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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 2010, 98 pages 

 

In this study, a three-dimensional, three-phase dynamic simulation 

model based on geological investigations of Korolev oilfield in 

Kazakhstan was used as a development planning tool in order to 

improve performance of three new wells. 

The model, developed previously by means of a seismic study, well log 

and core data, incorporating with characteristics of oilfield productivity, 

properties of reservoir, liquids and gases that are saturating the 

hydrocarbon-bearing horizon can be used to calculate development 

parameters for Korolev field, including production well locations, 

drilling schedules, and to facilitate both long-term and short-term 

forecasting for the purposes of optimizing the hydrocarbon recovery 

from the field. 
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The objective of this work is to assess the impact of adding 3 extra 

producing wells and find ways to optimize cumulative production with 

the least impact on the existing development plan by means of deeper 

understanding subsurface dynamic processes of the Korolev field. The 

challenge is a high degree of connectivity between wells in the 

productive formation throughout the field so that any change of 

production parameters affects the whole fieldôs cumulative production. 

Trying to find a solution to optimum production of the reservoir forecast 

studies were carried out, the impact of each new well on development 

parameters was defined, sub-surface processes changes due to extra 

producers lead-in were explained and as a result of this thesis two 

optimization models were proposed, one of which will  bring nearly 9.7 

million barrels more oil. 

Keywords: Korolev Oilfield, Geological Model, Reservoir Simulation, 

Oil Field Development, Cumulative Oil Production. 
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¥Z 

 

KOROLEV SAHASINDA A¢ILACAK YENĶ KUYULAR IN ¦RETĶM 

¦ZERĶNDE ETKĶLERĶ 

 

YSKAK, Aidos 

Y¿ksek Lisans, Petrol ve Doĵal Gaz M¿hendisliĵi Bºl¿m¿ 

Tez Yºneticisi: Prof. Dr. Mahmut Parlaktuna 

 

Eyl¿l 2010, 98 sayfa 

 

Bu ­alēĸmada, Kazakistanôēn Korolev petrol sahasēndaki jeolojik 

araĸtērmalara dayalē, ¿­ boyutlu, ¿­ fazlē dinamik sim¿lasyon modeli bir 

geliĸtirme planlama aracē amacēyla, a­ēlmasē ºnerilen ¿­ yeni ¿retim 

kuyusunun performansēnē artērmak i­in kullanēlmēĸtēr. 

Sahada yapēlmēĸ olan bir sismik ­alēĸma sonrasē geliĸtirilmiĸ olan 

jeolojik model, kuyu logu ve karot verileri ile petrol sahasē verimlilik 

ºzellikleri, rezervuar kaya­ ve akēĸkan ºzelliklerinin modele 

eklenmesiyle, Korolev sahasēnēn yeni kuyu lokasyonlarē, sondaj 

programlarē gibi saha geliĸtirme parametrelerinin belirlenmesi ve 

sahadan yapēlacak olan ¿retimin kēsa ve uzun dºnem tahminlerinin 

yapēlmasēnda kullanēlabilecektir.  
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Bu ­alēĸmanēn amacē, sahada a­ēlacak 3 yeni ¿retim kuyusunun etkisini 

deĵerlendirmek ve yeraltē dinamik s¿re­lerinin daha iyi anlaĸēlmasēyla 

mevcut geliĸme planēnda en az etkiye sahip olarak en uygun geliĸtirme 

planēnē saptayabilmektir. Bu konuda en ºnemli sorun saha genelinde 

kuyular arasēndaki y¿ksek etkileĸim olarak gºz¿kmektedir. Bu nedenle, 

¿retim parametrelerinde yapēlan herhangi bir deĵiĸiklik t¿m sahanēn 

toplam ¿retimini etkilemektedir. 

Rezervuar ¿retim kapasitesinde yeni kuyularēn eklenmesiyle oluĸacak 

deĵiĸimler ve bu deĵiĸime neden olan s¿re­lerin ­alēĸēlmasē sonrasē iki 

adet optimizasyon modeli ºnerilmiĸ ve bu modellerden bir tanesinin baz 

modele oranla yaklaĸēk 9,700,000 varil daha fazla petrol ¿retebileceĵi 

sonucuna varēlmēĸtēr. 

Anahtar Kelimeler: Korolev Petrol Sahasē, Jeolojik Model, Rezervuar 

Sim¿lasyonu, Petrol Sahasē Geliĸtirme, Toplam Petrol ¦retimi. 
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CHAPTER 1 

 

INTRODUCTION  

 

 

 

Korolev oil field, located 15 km from the well known Tengiz field, was 

discovered in 1986 by exploration Well ˉ 10, in which an artesian flow 

of oil was obtained from Carboniferous carbonate formations at the rate 

of 432 m
3
/day on an 8 mm choke (Putney; et al., 2005). 

An initial assessment of oil and dissolved gas reserves in the subsalt 

carbonate formations was made at 01.01.1989. The first official estimate 

of the field's oil reserves was carried out in 1998 and approved by the 

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

In 1998, with a view to building up a more complete picture of the 

conformation and relationship between the structure maps of the subsalt 

formations, a 3D seismic survey was carried out in the Tengiz and 

Korolev fields. 

In 1999, a "Pilot Production Programme" was prepared, and 

subsequently approved by the Kazakh Central Development Committee 

(Babasheva; et al., 1999), setting forth the basic objectives for a detailed 
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exploration of the field and a full investigation of its geological 

structure.  

Tengizchevroil Joint Venture (TCO) has been responsible for the 

development of Korolev field since 2000. The Tengizchevroil 

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 proposals for drilling, testing, well productivity 

investigations, and laboratory investigation of core samples and fluids. 

The investigations carried out by TCO since 2000 were used as the basis 

for developing a numerical model of Korolev field and preparing an 

estimate of oil, dissolved gas and associated constituent reserves as of 

01.01.04, which was examined and approved by the Kazakh State 

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

Based on the static model, TCO specialists also generated a three-

dimensional three-phase numerical simulation model of the field which 

was then used to prepare the field development programme. 

The goal of this thesis is to assess the impact of adding 3 extra 

producing wells on production and find the ways to optimise the 

production scenario, to maximize cumulative oil recovery.  

Optimizing oil and gas recovery requires the following six steps (Satter 

and Thakur, 1994): 
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1. Identify and define all individual reservoirs in a given field and 

their physical properties. 

2. Deduce past and predict reservoir performance. 

3. Minimize drilling of unnecessary wells. 

4. Define and modify (if necessary) wellbore and surface systems. 

5. Initiate operating controls at the proper time. 

6. Consider all pertinent economic and legal factors. 
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CHAPTER 2 

 

GEOLOGICAL AND PHYSICAL PROFILE  OF THE FIELD  

 

 

 

2.1 General Profile of Field 

 

Korolev oilfield is located in the Zhylyoi District of Atyrau Province in 

the Republic of Kazakhstan (Figure 2.1).  

