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ABSTRACT

ASSESSMENT OF PRODUCTION STRATEGIES OF A GER®NDENSATE FIELD
USING A BLACK OIL SIMULATOR: A CASE STUDY

Parlaktuna, Burak
M. S, Department of Petroleum and Natural Gas Engineering
Supervisor: Asst . Dr . @aywj | ar S

SeptembeR015 96 pages

Condensateare lowdensity liquids that are producatbng with the gas phase from wet

gas or gascondensate reservoirs.vailability of these liquidsmakes gagondensate
reservoirgmore profitable than the other gas reservaimse condensates are gasoline like
fluids with API gravities more than 45Although the condensate production is profitable,
the management of gasondensate reservoins challenging. Due to their nature,
condensatesondense and separate from the gas if the predsyps belowthe dew point
pressureThe condensation causasincrease in the amount of liquid dropt especially
around the wellbores where the maximum pressure drop occurs. The condensates around
the wellbores decreases or even blocks the flow of gas into the wells due relative
permeability effects. Therefore it required topreventcondensation in the reservoir
which can be done by keeping tleservoir pressure higdn the other hantottom hole

well pressureshouldbelow enough to have a good production rate.

This dissertation aims to assess diffeggnoiduction and injection strategies and find out
the optimal one by constructing static and dynamic reservoir models and simulate the
production strategies for 50 more yesrsdditionto the 45 years of production history

of a South Caspian Basin fiel@ihe starting point of thistudy is to construct a static
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model based oanexistingreservoirwhich consist of three bloskvith eleven producing
layers.The required fluid model is obtained using available fluid properties by the help of

a compositionaPVT equation of state software prior the preparation of dynamic or flow
model.The production history of the field is used to construct a base for the simulations.
The volumetric calculations are compared with the available Béffarent production
scenaios are applied including production at different rates, injection of water and gas
separately and simultaneously as well. It was observed that keeping the pressure high with
water injection in the reservoir but using the driving force of gas at the tvaméeads

the minimum amount of liquid dreput in the reservoir.

Keywords: Gas condensate, Modelling, Simulation, Reservoir Management
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SKMLATOR KULLANARAK BKR GAZ KONDANSAT S
| RETKM STRATEJKLERKNKN DEJERLENDKRKLMESK

Parlaktuna, Burak

Y¢ksek Lisans, Petrol ve Dojal Gaz
Tez YoneticisilY. Do¢.Dr . ¢ enqyucar S
Eylul 2015 96 sayfa
Kondansatlard ¢ Kk ¢ Kk  yojJ unl ukt aki aitkéek Gaza kdndamsat o | u p

s a h adamiretdmektedirBurezervuarlad i  er gaz sahal aréna g°r
daha verimlidir cinkt kondansatlar genellikle API gravitesib48 guksek, benzinimsi

bir a k A& manddceir . a- eédan veri mli ol an bu sa
rezervuarl aréna g°r €asdbelli & ez krochwra.nsBaha@améb

baséncé -ijJlenme baséncénén altéena dd¢kt ¢ ¢
ilerigelmektedirBas én- d¢gke¢gmeg ¢retimin olduju kuyul
kuyu -evresinde ay-o0€juan | -aékknaann ésné v-éo kmi okl tmaarseé n
Kuyu -evresinde ol ukarm® Isaétviéef hgael-dierkgi e nk d rkd ac

gazén kuyuya dojru akmaséBwnu zean g ealblid mean ihre
yolu rezervuareénb ®dadsm®eoe @ dandakafkya ditknirdtim t ma k
basén-Ilgar & aeewgenms evi yede ¢reti | meydligrki¢g ksaj l

tuu ul mal édeér .

Bu tez -alékmasénén amaceé, stati k ve dina
Uretim stratejilenin, hal.i hazéeérda 45 yéllék ¢retim ge
y é | daha simul e edi |IBwe stiezi |-ealdéejnmearsléennédni rbm
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Guney Hazar Baseninde yer alemticayr € ohlork avkl é ¢retim seviye
ol ukmdlkatna sahanén statik rezervuar modelinin Kk
akekkan model i, hal i h atemetad aé& nhkair laikn ekno mplo& K ks & ro
PVT yazéel éménén yardémlareyla hazéerl anméxkteér .
il e birlexkxtirilerek di nami k rezervuar model i
model dekii sahanén ge- mi kK ¢ r termhelmodelvyenne | er i eI e
ge-mektedir. Bu -alékmada de$ukvk dagpemgleein dde
hem ayré ayré hem de birlikte yapél masé dejiKk
Yapél an incelemelerde gaz ve suyun ayné anda

baséncéné y¢kselttiji ve rezervuardtia ol ukan s

Anahtar Kelimeler: Gaz Kondansat, Modelleme, Simulasyon, Rezervuar Yonetimi
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CHAPTER 1

