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Abstract
After single-gas (SG) injection operations in tight oil reservoirs, a significant amount of oil is still unrecovered. To increase 
productivity, several sequencing gas injection techniques have been utilized. Given the scarcity of research on multiple-gas 
alternating injection schemes, this study propose an optimized triple-alternating-gas (TAG) injection for improved oil recov-
ery. The performance of the TAG process was demonstrated through numerical simulations and comparative analysis. First, 
a reservoir compositional model is developed to establish the properties and composition of the tight oil reservoir; then, a 
suitable combination for the SG, double alternating gas (DAG), and TAG was selected via a comparative simulation process. 
Second, the TAG process was optimized and the best case parameters were derived. Finally, based on the oil recovery factors 
and sweep efficiencies, a comparative simulation for SG, DAG, and TAG was performed and the mechanisms explained. The 
following findings were made: (1) The DAG and TAG provided a higher recovery factor than the SG injection and based 
on recovery factor and economic advantages, CO2 + CH4 + H2S was the best choice for the TAG process. (2) The results of 
the sensitivity analysis showed that the critical optimization factors for a TAG injection scheme are the injection and the 
production pressures. (3) After optimization, the recovery factor and sweep efficiency of the TAG injection scheme were the 
best. This study promotes the understanding of multiple-gas injection enhanced oil recovery (EOR) and serves as a guide 
to field design of gas EOR techniques.

Keywords  EOR · Triple-alternating-gas injection · Oil recovery factor · Sensitivity analysis · Tight oil reservoirs

Abbreviations
API	� American Petroleum Institute
CMG	� Computer Management Group
COP 21	� Paris Climate Conference 2015
EOR	� Enhanced oil recovery
EOS	� Equation of state
DAG	� Double alternating gas
GDP	� Gross domestic product

IOR	� Improved oil recovery
IP	� Injection pressure (psi)
ISC	� In situ combustion
MMP	� Minimum miscibility pressure (psi)
P–T	� Pressure–temperature
SG	� Single gas
SGAG​	� Simultaneous gas alternating gas.
TAG​	� Triple alternating gas

Introduction

The ever-increasing world population has resulted in a cor-
responding rise in global energy consumption (Alina et al. 
2019). The International Energy Agency’s (IEA 2020) world 
energy outlook 2020 publication revealed that the global 
primary energy consumption rose from 7 Gtep in 1977 to 
14 Gtep in 2017. Furthermore, fossil fuels largely domi-
nated the global primary energy mix in 2017 (81%). Petro-
leum products (32% in 2017), coal, and natural gas (27% 
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and 22%) remained, in that order, the top three sources of 
global energy supply. All this huge amount of energy had 
impacted negatively on the environment and has resulted 
in global warming due to CO2 emissions (Sher et al. 1998). 
The sulfur left in fuels could result in the emission of toxic 
gases that react with water to form acid rain, thereby leading 
to environmental, health, and safety hazards (Tawfik 2020; 
2021a, b). Notwithstanding, several studies have projected 
that fossil fuels will remain dominant in the future global 
energy supply (Alina et al. 2019; Okere et al. 2020; 2021a, 
b; He et al. 2021). To meet the global demand for fossil 
fuels (particularly crude oil), efficient enhanced oil recovery 
(EOR) techniques are necessary (Tawfik and Mukaila 2019; 
2021; Okere et al. 2020).

Generally speaking, EOR techniques are classified 
into thermal and non-thermal processes. These processes 
modify crude oil properties (such as density and viscos-
ity) to improve oil circulation in the reservoir and eventu-
ally improve oil recovery (Handy et al. 2019; Mukaila and 
Tawfik 2020). The thermal EOR process is classified into 
steam, combustion, and hot water (Kovscek et al. 2013; 
Aysylu et al. 2020). Non-thermal EOR includes microbial, 
chemical, and miscible flooding. Chemical EOR is one of 
the critical EOR techniques that have been applied in some 
oil fields (Ali and Hamid 2020). Established chemical EOR 
techniques include polymer flooding (Ali and Hamid 2020), 
alkaline flooding (Phukan et al. 2019), surfactant flooding 
(Druetta and Picchionic 2020), and gas EOR (Mydland 
et  al. 2020). However, there are the two main types of 
gas injection, namely miscible and immiscible gas injec-
tion (Pourhadi et al. 2020). In miscible gas injection, gas 
is injected at or above the minimum miscibility pressure 
(MMP) which makes the gas miscible in oil. On the other 
hand, in the injection of immiscible gas, the flooding with 
the gas takes place below the MMP (Aref et al. 2014). This 
low-pressure gas injection maintains the reservoir pressure 
and increases the production rate (Hoss et al. 2019).

