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Abstract 

This study presents a comparison of three Enhanced Oil Recovery (EOR) methods—Surfactant/Polymer (SP) EOR, Hot Water 

Injection EOR, and CO2 Gas Injection EOR—to identify the most suitable technique for application in an experimental reservoir 

using simulated data of the reservoir. The methods were evaluated based on key performance indicators, including cumulative 

oil and water production, oil recovery factor, and water cut. The results demonstrate that Surfactant/Polymer EOR achieves the 

highest cumulative oil production (0.047815 MMSTB) and oil recovery factor (92.2909%), making it the most effective method 

for maximizing oil extraction. However, this method also produces a higher volume of water, necessitating robust water 

management strategies. Hot Water Injection EOR, while effective in heavy oil reservoirs, yielded the lowest oil production 

(0.0269035 MMSTB) but minimized water production. CO2 Gas Injection EOR provided a balanced performance with moderate 

oil recovery and higher water production. Based on the comparative analysis of the simulation results, Surfactant/Polymer EOR 

is recommended as the most suitable recovery method for the experimental reservoir due to its outstanding oil recovery potential 

and overall production performance. Nevertheless, successful implementation of this method would require proper planning and 

management of the increased water production to optimize operational efficiency and economic viability 
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1. Introduction 

To improve the production of hydrocarbon fluids from al-

ready-producing reservoirs, petroleum-producing companies fre-

quently seek new methods to increase recovery rates to the max-

imum. Enhanced Oil Recovery stands undoubtedly as the best 

option for this endeavour, representing a collection of advanced 

procedures designed to extract as much remaining oil from reser-

voirs as possible than conventional methods allow [1]. 
Enhanced Oil Recovery (EOR) offers ground-breaking 

techniques to exploit the production of hydrocarbons beyond 

the limitations of primary and secondary production methods. 
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Recovery enhancement technology in mature oil fields plays 

an exceptional role in supporting the long-term stable produc-

tion of crude oil and is a top priority for sustainable and high-

quality oil field development [2, 3]. This research focuses on 

analyzing three EOR methods and choosing the most suitable 

one for an experimental reservoir. This experimental reservoir 

consists of a single oil-producing well, as well as a single in-

jection well. Past and present research on Enhanced Oil Re-

covery is reviewed with emphasis on the surface phenomena 

involved. The nature of capillary pressure phenomena in po-

rous media has been understood for some time, and much re-

search has been devoted to the alteration of the surface forces 

that prevent the efficient displacement of oil by water. Early 

work often treated surface-active agents as wetting agents de-

signed to remove the oil from the solid surface by classical 

detergent action [4]. 
The surfactant work, current work in blob mechanics, cur-

rent research in CO2 flooding, and past results in alcohol 

flooding all indicate that an expanding oil phase is very im-

portant for effective oil displacement. Therefore, much cur-

rent research is directed toward methods that utilise materials 

(including gases such as CO2 and mobility control agents) to 

dislodge oil blobs, or to prevent their entrapment by maintain-

ing a continuous oil phase and improving sweep efficiency 

during displacement. The general direction of future research 

on enhanced oil recovery is predicted [5]. 
According to legend, the first successful attempts to force 

oil from underground rocks by the injection of another fluid 

occurred by accident. Wells were often abandoned improperly, 

and surface water was allowed to enter the productive sand 

zone. The first deliberate water flood for oil recovery may 

have occurred before 1740 when "running water was used to 

produce crude oil from galleries cut into the rocks bearing 

strata of 'tar and sand [2]. Early operators feared that water 

entering the productive zone would "drown" the oil wells, and 

for years, many states had laws that prohibited the injection of 

water into oil-producing sands. However, the increased pro-

duction from waterflooding was observed consistently, and by 

1940, it was considered to be "unquestionably the most effi-

cient method ever devised for increasing oil recovery" [6]. De-

spite the enormous effectiveness of waterflooding, the early 

engineers soon realised that waterflooding still bypassed some 

oil. A patent was granted in 1917 for the addition of alkali to 

the flooding water, and by 1925, engineers were describing 

how the surface forces that were responsible for holding the 

oil in the rock might be altered for better oil recovery. This 

project examines some of the EOR methods that can be 

adapted for the experimental reservoir and analyzes how ef-

fective they will be for the increment of production of the re-

maining oil [7]. 

2. Methodology 

This paper provides an overview of how the various EOR 

methodologies affected the experimental reservoir. The sam-

ple data acquired was modeled with CMG Reservoir Simula-

tion Software and simulated with Petroleum Expert’s MBAL 

Simulator to predict the future performance of the field. The 

EOR methods to be discussed encompass Thermal, Chemical, 

and CO2 Gas Injection techniques, each tailored to a common 

reservoir conditions and fluid properties to optimize oil recov-

ery rates of the experimental reservoir. 

