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Abstract

Given the rise in oil productivity from conventional and unconventional re-
sources in Canada using Enhanced Oil Recovery (EOR), the need to under-
stand and characterize these techniques, for the purpose of recovery optimi-
zation, has taken a prominent role in resource management. Chemical flood-
ing has proved to be one of the most efficient EOR techniques. This study in-
vestigated the potential of employing Ionic Liquids (ILs) as alternative chem-
ical agents for improving oil recovery. There is very little attention paid to
employing this technique as well as few experimental and simulation studies.
Consequently, very limited data are available. Since pilot and field studies are
relatively expensive and time consuming, a numerical simulation study using
CMG-STARS simulator was utilized to explore the efficiency of employing
1-Ethyl-3-Methyl-Imidazolium Acetate ((EMIM][Ac]) and 1-Benzyl-3-meth-
limidazolium chloride ([BenzMIM][CI]) with respect to improving medium
oil recovery. Eight different lab-scale sandpack flooding experiments were se-
lected to develop a numerical model to obtain the history matching of the ex-
perimental flooding results using CMG-CMOST. We observed that the main
challenge was tuning the relative permeability curves to achieve a successful
match for the oil recovery factor. Finally, a sensitivity study was performed to
examine the effect of the chemical injection rate, the chemical concentration,
the slug size, and the initiation time on oil recovery. The results showed a no-
ticeable increase in the oil RF when injecting IL compared to conventional
waterflooding.

Keywords

CMG-STARS, CMG-CMOST, Chemical Flooding, Ionic Liquid,
Recovery Factor, History Matching

1. Introduction

Considering the large quantities of oil remaining entrapped in the reservoir, re-
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searchers are dedicated to developing new methods to increase oil production.
When the primary recovery fails and a reservoir loses its natural energy to push
the oil to the surface, other techniques known as such as a secondary oil recovery
or improved oil recovery (IOR) come into play. Generally, the secondary recov-
ery techniques are used to maintain reservoir pressure by fluid injection. There
are different types of fluids that can be injected into the reservoir such as water
and gases. In many cases, using the secondary recovery method is insufficient to
recover the oil from the reservoirs. In order to increase oil recovery, other tech-
niques known as tertiary or enhanced oil recovery (EOR) are utilized.

For many decades, EOR techniques have proven to be very efficient in in-
creasing oil recovery. Generally, EOR can be divided into three categories: misc-
ible flooding, thermal recovery, and chemical flooding which is the main focus
of this research work. Chemical flooding includes injecting chemicals into the
porous media to alter the reservoir characteristics such as reducing the interfa-
cial tension of the system, altering the reservoir wettability and increasing the
capillary number, decreasing the oil viscosity, or maintaining the mobility con-
trol. Three main chemical enhanced oil recovery methods have been reported in
the literature: a polymer augmented waterflooding, an alkaline-polymer water-
flooding (AP) and an alkaline-surfactant-polymer flooding (ASP).

Relatively new chemicals called Ionic Liquids (ILs) have been recently applied
as chemical flooding agents in a lab-scale. ILs are composed of an organic cation
and organic or inorganic anion, thermally stable with high conductivity. They
have many advantages over other chemicals such as non-corrosiveness, low tox-
icity, and commercial availability [1]. Many laboratory studies have been con-
ducted leading to a substantial increase in the number of synthesized ILs. Chang-
ing the size, shape, organization, and nature of anions and cations forming the
ILs results in changing the chemical-physical properties such as miscibility [2].
Due to the high cost of ILs, they are mixed with water before being injected into
the porous medium. The solubility of ILs in water depends on the hydrophilicity
which can be manipulated by changing the anions and cations.

