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ABSTRACT 
 
In other to meet the rising global consumption of oil, there is serious need to increase its 

production. With fewer new fields being discovered, brown fields also known as old or 

mature fields are being worked on to increase their recovery efficiency. This thesis is a case 

study focused on the study of different methods that can be used to boost primary recovery of 

a real life field that has produced over time and how much recovery is obtained from each of 

them. The methods considered include workover or well intervention, gas lift optimization 

and infill drilling. The main aim of the work is to determine how much extra oil that can be 

recovered from the field using each of the methods. The result shows that each method has a 

significant effect on overall recovery. A recovery factor of forty-three percent (43%) was 

obtained for Cases 2 and 3 with cumulative production of 5.80MMsm
3
 and 5.86MMsm

3
 

respectively out of the STOIIP of 13.6MMsm
3
. And Case 4 gives a recovery factor of forty-

four percent (44%) and a cumulative production of 6.03MMsm
3
. considering only cumulative 

production of each of the cases, it is concluded that the method considered most favourable 

would be Case 4. 
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CHAPTER 1 
 

1.0. INTRODUCTION  
 
Crude oil has maintained its status as a major contributor to the world economy today. The 

provision of heat, electricity and transport depends on oil and there has not been a single 

energy source to replace crude oil so far that has broadly integrated. To meet the rising global 

energy consumption there is dire need to increase production. Over the years the number of 

new reserves discovered has reduced, hence brown fields are worked on to increase their 

recovery efficiency with or without enhanced recovery method depending on the size of the 

field and the cost of EOR. 

 

Brown fields are fields that have reached fifty percent (50%) of its initial proved plus 

probable reserves or have been in production over ten (10) years. Brown fields are also 

known as mature fields. Over seventy percent (70%) of the worldôs oil and gas production are 

from brown fields with an average recovery factor of seventy percent (70%) recovery for gas 

fields and thirty-five percent (35%) for oil fields an can be smaller depending on the reservoir 

characteristics, resource limitations or operational inefficiencies. Maximising recovery has to 

do with assessing ways that can help increase the life of a field, improve its overall recovery 

efficiency and delay the cost of abandonment as well as increase the opportunity for third 

parties to make use of existing infrastructure thereby mitigating the need for developing new 

fields and offsetting the need for alternative energy sources. 

 

This work is based on the study of a marginal field in Nigeria, West Africa that has produced 

over a period of time and it would focus on simple methods of maximizing field recovery 

such as identifying areas containing unproduced oil and determining the best ways to produce 

them efficiently. 

 

1.1. THESIS STRUCTURE  
This thesis comprises of five (5) chapters 
 

Chapter one - gives an introduction of the entire project starting with introduction to 

brownfields and why they are important. It also addresses the objectives and scope of the 

research. 

 

Chapter two ï will comprise the literature review, explaining ways of determining the 

amount of oil remaining in the reservoir after a period of time and its location as well as the 

different methods that can be used to recover them. It also discusses the factors that affect 
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these methods. 

 

Chapter three ï this is basically the beginning of the research work. It starts with a brief 

description of the case study, the method used and the data needed for the simulation process 

as well as the simulation process itself. It also contains information of the different fiels 

development case scenarios that were considered in the process of maximizing oil recovery. 

 

Chapter four ï contains the results obtained from the simulation process for the different 

field development cases and a brief description of the results. And discusses the results in 

details and compares the results of all the field development cases carried out. 

 

Chapter five ï finally discusses the conclusion and further recommendation for this work. 

 

1.2. OBJECTIVE OF WORK   
The work will focus on 

 

1. Evaluating current field and well production rates and ultimate recovery of existing 

reservoir. 
 

2. Evaluating different field development scenarios and carrying out uncertainty analysis 

to propose optimal complementary field depletion plan to maximise oil production. 

 
 
 

1.3. SCOPE OF WORK  
1. Review and quality check data. 

 
2. Build a dynamic simulation model using eclipse software 

 
3. Initialize the model to validate the original oil in place obtained from static model 

 
4. Evaluating current well production rates and ultimate recovery of existing producing 

wells. 
 

5. Evaluating different field development scenarios and carrying out uncertainty analysis 

to propose optimal complementary field depletion plan to maximise oil production. 
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CHAPTER 2 
 
 

 

2.0. LITERATURE REVIEW  
 
Over 70% of the worldôs oil and gas production are from brown fields as the possibility of 

discovering giant fields have greatly decreased over the years (Blaskovich, 2000 as cited in 

Babadagli, 2007) and in order to meet the increasing demand of oil and its products effective 

reservoir management practices is needed to increase recovery from oil fields. Generally, 

field recovery is maximised so as to gain additional production and extend the life of the 

field. Brown fieldsô also known as mature fields are fields that have reached a decline in 

production with time or fields that have produced over a period of ten (10) years (Marshall, 

2011). According to Babadagli (2007), a field is said to be in a state of maturity if the field 

water and gas production has increased with time while the field pressure is decreasing to the 

field equipment have age over time. 

 

In other to maximise recovery of a field, a good understanding of the formation, fluids and 

the development procedure of the field is required. Maximising field recovery involves 

development practices such as recompletion, stimulation, infill drilling, optimization of lift 

and proper reservoir monitoring which is achievable by having a broad knowledge of the 

amount of unproduced oil and its location in the reservoir. 

