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ABSTRACT

EXTRA KOROLEV PRODUCERS: THEIR IMPACT ON PRODUCTION

YSKAK, Aidos
M.Sc., Department of Petroleum and Natural Gas Engineering

Supervisor: Prof. Dr. Mahmut Parlaktuna

September 201®8 pages

In this study, a threedimensional threephase dynanic simulation
model based ongedogical investigations of Korolev oilfield in
Kazakhstanwas used as a development planning tool order to

improve performancef three newvells.

The model, developed previously by means of a seismic study, well log
andcore datajncorporatingwith characteristics of oilfield productivity,
properties of reservoir]iqguids and gasesthat are saturatinghe
hydrocarborbearing horizoncan be used to calculate development
parametes for Korolev field, includingproduction vell locations,
drilling schedules,and to facilitate both longterm and shofterm
forecasting for the purposes optimizing the hydrocarbon recovery

from the field



The objective of this works to assesshe impact of adding 3 extra
producing wellsand find waysto optimizecumulativeproduction with
the least impact othe existing development pldoy means ofdeeper
understanding subsurfackynamicprocesse®f the Korolev field The
challenge isa high degree of connedty between wellsin the
prodwctive formation throughout the field & that any change of

production par amet e cunulaivegroglctios t he

Trying to find a solution t@ptimum productiorof the reservoir forecast
studies were carried outie impactof each new wélon development
parameters was definedubsurface processes changes due to extra
producers leath were explainedand & a result of thighesistwo
optimization models were proposed, one of whial bring nearly 9.7

million barrels more oil.

Keywords Korolev Qlfield, Gedogical Model, Reservoir Snulation,

Oil Field DevelopmentCumulative Oil Production.
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CHAPTER 1

INTRODUCTION

Korolev oil field, located 15 km from the well known Tengiz field, was
discovered in 1986 bgxplorationwWell ~ 10, in which a artesiarflow

of oil was obtained from Carboniferouarbonate formations at the rate
of 432 nildayon an 8mm choke(Putney: et al., 2005)

An initial assessment of oil and dissolved gas reserves in the subsalt
carbonate formations was maate01.011989. The first official estimate

of the field's oil reserves was carried out in 1998 and approvedeby th
Kazakh State Reserves Commit(Badoyev; et al., 2004)

In 1998, with a view taouilding upa more complete picture of the
conformation and relationship between the struata@sof the subsalt
formations, a 3D seismic survey was carried out in thegikzeand

Korolev fields.

In 1999, a "Pilot Production Programme"was prepared, and
subsequently approved by the Kazakh Central Development Committee

(Babasheva,; et al., 199%etting forth the basic objectives for a detailed



exploration of the field and dull investigation of its geological

structure.

Tengizchevroil Joint VentureTCO) has been responsible for the
development of Korolev field since 2000The Tengizchevroll
partnership was formed between the Republic of Kazakhstan and
Chevron in April 6,1993. Current partners are Chevron (50 %),
KazMunaiGas (20 %), ExxonMobil Kazakhstan Inc. (25 %), LukArco
B.V. (5 %).

In October 2002, TCO issued an Appraisal Programme for Korolev
Field detailing poposals for drilling, testing,well productivity

investications, and laboratory investigation of core samples and fluids.

The investigations carried out by TCO since 2000 were used as the basis
for developing anumericalmodel of Korolev field and preparing an
estimate of oil, dissolved gas and associated ¢aesti reserves as of
01.01.04, which was examined and approved by Kazakh State

Reserves Committee (Badoyev; et al., 2004).

Based on the statimodel, TCO specialists also gaated a three
dimensional thre@hasenumerical simulatiormodel of the fieldwhich

was then used to prepare the field development programme

The goal of thisthesisis to assess the impact of adding 3 extra
producing wells on productiomnd find the ways to optimise the

production scenarido maximizecumulative oil recovery.

Optimizing oil and gas recovery requires the following six stERetter
and Thakur, 1994)
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Identify and define laindividual reservoirs in a given field and
their physical properties

Deduce pst and predict reservoir performance.

Minimize drilling of unneesary wells.

Define and modify (if necessary) Wigbre and surface systems.
Initiate operatingontrols at the proper time.

Consider all pertinent economic and legal factors.



CHAPTER 2

GEOLOGICAL AND PHYSICAL PROFILE OF THE FIELD

2.1 General Profile of Held

Korolev oilfield is located in the Zhylyoi District of Atyrau Province in
the Republic of Kazakhstan (Figurel

D
S

| [

| 7@5&%& Future Facilities

Figure 2.1:Location magPutney; et al., 2005)



The nearest settlemeist the villageSarykamys, located 35 kilometres
southeast of thdield. Kulsary isthe adninistrative centre of Zhylyoi
District, which is located 90 km away, and the regional centre of the
Province Atyrau city is 150 km norwest of the field.Transportation

between these patis and the fields by roadair and rail.

Water supply for domestic us@s Zhylyoi District and for the TCO
baseis maintainedby pipeline from the Volga Rivewith treatment
facilities at Kulsary.TCO has its own gas turbim@wer plantwhich

supplieselectricity to production fatities and camps.

The al from Korolev used to entdhe Oil Processing?lant which is 15

km far from the base of TCO before Sour Gas Injection (SGI) and
Second Generation Plant (SGP) projects were completed in 20é8e

projects increased total TCO ilyaproduction capacity to 540.000

barrels of oil and 760 million cubic feet of natural gas. The integrated
expansi on projects i ncrease TCOO
approximately 80 percentThe SGI project use gas injection
technology to boost the prese and increase oil recovery, while the

SGP will increase the number of producers (wells) and improve and

expand the crude export infrastructure.

About onethird of the sour gas is separated from the crude oll
production at the SGP processing train andeigjected at very high
pressure into the Tengiz reservoir. SGI is designed to increase
production efficiency and recoverable volumes, as the injected gas
maintains higher reservoir pressure and displaces oil toward the
producing wells at Tengiz. Where#&®rolev field is being developed

under liquid and rock expansion drive mechanism. Given the presence

5



of abnormally high initial formation pressure (80.5 MPa) the options
involving formation pressure maintenance envisage water injection from
2020. Until tha time, the oil reservoir will beproducedunder natural

depletion drive.
Thefollowing main oiland gagipelinespass through the area

1 Central Asia Centre trunk gas pipeline
1 TengizKulsary-Atyrau-Novorossiyskoil pipeline(CPC);

1 UzenKulsary-Atyrau-Samaraoil pipeline

The territory of the Korolev fields a semidesert plain with ayentle
slopein the direction of the Caspian Sddne mearabsoluteelevation
of the relief is25 m below sea level The vegetation is poofThe
Karakum desert sands erd up to the field from the ea&the river

system is absent.

The climate of the region imarkedly continental: coldiinters (down to
minus 30C) and hot summers (up to plus @). The regionis

characterized by strong winds.

2.2 Geological &ucture

Korolev field is associated with an Early to Middle Carboniferous
carbonate buildup underlainyba Devonian carbonate basemers
shown in Figure 2.2Location of drilled ad planned wellsas of
01.07.2009 is showm Figure 2.3
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In stratigraplc terms, the sedimentary sequeesposed in the Korolev
wells is composed of formations from the Upper Devonian to the
Quaternary period. Three major lithologitratigraphic complexes can
be iderified within this structure: oversalt (Upper Permy@uoaternary
formations), salt (Kungurian evaporites) and subsalt (Upper Devonian

Lower Permian formations).