In recent years, many researchers became focused on investigating the poten-
tial of using ILs in the oil industry. Fathei ef a/ (2014) showed that injecting high
concentration of ILs resulted in increasing the extracted oil from sandstone and
carbonate reservoirs [3]. Lago et al (2013) reported that Trihexyl (tetradecyl)
phosphonium chloride IL increases the water viscosity and reduces the mobility
ratio [4]. Hezave et al (2013) measured the dynamic interfacial tension in me-
dium oil/high salinity formation brine/[DMIM][CI] systems. The authors re-
ported a reduction in the IFT and an increase in the oil recovery by 13 [% OOIP]
[5]. Also, Bin-Dahang et al (2014) injected a mixture of Ammonium-based ILs
with brine in a core sample; results showed an increase in oil recovery by 4.5 [%
OOIP] due to change in the rock wettability towards water-wet [6]. In a similar
study, the authors reported that ILs modified the wettability of the oil-wet li-
mestone and sandstone more efficiently than injecting surfactants [7]. Pereira et

al. (2014) conducted several core flooding experiments using ILs and found that
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the highest recovery was achieved by injecting 1-ethyl-3-methylimi-dazolum to-
sylate ([C,MIM][OTS]), which recovered 65.7% of trapped oil; approximately
30 [% OOIP] increase compared to applying conventional waterflooding process.
The authors also investigated the ability of [EMIM][Ac] to improve the oil RF
compared to other commercial surfactants. They injected nearly 4.02 PVs of the
[SDS] + 1 wt% [NaCl] mixture and the [EMIM][Ac] + 1 wt% [NaCl] mixtures
following conventional waterflooding. The additional oil recovery obtained were
8.54 and 10.55 [% OOIP] respectively. The results showed that [EMIM][Ac]
was more efficient than sodium dodecyl sulfacte [SDS] and the efficiency of
the displacing mixture was improved due to the increase in zeta potential value
(8].

Tunnish et al (2016) used a thermodynamic model COSMO-RS to conduct a
screening study to examine different types of ILs with other phases. After con-
ducting a selection study, the authors reported that injecting a low salinity aqueous
solution of 1-Ethyl-3-methyl-Imidazolium Acetate [EMIM][Ac] increased heavy
oil (14°API) recovery compared to a polymer-augmented waterflooding [9].
Bin-dahbag et al (2016) conducted three simulation runs to simulate lab scale
core flooding experiments using IL and heavy oil by changing the injection sce-
narios. The authors found that tertiary flooding using IL solution yielded nearly
additional 5 [% OOIP] compared to waterflooding. The authors also reported
that IL was able to alter the rock wettability [10]. In another study, 2-acryla-
mido-2-methylpropoane sulfonic acid copolymer with methacrylic acid (AM-
PSA/MAA) in a low water salinity (3000 ppm) were screened among other po-
lyionic liquids (PILs) at different concentrations and proved to be the most ef-
fective chemical recovery agent as it resulted in increasing oil recovery by nearly
10 [% OOIP] [11]. Alhussianan et al (2018) extended the study of ILs to explore
the effect of PIL AMPSA/MA on carbonates. A post secondary flooding with
3000 ppm of 0.4 PV slug of AMPSA/MAA PIL was injected into the core sample
and flushed with seaweater. The PIL injection resulted in an increment of 6 [%
OOIP] compared to 10% obtained from sandstone. The authors investigated the
mechanism of oil recovery by measuring the IFT and concluded that the IFT
drop was the main mechanism for oil recovery from carbonates [12]. Alarbah et
al (2019) investigated the efficiency of 1-Ethyl-3-methylimidazolium Chlo-
ride [EMIM][CI] on oil recovery. The authors reported a noticeable increase in
oil recovery due to reduction in mobility ratio and surface tension of displacing
fluids and that IL used had the ability to improve the wettability of the rocks to
become more water-wet [13].

To the best of the authors’ knowledge, there has not been any study of ILs in a
field scale. Therefore, a simulation model which as powerful tool to gain insight
into reservoir performance was used to study the ILs flooding. The goal for using
a simulator is to build a numerical model which matches the experimental re-
sults. Once a history matching is achieved, different conditions and scenarios
can be investigated, and the information acquired can be used to forecast oil

production.
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2. Methodology

To develop an understanding of the chemical flooding using ILs, we built a si-
mulation model using the results of eight lab-scale core flooding experiments.
Computer Modelling Group LTD. (CMG) STARS was adopted as the simulator
for this research. CMG was selected because the simulator has the capacity and
functionality required to model chemical flooding and the simulator is com-
monly used in the industry. History matching was conducted by tuning the rela-
tive permeability using CMG-CMOST. Once history matching was achieved, a
sensitivity analysis was conducted to study the effect of different parameters on
the chemical flooding using ILs and the optimum case is presented. Also, the
results showing increase of oil recovery using ILs were supported from the find-

ings of the IFT measurements.