 

2.1. DETERMINING THE AMOUNT OF OIL AND ITS LOCATION  
 

Estimating the amount of oil remaining in the reservoir is a difficult task that requires the use 

of highly advanced techniques. The amount of the remaining oil in the reservoir is dependent 

on the reservoir lithology, pore size distribution, permeability, wettability, fluid 

characteristics, and recovery method and production scheme (Teklu et al., 2013). Estimating 

the amount of oil in the reservoir is done based on the knowledge of the reservoir remaining 

oil saturation after the period of active production this helps to assess the technical feasibility 

and profitability of the project. Babadagli (2007) identified different methods that are used to 

estimate the amount of remaining oil in the reservoir and they include; 

 

¶ Core analysis 

 

¶ Logs  
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¶ Volumetric reservoir engineering studies 

 

¶ Production data analysis 

 

¶ Well testing 

 

¶ Chemical tracers 

 

2.1.1. CORE ANALYSIS 
 

Cores are analysed from the reservoir either by conventional core analysis methods or by 

special core analysis method. Generally, oil saturation in the cores decrease as the core is 

retrieved to the surface for conventional method but it gives a qualitative idea of the 

remaining oil saturation in the formation. However, special core analysis is carried out on 

core samples by simulating realistic reservoir conditions such as pressure, temperature and 

wettability in order to obtain a result that is as accurate as possible. Teklu et al., (2013) 

identified core flooding is a method of estimating remaining oil saturation from core samples. 

They explained that the procedure is a water flood experiment carried out using either 

reservoir fluids or synthetic fluids on cores under simulated reservoir conditions and the 

result is a function of the rock wettability. 

 

Teklu et al (2013) also identified centrifuge method as another method used to measure 

remaining oil saturation from cores. They cited Slobod et al., (1951) noting that for best 

results the experiment must be carried out under approximate reservoir conditions and the 

result is usually affected by gravity forces, wettability, fluid characteristics at different 

temperatures as well as capillary end effects. 

 

After analysing the core sample in the laboratory, the remaining oil saturation of the cores is 

related to the remaining oil saturation at reservoir scale using the equation proposed by 

Kazemi (1977) as cited by Babadagli (2007) and Teklu et al (2013). 
 

(So) res = (So) core Bo E (M/ (1-V
2
)) 1 

 

Bo= Oil formation volume factor bbl/STB 

 

E= Bleeding factor 

 

M= Mobility ratio  
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V= Permeability variation calculated from reservoir core samples 
 
 
 

 

2.1.2. LOGS 
 
Babadagli (2007) explained that different types of logs can be used to estimate remaining oil 

saturation of a formation and they include 

 

¶ Resistivity logs 

 

¶ Nuclear magnetic resonance logs 

 

¶ Electromagnetic propagation tool 

 

¶ Dielectric constant log 

 

¶ Pulsed neutron capture logs 

 

¶ Carbon/oxygen logs 

 

He noted that in other to obtain the remaining oil saturation using resistivity logs, water 

saturation is first calculated using Archieôs classic water saturation equation 

(  )  2 
 
 

 

Where 
 

Sw = Water saturation 

 

n = Saturation exponent 
 

Rw = Water resistivity 

 

Rt = True formation resistivity 

 

m = Lithology exponent  
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The oil saturation is calculated using the conventional formula 
 

So = 1 - Sw 3 
 
 
 

 

He noted that the amount of remaining oil in the reservoir obtained from resistivity logs is 

greatly affected by the saturation exponent as a small change in saturation exponent will give 

a significant change in volume of oil calculated. Also, clay content and pore structures are 

factors that affect the accuracy of remaining oil volume estimation (Worthington and Pallat, 

1992 as cited in Babadagli, 2007). Hence the use of resistivity logs to estimate the volume of 

oil maybe questionable, hence a log-inject-log procedure devised by Murphy (1973) can be 

used to increase the reliability of resistivity based oil saturation (Al Harbi et al., 2011). For 

the process of log-inject-log the oil bearing formation is logged to estimate values of 

formation resistivity (Rt) which is a based resistivity using known water saturation, then 

solvent is injected to displace the oil followed by the injection of brine in order to measure oil 

resistivity (Ro), then oil saturation is calculated thus 

 

So = 1 ï (Ro/Rt) 
1/n 

4 
 

Nuclear magnetic resonance log is also used to determine the amount of oil in the reservoir. It 

is considered to be the most accurate method used to estimate remaining oil saturation. Its 

result is not affected by saturation exponent or water salinity (Horkowitz et al., 1997). NMR 

measures the relaxation times T1 and T2 of oil and water signals as well as the diffusion 

coefficient allowing the quantification of the amount of oil remaining in the reservoir. This is 

achieved by applying enhanced diffusion method (EDM) (Akkurt et al., 1999). Akkurt et al., 

(1999) noted that this method uses the differences in diffusion coefficient between oil and 

water to determine the remaining oil saturation and the diffusion coefficient of the oil is a 

function of its viscosity. 

 

Another log used to estimate the remaining oil saturation in a field is the electromagnetic 

propagation tool. It uses the measurement of phase shift and fading rate of an electromagnetic 

wave transmitted through a formation at a frequency of 1.1GHz to evaluate the remaining oil 

saturation in the formation (Wharton et al., 1980 as cited in Teklu et al., 2013). They noted 

that the electromagnetic propagation log is very effective in formations with changes in 
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salinity. Similar to the electromagnetic propagation tool, the dielectric constant log also 

measures the remaining oil saturation in formations at a frequency ranging from 16 to 60 

MHz (Geng et al., 1980 as cited in Teklu et al., 2013). It investigates a deeper zone than the 

electromagnetic propagation tool and has a higher accuracy. 

