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Abstract 
A new approach is demonstrated in which soft experimentation can be per-
formed for MMP measurements, thus replacing the common practice of slim 
tube displacement laboratory experiments. Recovery potential from oil re-
servoirs by miscible flue gas injection was studied by slim tube and field-scale 
numerical simulation using two flue gases and seven crude oils sampled at 
different depths in three candidate reservoirs. The soft experimentations were 
conducted using Eclipse300TM, a three-phase compositional simulator. This 
study investigates minimum miscibility pressure (MMP), a significant misci-
ble gas injection project screening tool. Successful design of the project is 
contingent to the accurate determination of the MMP. This study evaluates 
effects of important factors such as injection pressure, oil component compo-
sition, and injection gas composition on the MMP and recovery efficiency for 
slim tube and field-scale displacements. Two applicable MMP correlations 
were used for comparison and validation purposes. 
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1. Introduction 

Enhanced oil recovery (EOR) techniques yield incremental oil from light oil re-
servoirs. [1] indicated that the application of EOR processes depends on reser-
voir temperature, pressure, depth, net oil pay, permeability, residual oil and wa-
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ter saturations, porosity, oil API gravity, and oil viscosity. 
At today’s oil prices, the use of flue gas makes the recovery process cost effec-

tive and enhances CO2 sequestration efforts. Flue gas has the ability to achieve 
dynamic miscibility with light oils (API gravity > 35˚) at high in-situ pressures. 
According to [2], flue gas composition is typically 85% to 88% nitrogen and 15% 
to 12% carbon dioxide. In light oil reservoirs, EOR combines solvent extraction, 
interfacial tension reduction, and oil viscosity change to produce incremental 
oil. 

In solvent flooding, compositional simulation is a tool that can be used in 
prediction of recovery. Such simulation is used when an equation of state is re-
quired to describe reservoir fluid phase behavior or compositional changes asso-
ciated with depth. The effects of key parameters such as MMP using crude oil 
composition, flue gas composition, injection pressure, reservoir temperature, 
and pressure on the performance recovery in miscible flooding could be esti-
mated using simulators such as ECLIPSE300TM. MMP is the pressure that de-
fines whether the displacement mechanism is miscible or immiscible. It is also 
defined as the lowest pressure at which the injected gas can develop miscibility 
with the reservoir oil at reservoir temperature and pressure. 

In this work, one potential application of this new soft experimentation ap-
proach is shown in the prediction of MMP and investigating the fact that field 
simulation can replace expensive slim tube experiments in the estimation of an 
accurate MMP. 

2. Literature Review 

The gas injection technique has been widely used to enhance oil recovery in 
carbonate and sandstone reservoirs [3]. It was added that incremental oil recov-
ery from CO2 floods, in the U.S., yielded about 15 billion barrels [4]. The authors 
explained that the vast majority of the CO2 floods were used during tertiary re-
covery of mature oil reservoirs, which have been water flooded for years. The ef-
fect of flue gas displacement on light oil at a reservoir temperature of 240.8˚F and 
a pressure range of 4007 to 6680 psi was studied. The experimental results indi-
cated that a combination of vaporizing and condensing multi-contact drive me-
chanisms led to oil displacement. Studies also showed that flue gases became near-
ly miscible at high pressures. This is an indication that high-pressure flue gas in-
jection is cost-effective for EOR of light oils, compared to rich gas or water injec-
tion. Besides, the added potential of CO2 sequestration makes flue gas injection a 
more attractive EOR recovery technique. 

A substantial amount of work has been carried out by various researchers on 
flue gas injection with the purpose of enhancing recovery through miscibility or 
near-miscibility, at elevated pressures. The experiments are generally carried out 
at a wide range of pressures and oil recovery is plotted against injection pressure. 
The pressure beyond which oil recovery shows no significant increase is also de-
fined as the MMP. The first estimated MMP [5] needed volume of gas enrich-
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ment for a condensing-drive mechanism which was correlated with temperature, 
pressure, gas intermediate fractions, and gas heavy fractions of oil samples. The 
Peng-Robinson equation-of-state was used to develop a correlation for con-
densing-drive mechanisms [6]. The empirical equation was applicable for a wid-
er range of temperature, pressure, and fluid compositions. It was demonstrated 
that MMP can be predicted using compositional simulation [7] and noted that 
numerical dispersion can be a problem and needs to be reduced. A work for dis-
placement of oil with arbitrary number of gas components was extended [8] [9]. 
In this study, a review of the literature of several MMP correlations of vaporizing 
and condensing gas drive mechanisms was investigated. 