2.1. Description of the Numerical Model

The grid modeling was performed on the basis of the cartesian grid system to
describe the sandpack. To simplify, the core sample was assumed to have a cu-
boidal shape instead of a cylindrical shape with the same volume and same
cross-sectional area of the cylinder used in the laboratory. The cuboidal was di-
vided into 80 blocks in the X-axis in the flow direction to increase the model
precision, 1 block (3.54 cm in width) in the Y-axis and 1 block (3.54 cm in
height) in the Z-axis to simulate 1-D flow. The optimum number of grid blocks
was determined based on the truncation error. The null properties were given to
grid blocks outside the model boundaries. The total number of grid blocks in ef-
fect was 80 with the model pressure. One injector well was placed in block 1, 1, 1
while the producer well was placed in block 80, 1, 1. The diameter of the well
was 0.4 cm. Figure 1 displays the grid system used in this model.

Water Flooding
Gas Per Unit Area - Layer (m) 2018-01-01 I

0.6

05
0.4
103
02
0.1
0.0

Property: Gas Per Unit Area - Layer
Date: 2018-01-01

Min:0.00 Max: 0.00 [m]

Total Blocks: 80

Active Blocks: 80

NULL Blocks:0

Scale [ZX]: 1.00:1

Figure 1. Cartesian grid design for numerical model.
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2.2. Reservoir Properties

The relevant core sample physical property data were obtained from the labora-
tory experiments [14] and supplemented with CMG templates if needed. A

summary of the rock and fluid properties is shown in Table 1.

2.3. Relative Permeability

The reservoir model used is a water-wet sandstone medium. The two-phase rela-
tive permeability for the base case utilized in this study is based on the laborato-
ry flooding experiments [14]. The two-phase water oil relative permeability as a
function of water saturation is shown in Table 2. It should be stated that the
formation compressibility utilized in the model was 4 x 107 [1/kPa] with the
porosity reference pressure at 101.3 kPa.

2.4. Tuning of Water-0il Relative Permeability Curves

In this study, Cory’s correlations (Equation (1) and (2)) were utilized to obtain

Table 1. Rock and fluid properties.

Rock Properties Fluid Properties
Grid Size (x), cm 0.234 Water Density, g/cm3 1.066
Grid Thickness, cm 3.54 Water Viscosity, cP 1.017
Grid 80 Oil Density, g/cm’ 0.874
K, K, K, mD 5100 Oil APT® 30.25
D, % 40 Oil Viscosity, cP 15.35
Reservoir Pressure, kPa 101.3 Initial Oil Saturation, % 83
Rock Type Sandstone Initial Water Saturation, % 17

Table 2. Water oil relative permeability.

. &, K,
0.17 0.0000 0.6959
0.23 0.0202 0.5913
0.27 0.0330 0.5201
0.32 0.0465 0.4379
0.37 0.0596 0.3709
0.47 0.0865 0.2345
0.57 0.1118 0.1255
0.67 0.1462 0.0569
0.71 0.1674 0.0343
0.75 0.1861 0.0156
0.79 0.2100 0.0000
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history matching for the experimental results. In some cases, the relative per-
meability curves had to be adjusted in part manually, alongside Corey’s correla-

tions to achieve successful history matching results.

N,

Ky =K [—1 SS - chg’ ] (1)
N{ZM}

K, =K, (%} @

where K : water relative permeability; K, , : water relative permeability at

rwiro *

irreducible oil; S : water saturation; S, ,: critical water saturation; K _ : oil

werit * row

relative permeability; K, : oil relative permeability at connate water satura-

rocw *

.., . residual oil saturation; S, ,: connate water sa-

wcon

tion; S, : oil saturation; S,
turation; N, : water relative permeability curve exponent and N, oil relative
permeability curve exponent.