INTRODUCTION

Condensate iseferred to,waterwhite colored liquid which somewhat similar to the
gasoline and it evohgeby condensing from produced gas at low pressure conditions. It
differentiates from the crude oil due to absence of heavier components. Condensates
mostly consist of gasoline and have API gravity more thAdnBte termigas condensabe

expressscondensatghichis associated with gg¥hornton, 1946)

Gas condensate reservoir managensaohe of the challenging subjects that a petroleum
enginees can face. From drillingphaseto productionof the hydrocarbons from the
reservoir, that isin every aspectgas condensate reserv®ineed high attention.his
challengesrecausednainly by the special properties of the gas found in gas condensate
reservoirs. The pressure decreafige to the production of the gas causes liquid-aup

in thereservoir. Althou theevolvedliquid which is known as condensate is precious,
because of the relative permeability properties of the fldindsproduction of the gas
decreased by the formation of liquid block around wellbores

A slight difference in reservopressure can cause liquid dropt inthereservoirand this
leads to loss of precious condensate and also it can also decrease the gas production by
forming liquid bloclagearound wellboreTherefore engineers working in the field must

have an eye on thaata at hand.

Simulation of such reservoirs inot so different. Reservoir engineers must gather all

available data from the field and search it thoroughly and find the best way to interpret
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the dataThe main challenge for the gas condensate reservailaion is to understand

the reservoir fluid properties. Since the condensates are in gaseous state in reservoir
condition andthey condense in low pressure temperature regions sueh separator
conditions the collected fluid samplieom the separatomay lead erroneous results. In
order to overcome thisrrors, fluid sampling must be conductdtbm the reservoir
section Good knowledge in Pressure Volume Temperature (PVT) properties of a reservoir
fluid is the key parameter to successfully genergimoa reservoir model. PVT properties

of the reservoir fluid such asyiscosity, compressibility, fluid formation ‘Wwme factor

can be the answer toany questions

- What is the volumetric extension of this reserve?

- How much of this reserve is producible?

- Does any other types of matersdher than hydrocarbons contained in the fluid?
- What will be the optimal separator condition?

Having this knowledge along with well-constructedstatic reservoir mdel, dynamic
reservoir modelling can be donelatively easily. Static reservoir model contains
geological information about the reservoir. Main inputs for static matekeismic
surveys of the fieldstrati graphicalogs of drilled wellspetro physicaproperties from
core analysis and well logging and sedageological knowledgof the field. All these
data areused to model the initial reservoir rock properties and reservoir statistics.
Production data and fluid property dat@not necessargiuring this phaseherefore the
geological model of an arearsetimes called the static model. On the other hand dynamic
reservoir model (fluid model) mainly foceson the movement of reservoir fl@énd
changes in reservoir parameters in time. Dynamic fluid model is the next step of
modeling study because it ishe combination of the static model and reservoir fluid

property model.

The solution of gnamic fluid modelsequiresa simulation software due to high number

of calculatiors necessary to conduct. Mainéysimulation softwares divided into two

groups in terms of fluid property input. First one is called black oil simulators which only
needs some PVT properties of the reservoir fluid with respect to pressure or temperature

to calculate the necessary parameters but does notleottse2 change in composition of

2



the reservoir fluid with changes in pressure, temperature and time. On the other hand
second type of simulation software foeasn changes in composition of the reservoir

fluid, which is called as ompositional simulatorsCompositional simulators focus on
calculaton of the compositionof the fluids found in gas and liquid phades each

pressurer time step of a reservoir and give munbre detailedesults comparing to the

black oil simulators. However, compositionahaulators areso complex than thélack

oil simulatorsthat they will lead longer times for a run to finalizén this thesis

Schl umbergerdéds ECLIPSE E100 Bl ack Oil Si mu

Steps of the guideline for this thesis warle as follows;