An MMP correlation was developed for vaporizing and condensing gas drives, 
CO2, and N2 systems [10]. The input parameters were temperature, mole percent 
of methane in the injection gas, molecular weight of C2 - C6 intermediates, and 
molecular weight of the heptane plus fraction of oil. A new parameter called, 
paraffin characterization factor (k), was defined to account for oil composition 
effect on MMP. In addition, the vaporizing gas drive with the PR-EOS and a 
compositional simulator was modeled [11]. The authors proposed a simple cor-
relation to estimate the MMP of Nitrogen and lean-gas systems. MMP was cor-
related as a function of temperature, molar concentration of intermediates, and 
molecular weights of heavy fractions of oil. Many available MMP correlations in 
the literature were developed for CO2 or impure CO2 flooding. 

It was also stated that MMP is a significant parameter in establishing 
full-contact miscibility between oil and gas [12]. Using modified conjugate gra-
dient and global optimizing methods, a new CO2-crude oil MMP correlation has 
been derived. To develop the equation, 210 date sets have been utilized. The new 
parametric equation used reservoir temperature, +

7C  molecular weight, and 
mole fractions of CH4, N2, CO2, H2S, and C2 - C6 as independent parameters. 
Compared to published MMP correlations, the new model showed better MMP 
predictions with a percentage average absolute relative error (%AARE) of 8% and 
a percentage maximum absolute relative error (%MARE) of 21%, respectively. 

To estimate MMP, a general regression neural network (GRNN) model was 
introduced [13]. The model used crude oil composition and temperature as in-
dependent variables. The developed model was trained with 91 sample mea-
surements and was validated with 22. Part of the data was from experimental 
measurements at the Petroleum Fluid Research Centre at Kuwait University. 
Other data was collected from literature. The training and testing data sets indi-
cated average absolute errors of 0.2% and 3.3%, respectively. 

The effect of pure N2, pure CO2, and flue gas on oil recovery in tight Eagle 
Ford formations was also investigated [14]. For flue gas, they used a 50:50 N2 to 
CO2 ratio. Injection pressures were varied from 1000 to 5000 psi with pressure 
increments of 1000 psi. Flooding times were limited to six hours. Results showed 
that the use of pure CO2 gave the highest recovery. Flue gas came second and 
enhanced oil recovery using pure N2 gave the lowest incremental oil. Break-
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through times, however, showed conflicting results. Pure N2 broke through ear-
lier and flue gas breakthrough time was the longest. The authors also indicated 
that recovery factor (RF) decreased for all three cases, when injection pressure 
was above 3000 psi. 

A new model that better predicts CO2-oil MMP was presented and the authors 
indicated that their method eliminates the need to locate key tie lines [15]. Un-
like traditional correlations, they added that their technique considers the effect 
of multiple contact. To develop the new model, the authors used reservoir tem-
perature and oil composition. The data utilized in model generation used five 
Chinese crude oil samples. These samples came from different oilfields. The in-
jected gas was pure CO2. The authors showed that predicted MMP came within 
2% of the measured MMPs. 

MMP correlations that will be used for comparative purposes are applicable 
for nitrogen/CO2 flooding [10] [11]. Reliability of each individual correlation 
will be evaluated by determining, how close the predictive minimum miscibility 
pressures are to the numerical simulation results. 

3. Method 
3.1. Compositional Simulation of Flue Gas Injection Processes 

EOS based fluid property simulation packages are usually used to describe the 
reservoir oils for compositional flow simulation purposes. The effect of oil and 
flue gas compositions on oil recovery, in the flue-gas/light oil injection 
processes, has been studied using a fluid property-based simulation package to 
tune the PR-EOS to a 10-component fluid system [1]. The PR-EOS was used 
with volume correction to improve the prediction of phase densities. Inputs of 
the simulator are reservoir temperature and composition of the recombined oil. 
Physical properties of C1 to C6 hydrocarbon components as well as the 
non-hydrocarbon components were also entered from the pure component li-
brary properties. Properties of the heavy hydrocarbon fractions (C7 to C66) were 
obtained from their molecular mass and boiling point of the fractions. Specific 
gravity, critical properties, and acentric factors of these factors were computed 
from correlations available in the simulator. Hydrocarbon and non-hydrocarbon 
components were lumped into 12 pseudo-components by using the simulator 
lumping scheme. The EOS was tuned with these pseudo-components by per-
forming regression on the experimental saturation pressure (bubble point), den-
sity, viscosity, relative oil volume, formation volume factor, and stock tank oil 
gravity, using critical properties of the pseudo-C7