In the application of Corey’s equation, the exponents, N

w

and N, were
adjusted first. Then endpoints, critical water saturation and residual oil satura-

tion, were adjusted if necessary.

2.5. Interfacial Tension Measurements

Pendant drop tensiometer with advanced image software was used to measure
the interfacial tension (IFT) between the displacing and displaced phases. The
experimental setup shown in Figure 2, consists of three parts: 1) an experimen-
tal cell (IFT-10, Temco), 2) illuminating and viewing system to visualize the
drop and 3) a data acquisition system to calculate the interfacial tension from a
pendant drop profile. The pendant drop was measured by filling the cell with the
aqueous solution/mixture. Then the oil droplet at the tip of the needle was in-
jected into the solution and after allowing enough time to reach stability, the IFT
measurement was taken. Although the pendant drop apparatus is relatively sim-
ple, a number of factors must be considered to ensure the quality of the drop and
to achieve a precise determination of the interfacial tension. For instance, the
equilibrium time is crucial for measurement accuracy which depends on the oil

grade [15]. Furthermore, the volume of the injected drop plays a significant role

— | Pendant oil drop
—>

> ]
— [Measurement Cell

Light Source ” " Mia'oscope & Camera |_|_|_|

| Anti-vibration Table | ---------- Pl Personal Computer I

Figure 2. Schematic of the experimental setup used to measure IFT.
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Interfacial Tension (IFT, mN/m)

in measurement precision and should be kept within the range of 7 to 30 pl
[16].

The rationale for using the pendant drop is that it is considered to be the most
convenient, versatile and popular method to measure the IFT. It involves the
determination of the profile of a drop of one liquid suspended in another liquid
at mechanical equilibrium resulting from the balance between gravity and sur-
face forces. The pendant drop at equilibrium confirms to the Young-Laplace
equation, which related the Laplace pressure across an interface with the curva-

tures of the interface and the interfacial tension [17]:

1 1
—+— |=AP=AP, —rpApgz 3
7[ R RJ 0 TrPAPE: (3)
where R, and R, are the principal radii of curvature; AP=P, —P ,: is the

Laplace pressure across the interface; Ap = p, — p: is the density difference; and
p, and p are the drop phase density and the continuous phase density re-
spectively.

Figure 3 displays the variations of the IFT with [EMIM][AC] concentration in
brine. This figure shows a sharp decline in IFT after adding the [EMIM][AC] up
to 1000 ppm which indicates that the critical micelle concentration (CMC) of
[EMIM][AC] is 1000 ppm. The CMC is the concentration at which the IL starts
to self aggregate and form micelles; resulting in no further reduction in the IFT.
When the IL concentration is lower than CMC, the IL molecules lay on the sur-
face. Then by increasing the IL concentration toward CMC, the IL molecules
start to form a monolayer which leads to a reduction in both the interfacial

energy and interfacial tension. In a similar study Pereira et al (2014) showed that

44

40

36

32 A

28

24 T T T 1
0 500 1000 1500 2000 2500

[EMIM][Ac] concentration (ppm)

Figure 3. Effect of [EMIM][Ac] concentration on IFT of crude oil/[EMIM][Ac] solution at am-
bient conditions.

DOI: 10.4236/aces.2022.123011

151 Advances in Chemical Engineering and Science


https://doi.org/10.4236/aces.2022.123011

M. Elaghoury et al.

Interfacial Tension (IFT, mN/m)

IL (1-ethyl-3-methylimidazolium tosylate [C,mim][OTs]) decreased the IFT be-
tween medium oil and brine from 19.2 to 17.0 mN/m [8].