Several research publications have indicated that the exist-
ing gas injection methods aforementioned could only pro-
vide about 14% increases from the previous EOR methods 
(Mohammed et al. 2019; Lino and Akhil 2018; Kamali and 
Cinar 2014). Researchers and field experts have successfully 
implemented sequencing gas injection schemes such as dou-
ble alternating gas (DAG), simultaneous gas alternating gas 
(SGAG), and water alternating gas (WAG) as a more efficient 
gas EOR technique (Abdelaziz et al. 2018; Ahmed et al. 2021; 
Aliya et al. 2016; Roozbeh et al. 2012; Mvomo et al. 2021). 
However, only a few studies have attempted a triple-gas injec-
tion scheme (Bougre and Gamadi 2021). It is important to 
mention that gas injection EOR becomes more challenging in 
tight oil reservoirs that are characterized by extremely low per-
meability, porosity, and complicated reservoir configurations 
(Zuloaga-Molero et al. 2016; Abdullah and Hasan 2021). For 

this reason, scholars recently developed optimized gas EOR 
and sequencing techniques verified via experimental, numeri-
cal simulations, and field applications (Yong et al 2016; Vo 
Thanh et al. 2020; Lino and Akhil 2018). However, the effi-
ciency of an optimal multiple-gas injection scheme (such as 
the triple-gas injection process) is yet to be explored. Hence, 
it is necessary to evaluate the efficiency of an optimized mul-
tiple-gas injection scheme, to guide during critical decisions 
regarding the application of gas EOR techniques in the field.

Given the scarcity of research on optimized multiple-gas 
injection schemes, this study is aimed at proposing an opti-
mized triple-alternating-gas (TAG) injection scheme. The fea-
sibility of the proposed method was verified through compara-
tive simulations that are based on field data. First, the reservoir 
compositional model is developed to establish the properties 
and composition of the crude oil. Second, based on the estab-
lished model, several possible gases were simulated to select a 
suitable combination for the single gas (SG), DAG, and TAG. 
Third, the TAG process is optimized and best case parameters 
are derived. Fourth, comparative simulations for SG, DAG, 
and TAG were performed using the optimized parameters. 
Finally, a comparison of the sweep efficiency and mechanisms 
is explained. It is expected that the research results will pro-
vide a practical guide for future field development of tight oil 
reservoirs.

Methodology

Development of the compositional reservoir model

Following the established guidelines of previous publica-
tions, a field-scale compositional model is built using CMG-
WINPROP; the model is specifically developed for the char-
acterization of fluids, PVT data, MMP calculation, and fluid 
composition (Gbadamosi et al. 2019). The Peng–Robinson 
equation of state (PR-EOS) is a fundamental model used in 
oil and gas industries, so we describe the phase behavior of 
the gas–oil systems using this PR-EOS model as the equation 
of state. The PR-EOS model (Peng and Robinson 1976) can 
be expressed as:

where

(1)p =
RT

vb
+

a

v(v + b) + b(v − b)

(2)a = 0.457
R2T2

c

P2
c

(3)b = 0.078
RTc

Pc
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At critical points, the conditions of liquids and their vapor 
state are identical; therefore, Eqs. (2) and (3) become;

Hence, the Soave-type beta function ( � ) used in the PR-
EOS model is expressed as (Peng and Robinson, 1976):

In these equations, P and Pc are gas pressure and critical 
pressure, respectively, R is gas constant. T  , Tr, and Tc are 
temperature, residual temperature, and critical temperature, 
respectively, v is specific volume, � represents the acentric 
factor, and a and b are attraction and repulsion parameters, 
respectively.