2.1. Data After Primary Production 

Reservoir Parameters 
1) Reservoir Length: 1000 feet 
2) Reservoir Width: 100 feet 
3) Reservoir Height: 20 feet 
4) Oil-Water Contact: 50 feet 
5) Dip Angle: 0 degrees 
6) Permeability: 100 md 
7) Porosity: 25% 
8) Connate Water Saturation: 25% 
9) Cut-Off Water Cut: 99% 
10) Reservoir Pressure: 2000 psi 
Fluid Parameters 
1) Oil Density: 50.0 lb/ft³ 
2) Oil Viscosity: 5.0 cP (centipoise) 
3) Oil Formation Volume Factor (FVF): 1.05 RB/STB 
4) Water Density: 60.0 lb/ft³ 
5) Water Viscosity: 1.0 cP (centipoise) 
6) Water Formation Volume Factor (FVF): 1.0 RB/STB 
Injected Fluid Parameters 
1) Injected Fluid Rate: 200 STB/day 
Relative Permeability (Corey Function) 
1) Residual Saturation of Relative Permeability of Water 

(Swc): 20% 
2) Residual Saturation of Relative Permeability of Oil (Sor): 

30% 
3) Endpoint of Relative Permeability of Water (krw max): 

0.5 
4) Endpoint of Relative Permeability of Oil (kro max): 0.5 
5) Exponent of Relative Permeability of Water (nw): 2.0 
6) Exponent of Relative Permeability of Oil (no): 2.0 

2.2. Modelling 

Data in Figure 4 was used to develop a comprehensive 

model of the reservoir, ensuring that it accurately represents 

the reservoir's physical and geological properties. This model 

served as the foundation for simulating various reservoir be-

haviors and scenarios, allowing for a thorough analysis of its 

performance under different conditions. By integrating the 

data into the simulation, the researchers were able to predict 

the reservoir's response to various injection and production 

strategies, thereby providing valuable insights for optimizing 

reservoir management and enhancing oil recovery. 
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2.2.1. Procedure for Modelling with CMG 

1) The Reservoir Model: 
a) Opened CMG Builder and created a new project. 
b) Defined the reservoir grid by setting the dimensions 

(number of cells in X, Y, Z directions), and specifying 

the grid size to capture the reservoir's heterogeneity. 
2) Assigning Reservoir Properties: 

a) Imported and assigned petrophysical properties (po-

rosity, permeability, net-to-gross ratio) to the reser-

voir grid. 
b) Entered fluid properties such as PVT (Pressure-Vol-

ume-Temperature) data for oil, gas, and water phases. 
c) Defined relative permeability and capillary pressure 

curves to model multiphase flow behavior. 
3) Setting Initial Conditions: 

a) Specified the initial pressure distribution and temper-

ature across the reservoir. 
b) Defined initial saturations of oil, gas, and water based 

on reservoir data. 
4) Defined Boundary Conditions and Wells: 

a) Set up boundary conditions to represent external in-

fluences on the reservoir (e.g., constant pressure or 

no-flow boundaries). 
b) Entered well locations, trajectories, and completion 

details, including perforation intervals and well types 

(producers/injectors). 
c) Specified well controls such as production rates, in-

jection rates, or bottom-hole pressures. 
5) Running the Simulation and documentation: 

a) Executed the simulation by running the CMG simula-

tor. 
b) Monitored the simulation progress and ensured there 

were no errors or issues during the run. Documented 

the modelling and simulation process, including key 

assumptions, model parameters, and results. 

2.2.2. Simulation 

Data listed in Figure 5 were used to simulate enhanced oil 

recovery (EOR) methods using MBAL software. This tool 

will allow the researcher to model the reservoir's response to 

various EOR techniques, including Water Flooding, Thermal 

Injection, Chemical Injection, and CO2 Gas Injection, by in-

putting the collected data into the software. MBAL helped an-

alyze the effects of these methods on reservoir performance, 

including production rates and overall recovery efficiency. By 

simulating different EOR scenarios, we identified the most ef-

fective strategies to maximise oil recovery and optimise the 

reservoir's production potential. 

2.2.3. Procedure for Simulating with MBAL 

1) Data Collection and Preparation: 
2) Entered Data into MBAL: 

a) Opened MBAL and created a new project. 
b) Entered the reservoir data into the software, including 

PVT data, reservoir properties, and historical produc-

tion data. 
c) Defined the reservoir’s initial conditions, such as ini-

tial pressure, oil saturation, and water saturation. 
3) Model Setup: 

a) Choose the appropriate EOR method(s) to simulate 

(e.g., waterflooding, gas injection, chemical EOR). 
b) Set up the model by specifying the EOR parameters, 

such as injection rates, fluid properties of the injected 

substance, and the timing of the EOR process. 
4) Run the Simulation: 

a) Simulate to model the reservoir’s response to the cho-

sen EOR method(s). 
b) Monitored key variables like pressure, oil production 

rate, and recovery factor throughout the simulation. 