 

 

Figure 2.1: Location map (Putney; et al., 2005) 
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The nearest settlement is the village Sarykamys, located 35 kilometres 

south-east of the field. Kulsary is the administrative centre of Zhylyoi 

District, which is located 90 km away, and the regional centre of the 

Province Atyrau city is 150 km north-west of the field. Transportation 

between these points and the field is by road, air and rail. 

Water supply for domestic uses in Zhylyoi District and for the TCO 

base is maintained by pipeline from the Volga River with treatment 

facilities at Kulsary. TCO has its own gas turbine power plant which 

supplies electricity to production facilities and camps.   

The oil from Korolev used to enter the Oil Processing Plant which is 15 

km far from the base of TCO before Sour Gas Injection (SGI) and 

Second Generation Plant (SGP) projects were completed in 2008. These 

projects increased total TCO daily production capacity to 540.000 

barrels of oil and 760 million cubic feet of natural gas. The integrated 

expansion projects increase TCOôs crude oil production by 

approximately 80 percent. The SGI project uses gas injection 

technology to boost the pressure and increase oil recovery, while the 

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

expand the crude export infrastructure. 

About one-third of the sour gas is separated from the crude oil 

production at the SGP processing train and is reinjected 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. Whereas Korolev field is being developed 

under liquid and rock expansion drive mechanism. Given the presence 
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of abnormally high initial formation pressure (80.5 MPa) the options 

involving formation pressure maintenance envisage water injection from 

2020. Until that time, the oil reservoir will be produced under natural 

depletion drive. 

The following main oil and gas pipelines pass through the area:  

¶ Central Asia ï Centre trunk gas pipeline; 

¶ Tengiz-Kulsary-Atyrau-Novorossiysk oil pipeline (CPC); 

¶ Uzen-Kulsary-Atyrau-Samara oil pipeline.  

The territory of the Korolev field is a semi-desert plain with a gentle 

slope in the direction of the Caspian Sea. The mean absolute elevation 

of the relief is 25 m below sea level. The vegetation is poor. The 

Karakum desert sands extend up to the field from the east. The river 

system is absent.  

The climate of the region is markedly continental: cold winters (down to 

minus 30̄C) and hot summers (up to plus 45̄C). The region is 

characterized by strong winds. 

 

2.2 Geological Structure  

 

Korolev field is associated with an Early to Middle Carboniferous 

carbonate buildup underlain by a Devonian carbonate basement as 

shown in Figure 2.2. Location of drilled and planned wells as of 

01.07.2009 is shown in Figure 2.3. 
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Figure 2.3: Map of drilled and planned wells 
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In stratigraphic terms, the sedimentary sequence exposed in the Korolev 

wells is composed of formations from the Upper Devonian to the 

Quaternary period. Three major lithologic-stratigraphic complexes can 

be identified within this structure: oversalt (Upper Permian-Quaternary 

formations), salt (Kungurian evaporites) and subsalt (Upper Devonian-

Lower Permian formations). 

According to the seismic investigations (Harris; et al., 2005) and drilling 

data (Harris; et al., 2000), the Lower Permian-Upper Devonian subsalt 

carbonate buildup has a platform crown section and steep flanks. Based 

on the seismic and drilling data, three structural-facies zones are 

identifiable in the carbonate buildup (Figure 2.2 and Figure 2.3): 

platform zone (wells 16, 18, 3483, 3682), flank/slope zone (wells 11, 19, 

22, 9, 10, 3185, 3880, 3882) and distal zone (wells 12, 14, 15 and 

possibly 13). At the beginning Korolev had been characterized as a 

smaller version of the Tengiz field due to similarities 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, lost 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 measurements obtained in 

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 from dissolution and diagenesis 
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associated with multiple pore volumes of fluids spilling from Tengiz 

into this smaller field. 

 

2.3 Oil Content 

 

The carbonate reservoir with which the oil reservoir is associated is 

divided into two stratigraphic units: unit I and unit II (Figure 2.2). The 

first stratigraphic unit includes Bashkirian-Serpukhovian-Oksian 

formations, and the second unit includes Lower Visean-Tournaisian 

formations (Figure 2.4).  

The oil accumulation in the carbonate buildup was investigated by 

testing in 11 wells (8-14, 16, 3483, 3682, 3882), four of which (wells 8, 

16, 3483 and 3682) are located within the platform zone, and the others 

are in the flank zone (except wells 12, 13 and 14 which are located in 

the distal zone). 
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Figure 2.4: Geologic time scale (Putney; 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 oil inflows at the depth 4033.8 m, 4811 

m, 4845.8 m and 4144.4 m below sea level, respectively (Babasheva, 

1999). 

Combined testing of several stratigraphic subdivisions was carried out in 

the other wells. 
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The position of the oil-water contact in the reservoir associated with the 

subsalt formations has not been reliably established, which is typical of 

the entire Caspian region, nor has the lower limit at which water-free oil 

is obtained, due to the fact that during combined open-hole testing of the 

wells, production logging test (PLT) investigations were only carried 

out in the upper parts of the productive intervals. In wells 3882 and 

3483, based on dynamic logging data (ʄDT), there was an increase in 

the pressure gradient at the depth  of 4933 m below sea level, suggesting 

a change in the oil-saturated section of the profile to water-bearing 

(Putney; et al., 2005). 

At this stage in the geological investigation of the field profile, and 

considering the paucity of available test data, the oil-water contact may 

be provisionally placed at the depth of 4933 m below 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 indicated by the results of dynamic 

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 low-porosity reservoirs. Overall, 
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the net thickness of the pay is 703.7 m, and the net oil-saturated 

thickness is 652.1 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 is 1580 meters. A total 

of 2980 rock samples were tested (2595 of the samples tested were from 

wells 19, 3483, 3882, 3880). The Bashkirian 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, the Tournaisian 

from 5 wells, and the Devonian from 4 wells. Based on the core 

sampling data (Harris; et al., 2000 and Badoyev; et al., 2004) the 

reservoir rock is mainly composed of limestones. The void space of the 

reservoir rocks has a complex structure and presents primary 

intergranular porosity, secondary pores, vugs, and fractures, which is 

attributed to the depositional conditions and diagenetic processes. The 

formation of porosity was greatly influenced by processes of leaching, 

recrystallisation and fracturing. Filling the pores with bitumen, 

dolomite, secondary calcite, and silicification resulted in a deterioration 

of reservoir properties. 