Design of the simulation process

The crude oil utilized in the simulation process comprises 
twelve components, namely CO2, N2–CH4, C2H6, C3H8, 
IC4–NC4, IC5–NC5, C6, C7–C10, C11–C13, C14–C17, C18–C21, 
and C22+. The corresponding molar fractions are 0.2600052, 
25.056501, 11.868237, 9.7581952, 6.399128, 4.0290806, 
3.3790676, 18.346367, 7.8721574, 6.0911218, 3.2440649, 
and 3.6960739, respectively. (Runxuan et al. 2019; Wei 
et al. 2015). The properties of the injected fluid were the 
same as in our previous publication (Mvomo et al. 2021). 
The model comprises 30 × 30 × 5 grids blocks, with corre-
sponding length, width, and height of 200 ft × 400 ft × 35 ft, 
respectively. The simulated shale reservoir properties for the 
base case are shown in Table 1.

The injection cycles and simulation run time were fifteen 
years. Multiple simulations of the gas injection and sequenc-
ing process are carried out to compare several gas-EOR 
mechanisms. The combination of the simulated injection 
scheme includes SG injection O2, H2S, CO2, N2; DAG injec-
tion (CO2 + O2), (CO2 + CH4), (CO2 + H2S), (CO2 + N2); 
and TAG injection (CO2 + CH4 + H2S), (CO2 + CH4 + N2), 
(CO2 + CH4 + O2), (CO2 + H2S + O2), (CO2 + N2 + O2).

Results and discussion

Results of the reservoir compositional model

The results of the properties and composition of the tight oil 
are shown in Table 2.

The simulation prediction of the pressure–temperature 
(P–T) two-phase boundary for the reservoir fluid composi-
tion is presented in Fig. 1.

(4)b(T) = b
(

Tc
)

(5)a = b × �
(

Tr,�
)

(6)
�
(

Tr,�
)

= 1 +
(

0.37464 + 1.54226� − 0.26992�2
)(

1 − T0.5

r

)

The P–T phase envelopes of tight oil are investigated 
as illustrated in Fig. 1; indeed, the noticeable difference 
caused by the capillarity effect on bubble-point pressures 
achieved as high as 1000 psi. Indeed, for tight oil res-
ervoirs, the mixture remains in the single-phase region 
where the pressure is higher than the bubble-point pres-
sure. Moreover, the drop in the bubble-point pressure is 
the single-phase region which leads to suppression and has 
a positive influence on the performance of vertical wells in 
tight oil reservoirs. The cumulative oil production can be 
improved as high as 7% (Subero 2009; Yuan et al. 2017).

Table 1   Simulation details of the base case model of reservoir prop-
erties (Mvomo et al. 2021; Ehsan et al. 2018; Chen et al. 2018)

Variable name Value

Grids 30 × 30 × 5
Reservoir depth (ft) 8500–9000
Thickness (ft) 35–50
Porosity (%) 9
Permeability (I) (layer1…layer5) (mD) 0.0272–0.1445
Permeability (J) (layer1…layer5) (mD) 0.0272–0.1445
Permeability (K) (layer1…layer5) (mD) 0.0272–0.1445
Oil density (lb/ft3) 49–60
Oil viscosity (cp) 0.3–45
GOR (scf/bbl) 28–2000
Water saturation 0.4
Initial oil saturation 0.6
Injection pressure (psi) 8700
Bubble-point pressure (psi) 2500
MMP (psi) 3600
Reservoir gas injection rate (ft3/day) 20,000
Surface liquid rate (bbl/day) 300

Table 2   Properties and composition of tight oil sample

Components Pc (atm) Tc (K) Acentric 
factor(ω)

Molecular 
weight

CO2 72.8 304.2 0.225 44.01
N2–CH4 44.89 187.59 0.0094 16.58
C2H6 48.2 305.4 0.098 30.07
C3H8 41.9 369.8 0.152 44.1
IC4–NC4 37.17 421.49 0.1894 58.12
IC5-NC5 33.34 466.18 0.2421 72.15
C6 32.46 507.5 0.275 86
C7–C10 25.15 627.21 0.3205 137.76
C11–C13 20.22 684.14 0.4595 198.2
C14–C17 17.15 733.42 0.5751 255.58
C18–C21 15.74 791.36 0.7013 322.9
C22+ 10.57 1066.91 1.1184 344.97
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Results of the comparative simulation for the design 
of TAG injection

Based on the simulation design in Sect. Design of the sim-
ulation process, the results of the comparative numerical 
simulation for base case SG, DAG, and TAG injection pro-
cess are shown in Fig. 2.

