12 N12 6 658 OPEN 1* 0708 1* -3 1* z |/
PN12 N12 6 6 810 OPEN 1* 0708 1* -3 1* z /
PAO1 AO1 6613 OPEN 1* ©»#708 1* -3 1* z /
PAO1 AO1 6635 OPEN 1* ©#708 1* -3 1* z /
PAO1 AO1 6 658 OPEN 1* ©#708 1* -3 1* z /
PAO1 AO1 6 6 8 10 OPEN 1* 0¢708 1* -3 1* z /
PAO2 AO02 6613 OPEN 1* ©#708 1* -3 1* z /
PAO2 AO02 66 35 OPEN 1* ©»#708 1* -3 1* z /
PAO2 AO02 6 658 OPEN 1* ©#708 1* -3 1* z /
PAO2 AO02 6 6 8 10 OPEN 1* 0#708 1* -3 1* z /
PAO3 AO03 6613 OPEN 1* ©#708 1* -35 1* z /
PAO3 AO03 6 6 35 OPEN 1* ©#708 1* -35 1* z /
PAO3 AO03 6 658 OPEN 1* ©#708 1* -35 1* z /
PAO3 AO03 6 6 8 10 OPEN 1* 0*708 1* -3.5 1* z /
PAO4 A04 6613 OPEN 1* ©#708 1* -3 1* z /
PAO4 AO04 66 35 OPEN 1* ©»#708 1* -3 1* z /
PAO4 A04 6 658 OPEN 1* ©#708 1* -3 1* z /
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PN18
PN18
PN18
PN18
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10 OPEN

3 OPEN
5 OPEN
8 OPEN
10 OPEN

3 OPEN
5 OPEN
8 OPEN
10 OPEN

3 OPEN
5 OPEN
8 OPEN
10 OPEN

3 OPEN
5 OPEN
8 OPEN
10 OPEN

3 OPEN
5 OPEN
8 OPEN
10 OPEN

3 OPEN
5 OPEN
8 OPEN
10 OPEN

3 OPEN
5 OPEN
8 OPEN
10 OPEN

3 OPEN
5 OPEN
8 OPEN
10 OPEN

3 OPEN
5 OPEN

1*

1*

1*

1*
1*

1*

1*

1*
1*

1*

1*

1*
1*

1*

1*

1*
1*

1*

1*

1*
1*

1*

1*

1*
1*

1*

1*

1*
1*

1*

1*

1*
1*

1*
1*

0708 1*

0708 1*
0x708 1*
0708 1*
0¥708 1*

0x708 1*
0708 1*
0:708 1*
0708 1*

0708 1*
0x708 1*
0708 1*
0¥708 1*

0¥708 1*
0708 1*
0¥708 1*
0708 1*

0708 1*
0¥708 1*
0708 1*
0¥708 1*

0¥708 1*
0708 1*
0¥708 1*
0708 1*

0708 1*
0¥708 1*
0708 1*
0¥708 1*

0¥708 1*
0708 1*
0¥708 1*
0708 1*

0708 1*
0¥708 1*

3 1z /

3 1*z |/
3 1z |/
3 1*z |/
3 1*z |/

3 1z |/
3 1*z |/
3 1z |/
3 1*z /

3 1*z |/
3 1z |/
3 1*z |/
3 1*z |/

3 1z |/
3 1*z |/
3 1z |/
3 1*z /

3 1*z |/
3 1z |/
3 1*z |/
3 1*z |/

3 1z |/
3 1*z |/
3 1z |/
3 1*z /

3 1*z |/
3 1z |/
3 1*z |/
3 1*z |/

3 1z |/
3 1*z |/
3 1z |/
3 1z /

35 1* z /
-35 1* z |/
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PN19 N19 6 658 OPEN 1* 0¢708 1* -35 1* z /
PN19 N19 6 6 8 10 OPEN 1* 0*708 1* -3.5 1* z /
PN20 N20 6613 OPEN 1* 0708 1* -3 1* z |/
PN20 N20 66 35 OPEN 1* ©#708 1* -3 1* z |/
PN20 N20 6 658 OPEN 1* 0708 1* -3 1* z |/
PN20 N20 6 6 8 10 OPEN 1* 0708 1* -3 1* z /
PN21 N21 6613 OPEN 1* ©#708 1* -3 1* z |/
PN21 N21 6 6 35 OPEN 1* 0708 1* -3 1* z |/
PN21 N21 6 658 OPEN 1* ©#708 1* -3 1* z |/
PN21 N21 6 6 8 10 OPEN 1* 0*708 1* -3 1* z /
PFO1 FO1 6 613 OPEN 1* D708 1* -3 1* z /
PFO1 FO1 6 635 OPEN 1* DIx708 1* -3 1* z /
PFO1 FO1 6 658 OPEN 1* 1708 1* -3 1* z /
PFO1 FO1 6 6 8 10 OPEN 1* D708 1* -3 1* z /
PF02 FO02 6613 OPEN 1* D708 1* -3 1* z /
PFO2 FO02 6 635 OPEN 1* D708 1* -3 1* z /
PF02 F02 6 658 OPEN 1* D708 1* -3 1* z /
PFO2 FO02 6 6 8 10 OPEN 1* D708 1* -3 1* z /
PFO3 FO3 6613 OPEN 1* D708 1* -3 1* z /
PFO3 FO3 6 635 OPEN 1* 1708 1* -3 1* z /
PFO3 FO3 6 658 OPEN 1* D708 1* -3 1* z /
PFO3 FO3 6 6 8 10 OPEN 1* D708 1* -3 1* z /
PFO4 FO4 6 613 OPEN 1* D708 1* -3 1* z /
PF0O4 FO4 6 6 35 OPEN 1* DTx708 1* -3 1* z /
PFO4 FO4 6 658 OPEN 1* 1708 1* -3 1* z /
PF0O4 FO4 6 6 8 10 OPEN 1* D708 1* -3 1* z /
PFO5 FO5 6613 OPEN 1* D708 1* -3 1* z /
PFO5 FO5 6 635 OPEN 1* 1708 1* -3 1* z /
PFO5 FO5 6 6 58 OPEN 1* DIr708 1* -3 1* z /
PFO5 FO5 6 6 8 10 OPEN 1* D708 1* -3 1* z /
PFO6 FO6 6613 OPEN 1* D708 1* -3 1* z /
PFO6 FO6 6 6 35 OPEN 1* D708 1* -3 1* z /
PFO6 FO6 6 658 OPEN 1* 1708 1* -3 1* z /
PFO6 FO6 6 6 8 10 OPEN 1* D708 1* -3 1* z /



OPEN 1%
OPEN 1%
OPEN 1%
0 OPEN 1*

FO7
FO7
FO7
FO7

PFO7
PFO7
PFO7
PFO7

= 00 01w

/

COMPDAT
-- Well
IN1ly 1*1*6 6 OPEN 1* 1* 0.708 11*
IN23 1*1*6 6 OPEN 1* 1* 0.708 1i*
IN14 1*1*6 6 OPEN 1* 1* 0.708 1i*
IN22 1*1*6 6 OPEN 1* 1* 0.708 1i*
IFO1 1*1*6 6 OPEN 1* 1* 0.708 11*
IF0O2 1*1*6 6 OPEN 1* 1* 0.708 1%1*
IFO3 1*1*6 6 OPEN 1* 1* 0.708 11*
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D708 1* -3 1* z /
D708 1* -3 1* z /
D708 1* -3 1* z /
D708 1* -3 1* z /

| J K1-K2 Status Sat CF Diam kBkin D direc

1* Z |/
1*
1*
1*
1*
1*
1*

NNNNNN
—_—— — o~~~

-- specifying new wells' control data before thestory matching process
-- because they are not included in the history lunde file

WCONPROD

'‘PFO1" 'SHUT' 'THP' 6*
'‘PFO2' 'SHUT' 'THP' 6*
'‘PFO3" 'SHUT' 'THP' 6*
'‘PFO4' 'SHUT' 'THP' 6*
'‘PFOS" 'SHUT' 'THP' 6*
'‘PFO6" 'SHUT' 'THP' 6*
'‘PFO7" 'SHUT' 'THP' 6*
/

160 /
10 /
200 /
20 /
200 /
40 /
30 /

115
115
115
115
115
115
115

WCONINJE
IFO1 WATER SHUT RESV 1* 14900.25 /
IFO2 WATER SHUT RESV 1* 14900.25 /
IFO3 WATER SHUT RESV 1* 14900.25 /

/

-- import production history

-- Also, specifies well controls for the producefier the history

-- Status of the well: open to production
-- Well control mode: Oil rate

-- The value set per region

INCLUDE
'Includes\FairoozHIST_ORAT.SCH'/
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WCONPROD

'PAOL1" 'OPEN' 'THP' 6* 115 11 3000/
'PA02' 'OPEN' 'THP' 6* 115 14 3000/
'PAO3" 'OPEN' 'THP' 6* 115 22 3000/
'PAO4' 'OPEN' 'THP' 6* 115 23 3000/
'PNO1" 'OPEN''THP' 6* 115 1 3000/
'PNO2' 'OPEN''THP' 6* 115 2 3000/
'PNO3y' 'OPEN' 'THP' 6* 115 3 3000/
'PNO4' 'OPEN' 'THP' 6* 115 4 3000/
'PNO5' 'OPEN''THP' 6* 115 5 3000/
'PNO6' 'OPEN' 'THP' 6* 115 6 3000/
'PNO7' 'OPEN''THP' 6* 115 7 3000/
'PNO8' 'SHUT' 'THP' 6* 115 8 0 /
'PNO9" 'OPEN' 'THP' 6* 115 9 3000/
'PN10" 'OPEN' 'THP' 6* 115 10 3000/
'PN12" 'OPEN' 'THP' 6* 115 12 3000/
'PN13' 'OPEN' 'THP' 6* 115 13 3000/
'PN15" 'OPEN''THP' 6* 115 15 3000/
'PN16y' 'OPEN' 'THP' 6* 115 16 3000/
'PN17' 'OPEN' 'THP' 6* 115 170 /
'PN18' 'OPEN' 'THP' 6* 115 18 3000/
'PN19' 'OPEN' 'THP' 6* 115 190 /
'PN20" 'OPEN' 'THP' 6* 115 200 /
'PN21" 'OPEN' 'THP' 6* 115 210 /
'PFO1' 'SHUT' 'THP' 6* 115 160 /
'PFO2' 'SHUT' 'THP' 6* 115 10 /
'PFO3' 'SHUT' 'THP' 6* 115 200 /
'PFO4' 'SHUT' 'THP' 6* 115 20 /
'PFO5' 'SHUT' 'THP' 6* 115 200 /
'PFO6' 'SHUT' 'THP' 6* 115 40 /
'PFO7" 'SHUT' 'THP' 6* 115 180 /

/

-- Specifies well controls for the injector

-- Name of the well: |

-- Status of the well: open to injection

-- Well control mode: reservoir injection rate: Thiotal water injection rate / 4 wells

-- The final record specifies target for the contrparameter: 19,591.25 reservoir
barrels/ day

-- This number came from W.I. Rate of Dec-97 (7853/d) / 4 W.I. Wells

WCONINJE
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IN11ly WATER OPEN RESV 1* 14900.25 /
IN23 WATER OPEN RESV 1* 14900.25 /
IN14 WATER OPEN RESV 1* 14900.25/
IN22 WATER OPEN RESV 1* 14900.25 /
IFO1 WATER SHUT RESV 1* 14900.25 /
IFO2 WATER SHUT RESV 1* 14900.25 /
IFO3 WATER OPEN RESV 1* 14900.25 /

GCONPROD
FIELD ORAT 126200 3* RATE /
FIELD ORAT 138820 3* RATE /
/

-- Specifies the number and length of the timestepguired: 50 timesteps of 30 days
each

TSTEP

192*30

/

TSTEP
1*50
/

WCONPROD

'PAO1" 'OPEN''THP' 6* 115 11 3000/
'PAO2' 'OPEN' 'THP' 6* 115 14 3000/
'PAO3" 'OPEN' 'THP' 6* 115 22 3000/
'PAO04' 'OPEN''THP' 6* 115 23 3000/
'PNO1' 'OPEN' 'THP' 6* 115 1 3000/
'PNO2' 'OPEN' 'THP' 6* 115 2 3000/
'PNO3y' 'OPEN' 'THP' 6* 115 3 3000/
'PNO4' 'OPEN' 'THP' 6* 115 4 3000/
'PNO5' 'OPEN' 'THP' 6* 115 5 3000/
'PNO6' 'OPEN' 'THP' 6* 115 6 3000/
'PNO7' 'OPEN' 'THP' 6* 115 7 3000/
'PNO8' 'SHUT' 'THP' 6* 115 8 0 /
'PNO9' 'OPEN' 'THP' 6* 115 9 3000/
'PN10" 'OPEN' 'THP' 6* 115 10 3000/
'PN12' 'OPEN' 'THP' 6* 115 12 3000/
'PN13' 'OPEN' 'THP' 6* 115 13 3000/
'PN15" 'OPEN' 'THP' 6* 115 15 3000/



'PN16y' 'OPEN' 'THP' 6* 115 16 3000/
'PN17' 'OPEN' 'THP' 6* 115 170 /
'PN18' 'OPEN' 'THP' 6* 115 18 3000/
'PN19' 'OPEN' 'THP' 6* 115 190 /
'PN20" 'OPEN' 'THP' 6* 115 200 /
'PN21" 'OPEN' 'THP' 6* 115 210 /
'PFO1" 'SHUT''THP' 6* 115 160 /
'PFO2' 'SHUT' 'THP'6* 115 10 /
'PFO3" 'SHUT' 'THP' 6* 115 200 /
'PFO4" 'SHUT' 'THP' 6* 115 20 /
'PFO5" 'SHUT' 'THP' 6* 115 200 /
'PFO6' 'SHUT' 'THP' 6* 115 40 /
'PFO7" 'SHUT' 'THP' 6* 115 180 /