2.3. Model of the Reservoir 

The experimental reservoir is modelled to in CMG to pro-

duce a graphical representation of the reservoir based on its 

properties as well as properties of the fluids it contains. The 

production structure of the reservoir includes one production 

well and one injection well. 

 
Figure 1. Experimental Reservoir model showing oil saturation. 

Figure 1 shows a model of the experimental reservoir rep-

resenting oil saturation to understand the distribution and be-

haviour of oil within a reservoir before secondary production. 

Oil saturation refers to the proportion of the pore space within 

the reservoir rock that is occupied by oil, expressed as a per-

centage. In the model, oil saturation is typically mapped 

throughout the reservoir, providing a spatial representation 

that shows how oil is distributed across different regions. This 

distribution is influenced by various factors, including the res-

ervoir’s geology, the properties of the fluids present, and the 

reservoir’s production history. It can be determined that oil is 

more saturated at the top of the reservoir and decreases as it 

goes down the reservoir. This happens because water is denser 

than oil and will settle at the bottom. Engineers can identify 
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areas with high residual oil that may benefit from targeted 

EOR techniques, optimize recovery strategies, and predict fu-

ture production trends. This detailed understanding of oil sat-

uration distribution is essential for making informed decisions 

about reservoir management and maximizing oil recovery. 

 
Figure 2. Experimental Reservoir model showing water saturation. 

Figure 2 shows a model of the experimental reservoir show-

casing the distribution and behaviour of water within a reser-

voir before secondary production. Water is highly concen-

trated at the bottom of the reservoir as a result of its higher 

density as compared to oil, and the saturation of water de-

creases in the reservoir. Figure 3. Model of an experimental 

reservoir showing both vertical injection and deviated produc-

tion wells. 

 
Figure 3. Model of experimental reservoir showing both vertical injection and deviated production wells. 

2.3.1. Simulation of Secondary Production 

Water injection simulation of the data in Figure 3 with 

MBAL (from the Petroleum Expert IPM suite) predicted the 

future performance of the reservoir. The simulation predicted 

the amount of oil to be recovered, cumulative water produced, 

and other relevant information. 
Figures 4 to 5 shows the calculated results of the water in-

jection process, which highlights the performance indicators 

such as cumulative oil and water produced, recovery factor, 

and water cut, as well as other relevant factors. Cumulative oil 

produced is the total amount of oil produced during the simu-

lation period, providing evidence of the effectiveness of the 

water injected in displacing oil towards the production well. 

Cumulative water produced, on the other hand, is the amount 

of water produced alongside oil. The recovery factor, defined 

as the ratio of the amount of oil recovered to the total amount 

of oil initially in place, serves as a key indicator of the success 

of the injection process. As water is injected into the reservoir, 

it displaces the oil towards the production wells, increasing 

the overall recovery. The simulation typically reveals a grad-

ual increase in the recovery factor over time, indicating im-

proved oil extraction. However, the effectiveness of this pro-

cess is influenced by various factors such as reservoir hetero-

geneity, water injection rate, and fluid properties, shown in 

Figure 6 graph of water injection simulation showing cumula-

tive oil produced and cumulative water produced over. In sce-

narios where these factors are optimised, the simulation shows 

a higher recovery factor, reflecting efficient oil displacement 

and better reservoir management. It can be determined from 

Figures 9 to 13 that on 2/27/25, water production of water be-

gan. This point is called the breakthrough. 
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Figure 4. A table of the results of the simulated water injection process (Continue on next page). 
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Figure 5. A table of the results of the simulated water injection process. 
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Figure 6. Graph of water injection simulation showing cumulative oil produced and cumulative water produced over time. 

 
Figure 7. Graph of water injection simulation showing recovery factor and water cut over time. 
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Figure 6 shows a graph depicting cumulative oil and water 

production over time following a water injection simulation. 

This illustrates the dynamic response of the reservoir to the 

injection process. Initially, the cumulative oil production in-

creases at a steady rate as water injection helps to displace the 

oil towards the production wells. However, as the simulation 

progresses, the cumulative water production begins to rise, re-

flecting the breakthrough of injected water into the production 

stream. This increase in water production is often accompa-

nied by a tapering off in the rate of oil production, as water 

increasingly occupies the pore spaces within the reservoir. 