 

The pulse neutron capture (PNC) log is another type of log used to estimate remaining oil 

saturation in cased holes and open holes using log-inject-log applications. This is achieved by 

measuring the absorption of thermal neutrons released by the formation fluids. It is very 

effective in differentiating between gas, oil and water bearing formations (Teklu et al., 2013). 

Teklu et al., (2013) also noted that when the porosity, formation type, hydrocarbon type and 

formation salinity are known, PNC log data can be used to estimate saturation. According to 

Chang et al (1998) and Teklu et al., (2013), PNC log give an excellent accuracy of the 

remaining oil saturation value. 

 

The carbon oxygen (C/O) log is another type of cased hole log that measures the remaining 

oil saturation based on the amount of certain elements such as carbon, oxygen, silicon, and 

calcium present. C/O logs are not affected by chlorine content in the formation water hence it 

can be used in areas where PNC is not applicable. The formula below proposed by Teklu et 

al., (2013) is used to estimate the remaining oil saturation using Carbon-Oxygen (C/O) logs. 

ϳ ϳ 

5 
  

ϳ ϳ  

 
 
 
 

 

Where C/O = Inelastic gamma ray carbon to oxygen ratio measurement 

 

Gamma ray logs also use log-inject-log applications to estimate remaining oil saturation. The 

process involves injecting water containing radioactive tracers into the formation. 

 

2.1.3. VOLUMETRIC AND MATERIAL BALANCE METHOD  
 

Volumetric method can be used to estimate the remaining oil saturation of a reservoir when 

the initial oil in place and cumulative oil production is known. The formula below is used to 

calculate the remaining oil saturation; 
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Where 

 
 
 
 
 

6 

 

N = Stock tank original oil in place STOOIP (STB) 
 

Np = Cumulative oil produced (STB) 

 

A = Drainage area (Acres) 

 

h = Reservoir thickness (ft) 
= Porosity  

Bo = Oil formation volume factor 

 

The cumulative oil production (Np) is estimated using material balance method or from 

production data. The volumetric method gives us a single value of remaining oil saturation. 

 

The remaining oil saturation in the reservoir can be estimated using material balance method. 

This is achieved when the initial oil in place for the drainage area of each well as well as the 

cumulative production for each well is known. This gives us an idea of the saturation 

distribution in the field (Babadagli, 2007). 

 

Babadagli (2007) also identified the use of production data as a method of estimating 

remaining oil saturation. He explained that this is achieved by using a plot of production 

history to estimate cumulative (final) production (Np) and using production relative 

permeability data to estimate saturations. He stated that the formula 

 

7  
 
 

Where 
 

qw = Water flow rate (bbl/day) 

 

qo = Oil flow rate (bbl/day) 

 

Bw = water formation volume factor (bbl/stb) 
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Bo = Oil formation volume factor (bbl/stb) 

 

= Water viscosity (cp) 

 

= Oil viscosity (cp) 

WOR = Water oil ratio 

 
Can be used to obtain relative permeability ratio for multiphase flow, and that oil saturation 

can thus be calculated from production data using the equation below; 

( )  
8    

( 

)ϳ( 

 

)  
 

 

Where 
 

Vo = Oil volume 

 

Vp = Total pore volume 

 

Cf = Formation compressibility (psi
-1

) 

 

Swi = Initial water saturation 

 

Boi = Initial oil formation volume factor (bbl/stb) 

 

= Change in pressure (psi) 

 

He noted that this technique is more reliable than laboratory methods because real production 

data is used. 

 

2.2. METHODS OF MAXIMISING OIL FIELD RECOVERY   

¶ Recompletion/workover 

 

¶ Well Stimulation 

 

¶ Gas lift 

 

¶ Infill drilling 

 

¶ Improved oil recovery  
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¶ Enhanced oil recovery 
 
 
 

 

2.2.1 RECOMPLETION/ WORKOVER  
 

During the life of a well, problems such as increased water, gas and sand production may be 

experienced with time. Incompatibility between injected water and formation water results to 

precipitation of mineral scales as a result of thermodynamic in equilibrium resulting from 

temperature fluctuations, ionic strength and pressure differences (Zahedzadeh et al., 2014). 

This decreases oil production and equipment life in completions programs in reservoirs. Other 

resulting from downhole scale accumulation and corrosion are wear of surface and subsurface 

facilities. Recompletion and workover is carried out on wells to reduce these effects. 

Recompletion ranges from squeezing of slurry into perforations to plug back zones producing 

water and gas and perforating oil zones to well stimulation and acidizing of plugged 

perforations. It also involves changing of downhole equipment such as tubing and packers. 

 

2.2.2. WELL STIMULATION  
 

Well stimulation is another method of maximizing recovery of a field. Well stimulation is an 

operation carried out on a well to improve the flow of hydrocarbon from the reservoir into the 

well (Economides and Nolte 1989). According to Economides and Nolte (1989), there are 

two methods of well stimulation operations practiced in the industry; Acidizing and 

fracturing. They explained that acidizing involves the use of acid wash on formations that 

have precipitated insoluble products such as scale accumulation. They also explained that 

fracturing is mainly carried out in tight formations and sometimes formations with high 

permeability, to elude deep formation damage problems which acidizing cannot remove. 