/

WCONINJE
IN11ly WATER OPEN RESV 1* 14900.25 /
IN23 WATER OPEN RESV 1* 14900.25 /
IN14 WATER OPEN RESV 1* 14900.25 /
IN22 WATER OPEN RESV 1* 14900.25 /
IFO1 WATER OPEN RESV 1* 14900.25 /
IFO2 WATER SHUT RESV 1* 14900.25 /
IFO3 WATER OPEN RESV 1* 14900.25 /

/

TSTEP
1*50
/

WCONPROD

'PAOL1" 'OPEN' 'THP' 6* 115 11 3000/
'PAO2' 'OPEN' 'THP' 6* 115 14 3000/
'PAO3" 'OPEN' 'THP' 6* 115 22 3000/
'PAO4' 'OPEN' 'THP' 6* 115 23 3000/
'PNO1" 'OPEN''THP' 6* 115 1 3000/
'PNO2' 'OPEN' 'THP' 6* 115 2 3000/
'PNO3y' 'OPEN' 'THP' 6* 115 3 3000/
'PNO4' 'OPEN''THP' 6* 115 4 3000/
'PNO5' 'OPEN''THP' 6* 115 5 3000/
'PNO6' 'OPEN''THP' 6* 115 6 3000/
'PNO7' 'OPEN''THP' 6* 115 7 3000/
'PNO8' 'SHUT' 'THP' 6* 115 8 0 /
'PNO9" 'OPEN''THP' 6* 115 9 3000/
'PN10" 'OPEN' 'THP' 6* 115 10 3000/
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'PN12" 'OPEN' 'THP' 6* 115 12 3000/
'PN13' 'OPEN' 'THP' 6* 115 13 3000/
'PN15" 'OPEN' 'THP' 6* 115 15 3000/
'PN16y' 'OPEN' 'THP' 6* 115 16 3000/
'PN17' 'OPEN' 'THP' 6* 115 170 /
'PN18' 'OPEN' 'THP' 6* 115 18 3000/
'PN19' 'OPEN' 'THP' 6* 115 190 /
'PN20" 'OPEN' 'THP' 6* 115 200 /
'PN21" 'OPEN' 'THP' 6* 115 210 /
'PFO1" 'SHUT' 'THP' 6* 115 160 /
'PFO2" 'SHUT''THP' 6* 115 10 /
'PFO3" 'SHUT' 'THP' 6* 115 200 /
'PFO4" 'SHUT' 'THP' 6* 115 20 /
'PFO5' 'SHUT' 'THP' 6* 115 200 /
'PFO6' 'SHUT' 'THP' 6* 115 40 /
'PFO7" 'SHUT' 'THP' 6* 115 180 /

/

WCONINJE
IN11ly WATER OPEN RESV 1* 14900.25 /
IN23 WATER OPEN RESV 1* 14900.25/
IN14 WATER OPEN RESV 1* 14900.25/
IN22 WATER OPEN RESV 1* 14900.25/
IFO1 WATER OPEN RESV 1* 14900.25 /
IFO2 WATER OPEN RESV 1* 14900.25 /
IFO3 WATER OPEN RESV 1* 14900.25 /

/

TSTEP
4*40
/

WCONPROD

'PAO1" 'OPEN' 'GRUP' 6* 115 11 3000/
'PAO2" 'OPEN' 'GRUP' 6* 115 14 3000/
'PAO3" 'OPEN' 'GRUP' 6* 115 22 3000/
'PAO4" 'OPEN' 'GRUP' 6* 115 23 3000/
'PNO1' 'OPEN''GRUP' 6* 115 1 3000/
'PNO2' 'OPEN''GRUP' 6* 115 2 3000/
'PNO3y' 'OPEN' '"GRUP' 6* 115 3 3000/
'PNO4' 'OPEN''GRUP' 6* 115 4 3000/
'PNO5' 'OPEN''GRUP' 6* 115 5 3000/
'PNO6' 'OPEN''GRUP' 6* 115 6 3000/
'PNO7' 'OPEN''GRUP' 6* 115 7 3000/
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'PNO8' 'SHUT' 'GRUP' 6*
'PNO9" 'OPEN' 'GRUP' 6*
'PN10" 'OPEN' 'GRUP' 6*
'PN12' 'OPEN' 'GRUP' 6*
'PN13' 'OPEN' 'GRUP' 6*
'PN15" 'OPEN' 'GRUP' 6*

1158 0 /

115 9 3000/
115 10 3000/
115 12 3000/
115 13 3000/
115 15 3000/

'PN16y' 'OPEN' '"GRUP' 6* 115 16 3000/

'PN17'" 'OPEN' 'GRUP' 6*
'PN18' 'OPEN' 'GRUP' 6*
'PN19' 'OPEN' 'GRUP' 6*
'PN20" 'OPEN' 'GRUP' 6*
'PN21" 'OPEN' 'GRUP' 6*
'PFO1' 'OPEN' 'GRUP' 6*
'‘PFO2" 'SHUT' '"GRUP' 6*
'PFO3' 'SHUT' 'GRUP' 6*
'PFO4" 'SHUT' '"GRUP' 6*
'PFO5' 'SHUT' 'GRUP' 6*
'‘PFO6" 'SHUT' '"GRUP' 6*
'PFO7" 'SHUT' 'GRUP' 6*
/

GCONPROD

115 170 /
115 18 3000/
115 190 /
115 200 /
115 210 /
115 160 /
115 10 /
115 200 /
115 20 /
115 200 /
115 40 /
115 180 /

FIELD ORAT 138820 3* RATE/

/

TSTEP
5*10
/

WCONPROD

'PAO1" 'OPEN' 'GRUP' 6*
'PAO2' 'OPEN' 'GRUP' 6*
'PAO3" 'OPEN' 'GRUP' 6*
'‘PAO4' 'OPEN' 'GRUP' 6*
'PNO1' 'OPEN' 'GRUP' 6*
'PNO2' 'OPEN' 'GRUP' 6*

115 11 3000/
115 14 3000/
115 22 3000/
115 23 3000/
115 1 3000/
115 2 3000/

'PNO3y' 'OPEN' '"GRUP' 6* 115 3 3000/

'PNO4' 'OPEN' 'GRUP' 6*
'PNO5' 'OPEN' 'GRUP' 6*
'PNO6' 'OPEN' 'GRUP' 6*
'PNO7' 'OPEN' 'GRUP' 6*
'PNO8' 'SHUT' 'GRUP' 6*
'PNO9" 'OPEN' 'GRUP' 6*
'PN10" 'OPEN' 'GRUP' 6*

115 4 3000/
115 5 3000/
115 6 3000/
115 7 3000/
1158 0 /

115 9 3000/
115 10 3000/
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'PN12' 'OPEN''GRUP' 6* 115 12 3000/
'PN13' 'OPEN''GRUP' 6* 115 13 3000/
'PN15" 'OPEN''GRUP' 6* 115 15 3000/
'PN16y' 'OPEN' '"GRUP' 6* 115 16 3000/
'PN17' 'OPEN''GRUP' 6* 115 170 /
'PN18' 'OPEN' 'GRUP' 6* 115 18 3000/
'PN19' 'OPEN''GRUP' 6* 115 190 /
'PN20" 'OPEN''GRUP' 6* 115 200 /
'PN21" 'OPEN''GRUP' 6* 115 210 /
'PFO1' 'OPEN''GRUP' 6* 115 160 /
'PFO2" 'OPEN''GRUP'6* 115 10 /
'PFO3' 'SHUT''GRUP' 6* 115 200 /
'PFO4" 'SHUT''GRUP'6* 115 20 /
'PFO5' 'SHUT''GRUP' 6* 115 200 /
'PFO6' 'SHUT''GRUP'6* 115 40 /
'PFO7' 'SHUT''GRUP' 6* 115 180 /

/

GCONPROD
FIELD ORAT 138820 3* RATE /
/

TSTEP
4*15
/

WCONPROD

'PAO1" 'OPEN' 'GRUP' 6* 115 11 3000/
'PAO2" 'OPEN' 'GRUP' 6* 115 14 3000/
'PAO3" 'OPEN' 'GRUP' 6* 115 22 3000/
'PAO4" 'OPEN' 'GRUP' 6* 115 23 3000/
'PNO1' 'OPEN''GRUP' 6* 115 1 3000/
'PNO2' 'OPEN''GRUP' 6* 115 2 3000/
'PNO3y' 'OPEN' '"GRUP' 6* 115 3 3000/
'PNO4' 'OPEN''GRUP' 6* 115 4 3000/
'PNO5' 'OPEN''GRUP' 6* 115 5 3000/
'PNO6' 'OPEN''GRUP' 6* 115 6 3000/
'PNO7' 'OPEN''GRUP' 6* 115 7 3000/
'PNO8' 'SHUT''GRUP'6* 115 8 0 /
'PNO9' 'OPEN''GRUP' 6* 115 9 3000/
'PN10" 'OPEN''GRUP' 6* 115 10 3000/
'PN12' 'OPEN''GRUP' 6* 115 12 3000/
'PN13' 'OPEN''GRUP' 6* 115 13 3000/
'PN15' 'OPEN''GRUP' 6* 115 15 3000/
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'PN16y' 'OPEN' '"GRUP' 6* 115 16 3000/
'PN17' 'OPEN''GRUP' 6* 115 170 /
'PN18' 'OPEN''GRUP' 6* 115 18 3000/
'PN19' 'OPEN''GRUP' 6* 115 190 /
'PN20" 'OPEN''GRUP' 6* 115 200 /
'PN21" 'OPEN''GRUP' 6* 115 210 /
'PFO1" 'OPEN''GRUP' 6* 115 160 /
'PF0O2' 'OPEN''GRUP'6* 115 10 /
'PFO3' 'OPEN''GRUP' 6* 115 200 /
'PF04" 'SHUT''GRUP'6* 115 20 /
'PFO5' 'SHUT''GRUP' 6* 115 200 /
'PFO6' 'SHUT''GRUP'6* 115 40 /
'PFO7' 'SHUT''GRUP' 6* 115 180 /
/
GCONPROD

FIELD ORAT 138820 3* RATE /
/

TSTEP
6*10
/

WCONPROD

'PAO1" 'OPEN' 'GRUP' 6* 115 11 3000/
'PAO2" 'OPEN' 'GRUP' 6* 115 14 3000/
'PAO3" 'OPEN' 'GRUP' 6* 115 22 3000/
'PAO4' 'OPEN' 'GRUP' 6* 115 23 3000/
'PNO1' 'OPEN''GRUP' 6* 115 1 3000/
'PNO2' 'OPEN''GRUP' 6* 115 2 3000/
'PNO3y' 'OPEN' '"GRUP' 6* 115 3 3000/
'PNO4' 'OPEN''GRUP' 6* 115 4 3000/
'PNO5' 'OPEN''GRUP' 6* 115 5 3000/
'PNO6' 'OPEN''GRUP' 6* 115 6 3000/
'PNO7' 'OPEN''GRUP' 6* 115 7 3000/
'PNO8' 'SHUT''GRUP'6* 115 8 0 /
'PNO9' 'OPEN''GRUP' 6* 115 9 3000/
'PN10" 'OPEN''GRUP' 6* 115 10 3000/
'PN12' 'OPEN''GRUP' 6* 115 12 3000/
'PN13' 'OPEN''GRUP' 6* 115 13 3000/
'PN15' 'OPEN''GRUP' 6* 115 15 3000/
'PN16y' 'OPEN' '"GRUP' 6* 115 16 3000/
'PN17' 'OPEN''GRUP' 6* 115 170 /
'PN18' 'OPEN' 'GRUP' 6* 115 18 3000/
'PN19' 'OPEN''GRUP' 6* 115 190 /
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'PN20" 'OPEN' 'GRUP' 6*
'PN21" 'OPEN' 'GRUP' 6*
'PFO1' 'OPEN' 'GRUP' 6*
'PFO2" 'OPEN' 'GRUP' 6*
'PFO3' 'OPEN' 'GRUP' 6*
'PFO4" 'OPEN' 'GRUP' 6*
'PFO5' 'SHUT' 'GRUP' 6*
'‘PFO6" 'SHUT' '"GRUP' 6*
'PFO7" 'SHUT' 'GRUP' 6*
/

GCONPROD

115
115

200 /
210 /

115 160 /

115

10 /

115 200 /

115

20 /

115 200 /

115

40 /

115 180 /

FIELD ORAT 138820 3* RATE /

/

TSTEP
6*10
/

WCONPROD

'PAO1" 'OPEN' 'GRUP' 6*
'PAO2' 'OPEN' 'GRUP' 6*
'PAO3" 'OPEN' 'GRUP"' 6*
'‘PAO4' 'OPEN' 'GRUP' 6*
'PNO1' 'OPEN' 'GRUP' 6*
'PNO2' 'OPEN' 'GRUP' 6*

115
115
115
115
115
115

11 3000/
14 3000/
22 3000/
23 3000/
1 3000/
2 3000/

'PNO3y' 'OPEN' '"GRUP' 6* 115 3 3000/
'PNO4' 'OPEN''GRUP' 6* 115 4 3000/

'PNO5' 'OPEN' 'GRUP' 6*
'PNO6' 'OPEN' 'GRUP' 6*
'PNO7' 'OPEN' 'GRUP' 6*
'PNO8' 'SHUT' 'GRUP' 6*
'PNO9" 'OPEN' 'GRUP' 6*
'PN10" 'OPEN' 'GRUP' 6*
'PN12' 'OPEN' 'GRUP' 6*
'PN13" 'OPEN' 'GRUP' 6*
'PN15' 'OPEN' 'GRUP' 6*