A different type of IL known as [BenzMIM][CI] was also tested and results
show that the IFT for the system was reduced from 41.21 to 32.03 [mN/m] at the
CMC concentration as shown in Figure 4. This proves that regardless of the IL
type, they behave the same as surfactants and are able to reduce the energy level
of the interface between the oil phase and aqueous phase and hence decrease the
IFT [18]. Based on the results of the IFT measurements, [EMIM][Ac] at CMC
concentration proved to be more efficient in reducing the IFT and consequently

has a higher potential in improving oil recovery.

3. Results and Discussion

3.1. History Matching of Waterflooding Experimental Results
(Base Case)

The saturated core sample was continuously flooded with 3 PVs of formation
brine to form the base case. The history matching was conducted using CMOST.
Relative permeability was the parameter utilized to obtain history matching.
Corey’s correlation for relative permeability was used by CMOST in which only
water and oil exponents were varied. The cumulative oil production profile ob-
tained from CMOST is shown in Figure 5. The relative permeability end point is
0.21, which is relatively low, and the formation rock is strong water wet as
shown in Figure 6. However, it is expected that the rock be less water wet as it
was observed during the experiment. This could potentially be due to the differ-

ence in the area utilized for fluid flow in simulation and experiment.

44

40

36 1

32 -

28

24 1 1 T 1
0 500 1000 1500 2000 2500

[BenzMIM][CI] concentration (ppm)

Figure 4. Effect of [BenzMIM][CI] concentration on IFT of crude oil/[BenzMIM][CI] solu-
tion at ambient conditions.
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Figure 5. History matching results of oil recovery and differential pressure (Base Case).
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Figure 6. Tuned water-oil relative permeability curve (Base Case).

3.2. History Matching of Ionic Liquids Flooding Experimental
Results

Two experiments were selected for this analysis. First, the saturated core sample
was injected by 1 PV of formation water followed by 1 PV of [EMIM][Ac] with a
concentration 1000 ppm then flushed with 1 PV of brine. Second, the saturated
core sample was initially flooded with 1 PV of brine then flooded with 1 PV of
[BenzMIM][CI] with a concentration of 1500 ppm then flushed with 1 PV of brine.
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For the first run, the values for simulated and experimental oil recovery for
the IL flooding are 78.28 and 77.21 [% OOIP], respectively as shown in Figure 7.
The simulation results showed that the IL was able to recover additional 6.49 [%

OOIP] compared to the base case. The oil saturation substantially decreased from
0.83 at the beginning of the water flooding to 0.16 at the end of the IL solution

flooding. This increase in oil recovery can be explained by the change in rock

wettability as illustrated by the imbibition relative permeability curve in Figure

8. The intersection points of the water and oil relative permeability curves for IL

Oil Recovery (% OOIP)
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o
=
g
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©
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£
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Figure 7. History matching results oil recovery and differential pressure (Brine + 1000

ppm [EMIM][Ac]).
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Figure 8. Water-oil relative permeability curve (Brine + 1000 ppm [EMIM][Ac]).
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flooding and base case are 0.69 and 0.62, respectively. These results are sup-
ported by the reduction in the IFT as illustrated in the experimental measure-
ments. Generally, the IFT reduction and the wettability alteration are thought to
be the most probable mechanisms leading to improvement in oil recovery by IL
flooding. This is also in agreement with another study where increasing the con-
centration of the IL (Ammoeng 102) resulted in decreasing the contact angle of
the oil droplet and changed the rock wettability from oil-wet to medium wa-
ter-wet [8]. Finally, the viscosity of [EMIM][Ac] slightly increased the viscosity
of the displacing phase and can be considered as one of the reasons for improv-
ing oil RF.

The main objective of the second run was to investigate the efficiency of dif-
ferent types of ionic liquids on oil recovery. After a conventional water flooding,
1 PV of 1500 ppm of [BenzMIM][CIl] was injected into the core sample followed
by 1 PV of chase water to flush the core sample. Results show an increment of oil
RF by nearly 4.33 [% OOIP] compared to the base case as shown in Figure 9. On
the other hand, in comparison with the [EMIM][Ac], the incremental RF of the
same chemical slug decreased by 2.16 [% OOIP]. This reduction in the oil RF is
also in agreement with the results from the IFT measurements in which the
[EMIM][Ac] was more efficient in reducing the system IFT than [BenzMIM][CI].
Therefore, [EMIM][Ac] is considered the optimum IL type and was utilized for

the rest of the simulation runs in this study.