According to the seismic investigations (Harris; et al., 2G0%) drilling
data(Harris; et al, 2000) the Lower Permiatpper Devonian subsalt
carbonate buildup has a platform crown section and steep flanks. Based
on the seismic and drilling data, three structf@ales zones are
identifiable in the carbonate buildu@Figure 2.2 and Figure 2.8
platform zone (wells 16, 18, 3483, 3682), fl&si@&pezone (wells 11, 19,

22, 9, 10, 31853880, 3882) and distakone (wells 12, 14, 15 and
possibly 13).At the beginning Korolev had been characterized as a
smaller version of the Tengiz field due to damties in stratigraphic

age, reservoir thickness and oil properties. However, differences in these
two deposits were apparent during drilling. Unlike Tengiz, where
drilling circulation losses are prevalent only in slope facies surrounding
the platform, ést circulation occurs in both platform and slope at
Korolev. Lost circulation is commonly associated with relatively thin
zones of high permeability that greatly enhance well productivity and
reservoir connectivity. Pressure versus depth measuremeniseobita

new wells and pressure transient tests between producing wells provide
supporting evidence for pressure communication throughout Korolev
field (Putney; et al., 2005). The high degree of connectivity in the
Korolev platform is thought to result fromlissolution and diagenesis



associated with multiple pore volumes of fluids spilling from Tengiz

into this smaller field.

2.3 Oil Content

The carbonateeservoir with which the oil reservois associated is
divided into two stratigraphic unitsinit | and unit Il (Figure 2.2) The
first stratigraphic unit includes Bashkiri@erpukhoviarOksian
formations, and the second unit includes Lower VisEamrnaisian

formations(Figure 2.4.

The oil accumulation in the carbonate buildup was investigated by
testng in 11 wells (814, 16, 3483, 3682, 3882), four of which (wells 8,
16, 3483 and 3682) are located within the platform zone, and the others
arein the flank zone (except wells 12, 13 and 14 which are located in

the distal zone).

10



Kungurian
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Carboniferous
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Late Paleozoic

Unit 2

Tournaisian

Famennian

Frasnian

Glvetian
Eifelian
Emsian

Pragian

Mid | Upper
Unit 3

Devonian

Lower

Lockhovian

Figure 2.4 Geologic ime scalgPutney; et al., 2005)

Separate testing of one of the stratigraphic subdivisions in wells 8
(Bashkirian), 10 (Lower Visean), 11 (Tournaisian) and 16
(Serpukhovian) yielded various olil inflovet the dept033.8 m, 4811

m, 4845.8 m and 4144.4 iyelow sea levelrespectively(Babasheva,
1999)

Combined testing of several stratigraphic subdivisions was carried out in
the other wells.
11



The position of the oilvater contact in theeservoirassociated with the

subsalt formations has not been reliabbgablished, which is typical of

the entire Caspian region, nor has the lower limit at which viegeroil

Is obtained, due to the fact that during combined dp®a testing of the

wells, production logging testRLT) investigations were only carried

out in the upper parts of the productive intervals. In wells 3882 and
3483, based odynamicl oggi ng data ([DT), t her
the pressure gradient at the depth4883 mbelow sea level, suggesting

a changein the oilsaturated section of the profile to wabsaring

(Putney; et al., 2005)

At this stage in the geological investigat of the field profile, and
considering the paucity of available test data, thevaier contact may

be provisionally placed @he depth 0#933 mbelow sea level

2.3.1 Characterization of Pay Thickness, Reservoir Properties and

Non-uniformity

Net pay thicknesses were determined on the principle that the whole of
the pore space, less the volume occupied by interstitial water and rock
with practically zero porosity, is effective and participates to some
degree in the inflow of oil. This is indicateq the results oflynamic
computer modelling of the field which show that, as the formation
pressure declines in the process of development, there is a movement of

oil in all of the reservoirs, including the leporosity reservies. Overall,

12



the net thickness of the pay is 703.7 m, and tinet oil-saturated
thickness i$52.1 m(Badoyev; et al., 2004)

In total, the Korolev productive formation is characterised by cores from
15 wells.In all, total core meterage for Korolev 580 meters A total

of 2980 pck samples were tested (2595 of the samples tested ware fr
wells 19, 3483, 3882, 3880). Tlashkirian formations are represented
by core samples from 6 wells, the Serpukhovian from 11 wells, the
Oksian from 9 wells, the Lower Visean from 8 wells, thmufhaisian
from 5 wells, and the Devonian from 4 well8ased on the core
sampling data(Harris; et al., 2000 and Badoyev; et al.,, 2004) the
reservoirrock ismainly composed of limasnes. The void space of the
reservoir rocks has a complex structure arulesents primary
intergranular porosity, secondary pores, vugs, and fractures, which is
attributed to the depositional cotidns and diagenetic processése
formation of porosity was greatly influenced by processes of leaching,
recrystallisation and furing. Filling the pores with bitumen,
dolomite, secondary calcitandsilicification resulted in a deterioration

of reservoirproperties.

Porosity - permeabilitycross plotwas determined on the basis of well

logging and core sample dd4tgure 2.5.

13
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Figure 2.5 Porosityi Permeabilitycross ploiHarris; et al., 2000)

In stratigaphic unit,lthe averageorosity of the reservoifrom well
loggingvaries from 3.74 to 5.% on the platform and from 2.7 to 343

on the flank, and core porosity vasifom 5.4 to 7.4%6 on the platform

and from 4.8 to 5.86 on the flank. In stratigraphic unit I, average log
porosity ranges from 3.8 to 4.1%, and core poyaverages 4%/ hus,
three types of pore space are accepted: interstitial (porosity < 3 %),
fracturedvuggy-porous (porosity & %) andvuggy porous (porosity >

7 %).

Bashkirian rocks have highest average values of storage capacity at the
platform and storage capacity is decreasing in Serpukhovian and Oksky
formations. Reservoir in slopes comparibg the reservoir in the
platform hadower values of porosity.

14



2.3.2 Properties and ©@mposition d Oil, Associated Gas and Water

The physicechemical properties of Korolev oil and dissolved
(associated) gas were determined on the basis of data obteomed f
analyses of formation samples and degassed samples carried out at
Giprovostokneft Institute (1986991) and Core Laboratories (1999
2002)(Kovaleva; et al., 2005)

A total of 10 formation samples were taken from the Koroledypctive
formations:4 by Giprovostokneft and 6 by Core Laboratories. The oll
samples were taken mainly from commingled wells producing from

both stratigraphic units | and II.

Despite differences in methodologicahpproaches adopted by
Giprovostokneft and Core Laboratories, thesutess by thesetwo
organizations aren goodagreementinvestigagd samples showed fairly
similar results for alproperties and, currég, there is no basis for the
judgement aboutpossible variations ithe properties othe formation

oil along thestrike andon thedepth.

Figure 2.6shows the valuesf the density of reservoir adls function of
pressure fom initial formation pressure to bubble pQintThe
difference iswell within the rangeattributable to experimental errdt.
could be because dtifie time gapbetween thdormation sample studies
in these organizationsvhich is about 8 yearsHowever, lased on the
results of the investigations and calculati@ievaleva; et al., 2005}he

density of the formation oil is 625.5 kginthe bubblepoinpressure of

15



the oil at a formation temperature of 100 is 25.03 MPa, and the

dynamic viscosity othe formation oil is 0.20 Pds.