The separation between the oil and water production curves 

indicates the effectiveness of the waterflood, with a smaller 

gap suggesting higher water cut and reduced oil recovery ef-

ficiency. Over time, the cumulative oil production curve tends 

to plateau, while the cumulative water production continues to 

climb, highlighting the challenge of maintaining oil recovery 

as water encroachment becomes more dominant. 
Figure 7 shows a graph depicting water cut and recovery 

factor over time following a water injection simulation, which 

illustrates the dynamic interplay between water production 

and oil recovery during the flooding process. Initially, the wa-

ter cut is low, reflecting a predominance of oil in the produced 

fluids as the injected water has yet to reach the production 

wells. Over time, as water continues to be injected and dis-

places the oil, the water cut gradually increases, indicating that 

a larger proportion of water is being produced alongside the 

oil. Concurrently, the recovery factor shows a steady rise, 

demonstrating that more oil is being recovered from the reser-

voir. At early stages, the recovery factor climbs rapidly as eas-

ily displaceable oil is produced. However, as the water cut 

continues to rise, the rate of increase in the recovery factor 

begins to taper off, signalling that oil recovery is becoming 

less efficient as more water and less oil are being produced. 

This graph is crucial for understanding the efficiency and lim-

its of the water flooding process, helping to optimise injection 

strategies and improve oil recovery. 

2.3.2. Enhanced Oil Recovery Simulation 

Updated Reservoir Parameters after Secondary Production 

(Matured field): 
1) Reservoir Length: 1000 feet 
2) Reservoir Width: 100 feet 
3) Reservoir Height: 20 feet 
4) Oil-Water Contact: 50 feet 
5) Dip Angle: 0 degrees 
6) Permeability: 50 md (reduced, indicating reservoir dam-

age or depletion) 
7) Porosity: 20% (reduced, which reflects compaction) 
8) Connate Water Saturation: 40% (increased, reflecting 

more water in the reservoir) 
9) Cut-Off Water Cut: 99% 
10) Reservoir Pressure: 1000 psi (reduced, typical of a de-

pleted reservoir) 

11) Grain Density: 1.2 g/cm3 
Fluid Parameters: 
1) Oil Density: 55.0 lb/ft³ (slightly increased, indicating 

heavier crude after lighter components have been pro-

duced) 
2) Oil Viscosity: 10.0 cP (increased, lighter components are 

produced first, leaving heavier oil behind) 
3) Oil Formation Volume Factor (FVF): 1.10 RB/STB 

(slightly increased, reflecting changes in reservoir con-

ditions) 
4) Water Density: 60.0 lb/ft³ 
5) Water Viscosity: 1.0 cP 
6) Water Formation Volume Factor (FVF): 1.0 RB/STB 
Injected Fluid Parameters: 
1) Injected Fluid Rate: 100 STB/day (unchanged) 
1) Relative Permeability (Corey Function): 
2) Residual Saturation of Relative Permeability of Water 

(Swc): 20% (increased, reflecting a more water-satu-

rated reservoir) 
3) Residual Saturation of Relative Permeability of Oil (Sor): 

30% (increased, indicating more trapped oil) 
4) Endpoint of Relative Permeability of Water (krw max): 

0.8 (reduced, reflecting reduced mobility of water in the 

reservoir) 
5) Endpoint of Relative Permeability of Oil (kro max): 0.9 

(reduced, reflecting reduced oil mobility) 
6) Exponent of Relative Permeability of Water (nw): 1.0 

(slightly increased) 
7) Exponent of Relative Permeability of Oil (no): 1.0 

(slightly increased) 

2.3.3. Surfactant/ Polymer Injection 

EOR Input 
Table 1 indicate EOR Input Data for Polymer Concentra-

tion, Apparent Viscosity, Surfactant Concentration and Sur-

face Tension. 

Table 1. EOR Input Data. 

Polymer 

Concentra-

tion (ppm) 

Apparent 

Viscosity 

(Centipoise) 

Surfactant 

Concentra-

tion (ppm) 

Surface Ten-

sion 

(dyne/cm) 

10,000 5 1,000 0.1 

30,000 50 3,000 0.01 

50,000 100 50,000 0.001 

Rock Absorption = 0.001 mg/g 
Oil Partition Coefficient = 0.001 mg/g 
EOR Schedule 
Table 2 shows EOR Schedule indicate PV Injected, Poly-

mer Concentration and Surfactant Concentration. 
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Table 2. EOR Schedule. 