+ components as well as their 
acentric factors and volume shift factors as regression parameters. Binary inte-
raction coefficients between CO2 and hydrocarbon components were also used 
as regression parameters. 

The fluid model described above was used in Eclipse300TM, a fully composi-
tional commercial reservoir flow simulator to mimic experimental flue gas dis-
placements, using all physical and fluid saturations’ properties. The simulator 
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can model important mechanisms of miscible gas injection processes such as 
vaporization, condensation, and the development of multi-contact miscibility 
between oil and injected gas. 

The compositional simulator accounted for interface mass transfer between all 
phases present in the flue gas displacement process. The simulator model equa-
tions can track the movement of many components constituting the oil-gas sys-
tem as they move along. It was assumed that thermodynamic equilibrium pre-
vailed at each grid block representing the model during simulation. The distri-
bution of components between the gas and oil phases was obtained by perform-
ing flash calculations at each grid block. This enabled the simulator to account 
for phase behavior effect in a multiphase system. 

Another assumption that presumes no mass transfer interaction between the 
hydrocarbon and water phases was made by [2]. 

The model equations are solved fully implicitly at every time step in each grid 
block. Laboratory-determined porosity and absolute permeability were input, 
and initial water saturation was the same for each grid block. Figure 1 is a 
workflow of the method we used for the simulation. 

3.2. ECLIPSE Compositional Simulator 

Compositional simulation is ideally suited for; gas injection to increase or maintain  
 

 
Figure 1. Workflow of the reservoir simulation. 
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reservoir pressure, thick reservoirs with a compositional gradient caused by 
gravity, reservoirs with fluid compositions near bubble point, high-pressure, and 
high-temperature reservoir modeling, and miscible flooding as the injection gas 
goes into solution with oil. 

ECLIPSE300TM is a compositional simulator that can be run in fully implicit 
(IMPES) and adaptive implicit modes (AIM), using a cubic equation of state or 
pressure dependent K-values. ECLIPSE300TM incorporates four equations of 
state and two additional variations to the PR-EOS. When an equation of state is 
selected, it is used to obtain Z-factors and phase fugacities and define inter-phase 
equilibrium and fluid densities. The equations of state available are the Red-
lich-Kwong, Soave-Redlich-Kwong, Peng-Robinson, and Zudkevitch-Joffe’s. 
ECLIPSE300TM incorporates four equations of state and two additional varia-
tions to the PR equation [16]. 

In the ECLIPSE program, the required variation of component saturation 
pressure and liquid density with temperature are obtained using correlations 
that require the input of the normal boiling point and the reference liquid den-
sity at a specified reference temperature [16]. 

A relevant simulation work has been performed [17]. The authors studied dif-
ferent water injection situations. They looked at the injection of miscible CO2 in 
water in a two-dimensional, heterogeneous fractured reservoir. Study findings 
showed that that miscible water alternating CO2 gas injection yielded an incre-
mental oil recovery of 3.95%. Water production has, however, decreased by 
3.89% compared to plain water injection [17]. 

4. Results and Discussion 
4.1. Numerical Simulation 

The PVTi simulator, a component of the Eclipse 300TM platform, was used to tune 
the PR-EOS to a 10-component fluid system to describe laboratory-measured oil 
properties and PVT data. The inputs of the simulator for the flash experiment 
simulation were reservoir temperature and pressure. The percentage mole com-
positions of CO2, C1 to +

6C  and molecular weight of the +
6C  fraction were en-

tered into the pure component library properties. Density, z-factor, and the crit-
ical properties computed by the Lohrenz-Bray-Clark correlation were also input 
in the simulator. 