- Literature suwey

- Data gathering and evaluation

- Constructing the geological model

- Verifying geological model by volumetric calculations
- Constructing fluid model

- Verifying fluid model by hstory matching

- Production forecasting

- Assessing new production strategies

The st@s defined abovare applied t@n existinggas condensatesld. The focus area of
the simulation study is the sixth layer of the second block of @@adensate reservoir
found in South Caspian Basivhich consists of 3 blocks and 11 producing lay&rse
field has keenin productionfor nearly 45 yearsAfter so many years of productipgue

to the pressure declingas condensateofimations occurred aroundgellbores which
caused most of the producing wells watendonedThis studyaims tounderstandhe
reason behind the condensate doop and suggestnew production strategies to
overcome the loss of economically valuable condensatggested production strategies
in this field aiming to produce as much as precious condensate possible togétlilee wit

gas are given belaw

- High pressure drop to increase the gas rate,
- Keeping gas production rates as low as possible to maintain the pressure decrease

in the reservaoir,



- Injectionof water, gas or botto increase the overall reservoir pressure



CHAPTER 2

LITERATURE REVIEW

2.1. Geology

Gas condensate reservoaree similar to gas reservarhowever the gasound in the
reservoir can store liquid in tthe reservoir pressure and temperature conditibimese
type of gaanis alsocalledfi w & ta .sTlae fieldthat this study is based @nlocated at
the South CaspiaBasin

The Caspian region and also the CaspemiSone ofthVvor | dd6s r i chest
of petroleum products behind Middle East. an editorial paper(Djevanshir ad
Mansoorj 2000) it is statedthat the Caspian Sea haoven reserves df81 35 billion
barrels of oil and 236 337 trillion cubic feebf gas

Due to numerous number of countries surrounding the Caspiam@bkanomenclature
and also sharing of the reservoirs are debatdhdevever the South Caspian Basin is
surrounded only three countrjemmelyAzerbaijan, Iran and Turkmenistdn.thar book
Buryakovsky et al. (2001divide the oil and gas bearing resar into five main groups

Western portion of ApsherdnPrei Balkhan Anticlinal Trend
South Aspheron Offshore Zone
Baku Archipelago

A

Eastern portion of ApsherdanPrei Balkhan Anticlinal Trend



5. Chikishlyari Okarem Zone

Where the first threeare in the Azerbaijan portion and the last tware located in

Turkmenistan portioiiFigure 1)

Figure 1. Oil and Gas bearing Reservoirs of South Caspian S¢Buryakovsky et al., 2001)
Drilling and production of these fields began intenselyhe year 1949. According to
Buryakovskyet al. (2001)12 MMt oil and 11 Brigas were produced and these numbers
correspond to the half of the recoverable reserves. All fighadsan in Figure 1 are
multilayered. Least layereshehas 3 layers and it relaes up to 3layers The field that

is investigated in this thesis have 11 producing layers.



2.2. Modelling

Schl umber ger 6 seCIRASHE && ElgVisdftwWares were used in this thesis

in order to understand and simuldte tonditions of the reservoir.

2.2.1. Geological Model

Schl umbergerds PETREL softwar erstatcreseruvoged t o
model. According to Zakrevsky2011), constructing a static model which is consisted

with geological knowledge is a fundamental step towards reservoir characterization and
performance forecasting. 3D static reservoir models are generally used for; reserve
estimation, targeting new wdbcations, uncertaintgnd risk analysis, well patihesign

and control, establish a base for production forecasting and cost estimation by paired with

dynamic reservoir model simulators.

2.2.2. Fluid Property Model

According to Ahmed (1989) phase belmvifor gas condensate reservoirs can be
examined in to two parts, retrograde and near critical. In retrograde gas condensate
reservoirs, the reservoir temperature is lies anywhere between the critical temperature and
the cricondentermin this type of reswoirs gasi oil ratios are changing from 8000

70000 scf/STB and API gravity for condensates is abo¥eAcan be understand by its
name in near critical gas condensate reservoirs, the reservoir temperature is at near critical
temperature. In this typof reservoir the liquid volume will increase rapidly after pressure
drops below the dew point pressure. The reason for this all the quality lines for the phase
behavior converges at the critical pointFigures 2 and 3 typical gas condensate reservoir

phase diagrams and liquid percentage vs. pressure diagrams can be seen.
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Figure 2. Typical Gas condensate reservoir phase diagrams (A: Retrograde, B: Near Critical, Ahmed, 1989)
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Figure 3. Liquid Content vs Pressure graphs for Gas condensate reservoir (A: Retrograde, B: Near Critical,
Ahmed, 1989)