Porosity - permeability cross plot was determined on the basis of well 

logging and core sample data (Figure 2.5).  
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Figure 2.5: Porosity ï Permeability cross plot (Harris; et al., 2000) 

 

In stratigaphic unit I, the average porosity of the reservoir from well 

logging varies from 3.74 to 5.9 % on the platform and from 2.7 to 3.3 % 

on the flank, and core porosity varies from 5.4 to 7.4 % on the platform 

and from 4.8 to 5.6 % on the flank.  In stratigraphic unit II, average log 

porosity ranges from 3.8 to 4.1%, and core porosity averages 4%. Thus, 

three types of pore space are accepted: interstitial (porosity < 3 %), 

fractured-vuggy-porous (porosity 3-7 %) and vuggy 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 comparing to the reservoir in the 

platform has lower values of porosity. 
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2.3.2 Properties and Composition of Oil, Associated Gas and Water 

 

The physico-chemical properties of Korolev oil and dissolved 

(associated) gas were determined on the basis of data obtained from 

analyses of formation samples and degassed samples carried out at 

Giprovostokneft Institute (1986-1991) and Core Laboratories (1999-

2002) (Kovaleva; et al., 2005). 

A total of 10 formation samples were taken from the Korolev productive 

formations: 4 by Giprovostokneft and 6 by Core Laboratories. The oil 

samples were taken mainly from commingled wells producing from 

both stratigraphic units I and II.  

Despite differences in methodological approaches adopted by 

Giprovostokneft and Core Laboratories, the results by these two 

organizations are in good agreement. Investigated samples showed fairly 

similar results for all properties and, currently, there is no basis for the 

judgement about possible variations in the properties of the formation 

oil along the strike and on the depth. 

Figure 2.6 shows the values of the density of reservoir oil as function of 

pressure (from initial formation pressure to bubble point). The 

difference is well within the range attributable to experimental error. It 

could be because of the time gap between the formation sample studies 

in these organizations, which is about 8 years. However, based on the 

results of the investigations and calculations (Kovaleva; et al., 2005), the 

density of the formation oil is 625.5 kg/m
3
, the bubblepoint pressure of 
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the oil at a formation temperature of 109
 

C̄ is 25.03 MPa, and the 

dynamic viscosity of the formation oil is 0.20 mPaĿs. 

 

 

Figure 2.6: Density of formation oil versus pressure at T = 109 C̄ 

(Kovaleva; et al., 2005) 

 

Multiple separator tests by Core Laboratories gave the result on the total 

dissolved gas as 564.7 m
3
/m

3
. Calculation of this parameter by flash 

tests at Giprovostokneft for the samples from wells 9, 11, 16 resulted 

with 573.4 m
3
/m

3
. 

Properties and composition of degassed oil of the Korolev oil field was 

identified with 2 samples which were collected in 2 wells (Table 2.1). 

Oil is characterized as light with a density at standard conditions 0.802 

g/cm
3
, sour (0.72 % by mass), paraffinic (4.6 % by mass) and low resin 

(1.21 % by mass). Content of pyrobitumen (asphaltene) is 0.06 % by 

mass. Small amount of paraffinic hydrocarbons results in low freezing 
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point temperature of the degassed oil (-17 C̄). Temperature of melting 

point of paraffin is +53 C̄ (Apakaev and Druzhinina, 2009). 

The volumetric output of light fractions that are released at the 

atmospheric pressure was 46% at temperatures up to 200 C̄ and 68% at 

temperatures up to 300 C̄ based on the test results of the two samples 

on average. 

  

ʊʘble 2.1: Physical and chemical properties and composition of 

degassed oil  (Apakaev and Druzhinina, 2009) 

Description 
Units I, II  

Range of 

Measurement 
Average value 

Density of degassed oil at 20 C̄, g/ʩm
3
  0.802 

Flow viscosity at 20 C̄, mPʘĿs 1.94 - 2.10 2.02 

Kinematic viscosity at 20 C̄, mm
2
/s 2.42 - 2.60 2.52 

Freezing point, ̄ C -16 - (-20) -17 

Wax melting point, ̄ C 50 - 56 53 

Mass content, % 

Sulfur 0.58 - 0.86 0.72 

Silica tars 1.12 - 1.30 1.21 
Asphaltenes 0.01 - 0.10 0.06 

Wax 3.3 - 5.8 4.6 

Volumetric output 

of fractions, % 

100 C̄ 13 - 15 14 

tʦ 150 C̄ 30 - 32 31 

tʦ 200 C̄ 45 - 46 46 

tʦ 300 C̄ 66 - 70 68 

 

Table 2.2 shows the mole concentration of components of the petroleum 

gas, degassed oil and formation oil. Content of methane in oil gas is 

55.82 %, ethane is 11.08 %, propane is 6.12 %, higher hydrocarbons 

(propane + higher hydrocarbons) is 8.06 %, hydrogen sulfide is 19.61%, 

nitrogen is 1.25 %, helium is 0.022 %. Specific gravity of gas is 0.862 

(Apakaev and Druzhinina, 2009). 
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ʊʘble 2.2: Composition of petroleum gas, degassed oil and formation oil  

(Apakaev and Druzhinina, 2009) 

Description 

Units I, II  

During differential degassing of 

formation oil under working conditions Formation Oil  

Released Gas Oil  

H2S, mole % 19.61  14.86 

CO2, mole % 4.18  3.17 

Nitrogen + rare, mole % 1.25  0.95 

including Helium, mole % 0.022  - 

Methane, mole % 55.82  42.31 

Ethane, mole % 11.08  8.40 

Propane, mole % 6.12 0.34 4.73 

Isobutane, mole % 0.70 2.19 1.05 

N-butane, mole % 1.24 6.13 2.39 

Isopentane, mole %  4.31 1.19 

N-pentane, mole %  4.60 1.23 

Hexane, mole %  8.59 2.13 

Heptane, mole %  11.81 2.85 

Octane, mole %  10.44 2.49 

Resedue (ʉ9+Higher), mole %  51.59 12.25 

Mole mass, mole  144 55 

Mole mass of resedue  196 196 

Gas density at 20 
ʦ
ʉ, g/l 1.039   

Specific gravity of gas 0.862   

Oil density, g/ʩm
3
  0.7935 0.6255 

 

Table 2.2 shows it is a wet gas of a methane type which is natural for the 

oil of deep occurrence. The H2S content is high due to the similarity of 

oil reservoirs of the Korolev and Tengiz Fields. 