4.2. Reservoir Fluid Characterization 

A data bank of fifteen crude oil samples with different compositions were pro-
vided by Southern Petroleum Laboratories. Only seven data samples were com-
plete. In these component compositions, API gravities, and molecular weight of 

+
6C  fractions were provided. 

4.2.1. Reservoir Fluid Composition 
To investigate the effect of oil composition on estimated MMP, data for ten light 
oils sampled at different depths from three candidate reservoirs was made avail-
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able. Data from only seven oils was complete and will be used in numerical si-
mulations. Table 1 provides composition data of reservoir fluids A-G. 

4.2.2. Injection Gas Composition 
For each reservoir fluid, flash calculations at different temperatures (200˚F, 
288˚F, and 375˚F) and at pressures, below the corresponding bubble-point 
pressure of the oil, were performed. Injection gas was set as flash process sepa-
rator gas. Table 2 defines injection gas compositions: 

4.2.3. Simulation Model Description 
Fluid models described above were used in a fully compositional reservoir flow 
simulation package ECLIPSE 300TM to simulate flue gas displacement experi-
ments. The simulator accounts for interface mass transfer between all the phases 
present in the flue gas displacement process. The simulator model equations can 
track the movement of components comprising the oil-gas-water system as they 
move through the porous media. It is assumed that thermodynamic equilibrium 
exists at each grid block representing the slim tube and reservoir models. Dis-
tribution of components between gas and oil phases was obtained by performing 
flash calculation simulations at each reservoir condition. This allows the compo-
sitional model to account for the phase behavior effect in a multiphase system 
and the calculation of phase densities, viscosities, and interfacial tension. Results 
of the flash calculation showed no distribution between the oil and gas phases;  

 
Table 1. Oil sample compositions (reported by southern petroleum laboratories). 

Sample A B C D E F G 

API Gravity 37.3 39.7 40.9 36.0 41.3 37.0 40.9 

CO2 0.06 0.0 0.054 0.0 0.0 0.0 0.0 

C1 0.724 0.873 0.651 0.860 0.989 0.902 0.88 

C2 1.911 1.746 1.934 2.774 2.104 2.910 1.712 

C3 5.553 5.561 5.982 6.798 5.916 7.234 4.88 

i-C4 2.133 2.277 2.404 1.856 2.266 1.906 1.808 

n-C4 5.835 6.263 6.633 6.154 6.114 6.557 4.832 

i-C5 3.541 3.815 3.741 3.008 3.578 3.156 2.912 

n-C5 4.427 4.612 4.536 4.044 4.388 4.262 3.600 

+
6C  75.816 74.853 74.065 74.506 74.645 73.073 79.376 

M.W. 247.53 234.56 224.38 243.80 222.17 260.61 187.30 

 
Table 2. Injection gas composition. 

Component Flue Gas, FG-1 Flue Gas, FG-2 

N2 0.85 0.70 

CO2 0.15 0.30 
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there was no gas phase composition for any of the oil samples. 

4.2.4. Slim Tube Experiment Simulation 
To simulate flow and phase behavior in a conventional slim tube, the soft expe-
riments were modeled using a 200-grid block system. This number of grid 
blocks was arrived at based on sensitivity study on pressure variation with grid 
block dimension. Porosity and absolute permeability values in the slim tube were 
used according to available data from literature. Gas-oil capillary pressure was 
negligible and functional relationships for oil-water and gas-oil systems were 
assumed to be as follows in Equations (1)-(4): 

For the oil-water system, 
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Table 3 summarizes parameters used for the one dimensional slim-tube dis-
placement soft experiments. 

Slim tube displacements using injection pressures ranging from 2000 psia to 
3600 psia for oil samples A to G were conducted for gases FG-1 and FG-2. These 
experiments were conducted under three conditions of temperature and pres-
sure for each flue gas composition. The oil samples were characterized as  

 
Table 3. Parameters for one-dimensional simulation of slim tube displacement. 