 

2.2.3. GAS LIFT 
 

Artificial lift is used to produce wells that are not flowing sufficiently either from the start of 

production or later in the life of the well. Ninety percent (90%) of wells worldwide are 

produced using artificial lift (Perrin, 1999). Artificial lifting of oil can be done mechanically 

using pumps or by gas lift method. 

 

Gas lifting refers to injecting gas into the lower string of the production tubing in order to 

move the oil to the surface. Recovery is maximised using gas lift by selecting the most 

favourable tubing size, lift gas rate and operating valve position with respect to the gas 
 
 
 

 

ESTHER, ODIKI - MSc Petroleum Engineering, Middlesbrough, 2014. 
 

24 



 

 

injection pressure and water cut constraints. 

 

Gas lift optimization is essential in improving production performance. According to Chia 

and Hussain (1999), this is achieved by applying one or more of the following tools; 

 

¶ Nodal analysis 

 

¶ Gas lift optimization model 

 

¶ Gas lift surveillance data base 

 

¶ Gas lift monitoring system 

 

Nodal analysis is the analysis of the performance of all the systems in the well from the 

reservoir sandface across the perforations, completions, tubing, and safety valves to the 

wellhead and surface facilities (i.e. separators) (Mach et al., 1979 as cited in Chia and 

Hussain (1999). Nodal analysis is a well performance prediction tool. It can be used to 

quantify optimum gas lift gas required for a gas lift operation. 

 

Chia and Hussain (1999) explained gas lift optimization model as a detailed computer based 

production system model that mimic a production system network. It is used in conjunction 

with nodal analysis to determine optimum gas lift gas allocation. This is done by defining the 

objective and constraints of the system. It is also used as a sensitivity analysis tool when 

deciding the best conditions for a field application. They also explained that having a gas lift 

surveillance database and monitoring system is very important in gas lift optimization. They 

noted that while gas lift monitoring system measures gas lift flow rate and pressure 

parameters in real time, the gas lift surveillance data base takes into account the lessons 

learned and experiences of both successful and failed processes which is used fir the 

improvement of future gas lift operations in other to achieve success. 

 

Boonmeelapprasert et al., (2011) explained how the application of gas lift process in the 

Platong field in the Gulf of Thailand increased production from ten percent (10%) in June 

2008 to fifty percent (50%) in June 2011. They explained that the Platong field was initially 

developed in 1985 for the production of gas but commercial volume of oil was within some 

of the reservoir compartments in 1997. The noted that the first wells drilled into the oil zone 

were completed without incorporating artificial lift in their completion program, hence 

production was minimal. With the installation of gas lift mandrels in the completions of the 
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old wells, an increase in production was recorded. They identified 

 

¶ Improvement of subsurface completion 

 

¶ Adequate surface gas lift sources 

 

¶ Use of fit for purpose monitoring and surveillance tools 

 

¶ Adequate personnel training 

 

¶ Good collaboration between office experts and field production 

operators, as the major reasons for the accomplishment of results. 

 
2.2.4. INFILL DRILLING  
 

Infill drilling is referred to the process of drilling new wells in between wells. This is done 

either to produce trapped or bypassed oil, or to reduce the space between injectors and 

producers so as to have an efficient injection process. Drilling new wells is necessary as 

fields become mature, this is because production reduces and not all the oil is produced due 

to reservoir heterogeneity. Shirzadi and Lawal (1993) explained how infill drilling was used 

to improve recovery in the Prudhoe Bay field. They noted that the process started with having 

a multidisciplinary knowledge of the field through reservoir surveillance, analysing 

production data, having a good understanding of the reservoir description and facilities 

constraints. They explained that in order to drill an infill well, poorly developed areas must 

be identified and integrated to field measurement results. 

 

Gould and Sarem (1989) also explained that for an infill drilling project to be successful, 

proper planning which involves analysis of production performance, proper reservoir 

description and infill drilling project design as well as economic evaluation are essential. 

They explained that the reservoir description includes reservoir geology, petrophysical 

information obtained from logs, as well as seismic data. Comparing seismic data acquired 

originally and seismic data acquired after producing for a period of time is also important. 

They further noted that acquiring well test information which provides information on the 

well drainage area is also very important. This helps to determine the area to place the infill 

well. Furthermore, they explained that having an economic limit and ensuring itôs not 

exceeded while analysing the economic impact of the infill drilling is the most essential 

aspect of evaluating an infill drilling project. They explained that if these criteria are met, the 
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result from infill drilling is always favourable whether it is done with intention of carrying 

out an EOR process or just to produce by-passed or trapped oil. Gould and Sarem (1989) 

showed some of the successes of infill drilling projects by stating how oil production was 

increased in the Raja field of south Sumatra from 47.7m
3
/day with thirty-six (36) wells to 

556m
3
/day after additional six (6) infill wells were drilled between 1976 and 1978. The table 

below also shows how much recovery was increased when infill wells were drilled in 

different fields. 