PV Injected 
Polymer 

Concentra-

tion (ppm) 

PV In-

jected 

Surfactant 

Concentra-

tion (ppm) 

0.2 0 0.2 50, 000 

100 10,000 100 0 

3. Results and Discussion After 

Simulation 

Surfactant/Polymer Enhanced Oil Recovery (EOR) is an 

advanced technique aimed at improving oil recovery by in-

jecting surfactants and polymers into the reservoir. The sur-

factants reduce the oil-water interfacial tension, making it eas-

ier for the trapped oil to be displaced, while polymers increase 

the viscosity of the injected water, improving sweep effi-

ciency and reducing water channelling. The effectiveness of 

this method is often evaluated using key metrics like cumula-

tive oil produced, recovery factor, cumulative water produced, 

and water cut. Cumulative oil produced and recovery factor 

are crucial indicators of the success of the EOR process, with 

the recovery factor reflecting the overall efficiency of oil ex-

traction relative to the original oil in place. A successful sur-

factant/polymer EOR project typically shows a significant in-

crease in cumulative oil produced and a corresponding rise in 

the recovery factor, as the injected chemicals enhance oil dis-

placement. The cumulative water produced, on the other hand, 

demonstrates the effectiveness of the surfactant/polymer in-

jection in minimizing water cut and optimizing reservoir per-

formance. 

 
Figure 8. A graph of water saturation to length after surfactant/ polymer EOR. 

Figure 8. Above is a graph that shows the saturation of water across the length of the reservoir after surfactant/ polymer EOR. 

It also displays the results from the simulation after three years. It displays a recovery factor of 92%, 0.047815 MMSTB of oil 

produced, and 0.061 MMSTB of water produced. 
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Figure 9. Results of surfactant/ polymer flooding EOR (Continue on next page). 

 
Figure 10. Results of surfactant/ polymer flooding EOR (Continue on next page). 
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Figure 11. Results of surfactant/ polymer flooding EOR (Continue on next page). 

 
Figure 12. Results of surfactant/ polymer flooding EOR (Continue on next page). 
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Figure 13. Results of surfactant/ polymer flooding EOR. 

 
Figure 14. Graph of cumulative oil and water production after surfactant/ polymer flooding EOR. 
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Figure 14 shows a graph showing cumulative oil and water 

produced against time following surfactant/polymer injection; 

the trends typically reveal the enhanced oil recovery (EOR) 

effects of the treatment. Initially, there is an observable in-

crease in the rate of cumulative oil production as the surfactant 

and polymer work to reduce interfacial tension and improve 

the sweep efficiency, respectively. This results in more effi-

cient displacement of oil towards the production wells. The 

cumulative oil curve will typically show a steeper slope com-

pared to pre-injection periods, reflecting the success of the 

EOR method. Meanwhile, the cumulative water production 

may also rise, especially if water production was already sig-

nificant before injection. However, the polymer's role in re-

ducing water mobility might slow the rate of water cut in-

crease, resulting in a more favourable oil-to-water ratio. Over 

time, as the effects of the surfactant/polymer injection dimin-

ish, the slope of the cumulative oil curve may gradually flatten, 

signalling a decrease in incremental oil recovery. This graph 

provides a clear visual representation of the effectiveness and 

duration of the enhanced recovery process achieved through 

surfactant/polymer injection. At the point of intersection, both 

curves produced 0.028 MMSTB of oil and water, respectively. 

 
Figure 15. A graph of recovery factor and water cut against time after surfactant/ polymer injection. 

Figure 15 shows a graph depicting the recovery factor and 

water cut against time following surfactant/polymer injection, 

which provides valuable insights into the enhanced oil recov-

ery (EOR) process. Initially, after the injection of surfactants 

and polymers, the recovery factor begins to rise more rapidly 

compared to conventional water flooding, indicating im-

proved oil displacement and mobilization. This is due to the 

reduction in interfacial tension and the increase in sweep effi-

ciency provided by the surfactant/polymer mixture. Over time, 

the recovery factor continues to increase, but at a slower rate 

as the process progresses. Concurrently, the water cut—a 

measure of the proportion of water in the produced fluids—

initially remains low as the injected chemicals help to mobi-

lise trapped oil. However, as the injection progresses, the wa-

ter cut typically starts to rise, indicating that more water is be-

ing produced relative to oil. This increase in water cut is ex-

pected as the easily recoverable oil is produced, and the reser-

voir starts producing more water. The overall trend in the 

graph illustrates the effectiveness of surfactant/polymer injec-

tion in improving oil recovery while also highlighting the in-

evitable increase in water cut over time as the reservoir ma-

tures. 

3.1. Hot Water EOR Simulation 

Table 3 shows injection data for hot water EOR 

Table 3. Injection data for hot water EOR. 