'PN16y' 'OPEN' '"GRUP' 6* 115 16 3000/

115
115
115
115
115
115
115
115
115

5 3000/
6 3000/
7 3000/
8 0 /

9 3000/
10 3000/
12 3000/
13 3000/
15 3000/

'PN17' 'OPEN''GRUP' 6* 115 170 /
'PN18' 'OPEN' 'GRUP' 6* 115 18 3000/
'PN19' 'OPEN''GRUP' 6* 115 190 /
'PN20" 'OPEN''GRUP' 6* 115 200 /
'PN21" 'OPEN''GRUP' 6* 115 210 /
'PFO1' 'OPEN''GRUP' 6* 115 160 /
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'PFO2' 'OPEN' 'GRUP' 6*
'PFO3" 'OPEN' 'GRUP' 6*
'PFO4' 'OPEN' 'GRUP' 6*
'PFOS" 'OPEN' 'GRUP' 6*
'PFO6' 'OPEN' 'GRUP' 6*
'‘PFO7" 'SHUT' '"GRUP' 6*
/

GCONPROD

115 10 /
115 200 /
115 20 /
115 200 /
115 40 /
115 180 /

FIELD ORAT 138820 3* RATE /

/

TSTEP
6*10
/

WCONPROD

'PAO1" 'OPEN' 'GRUP' 6*
'PAO2" 'OPEN' 'GRUP' 6*
'PAO3" 'OPEN' 'GRUP' 6*
'PAO4" 'OPEN' 'GRUP' 6*
'PNO1" 'OPEN' 'GRUP' 6*
'PNO2' 'OPEN' 'GRUP' 6*

115 11 3000/
115 14 3000/
115 22 3000/
115 23 3000/
115 1 3000/
115 2 3000/

'PNO3y' 'OPEN' '"GRUP' 6* 115 3 3000/

'PNO4' 'OPEN' 'GRUP' 6*
'PNO5' 'OPEN' 'GRUP' 6*
'PNO6" 'OPEN' 'GRUP' 6*
'PNO7' 'OPEN' 'GRUP' 6*
'PNO8' 'SHUT' 'GRUP' 6*
'PNO9" 'OPEN' 'GRUP' 6*
'PN10" 'OPEN' 'GRUP' 6*
'PN12' 'OPEN' 'GRUP' 6*
'PN13' 'OPEN' 'GRUP' 6*
'PN15" 'OPEN' 'GRUP' 6*

115 4 3000/
115 5 3000/
115 6 3000/
115 7 3000/
1158 0 /

115 9 3000/
115 10 3000/
115 12 3000/
115 13 3000/
115 15 3000/

'PN16y' 'OPEN' '"GRUP' 6* 115 16 3000/

'PN17' 'OPEN' 'GRUP' 6*
'PN18' 'OPEN' 'GRUP' 6*
'PN19" 'OPEN' 'GRUP' 6*
'PN20" 'OPEN' 'GRUP' 6*
'PN21" 'OPEN' 'GRUP' 6*
'PFO1' 'OPEN' 'GRUP' 6*
'‘PFO2" 'OPEN' 'GRUP' 6*
'PFO3' 'OPEN' 'GRUP' 6*
'PFO4" 'OPEN' 'GRUP' 6*

115 170 /
115 18 3000/
115 190 /
115 200 /
115 210 /
115 160 /
115 10 /
115 200 /
115 20 /
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'PFO5' 'OPEN' 'GRUP' 6* 115 200 /
'PFO6' 'OPEN''GRUP' 6* 115 40 /
'PFO7" 'OPEN' 'GRUP' 6* 115 180 /
/

GCONPROD

FIELD ORAT 138820 3* RATE /
/

TSTEP
50*90

END
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APPENDIX B

BUILDING PROSPER MODEL FOR NO1

PROSPER consists of five sections: options summBiT data, IPR data,

equipment data (which splits to artificial lift amdjuipment data sections if the well is

artificially lifted), and analysis summary.

[ o

Fig. B-1-PROSPER main window

Below is the input parameters for the options samynsection based on the

information collected during the information gatihgrand data analysis stages.
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System Summary (GLP01.0ut)

Daone | LCancel | FReport | Export | Help ‘ Datestamp ‘ ‘
—Fluid Description —Calculation Type
Fluid | 0l and 'water - Predict | Pressure and Temperature [offshore] |
tethad ‘Black oil j todel ‘Hnugh Approimation j
Flange ‘Ful\ Syztem ﬂ
Separator ‘TworStage Separatar j Output ‘ShDW caloulating data j
Ermulsions ‘ND j
Hydrates ‘Enable ‘W aring ﬂ
" ater Yiscosiy ‘Use Dretault Correlation j
Wizenosity Model ‘Nawtoman Fluid j
el i w'ell Completion
Flaw Type ‘Tubing Flaw ﬂ Type ‘Cased Hale ﬂ
wiell Type ‘Pmducer j Sand Control ‘Nnne j
—Artificial Lift 7~ Reservair
Method | Gias Lit (Cortinuous) - Inflow Type | Single Branch |
Type ‘ND Friction Loss Ih dnnulus ﬂ Gas Coning ‘ND ﬂ
—Uszer infarmatiar —Camments [Crt-Enter far new line)
Compaty ‘ Lift Gas gravity = 1.352 (Sp. gravity] J
Field [Tk Injected GLR = 0.427 Msct/STE [total Centeral area gas
‘E ‘ SlEon production / tatal Central area liquid praduction & DEC 1997)
Lozation ‘Eastam Area
wiell PO
Flatfoim ‘Nelsun
Analyst ‘Mari
Date | Sunday . Febuay 14,2010 - E

Fig. B-2-The option summary section

| entered the two-stage separator data in the P8 data window belowHjg.
B-3). Then | clicked on Match Data button to enter ¢oeresponding PVT table value
(Fig. B-4). After that, | clicked on done to go back to €T input data window and |
clicked on calculateHig. B-3). In the calculation windowHig. B-5), | specified the
correlations and the pressure and temperature satigen | clicked continue. After that,
an empty calculation results window appeared. Theclicked on calculate, and
PROSPER started the calculation process. Afteroat sthile PROSPER displays the
results in the calculation results windofid. B-6). At this stage, all needed PVT data

are calculated and available. To view the resplesgse refer td able 3.2.
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L e —
Beqgs et al -

Fig. B-3—PVT input data section

Fig. B-4—Match data window
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PVT - Automatic Calculation (GLP01.0ut) (0il - Black Oil matched)

“Yazquez-Begos -

Fig. B-5—Automatic calculation window

PYT - Calculation Results (GLPO1.0ut) (Oil - Black Oil matched)

Fig. B-6—Calculation results window

After that, | opened the gaslift input data wind@g. B-7) and entered the
gaslift gas gravity (1.012) and the gaslift vahepth calculated in Appendix-C (8646.71

feet MD). GLR is ignored at this stage becauserjeeted gas rate is going to be used
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as a variable in the VLP calculations, which issidared over the GLR value in this

window. | then clicked on done.

GASLIFT INPUT DATA (GLPO1.0ut)

864671

Fig. B-6-Gaslift input data window
After that | opened the equipment data wind&¥g(B-7) and entered all
parameters needed, based on the information gaghanid data analysis stages. | have
entered the data as illustratedHig. B-8, B-9, andB-10. After that | clicked on done in
the equipment data windowiQ. B-7)

EQUIPMENT DATA (GLPO1.0ut)

Cancel Al Edit
Export Feset Help

Fig. B-7—-Equipment data window



DOWNHOLE EQUIPMENT (GLP01.0ut)

DEVIATION SURVEY (GLP01.0ut)

Done | LCancel | Main | Help | Filker |
—Input Data
Meazured True Wertical Curnulative:
Depth Depth Displacement Angle ‘
[feet] [feet] | [feet] | [degrees]
1 |[@ 0 0 0
z 280 380 0 0
3 5476 5476 i] i]
4 BE4E.71 70615 2745.83 59.9369
[ 926371 T3 28017 B0
=1 926571 Ficral 3281.9 =1}
7
g
g
10
11
12
13
14
15
16
17
18
13
20
D <> TVD
| | Calculate |

Fig. B-8—Deviation survey window

Done | Qancel| Main | Help | Insert | Qelale| Copy | Cut | Paste | All ‘ Impgrl| Expgrl| Feport | Equipmenl|
—Input Data
Measured Tubing Tubing Tubing Tubing Casing Casing Fate
Label Type Depth Inzide Inzide Outzide Outside Inzide Inzide tuiltiplier
Diameter |Foughness| Diameter | Roughness| Diameter | Roughness
[Fest] [inches] [inches| [inches] [inches] [inches) [inches]
Hmas Tree i
Tubing 926371 4.044 0.0008 1
Casing 9265.71 7 0.0008 1

EHEEEEEHEEEEREEIENEEE

=]

Fig. B-9-Downhole equipment window
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GEOTHERMAL GRADIENT (GLPO1.0ut)

Done I Qancel| Hain | Help | Impgrt| Flot |
1nsert| Dglete| Copy | Cut | Easte| All |
—Input Data
Farmation Formation Overall Heat
Meazured Depth | Temperature Transfer
[feet) [dea F) Coefficient

E ﬁ S J BTU/hA2AF
2| [380 53 5o
Bl =5 732

n

5|

3

7

3|

3

10

11

12

13

14

15

16

17

18 g

Fig. B-10—Geothermal gradient window

By now, | have moved to the last stage of the PREFRS model, which is the
analysis summary stage. In that stage, | have ohg&® (4 variables)Kig. B-11). In
the VLP calculations window | entered current tdghpressure, water cut, and total
GOR. | have chosen Petroleum Experts 2 as thecaetift correlation (for more
information about the VLP concept, please refesdotion 1.2.2). Finally | entered the
desired oil flow rates and clicked continue. Aftbat, the select variables window
opened. In that window | entered the variables eangease note that the tophole
pressure is fixed to the separator pressure 1@0(ps). B-12). In addition, the variables
range was very broad to cover all possible scesargmnember that the VLPs that would
be generated in this stage would be integrated GhIESE. After that | clicked on

continue, and an empty VLP calculation window opkard | clicked calculate. After a



173

short while results appeared in the VLP calculatigdndow (Fig. B-13). (Fig. B-14)
illustrates the resulted VLP curves for NO1, botinves share the same GOR and water
cut (0.45 Mscf/STB and 45% respectively). Howevtlee, lower curve is gaslifted with a
5000 Mscf/day. Then | moved to exporting the geteela/LP tables to ECLIPSE by
clicking on export lift curveKig. B-13), and then the lift curve export window appeared
(Fig. B-15). |, then, selected a unique table number for NQP table, and | selected
ECLIPSE as the format of interest, and | clickeditowe. Finally, the resulted VLP

tables are now generated in a format that cantegrated into ECLIPSE.

VLP (TUBING CURVE) CALCULATIONS (GLP01.0ut) (Matched PVT)

Egntinuel Lancel | Expart | Inzert | Delete | All | ﬁenerate| Help |
—lhput Dats
Top Mode Pressure psia
‘whater Cut |50 percent
Total GOR 0.6 Mzcf/STE
Surface Equipment Conelation ‘Beggs and Brill j
Wertical Lift Comelation ‘Petroleum Experts 2 j
Fiats Type | Oil Rates |
First Mode ‘1 #mas Tree O [feet] j
Last Node |  Casing 9265.71 [feet] ~|
—Enter Rate:
Rates Rates Rates Rates
STE/day STE/day STE/day STE/day
1) | 100 §| | [s000 1| 18 ]
2| | 250 7| | |7500 12| L] 17| ]
3| | [s00 8| | [10000 130 L | 18 ]
4| | [toon 9| | [20000 14 L] | 19 ]
5| | |z500 10| || 15| | | 200 ||
Gauge Data

Gauge 1 [Measured) Depth feet
Gauge 2 [Measured) Depth feet

Fig. B-11-VLP calculation window



174

LECT VARIABLE

| e |

-
|

Fig. B-12—Select variables window



Pressure (psia)

5166.5

4223.68

3280.85

2338.02

1395.2

452.374

Fig. B-13-VLP calculations window

VLP (TUBING) CURVES (P01 06/05/10 01:29:36)
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E
Variables
Ef [T:Water Cut (percent)
2:Gaslift Gas Injection Rate (Mscf/day)
3:Total GOR (Mscf/STB)
4:First Node Pressure (psia)
il 2 4
0=5.000 0=0 0=0.1 0=114.70
1=15.000 1=100.000 | 1=0.13511
2=25.000 2=250.000 | 2=0.18254
3=35.000 3=500.000 | 3=0.24662
4=45.000 4=750.000 4=0.3332
P 5=55.000 | 5=1000.000 | 5=0.45018
6=65.000 | 6=2500.000 60822
Natural flow o 7=75.000 | 7=5000.000 82175
8=85.000 | 8=7500.000 A
\ 9=95.000 [9=10000.000 9=1.50
Gaslifted
100 4080 8060 12040 16020 20000
[ Oil Rate (STB/day) |
PVT Method Black Oil Total GOR 0.6 (Mscf/STB
Fluid Oi Bottom Measured Depth 9265.7 (feet)
Flow Type Tubing Bottom True Vertical Depth 7371.0 (feet)
Well Type Producer Surface Equi " y
e B . quipment Correlation Beggs and Brill
Attificial Lift Gas Lift (Continuous) " y "
Lift Type No Friction Loss In Annulus Vertical Lift Correlation Petroleum Experts 2
Predicting Pressure and Temperature (offshore) First Node 1 Xmas Tree 0 (feet)
Temperature Model Rough Approximation Last Node 6 Casing 9265.7 (feet)
Company
Field Nelson
Fig. B-14-Well NO1 VLP curves, with and without gas  lift
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ChevronT exaco - CHEARS
Exxontdobil - EMPOWER
CMEG - IMEX/GEM [old format)

CMG - IMEX/GEM [Releaze 200310

FIELD
EHF

Fig. B-15-Lift curve export window, for the VLP tab  les generated for NO1
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APPENDIX C

THE ECONOMIC EVALUATION

The list below represents the equations | usddilaling this economic analysis
spreadsheet.
WC = Water production *100 / (Water production # @roduction)
Fuel and flare rate reduction = 0.65 * Gas produrctate
Allocated gaslift gas rate reduction = 0.1 * Gagl#s injection rate
Gross oil produced, STB = (days/month) * (oil protilon rate, STBO/day)
Gross water produced, STB = (days/month) * (watedpction rate, STBW/day)
Gross water injected, STB = (days/month) * (watgection rate, STBW/day)
Gross gas produced, Mscf = (days/month) * (gasymton rate, Mscf/day)
Net gas production = Gross gas produced — [(daygmmit{Fuel and flare rate reduction
+ Allocated gaslift gas rate reduction)]
Gross oil income, MM$ = (oil price, $/STB) * (Groes produced, STB) / 1,000,000
Gross gas income, MM$ = (gas price, $/Mscf) * (Grgas produced, Mscf) / 1,000,000
Gross income, MM$ = Gross oil income, MM$ + Groas gncome, MM$
CAPEX is entered manually into the model
OPEX is calculated based on the flow rates
Total cost, MM$ = CAPEX, MM$ + OPEX, MM$.
Cash flow, MM$ = Gross income, MM$ - Total cost, M

Please refer to Eq.6.2 and Eq.6.3 for NPV and PylRagons.