066

064 —m-—— &

y, =0,3278x0%1%2¢ —4— WellK-3882 (Core
062 +—mm /,/; Laboratories)
060 / o

—3—Wells9. 11

;i 058 A/_ i (Giprovostokneft)
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Figure 2.6 Density of formatio oil versus pressure at T = 100
(Kovaleva, et al., 2005)

Multiple separator testsy Core Laboratoriegave the result on the total
dissolved gas a564.7 m/m®. Calculation of this parameter Hiash
tests at Giprovostokneft for the samples fralls 9, 11, 16resulted
with 5734 nv/m,

Properties and composition of degassed oil efKlerolev oil field was
identified with 2 samples which were collected in 2 wéllable 2.1)
Oil is characterized dgyht with a density astandard conditions 0.802
g/lem®, saur (0.72 %by mas$, paraffinic (4.6 %by mas$ and low resin
(1.21 % by mas3}. Contentof pyrobitumen(asphaltengis 0.06 %by

mass Small amount of paraffinibydrocarbons results in lofreezing
16



point temperature of the degassed ell{ C). Temperatureof melting

point of paraffinis +53 C (Apakaev and Druzhinina, 20Q9)

The volumetric output of light fractions that are released at the
atmospheric pressure was 46% at temperatures up taC280d 68% at
temperatures up to 30@ based on the test results of the two samples

on average.

u O b I1:d”hy8ical and chemical properties and composition of

degassedib(Apakaev and Druzhinina, 2009)

. Units L. Il
Description Range of Average value
Measurement
Density of degassed oil at 2C, gfm® 0.802
Flow viscosity at 20C, mPRQ- s 1.94-2.10 2.02
Kinematic viscosity at 20C, mnf/s 2.42-2.60 2.52
Freezing point C -16- (-20) -17
Wax melting point” C 50-56 53
Sulfur 0.58-0.86 0.72
Silica tars 1.12-1.30 1.21
Mass conten® =4 c haltenes 0.01-0.10 0.06
Wax 3.3-5.8 4.6
100 C 13-15 14
Volumetric output s 1_6 0 30-32 31
of fractions % ts 2CG0 45- 46 46
ts 3C0 66-70 68

Table 2.2shows the mole concentration of components of the petroleum
gas, degassed oil and formation dlontent of methane in oil gas is
55.82%, ethane is 11.086, propane is 6.12, hgher hydrocarbons
(propane + higher hydrocarbons) is 8%6hydrogen sulfide is 19.61%,
nitrogen is 1.2%%, helium is 0.02246. Specific gravity of gass 0.862
(Apakaev and Druzhinina, 2009).
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u Ble 2.2:Composition of petroleum gas, degassed oil anadtionaoil
(Apakaev and Druzhinina, 2009)

Units |, Il
Description Du'ring Qifferential degassing .o.f ' .
formation oil under working conditions Formation Oil
Released Gas o]]
H,S, mole% 19.61 14.86
CO,, mole% 4.18 3.17
Nitrogen+ rare, mole¥% 1.25 0.95
including Helium, moléo 0.022 -
Methane, moléb 55.82 42.31
Ethane, molé&o 11.08 8.40
Propane, moléo 6.12 0.34 4.73
Isobutane, mol&bo 0.70 2.19 1.05
N-butane, moléo 1.24 6.13 2.39
Isopentane, moléo 4.31 1.19
N-pentane, molébo 4.60 1.23
Hexane, moléo 8.59 2.13
Heptane, moléb 11.81 2.85
Octane, moléo 10.44 2.49
Resedug wrHighen, mole% 51.59 12.25
Mole mass, mole 144 55
Mole mass of resedue 196 196
Gas density &0, g/l 1.039
Specific gravity of gas 0.862
il density g/ riy 0.7935 0.6255

Table2.2shows it is a wet gas of a methane type which is natural for the
oil of deep occurrence. The,8 content is high due to the similarity of

oil reservoirs of the Korolev and Tengiz Fields.

At Korolev, the water in th deepegeological sectiorwith which the
productive formations are associated was investigated by testing in wells
12, 13 and 14 at the depth interval 5352 mbelow sea level

As shown by the analysis results obtained by KazNIGRI Institute during

trial production at Korolev in 1999, the water in these wells is
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characterised by a widangeof mineralisation values: from 38.2 g/l at

a density of 1.036 g/chin well 12 to 164 g/l in well 13, and highly
contradictory concentration values for certain ¢omsnts in the salt
composition. The t)] oic(upth®&15mand i um
the water has a total hardness 280 mg.eg/l. According t&ulin's

classification(Ostroff, 1967) the water is of the chlorirealcium type.

The water from the Denian formations obtained in well 12 was found
to be chemically similar to that in Tengiz well 47, ranging fronb3yI

to 44.5 g/l, and with a densifjom 1.0299 to 1.031 g/cinBoth samples
arenatura, with deeplying horizons of abyssal fresh watdrdiffering

genesis being included in their formation.

The water in the Khvalynsky formations is usable as a source of
domestic/sanitary and drinking water, and the water in the Albian

Cenomanian watdsearing complex is usable for technical purposes.

2.33 Oil and gas reserves

Total recoverableoil reserves at Tengiz and Korolev fields through
April 2033 is from 750 to 1.1 billion metric tonnes (6 to 9 billion
barrels). Estimated oil in place in Tengiz field is 3 billion metric tonnes
(26 billion barrel$ with 190 million metric tonnes (1.5 billion barrels) in
Korolev field (TCO fact sheet,quarter 2009).
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Reservoir pressure versagmulative production is plotted for thield
and for each of thehtee existing wells (Figures 722.8). Rate of
pressuwe drop in the fieldaveraged as 0.002 MPa/100@Ftgure 2.7.
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Figure2.7. Korolev field formation pressre versus cumulative

production

Analyzing the dynamics of reservoir pressure on the borehole 10, it
should be noted that at the date of commigs® in November 2001,

the reservoir pressure was 80.6 MPa, then it dropped by 3.76 MPa over
the operation period. Rate of pressure drop in the well 10 was 0.0037
MPa/1000 tons of oil producd&igure 2.8\).

In well 3483, thanitial formation pressuraas 80.6 MPa. In September

2004 the reservoir pressure was 77.29 Mfar cumulative production
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of 58.53 thousandonnes. Rate of decline of reservoir pressure was
0.0137 MPa/1000 tons of oil producgédgure2.8B).

In 3882 the initial formation pressureeasured was 80.4 MP@&hen
reservoir pressure was 76.58 MRfter cumulative oilproduction
1239.35 thousand tonnes. Rate of decline of reservoir pressure on the
borehole is equal to 0.0031 MPa/1000 tons of oil produ€egure

2.8C).
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As seen from the discussion above, the rate of pressure drop in wells 10
and 3882 idower than in the well 3483\ote however that wells 10 and
3882, which are characterised by roughly the sameafatkecline in

formation pressure, are located in different parts oftheture

In accordance with thdatapresentedn Figure 27 curve of formation
pressure versus cumulative oil productitime primary recoverable oil
reserves attributed to the dar active production wellsith a reduction

in formation pressure to bubble point is approximately 33.8 million
tonnes It is desirable to produce the minimum amount of gas. This
means that thdottomhole pressureBHP) of the producers should
always be atwe the bubble point, because producing below results in
the formation of free gas near production wells resulting in a decrease of

oil mobility and therefore its production.
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CHAPTER 3

ANALYSIS OF THE FIELD DEVELOPMENT STATUS

3.1 Analysis of Well Sock Structure and Their Current Production
Rates

As of 01.07.2009 there are 19 wells drilled thie Korolev field,
including 10 producing (9 active, 4 inactive), 6 abandoned and 3
suspended wellgFigure 2.3) Oil reservoir is being developed without
formation pressure maintenance as planfedsummary of the well
stock is shown in Table 3.1All active production wells are under
artesian flow, and the wateut is zero. Table 3.2 provides a break
down of active producers by oil ratasd shows that weallare highly

productive.
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Table 3.1:Summary of the well stock as 01.07.2009

Well count (well #)
Descriotion Characteristics of Well . _ '
P well stock count Stratigraphic unit
[ I [+ 1
Total drilled 19
5(-11 -18,4 3 49 -
Active producers 9 s-3185,|1(&9)
3'6 8 23880)s 3 4 8 33882)s
Production
well stock | Temporarily shuin 1 1 P)s
Suspended 3 ( 8l 6 2 15-22)s
Abandoned 6 (8,-18 71 351 4s-1 5s-17)s