PV Injected Injection Temperature (deg F) 

100 1000 

1) Rock Specific Heat: 0.22 BTU/lb/F 
2) Formation GOR: 800 scf/STB 
3) Oil Gravity: 44 API 
4) Gas Gravity: 0.8 sp. gravity 
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5) Water Salinity: 14000 ppm 
6) Mole Percentage H2S: 0% 
7) Mole Percentage CO2: 0% 
8) Mole Percentage N2: 0% 
9) Reservoir Pressure: 2000 psig 
10) Reservoir Temperature: 250 deg F 

3.2. Results of Simulation 

The results from the hot water enhanced oil recovery (EOR) 

method indicate significant improvements in both cumulative 

oil and water production, as well as an increased recovery fac-

tor. The cumulative oil production demonstrates a noticeable 

increase due to the reduction in oil viscosity and improved 

mobility, allowing for more efficient displacement of oil. Sim-

ultaneously, cumulative water production also rises as the in-

jected hot water efficiently sweeps through the reservoir, dis-

placing both oil and water. The recovery factor shows a 

marked enhancement, reflecting the effectiveness of the hot 

water injection in mobilizing and recovering additional oil 

from the reservoir. These results underscore the potential of 

hot water EOR as a viable method for improving oil recovery 

in suitable reservoirs. 

 
Figure 16. A graph of water saturation to length after hot water injection EOR. 

Figure 16 shows a graph that shows the saturation of water across the length of the reservoir after surfactant/ polymer EOR. 

It also displays the results from the simulation after three years. It displays a recovery factor of 62%, 0.0269 MMSTB of oil 

produced, 0.00563 MMSTB of water produced, and Figures 17 to 20 results of the hot water injection simulation. 
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Figure 17. Results of hot water injection simulation (Continue on next page). 

 
Figure 18. Results of hot water injection simulation (Continue on next page). 
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Figure 19. Results of hot water injection simulation (Continue on next page). 

 
Figure 20. Results of hot water injection simulation (Continue on next page). 
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Figure 21. Graph of cumulative oil and water production against time after hot water injection EOR. 

Figure 21 A graph plotting cumulative oil and water pro-

duction against time following hot water Enhanced Oil Re-

covery (EOR) injection typically shows distinct trends that 

highlight the impact of the thermal method on reservoir per-

formance. Initially, there may be a period where cumulative 

oil production rises gradually, as the injected hot water prop-

agates through the reservoir, reducing oil viscosity and im-

proving mobility. This leads to an accelerated increase in oil 

production as more oil is displaced towards the production 

wells. The cumulative water production curve might initially 

increase at a slower pace but may start to rise more sharply as 

a breakthrough occurs, and the injected water reaches the pro-

duction wells. Over time, as the reservoir undergoes continued 

thermal stimulation, the rate of oil production may stabilise or 

decline, while water production continues to increase, reflect-

ing the eventual dominance of water in the produced fluids. 

The separation between the oil and water production curves 

over time can indicate the efficiency of the EOR process, with 

a wider gap suggesting better oil recovery before significant 

water breakthrough. 

 
Figure 22. Graph of recovery factor and water cut against time after hot water injection EOR. 
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Figure 22 shows a graph plotting water cut and recovery 

factor against time following hot water Enhanced Oil Recov-

ery (EOR) injection. The water cut typically starts low as the 

injected hot water primarily displaces oil towards the produc-

tion wells. Over time, as the reservoir becomes increasingly 

swept by the injected water, the water cut begins to rise, re-

flecting the increased production of water relative to oil. This 

rise in water cut is usually gradual at first, but can accelerate 

as more of the reservoir is swept. The recovery factor, which 

represents the cumulative percentage of oil extracted from the 

reservoir, initially increases steadily as the hot water injection 

improves oil mobility and displacement efficiency. However, 

as the water cut continues to rise, the rate of increase in the 

recovery factor tends to slow down, indicating diminishing re-

turns on additional oil recovery. The overall shape of these 

curves helps in understanding the effectiveness and longevity 

of the hot water injection process, providing critical insights 

into the timing and need for potential adjustments in the EOR 

strategy. 

3.3. Gas Injection (CO2) EOR Simulation 

EOR Input 

Table 4 shows EOR input data and Table 5 show the EOR 

schedule data. 

Table 4. EOR Input data. 

CO2 Concentration in Oil Oil Viscosity Reduction 

0.01 0.4 

0.05 0.3 

0.1 0.2 

EOR Schedule 

Table 5. EOR schedule data. 

PV Injected 
CO2 Concentration in In-

jected Water 

100 0.9 

 

 
Figure 23. Graph of water saturation in the reservoir against length. 
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Figure 23 shows a graph that displays the results from the 

simulation after three years. It displays a recovery factor of 

61%, 0.032 MMSTB of oil produced, 0.240 MMSTB of water 

produced, and Mbal data shown in Figures 24-27. 