3.3. Sensitivity Studies

The sensitivity analysis is a critical part of any simulation study because it allows

the engineer to conduct different scenarios that could be cost prohibitive in the
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Figure 9. History matching results oil recovery and differential pressure (Brine + 1500 ppm
[BenzMIM][CI]).
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laboratory. In this study, the effect of changing the fluid injection rate, concen-
tration of chemicals, chemical slug size, and chemical initiation time on oil RF is
tested.

Effect of Injection Rate

In any flooding process, the displacing fluid injection rate has a direct effect
on the production efficiency. Therefore, determining the optimum injection rate
is necessary to achieve a successful and cost-effective flooding job. The displac-
ing fluid injection rate was planned in the range of 0.1 cm’/min to 4 cm’/min for

the [EMIM][AC] slug. As shown in Figure 10, changing the injection rate of the

100
80 |
- . £
o =
N 60 -
g
S 40
6
e — 0.1 cc/min
20 1 cc/min
T 2 cc/min
S—— —— 3 cc/min
4 cc/min
—e——e—— Base Case
0 T T T
0 1 2 3
Pore Volume Injected (PV)
(a)
5
4
;
2 3
&
®
c
S 21
g
1 4
0 T T T T T
0.1 1 2 3 4

IL Injection Rate (cc/min)
(b)

Figure 10. Effect of changing [EMIM][AC] injection rate on oil RF (a) simulation results
(b) cross plot of additional RF after 1.5 PV.
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displacing fluid resulted in a significant change in the cumulative oil recovery.
Compared to the base case, the additional oil RF resulted from injection rates of
0.1 cm*/min and 4 cm®/min are 0.66 and 4.57 [% OOIP], respectively. However,
the difference in additional oil RF between 2 cm’/min and 4 cm’/min was nearly
1.43 [% OOIP] which does not justify the high consumption of chemical needed
as a result of increasing the injection rate. Therefore, 2 cm’/min is considered
the optimum [EMIM][AC] injection rate in this study.

Effect of Chemical Concentration

The effect of [EMIM][AC] concentration on oil RF was investigated by em-
ploying a concentration range of 100 to 10,000 ppm. As shown in Figure 11, in-
creasing the [EMIM][AC] concentration from 100 to 1000 ppm resulted in a no-
ticeable increase in additional oil RF compared to the base case which is in agree-
ment with the IFT measurements where the value of the system IFT drastically
decreased as the concentration increased to 1000 ppm. However, increasing the
[EMIM][AC] concentration from 1000 to 3000 ppm resulted in nearly the same
additional oil RF because 1000 ppm is considered the CMC for [EMIM][Ac] and
increasing the concentration beyond this point, resulted in slight decrease in the
system IFT. On the other hand, increasing the concentration to 10,000 ppm re-
sulted in a substantial increase in the oil RF. This could be explained by the in-
crease in the viscous force and a reduction in the mobility ratio when the con-
centration is very high. Although applying a concentration of 10,000 ppm re-
sulted in a noticeable increase in additional oil recovery by nearly 2.19 [% OOIP]
compared to 1000 ppm, economically speaking, using very high concentration is
not practical due to the high cost of IL. Therefore, 1000 ppm concentration of
[EMIM][AC] is considered the optimum case.

100
80 | — o— —
e
60 -
40 -
100 ppm
______ 500 ppm
207 1,000 ppm
———— | 2,000 ppm
— — — — - | 3,000 ppm
- 10,000 ppm
—rmmerm—ee Base Case
1] . | |
0 1 2 3

Pore Volume Injected (PV)
(a)
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Figure 11. Effect of changing [EMIM][AC] concentration on oil RF (a) simulation results
(b) cross plot additional RF after 1.5 PV.