Table3.2: Well breakdown by oil rates as of 01.07.2009

Well location area Oil rate , t/day Total
750-1000 10061250 over 1250
Platform 1( s3483) 2( sl 8 -3682) 3
3( 51 O 1_117 5 _
Flank K-3882 1( s3880) 2 ( sl19 K-3185 6

Cumulative recovey map as of 01.07.2007 is given in RigB.1 which

showsthat the nost of thecumulative productioromes from wells K
10 (with a recovery of 1596.4 thousaridns) and K3882 (1518.8
thousand tons). These wells have been active since the start of test

production in 2001. Bcovey from the rest of the wells changes from 53

to 354thousand tons.
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Legend:

Flowing well
Suspended well
Abandoned well

I:, Qc - Cumulative oil recovery
———————— Oil drainage boundary of I unit
~——-——---Oil drainage baundary of II unit

Figure 3.1 Cumulative oil production map as of 01.07.2007
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3.2 Review ofWell Test Resultsand Well Productivit ies

During the reviewperiod (01.07.08 01.07.09) producing wells were

shut in for maintenance operations, testsl &GP turnaroundThe

following types of tests were performed in Korolev fieldtie 2 half

of 2008and1® half of 2009:

9 Pressure Transient Tests (PTT aild-up test);

9 Pulse Tests

1 ProductionLogging Tests (PLT)

10 buildup tests were run in 7 wells'est results are shown in Table

3.3
Table3.3: Results of buildip tests (Apakayev; et al., 2008)
Reservoir
## | Well # Test date Skin-factor | Permeability, mD | pressure at datum
-4500 m, MPa
1 K-10 31.0701.08.2008 -0.545 131 712
2 K-11 14-25.07.2008 -0.0811 0.49 70.7
3 | K-3185 14-20.07.2008 -2.04 13.8 711
4 | K-3682 14-20.07.2008 18 26 711
5 | K-3880 15-20.07.2008 -2.88 0.459 68.8
6 K-18 15-26.07.2008 Poor quality of the test 71.0
7 K-3185 07.08.08 Poor quality of the test
8 K-3682 07.08.08 Poor quality of the test
9 K-3880 07.08.08 Poor quality of the test
10 | K-3483 04.01.09 Poor quality of the test
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Analysis of the builtup testsrun in 2008 yielded thathe reserwoir

pressure at datuab00meters below the sea lewels 68.8 71.2MPa

A negative skin factor, characterizing the improypsidmeabilityof the
sediments neawell zone, is obtained for wells-KO, K-11, K-3185,

and K3880. Theposi t i ve s ki 43682 (48} indcates that we |
this well is a damaged wedhd calls for acigtimulation.

A PLT was run flow measurement along the wellboxth a downhole
f 1l owmet e r-10. Teshresults drd shogvn ialdle3.4.

Table3.4: PLT results fois-10 (Apakayev; et al., 2008)

Well # Test data P(iar:{g:\allg:)n Flow interval Stratigraphy | Flow fraction,%
45294545 Artinskian 0
45894655 468171 4702 Bashkirian 0
46814702 Serpukhovian 36

s-10 31.07.2008
47354753 4732.51 4751.7 | Late Visean 64
47664795
Total 100

Although well K-10 is perforated in Artinskian, Bashkirian,
Serpukhovia and Late Visean intervals, the flow of oil takes place from
Serpukhovian (360) and Late Visean (6%).

Pulsetestswere performed between wefis2 2 ,-1 1s,-3185 in July
August 22811 a&irebruay 2009 iorder to tesareal and

verticalcommunication of reservoirs.

A permanent downhol e prXa4d9%em gaug

below sea levein order to continuously monitor bottomhole pressure.
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Ther ef or-22,acted ad dn observation welhd reorded the
change in bottomhole pressure resulting from operatiather wells in
this field.

The tests have demonstrated that there was a good response between
each well pair which confirmdynamicc o mmuni cati €& bet
and the rest of the reservolntensive oil production brought about a

decline in bottomhole pressure, and when the well was shut in, the
pressure would build up. Response time after wltupwas 1012

hours.

The results ointerference tesh wells K-10 andK-3882 suggest a djin
degree of connectivity in the productive formation between wells
located a considerable distance apart (3000 m). The reaction from

shutting down well 3882 was observed in wellLO after 32.5 hours.

Interference testwerealsorun betweerwe | -1 ,8 1s8 518 ang
s-36823,8801;0 uv( ujnNgl )N 9s=an8I8 H;8 sa-B2d s
(see Table 3). Note that the pus sign (+) stands for a good
communication between the wells andinms sign {) stands for no

communication between wells.

Thus, the resultsfrom Table 3.5indicate a goodinterconnection
throughoutthe Korolev reservoir. However, the bottbiwie pressure did
not change in the Korolev wells and continued to bupdafter the 710

had been opened and produced for a long time. ift@ans that no
pressure communication was establisheavben F10 and the Korolev

wells.
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3.3 Analysis of Current Development Statusand Production

Parameters

Cumulative oil production of the operating well stock, average daily
crude oil flow ratedfrom the date of commercial development to the

dateof analysis is presead in Figure 2.

The chart in Figure 3.8hows that the activer@ducing well count in
200609 included 910 wells. Oil production in 20007 totaled 566850
thousand bns. It increased to 2.4 MMT in 2008 due to SGP startup and
totaled 1.3 MMT in the first half of 2009.

Oil production has been wat&ee during theertire period of Korolev
field developmentAverage watefree oil production rate of 1 well was
8551277 t/day during the production test period and-5984 t/day
during the commercial development period in 22069.4625 MM nt
of associated gas was pregd during the entire period of field
operation Average producing GOR over the entire period of field

operation remained stable at 58%0 ni/t (Apakayev; et al., 2008).

Producing well count was increased to 9 dmlling new wells and
returning formerlysuspended wells into service during the produncti

test period through 20080 f or mer | v sdbwaeratadred wel
to service in September 2007 during the commercial development

period, thereby increasirige producing well count to 10.
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As it was written in Chapter II, thaitial reservoir pressure in the
Korolev oil field reservoir ad500 m below sea leveds 80.5 MPa and
the bubble point pressure is 25.03 MEarrent reservoipressure in the
production zone or platform zoro# the reservoir is about 701 MPa.
Average net weighted reservoir pressure as of Jul@® is 69.45

MPa and it is below thimitial reservoir pressure by 105 MPa.

3.4 Comparison of the Design and Actual Parameters of the Oil

Field Development

Il n the MAAnalysis of the Korolev o
2 0 0 BApakayev; et al., @08) design parameters of the oil field
development has been updated and approved for a period ofi 2009
2011. Comparison of the design and actual parameters of the oil field
development of the Korolev olil field in 2008 and the first half a year of

2009 isrepresented infable 36. At that design parameters for 2008

wer e presented I n accordance t o
devel opi ng KdApakheg and Druzhining, i2G0&nd for
20009 I n accordance t o t he AAnal y

dev el opment as (Apakaygwdta. 2008) 20080
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Table 36: Korolev oil field. Comparison of the design and actual

parameters of the oil field development

2008 2009
Parameters . . 1% half
Design | Actual | Design of 2009

Crude oil production, thousd metric tons 3300 2399 3300 1307
Cumulative oil production, thousand metric tons| 8821.4 | 6727.0 | 10628 | 8034.1
Fluid production, thousand metric tons/year 3317 2399 3300 1307
Cumulative fluid production, thousand metric ton, 8840 6727.0 | 10628 | 8034.1
Oil gas production, million h 1624 1296 1808 695
Cumulative gas productiomillion m® 4506 3763 5824 4458
Crude oil recovery factofraction 0.038 0.029 0.046 0.035
Drilled wells well stock 19 19 19 19
Producing wells well stock at the end of the péri 12 10 10 10
Aver_age oil fow rate of one producing well, 297 937 904 1104
metric tons/day
Well utilization factor, fraction 0.95 0.7 0.95 0.3

As it is presented in the Tab®&6, in 2008 crude oil production in the
field was 2,399 thousand metrignis and it is behind design parameter
by 27%. It is related with a periodical maintenance operation and
turnaround in the oil and gas processing plant and a significant scope of
testing activitiesn the oil field. Well utilization rate in 2008 was 0.7
anddesign well utilization rate was 0.95. In the first half of 2009 1,307
thousand metric tons was produced and it is 40% from year production

target.