 
Figure 24. Results of CO2 gas injection EOR (Continue on next page). 

 
Figure 25. Results of CO2 gas injection EOR (Continue on next page). 
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Figure 26. Results of CO2 gas injection EOR (Continue on next page). 

 
Figure 27. Results of CO2 gas injection EOR. 
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Figure 28. Graph of cumulative oil and water produced against time after CO2 injection EOR. 

Figure 28 shows a graph plotting cumulative oil and water 

production against time following CO2 gas Enhanced Oil Re-

covery (EOR) injection, which typically shows distinct trends 

that reflect the impact of CO2 on reservoir performance. Ini-

tially, cumulative oil production may rise sharply as the CO2 

injection enhances oil recovery by reducing oil viscosity and 

improving its mobility, thereby increasing the displacement 

efficiency. Over time, the rate of oil production might stabilize 

or slow down as the CO2 front progresses through the reser-

voir and production approaches the economic limit. Simulta-

neously, cumulative water production often increases at a 

slower rate initially but may accelerate as the injected CO2 

displaces water towards the production wells. This rise in wa-

ter production could indicate a breakthrough of CO2 and the 

onset of increased water cut, a common occurrence in mature 

reservoirs undergoing gas injection EOR. The graph provides 

valuable insights into the timing and effectiveness of the CO2 

injection, highlighting the balance between enhanced oil re-

covery and the accompanying increase in water production, 

which are critical for evaluating the economic viability of the 

EOR process. 

 
Figure 29. Graph of recovery factor and water cut against time after CO2 injection EOR. 
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Figure 29 A graph plotting water cut and recovery factor 

against time following CO2 gas Enhanced Oil Recovery (EOR) 

injection typically reveals crucial insights into the efficiency 

and dynamics of the recovery process. Initially, after CO2 in-

jection begins, the recovery factor generally increases as the 

injected CO2 reduces oil viscosity and improves oil displace-

ment, leading to enhanced oil production. During this early 

phase, the water cut, which represents the ratio of water to the 

total produced fluids, may remain low as more oil is mobilized 

and produced. Over time, as the CO2 continues to displace oil, 

the recovery factor continues to rise, albeit at a gradually de-

creasing rate as the process reaches diminishing returns. Con-

currently, the water cut may start to increase as the injected 

CO2 fronts pass through the reservoir, eventually leading to 

breakthrough and the production of more water relative to oil. 

The intersection of rising water cut and the plateauing recov-

ery factor is a critical point, indicating the need for potential 

adjustments in the injection strategy or the consideration of 

moving towards well abandonment. This trend provides oper-

ators with valuable information on the optimal duration and 

effectiveness of the CO2 EOR process. 

4. Conclusion and Recommendation 

Table 6 show the Simulation Results of surfactant/Polymer, 

Hot water injection and CO2 gas injection EOR 

Table 6. Simulation Results. 

 Surfactant/ Polymer EOR Hot Water Injection EOR CO2 Gas Injection EOR 

Cumulative Oil 

Produced (MMSTB) 
0.047815 0.0269035 0.0320068 

Cumulative Water 

Produced (MMSTB) 
0.0611696 0.0056304 0.240873 

Oil Recovery Factor 

(%) 
92.2909 62.4756 61.7785 

 

4.1. Conclusions 

4.1.1. Surfactant/Polymer EOR 

Surfactant/Polymer (SP) flooding results in the highest cu-

mulative oil production among the three methods, with 

0.047815 MMSTB (million stock tank barrels). This superior 

performance is due to the effectiveness of surfactants in re-

ducing interfacial tension, which mobilizes trapped oil, and 

the role of polymers in improving the sweep efficiency of the 

injected water. The significant oil production indicates that 

Surfactant/Polymer flooding is highly effective in enhancing 

oil recovery, particularly in this experiment. 

The cumulative water production in SP flooding is 

0.0611696 MMSTB, which is relatively high compared to the 

other methods. This increased water production is a trade-off 

for the high oil recovery, as the enhanced sweep efficiency can 

also lead to increased water cuts over time. This large quantity 

of water can be treated and reinjected back into the reservoir 

to continue the enhancement of the reservoir. SP flooding 

achieves an impressive oil recovery factor of 92.2909%, the 

highest among the three EOR methods. This high recovery 

factor reflects the method’s ability to mobilise a significant 

portion of the remaining oil in the reservoir, making it a highly 

effective EOR technique, as shown in Table 6. 

4.1.2. Hot Water Injection EOR 

Hot Water Injection EOR produces 0.0269035 MMSTB of 

oil, which is the lowest among the three methods. The primary 

mechanism for oil recovery in this method is viscosity reduc-

tion, which is particularly effective in heavy oil reservoirs. 