The PVTi software was uséd define fluid properties of the reservoir égnstrucing the

PVT tables of all phases in the reservoir along with the depth edtiables such ags
solubility (Rs) versusdepth (RSVD) andraporized oil to gas rati¢Ry) versusdepth
(RVVD) by using the fluid composition and some basic fluid characterization data such
as density, molecular weight and specific gravity of the compiirhese data coupled

with static reservoir modeét used for the solution ¢fie dynamic reservoir model.

In order to construct these PVT tables and phase diagrams PVTi softwasesoeed
laboratory experiment data. In this thesis Differential Liberation (DL) and Constant

Volume Depletion (CVD) experiments wengsed. According toAhmed (2010),



Differential Liberation experimen&reconducted by liberating the solution gas of an oil
sample in order to find the amount of gas in the solution as a function of pressure,
composition of liberated gas, gas compressibility facod specifiogravity of gas and
density oftheremaining oil asa function of pressure. Although it is known thiaé field

is a gas condensate fiellifferential liberation experiment was used becanseme parts

of the reservoirsolution @s bearing live oil is preserhhmed (2010) also states that for

a gas condensate reservoir Constant Volume Depletion (@Xpgrimentshould be
conducted. CVD teds mainly used for simulation of gas depletion performance. CVD
generally results with a known composition at a certain predsoveever in this thesis
CVD data aregiven to the software asgas densitywersuspressuretabledue to lack of

data and it is thought that density coglde a clue about the gas composition.

For phase diagrams different EquatmhrState models can be chosen in PVTi software.

The software offers seven different EOS models:

2- ParametePengRobinson (PR)

2- Parameter SoavieedlichKwong (SRK)
RedlichKwong (RK)

ZudkevitchJoffe (ZJ)

3- Parameter PerBobinson (PR3)

3- Parameter SoaviRedlichKwong (SRK3)
SchmidtWenzel (SW)

= =4 A 4 -4 -4 -2

In this thesis, SRK3 was used as EOS. It was the hmdglnto [ worked with the data
at hand. The SRK3 @iven inthe followingEquationl (Soave, 1972)

[~ A« (1)

S
=+=

g

S
=+



e a p Y

O T YumEUpX TULPP

Tc: Critical Temperature

Pc: Critical Pressure

Tr: Reduced Temperature
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For a given hydrocarbon fluid compositidamped hydrocarbon components heavier than
heptanes(C7+) are main component for chacterization. Some property estimation
methods are available in the literature and in this thRsazi and Dauber{1980)
correlation is used to find out specific gravity of the C7+ componditisough some
other correlation and characterization formwdaest offersthe best correlation according

to data available at han@he correlation isised to derive thedtiation 2(Whitson &
Brulé, 2000)

L g L8 e @

Where;

Kw = Watson Factor
M = Molecular Weight
2 = Specific Gravity

Rv is a crucial variable in order to define a condensate sySpivak and Dixor{1973)
denotedRvaseand cal |l ed it vi%usedjucortlensate sirnnuatdbso . R

find out the amount of condensate will be produced for a certain gas productias rate

the Rsterm is used in blackil simulationsin  Sc hl umber ger 6 svisECLI PSE
defi ned as -giavsa proarits Liniesodre &iSi® for metric syste stb/Mscf

for field system.
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2.2.3. Dynamic Model and Simulation

Niri M.E. (2015)states thatyghamic reservoir model is used to identify reservoir rock and
fluid behavior over time while producing and displacing fluids within the reservoir.
Schlumberger ELIPSE is one of the commercial simulators available in the market.
Dynamic reservoir modslfor gas condensatean be constructechainly in one of the

two different ways, black oil or compositional simulati®@CLIPSE differentiate these

two simulation @tions in to two different simulators which are E100 and E300
respectively.Black oil simulation, which isisedin this thesis, is a simpler simulation
mechanism where the oil and gasnponents are not separately accoutiteslighouthe
simulationbut asa whole however compositional simulation mainly focus on changes in
composition with decreasing temperature and pressure and changes the PVT properties of

the gas with changing composition by using an Equaifetate parameter.