Time Production and Injection wc Rate Reductions Gross Production and Injection Net Production Gross Income Costs Cash Flow
Days (Qil Water Gas Water Gaslift Gas |Water|Fule and |Allocated |Gross Qil |Gross Water |Gross Water | Gross Gas [Met Oil MNet Gas  [Qil Price |Gas Price|Gross Oil |Gross Gas |Gross |Gross |CAPEX Total | ESP |OPEX [Total |[Total [Cash
Time |Time per  [Production |Production |Production |Injection  |Injection |Injection  |Cut  [Flare Gas-lift gas |Produced  |Produced Injected Produced |Production |Production|infliated |Inflated  |income |Income Income |Income CAPEX Y =1 OPEX |Cost |Flow
Year Month No Month [STB/day |STB/day |Mscfiday \STB/day |Mscfiday Mscfiday |% Mscfiday Mscfiday |STB STB STB Mscf S8 Mscf S/STB |§/Mscf  [MM$ MMS MMS MMS |N=0|MMS MMS |MMS [MMS
1998 JAN 1 31| 127906 20| 71664 95| 58453 14 56000.00 000 5850000| 36%)|37994 54 58560 00] 3965092 20| 2221613 45 173600000 1812047 34| 3965092 20| 452866 57| 14 56 200} 6773 0.91 5864 1.00 0| 792
1998 FEB 2 28( 135294 60| 91658 23| 6160616 7337175 0.00) 5400000| 40%)|4004400 5400 00| 3788243 80| 256643044 205440900 1724972 48(3788248 80| 452540 37| 1371 210} 5194 095 5289 7.00 0| 794
1998 MAR 3 31| 138668 90| 81399 02| 6333755 8804231 0.00) 5400000] 37%|41169.41 5400 00/ 4298735 90| 2523369 62 2729311 61| 1963464 05(4298735 90| 519812 42 1275 220} 5481 1.14| 5595 0| 898
1998 APR 4 30| 138125 50| 89546 54| 6323533 10271650 0.00) 5400000] 39%)|41102.96 5400 00/ 4143765 00| 268639620, 3081495 00| 1897059 90( 4143765 00| 501970 97| 1315 230} 54 49 115 55 65 7.00 0| 897
1998 MAY 5 31| 138820 00| 8610057| 63247 69 102722 10 000, 5400000| 38%)|41111.00 5400.00]4303420 00| 2669117 67, 3184385 10| 1960678 39| 4303420 00| 518837 44 12 67 2 40} 54 52 1.25| 5577 0| 924
1998 JUN 6 30| 138820 00| 91923 55| 63385 46 102725 30 0.00) 5400000] 40%)4120055 5400 00] 4164600 00| 275770650, 3081759.00| 1901563 80| 4164600 00| 503547 33 11.03 2.50] 4594 126 4719 0| 904
1998 JUL 7 31| 138820 00| 9557552| 6336179 10272940 000, 5400000| 41%)|41185.16 5400.00]4303420 00| 296284112 318461140 1964215 49| 4303420 00| 520075 42 1152 2 60| 4958 135 50.93] 9.00 0| 939
1998 AUG 8 31| 136820 00| 95714 79| 6334144 10273040 000 5400000] 41%)41171.94 5400.00]4303420 00| 2967158 49) 3184642 40| 1963584 644303420 00| 519854 62 1020 2.70] 4389 1.40| 4530 9.00 0| 939
1998 SEP 9 30| 138820 00| 99826 00| 6334533 10273040 000, 5400000| 42%)41174.46 5400 00] 4164600 00| 299478000, 3081912.00| 1900359 90( 4164600 00| 503125 97| 12.44 2 80| 5181 141 5322 0| 915
1998 OCT | 10 31| 1385556 60| 101472 50| 63286 72| 10272970 000 5400000] 42%)41136.37 5400.00] 4295220 50| 3145647 50 3184620 70| 1961888 32| 42956220 50| 519260 91 11.88 290} 5103 161 5253 9.00 0| 947
1998 MOV | 11 30| 138820.00| 104572 30| 6339073 102728 40 000 5400000] 43%)|4120397 5400 00/ 4164600 00| 3137169.00 3081852 00| 1901721 90( 4164600 00| 503602 67| 10.36 2 80| 4315 141 44 56 0f 923
1998 DEC | 12 31) 138490 10| 109899 30| 63278 84 102727 20 000 5400000) 44%)4113125 5400.00]4293193 10| 3406878 30, 3184543 20| 1961644 04/4293193 10| 519175 41 564 270} 37.09 1400 3549) 61111 900/ 5100 0| 960 108 34| 159 34 451.77]
1999 | JAN 1 31| 138054.50| 110378.00| 63052.81) 102724.90 0.00/ 54000.00 44%]40984.33 5400.00]4279689.50| 3421716.00 3184471.90| 1954637.11| 4279689.50| 516722.99 9.86 260 4220 1.34) 4354 9.00 0 959
1999 |FEB 2 25| 138820.00| 110420.50| 63427.04|102723.00 0.00/ 54000.00 44%]41227.58 5400.00] 3886960.00| 3091774.00| 2876244.00) 1775957.12) 3886960.00) 470384.99 9.30 2.50] 36.15 118 37.32 0] 8.69
1999 MAR | 3 31| 138419.70| 114637.60| 63230.21) 102718.70 0.00/ 54000.00f 45%]|41099.64 5400.00]4291010.70| 3553765.60| 3184279.70| 1960136.51)4291010.70| 518647.78 12.05 2.40] Mn 1.24) 52.95 9.00 0] 9.67
1999/APR | 4 30( 138820.00| 115802.80| 63426.05) 102716.80 0.00] 54000.00f 45%]|41226.93 5400.00]4164600.00| 3474084.00| 3081504.00| 1902781.50| 4164600.00| 503973.53 14.60 2.30] 60.80 1.16) 61.96 0 939
1999 MAY | & 31| 138669.00| 120161.80| 6333531 102712.20 0.00] 54000.00] 46%]|41167.95 5400.00]14296739.00| 372501580 3184076.20| 1963394 61| 4298739.00 51978611 15.17 2.20] 65.21 1.14| 66.36 9.00 0] 977
1998 JUN 6 30| 138820.00( 121706.70| 6343168 10271180 000 5400000] 47%)|4123059 5400 00] 4164600 00| 365120100, 3081354 00| 1902950 40 4164600 00| 504032 64 1524 210} 6347 1.06| 64 53] 0| 948
1999 JUL 7| 31| 138820.00| 126765.80| 63407.60 102705.70 0.00] 54000.00] 48%|41214.94 5400.00]4303420.00| 3929739.80| 3183876.70  1965635.60)4303420.00| 520572.46 17.43 2.00] 75.01 1.04) 76.05 0] 988
1999|AUG 8 31| 138523.10| 131894.80| 63286.99 102702.60 0.00] 54000.00f 49%]|41136.54 5400.00]4294216.10| 4088738.80| 3183780.60| 1961896.69)|4294216.10| 519263.84 18.55 210 79.66 1.09 80.75 0] 9.94
1999/SEP | 9 30| 138453.80| 132602.20| 6320700 102698.70 000/ 5400000] 49%|4108455  540000/4153614 00 3978066.00 308096100 1896210.00|4153614.00| 501673.50] 2094 220 8698 110 8808 0| 963
1999/0CT | 10, 31| 138565 10| 135118 50| 63208.81| 102694 30 000/ 54000.00] 49%|4108573]  540000|4795518.10) 418867350, 3183523.30| 1959473 11| 4295516.10| 516415.58] 19.93 230] 8561 119] 86.80 0| 999
1999/NOV | 11 30| 138599 30| 13815040/ 6317367 102690.10 000/ 5400000] 50%|4106289) 540000/4157979.00) 414451200 308070300 1895210.10|4157979.00| 501323 54| 2226 240 9256 120/ 9376 0| 972
1999 DEC | 12 31| 136717.50| 141480.00/ 63155 62| 102688.10 0.00/ 54000.00] 50%|41051.15] 5400 00] 4300242 50) 4385880.00) 3183331.10) 1957824 22| 4300242 50| 517838.48] 2333 2500 10032 129 101.62| 85372 27.00 0| 10.09 115.84] 142 54 710.88]
2000 JAN 1 31| 138242 90| 142164 00| 62896 89 102684 10 000, 5400000| 51%)40882 98 5400 00] 4285529 90| 440708400, 3183207 10| 1949803 59| 4285529 90| 515031 26 241 260] 10332 1.34| 104 68| 0| 10.08
2000 FEB 2 29[ 135520 10| 145658 90| 61656 13 102679 90 0.00) 5400000] 52%)40076.43 540000/ 3930082 90| 4224108 10| 2977717.10| 1788027 77| 3930082 90| 469209 72 26.54 2.70] 104 30 1.27| 105.57] 0| 936
2000 MAR 3 31] 133934 00| 144421 60| 6090619 102677 90 000, 5400000| 52%)39589.02 5400.00]4151954 00| 4477069 60, 3183014 90| 1868091 89| 4151954 00| 493432 16 2744 2 80| 113.93 1.38| 115.31 0 991
2000 AFR 4 30| 129779 20| 146350 00| 5303676 10267610 0.00) 5400000] 53%)3837389 5400.00] 3893376.00| 439050000, 3080283.00| 1771102 80| 3893376 00| 457685 98 2299 290} 8951 1.33| 9084 0| 943
2000 MAY 5 31) 129779 20| 146350 00| 5803676 10267610 000 5400000| 53%)3837389 540000/ 4023155 20| 4536850 00, 3182959 10| 1830139 56( 4023165 20| 473148 85 26.06 2 80| 104 84 1.32| 106.17] 0| 974
2000 JUN 6 30| 126355 40| 148001.20| 57492 74 10267630 000, 5400000| 54%)3737028 5400.00] 3790662 00| 4440036 00, 3080289 00| 1724782 20| 3790662 00 441673 77| 2867 2.70] 108.30 1.19] 109 43| 0| 929
2000 JUL 7 31| 126355 40| 148001.20| 57492 74 10267630 000, 5400000| 54%)3737028 5400.00] 3917017 40| 4588037 20, 318296530 1762274 94| 3917017 40| 456396 23 2717 2 60| 106 43 1.19] 107.61 0| 960
2000 AUG 8 31| 122860 90| 151108 60| 55909 06| 102677 60 0.00] 5400000| 55%)3634089 5400 00| 3808687 90| 4684397 60, 3183005 60| 1733180 86| 3808687 90| 439213 30 2827 2.50] 107 67| 1.10| 108.77] 0| 949
2000|SEP 9 30( 122860.90| 151109.60| 5590906 102677 60 0.00/ 54000.00] 55%]|36340.89 540000 3685827 00| 4533288 00| 3080328.00| 1677271.80| 3685627 00 425045.13| 3088 2401 11382 1.02) 114 84 0 918
2000/0CT | 10 31| 119880.00| 154570.90| 54552 52| 102678 60 0.00] 54000.00] 56%]| 35459 14 5400.00] 3716280.00| 4791687 90 3183036.60| 1691128 12| 3716280.00| 424484 84|  30.01 2301 11153 098] 112.50 0 940
2000 HOV | 11 30( 119880.00| 154570.90| 54552 52| 102676 60 0.00] 54000.00] 56%]| 35459 14 540000/ 3596400.00| 4637127.00| 3080358.00| 1636575 60| 359640000 410801.46| 31.16 2201 11206 0.90| 112.97| 0] 9.09
2000 DEC | 12 31| 116719 60| 157350 00| 5310915 102680.40 000 54000.00] 57%] 3452095 5400.00] 3618307 60| 487785000 3183092.40| 1646383 65| 3618307 60 408834 28] 2550 2.10] 92.27) 086 93.13| 126186 0.00 0] 929/113.87] 113 87| 1167.99|
2001 JAN 1 31| 116719 60| 157350 00| 5310915 102680 40 000, 5400000| 57%)|34520 95 5400 00] 3616307 60| 4877850 00, 3183092 40| 1646383 65| 3618307 60| 408834 28 28.66 200} 103.70 0.82) 104 .52 0| 929
2001 FEB 2 28( 114218.30| 1617683 60| 5196190 102682 10 0.00) 5400000| 59%)33776.24 5400.00] 3196112 40| 4529940 80 2875096 60| 1454933 20( 3198112 40| 358026 62 2672 210} 8645 075 8621 0| 834
2001 MAR 3 31| 114218 30| 161783 60| 5196190 102682 10 000, 5400000| 59%)33775.24 5400 00| 3540767 30| 501529160 3183145.10| 1610818 90| 3540767 30| 396386 62 2396 220} 84 84 0.87| 8571 0| 924
2001 AFR 4 30] 110294 30| 161706 60| 50179 08| 10268330 0.00) 5400000] 59%)|32616.40 5400.00] 3306829 00| 4851198 00, 3080499.00| 1505372 40| 3308829 00| 364880 34 26.77 2 30} 6858 084 8942 0| 876
2001 MAY 5 31] 110294 30| 161706 60| 50179 08 10268330 000, 5400000| 59%)|32616.40 5400.00] 3419123 30| 5012904 60, 3183182 30| 1555651 48| 3419123 30| 377043 02 2544 2 40| 66.98 090, 8789 0| 905
2001 |JUN 6 30[ 103552.00| 159286.70| 4709673 102685 80 0.00] 54000.00] 61%| 3061287 5400.00] 3106560.00| 4778601.00| 308057400 1412901.90| 3106560 00| 332515.67| 2427 2.50] 76.40 0.83] 76.23 0 841
2001 |JUL 7 31| 103038.70| 160659.90| 4684520 102692 50 0.00/ 54000.00] 61%]| 3044938 5400.00] 3194199.70| 4980456 90| 3183467 50| 1452201.20| 3194199.70| 340870.42| 2358 2.60] 76.32 089 7621 0] 869
2001/AUG 8 31| 101642 70| 163563.70| 46260.02| 102695 30 0.00/ 54000.00] 62%]|30069.01 5400001 3150923.70| 5070474.70| 3183554 30| 1434060 62| 3150923 70| 33452122| 2408 2.70] 75.87| 050 76.78 0] 867
2001|SEP &) 30( 101064.30| 163129.70| 46004.64 102697.40 0.00/ 54000.00f 62%]29903.02 5400.00/ 3031929.00| 4893891.00) 3080922.00| 1380139.20| 3031929.00  3210456.72| 20.82 2.80] 63.12 0.90| 64.02 0] 835
2001/0CT | 10 31| 99607.61| 163091.00| 45390.14 102699.30 0.00/ 54000.00] 62%]29503.59 5400.00] 3087835.91| 5055621.00 3183678.30| 1407094.34) 3087835.91| 325083.02 19.04 2.90] 58.79 0.94] 59.74 0] 8.56
2001 /NOV | 11 30 98304.66| 162741.50| 44841.43) 102701.40 0.00/ 54000.00f 62%]29146.93 5400.00] 2949139.60| 4882245.00) 3081042.00| 1345242.90| 2949139.80| 308835.02 16.45 2.80] 48.51 0.86| 49.38 0 8.22
2001DEC | 12 31| 9753831| 163463.30| 44515.03) 102702.50 0.00] 54000.00] 63%]|28934.77 5400.00] 3023687 61| 5067362.30 3183777.50) 1379965.93) 3023687.61) 315586.08 16.21 2.70] 49.01 0.85| 49.87| 905.95 0.00 0] 8.47/104.04( 10404 801.91