Type of grid block: Cartesian 

Number of grid blocks in x-direction: 200 

Number of grid blocks in y-direction: 1 

Number of grid blocks in z-direction: 1 

Length of slim tube: 10 m 

Permeability: 2000 md 

Porosity: 10% 

Water saturation: 0% 

Flue gas injection: Pressure controlled 

Temperature: 200˚F, 288˚F, 375˚F 

Pressure: 2000, 2600, 3200 psi 
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mentioned earlier by the PR-EOS and used in the flow simulator to replicate 
slim tube displacements. Critical properties of oils obtained from flash calcula-
tion as well as binary interaction coefficients, reservoir conditions of tempera-
ture and pressure, liquid and vapor fractions of the oil samples, rock properties, 
saturations, injection pressures, and run time were all input into the data file. 
The fore-mentioned factors were all kept constant for each sample except for the 
injection pressure. The data file was run in the ECLIPSE simulator and results 
were read from the summary files obtained at the end of each simulation run. 

At MMP, local displacement efficiency is reported to approach 100%. Misci-
bility can be achieved at injection, at gas-oil front or somewhere in between, 
miscibility allows a complete displacement of reservoir fluid. Table 4 summa-
rizes oils MMPs for slim tube soft experiments at prescribed reservoir in-situ 
conditions. These in-situ conditions portray pressure and temperature brackets 
of candidate reservoirs for miscible flue gas injection. 

Oil production totals at the beginning and at the end of the slim tube dis-
placement soft experiments are read from the Eclipse summary files. Recovery is 
defined as the ratio between oil volume produced and the oil volume fed to the 
slim tube, the sequence is repeated for several pressures, and recovery is record-
ed for each pressure. The recovery factor was then plotted against each injection 
pressure to determine the minimum miscibility pressure. Figure 2 shows the 
recoveries for sample A, as a function of injection pressures. MMP is the inflec-
tion point on each curve. Figure 3 indicates that there is no significant oil re-
covery at pressures higher than MMPs. 

4.2.5. Field-Scale Simulation Miscibility Performance 
Injection of cost-effective flue gases could be employed in reservoirs where a fa-
vorable combination of pressure, reservoir characteristics and fluid properties 
make the gas injection project a competitive process compared to other second-
ary oil recovery methods. However, for a gas injection project to be competitive, 
several conditions should be satisfied. The incremental oil recovery is largely  

 
Table 4. MMP for flue slim tube simulations. 

Sample 

(200˚F, 2000 psi) (288˚F, 2600 psi) (375˚F, 3200 psi+) 

FG-1 
MMP (psi) 

FG-2 
MMP (psi) 

FG-1 
MMP (psi) 

FG-2 
MMP (psi) 

FG-1 
MMP (psi) 

FG-2 
MMP (psi) 

A 2900 2200 2800 2740 3300 3250 

B 2600 2200 2720 2700 3300 3240 

C 2400 2400 2700 2700 3300 3250 

D 2600 2250 2800 2700 3300 3250 

E 2400 2400 2700 2700 3300 3250 

F 2150 2100 2800 2700 3300 3250 

G 2200 2200 2700 2650 3300 3270 
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Figure 2. Slim tube recovery and injection pressure for sample A at 37.3˚API. 

 

 
Figure 3. Field-scale recovery factor and injection pressure for sample A, 37.3˚API. 
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dependent on injection pressure, reservoir characteristics and fluid properties 
such as homogeneity, capillarity, gravity segregation. A parametric study is 
done, using a compositional simulator to analyze the effect of such important 
parameters on miscible performance recovery from a conceptual reservoir. 

4.2.6. Field-Scale Simulation Description 
Description of the conceptual model is summarized in Table 5. Adaptive impli-
cit solution avoids the time step restrictions imposed by small blocks and mini-
mizes the computational expense of a fully implicit solution. The layers in the 
model are homogenous and of constant porosity, permeability, and thickness. 
Saturation and PVT data of the reservoir fluid are also provided in Table 5. Re-
servoir conditions of temperature and pressure considered are the same as in the 
case of the slim tube displacement experiments. Same reservoir fluids are used; 
however, flash experiments are re-run using field data. Reservoir oil gravities are 
as depicted in Table 1. Water viscosity is taken as 0.56 cp at initial reservoir 
conditions. Initial oil and water saturations are set at 0.85 and 0.15, respectively. 
Flue gases have the same compositions given in Table 1. 

Table 6 is a summary of field-scale MMPs. These MMPs are found to be larg-
er than the MMPs determined from slim tube soft experiments. 