At Korolev, the water in the deeper geological section with which the 

productive formations are associated was investigated by testing in wells 

12, 13 and 14 at the depth interval 5340-4752 m below 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 wide range of mineralisation values: from 38.2 g/l at 

a density of 1.036 g/cm
3
 in well 12 to 164 g/l in well 13, and highly 

contradictory concentration values for certain constituents in the salt 

composition. The ʨʅ of the medium is weakly acidic (up to 5.15), and 

the water has a total hardness of 280 mg.eq/l. According to Sulin's 

classification (Ostroff, 1967), the water is of the chlorine-calcium type.  

The water from the Devonian formations obtained in well 12 was found 

to be chemically similar to that in Tengiz well 47, ranging from 37.5 g/l 

to 44.5 g/l, and with a density from 1.0299 to 1.031 g/cm
3
. Both samples 

are natural, with deep-lying horizons of abyssal fresh water of differing 

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 water-bearing complex is usable for technical purposes. 

 

2.3.3 Oil and gas reserves 

 

Total recoverable oil 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 barrels) with 190 million metric tonnes (1.5 billion barrels) in 

Korolev field (TCO fact sheet, 3
rd
 quarter 2009).  
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Reservoir pressure versus cumulative production is plotted for the field 

and for each of the three existing wells (Figures 2.7-2.8). Rate of 

pressure drop in the field averaged as 0.002 MPa/1000 t (Figure 2.7).  

 

 

Figure 2.7: Korolev field formation pressure versus cumulative 

production 

 

Analyzing the dynamics of reservoir pressure on the borehole 10, it 

should be noted that at the date of commissioning 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 produced (Figure 2.8A).  

In well 3483, the initial formation pressure was 80.6 MPa. In September 

2004 the reservoir pressure was 77.29 MPa after cumulative production 
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of 58.53 thousand tonnes. Rate of decline of reservoir pressure was 

0.0137 MPa/1000 tons of oil produced (Figure 2.8B).  

In 3882 the initial formation pressure measured was 80.4 MPa. Then 

reservoir pressure was 76.58 MPa after cumulative oil production 

1239.35 thousand tonnes. Rate of decline of reservoir pressure on the 

borehole is equal to 0.0031 MPa/1000 tons of oil produced (Figure 

2.8C). 
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Figure 2.8: Formation pressure versus cumulative production by wells 
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As seen from the discussion above, the rate of pressure drop in wells 10 

and 3882 is lower than in the well 3483. Note however that wells 10 and 

3882, which are characterised by roughly the same rate of decline in 

formation pressure, are located in different parts of the structure. 

In accordance with the data presented in Figure 2.7 curve of formation 

pressure versus cumulative oil production, the primary recoverable oil 

reserves attributed to the three active production wells with 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 the bottomhole pressure (BHP) of the producers should 

always be above 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 Stock Structure and Their Current Production 

Rates 

 

As of 01.07.2009 there are 19 wells drilled at the Korolev field, 

including 10 producing (9 active, 1 - inactive), 6 abandoned and 3 

suspended wells (Figure 2.3). Oil reservoir is being developed without 

formation pressure maintenance as planned. A summary of the well 

stock is shown in Table 3.1. All active production wells are under 

artesian flow, and the water-cut is zero. Table 3.2 provides a break-

down of active producers by oil rates and shows that wells are highly 

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

Description 
Characteristics of 

well stock 

Well 

count 

Well count (well #) 

 Stratigraphic unit  

I  II  I + II  

Production 

well stock 

Total drilled 19    

Active producers    9 

5 (ʂ-11, ʂ-18, 

ʂ-3185, ʂ-

3682, ʂ-3880) 

1 (ʂ-19) 
3 (ʂ-10, ʂ-

3483, ʂ-3882) 

Temporarily shut-in 1  1 (ʂ-9)  

Suspended 3 (ʂ-16, ʂ-21, ʂ-22) 

Abandoned 6 (ʂ-8, ʂ-12, ʂ-13, ʂ-14, ʂ-15, ʂ-17) 

 

Table 3.2: Well break-down by oil rates as of 01.07.2009 

Well location area 
Oil rate , t/day  

Total 

750-1000 1000-1250 over 1250 

Platform 1 (ʂ-3483)   2 (ʂ-18, ʂ-3682) 3 

Flank 
3 (ʂ-10, ʂ-11, 

K-3882) 
1 (ʂ-3880) 2 (ʂ-19, K-3185) 6 

 

Cumulative recovery map as of 01.07.2007 is given in Figure 3.1, which 

shows that the most of the cumulative production comes from wells K-

10 (with a recovery of 1596.4 thousand tons) and K-3882 (1518.8 

thousand tons). These wells have been active since the start of test 

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

to 354 thousand tons.  
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Figure 3.1: Cumulative oil production map as of 01.07.2007 
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3.2 Review of Well Test Results and Well Productivit ies 

 

During the review period (01.07.08 - 01.07.09) producing wells were 

shut in for maintenance operations, tests and SGP turnaround. The 

following types of tests were performed in Korolev field in the 2
nd

 half 

of 2008 and 1
st
 half of 2009: 

¶ Pressure Transient Tests (PTT or build-up test); 

¶ Pulse Tests; 

¶ Production Logging Tests (PLT). 

10 build-up tests were run in 7 wells. Test results are shown in Table 

3.3. 

 

Table 3.3: Results of build-up tests (Apakayev; et al., 2008) 

## Well # Test date Skin-factor Permeability, mD 

 Reservoir 

pressure at datum 

-4500 m, MPa 

1 K-10 31.07-01.08.2008 -0.545 131 71.2 

2 K-11 14-25.07.2008 -0.0811 0.49 70.7 

3 K-3185 14-20.07.2008 -2.04 13.8 71.1 

4 K-3682 14-20.07.2008 18 26 71.1 

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 built-up tests run in 2008 yielded that the reservoir 

pressure at datum 4500 meters below the sea level was 68.8 - 71.2 MPa. 

A negative skin factor, characterizing the improved permeability of the 

sediments near-well zone, is obtained for wells K-10, K-11, K-3185, 

and K-3880. The positive skin factor in well ʂ-3682 (18) indicates that 

this well is a damaged well and calls for acid stimulation. 

A PLT was run (flow measurement along the wellbore with a downhole 

flowmeter) in well ʂ-10. Test results are shown in Table 3.4. 

 

Table 3.4: PLT results for ʂ-10 (Apakayev; et al., 2008) 

Well # Test data 
Perforation 

interval  
Flow interval Stratigraphy Flow fraction,% 

ʂ-10 31.07.2008 

4529-4545 

4589-4655 

4681-4702 

4681 ï 4702 

Artinskian  0 

Bashkirian    0 

Serpukhovian 36 

4735-4753 
 

4732.5 ï 4751.7 Late Visean   
64 

4766-4795    

Total 100 

 

Although well K-10 is perforated in Artinskian, Bashkirian, 

Serpukhovian and Late Visean intervals, the flow of oil takes place from 

Serpukhovian (36 %) and Late Visean (64 %). 