The well stock of the producing wells in 2008 and in the first half of
2009 was 10 wells. At that in 200Bwas less than it was originally
planned by 2 oil wells and in 2009 it was per desidre decision not to
drill extra producers during these analyzed periods will be explained

further in Chapter 5: Statement of the problé&werage oil flow rate of
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onewell in 2008 was exceeding a design flow rate by 17% and in the
first half of 2009 it was exceeding by 22%.
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CHAPTER 4

VALIDATION OF REFERENCE OF STATIC AND DYNAMIC
MODELS OF THE FORMATION

4.1 Validation of Reservoir Reference Models andGeological
Characteristics Adopted for Calculation of Field Development

Parameters

TCO specialitss used the&sOCAD software package construct three

dimensional geological ardi/namicmodels of the Korolev oil pool

GOCAD s a sophisticated computer graphics aglon that can be
used to perform geological analyses and calculate forecast development

engineering parameters for hydrocarbon deposits.

The threedimensional geological model was generated on the basis of
numerousdatafrom enteringnterpreted seismidata, logging datecore

data,to the most recent available well production data.

The primary data included information characterising the stratigraphic
features and structure of the reservoirs, namely well data (loggthg an

markers) and seismic data.é&Bh data was exported from the following
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TCO databases: "Geolog" which is a central repository for petrophysical
logging data, and "OpenWorks" which serves as a source of well data

such as interpreted markers.

A key component of the basic input data wasvpated by the results of
interpretation of a 3D seismic survey carried out in 1998 for Tengiz and
Korolev fields. Robertson (1989) and Nold#oeksema (1990) have
documented applications of[3 seismic in reservoir management and
modelling Geophysics is pying a more important role than ever in
identifying key reservoir features in a simulation model. Also, they are

assisting in validating the geologic model.

3D grid generation plays a crucial role for numerical simulations in
various geological applicatis. Many investigations have been made in
this topic, mostly in the reservoir engineering domain because of its
great interest to the oil industry (Heineman and Brand, ;]1888n,
1990;Bui-Tran et al., 1991; Aziz, 1993; and Bennis et al., 1996

Analysis of the available geological information made it possible to
define the structural surfaces constituting the "reservoir" for the model;
identify the structurafacies zones associatedithw certain types of
collectors establish the boundaries of the platfis and flanks; estimate
the position of the oilvater contact; and define fluitbw pathways and
barriers. Data retad to the presence of higpermeability and an
impermeable screen of tuffite formations contributed to this analysis

work.

For the Korole geological model, a reference Cartesian network was

developedrepresenting a square mesh sofe250 3 250 metersand
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made up of 50 rows and 52 columns which is moderate, according to

Saleri and Toronyi (1988) classification of models based on grid size.

Interpretation of the seismic data carried out by TCO specialists using
L andmaS$ek 60 Vo sokware resulted in the identification of 6
principal structural surfaces: Artinskian, Bashkirian, Serpukhovian,
Oksian, Volcanic ad Devonian horizons (Figer41). By careful
modelling of the surface, the model was brought into alignment with all

of the available well data including the marker horizons

Figure 4.1: Principal seismic surfaces used in the geological model

(Apakaev and Druzhinina, 2007)
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The GOCAD software was used to creaddso eightintermediate
surfaces corresponding to the well data and conforming to the

representation of the principlaorizons.

The initial steps in setting up the geological model inclpdeceling of
it (e.g. by faults)selection of structural horizoffise. top or depth maps)
and determination dbedding (i.e. layers or gross thicknegmpperties

and fluid saturationfor the purpose of estimating reservoir volumes.

Thus, ffteen surfaces were used to determinelidedingof the model,
between which a variable number of strata were identifredienera)l
the averagstratumthickness specified in the Korolev geologii model
was approximately 1.5, but for certain stratigraphic regions, such as
the Bashkirian an&erpukhovian, thicker beds were usadsum1116

strataweredistinguisted (Apakaev and Druzhinina, 20Q7)

The available porosity logging suites were statistically analyaedl
Sequential GaussiaGimulation A k € 1999) was used to determine
porosity distributions within the model. The wide well spacing in
Korolev field made it more difficult to determine the variogram
parametes. Although it was possible taletermine the vertical
parameters of the variogramnalogues andataof completed projects

at Tengiz were usei assign théorizontal variogram parameters.

In the geological model the ewNater contact was assumedl lie at a

constant level o933 mbelow sea level

Water saturation of the reservoir wamdelled using two coordinated
approaches. Petrophysical analyglsovaleva and Sazonov, 2005)

indicated that the Korolev reservoir may be divided into two water
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saturation domains: a zone of irreducible water saturation and-a 100
metre transition zone ake the OWC.Irreducible water saturation

conditions were modelled using concepts of total water volume, and
within the transition zone water saturation was calculated with reference

to a polynomial relatiofApakaev and Druzhinina, 20Q7)

A threedimensimal geological model was ultimately produced,
showing distributions of effective porosity, permeability (matrix) and

water saturation for the whole of the reservoir.

Thegeological(static)model was too large fdlow simulation, thus up
scalingwas necesary to reduce the model size. The flbesed scalaip
processin GOCAD along flow units, flow boundaries discussed in
Durlofsky et al(1996).

The dynamic model used to compute the reservoir development
parameters was obtained by reducing the numbstrafta in the small
scale geological model from 1116 to 60, i.e. the model was not scaled
on the x and y axes. Thus, after rdiscp the size of the dynamic model

was 50 X562 blocks areally and 60 strata vertically, i.e. 156000 cells.

Modelling of fluid dynamicsunder natural drive conditions and with
formation pressure maintenance was carried out usingCthEARS
(Chevronos Extended Applications
package This prgram is a fullyimplicit, threephase, three
dimensional blackil simulator. Thedynamicmodels are based on mass
balance equations in conjunction withflaw equaion, for example

Darcy's law.
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The basic fluidflow equations are expressed in the form of-finear
differential equations in partial derivatives forchaof the available
phases. These equations are derivatives of general equations describing

fluid behavior in the reservoir.

Initial equations in partial derivatives, such as flow continuity equations
(law of conservation of mass)notion equation( D a r taw)dasd
equation of statéPVT behavior of fluids)are generated for each fluid.
The flow continuity equation expresses the law of conservation of mass
for each cell. Thelow equation establishes the relationship between
filtration rate and pressure agfient for each phase and the equatd

state establishes a correlatibatween pressure and volume or between
pressure and density for the different fluids present. For each phase
these three equations are written in the form of an algebraic system of
differential equations, in which the volume of the reservoir is considered
as a numbered set of individual blocks, and the production period is

divided into individual time intervals.

The BlackOil model of thregphase isothermaimultaneous flowwvas

used br all development options. This means that three constituents are
assumed to be present in the composition of the formation fluid: oil, gas
and water(Bakiler, 2010) The hydrocarbon system is represented by
two components: oil and gas. The water anddoiinot mix and do not

exchange mass. The gas is assutad soluble in water and oil.

ABl ack oil o is a term used to sig
considered as a single liquid and gas and not by chemical composition.
The phase composition is iant even through the gas solubility in oil

and water is taken into accousatter and’hakur, 1999.
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A fully -implicit computation scheme was used in the model. The higher
linear relaxation method was used to solve the system of linear
equations. The sbfare uses the NewteRaphson iteration process
which, by reason of the smaller number of iterations included in a time
step, is more effective than other commonly used methods. The
computations are structured so as to ensure maximum accuracy of the

mass hlance.