As Fig. 2a shows, N2 has the highest oil recovery factor at 
approximately 47.2%. This is because, when N2 is injected 
into the reservoir, the gravity difference between oil and 
other formation fluids increases the oil recovery and forma-
tion pressure, thereby supplying sufficient formation energy 
that will improve the oil displacement efficiency (Xinrui 
et al. 2017). Although the recovery factor of N2 injection is 
high under miscible conditions favoring the vaporization of 
light fractions of light oils and condensates, only a few N2 
floods have been reported in recent times; hence, we do not 
foresee an increment in the number of projects implement-
ing this EOR gas flooding method. CO2 provided nearly the 
same oil recovery factor at N2 at approximately 45%. The 
injected CO2 mixes with the reservoir oil either at first con-
tact or after several contacts, thus improving the volumetric 
sweeping and displacement efficiencies (Abdelaziz et al. 
2018). CO2 flooding has been the most widely used single-
gas method for medium and light oil production. The recov-
ery factor of other gasses such as H2S and O2 was relatively 
lower at about 36% and 6%, respectively.

Figure  2b indicates that the injection of CO2 + CH4 
provides a high recovery factor of about 55.3%, while the 
recovery factor of CO2 + N2 is close at approximately 54.3%. 
However, the recovery factors of CO2 + H2S and CO2 + O2 
were significantly low at 44.6% and 8.2%, respectively. This 

result conforms to the outcome of existing literature. Herein, 
the microscopic displacement efficiency is improved by 
reducing or removing the interfacial tension between the oil 
and the miscible gas (Muggeridge et al. 2014).

As Fig.  2c indicates, the recovery factors, arranged 
from highest to lowest, are as follows: CO2 + CH4 + N2 
(54.5%) > CO2 + CH4 + H2S (51.3%) > CO2 + N2 + O2 
(25%) > CO2 + CH4 + O2 (21.9%) > CO2 + H2S + O2 (12%). 
During the injection, the residual oil saturation is reduced by 

Fig. 1   WinProp two-phase flash results showing the predicted two-
phase boundary

Fig. 2   Comparative simulation results for a SG; b DAG; c TAG​



219Journal of Petroleum Exploration and Production Technology (2022) 12:215–225	

1 3

creating a miscible contact (Muggeridge et al. 2014; Zende-
hboudi et al. 2013; Farajzadeh et al. 2012; Teletzke et al. 
2005; Gbadamosi et al. 2018).

In summary, for the base case simulation results, DAG 
and TAG provided a higher recovery factor than the SG 
injection method. Based on the high recovery factor, eco-
nomic advantages, and availability of the gases, we, respec-
tively, select CO2, (CO2 + H2S), and (CO2 + CH4 + H2S) for 
SG, DAG, and TAG analysis in subsequent sections. Fur-
thermore, to optimize the selected TAG injection scheme, 
a sensitivity analysis is conducted in subsequent sections.

Results of sensitivity analysis on the TAG injection 
scheme

Herein, the performance of the selected TAG injection 
scheme is optimized using four parameters, namely cycle 
time, volume ratio, injection pressure, and production pres-
sure at selected scenarios. Detailed description of these sen-
sitivity analyses is shown in the following sections.

Optimization of cycle time

The TAG cycle time defines as the alternation of the injec-
tion of three gases with equal or different durations between 
them. The selected simulation cycle times are 0.5 years; 
1 year (i.e., base case); 2 years; and 3 years. The simulation 
result is shown in Fig. 3.

As Fig. 3 indicates, the 0.5-year cycle gives the highest 
recovery factor. This is because it is more favorable to inject 
CO2, CH4, and H2S at the shortest possible time to attain the 
gas–oil miscibility at the pressure above minimum miscibil-
ity pressure. Further, for all cases, the oil production sig-
nificantly increased with time. Therefore, the optimal cycle 
time is 6 months.

Optimization of injection volume ratio

The injection volume ratio defines as the ratio of the vol-
ume of gas injected per day. The simulated volume ratios 
used for optimizing the TAG injection are presented in 
Table 3.

To analyze the effect of the quantity of gas injected 
on the oil recovery, the volumetric ratios established in 
Table 3 were simulated against the oil recovery factor as 
shown in Fig. 4.