Effect of Chemical Slug Size

Similar to displacing fluid injection rate, the chemical slug size has a signifi-
cant impact on the economics of the chemical flooding process. Five different
slug sizes of 1000 ppm of [EMIM][AC] were investigated as illustrated in Figure
12. Initially, conventional waterflooding (1 PV) was utilized followed by the dif-
ferent sizes of IL, then flushed with chase water until the end of the simulation
run. The results show that the additional oil RF increased from 0.59 to 3.12 [%
OOIP] as the IL slug size increased from 0.2 to 1 PV while it increased by nearly
1.21 as the slug size was raised from 1 to 2 PV. It is clear that increasing the
[EMIM][AC] slug size beyond 1 PV does not increase the oil RF economically
and hence 1PV is selected as the optimum slug size in this study.

Effect of Chemical Initiation Time

In order to determine the optimum [EMIM][AC] initiation time, 4 different
scenarios were investigated to determine the effect of initiation time on oil RF. 1
PV of [EMIM][AC] was initially introduced to the core sample followed by brine
and then planned to begin after 0.5 PV, 1 PV and 1.5 PV of waterflooding then
flushed by brine until the end of the simulation run. Figure 13 reveals that the
cumulative oil RF is sensitive to the [EMIM][AC] initiation time. Results show
that oil RF when [EMIM][AC] was introduced after 0 and 1.5 PV of brine flood-
ing, are 81.70 and 75.54 [% OOIP], respectively. It is obvious that introducing
the [EMIM][AC] at an early stage helped to improve the oil RF. However, from
the economic perspective, this should be carefully designed based on the IL slug

size utilized in order to achieve a cost-effective flooding job.

DOI: 10.4236/aces.2022.123011

158 Advances in Chemical Engineering and Science


https://doi.org/10.4236/aces.2022.123011

M. Elaghoury et al.

100
80 —_—
2 60
2
:
40
&
o)
S ———————— 0.2PV
[ Y S S S S S S E— YT T_¥ 0.5 PV
20 e — 1PV
1.5PV
————— 2PV
A " i Base Case
0 T T T
0 1 2 3
Pore Volume Injected (PV)
(a)
5
4
[
§\°« 3 i
&
g
g 27
1 4
0 T T T T T
0.2 0.5 1 1.5 2
IL Slug Size (PV)
(b)

Figure 12. Effect of changing [EMIM][AC] slug size on oil RF (a) simulation results (b)
cross plot of additional RF after 1.5 PV.
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Figure 13. Effect of changing [EMIM][AC] initiation time on oil RF (a) simulation re-
sults (b) cross plot of additional RF after 3 PV.

4. Conclusion

Numerical simulation technique was employed to history match lab scale core
flooding using ILs by utilizing CMG CMOST. The matched results of oil recov-
ery and pressure drop curves proved the ability of CMG CMOST to successfully
history match cumulative oil production profile by tuning the relative permea-
bility curves using Corey’s correlations, but less accurate in matching the diffe-
rential pressure profile. Results from CMG STARS simulator showed the ability
of both [EMIM][AC] and [BenzMIM][CI] in reducing the IFT and altering the
rock wettability towards water-wet. However, injecting [EMIM][AC] resulted in
an additional oil RF of 6.49 [% OOIP] compared to 4.33 [% OOIP] when [Benz-
MIM][CI] was injected using the same slug size. Sensitivity analysis showed that 1
PV is considered the optimum [EMIM][AC] slug size and increasing the [EM-
IM][AC] concentration beyond 1000 ppm resulted in a marginal increase in oil
RF. Results also showed that changing the [EMIM][Ac] injection rate resulted in
a significant change in the cumulative oil recovery. Furthermore, results showed
that increasing the [EMIM][Ac] slug size from 0.2 to 1 PV led to additional oil
recovery from 0.59 to 3.12 [% OOIP] and a 1 PV is considered the optimum slug
size. Finally, this study pointed out that the IFT reduction and the wettability al-
teration besides increasing the viscosity of the displacing phase are thought to be
the most probable mechanisms leading to improvement in oil recovery by IL

flooding.
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