According to the Fevan&ingh & Whitson (2000), black oil simulators for gas condensate
reservoir proves useful in many cases by comparing it with the compositional model. The
findings of this paper suggest that black oil simulators can be used even in gas cycling
simulations lbwever the effect of gravity should be negligible otherwise the resultant

simulation can be erroneous.

After the construction of the fluid model the model should be adjusted with the available
data to provide an accurate model to study. This adjustmeo¢gzas calledhistory
matching and the aim is to find an acceptable reservoir model and make future predictions.
Two different methods can be used in history matching process. The first one, which is
most commonly used and also used in this thesis, isntrual history matching and
second one is automatic. In manual history matching, engineers adjust the parameters
manually by the outcome of the previous model. In automatic history matching idea
behind is the same, where the outcome of the previous nsactghpared with the actual

data and adjusted accordingly, however the computer is responsible for the adjustment.
(Ertekin, AbouKassem, & King, 2001)
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In history matching processes, porosity, permeabil@hativepermeabilities for different
phases can be changed to reach and acceptable reservoir model. Relative permeability is
a factor can be defined for each phase which states the flow amount for different phases.
It is crucial for gas condensate reservoirs sithee oil and gas relative permeabilities
suggest which phase to flow. If a relative permeability of oil is very low, evolved liquid
around the wellbore cannot flow easily thus forming a blockade. Some techniques for
changing the relative permeability prageal in literature to increase the production and

they will be discussed in the next section.

2.3. Production Strategies and Remediation Techniques

The history matched model should use to determine the future production scenarios. These
production scenarios can be the combination of both production and injection. For gas
condensate reservoir, gas and water injection are common applications to maintain
reservoir pressureAccording to EiBanbi (2000), water injection in gas condensate
reservoirs is more advantageous than the gas injection due to economic reasons and it is a

viable option however gas injection is the good method to increase condensagzye

Ali (2014), states that there is other treatment methods for gas condensate blockage other
than injection of water or gas, such as methanol treatments, wettability alteration and
hydraulic fracturing however these treatment methods arese@édwere only the
blockage around wellbore can be treated but the other parts of the reservoir stays in the

same condition.

Asgari A. et al (2013) states that methanol treatment can increase gas relative permeability
about 1.3 to 1.6 thus increase the gasipcavity.

According to Sheydaeemehr (2014), the wettability alteration proved useful in a giant gas
condensate reservoir by changing the wettability of the rock to intermedkétiag state
from strongly liquid wetness. Although the results are promjsirey are also backing up

the Ali (2014) where the treatment radius of effect ends at 5 m away from the wellbore.
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CHAPTER 3

STATEMENT OF PROBLEM

The aim of this study is to compare different production strategies that will optimize the
productionof a gas condensate field where condensate blockage occurs in the reservoir
due to decrease in the reservoir presstine. optimum productioscenarias thought to
produce the precious condensate as much as possible without letting its evolution in the

reservoir.

The field chosen as the case for the study has fireelucing more than 40 yeaasdthe
drilling activity started at 1955 in this offshore fieMfhile production still continues in
the field, it is known thasome of the wells were abandonea tlucondensatblockage

around wellboresCondensate dreput iscaused by the decrease in bottbale pressure

The goal of this thesis is to understand the working mechanisasngat condensate
reservoir by usinglata obtained from an existing field. rRtis reason a commercial
blackoil simulator a geological modellingoftware and a fluid property simulator are
usedto create geological and fluid models which are useaks®ss several production
strategieghat carbe aremediation option for theondensaterop-outblockage problem

in the reservaoir.
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CHAPTER 4

DATA GATHERING AND PROCESSING

In this chapter data gathering and the quality assessment of the data iatdxidined

Some major data sets about the reservoir such as well names, locations, maps and well
crosssections along with production data submitted to the author beforehand by the
company operating the fieldlthough majority of the data has been submitted to the

author some othetata argoroduced by usingquationsinterpretations and assumptions.

4.1.Well Data Analysis

From the given well location maps and coordinates firstly thelaedtiors aregathered.