Pulse tests were performed between wells ʂ-22, ʂ-11, ʂ-3185 in July-

August 2008 and ʂ-22, ʂ-11 in February 2009 in order to test areal and 

vertical communication of reservoirs.  

A permanent downhole pressure gauge is installed in ʂ-22 at 4149 m 

below sea level in order to continuously monitor bottomhole pressure. 
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Therefore, well ʂ-22 acted as an observation well and recorded the 

change in bottomhole pressure resulting from operation of other wells in 

this field. 

The tests have demonstrated that there was a good response between 

each well pair which confirms dynamic communication between ʂ-22 

and the rest of the reservoir. Intensive oil production brought about a 

decline in bottomhole pressure, and when the well was shut in, the 

pressure would build up. Response time after well startup was 10-12 

hours. 

The results of interference test in wells K-10 and K-3882 suggest a high 

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 well K-10 after 32.5 hours.  

Interference tests were also run between wells ʂ-11, ʂ-3185, ʂ-18 and 

ʂ-3682, ʂ-3880; ʊ-10 (ʊʝngiz) and ʂ-10, ʂ-19, ʂ-3880; ʂ-18 and ʂ-22 

(see Table 3.5). Note that the plus sign (+) stands for a good 

communication between the wells and minus sign (-) stands for no 

communication between wells. 

Thus, the results from Table 3.5 indicate a good interconnection 

throughout the Korolev reservoir. However, the bottomhole pressure did 

not change in the Korolev wells and continued to build-up after the T-10 

had been opened and produced for a long time. This means that no 

pressure communication was established between T-10 and the Korolev 

wells. 
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3.3 Analysis of Current Development Status and Production 

Parameters 

 

Cumulative oil production of the operating well stock, average daily 

crude oil flow rates from the date of commercial development to the 

date of analysis is presented in Figure 3.2. 

The chart in Figure 3.2 shows that the active producing well count in 

2006-09 included 9-10 wells. Oil production in 2004-07 totaled 560-850 

thousand tons. 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 water-free during the entire period of Korolev 

field development. Average water-free oil production rate of 1 well was 

855-1277 t/day during the production test period and 598-1104 t/day 

during the commercial development period in 2006-2009. 4625 MM m
3
 

of associated gas was produced during the entire period of field 

operation. Average producing GOR over the entire period of field 

operation remained stable at 587-540 m
3
/t (Apakayev; et al., 2008). 

Producing well count was increased to 9 by drilling new wells and 

returning formerly suspended wells into service during the production 

test period through 2006. A formerly suspended well ʂ-11 was returned 

to service in September 2007 during the commercial development 

period, thereby increasing the producing well count to 10. 

 



32 

 

 

 

F
ig

u
re

 3
.2:

 K
o

ro
le

v
 o

ilf
ie

ld
. 
T

re
n

d
s
 o

f 
m

a
in

 p
a
ra

m
e
te

rs
 (

A
p

a
k
a
e

v
 a

n
d

 D
ru

z
h

in
in

a
, 
2
0

0
9

)
 

 



33 

As it was written in Chapter II, the initial reservoir pressure in the 

Korolev oil field reservoir at 4500 m below sea level is 80.5 MPa and 

the bubble point pressure is 25.03 MPa. Current reservoir pressure in the 

production zone or platform zone of the reservoir is about 70-71 MPa. 

Average net weighted reservoir pressure as of July 01 2009 is 69.45 

MPa and it is below the initial reservoir pressure by 11.05 MPa. 

 

3.4 Comparison of the Design and Actual Parameters of the Oil 

Field Development 

 

In the ñAnalysis of the Korolev oil field development as of July 01 

2008ò (Apakayev; et al., 2008) design parameters of the oil field 

development has been updated and approved for a period of 2009 ï 

2011. Comparison of the design and actual parameters of the oil field 

development of the Korolev oil field in 2008 and the first half a year of 

2009 is represented in Table 3.6. At that design parameters for 2008 

were presented in accordance to the ñTechnological Scheme for 

developing Korolev oil fieldò (Apakaev and Druzhinina, 2007) and for 

2009 in accordance to the ñAnalysis of the Korolev oil field 

development as of July 01 2008ò (Apakayev; et al., 2008). 
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Table 3.6: Korolev oil field. Comparison of the design and actual 

parameters of the oil field development  

Parameters 

2008  2009 

Design Actual Design 
1

st
 half 

of 2009 

Crude oil production, thousand 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 tons 8840 6727.0 10628 8034.1 

Oil gas production, million m
3
 1624 1296 1808 695 

Cumulative gas production, million m
3
 4506 3763 5824 4458 

Crude oil recovery factor, fraction 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 period 12 10 10 10 

Average oil flow rate of one producing well, 

metric tons/day 
797 937 904 1104 

Well utilization factor, fraction 0.95 0.7 0.95 0.32 

 

As it is presented in the Table 3.6, in 2008 crude oil production in the 

field was 2,399 thousand metric tons 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 activities in the oil field. Well utilization rate in 2008 was 0.7 

and design 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 2008 it was less than it was originally 

planned by 2 oil wells and in 2009 it was per design. The decision not to 

drill extra producers during these analyzed periods will be explained 

further in Chapter 5: Statement of the problem. Average oil flow rate of 
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one well in 2008 was exceeding a design flow rate by 17% and in the 

first half of 2009 it was exceeding by 22%.   



36 

 

 

CHAPTER 4 

 

VALIDATION OF REFERENCE  OF STATIC AND DYNAMIC  

MODELS OF THE FORMATION  

 

 

 

4.1 Validation of Reservoir Reference Models and Geological 

Characteristics Adopted for Calculation of Field Development 

Parameters 

 

TCO specialists used the GOCAD software package to construct three-

dimensional geological and dynamic models of the Korolev oil pool.  

GOCAD is a sophisticated computer graphics application that can be 

used to perform geological analyses and calculate forecast development 

engineering parameters for hydrocarbon deposits. 

The three-dimensional geological model was generated on the basis of 

numerous data from entering interpreted seismic data, logging data, core 

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 (logging and 

markers) and seismic data. These data was exported from the following 



37 

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 was provided by the results of 

interpretation of a 3D seismic survey carried out in 1998 for Tengiz and 

Korolev fields. Robertson (1989) and Nolen-Hoeksema (1990) have 

documented applications of 3-D seismic in reservoir management and 

modelling. Geophysics is playing 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 applications. 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, 1988; Farin, 

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 structural-facies zones associated with certain types of 

collectors; establish the boundaries of the platforms and flanks; estimate 

the position of the oil-water contact; and define fluid flow pathways and 

barriers. Data related to the presence of high permeability and an 

impermeable screen of tuffite formations contributed to this analysis 

work. 