As Fig. 4 shows, for all injected volume ratios, the oil 
recovery factor constantly increased (one of the advan-
tages of the miscible TAG injection scheme). Further-
more, the ratio 3:1 provided the most efficient oil recovery, 
which can be attributed to the theory that explains that 
gases have relatively high mobility compared to oil; thus, 
breakthrough of gases will easily occur. In this regard, 
increasing the volume ratio enhances the volumetric sweep 
efficiency, thereby improving the performance of the TAG 
process.

Fig. 3   Simulation results of selected cycle time

Table 3   Selected injection volume ratios for optimizing the TAG pro-
cess

S/N TAG ratio Gas rate CO2 
(ft3/day)

Gas rate CH4 
(ft3/day)

Gas rate 
H2S (ft3/
day)

1 1:1/2 20,000 10,000 10,000
2 1:1(base case) 20,000 20,000 20,000
3 1:2 20,000 40,000 40,000
4 1:3 20,000 60,000 60,000
5 2:1 40,000 20,000 20,000
6 3:1 60,000 20,000 20,000

Fig. 4   Simulation results of selected injection volume ratio
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Optimization of injection pressure

The minimum miscibility pressure (MMP) is a key criterion 
when designing for injection pressure (IP) during gas EOR 
(Mohamed et al. 2021). When the IP is below the MMP, 
there is no significant oil recovery; however, when the IP 
is higher than the MMP, there will be a significant increase 
in oil recovery. Additionally, studies have shown that for 
miscible gasses such as CO2 and CH4, the oil recovery fac-
tor increases (Abdelaziz et al. 2018). Herein, the selected IP 
is greater than or equal to the MMP (i.e., IP ≥ MMP). The 
selected IP is 2000 psi; 4000 psi; 6000 psi; and 8000 psi 
(i.e., base case). The simulation result is shown in Fig. 5.

As Fig. 5 indicates, the optimal IP is 8000 psi. In addi-
tion, the simulation result also illustrates that more oil is 
produced when the injection pressure increases from 2000 
to 8000 psi. Below 6000 psi, the injection pressure had less 
effect on oil recovery; hence, additional pressure increases 
gas sweep volume and allows the oil and gas to attain a 
miscible condition.

Optimization of production pressure

The production pressure is maintained above the MMP 
because the gases will mix with the hydrocarbons and flow 
together in one phase. The first contact MMP is approxi-
mately 5500 psi, while the multi-contact miscibility is 
approximately 2200 psi. Hence, the selected production 
pressure is 1000 psi; 2000 psi; 3000 psi (base case), and 
4000 psi. The simulation result is shown in Fig. 6.

Figure 6 shows that 1000 psi is optimal production pres-
sure. This indicates that the lower the production pressure, 
the lesser the tendency to attain miscibility (Savjani et al. 
2012). Additionally, the oil recovery rate is inversely pro-
portional to the production pressure.

The sensitivity analysis has shown that the performance of 
the TAG injection scheme is more sensitive to the injection 
and the production pressures. To evaluate the efficiency of the 
TAG method, the optimized parameters are used to perform 
comparative simulations for TAG, DAG, and SG injections.

Results of comparative simulation of TAG, DAG, 
and SG injections

In this section, the performances of the selected combination 
of gasses (in Sect. Results of the comparative simulation for 
the design of TAG injection) were compared before and after 
optimization. It is important to note that the comparative 
simulation before optimization was carried using the base 
case parameters, while the best case (optimized) parameters 
were used for simulating after optimization. The results of 
the comparative simulation before and after optimization 
for SG, DAG, and TAG injections are highlighted in Fig. 7.

Figure  7 shows that before optimization, the recov-
ery factor for TAG, DAG, and SG was 55.14%, 51.32%, 
and 44.96%, respectively. However, after optimization, 
the recovery factor for TAG, DAG, and SG was 84.74%, 
78.61%, and 63.14%, respectively. This implies that the TAG 
injection EOR process increased the percentage oil recov-
ery factor of the DAG and SG by approximately 8% and 
34%, respectively. Thus, the above analysis confirmed the 
effectiveness of the TAG injection scheme in enhancing oil 
recovery from tight oil reservoirs; however, a comparison 
of the volumetric sweep efficiency will further validate the 
findings of this study.