2002|JAN 1 31| 96201.62| 165403.40| 4394143 102704 50 0.00/ 54000.00] 63%]| 2856193 5400.00] 2982250.22| 5127505.40| 3183839.50| 1362184 33| 2982250 22| 309364 52 16.65 260] 4965 0.80| 5046 0] 844
2002|FEB 2 23| 95307.82| 166489.70| 43540.08| 102705.80 0.00/ 54000.00f 64%]28301.05 5400.00] 2665618.96| 4661711.60| 2875762.40) 1219122.24)| 2668618.96| 275492.78 18.88 2.50] 50.38 0.69) 51.07] 0] 7.60
2002/ MAR | 3 31| 95307.52| 166489.70| 43540.08| 102705.50 0.00] 54000.00f 64%]25301.05 5400.00| 2954542 42| 5161180.70| 3183879.80| 1349742.48)| 2954542.42| 305009.87|  20.97 2.40] 61.96 0.73| 62.69 0 &M
2002/APR | 4 30 93397.79| 168798.10| 42659.05) 102706.90 0.00] 54000.00 64%]27726.38 5400.00] 2801933.70| 5063943.00| 3081207.00| 1279771.50| 2801933.70) 265920.03] 22.83 2.30] 63.97] 0.66| 64.63 0] 8.09
2002/ MAY | & 31| 93397.79| 168798.10| 42659.05| 102706.90 0.00] 54000.00f 64%]27728.38 5400.00] 2895331.49| 5232741.10| 3183913.90| 1322430.55| 2895331.49) 295450.69|  23.79 2.20] 68.88 0.65| 69.53 0] 836
2002|JUN 6 30[ 91264.05| 170450.80| 41691.03| 102708.40 0.00/ 54000.00] 65%|27099.17 5400.0012737921.50| 5113524.00 3081252.00| 1250730.90| 2737921.50) 275755.82| 22,18 2.10] 60.67) 0.58| 61.25 0 80
2002 JUL 7 31| 91264.05| 170450 80| 4169103 102708 40 000 5400000] B5%)|2709917 5400.00] 2829185 55| 5283974 80| 3183960 40| 1292421 93| 2829185 55| 284947 63 2369 200} 67.02 0.57| 67.59 0| 828
2002 AUG 8 31| 89399 16| 173260 60| 4084130 10270990 0.00) 5400000| B6%)|2654685 5400 00] 2771373 96| 5371078 60, 3184006 90| 1266080 30( 2771373 96| 275728 11 2490 210} 69.01 058 6959 0| 823
2002 SEP 9 30| 89399 16| 173260 60| 4084130 10270990 000, 5400000| 66%)|2654685 5400.00] 2681974 80| 5197818 00, 3081297.00| 1225239 00| 2681974 80| 266833 65 2628 220} 7048 0.59| 71.07| 0f 7.97
2002 OCT | 10 31| 87046.02| 174135 90| 39764 99 10271110 0.00] 5400000| 67%)25847 24 5400 00] 2696426 62| 539821290, 3184044 10| 1232714 69 2698426 62| 264050 14 2538 2 30} 68 49 061 6909 0| 814
2002 MOV | 11 30| 87046.02| 174135 90| 3976499 102711.10 000, 5400000| 67%)|26847 24 5400 00] 2611380 60| 522407700, 3081333.00| 1192949 70[ 2611380 60| 265532 40 2292 2 40| 5985 061 6047 0f 787
2002 DEC | 12 31) 86261 .86| 180037 00| 3941017 10271270 000 5400000] 68%) 2561661 5400 00] 2674117 66| 6558114700, 3184093 70 1221715 27| 2674117 66 260200 34 2625 2.50] 67 62 065 6817 76561 000 0| 619 87568| 9758 668.02|
2003 JAN 1 31| 86261.86| 180037 00 3941017 10271270 0.00) 54000.00] 68%| 25616 61 5400 00| 2674117 66| 5581147.00) 3184093 70| 1221715 27| 2674117 66| 260200 34 2944 2 80| 7873 068 7940 0| 819
2003 FEB 2 28 8195568 176402 50| 37444 36 102713 50 0.00) 5400000| 68%)2433883 5400.00] 2294759 04| 493927000, 2875976 00| 1048442 08| 2294759 04| 215754 73 3213 2.70] 7373 058 7431 0| 716
2003 MAR 3 31| 81956 68| 176402 50| 37444 36 10271350 000 5400000| 68%)2433883 5400 00| 2540626 08| 5468477 50, 3184118 60| 1160775 16| 2540626 08| 238671 31 3026 2 80| 76.88 0.67| 7755 0| 793
2003 AFR 4 30| 80931.88| 176218 60| 36964 656 10271690 000 5400000| 69%)|24026 96 5400 00] 2427956 40| 5346558 00| 3081507 00| 1108936 80| 2427956 40| 226127 83 2522 290} 6123 066 6189 0| 765
2003/ MAY | 5 31| 80931.88| 176218.60| 36964 56| 102716.90 0.00/ 54000.00] 69%] 2402696 5400.00| 2508888.28| 5524776 60 3184223 90| 1145901.36| 2508888 26| 233665.48) 2361 2.80] 59.23 0.65| 59.89 0 791
2003 |JUN 6 30[ 79324 83| 178890.70| 36218 32| 102719.70 0.00/ 54000.00] 69%|23541.91 5400.00] 2379744 90| 5366721.00| 3081591.00| 1086549 60| 2379744 90 218292.36| 27.23 2.70] 64.80 059 6539 0] 758
2003 JUL 7| 31| 79324.83| 176890.70| 36218.32| 102719.70 0.00/ 54000.00] £9%]|23541.91 5400.00] 2459069.73| 5545611.70| 3184310.70| 1122767.92| 2459069.73| 225568.77|  27.39 2.60] 67.35 0.59) 67.94 0 7.84
2003|AUG 8 31| 77455.17| 180023.40| 35365.40)102721.70 0.00/ 54000.00] 70%]|22987.51 5400.001 2401110.27| 5580725.40| 3184372.70| 1096327.40| 2401110.27| 216314.59|  28.33 2.50] 68.02 0.54| 68.56 0 7.7
2003|SEP &) 30 77455.17| 160023.40| 35365.40)102721.70 0.00/ 54000.00] 70%]|22987.51 5400.00] 2323655.10| 5400702.00| 3081651.00| 1060962.00| 2323655.10 209336.70|  25.14 2.40] 58.42 0.50| 58.92 0 7.52
2003/0CT | 10 31| 76202.03| 182305.50| 34795.94)102723.10 0.00] 54000.00f 71%|22617.36 5400.00 2362262.93| 5651470.50| 3184416.10| 1078674.14)| 2362262.93| 210135.95|  27.07 2.30] 63.95 0.48| 64.43 0 7.74
2003 MOV | 11 30| 76202.03| 182305 50| 3479594 10272310 000, 54000.00| 71%|22617 36 5400.00] 2286060 90| 546916500 3081693 00| 1043878 20| 2286060 90| 203357 37 2768 220} 6323 045 63863 0| 749
2003 DEC | 12 31) 75154 43| 183866 10| 34312 44 102724 40 000 5400000) 71%)|2230309 5400.00] 2329787 33| 5699849 10, 3184456 40 1063685 64| 2329787 33 204889 97| 2883 210} 6717 043 6760 80956 000 0| 772 8250| 9250 717.06]
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Time Production and Injection wc Rate Reductions Gross Production and Injection Net Production Qil and Gas Prices] Gross Income Costs Cash Flow
Days (Qil Water Gas Water Gas Gaslift Gas |Water|Fule and |Allocated |Gross Qil |Gross Water |Gross Water | Gross Gas [Met Oil MNet Gas  [Qil Price |Gas Price|Gross Oil |Gross Gas |Gross |Gross |CAPEX Total | ESP |OPEX [Total |[Total [Cash
Time |Time per  [Production |Production |Production |Injection  |Injection |Injection  |Cut  [Flare Gas-lift gas |Produced  |Produced Injected Produced |Production |Production|infliated |Inflated  |income |Income Income |Income CAPEX Y =1 OPEX |Cost |Flow
Year |Maonth Mo Month [STB/day |STB/day |Mscfiday |STB/day |Msciday Mscfiday |% Mscfiday |Mscfiday | STB STB STB Mscf S8 Mscf $/STB _|$/Mscf  |MM$ MMS MM |MMS  [MMS  MMS [N =0 |MMS MMS |MMS  [MMS
2004 JAN 1 31| 75154 43| 183866 10| 34312 44 102724 40 000, 5400000| 71%)|2230309 5400 00] 2329787 33| 5699849 10, 3184456 40| 1063685 64| 2329787 33| 204889 97| 3087 200} 7192 041 7233 0f 7.72
2004 FEB 2 29[ 7445988 186824 20| 3401550 102725 30 0.00) 5400000| 72%)22110.08 5400.00] 2159336 52| 541790180 2979033 70| 986449 50| 2159336 52| 168657 33 31.03 210} 67.00 040, 6740 0| 723
2004 MAR 3 31| 74459 88| 186824 20| 34015560 10272530 000, 5400000| 72%)22110.08 5400 00] 2306256 28| 5791550 20 3184484 30| 1054480 50| 2308256 28| 201668 18 3348 220} 7728 044 7772 0f 773
2004 AFR 4 30| 73512 67| 186305 90| 33543 37| 102727 80 000, 5400000| 72%)21803.19 5400 00] 22056377 10| 6589177.00) 3081834.00| 1006301.10( 22056377 10| 190205 39 3308 2 30} 7295 044 7339 0| 743
2004 MAY 5 31| 73512 57| 186305 90| 33543 37| 102727 80 000 5400000| 72%)21803.19 5400 00| 2276889 67| 6775482 90, 3184561 80| 1039844 47| 2278689 67| 196545 56 3631 2 40| 8275 047 8322 0| 768
2004 JUN 6 30| 72037 54| 184844 10| 32848 94 102727 70 000 5400000] 72%)|21351.81 5400.00] 2161126 20| 5545323 00, 3081831.00 985468 20( 2161126 20| 162913 87| 3380 2.50] 73.06 046 7350 0| 734
2004 JUL 7 31| 72037 54| 184844 10| 32848 94 102727 70 000 5400000] 72%)|21351.81 5400.00] 2233163 74| 5730167 10, 3184558 70| 1018317 14| 2233163 74| 183011.00 36.25 2 60| 8095 043 8144 0| 758
2004 AUG 8 31| 70524 79| 183175.40| 3221528 102726 60 0.00] 54000.00] 72%]|20939.93 5400.00| 2186268 49| 5678437 40| 3184524 60| 998673.68| 2186268 49| 16213579 4067 270 68.92 048 8941 0] 748
2004|SEP 9 30 70524 79| 183176.40| 32215 28| 102726 60 0.00/ 5400000 72%]|20939.93 5400.00] 2115743.70| 549526200 3081798.00| 966458.40| 211574370 176260.44| 4125 2.80] 87.27] 048] 87.77| 0] 724
2004|0CT | 10 31| 68057.31| 180148.20| 31519 54| 102728 70 0.00] 54000.00] 72%]| 2048770 5400.00] 2140776 61| 5584584 20 3184589.70| 977105.74| 2140776.61| 174587.01) 4871 2801 10428 051] 104.78 0] 737
2004 HOV | 11 30[ 69057.31| 180148.20| 3151954 102728.70 0.00] 54000.00] 72%]|20487.70 540000/ 2071719.30| 540444600 3081861.00| 945586.20|2071719.30 168955.17| 4430 2.80] 978 047 9225 0] 713
2004 DEC | 12 31| 6768042| 186612.00| 30938 59 102729 40 000 54000.00] 73%]|20110.08 5400.00] 2098093.02| 578497200 318461140 959096.29) 2098093 02 168283.70] 39.20 2.70] §2.25 045 82.70| 98592 0.00 0] 740/ 8334 8934 896.58]
2005 JAN 1 31| 67680 42| 186612 00| 30938 63 102729 40 000, 5400000| 73%)20110.08 540000/ 2096093 02| 578497200, 318461140 959096 29| 2098093 02 168283 70 4221 260| 88 56 044 8900 0| 740
2005 FEB 2 28 6689570 1812560.70| 30592 88 102732 90 000 5400000] 73%)| 19685 37 5400 00] 1873079 60| 6075019 60, 287652120 856600 641873079 60 14861022 4291 2.50f 8037 037, 8075 0| 658
2005 MAR 3 31| 6689570| 181250 70| 30592 86 102732 90 000 54000.00] 73%)| 19685 37 5400.00] 2073766.70| 561877170 3184719.90 948379 28| 2073766 70 164532 75 4855 2 40| 100 68 0.39) 101.08 0f 728
2005 AFR 4 30| 66202 73| 187850 70| 30289 42 102734 80 0.00) 5400000| 74%) 1968812 5400 00] 1986081 90| 563552100, 3082044 00 908682 60( 1966081 90| 156038 91 46.63 2 30} 92 61 0.36| 92 97| 0| 712
2005 MAY 5 31| 66202 73| 187850 70| 30289 42 102734 80 000, 5400000| 74%) 1968812 5400 00] 2052284 63| 582337170 318477680 938972 02(2052284 63| 161240 21 4327 220} 6880 035 8916 0f 735
2005 |JUN 6 30| 65550.62| 186795.30| 29985 47 102736.00 0.00] 54000.00] 74%] 1949056 5400.00] 1966518.60| 560385900 3082080.00| 899564 10| 196651860 152847 44| 4956 2.10] 97 46 032 9778 0 7.07
2005 |JUL 7 31| 6555062| 186795.30| 29985 47 102736.00 0.00] 54000.00] 74%] 1949056 5400.00] 2032069.22| 5790654 30| 3184816.00| 929549 57| 203206922 157942.35| 5213 2001 10593 0.32| 106.25 0] 730
2005|AUG 8 31| 63794 41| 184039.00| 29133 19| 102737 80 0.00| 54000.00] 74%]|18975.57 5400.00] 1977626 71| 5705209.00| 3184871.80 90498688 1977626 71| 149346 11| 5607 2101 11484 0.31] 115.15 0 718
2005|SEP ) 30[ 63794 41| 164039.00| 2913319 102737 80 0.00| 54000.00] 74%]18975.57 5400.00] 1913832.30| 5521170.00| 3082134.00| 875795.70| 1913832.30| 144528 50| 5B.56 2201 11207 0.32| 112.39 0] 695
2005/0CT | 10 31| 6320256| 190843.70| 28917 50| 102738 50 0.00] 54000.00] 75%]|18796.38 5400.00] 1959279.36| 5916154.70| 3184893.50| 896442 50| 1959279 36 146354 88| 5512 2301 108.00 0.34] 108.33 0] 726
2005 /NOV | 11 30 62207.93| 179933.40| 28461.39) 102739.70 0.00/ 54000.00f 74%]18499.90 5400.00] 1866237.90| 5398002.00| 3082191.00| 853841.70| 1866237.90) 136844.60| 51.18 2.40] 95.51 0.33] 95.84 0 6.81
2005 DEC | 12 31| 62207.93| 179933.40| 28461.39) 102739.70 0.00] 54000.00f 74%]18499.90 5400.00] 1926445.83| 557793540 3184930.70| 882303.00) 1928445.83 141406.08) 52.31 250 10058 0.35 101.23] 1189.93 0.00 0] 7.04] 8534 8534 1104.59]