Figure 4 shows recovery factor as a function of injection pressure for the 3 dif-
ferent reservoirs using FG-1 and FG-2 for oil sample A with an API gravity of 
37.3˚. In this case, injection pressure was increased past beyond 6000 psia. 

 
Table 5. Reservoir grid data. 

NX = 100, NY = 1, NZ = 5 

DX = 40, DY = 1000, DZ = 41 

Porosity      0.18 

Datum (subsurface), ft    8073 

Water-oil Contact, ft    10,000 

Gas–oil Contact, ft    8000 

Capillary pressure at contact, psi  0 

Oil Saturation     85% 

P (psi) T (˚F) Permeability (mD) Thickness (ft) Depth to top (ft) 

2000 200 0.5 30 41 8268 

2600 288 60 150 41 8268 

3200 375 90  41 8268 

Water Properties 

Compressibility (psi−1) 3.2792 × 10−6 

Density (lb/ft3) 62.4280 

Viscosity (cp) 0.56 

Rock Compressibility (psi−1) 4.0 × 10−6 
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Table 6. Minimum miscibility pressure of field-scale simulations. 

Sample 

200˚F, 2000 psia 288˚F, 2600 psia 375˚F, 3200 psia 

MMP FG-1 
(psia) 

MMP FG-2 
(psia) 

MMP FG-1 
(psia) 

MMP FG-2 
(psia) 

MMP FG-1 
(psia) 

MMP FG-2 
(psia) 

A 3020 2600 3200 3200 4480 4000 

B 2600 2500 3700 3600 4500 4000 

C 3500 3000 3600 3580 3980 3800 

D 2960 2700 3600 3080 4000 3800 

E 3020 2600 3520 3200 4000 3940 

F 3200 3000 3600 3220 4500 4000 

G 3000 2960 3680 3240 4520 4400 

 

 
Figure 4. Field-scale recovery factor and injection pressure for sample B, 39.7˚API. 

 
Figure 4 portrays field-scale recovery as a function of injection pressure for 

sample B with an API gravity of 39.7˚. Predicted MMPs are also extracted from 
the curves’ inflection points. 

5. Comparison of Simulation and Correlation Results 

Numerical simulation calculations for injected gas/oil systems utilize the 
PR-EOS; an equation that is consistent and that can be easily tuned to available 
experimental data. 

Figures 5-7 compare predicted MMPs for samples A-G. It is important to  
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Figure 5. Comparison of MMP correlations and simulation at 200˚F. 
 

 
Figure 6. Comparison of MMP correlations and simulation at 288˚F. 
 

note that Glasø’s correlation, developed for North Sea oil from experimental 
slim tube experiments, accounts for molecular weight and temperature and does 
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not depend on mole percent of intermediates. Its predicted results compare well 
with the simulation results. The discrepancy in the results can be attributed to 
the fact that Glasø’s correlation does not account for mole percent of interme-
diates. Results from the Firoozabadi’s correlation; however, are on the higher 
side since the correlation did not consider temperature; a significant factor in the 
miscibility mechanism. 

Figure 6 also indicates that Firoozabadi’s MMP values are on the high side. 
On the other hand, Glasø’s predicted MMPs are comparable to the simulation 
results for both FG-1 and FG-2. Though, a larger discrepancy is depicted for 
sample F. 

Figure 7 compares results for the third reservoir with an average in-situ tem-
perature of 375 oF. At this temperature, Firoozabadi’s predicted MMPs align 
better with Glasø’s predictions except for sample D. 

5.1. Comparison of Slim Tube and Field-scale MMPs 

Results of the slim tube displacement and field-scale soft experimentations are 
presented in Figures 8-10. These figures indicate that predicted field-scale 
MMPs are higher than MMPs predicted from slim tube displacements, for all the 
seven oil samples. 

Figure 9 indicates that MMP values for FG-1 (15% N2) for both field-scale 
and slim tube experiments are on the high side. This is consistent with published 
data since MMP increases with lower CO2 content. 

At high temperature, T = 375˚F, Figure 10 indicates that predicted MMP val-
ues for both experiments are on the low side. This agrees with literature since 

 

 
Figure 7. Comparison of MMP correlations and simulation at 375˚F. 
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Figure 8. Slim tube and field-scale MMP of samples at 200˚F. 

 

 
Figure 9. Slim tube and field-scale MMP of samples at 288˚F. 