This data areused for constructing the geologa | model in Schl umber
Since no well deviation survey is available it is assumed that all wells in the field were
drilled perfectly vertical. From the well cressctions thelepthsof theformation topsare

found out and necessary formatiaps areused to create input files for PETREL. As
mentioned before the main focus of thisdyis 6" layer therefore tops ofmand ' layers

are also taken into account in order to find thickness of the layers and the structural pattern.
Addition to he drilling, geographicalata total depth of the wells, perforation levels with
perforation dates along with the spud date are collected in ordesetaluringhistory

matching process.
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4.2. Production Data Analysis

Monthly productiondata aresuppliedby the operator companyhe data set covers all
production done in the field as form of mbiyttotal production of each well and each
hydrocarbon fluid gas, condensatend oil) coupled with water production and well
status.Wells operate only a fewaysin some months which are identified afod the
goodness of history matching additional zero production days have been entered as input
file in Schlumbergerdés ECLI PSE.

4.3. Fluid Data Analysis

Table 1 show the fluid compositional data which is giv by the operator company.
Although compositional analysis seems enqupghk conditions that the fluid sample is
takenis unknown Due to high methane amount it is assumed that this fluid sample is

taken from the separator conditgmhich arenot known éher.

Table 1. Compositional Fluid Properties

Mole Molecular Critical Pressure | Critical Temperature
Component | Percent Weight (psia) (°R)
Methane 93.67 16.043 666.4 343.0
Ethane 2.2 30.07 706.5 549.59
Propane 0.89 44.097 616.0 665.73
iso-Butane 0.5 58.123 527.9 734.13
n-Butane 0 58.123 550.6 765.29
iso-Pentane 0.23 72.15 490.4 828.77
n-Pentane 0.03 72.15 488.6 845.47
Hexane 0.11 86.177 436.9 913.27
Heptanes+ 2.14 144 360.7 1023.89
Carbon
Dioxide 0.23 44.01 1071 547.58
Nitrogen 0 28.013 493.1 227.16
Oxygen 0 31.999 731.4 278.24
Air 0 28.963 546.9 238.26
Mixture 100 19.84 659.82 369.31
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CHAPTER 5

GEOLOGICAL MODEL

5.1. Constructing the Geological Model

The simulation process starts with the geological moddheffield. In this thesis
Schl umb e r g esoffwareisRuged ® Eréate geological modélthe field. Well
locations, layer tops, fault locations, boundary of the field are the startints pdithe
geological modelling. In this thesis 85 wells fodifferent layertops andoundary vere

used to create theurfacesThe shape of the top surface shown in Figlre

-----
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Figure 4. Geological Model SurfaceVertical Exaggeration = 5)
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After creating the surfaceblocks and zones should be created. For the blocks, 3 fault
zones defined in the PETRHElased on the available fault maje first one igrending

on NNW-SSEdirection andorms the western boundary of tmeservoir After the first

fault second and thd one aralefined to the model. The second and tfardtsare parallel

to each other and they are forming Northern and Southern boundaries of the second block
which definesthe thesis main focus area. The faults are trending- SN&&V and they are
connedng with the first fault. Faults are shown in Figdté@ne should note that the dips,

slip amount and type of these faults are not knaiwarefore faults are assumed to be
vertical and crosses all the layers in the reservoir

j 4

Figure 5. Faults

Next step forthe creaton of the model isthe generation othe zones. Surfaces were
created with the well tops from different layers. These well top&dardified from the

drilling logs of the wells. Depths of each horizon encountareshch wellaredifferent
therefore the thickness of each zones are different throughout the field. In order the create
the zones from surfaceBETREL uses top and bottom depths of each well as known
points and distribute them across the field by usimggikg method.Grids are also
generated during thistep.The properties of the reservare entered in each griélhe

grid numbers of this field is 31, 83 and 12 in X, Y and Z directions respectivatigl
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number of grid is therefore 30,87Bhe zones@ shown in Figres6 - 11. Also in Table
2 average depth, thickness and volume values can be seen.

Figure 6. Top view of Zone 1(Vertical Exaggeration = 3)

Figure 7. Side view of Zone I Vertical Exaggeration = 3)
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Figure 8 Top view of Zone 2(Vertical Exaggeration = 3)
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Figure 9 Side view of Zone ZVertical Exaggeration = 3)
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Figure 10 Top view of Zone 3(Vertical Exaggeration = 3)

Figure 11 Side view of Zone 3Vertical Exaggeration = 3)
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