For the Korolev geological model, a reference Cartesian network was 

developed representing a square mesh size of 250 ³ 250 meters and 
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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 

Landmarkôs ñSeis Workò software resulted in the identification of 6 

principal structural surfaces: Artinskian, Bashkirian, Serpukhovian, 

Oksian, Volcanic and Devonian horizons (Figure 4.1). 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 create also eight intermediate 

surfaces corresponding to the well data and conforming to the 

representation of the principal horizons. 

The initial steps in setting up the geological model include parceling of 

it (e.g. by faults), selection of structural horizons (i.e. top or depth maps) 

and determination of bedding (i.e. layers or gross thickness), properties 

and fluid saturations for the purpose of estimating reservoir volumes.  

Thus, fifteen surfaces were used to determine the bedding of the model, 

between which a variable number of strata were identified. In general, 

the average stratum thickness specified in the Korolev geological model 

was approximately 1.5 m, but for certain stratigraphic regions, such as 

the Bashkirian and Serpukhovian, thicker beds were used, at sum 1116 

strata were distinguished (Apakaev and Druzhinina, 2007).  

The available porosity logging suites were statistically analyzed and 

Sequential Gaussian Simulation (Akēn, 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 

parameters. Although it was possible to determine the vertical 

parameters of the variogram, analogues and data of completed projects 

at Tengiz were used to assign the horizontal variogram parameters. 

In the geological model the oil-water contact was assumed to be at a 

constant level of 4933 m below sea level. 

Water saturation of the reservoir was modelled using two coordinated 

approaches. Petrophysical analysis (Kovaleva 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 above 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 relation (Apakaev and Druzhinina, 2007). 

A three-dimensional geological model was ultimately produced, 

showing distributions of effective porosity, permeability (matrix) and 

water saturation for the whole of the reservoir. 

The geological (static) model was too large for flow simulation, thus up-

scaling was necessary to reduce the model size. The flow-based scale-up 

process in GOCAD along flow units, flow boundaries is discussed in 

Durlofsky et al (1996).  

The dynamic model used to compute the reservoir development 

parameters was obtained by reducing the number of strata 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 rescaling, the size of the dynamic model 

was 50 x 52 blocks areally and 60 strata vertically, i.e. 156000 cells.  

Modelling of fluid dynamics under natural drive conditions and with 

formation pressure maintenance was carried out using the CHEARS 

(Chevronôs Extended Applications Reservoir Simulator) software 

package. This program is a fully-implicit, three-phase, three-

dimensional black oil simulator. The dynamic models are based on mass 

balance equations in conjunction with a flow equation, for example 

Darcy's law. 
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The basic fluid flow equations are expressed in the form of non-linear 

differential equations in partial derivatives for each of 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), motion equation (Darcyôs law) and 

equation of state (PVT behavior of fluids), are generated for each fluid. 

The flow continuity equation expresses the law of conservation of mass 

for each cell. The flow equation establishes the relationship between 

filtration rate and pressure gradient for each phase and the equation of 

state establishes a correlation between 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 three-phase isothermal simultaneous flow was 

used for 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 and oil do not mix and do not 

exchange mass. The gas is assumed to be soluble in water and oil.  

ñBlack oilò is a term used to signify that the hydrocarbon phase is 

considered as a single liquid and gas and not by chemical composition. 

The phase composition is constant even through the gas solubility in oil 

and water is taken into account (Satter and Thakur, 1994). 
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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 software uses the Newton-Raphson 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 balance. 

Simulation programs allow the use of a flexible system of specifying 

boundary conditions in the wells and make it possible to meet the 

technological requirements in terms of fluid production rate and well 

constraints.  

Thus, the dynamic modelling program used in this work can be used to 

calculate development parameters for Korolev field, including 

development control, withdrawal of hydrocarbon reserves, assessing an 

impact of the intensity of injection and producing wells, and facilitates 

both long-term and short-term forecasting for the purposes of 

monitoring reservoir development. 

 

4.2 Identification of Mathematical Model Parameters Based on 

Development History Data 

 

There are degrees of validation and history-matching. Quite often when 

the term ñhistory-matched modelò is used, the reference is to be a 

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 effective use of simulation software 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 reservoir (Bakiler, 2010). 

A rescaled 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 the dynamic 

modelling program. Apart from describing the geological basis of the 

formation, the input file for dynamic modelling includes data on 

properties of the fluids in relation to pressure, fluid contacts, and values 

for critical water-, gas- and oil-saturation, and relative phase 

permeability curves. The parameters used in the modelling exercise are 

given in Table 4.1.  
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Table 4.1: Basic characteristics of development units 

(Kovaleva and Sazonov, 2005) 

 

Parameters 

Units 

I  II  

platform  flank 

Average depth of occurrence, m 3875 4505 

Accumulation type massive 

Reservoir type fissured-porous, fissured-vuggy-porous, 

vuggy-porous 

Oil and gas bearing area (ʉ1+ʉ2), th. m
2
 13231 53532 45389 

Average oil-saturated thickness, m 439.6 261.5 361.3 

Porosity, fraction 0.0486 0.0300 0.0391 

Average oil saturation, fraction 0.867 0.770 0.595 

Permeability, ɛm
2
 0.0487 

Initial formation temperature, Üʉ, at 4500 m BSL 109 

Initial formation pressure, MPa, at 4500 m BSL 80.5 

Viscosity of oil at formation conditions, mPaĿs 0.20 

Density of oil in formation conditions, kg/m
3
 625.5 

Oil formation volume factor, m
3
/ m

3
 1.965 

Sulphur content in oil, % by mass 0.72 

Paraffin content in oil, % by mass 4.6 

Bubblepoint pressure of oil, MPa 25.03 

Gas content of oil, m
3
/ m

3
 573.4 

Viscosity of water in formation conditions, mPaĿs 0.3 

Density of water in formation conditions, kg/m
3
 1064 

Average productivity, m
3
/(dayĿMPa) 468.27 

 

Well calibration after successful history match is an essential but tedious 

process in reservoir simulation. This procedure ensures that the 

production wells 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 calibration process 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 defined, 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 pressure measurements 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 included absolute 

permeability, permeability of 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 fluid flow via fractures. Given that the dynamic 

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 the values of absolute 

permeability both areally and vertically (Apakaev and Druzhinina, 

2007).  
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Thus, additional permeability data was included in the dynamic model 

as a result of the presence of lost-circulation zones. Figure 4.2 presents 

such a profile section of a stratum with elevated permeability. 