Simulation programs allow the use of a flexible system of specifying
boundary conditions in the wells and make it possiblentget the
technologicalrequirements in terms of fluid production raéed well

constraints.

Thus, thedynamicmodelling pogram used in this work can be used to
calculate development parameters for Korolev field, including
development control, withdrawal of hydrocarbon reserassessing an
impactof the intensity of injection and producing wells, and facilitates
both longterm and shosterm forecasting for the purposes of

monitoring reservoir development.

4.2 l|dentification of Mathematical Model Parameters Based on

Development History Data

There are degrees of validation and histmgtching. Quite often when
t he tistaoryrmafikhed model 06 is used, t h
partially-validated model. However, even when a model is fully
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validated, simulation results are bound to be probabilistic and not

definitive (Saleri and Taronyi, 1988).

One of the criteria for the fefctive use okimulationsoftware to predict
field development parameters is the ability to adjust the mathematical
model of the formation based on development history data to adequately

reflect the current state of the resen@akiler, 2010)

A rescakd geological model, which includes the reservoir structure
described using angle point geometry, porosity, permeability and initial
oil saturation distributions by grid blocks, is loaded into dyaamic
modelling program. Apart from describing the gedatady basis of the
formation, the input file fordynamic modelling includes data on
properties of théluids in relation to pressurduid contacts and values

for critical water, gas and oilsaturation, and relative phase
permeability curves. The parataees used in the modellingxercise are

given in Table 41.
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Table 4.1 Basiccharacteristics of development units

(Kovaleva andsazonov, 2005)

Units
Parameters I Il
platform flank
Average depth of occurrence, m 3875 4505
Accumulationtype massie
Reservoir type fissuredporous, fissureduggy-porous,
vuggy-porous
Oil and gas bearing area,fru,), th. nt 13231 53532 45389
Average oilsaturated thickness, m 439.6 261.5 361.3
Porosity fraction 0.0486 | 0.0300 0.0391
Average oil saturatigrfracion 0.867 0.7 0.595
Permeabflity, em 0.0487
Initial f or maytatdddd mBSt m 109
Initial formation pressure, MPa, 4600 mBSL 80.5
Viscosity of oil at formation conditions, fa L s 0.20
Density d oil in formation conditions, kin® 625.5
Oil formation volume factomn®/ m* 1.965
Sulphur content in oil, %y mass 0.72
Paraffin content in oil, %y mass 4.6
Bubblepoint pressure of oil, MPa 25.03
Gas content of oil, Mm® 573.4
Viscosity of water in formation conditions, fha L 0.3
Density of water in formation conditionsg/m® 1064
Average productivity, it ( d ay) L MP a 468.27

Well calibration after successful history match is an essential but tedious
process in reservoir simulation. This procedure ensures that the

production wdk will give realistic rates during the prediction phase.
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Hence, it provides reliable predictions on when and how many wells
have to be drilled to maintain a field production target rate, and the
ultimate recovery from existing wells. The well calibratiprocess is
crucial in determining the economics of a recovery scheme (Siu; et al.,
2000).

For all active wells, actual fluid withdrawals for the past operational
period (in months) were specified, the parameters characterizing well
productivity were defing, and actual exposed intervals were specified,
together with the changes in these parameters as a result of measures to

increase well productivity.

Well investigations were carried out in the course of development of the
reservoir which yielded pressummeasurements from modular dynamic
formation (MDT) testing, flow measurements, and measurements of
static pressure gradients. This data was used to adapt the parameters of

the geological model.

The principal parameters of the model to be adapted incluokeiute
permeability, permeabilityf the reservoir in different directions, and
connectivity between reservoir blocks and between the wells and the

reservoir, and also pore volume.

The variation in reservoir permeability is related to the requirement to
take account of fluidflow via fractures. Given that theynamic
calculations were performed on a single porosity model, allowance for
the variation in filtration/capacity properties of the formation in
fractured zones was accomplished by modifying theesbf absolute
permeability both areally and verticall(Apakaev and Druzhinina,

2007)
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Thus, additional permeability data was included indiggamic model
as a result of the presence oftloirculation zones. Figure 4@&esents

such a profile sectioaf a stratum with elevated permeability.

Perm (MDARCY)

il T
orom 250 FD 400,00 750.00

Figure 4.2:Profile crosssection of modified permeability zone

(Apakaev and Druzhinina, 2007)

In addition, in order to reflect the flnence of fissures on vertical
connectivity, the vertical permeability ees were increased several
fold. Local modifications of reservoir properties around thelswekre

made based on the fiedgtophysical investigation data and MDT data.
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By way of example, Figures 4.3 and 4pdesentpermeability and
porosity distributionsfor the strata corresponding to the upper parts of
Units 1 and 2, which were obtained as a result of adaptation of the

geological model parameters based on development history data.

All adjustments to the model were validated by comparison of computed

andactual development parameters for each well.

Figure 4.5shows the distribution of formation pressure at the top of
stratigrapic units 1 and 2, and Figure 4.6hows the pressure
distribution on the crossection of the formatiomas 0f01.01.2002 As

can k& seen in Figure.d, the maximum pressure drop occurs in the

zone where most of the wells are locafex the platform)

Figure 4.7shows the areal distribution of oil saturation at the top of
stratigraphic units 1 and & 0f01.01.2002. It should be remt that the
platform zone of stratigraphic unit 2 has higher values of initial water
saturation, which is linked to the reduced porosity in this Z8pakaev
and Druzhinina, 2007)

Based on the development history diegsults, it may be concluded that
the model obtained adequately reflects the structure of the pay formation
in the current state of investigation of the accumulation and can be used

to predict possible development scenarios.
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Figure 4.3: Areal permeabiliymD) distribution in stratigraphic units 1
and 2following adaptation based on development history data

48



T
003642 007285 0.10027

T
0.07285 0.10027

Figure 4.4: Areal porosity distribution in stratigraphic units 1 and 2

following adaptation based on development history data
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Figure 4.5: Formation pressure distribution at the top of stratigraphic

units 1 and 2
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Figure 4.6: Pressure distribution on the reservoisssection
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Figure 4.7: Areal distribution of oil saturation at the of

stratigraphic units 1 and as at 01.01.2002
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CHEARS( Chevrondés Extended Applicatio
used to run reservoir simulation for this project together Bitt104K
(Simulator 2004 Korolev) earth model of the Korolev field built in
GOCAD.

Chien et al. (1989 and 1997) and Tchelepi et al. (1999) discuss
C h e v rGHEARSSsimulator and parallelization aspects@HEARS
Despite thel56000 cellsmodel size, parallel simulation jobs were
running efficiently with mostly overnight turnaround time
(appoximately 68 hours). Tecplot commercial simulation post
processing software, was used extensively to analyze the results using
XY plots and 3D visualization, but then was converted to excel in order

to be used in this study.