Results of comparative simulation of the volumetric 
sweep efficiency during SG, DAG, and TAG injections

Herein, the volumetric sweep efficiency of the selected com-
bination of gasses (in Sect. 4.2) was compared before and Fig. 5   Simulation results of selected IP

Fig. 6   Sensitivity analysis optimization of TAG production pressure
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after optimization. The simulation was performed at inter-
vals of five years, starting from 2020 to 2035. The results 
of the comparative simulation before and after optimization 
for SG, DAG, and TAG injections are highlighted in Fig. 8.

It can be seen in Fig. 8 that after optimization, the sweep 
efficiency greatly improved better than that before. This 
occurs when the gas breakthrough increases with a corre-
sponding increase in gas injection rates. Interestingly, the 
volumetric sweep efficiency of the TAG injection scheme 
was the best. The mixture of gas and crude oil will result 
in a volumetric expansion of the crude oil, the microscopic 
displacement efficiency, and the vertical sweep efficiency 
due to gravity override (Fig. 9).

Scholars have demonstrated that the primary mechanism 
for oil recovery in a gas injection process is the change 
in mass between the oil and gas phases (Gbadamosi et al. 
2019). The mass transfer increases and forms a miscible plug 
in front of the gas phase (Biswerwar et al. 2020; Sikandar 
et al. 2020). Higher efficiency of miscible gas flooding is 
attributed to a high mass transfer between the oil and gas 
phases (Fig. 9), which results in reduced viscosity of the 

Fig. 7   Results of the comparative simulation before and after optimi-
zation for SG, DAG, and TAG injection

Fig. 8   Results of comparative simulation of the volumetric sweep efficiency: a TAG; b DAG; c SG
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Fig. 8   (continued)



223Journal of Petroleum Exploration and Production Technology (2022) 12:215–225	

1 3

oil and swelling of the oil; thus, greater viscous forces are 
obtained, leading to better macroscopic and microscopic 
efficiencies (Sohrabi et al. 2008; Gbadamosi et al. 2019). 
In addition, the swelling and the decrease in the viscosity 
of the oil phase are activated during the flooding of the gas 
due to the condensation of the intermediate components of 
the gas in the oil phase (Johannes2015). The gas always 
extracts some components from the oil phase (Boyun et al. 
2007). Therefore, the efficiency of oil transport by gas can 
be explained by the concept of MMP (Wang et al. 2020). 
When the gas injection is maintained above the MMP, a 
high oil recovery factor is achieved (Bisweswar et al. 2020). 
However, the MMP is not the same for different gases, and it 
is generally much higher for N2 than for CO2; therefore, for 
an N2 oil system, the miscibility condition is more difficult 
to achieve (Bougre et al. 2021). Usually, the injection of CO2 
is more efficient than the injection of other non-hydrocarbon 
gases (Hadi et al. 2013).

Conclusions and recommendation

An optimal TAG tertiary recovery operation was proposed 
for improved oil recovery in unconventional oil resources. 
This study provides a reliable basis for the optimization of 
multiple injection miscible gas techniques. The following 
points have been covered:

1.	 Based on the high recovery factor, economic advan-
tages and availability of the gases, CO2, (CO2 + H2S), 
and (CO2 + CH4 + H2S) were selected for further design 
of an optimal SG, DAG, and TAG miscible gas EOR.

2.	 According to the sensitivity analysis on the selected 
TAG injection scheme, the optimal cycle time, vol-
ume ratio, injection pressure, and production pressure 
are 6 months, 3:1, 8000 psi, and 1000 psi, respectively. 
Furthermore, the sensitivity analysis has shown that the 
performance of the TAG injection scheme is more sensi-
tive to the injection and the production pressures.

3.	 Comparative simulations of optimal SG, DAG, and 
TAG showed that that the TAG injection EOR pro-
cess increased the percentage oil recovery factor of the 
DAG and SG by approximately 8% and 34%, respec-
tively. Additionally, the overall sweep efficiency greatly 
improved.

4.	 Analysis of the mechanisms revealed that higher effi-
ciency of EOR miscible gas flooding is attributed to a 
high mass transfer between the oil and gas phases, which 
results in reduced viscosity and swelling of the oil.

Therefore, the following recommendations are made 
for future studies: (a) Critical analysis of field applications 
based on the optimal TAG injection process is necessary to 
validate the simulation results; (b) a more detailed economic 
analysis on the TAG process is important; (c) an extensive 
study on the chemical interaction between the components 
will further explain the scientific aspect of the mechanisms.
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Fig. 9   Schematic process of the 
mechanism of TAG injection
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