 

PROJECT  NUMBER  OF PROJECT VOLUME  INFILL  VOLUME  

   WELLS  VOLUME  PER WELL  SPACING (BBL/ACRE)  

    (10
6
 BBL)  (10

3
 BBL)  (ACRES)  

        

Mean  San      

Andres 20 acre      

Infill    141 15.4 109 10 5450 
        

Mean  San      

Andres 10 acre      

Infill    16 1.2 75 20 7500 
       

Fullerton       

Clearfork   254 24.6 97 18 4850 
       

Robertson       

Clearfork   138 10.7 78 40 4330 
       

IAB  (Menielle      

Penn)        

   17 1.7 100 5 2500 
       

Hewitt   15 0.4 27   

      10 5400 
       

Loudon  50 0.97 19   

      20 1900 
       

Yates Sand  247 14.6 59 20 5900 
       

Grayburg   17 2.44 144 20 7200 
       

Wasson San      

Andres       

(Denver Unit) 293 51.0 174 20 8700 
       

North  Riley      

Clearfork Unit       

   91 13.2 145 20 7250 
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Dollarhide      

Clearfork        

ñABò Unit 44 5.52 125 20 6250 
       

Total (Well      

average)  1323 141.7 107.1 17.5 6120 
       

Table 1: Increase in recovery when infill wells were drilled in different fields (Sarem, 1989) 
 

 

From their study, they concluded that infill drilling would always provide incremental 

recovery and improve the economic limit of a field as long as the uncertainties in the field are 

properly analysed. 

 
 

 

2.2.5. IMPROVED OIL RECOVERY  
 

Improved oil recovery also known as secondary oil recovery include those methods that are 

used to increase the recovery of oil and gas from a field after primary depletion methods are 

no longer profitable. It involves the injection of either water or gas into the reservoir to 

increase production (Tarek, 2001). According to Thomas, Mahoney and Winter (1989) as 

cited in Ahmed (2001), factors that determine whether a reservoir is suitable for secondary 

recovery process include reservoir geometry, reservoir fluid properties, reservoir depth, 

lithology, rock properties, fluid saturations, reservoir uniformity and pay continuity, and 

primary reservoir drive mechanism. 
 
Ahmed (2001) noted that water flooding also known as water injection is the most common 

secondary recovery method. Water flooding is the injection of water into the reservoir either 

to maintain the reservoir pressure or to increase production. It can be carried out either at the 

beginning of the life of the field or when the reservoir has been depleted by primary recovery 

methods and the natural energy in the reservoir is no longer sufficient. It starts with the 

injection of water through injection wells into the oil zone of the reservoir; the water pushes 

the oil towards the producing well whence it is produced. 
 
Gas injection is also a secondary recovery method. It involves the injection of gas into the 

reservoir. The injection is done either through the gas cap or directly into the oil zone (Latil, 

1980). Latil (1980) explained that the gas is injected directly into the gas cap if a gas cap 

already exists in the reservoir either at initial condition or due to segregation of fluids. The 

injected gas causes the gas cap to expand thereby forcing itself into the oil zone and pushing 

the oil into the producing well. And if there is no gas cap present, the gas is injected directly 
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into the oil zone which forces the oil into the producing wells. Generally, the injected gas 

usually has hydrocarbon base. 

 
 
 

2.2.6. ENHANCED OIL RECOVERY 
 

According to Donaldson, Chilingarian and Yen (1985), enhanced oil recovery (EOR) is the 

final phase of oil production in the life of a field. They explained that after primary and 

secondary depletion methods have been carried out on a field and there is still sufficient 

amount of oil left behind, EOR method is considered. They also noted that sometimes EOR 

can be initiated early enough in the life of the field depending on the fluid properties and 

reservoir characteristics. Some common EOR methods include chemical flooding, miscible 

gas injection, and water alternating gas injection (WAG), steam flooding, in-situ combustion 

and microbial EOR. 

 
 

 

2.3. FACTORS THAT AFFECT THE DIFFERENT METHODS OF 

MAXIMIZING FIELD RECOVERY   

¶ Reservoir drive mechanism 
 
¶ Fluid type and properties 

 
¶ Formation properties 

 
 

 

2.3.1. RESERVOIR DRIVE MECHANISM  
 

In order to have a good knowledge of a reservoir behaviour and performance, it is necessary 

to understand its drive mechanism. The reservoir drive mechanism refers to the source or 

nature of the energy that causes the oil to move into the wellbore (Ahmed, 2001) and is also 

known as the recovery mechanism of the reservoir. According to Ahmed (2001), there are 

primarily six (6) reservoir drive mechanisms namely; 

 
 

¶ Rock and liquid expansion drive 
 
¶ Depletion drive 

 
¶ Gas cap drive 

 
¶ Water drive 

 
¶ Gravity drainage drive 

 
¶ Combination drive  
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2.3.1.1. ROCK AND LIQUID EXPANSION DRIVE  
 

The energy required for producing this type of reservoir is supplied by the expansion of 

individual rock grains and compaction of the formation. It is usually dominant in under 

saturated oil reservoirs with only connate water present. The recovery for this type of 

reservoir is very low, usually around one to two percent (1-2%) of the original oil in place 

and pressure decline rate is very high compared to other drive mechanism (Ahmed, 2001). 