2006 JAN 1 31| 61534 43| 189910 30| 28142 09 102740 80 000, 5400000| 76%)18292 36 5400 00] 1907567 33| 588721930, 3184964 80| 872404 79| 1907567 33 137941 68 5830 260] 11121 0.36| 111.57| 0f 7.16
2006 FEB 2 28 61534 43| 189910.30| 2814209 10274080 000, 5400000| 76%)|18292 36 5400 00] 1722964 04| 5317488 40) 2876742 40| 787976 62| 1722964 04| 124592 43 54 65 2.70] 9416 034 9450 0| 647
2006 MAR 3 31| 60483 73| 186810 80| 2767580 10274020 000 5400000] 76%)| 1798927 5400 00] 1874995 63| 5791134 80 3184946 20| 857949 80| 1874995 63| 132882 43 6542 2 80| 103.91 0.37) 104 28 0| 7.06
2006/ APR | 4 30[ 6048373| 186810.80| 2767580 10274020 0.00] 54000.00] 76%|17989.27 5400.00] 1814511.90| 5604324 00| 3082206.00| 83027400 181451190 128595.90| 6250 280 11341 0.37] 113.78 0] 684
2006 MAY | 5 31| 62078.35| 206630.60| 2846799 102743 10 0.00] 51000.00f 77%] 1850419 5100.00 1924428 85| 6374548 60| 3185036.10| 882507 68| 1924428 85 150777.69| 6294 280 12112 0.42| 121.55 0] 743
2006 |JUN 6 30[ 62078.35| 206630 60| 28467 99| 10274310 0.00] 51000.00] 77%]| 1850419 5100.00] 1862350 50| 6168918.00) 3082293.00| 85403970 1862350 50 14591390| 6285 2701 11705 0.39] 117.44 0] 718
2006 |JUL 7 31| 54520.88| 180246.40| 2497527 102756 50 0.00] 54000.00] 77%]|16233.93 5400.00] 1690147 28| 5587638 40| 3185451.50| 77423337 163014728 10358168| 6628 260 11202 0.27| 112.29 0] 668
2006 AUG 8 31| 5440342| 172471.90| 2488626 102743 60 0.00| 54000.00] 76%]|16176.07 540000 1686506.02| 5346628 90| 3185051.60| 771474.06| 168650602 102615.92| 6493 2501 10950 0.26| 109.76 0] 655
2006 |SEP &) 30 54867.90| 180167.50| 25106.66 102744.60 0.00/ 54000.00f 77%]|16319.33 5400.00] 1646037.00| 5405025.00) 3082338.00| 753199.80| 1646037.00 101619.93] 5573 2.40] 973 0.24| 91.98 0] 648
2006/0CT | 10 31| 54328.95| 164100.20| 24887.31) 102750.20 0.00/ 54000.00f 77%]| 16176.75 5400.00] 1684197 45| 5707106.20 3185256.20| 771506.61| 1684197.45 102627.31|  50.98 2.30] 85.86 0.24| 86.10 0] 673
2006 NOV | 11 30 53883.39| 165965.20| 24683.36) 102753.70 0.00/ 54000.00f 78%]|16044.18 5400.00] 1616501.70| 5578956.00) 3082611.00| 740500.80| 1616501.70) 97175.28| 50.98 2.20] 82.41 0.21| 82.62 0] 6.52
2006 DEC | 12 31| 5388339 185965.20| 24683.36) 102753.70 0.00] 54000.00f 78%]16044.18 5400.00] 1670385.09| 5764921.20) 3185364.70| 765184.16) 1670385.09 100414.46] 54.06 2.10] 90.30 0.21] 90.51|1236.3§ 0.00 0] 6.73] 81.83| 81.83 1154.55|
2007 JAN 1 31| 535756 14| 182000 20| 24542 61 10275600 000, 5400000| 77%)|15952 63 5400 00] 1660829 34| 564200620 3185436.00 760817 81| 1660829 34 9888623 46.53 2.00| 7728 020 7748 0| 666
2007 FEB 2 28 563575 14| 18200020 24542 51 102756 00 0.00) 5400000] 77%)|16952 63 5400.00] 1500103 92| 5096005 60, 2877166 00 687190 28( 1500103 92| 331660 5136 210} 77.06 018 7723 0| 601
2007 MAR | 3 31| 53344 82| 169718.80| 24448 43| 102758 20 0.00] 54000.00] 78%]| 1589148 5400.00| 1653689 42| 586128280 318550420 757901.33| 165368942 09786547 5264 2.20] 87.05 022 87.27| 0] 677
2007 /APR | 4 30 53344 82| 169718.80| 24448 43| 102758 20 0.00] 54000.00] 78%]| 1589148 5400.00] 1600344 60| 5691564 00 3082746.00| 733452 90| 1600344 60 94708.52| 5608 2.30] 89.75 022 89.97] 0 655
2007 MAY | 5 31| 52693.14| 181267 40| 2413572 102760.00 0.00] 54000.00] 77%] 1568822 5400.00] 1633487 34| 5619289 40| 3185560.00| 748207 32| 163348734 9447256| 5543 2.40] 90 54 0.23| 90.77| 0] 661
2007 |JUN 6 30[ 52693.14| 181267 40| 2413572 102760.00 0.00] 54000.00] 77%] 1568822 5400.00] 1580794 20| 543802200 3082800.00| 724071.60| 158079420 9142506| 5925 2.50] 93.66 023 9389 0] 639
2007 |JUL 7| 31| 52515.86| 199514.10| 24066.95) 102759.70 0.00/ 54000.00f 79%]15643.52 5400.00] 1627991.66| 6184937.10| 3185550.70| 746075.45|1627991.66| 93726.41| 65.96 2601 107.38 0.24| 107.63 0] 6.88
2007 AUG 8 31| 52515.86| 199514.10| 24066.95) 102759.70 0.00/ 54000.00f 79%] 15643.52 5400.00] 1627991.66| 6184937.10| 3185550.70| 746075.45|1627991.66) 93726.41| 64.23 2701 10457, 0.25| 104.82 0] 6.88
2007 |SEP &) 30 51835.57| 163458.50| 23803.93| 102761.10 0.00] 51000.00f 76%]15472.55 5100.00 1555067.10| 4903755.00 3082833.00| 714117.90| 1555067.10) 96941.27| 70.94 2801 11032 0.27| 110.59 0] 6.09
2007|0CT | 10 31| 51835.57| 163458.50| 23803.93) 102761.10 0.00/ 51000.00f 76%]|15472.55 5100.00] 1606902.67| 5067213.50| 3185594.10| 737921.83| 1606902.67 100172.64| 77.56 2901 12463 0.29] 124.92 0 629
2007 NOV | 11 30( 50947.72| 173113.00| 23408.05) 102767.20 0.00/ 51000.00f 77%]|15215.23 5100.00 1526431.60| 5193390.00 3083016.00| 702241.50|1528431.60 92784.53| 86.92 280 13285 0.26] 133.11 0 6.19
2007DEC | 12 31| 50947.72| 173113.00| 23408.05) 102767.20 0.00] 51000.00f 77%]15215.23 5100.00] 1579379.32| 5366503.00) 3185783.20| 725649.55)1579379.32 95877.34| 8346 2701 13181 0.26| 132.07| 1229.74 0.00 0 6400 77| 7771 1152.03]
2008 |JAN 1 31| 50689.75| 163803.50| 23263 47| 102769 80 0.00] 51000.00] 76%]|15121.26 5100.00] 1571382.25| 5077908 50| 31B5863.80| 721167.57|1571382.25) 9430865 8470 260] 13310 0.25| 133.34 0] 624
2008|FEB 2 29| 50689.75| 163803.50| 23263.47|102769.80 0.00/ 51000.00f 76%]|15121.26 5100.00] 1470002.75| 4750301.50| 2980324.20| 674640.63| 1470002.75 88224.22| 86.64 2501 127.36 0.22| 127.58 0] 584
2008 MAR | 3 31| 50398.85| 174947.40| 23113.35)102773.30 0.00/ 51000.00f 78%]15023.68 5100.00 1562364.35| 5423369.40| 3185972.30| 716513.85| 1562364.35| 92679.85| 96.67 2401 15135 0.22| 151.57| 0] 640
2008/APR | 4 30[ 50398.85| 174947.40| 23113.35)102773.30 0.00/ 51000.00f 78%]15023.68 5100.00] 1511965.50| 5248422.00) 3083199.00| 693400.50| 1511965.50| 89690.18) 104.31 2301 157.71 0.21] 157.92 0 6.19
2008 MAY | & 31| 49901.47| 171046.30| 22882.60) 102775.80 0.00/ 51000.00f 77%]14873.69 5100.00] 1546945.57| 5302435.30| 3186049.80| 709360.60| 1546945.57| 90176.21| 117.40 2201 18161 0.20| 181.81 0 63
2008 |JUN 6 30 49901.47| 171046.30| 22882.60) 102775.80 0.00/ 51000.00] 77%|14873.69 5100.00] 1497044.10| 5131389.00| 3083274.00| 686478.00|1497044.10) 87267.30| 126.33 2101 18912 0.18] 189.30 0 61
2008 JUL 7 31| 49455 08| 176852 90| 22669 24 10277640 0.00) 51000.00] 78%| 1473501 5100.00] 1533107 48| 548243990, 3186068.40| 702746 44(1533107 48 8786125 12616 200} 19342 0.18) 193.59 0| 638
2008 AUG 8 31| 49455 08| 176852 90| 22669 24 102776 40 0.00| 51000.00] 78%| 1473501 5100.00] 1533107 48| 548243990, 3186068 40| 702746 44(1533107 48 8786125 10848 210} 166.28 0.18| 166 47| 0| 638
2008 SEP 9 30| 48906.70| 174021 60| 22418 85 102777 40 0.00) 51000.00| 78%)| 1457225 5100.00] 1467201.00| 5220648 00, 3083322 00| 672565 50( 146720100 82397 93 96.13 220} 141.04 0.18) 14122 0| 611
2008 OCT | 10 31| 48906.70| 174021 60| 22418 85 102777 40 0.00) 5100000| 78%)1457225 5100.00] 1516107 70| 5394669 60, 3186099 40| 694984 35[ 1516107 70| 5144 52 6850 2 30} 103 85 0.20| 104 05 0] 631
2008 MOV | 11 30| 48453 34| 181667 90| 22210 44 10277680 000, 5100000] 79%)14436.79 510000 1453600 20| 5450037 00, 308330400 666313 20( 1453600 20 &0209 62 4929 2 40| 7165 019 7184 0| 620
2008 DEC | 12 31) 48453 34| 181667 90| 22210 44 102776 80 000 5100000) 79%) 1443679 510000 1502053 54| 5631704 90 3186080 60 688523 64| 1502053 64| 62683 27| 32 94 2.50] 4948 021 49 68[ 1668 38 000 0| 641 7489 7489 1593.49
2009 JAN 1 31| 47808 93| 173353 60| 2191570 10277710 0.00) 51000.00] 78%| 14245 21 5100.00] 1482076.83| 537396160 318609010 679386.70( 1482076 83 79685 35 3307 260| 49.01 021 4922 0| 625
2009 FEB 2 28( 4780893| 173353 60| 2191570 10277710 0.00| 51000.00] 78%| 1424521 5100.00] 1338650 04| 485390080, 2877758 80| 613639 60| 1338650 04 71973 86 31.04 270} 4155 019 4175 0| 564
2008 MAR 3 31| 47441.08| 188505 90| 21748 50 10277540 0.00) 51000.00| 80%)14136.53 5100.00] 1470673 48| 5843682 90, 318603740 674203 50( 1470673 48 7787123 4013 2 80| 59.02 022 5924 0| 647
2009 AFR 4 30| 47441.08| 186505 90| 21748 60| 10277540 000, 51000.00] 80%)14136.563 5100.00] 1423232 40| 66565177.00) 3083262 00| 652455 00( 1423232 40| 75359 25 4245 290} 60 42 022 6063 0| 626
2008 MAY 5 31| 46548 68| 167116 50| 21338 04 102776.70 0.00, 4800000| 78%)13869.73 4800.00] 1443009 08| 5180611560 3186077 70| 661479.24| 144300908 82717 73] 5127 2 80| 7398 023 7421 0| 609
2008 JUN 6 30| 46548 68| 167116.50| 21338 04 102776.70 0.00) 4800000| 78%)|13869.73 4800.00] 1396460 40| 501349500 308330100/ 64014120 1396460 40| 80043 42| 6171 2.70] 86.18 022 8639 0| 590
2009 JUL 7 31| 46524 75| 180989.60| 21328 02| 102779.10 0.00/ 48000.00] 80%]|13863.21 4800.00| 1442267 25| 5610677.60| 318615210 661168.62( 1442267 25 8260902 56.16 2.60] §1.00 021 8121 0] 631
2009 |AUG 8 31| 46524 75| 180989.60| 21328.02| 102779.10 0.00/ 48000.00] 80%]|13863.21 4800.00| 1442267 25| 561067760 318615210 661168.62( 1442267 25 8260902 6280 2.50] 90 57 021 90.78 0 631
2009 |SEP &) 30 45270.24| 159640.10| 20714.71| 102783.20 0.00/ 45000.00f 78%]13464.56 4500.00| 1358107.20| 4789203.00| 3083496.00 621441.30(1358107.20) 82504.46) 60.98 2.40] 82.82 0.20| 83.02 0] 572
2009|0CT | 10 31| 45270.24| 159640.10| 20714.71)102783.20 0.00/ 45000.00 78%]|13464.56 4500.00| 1403377 .44 4948843.10| 3186279.20) 642156.01(1403377.44) 8525460 6743 2.30] 94,63 0.20] 94.83 0 591
2009 HOV | 11 30 45097.82| 167638.40| 20639.37 102788.60 0.00/ 45000.00f 79%]13415.59 4500.00| 1352934.60| 5029152.00| 3083658.00 6€19181.10(1352934.60) 8171339 6943 2.20] 93.93 0.18) 9411 0] 584
2009DEC | 12 31| 45097.82| 167638.40| 20639.37 102788.60 0.00] 45000.00f 79%]13415.59 4500.00] 1398032.42| 519679040 3186446.60 639820.47(1398032.42 84437.16| 66.33 2.10] 9273 0.18| 92.91| 908.30 0.00 0] 6.03] 72.72| 72.72 835.58]
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Time Production and Injection wc Rate Reductions Gross Production and Injection Net Production Qil and Gas Prices] Gross Income Costs Cash Flow
Days [Qil Water Gas Water Gas Gaslift Gas [Water|Fule and |Allocated |Gross Qil | Gross Water |Gross Water | Gross Gas |Net Qil MNet Gas  [Qil Price |Gas Price|Gross Qil |Gross Gas |Gross |Gross |CAPEX Total ESP |OPEX |Total |Tetal [Cash
Time |Time per  [Production |Production |Production |Injection  |Injection |Injection  |Cut |Flare Gas-lift gas |Produced  |Produced Injected Produced |Production |Production [Inflated |Inflated  |Income |Income Income |Income CAPEX Y =1 OPEX [Cost  [Flow
Year |Month Mo Month|STB/day | STB/day |Mscfiday |STB/day |Msciiday [Mscliday |% Mscfiday |Mscfiday |STB STB STB Mscf STB Mscf $/STB _|$/Mscf  |MMS MM$ MMS  |MMS  [MMS MM N =0 MMS MMS [MMS |MMS