 
MMP decreases with increasing temperature and increasing CO2 content. 

5.2. Oil Recovery Performance 

Recoveries obtained during slim tube and field-scale displacement simulations 

https://doi.org/10.4236/nr.2021.1211025


O. Oyinloye et al. 
 

 

DOI: 10.4236/nr.2021.1211025 378 Natural Resources 
 

are summarized in Table 7 and Table 8. These recoveries reflect cumulative oil 
produced at predicted MMPs. Tables also indicate that increased CO2 content 
from 15% to 30% yielded a slight increase in the recovery factor. The trend is the 
same across the board for all the seven samples at different in-situ conditions. 
The increased oil recovery is a direct result of CO2 dissolution in oil. Such me-
chanism leads to oil phase swelling and in turn a reduction in oil viscosity and 
enhances production. 

Recoveries from slim tube experiments (Table 7) are higher than those ob-
tained from field-scale simulations (Table 8). Recoveries vary from a low of 88.7 
for sample G and FG-1 (15% CO2) to a high of 94.35% for sample A and FG-2 
(30% CO2). 

 

 
Figure 10. Slim tube and field-scale MMP of samples at 375˚F. 
 

Table 7. Recovery factor for slim tube simulations. 

Sample 
(200˚F, 2000 psia) (288˚F, 2600 psia) (375˚F, 3200 psia) 

RF (FG-1) RF (FG-2) RF (FG-1) RF (FG-2) RF (FG-1) RF (FG-2) 

A 94.14 94.35 92.56 92.58 90.95 91.16 

B 93.25 93.45 91.72 91.86 90.10 90.75 

C 92.48 92.68 91.06 91.66 89.47 90.02 

D 89.40 93.53 91.65 91.95 90.28 90.83 

E 92.53 92.76 91.11 92.46 89.36 90.19 

F 91.07 93.87 92.12 92.17 90.60 90.89 

G 91.88 92.24 90.73 90.86 88.70 89.20 
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Table 8. Recovery factor for field-scale simulations. 

Sample 
(200˚F, 2000 psia) (288˚F, 2600 psia) (375˚F, 3200 psia) 

RF (FG-1) RF (FG-2) RF (FG-1) RF (FG-2) RF (FG-1) RF (FG-2) 

A 80.88 82.22 83.31 85.33 88.72 92.84 

B 80.69 81.69 83.39 85.71 89.44 93.61 

C 79.19 80.58 82.70 85.29 89.55 93.60 

D 80.93 81.63 82.10 84.69 87.46 90.19 

E 80.31 81.46 83.40 85.97 90.23 94.01 

F 80.94 82.71 82.88 84.59 87.47 89.40 

G 79.05 82.89 84.33 88.24 94.93 98.08 

 
Table 8 displays recovery factors for field-scale simulations. Values are lower 

than those obtained from slim tube experiments, since field-scale better mimic 
fluid flow in porous media and simulate miscibility displacement. 

6. Conclusions 

Benefits of two flue gases; one with a 0.15/0.85 CO2/N2 ratio and another with a 
0.30/0.70 CO2/N2 ratio are addressed on three miscible flooding candidate re-
servoirs in South Louisiana. MMPs needed to be estimated for screening pur-
poses. We used soft experimentations to estimate MMPs and recovery factors. 
Predicted MMPs were compared to proper correlations, Glasø’s and Foroozaba-
di’s. This study’s predicted MMPs align more with values estimated using the 
Glasø’s correlation. On the other hand, predicted MMPs differ from those pro-
jected using the Firoozabadi’s correlation. It was also concluded that increased 
CO2 content in the flue gas resulted in lower MMPs and higher recoveries. 

It was similarly established that MMPs predicted using field-scale simulations 
are lower than those estimated using slim tube soft experimentations and that 
field-scale is a better predictor since it better describes fluid flow in porous me-
dia and can be used to mimic miscibility mechanisms. 

It is also suggested to use soft experimentations to replace expensive labora-
tory experiments since field-scale simulations results were reliable and compare 
well with industry-standard empirical models. 

Future work will involve the use of data analysis, data analytics and data 
training in the development of an empirical equation that can predict MMP. The 
model data bank is generated from soft experimentations using Eclipse simula-
tion platform. 
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