 
 
 

2.3.1.2. DEPLETION DRIVE MECHANISM  
 

This reservoir drive mechanism is also known as solution gas drive. The energy needed for 

the recovery of the oil in the reservoir is supplied by the expansion and liberation of gases 

dissolved in the oil while production is on-going. This type of drive mechanism is found in 

under saturated oil reservoirs with initial pressure very close to the bubble point pressure 

(Ahmed, 2001). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1: Depletion drive reservoir drive mechanism (Ahmed, 2001)  
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2.3.1.3. GAS CAP DRIVE 
 
This type of reservoir is characterized by the presence of a gas cap. The energy needed to 

move the oil into the wellbore is supplied by the expansion of the gas cap as well as the 

expansion of the gases dissolved in the oil as it is liberated. According to Cole and Clark 

(1969) as cite in Ahmed (2001), the pressure in this type of reservoir declines slowly and 

continuously and it is a function of the size of the gas cap. Also, the gas oil ratio (GOR) 

increases continuously. The overall expected recovery according to Ahmed (2001) is usually 

between twenty to forty percent (20 ï 40%) of the original oil in place. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2: Gas cap drive reservoir drive mechanism (Ahmed, 2001) 
 
 

 

2.3.1.4. WATER DRIVE 
 

This type of reservoir is usually connected to an aquifer. The energy required to produce the 

reservoir fluid I supplied by the partial or complete encroachment of water in to the reservoir 

as production takes place. A reservoir with water drive have an expected recovery ranging 

from thirty-five to seventy percent (35 ï 70%) of the original oil in place. The reservoir 
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pressure declines slowly while gas-oil ratio (GOR) is relatively constant and water 

production occurs early in the life of the field (Ahmed, 2001). 

 
 
 

2.3.1.5. GRAVITY DRAINAGE DRIVE  
 

The energy required to produce the fluid in a reservoir with gravity drainage drive is supplied 

by the differences in the densities of the reservoir fluids. The heavier fluids tend to move 

downward towards the wellbore as a result of gravitational forces while the lighter fluids 

move upward. Cole (1969) as cited in Ahmed (2001) stated that a reservoir with gravity 

drainage drive mechanism would experience a sharp decline in pressure while GOR would be 

relatively low in low structure wells and high in wells placed up structure of the reservoir. He 

also noted that overall recovery could be as high as eighty percent (80%) of the initial oil in 

place depending on the reservoir dip angle, dip direction permeability, oil viscosity, relative 

permeability and producing rates of the reservoir. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Gravity drainage reservoir drive mechanism (Ahmed, 2001) 
 
 

 

2.3.1.6. COMBINATION DRIVE  
 

The energy required to produce this type of reservoir is gotten from a combination of two or 

more drive mechanisms e.g. gas cap plus water drive or depletion drive plus water drive etc. 

It is the most common type of reservoir drive mechanism. The behavior of the reservoir is 

generally a function of all the drive mechanisms present and the dominant drive mechanism 

in particular (Ahmed, 2001). 
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Figure 4: Combination reservoir drive mechanism (Ahmed, 2001) 
 

 

The reservoir drive mechanism is important when determining the best method for improving 

recovery because some methods may not have a positive effect on the recovery. For example 

carrying out water flooding on a reservoir with strong water drive, this would have no effect 

on the recovery as the reservoir is already effectively supported by the aquifer. 

 
 
 

2.3.2. FLUID TYPE AND PROPERTIES 
 

Fluids found in the reservoir ranges from gas, and oil to water. These fluids have different 

properties and characteristics which are used as criteria to determine their specific type. 

According to Ahmed (2001), reservoir fluids are classified in to different groups according 

based on their physical properties, chemical composition, gas oil ratio (GOR), and 

appearance and pressure-temperature phase diagrams. Oil reservoir fluids are classified into 

the following groups; 
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¶ Ordinary black oil 
 
¶ Low shrinkage oil 

 
¶ Volatile oil 

 
¶ Near critical oil 

 

2.3.2.1. ORDINARY BLACK OIL  
 

Ordinary black oil is an oil reservoir fluid that is characterised by the dissolution of very 

small amount of gas. At surface conditions, the amount of oil recovered is usually very high 

because very small amount of gas is evolved. The figure below shows typical pressure-

temperature phase behaviour for ordinary black oil. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 5: Ordinary black oil pressure-temperature phase behaviour (Ahmed, 2001) 
 

 

According to Ahmed (2001), ordinary black oils have a gas oil ratio (GOR) between 200-

700scf/STB and oil gravity ranging from 15 to 40 
0
API. 
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2.3.2.2. LOW SHRINKAGE OIL  
 

These are reservoir oils that contain dissolved gases less than ordinary black oils. They can 

also be referred to as heavy oil (Ahmed, 2001). At surface conditions about eighty-five 

percent (85%) of the oil is recovered because very little amount of gas is dissolved in the oil. 

Low shrinkage oil is characterised with oil formation volume factor of less than 1.2bbl/STB, 

gas oil ratio less than 200scf/STB and oil gravity less than 35
0
API (Ahmed. 2001). 

 
The figure below show a typical pressure-temperature phase behaviour of a low shrinkage oil.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 6: Low shrinkage oil pressure-temperature phase behaviour (Ahmed, 2001) 
 
 

 

2.3.2.3. VOLATILE OIL  
 

Volatile oil is also known as high shrinkage oil. It contains very high amount of dissolved 

gases. At surface conditions, the oil recovered are usually very low because of the 
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recoverable is dissolved gases that have evolved. Volatile (high shrinkage) oils are 

characterised with oil formation volume factor of about 2bbl/STB, gas oil ratio between 2000 

to 3200 scf/STB and oil gravity between 45 to 55 
0
API (Ahmed, 2001). Ahmed (2001) also0 

noted that the API gravity of the stock tank fluid increases in the later life of the reservoir. 