 

 

Figure 4.2: Profile cross-section of modified permeability zone  

(Apakaev and Druzhinina, 2007) 

 

 

In addition, in order to reflect the influence of fissures on vertical 

connectivity, the vertical permeability values were increased several-

fold. Local modifications of reservoir properties around the wells were 

made based on the field geophysical investigation data and MDT data. 
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By way of example, Figures 4.3 and 4.4 present permeability and 

porosity distributions for 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 

and actual development parameters for each well.  

Figure 4.5 shows the distribution of formation pressure at the top of 

stratigraphic units 1 and 2, and Figure 4.6 shows the pressure 

distribution on the cross-section of the formation as of 01.01.2002. As 

can be seen in Figure 4.6, the maximum pressure drop occurs in the 

zone where most of the wells are located (on the platform). 

Figure 4.7 shows the areal distribution of oil saturation at the top of 

stratigraphic units 1 and 2 as of 01.01.2002. It should be noted that the 

platform zone of stratigraphic unit 2 has higher values of initial water 

saturation, which is linked to the reduced porosity in this zone (Apakaev 

and Druzhinina, 2007).  

Based on the development history data results, 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 permeability (mD) distribution in stratigraphic units 1 

and 2 following adaptation based on development history data 
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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 reservoir cross-section 
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Figure 4.7: Areal distribution of oil saturation at the top of  

stratigraphic units 1 and 2 as at 01.01.2002 
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CHEARS (Chevronôs Extended Applications Reservoir Simulator) was 

used to run reservoir simulation for this project together with SIM04K 

(Simulator 2004 Korolev) earth model of the Korolev field built in 

GOCAD. 

Chien et al. (1989 and 1997) and Tchelepi et al. (1999) discuss 

Chevronôs CHEARS simulator and parallelization aspects of CHEARS. 

Despite the 156000 cells model size, parallel simulation jobs were 

running efficiently with mostly overnight turnaround time 

(approximately 6-8 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 based upon 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. The wells 

can be turned on or off (shut-in) 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 tests and crude 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 with the 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 the Technological Scheme for Korolev oil field (Apakayev 

and Druzhinina, 2007), itôs planned to add 3 extra producing units in the 

time period of 2009-2011 (development plan case). These are wells K-

55, K-53 and K-51, which should have been added in 2009, 2010 and 

2011 respectively. Figure 5.1 and Figure 2.3 show where and when it 

was planned to add extra producers. However, after simulating, the 

effect of these wells on ultimate recovery is negative. Existing (base) 

case without K-51, K-53, K-55, with 12 producing units (producing and 

suspended), provides 307.59 MM STB cumulative oil production within 

the whole period till abandonment according to the simulation results. 

When 3 extra wells are added in 2009, 2010 and 2011, overall 

production fell by more than 2.5 MM STB, which is a considerable 

number compared to recoverable reserves volume. Thus, the base case 

turns out to be a decent production strategy as demonstrated by 

comparison to the development plan case given in the Technological 

Scheme for Korolev oil field. 
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This work is based on comparison of basic parameters of field 

development (without adding extra producers) and results of computer 

modelling of new cases, showing the flexibility of the model, helping to 

understand undergoing processes and to define the possible solution to 

optimize final production with the least impact on the existing 

development plan (e.g., number of new wells and their locations).  

 

 

 

 

Figure 5.1: 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 and the forecast 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 are met. Webster defines ñsimulateò 

as ñto assume the appearance of without the realityò. Simulation of 

petroleum reservoir performance refers to the construction and 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 future performance of the reservoir under a variety of 

scenarios (Satter and 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 forecasting (Ozdogan; 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, a model can be 

produced or ñrunò many times at low expense over a short period of 

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 the number 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 shown in Figure 6.1. 
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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 optimizing 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 to the stated problem, following actions were 

taken after simulations: 
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¶ impact on development parameters of each new well was defined, 

¶ sub-surface processes changes due to extra producers lead-in were 

forecasted and explained, 

¶ according conclusions on the optimization process were made; 

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

 

6.2 Base Case 

 

In order to understand the 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 case, although it is able to afford more 

considering capacity of the recent expansion projects. With these 

conditions simulation was able to run for next 7 years and then 

production rate started to decline as shown in Figure 6.2. 

After 33 years of primary production, total crude production reaches a 

value of 307590080 STB as given in Figure 6.3, while the field water 

cut rises to 10.9 %. 
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Figure 6.2: Daily oil production profile for base case 

 

Figure 6.3: Total oil production profile for base case 



62 

6.3 Development Plan Case 

 

Production rates and cumulative oil production of base and development 

plan cases are shown on Figure 6.4. It is obvious that despite increased 

volume of oil recovery on early stages of field development, final 

numbers are lower in development case compared to base case 

cumulative oil production by more than 2.5 MM STB. 

However, from economical point of view, it should be noted that 

accelerated recovery sometimes is more attractive project. Acceptance 

or rejection of these 2.5 MM STB decrease in comparison with high 

recovery rates on early stages are largely governed by the companyôs 

economic criteria such as payout time, profit to investment ratio, present 

value, profitability index, internal rate of return, etc. Although the 

economic analyses and comparisons of the results of the various choices 

can provide the answer to make the best business decision to maximize 

profit it should be recalled that the goal of this thesis is to maximize 

incremental recovery also.  
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Figure 6.4: Comparison of cumulative oil production and decrease when 

adding extra producers 
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6.4 Sensitivity Analysis of the Reservoir 

 

Forecast studies were carried out to define the impact of each new well 

on cumulative production and already existing wells in particular. So 

three cases, let us call them ñsensitivity casesò were run. Figures 6.5, 6.6 

and 6.7 show the results of these sensitivity cases. 

Table 6.1 presents main parameters such as cumulative oil and water 

production for each cases run. 

Figure 6.5 and Table 6.1 show, that the most significant impact on 

production was made by well K-51, reducing cumulative oil recovery by 

12.8 MM STB roughly. Lead-in of this well caused production 

reduction almost in all other wells. 

 

Table 6.1: Comparison of produced total liquid amount between the 

base case and sensitivity cases 

 Base Case K-51 in 2009 K-53 in 2009 K-55 in 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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Figure 6.5: K-51 well lead-in impact on production 
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Figure 6.6: K-53 well lead-in impact on production 



67 

 

Figure 6.7: K-55 well lead-in impact on production 
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As there are so many wells and control steps in this problem and the 

dynamics is complicated, it is difficult to immediately understand the 

reasons behind the nature of the fluid migration trajectories in the 

reservoir. However, analyzing processes taking place during new wellôs 

lead-in, some basic conclusions were made to explain the fact of field 

recovery reduction, and they are: 

¶ Oil migration in the reservoir, 

¶ Interconnection between different parts of the reservoir, 

¶ And, as follows higher average reservoir pressure, due to lower 

level of recovery rate. 