2010 JAN 1 31| 44682 04| 160648 60| 20450 08| 102793 20 0.00| 4500000| 78%)13292 565 460000 1385143 24| 4980106 60| 3186589 20| 633952 48| 1385143 24| 82383 37| 69 85 200 96.75 016, 9692 0, 5690
2010 FEB 2 28] 4468204 160648 60| 20450 08| 102793 20 0.00| 4500000| 78%)13292 566 4500.00] 1261097 12| 4498160 80| 2878209 60| 572602 24| 1251097 12| 7441078 7827 210 97.93 016, 9808 0 633
2010 MAR 3 31| 4439271 172474 80| 20318 65|102794.00 0.00| 4500000| B80%)|13207.12 4500.00] 1376174.01) 5346718 80| 3186614 00| 629878 15| 1376174 01/ 80957 35 8162 220 112.33 0.18) 11251 0 607
2010 APR 4 30| 4439271| 172474 80| 20318 65|102794 00 0.00| 4500000] B80%)|13207.12 4500.00) 1331781.30) 5174244 00| 3083820 00| 609559 50| 1331781.30| 78345 83 84 97 230 113.17 0.18) 113.35 0 688
2010 MAY | & 31| 42783.79| 149167.70| 19583 45/ 102796 20 0.00| 42000.00] 78%|12729.24  4200.00( 1326297 49, 462419870 3186682.20| 607086 95| 1326297 49| 8228043 88.32 2401 1714 0.20| 117.34 0| 563
2010 JUN 6 30| 4278379 149167.70| 19583 45/ 102796 20 0.00| 42000.00] 78%|12729.24)  4200.00(1263513.70| 4475031.00| 3083886.00| 587503 50| 1283513.70) 7962623 9167 2501 11766 0.20| 117.86 0] 545
2010 JUL 7| 31| 4258264 151552.40| 1949142 102801.00 0.00| 42000.00] 78%|12669.42  4200.00( 132006184 463812440 3166831.00| 604234 02) 132006164 8128191 95.02 260 12544 0.21] 125.65 0| 566
2010 AUG ] 31| 42503.75) 152547.70| 19455.05/ 102806.30 0.00| 42000.00] 78%|12645.78)  4200.00(1317616.25 4728978.70 3186995.30| 603106.55) 1317616.25| 80867.29[ 98.37) 270 129.62 0.22] 129.84 0| 5.67
2010 SEP 9 30| 42374.11) 153129.60| 19395.77| 102807.90 0.00| 42000.00] 78%|12607.25  4200.00(1271223.30| 4593588.00| 3084237.00| 581873.10|1271223.30| 77655.59 101.73 280 129.32 0.22| 129.53 0| 549
2010/0CT | 10 31| 42374.11) 153129.60| 19395.77 102807.90 0.00| 42000.00] 78%|12607.25  4200.00(1313597.41) 4747017.60| 3167044.90| 601268.87) 1313597.41| 80244.10[ 105.08 290 138.03 0.23] 135.26 0| 5.68
2010/NOV | 11 30| 42068.32| 153970.50| 19256.15/102609.00 0.00| 42000.00] 79%]|12516.50  4200.00( 1262049.60, 4619115.00| 3084270.00| 577684.50) 1262049.60 76189.58( 108.43 280 136.84 0.21] 137.05 0| 549
2010 DEC | 12 31| 42068.32) 153970.50| 19256.15/ 102609.00 0.00] 42000.00] 79%|12516.50  4200.00{1304117.92 4773085.50| 3187079.00| 596940.65)1304117.92) 78729.23[ 111.78 270] 14577 0.21] 145.98] 1462 37| 0.00 0| 567 67.93) 67.93 1394.44]
2011 |JAN 1 31| 41740.75| 154889.00| 1910667 102810.20 0.00| 42000.00] 79%|12419.34)  4200.00( 1293963 25 4801559.00| 3187116.20| 592306.77) 1293963 25| 77107.37[ 115.13 260] 14897 0.20| 14917} 0| 567
2011|FEB 2 28| 41740.75 15488900 19106.67|102810.20 0.00| 42000.00] 79%|12419.34 ~ 4200.00(1168741.00, 433689200 2878685.60| 534986 76| 1166741.00| 6964537 118.48 2501 13847 0.17] 135.64 0] 512
2011|MAR | 3 31| 41395.54| 155202.50| 18949.21/ 102610.70 0.00| 42000.00] 79%|12316.99)  4200.00(1263261.74| 4811277.50| 3167131.70| 587425.51)1283261.74| 75398.93[ 121.83 240] 156.34 0.18] 156.52 0| 5.66
2011APR | 4 30| 41395.54) 155202.50| 18949.21/1028610.70 0.00| 42000.00] 79%|12316.99  4200.00(1241866.20) 4656075.00| 3064321.00| 568476.30) 1241866.20| 72966.71[  80.00 2.30 99.35 0.17] 99.52 0| 548
2011 |MAY | 5 31| 41030.58| 156159.30| 18762.60| 1028610.70 0.00| 42000.00] 79%|12208.69)  4200.00(1271947.98) 4840938.30| 3167131.70| 582260.60) 1271947.98| 73591.21[  40.00 220 50.88 0.16] 51.04 0| 5.66
2011 JUN 6 30| 41030.58| 156159.30| 18762.60) 102610.70 0.00| 42000.00] 79%|12208.69  4200.00(1230917.40) 4684779.00| 3064321.00| 563475.00)| 1230917.40 71217.30[  30.00 210 36.93 0.15] 37.08 0| 548
2011 JUL 7| 31| 40432.00) 147111.60| 18509.24) 102610.80 0.00| 39000.00] 78%]|12031.01 3900.00| 1253392.00| 4560459.60| 3187134.80| 573786.44]1253392.00) 79925.25| 32.00 2.00 40.11 0.16] 40.27| 0| 549
2011 |AUG 8 31| 40364.16) 148726.20| 18478.20/102815.90 0.00| 39000.00] 79%]12010.83 3900.00| 1251288.96| 4610512.20| 3187292.90| 572824.20( 1251288.96| 79588.47| 33.07 210 41.38 0.17] 41.85 0] 551
2011 SEP 9 30| 40364.16) 148726.20| 18478.20102815.90 0.00| 39000.00] 79%]12010.83 3900.00| 1210924.80| 4461786.00| 3084477.00 554346.00] 1210924.80 77021.10] 31.04 220 37.59 0.17| 37.76 0] 533
2011/ 0CT | 10 31| 4015568| 149411.80| 18382 71/102818 80 0.00| 3900000] 79%)|11948.76 3900.00) 1244826 08| 463176580 3187382 80| 569864 01| 1244826 08| 7855240 4013 230 4995 013 5014 0 551
2011 MOV | 11 30| 4015568 149411.80| 18382 71|102818 80 0.00| 3900000| 79%|11948.76 3900.00) 1204670 40| 4482354 00| 3084564 00| 551481 30| 120467040 7601845 4245 240 5114 018 5132 0 533
2011 DEC_| 12 31| 3986784 150368 80| 1825093|102819 90 000/ 3900000] 79%)|11863.10 3900.00) 1235903 04| 4661432 80 3187416 90| 565778 83| 1235903 04 77122 59 5127 250 63 36 019 6356 91655 0.00 0 551 6576 6576 850.79]
2012|JAN 1 31| 39867.84| 150368.80| 18250.931028619.90 0.00| 39000.00f 79%]11863.10 3500.00| 1235003 04] 466143260 3167416.90) 565778.63| 1235003.04] 77122.59] 6171 260 76.27) 0.20| 76.47| 0| 551
2012|FEB 29| 39094.18) 142908.30| 17897.49|102820.40 0.00| 36000.00] 79%]|11633.37 3600.00] 1133731.22| 4144340.70| 2981791.60| 519027.21| 1133731.22| 77259.52| 56.16 2.70 63.67 0.21] 63.88 0] 501
2012 MAR | 3 31| 39094.18| 142908.30| 17897.49102820.40 0.00| 36000.00] 79%]|11633.37 3600.00| 1211919.58| 4430157.30| 3187432.40| 554822.19|1211919.58| 82587.77| 62.80 2.80 76.11 0.23] 76.34 0] 5.36
2012/APR | 4 30| 38951.23) 143834.80| 17832.05/102824.40 0.00| 36000.00] 79%]|11590.83 3600.00| 1168536.90| 4315044.00| 3084732.00 534961.50| 1168536.90) 79236.53] 60.98 2.90 71.26 0.23] 71.49 0] 519
2012 MAY 5 31| 3895123| 143834 80| 17832 05|102824 40 0.00| 3600000| 79%|1159083 3600.00) 1207488 13| 4458878 80| 3187556 40| 552793 55| 1207488 13| 8187774 67.43 230 8142 023 81865 0| 537
2012 JUN [ 30| 3866499 145678 50| 17701.20|102826 50 0.00| 3600000| 79%)|11505.78 3600.00) 1159949 70| 4370355 00| 3084795 00| 531036.00f 115994970 77862 60 6943 270 8054 021 8075 0 521
2012 JUL 7 31| 3866499 145678 50| 17701.20|102826 50 0.00| 3600000| 79%)|11505.78 3600.00) 1198614 69| 4516033 50| 3187621.50| 548737 20| 1198614 69 8045802 66.33 260 79.50 021 7971 0 538
2012 AUG 8 31| 37339.14| 128557 20| 17063 99|102827 50 0.00| 3300000] 77%|1109159 3300.00) 1157513.34| 3985273 20| 3187652 50| 528983 69| 1157513 34| 82844 29 69 85 250 8085 021 8108 0, 505
2012 SEP 9 30| 3733914| 128557 20| 17063 99|102827 50 0.00| 3300000] 77%|1109159 3300.00) 1120174.20| 3856716.00 3084825 00| 511919.70f 1120174 20, 80171.90 78.27) 240 87.68 0.19| 87.87| 0 4389
2012 0CT | 10 31| 3733084| 129935 40| 17060 19|102835.10 0.00| 3300000| 78%)11089.12 3300.00) 1157256 04| 4027997 40| 3167888 10| 528865 89| 1157256 04| 82803 06 8162 230 94 46 0.19) 9465 0, 607
2012 MOV | 11 30| 3733084 129935 40| 17060 19|102835 10 0.00| 3300000| 78%)11089.12 3300.00) 1119925 20| 3898062 00| 3085053 00| 511805 70f 1119925620 8013199 84 97 220 9516 018 9534 0 49
2012 DEC_| 12 31| 3715327 131178 00| 16979 05/102839 40 000/ 3300000] 78%)11036.38 3300.00) 116175137 4066518 00| 316802140 526350 65| 1161761 37 81922 69 88 32 210 10173 0.17) 101.90[ 99110 0.00 0 509 6206 6206 929.04]
2013 JAN 1 31| 37153.27| 131178 00| 16979 05(102839 40 0.00| 3300000| 78%)|11036.38 3300.00| 115175137 4066518 00 3188021 40] 526350 65| 1161751 37| 81922 69| 9167 200 105.59 0.16) 10575 0, 509
2013 FEB 2 28| 3689080 13199080 16859.09| 10284160 0.00| 3300000] 78%)|10958 41 3300.00) 1032942 40| 3695742 40| 2879564 80| 472054 52| 1032942 40 7281908 95 02 210 98 15 015 9831 0 459
2013 MAR 3 31| 3689080| 131990.80| 16859 09|102841 60 0.00| 3300000] 78%| 10958 41 3300.00) 114361480 409171480 3188089 60| 52263179| 1143614 80 8062113 98.37) 220 112.50 0.18) 112,63 0, 509
2013 APR 4 30| 3689080| 131990 80| 16859 09|102841 60 0.00| 3300000] 78%|10958 41 3300.00) 1106724.00| 3959724 00| 3085248 00| 505772.70f 1106724 00| 7802044 10173 230 112.58 0.18) 112.76 0 492
2013 MAY 5 31| 3689080| 131990 80| 16859 09|102841 60 0.00| 3300000] 78%)| 10958 41 3300.00) 114361480 4091714 80 3168089 60| 52263179| 1143614 80| 80621 13[ 10508 240 120.17 0.19) 120 36 0, 509
2013 JUN 6 30| 3689080| 131990 80| 16859 09|102841 60 0.00| 3300000] 78%)| 10958 41 3300.00) 1106724.00| 3958724 00| 3085248 00| 505772 70| 1106724 00| 78020 44 10843 250 120.00 0.20) 120.19 0 492
2013 JUL 7 31| 3689080| 131990 80| 16859 09|102841 60 0.00| 3300000] 78%)| 10958 41 3300.00) 1143614 80| 4091714 80 3168089 60| 52263179| 1143614 80| 80621 13[ 111.78 260 127.83 0.21) 128 04 0, 509
2013 AUG 8 31| 3689080| 131990 80| 16859 08|102841 60 0.00| 3300000] 78%)| 10958 41 3300.00) 1143614.80| 4091714 80| 3168089 60| 52263179| 1143614 80| 80621 13[ 11513 270 131.66 0.22) 13188 0 609
2013 SEP 9 30| 3689080 13199080/ 16859 09|102841 60 0.00| 3300000] 78%)| 10958 41 3300.00) 110672400 3958724 00| 3085248 00| 505772 70f 1106724 00| 7802044 11848 280 131.12 0.22) 131.34 0 492
2013|0CT | 10 31| 36890.80) 13199080 16859 0910284160 0.00| 33000.00] 78%| 1095841 3300.00| 1143614 80| 4091714.80| 3188089 60| 522631.79| 1143614 80 80621.13] 12183 290 13932 0.23] 139.56 0] 509
2013|NOV | 11 30| 36890.80) 131990.80| 16859 0910284160 0.00| 33000.00] 78%]|10958.41 3300.00| 1106724.00| 3959724.00| 3085248 00| 505772.70| 1106724.00) 78020.44| 12183 290 13483 0.23| 135.06 0] 492
2013 DEC__| 12 31] 3689080 13199080 16859 09 10284160 0.00] 33000.00] 78%]| 1095841 3300.00] 1143614 80 4091714.80| 3188089 60 52263179 1143614 80 80621.13] 12183 290 13932 023 139.56] 1475 48 0.00 0| 509 5988 5988 1415.61
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Time |Gross |CAPEX|OPEX |Total |Cash Present
Income Cost  |Flow Value
vears |MM3 MME (MM MME MM MME
1998] 61111 51.00{ 108.34|159.34 45177 421.28
1999) 853.72| 27.00{ 115.84|142. 84 710.88 66290
2000] 1281.586 0.001 M3.87(113.87] 1167.99 947.09
2001] 905.95 0.00] 104.04(104.04 801.91 56543
2002] 765.61 0.00) 9753 97.58 BGE.02 409 59
2003] 809.56 0.00) 9250 9250 717.06 38231
2004] 985.92 0.00] 8934 89.34 896.58 415 67
2005] 1189.93 0.00] 8534 8534 1104.59 445 31
2006] 1236.38 0.00] 81.83| 81.83] 1154.55 404.74
2007] 1229.74 0000 7771 7771 115203 35118
2008] 1668.38 0001 7489 7489 159349 422 40
2009] 908.30 000 7272 72792 835458 192.60
2010] 146237 0.00] 67.93| 67.93] 139444 279.50
2011 91655 0.00] 6576 G576 850.79 148.29
2012] 991.10 0.00) 6206 62.06 929.04 140.80
2013]1475.48 0.00] 5983 5988 141561 186.56
Discount
Rate [rPV Mvs | 6,375.66