The figure below shows typical pressure-temperature phase behaviour of volatile oils. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 7: Volatile oil pressure-temperature phase behaviour (Ahmed, 2001) 
 
 

 

2.3.2.4. NEAR CRITICAL OIL  
 

These are crude oils whose temperature in the reservoir is very close to the critical 

temperature. The oil usually contains very large amount of dissolved gases. A very slight 

drop in pressure can cause the oil to shrink to about fifty-five percent (55%) of its original 

volume. Near critical oils are characterised by high gas oil ratio (GOR) in excess of 

3000scf/STB, oil formation volume factor higher than 2bbl/STB and heptane plus of 12.5 to 

20 mole percent and methane of about 50 to 60 mole percent (Ahmed, 2001). 
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The figure below shows the pressure-temperature phase behaviour of near critical oil.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 8: Near critical oil pressure-temperature phase behaviour (Ahmed, 2001) 
 
 

 

2.3.3. FORMATION PROPERTIES 
 
Formation properties include porosity, saturation, absolute and relative permeability; 

capillary pressure, wettability, surface and interfacial tension and overburden pressure 

(Ahmed, 2001). According to Ahmed (2001), these properties affect the quantity and 

distribution of the reservoir fluids and regulate the flow of the fluids when combined with the 

fluid properties. While these properties are used to quantify the amount of hydrocarbon in the 

reservoir, they also give us an idea of how much hydrocarbon can be produced from a 

particular section of the reservoir at a particular time. The distribution of these properties 

within the reservoir also gives an understanding of areas where production is more likely to 

occur for example, a combination of porosity, relative permeability and saturation (Ahmed, 

2001) 
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CHAPTER 3 
 

3.0. RESEARCH 
 

3.1. ABOUT THE CASE STUDY 
 

The field is located offshore Nigeria about 60km from the coast. The field structure is 

essentially a large NW-SE oriented monocline. It is bounded by two antithetic faults in the 

Abgada formation. The reservoir known as IME-D70 was discovered saturated with initial 

gas cap in 1989. Production started in March 1995 from wells IME-02, IME-04, IME-06, 

IME-07, IME-10 and IME-12. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 9: Map view of the location of the field under study 
 

 

The reservoir was discovered saturated with a gas cap at initial pressure of 142.1Bars, 

avaerage API gravity of 21.3API, solution gas oil ratio (GOR) of 47.37 sm
3
/sm

3
, porosity of 

27% and water saturation of 29.6%. some of the wells encountered gas cap at depth of 

1408m/MSL (Mean Sea Level) but none encountered an oil water contact (OWC). 

Production started from IME-02 in march 1995 with an average oil rate of 4.61sm
3
/day, 

GOR of 41sm
3
/sm

3
 and Basic sediments and water (BSW) of 0.6%. shortly after IME-04 

was opened to production followed by IME-06 and IME-07. A peak oil production of 

2533sm
3
/day with GOR of 53sm

3
/sm

3
 and BSW of 0.01% was attained in the reservoir in 
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November 1996. Subsequently, the reservoir experienced a production decline with 

increasing BSW. In december 2000, well IME-10 came onstream with an average oil rate of 

16.37sm
3
/dayGOR of 52sm

3
/sm

3
 and BSW of 4.3%. Well IME-12 was put in to production 

in november 2011. The relatively minimal pressure decline despite the current oil recovery of 

thirty-three percent (33%) is owing to its active water drive. Cumulative production as of july 

2012 was 4.56MMsm
3
 of oil, 364MMsm

3
 of gas and 1.35MMsm

3
of water. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 10: Production performance plot for the reservoir showing Oil rate, GOR and Water 

cut 

 

3.2. WELL HISTORY  
 

This section explains the performance of all the wells in the field for the period they have 

been put on production. 

 

3.2.1. WELL IME -2 
 

IME-2 was the first well to start production in the D70 reservoir in March 1995 at an initial 

oil rate of 4.61sm
3
/day with GOR of 41sm

3
/sm

3
 and BSW of 0.6%. The well experienced a 
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water breakthrough in August 1999. As shown in Figure below, the peak oil production of 

260.42sm
3
/day with an associated BSW of 13% and GOR of 82sm

3
/sm

3
 was in June 2000. 

Production declined to about 5sm
3
/day in April 2003, when it was shut in from high BSW 

and mechanical problems (based on asset records). Cumulative production from this well is 

0.13MMsm
3
 of oil, 8.70MMsm

3
 of gas and 0.08MMsm

3
 of water. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 11: Production performance for well IME-2 showing oil rate, GOR and water cut 
 
 
 

 

3.2.2. WELL IME -4 
 
The IME-4 well was brought on stream in May 1995 and attained a peak production of 