However, its impact is less pronounced in light oil reservoirs, 

leading to lower cumulative oil production. While effective in 

specific reservoir conditions, hot water injection is less versa-

tile compared to SP flooding and CO2 injection, resulting in 

lower overall oil recovery. This method has the lowest cumu-

lative water production at 0.0056304 MMSTB. The low water 

production is advantageous in terms of operational costs and 

handling, but it also reflects the limited oil recovery efficiency 

compared to SP flooding. The oil recovery factor for hot water 

injection is 62.4756%, which is moderate. While effective in 

reducing oil viscosity and improving mobility, the method 

does not achieve the same level of oil recovery as SP flooding. 

However, it still offers a viable option in heavy oil reservoirs 

where other methods may not be as effective. 

  

http://www.sciencepg.com/journal/ogce


International Journal of Oil, Gas and Coal Engineering http://www.sciencepg.com/journal/ogce 

 

59 

4.1.3. CO2 Gas Injection EOR 

CO2 gas injection results in 0.0320068 MMSTB of cumu-

lative oil production, which is higher than hot water injection 

but lower than SP flooding. CO2 injection works by reducing 

oil viscosity and swelling the oil, which enhances its mobility 

and recovery. The method is particularly effective in light to 

medium oil reservoirs where miscibility can be achieved. The 

cumulative oil production reflects the CO2 injection’s capabil-

ity to mobilize oil that might otherwise remain trapped in the 

reservoir. With a cumulative water production of 0.240873 

MMSTB, CO2 gas injection produces the highest amount of 

water among the three methods. This high water production 

can be a challenge in terms of water handling and disposal, 

potentially increasing operational costs. The oil recovery fac-

tor for CO2 gas injection is 61.7785%, which is comparable to 

hot water injection but significantly lower than SP flooding. 

The effectiveness of CO2 injection is highly dependent on res-

ervoir conditions, particularly the ability to achieve miscibil-

ity. In suitable reservoirs, the recovery factor can be enhanced, 

but it remains less effective than SP flooding in this compari-

son. 

4.1.4. Summary 

Surfactant/Polymer EOR stands out with the highest cumu-

lative oil production and oil recovery factor, making it the 

most effective method in this comparison. However, it also 

results in a relatively high cumulative water production. 
Hot Water Injection EOR produces the least oil but also has 

the lowest cumulative water production, making it a cost-ef-

fective option in certain reservoirs, particularly those with 

heavy oil. 
CO2 Gas Injection EOR offers a balance between oil pro-

duction and recovery factor, with a higher cumulative oil pro-

duction than hot water injection, but with a trade-off of higher 

water production. This method is effective in suitable reser-

voirs, especially where miscibility can be achieved. 

4.2. Recommendation for the Most Effective 

EOR Method 

Based on the comparison of Surfactant/Polymer EOR, Hot 

Water Injection EOR, and CO2 Gas Injection EOR, the Sur-

factant/Polymer EOR method emerges as the most effective 

Enhanced Oil Recovery (EOR) technique. 

4.2.1. Factors to Consider in Recommendation 

Highest Cumulative Oil Production: Surfactant/Polymer 

EOR produced 0.047815 MMSTB of oil, significantly outper-

forming the other methods. This indicates its superior ability 

to mobilize and recover oil, particularly in reservoirs where 

conventional methods may fall short. 
Highest Oil Recovery Factor: With a recovery factor of 

92.2909%, Surfactant/Polymer EOR demonstrates excep-

tional efficiency in extracting oil from the reservoir. This high 

recovery rate translates into a more complete utilization of the 

reservoir's potential, making it a highly effective option for 

maximizing production. 
Trade-Off in Water Production: While Surfactant/Polymer 

EOR does result in higher cumulative water production, the 

increased oil recovery justifies this trade-off. Effective water 

management strategies can mitigate the challenges associated 

with higher water cuts. 

4.2.2. Recommendation 

For this experimental reservoir, where maximizing oil re-

covery is the primary objective, Surfactant/Polymer EOR is 

the recommended method. Its ability to significantly enhance 

oil production and achieve a high recovery factor makes it the 

most effective EOR technique in this context. However, it is 

essential to implement robust water handling and disposal 

strategies to manage the increased water production associ-

ated with this method. 
Overall, Surfactant/Polymer EOR is the best choice for 

maximizing oil recovery and ensuring the most efficient use 

of reservoir resources. 

Abbreviations 

EOR Enhanced Oil Recovery 

SP Surfactant/Polymer 

MMSTB Million Stock Tank Barrels 

MBAL Material Balance 

PVT Pressure-Volume-Temperature 
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