%

[PVR

87.66 |
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APPENDIX D

WELL COMPLETION

TABLE D-1-DETAILED COMPLETION AND DEVIATION OF EACH EXISTING OP IN NELSON FIELD

Central East West South
[Pos]G Type Diameter Po1]G Type Diameter [Poz]G Type Diameter PAOI]G Tt Type Diameter
MD ™ in MD ™ in MD ™ in MD ™ in
0 0 Wellhead 0 0 Wellhead 0 0 Wellhead 0 0 Wellhead
380 380 Riser 4.044 380 380 Riser 4.044 380 380 Riser 4.044 380 380 Riser 4.044
5969 5959 Tubing 4.044 5476 5476 Tubing 4.044 2636 2636 Tubing 4.044 23996 380 Flowline 4.044
8154345  70615|Gaslift  Valve 8646709  70615|Gaslit  Valve 11487.27  70615|Gaslift  Valve 29831 5215 Tubing 4.044
8771.345 7370|Production Tubing 4.044 9263.709 7370|Production Tubing 4.044 12104.27 7370|Production Tubing 4.044 316237  7061.5|Gas it Valve
8773 345 T371|Liner Casing 7 9265 709 7371|Liner Casing 7 12106 27 T371|Liner Casing 7 321407 T370|Production Tubing 4044
321427 7371 Liner Casing 7
Type Diameter Po4]G Type Diameter [Pos]G Type Diameter
MD ™ in MD ™ in MD ™ in PA02[G ft Type Diameter
0 0 Wellhead 0 0 Wellhead 0 0 Wellhead MD D in
380 380 Riser 4.044 380 380 Riser 4.044 380 380 Riser 4.044 0 0 Wellhead
3583 3583 Tubing 4.044 4264 4264 Tubing 4.044 2636 2636 Tubing 4.044 380 380 Riser 4.044
1054042 70615|Gaslit  Valve 9858.683  70615|Gaslift  Valve 11487.27  70615|Gaslit  Valve 26620 380 Flowline 4.044
11167.42 7370|Production Tubing 4.044 10475.68 7370/ Production Tubing 4.044 12104.27 7370|Production Tubing 4.044 32456 6215 Tubing 4.044
11159 42 T371|Liner Casing 7 10477 68 7371|Liner Casing 7 12106 27 T371|Liner Casing 7 341477 7061.5|Gas lift Walve
34764.7 7370|Production Tubing 4.044
[P1g]G Type Diameter PO6[G Type Diameter [P10]G Type Diameter 34766.7 7371 Liner Casing 7
MD TD in MD TD in MD TD in
0 0 Wellhead 0 0 Wellhead 0 0 Wellhead PAD3|G ft Type Diameter
380 380 Riser 4.044 380 380 Riser 4.044 380 380 Riser 4.044 H MD ™ in
5476 5476 Tubing 4.044 4529 4529 Tubing 4.044 2446 2446 Tubing 4.044 0 0 Wellhead
8646 709 7061 5|Gas lift Valve 9593 563 7061 5|Gas lift Valve 11676 .64 7061.5|Gas lift Valve 380 380 Riser 4044
9263.709 7370|Production Tubing 4.044 10210 .56 7370|Production Tubing 4.044 12293 64 7370|Production Tubing 4.044 20060 380 Flowline 4.044
9265 709 7371|Liner Casing 7 10212 56 7371|Liner Casing 7 12295 64 7371|Liner Casing 7 25895 6215 Tubing 4.044
276877  70615|Gaslit  Valve
Type Diameter PO7]G Type Diameter [P15]G Type Diameter 28204.7 7370|Production Tubing 4.044
™ in MD ™ in MD ™ in 28206.7 7371 Liner Casing 7
0 0 Wellhead 0 0 Wellhead 0 0 Wellhead
380 380 Riser 4.044 380 380 Riser 4.044 380 380 Riser 4.044 PAOA|G Tt Type Diameter
2636 2636 Tubing 4.044 4037 4037 Tubing 4.044 2636 2636 Tubing 4.044 MD ™ in
11487 27 7061 5|Gas lift Valve 10085 93 7061 5|Gas lift Valve 11487 27 7061.5|Gas lift Valve 0 0 Wellhead
12104.27 7370|Production Tubing 4.044 10702.93 7370|Production Tubing 4.044 1210427 7370|Production Tubing 4.044 380 380 Riser 4.044
12106.27 7371|Liner Casing 7 10704.93 7371 Liner Casing 7 12106.27 7371|Liner Casing 7 23799 380 Flowline 4.044
29634 6215 Tubing 4.044
Type Diameter P13 Type Diameter [Pi6]G Type Diameter 31326.9  7061.5|Gaslit  Valve
MD ™ in MD ™ in MD ™ in 31943 8 7370|Production Tubing 4.044
0 0 Wellhead 0 0 Wellhead 0 0 Wellhead 31945 9 T371|Liner Casing 7|
380 380 Riser 4.044 380 380 Riser 4.044 380 380 Riser 4.044
6158 6158 Tubing 4.044 3583 3583 Tubing 4.044 3128 3128 Tubing 4.044 P03 |G Type Diameter
7964.974  7061.5|Gaslit  Vahe 1054042 7061.5/Gas it Valve 10994.91  7061.5|Gas it Valve WD ™ in
8581.974 7370|Production Tubing 4.044 1115742 7370|Production Tubing 4.044 11611.91 7370|Production Tubing 4.044 0 [] Wellhead
8583.974 7371 Liner Casing 7 11169.42 7371 Liner Casing 7 11613.91 7371 Liner Casing 7 380 380 Riser 4.044
1689 1689 Tubing 4.044
P21 Type Diameter 12434 13 T7061.5|Gas lift Valve
MD ™ in 13051.13 7370|Production Tubing 4.044
0 0 Wellhead 13053.13 7371 Liner Casing 7
380 380 Riser 4044
401 401 Tubing 4.044 P08 _|G Type Diameter
1372185  70615|Gaslit  Valve MD ™ in
14338 85 7370|Production Tubing 4044 0 0 Wellhead
1434085 7371|Liner Casing 7 380 380 Riser 4.044
931 931 Tubing 4.044
1319161 7061.5|Gas lift Valve
H Horizontal well 13808 61 7370|Production Tubing 4.044
G Gaslifted well 13810.61 7371 Liner Casing 7
P12 |G Type Diameter
MD ™ in
0 0 Wellhead
380 380 Riser 4.044
742 TA2 Tubing 4.044
13380.98  7061.5|Gaslit  Valve
13997 98 7370|Production Tubing 4044
13999 98 7371 Liner Casing T
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Fig. D-1-N09—completion as found in its PROSPER mod



DEVIATION SURVEY
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