275.36sm
3
/day, at a BSW of 0.05% and GOR of 102sm

3
/sm

3
. A month later the well was 

zone switched to an overlaying reservoir because the well was initially tested to see how 

much oil can be produced from D70 reservoir, it produced till August 2007 when it was zone 

switched back to the D70 reservoir. An oil production rate increase with decrease in water 
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production was observed with a peak oil rate of 220sm
3
/day in July 2010. It is currently 

flowing through tubing at an average rate of 80sm3/d, BSW of 18% and a GOR of 

45sm
3
/sm

3
. Cumulative production from this well is 0.25MMsm

3
 of oil, 9.82MMsm

3
 of gas 

and 0.04MMsm
3
 of water. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 12: Production performance plot for well IME 4 showing oil rate, GOR and water cut 

 

3.3.3. WELL IME -6 
 

The IME-6 well was drilled as a horizontal drain with pre-packed screens and was put on 

production in August 1995. Well IME-6 initial production was at a relatively low oil rate of 

107.15sm
3
/day which rose to about 1442.45sm

3
/day in three months as a result of beaning up 

the choke. A year later, the oil production peaked at about 1535.34sm
3
/day with minimal 

BSW and initial solution GOR in August 1996. The well experienced a decline in oil rate 

with increasing GOR and eventually water broke through in December 1997. The GOR 

increased to an average of 135sm
3
/sm

3
 in August 1999 and kept declining thereafter. The oil 

and water production trends continued until the well was shut in for high BS&W (80%) in 

August 2006 as shown in the figure below. Cumulative production from IME-06 is 
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2.30MMsm
3
 of oil, 148.30MMsm

3
 of gas and 1.17MMsm

3
 of water. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 13: Production performance plot for well IME-6 showing oil rate, GOR and water cut 
 
 
 

 

3.2.4. WELL IME -7 
 

This well was drilled as a horizontal well with pre-packed screens due to the unconsolidated 

nature of the sand. IME-7 came on stream in August 1995 and after a few months it was 

producing at an average oil rate of 794.91sm
3
/day, a BSW of 0.1% and a GOR of 48sm

3
/sm

3
. 

The oil production in IME-7 increased at minimal BSW until it peaked at about 

1192.37sm
3
/day in September 1996. A year later, water breakthrough occurred resulting in a 

rapid decline in oil production from a high of about 969.79sm
3
/day to 217.81sm

3
/day. The 

choke size was regulated to maintain oil production volumes and minimise the water 

production. This was achieved for about two years between January 1999 to August 2001, as 

an average BSW of 20% and oil rate of 286.17sm
3
/day was observed. Subsequently, BSW 

rose to about eighty percent (80%) with decreasing oil production leading to a shut-in of the 

well in August 2006. Cumulative production from this well is 13.98MMsm
3
 of oil, 
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76.57MMsm
3
 of gas and 0.58MMsm

3
 of water. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 14: Production performance plot of well IME-7 showing oil rate,GOR and water cut 

 

3.2.5. WELL IME -10 
 

Well IME-10 is a sidetracked well, completed as a horizontal oil producer in the D70 

reservoir. The well came on stream in December 2000 with an average oil rate of 

16.37sm
3
/day, GOR of 52sm

3
/sm

3
 and a BSW of 4.3%. The GOR increased sharply to peak 

at 2257sm
3
/sm

3
 as observed in the figure below. This high gas production can be attributed 

to the fact that the wellôs completion is very close to the gas cap and there are high 

permeability streaks surrounding the drainage area. Upon depletion of the gas cap gas within 

its drainage area there was a decline in the GOR and associated increase in the oil production. 

Water eventually broke through in March 2004 and it increased rapidly until the well was 

shut in due to a faulty well head in September 2006. The well was reopened about a year later 

and it experienced a drop in water production with an increase in oil production. As of July 

2012, the GOR is 51sm
3
/sm

3
, oil rate is 47sm

3
/day and BSW is 63%. Cumulative production 

from this well is 0.41MMsm
3
 of oil, 170.11MMsm

3
 of gas and 0.21MMsm

3
 of water. 
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Figure 15: Production performance plot of well IME-10 showing oil rate, GOR and water cut 
 
 
 

 

3.2.6. WELL IME -12 
 

The IME-12 well was drilled as a horizontal drain in the crestal part of the reservoir. It 

commenced production in December 2011 and is currently flowing at an average rate of 

about 200sm
3
/day, at a low BSW of 2% and GOR of 45sm

3
/sm

3
 as shown in the figure 

below. Cumulative production from this well is 0.052MMsm3
3
 of oil, 1.13MMsm

3
 of gas 

and 0.15Msm
3
 of water. 
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Figure 16: Production performance plot of well IME-12 showing oil rate, GOR and water cut 

 

3.3. DATA USED 
 
Dynamic simulation model is created by the integration of different input data. These data 

include poduction data, pressure-volume- temperature (PVT) data, as well as rock data and 

information on reservoir drive mechanisms and aquifer data. 

 

3.3.1. PRODUCTION PERFORMANCE DATA  
 
This comprises of oil rate, pressure and well test data for the field from the start of 

production. They are used to validate the model when carrying out history matching. 

 

3.3.2. PVT DATA 
 

These are data obtained from the analysis of the reservoir fluids in the laboratory. They 

include fluid gravity, gas oil ratio (GOR), fluid formation volume factor, fluid compresibility 

as well as saturation pressure, bubble point pressure, viscosity, fluid density, gas solubility 

and surface tension. They give an understanding of the type of fluid in the reservoir, as they 

change with respect to changes in the reservoir temperature and pressure thus affecting the 

recoverable reservoir volume. The PVTdata was used to generate a PVT model for the study. 
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