If the impact of well K-51 is analyzed in detail, it has already been 

mentioned that adding of this extra well caused the biggest potential 

impact on the whole field and on total oil production in particular, 

according to the modelling results (Table 6.1). Analyzing the data on oil 

production rate (OPR) and static wellhead pressure (SWP) in wells all 

around the field as shown in Figure 6.8, it can be seen that producing 

units behave themselves differently. Some of them show increase in 

cumulative production (K-9, K-10, and K-3185), whereas decrease 

could be observed in other wells (K-16, K-3682, K-3880, and K-3882), 

while rest of the wells (K-11, K-18, K-19, K-22, and K-3483) show 

insignificant fluctuations in recovery of oil compared to the base case. 

Note that the base case is lying on the x-axis conformably and a 

difference in cumulative oil production (Delta OPC) is 1000 times 

higher than it is shown in the graphs by y-axis.  

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

added, so that static pressure 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 Figures 6.9 and 6.10. 
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Figure 6.9: Daily oil production profile for K-51well 

 

Figure 6.10: Total oil production profile for K-51 well 
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Wells situated on the way of fluid migration show increase in 

production, like wells K-10, K-9 and K-3185, while production in wells 

such as K-3880, K-16 and K-3682 from which oil is flowing away 

dramatically decreases bringing even to an early shut-in, i.e. well K-

3882. Figure 6.11 shows reservoir fluid movement paths, when K-51 

was added. However, 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 difficult to obtain such trajectories manually.  

 

 

Figure 6.11: Reservoir fluid migrations to K-51 
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In any of natural producing mechanisms high recovery efficiency is 

observed while there is a significant reservoir pressure decline compared 

to the initial pressure. In other words, more reservoir pressure drops 

more oil is produced. Final average reservoir pressure in K-51 case is 

approximately 110 psi higher than in base case (Figure 6.12). As a 

result, a 12.8 MM STB decrease in total oil recovery is observed. 

Analyzing the data on static well pressure (SWP) at the moment of 

starting up the production in K-51 well, pressure dropdowns occurred in 

all wells, which caused their production decrease. It can be also 

concluded that all wells are extremely interconnected as it has been 

proven in Chapter 3 during pulse tests. So that any change of wellôs 

production parameters affects the whole fieldôs production. The closer 

the well is situated to an extra well, the stronger impact on this wellôs 

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 can occur, like in wells K-10 

and K-9.  

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

is quite difficult to understand just by analyzing an individual well. 

Similarly, all producersô SWPs and production parameters for other 2 

sensitivity cases were analyzed and presented in Figure 6.13 and 6.14 

accordingly. 



76 

 

Figure 6.12: Difference in average reservoir pressure and cumulative oil 

production between base case and after lead in K-51 in 2009 
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After analyzing graphs in Figure 6.13 of the sensitivity case when K-53 

started to operate in 2009 it could be also concluded that oil starts to 

move in the direction of the new well, causing less production rate in all 

wells except well K-9 where a little more oil is produced compared to 

the base case. Thus, the migration of oil throughout the field can be 

imaginatively drawn as shown in Figure 6.15. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.15: Reservoir fluid migrations to K-53 
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Reservoir fluid from other parts of the field flows into the new zone of 

low pressure, ensuring the high production rate in the new well, whose 

oil production profile is illustrated in Figures 6.16 and 6.17. 

 

Figure 6.16: Daily oil production profile for K-53 well 

Figure 6.17: Total oil production profile for K-53 well 
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Similarly the reservoir fluid migrations from different parts can be built, 

as in Figure 6.18 below, for the sensitivity case when K-55 started to 

operate in 2009. All wells have negative cumulative production 

compared to the base case, except well K-3682 with as much oil 

produced as K-3483 gives. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.18: Reservoir fluid migrations to K-55 
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Figure 6.19 and 6.20 provides information about daily oil rate and 

cumulative oil production of K-55 well itself.  

 

Figure 6.19: Daily oil production profile for K-55 well 

Figure 6.20: Total oil production profile for K-55 well 
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CHAPTER 7 

 

RESULTS AND DISCUSSION 

 

 

 

Results indicated that field deliverability depend strongly 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 either. Hence, 

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 pre-salt deposits because PLT testing was performed 

only in upper sections of the pay intervals during the joint testing of 

open holes of the wells. To make matter worth, as for all ñgreenò 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. Micro-fractures have a significant impact 

on permeability enhancement and drainage areas. The next reservoir 

model should take into account all these features in order to reproduce 

the internal reservoir architecture and provide a reliable input for the 

numerical simulation of the fluid flow. 
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However, from available processing loads of data of the sensitivity 

cases, some major conclusions were made. First is that, in order to 

increase total oil recovery, new wells must be added gradually, taking 

into concern fields dynamic properties, and flexibility of the computer 

model. A more gradual well lead-in allows us to decrease reservoir 

pressure less significantly, not causing sharp dropdowns and following 

well shut in due to a high water cut level. Because observed trends say 

that after a new well is added, reservoir pressure significantly decreases 

for a while, but then it starts to compensate itself causing fluid 

migration. If a new well is added too soon after the previous had been 

added, a new migration process starts, and, as a result some part of the 

oil remains unrecovered. So, after the sensitivity cases were run, and the 

flexibility of the SIM04K was defined, 2 models have been proposed 

that could provide production optimization dealing least impact to the 

technological scheme of development, e.g. wellsô locations or wellhead 

pressures. 

They are: 

¶ Adding extra producers in 2009, 2010 and 2011, as in 

development plan case, but their shut-in in 2013 (First model) 

¶ Adding K-55 in 2009, K-53 and K-51 in 2017 (Second model) 

These mean, either to shut in all new wells at once, not allowing them to 

decrease reservoir pressure until the critical point, when it canôt recover, 

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 down. In other words, it will bring to 

uniform production and uniform depletion of the reservoir. 
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Several trial-and-error reservoir simulations were run before coming to 

these two models. As it was written in Sarma and Chen (2008), in 

general, although an engineerôs intuition and knowledge about a 

reservoir plays an important role in determining optimum 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 some detrimental reservoir response is 

observed.  

Based on this fact, the first optimization model was proposed: shut-in all 

extra wells, when they reach maximum possible difference in 

production rate compared to basic case, i.e. in 2013. Figure 7.1 shows 

the resulting data on average reservoir pressure and cumulative oil 

production for the first proposed model, which resulted with an increase 

in potential total production by 2.1 MM STB. 

 

Figure 7.1: Resulting data after shut-in K-55, K-53, and K-51 in 2013 