Numerical simulation is badeupon material balance principles, taking
into account reservoir heterogeneity and direction of fluid flow. Unlike
the classical material balance approach, a reservoir simulator takes into
account the location of wells and their operating conditions. Wélks

can be turned on or off (shit) at desired times, moreover, the well
rates or/and the bottom hole pressures can be set as desired. The wells in
simulation program were given a target production rate according to
their performance during the testsdacrude oil production capacity of

the project overall before SGP is constructed in the second half of 2008.
If the oil flow rate of a well fell below the minimum value limit of 100
bbls/day or its water cut rose above 70 % limit the well was shut. The
minimum wellhead pressure for all wells varied from 2175 psia in the

beginning to 600 psia in 2026.
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Computations using material balance and fluid flow equations are
carried out for oil, gas and water phases for each cell at discrete time
steps, starting witlihe initial time. Mattax and Dalton (1990), Coats

(1969 and 1982), Odeh (1969), Saleri and Toronyi (1988) present more

on numerical reservoir simulation techniques.
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CHAPTER 5

STATEMENT OF THE PROBLEM

According to thelechnological Scheme for Koral@il field (Apakayev
and Druzhinina, 20 6xigproducitgdrstsipthea n n e «
time period 0f20092011 (development plan case€fhese are wells K

55, K-53 and K51, which should have been added in 2009, 201D a
2011 respectively. Figurd.1 and Figure 2.3howwhereand whenit

was planed to add extra producerblowever, after simulating the
effect of these wells on ultimate recovery is negatiwesting (base)
case withouK-51, K-53, K-55, with 12producing units (producing and
suspaded, provides 307.58M STB cumulative oiproduction within

the whole period till abandonmeatcading to the simulation results
When 3 extra wellsare addedin 2009, 2010 and 2011, overall
production fell by more than 2.MM STB, which is a considelde
number compared to recoadle reserves volume. Thus, the base case
turns out to be a decent production strategy as demonstrated by
comparison to the development plaasegiven in the Technological

Scheme for Korolev oil field.
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This work is based onomparison of basic parameters of field
development (without adding extra producers) and results of computer
modellingof new cases, showing the flexibility of the model, helgmg
understand undergoing processes and to define the possible solution to
optimize final prodiction with the least impact orthe existing

development plafe.g.,number of new wells and their locations)

693000 694000 695000 696000 697000 695000 699000 700000 701000
1 1 1 1

5127000 5127000

5125000 K- 51
_— in 2011

5124000

5123000

K-53
in 2010

K-55
in 2009

693000 694000 695000 696000 697000 698000 699000 700000 701000

Figure 51: Extra production wells
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CHAPTER 6

NUMERICAL MODELLING STUDIES

6.1 Reservoir Simulation

The economic viability of a petroleum recovery project is greatly
influenced by the reservoir production performance under the current
and future operating conditions. Therefore, the evaluation of the past
and present reservoir performance andfdinecast of its future behavior

IS an essential aspect of the reservoir management process (Satter; et al.,
1992).

Thomas (1986) discusses with examples the role reservoir simulators
play in formulation initial development plans, history matching,
optimizing and planning future production. This is the phase of the
study where most study objectives
as ANto assume the appearance of w
petroleum reservoir performance refers to the construetind operation

of a model whose behavior assumes the appearance of actual reservoir

behavior.
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The basic simulation process consists of describing the reservoir (i.e.,
preparing a reservoir model), matching historical performance, and
predicting the futte performance of the reservoir under a variety of
scenarios S$atterand Thakur, 1994) The integrated production model
construction process consists of five steps, which are framing,
modelling static quality check, initializing, and dynamic quality check

followed by forecastingOzdogan; et al., 2008)

The purpose of simulation is to estimate field performance, for example
oil recovery, under a variety of production schemes. Whereas the field
can be produced only once and at considerable expense, acaondsd
produced or Aruno many times at

time.

A major use of reservoir simulation, according to Saleri and Taronyi
(1988) is for field development studies and depletion planning. A
simulation model can help determine tember and location of wells

to be drilled, the number and type of workovers to be performed, and the
timing of major facilities such as water injection and gas lift systems.
They have also presented key steps of reservoir study by simulation

which is show in Figure 6.1.
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Set Clear Oblealves
and Prioritl

Ensure
consistency among
geologic, simulation,
lab, and field
data

#® Avoid arbitrarines in
history-matching

¢ Apply Engineering
Control

Recognize limitations ]

Figure 6.1: Key steps involved in reservoir simulation

(Saleri and Taronyi, 1988)

With the advent of new numerical simulations and powerful
computational resources it is now possible to apply systematic
approaches for efficiently optizing reservoir performance and to solve
the problem stated in Chapter 5. To make matter worth, such constrains
discussed in Sarma and Chen (2008), which include total production rate
constrains for wells operating under bottomhole pressure (BHP) control,

are typically present in practice and therefore must be included in the
numerical optimization.

Trying to find a solution tdhe stategproblem, following actions were

takenafter simulations
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1 impact on development parameters of each new well was defined,
9 subsurface processes changes due to extra producess lesde
forecasted and explained,

9 according conclusions on the optimization process were made;

As a result of this work, two optimization models were proposed.

6.2Base Case

In order to understahthe benefit of any optimization process, it is usual

to compare the simulated results against a base case or reference case.

The field daily oil production rate was defined as 72000 barrels per day
at the plateau period for the base cadthoughit is able to afford more
considering capacity of the recent expansion projects. With these
conditions simulationwas able torun for next 7 yearsand then

production ratestarted to declinas shown in Figure 6.2.

After 33 years of primary production, total deiproduction reaches a
value of 307590080 STB as given in Figure 6.3, while the field water

cut rises to 10.9 %.

60



Cumulativ e (il Production, sth

Production Rate, bbls/day

2005 2010 2015 2020 2025 2030

Years

Figure 6.2: Daily oil production profile for base case

Figure 6.3: Total oil production profile for base case
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6.3 Development Plan Case

Production rates antlmulative oil production of base and development
plan cases are shown on Figure 6.4. It is obvtbas despite increased
volume of oil recovery on early stages of field developmemial fi
numbers are lower in development case coegbato base case

cumulative oil productiotry more than 2.5M STB.

However, from economical point of view, it should be noted that
accelerated recoversometimeds more attractive project. Acceptance

or rejection of these 2.5 MM STB decrease in comparisith high
recovery rates on early stages are
economiccriteria such as payoutrie, profit to investment ratjgpresent

value, profitability index, internal rate of return, et&lthough he

economic analyses and compans of the results of the various choices

can provide the answer to make the best business decision to maximize
profit it should be recalled thahe goal of this thesis is to maximize

incremental recovery also
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Figure 6.4 Comparison of emulativeoil productionanddecrease when

adding extra producers
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6.4 Sensitivity Analysis of the Reservoir

Forecast studies were carried cutdefine the impact of each new well

on cumulative production and already existing wells in particular. So

three caseselt us

csankitivityt i ens @ wer e

and6.7 showthe results of thesgensitivitycases

Table 6.1 presents main parameters such as cumulative oil and water

production for each cases run.

Figure 6.5 and dble 6.1 show, that the wst significant impact on
production was made by well-K1, reducing cumative oil recovery by

12.8 MM STB roughly. Leadin of this well caused production

reduction almost in all other wells.

Table 6.1: Comparison of produced total liquid amount betwlezn

base case arggnsitivitycases

run.

Base Case | K-51in 2009 | K-53in 2009 | K-55in 2009

Total oil production, STB 307,590,080 294,784,576 | 304,395,424 | 297,477,504

Total water production, STB | 33,604,904 31,846,420 30,582,782 29,043,464
Recovery Factor, % 20.50 19.65 20.29 19.83
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Cumulativ e 0l Production, sth

Production Rate, bbls/day

—a—K-51in2008 —s— Basecase

—a—K-51in2008 —»—Basecase

Figure 6.5: K51 well leadin impact on production

65



Cumulativ e Oil Production, sth

Production Rate, bbls/day

—a—K-83in2008 ——Basecase

—a—K-53in200% —w—Basecase

Figure 6.6: K53 well leadin impact on production
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Figure 6.7: K55 well leadin impact on production
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As there are so many wells and control steps in this problenthend
dynamics is complicated, it is difficult to immediately understand the
reasons behind the nature of tfeid migration trajectoriesin the

reservoir However, aalyzing processeésa ki ng pl ace durin
leadin, some basic conclusions were madeexplain the fact of field

recovery reductiomand theyare:

1 Oil migration in the reservaoir,
1 Interconnection between different parts of the reservoir,
1 And, as follows higher average reservoir pressure, due to lower

level of recovery rate.

If the impactof well K-51 is analyzed in detailf has already been
mentionedthat adding of this extra well caused the biggest potential
impact on the whole fielcand on total oil production in particular
according to thenodellingresults(Table 6.1) Analyzing thedata onoll
productionrate (OPR)and statiowellheadpressurg(SWP)in wells all
around the fieldas shown in Figure 6,8 can be seen thatroducing
units behave themselves differently. Some of them show increase in
cumulative production (K-9, K-10, aad K-3185) whereas decrease
could be observenh otherwells (K-16, K-3682, k3880, and K3882),
while rest of the wells (KL1, K-18, K-19, K-22, and k3483) show
insignificant fluctuations in recovery of oil compared to the base case.
Note that the basease is lying on the -a&xis conformably and a
difference in cumulative oil production (Delta OPC) is 1000 times

higher than it is shown in the graphs bgxis.

These changes in production plots occur after the new well has been

added, so thastatic presure in the nearby region significantly drops,
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making the zone of low pressure. Reservoir fluid from other parts of the
field flows into that zone, ensuring the high production rate in the new

well, whose oil production profile is illustrated in Figure8 énd 6.10
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Figure 6.9: Daily oil production profile for&1well

Figure 6.10: Total oil production profile for-81 well
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Wells situated on the way of fluid migration show irase in
production, likewells K-10, K-9 and k3185, while production in wells
such as K3880, k16 and k3682 from which oil is flowing away
dramatically decreases bringing even to an early-ishute. well K-
3882. Figure 6.1khows reservoir fluid moveaemt paths, when 1

was addedHowever, from the discussion in this chapter, it should be
clear that the optimal trajectories are a result of the complex interactions
of the wells and the nonlinear dynamics of the simulation model and it

will be quite dificult to obtain such trajectories manually.

693000 694000 695000 696000 697000 698000 699000 700000 701000
1 1 1 1 1 1
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Y - Decrease in production
- No change

F5127000
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693000 694000 695000 696000 697000 698000 699000 700000 701000

Figure6.11: Reservoir fluid migrationto K-51
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In any of natural producing mechanisms high recovery efficiency is
observed while there is a significant reservoir pressure deximeared

to the initial pressure. In other words, more reservoir pressure drops
more oil is producedFinal average reservoir pressure irbK case is
approximately 110 pshigher than in base case (Figure 612s a

result, a 12.8MM STB decrease in tdtanil recoveryis observed
Analyzing the data on static well press@VP) at the moment of
startingup the production in ¥1 well, pressure dropdovenoccurredn

all wells, which causedheir production decrease. It can l@so
concludedthat all wellsare extremely interconnecteak it has been
proven in Chapter 3 during pulse tests So t hat any <char
production parameters affects the
the well is situated to an extra well, the stronger impact on thi® wgell
parameters can be observed. But, the oil migration almost compensates
this negative impact of reducing reservoir pressure in the nearby wells.
And even a rise of production parameters cecuq like in wells k10

and K-9.

Again this is a result of theomplex interaction among the wells, which

Is quite difficult to understand just by analyzing an individual well.
Similarly, al | producerso SWPs and
sensitivity cases were analyzed and presented in Figure 6.13 and 6.14

accordingly.
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Figure6.12: Difference in average reservoir pressure and cumulative oil
production between base case and after lead5a kK 2009
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After analyzing graphs in Figure 6.13 of thensitivitycase when K53
started to operatan 2009 it could be also concluded that oil &tao
move in the direction ahenew well, causing less production rate in all
wells except well K9 where a little more oil is produced compated
the base case. Thus, thagration of oil throughout the fieldan be

imaginatively drawras shown in Figure 6.15.
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Figure6.15: Reservoir fluid ngrationsto K-53
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Reservoir fluid from other parts of the field flows irttte new zoneof

low pressurgensuring the high production rate in the new yw&hose

oil production profile is illustrated in Figures 6.16 and 6.17
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Figure 6.16: Daily oil prodction profile for kK53 well
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Figure 6.17: Total oil production profile for-83 well
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Similarly the reservoir fluid migrations from different parts can be built,
as in Figure 6.18 below, for theensitivity case when Ko5 started to
operate in 2009. All wdls have negative cumulative production
compared to the base case, except weB6R2 with as much oll
produced as K3483 gives.
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Figure6.18: Reservoir fluid migrationto K-55

85



Figure 6.19 and 6.20 provides inforneat about daily oil rate and

cumulative oil production of ¥65 well itself.
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Figure 6.19: Daily oil production profile for-&5 well
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Figure 6.20: Total oil production profile for-B5 well
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CHAPTER 7

RESULTS AND DISCUSSION

Results indicated #t field deliverability dependstrongly upon the

locations of additional wells and the order in which they were turned on.

Since approval of Initial Field Development Plan, no new wells were
drilled, nor were additional seismic surveys carried out eitHene,

the characteristic of the field geological structure remained the same.
The company failed to exactly determine a WOC of the reservoir that is
confined to the prsalt deposits because PLT testing was performed
only in upper sections of the pay intewvaluring the joint testing of
open holes of the wells. To make matter wosh for allfi geero fields

that have merely reached to a production plateau, there is no enough
production data for the boundary conditions, i.e. sealing barriers, aquifer
influence. Also fractures can be the main path for fluid flow and can
strongly affect the production. Micifbactures have a significant impact

on permeability enhancement and drainage areas.n&kereservoir
model should take into account all these featurexdier to reproduce

the internal reservoir architecture and provide a reliable input for the

numericalsimulation of the fluid flow.
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However, from available rpcessing loads of afa of the sensitivity

cases some major conclusions were made. First is timrder to
increase total oil recovery, new wells must be added gradually, taking
into concern fieldslynamicproperties, and flexibility of the computer
model. A more gradual well lead allows us to decrease reservoir
pressure less significantly, nadwesing sharp dropdowns and following

well shut in due to a high wier cut level. Becausabserve trencs say
thatafter a new well is added, reservoir pressure significantly decreases
for a while, but then it starts to compensate itsedlusing fluid
migration. If a new wellis addedtoo soon after the previousd been
added, a new migration process starts, and, as a result some part of the
oil remains unrecovered. Sdter thesensitivitycases were run, and the
flexibility of the SM04K was defined2 modelshave been proposed

that could provide production optimization dealing least impact to the
technological scheme of developmesg.we |l | s®& | ocati ons

pressures
They are:

9 Adding extra producers in 2009, 2010 and 20Hk in
development pla case, butheir shutin in 2013(First model)
1 Adding K-55 in 2009, K53 and K51 in 2017(Second model)

These mean,ither to shut in all new wells at once, not allowing them to
decrease reservoir pressure until
or lead in new wells more gradually, with longer periods of
implementation. That will give the reservoir pressure a time to recover
and the migration process to calm downother words, it will bring to

uniform production and uniform depletion of theeevoir.
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Severaltrial-and-error reservoir simulations were run before coming to
these two mdels. As it was written in Sarma and Ch&9dg, in
gener al , al though an engineer 06s
reservoir plays an important role in determmpioptimum or near
optimum well locations, it is very difficult to understand the
implications of varying well controls such rates on the optimization
process manually. It is thus usual for engineers to specify constant
production rates or BHPs until sordetrimentalreservoir response is

observed

Based on thifact, the first optimization model was proposed: shull
extra wells, when they reach maximum possible difference in
production rate congred to basic case, i.e. in 20Bgure 71 shows
the resulting data on average reservoir pressure and cumulative oil
production for the first proposed model, whigsulted with anncrease

in potential total production by PMM STB.

Figure7.1: Resulting datafter shutin K-55, K-53, and K51 in 2013
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