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Abstract 
This study investigates the application of carbon dioxide (CO2) sequestration 
to address challenges in water-drive gas reservoirs, specifically focusing on im-
proving gas recovery and mitigating water invasion. Traditional methods like 
blow-down and co-production have limitations, including sand production, 
water coning, and inefficiency in strong aquifers. To overcome these issues, 
this research explores CO2 injection near the edge aquifer, aiming to reduce 
water influx and enhance gas recovery through the propagation of a CO2 
plume in the gas-water contact zone. Both synthetic and real compositional 
reservoir models were studied, with CO2 injection performed while maintain-
ing reservoir pressure below 90% of the initial level. Results show that CO2 
sequestration significantly improved recovery, particularly in higher permea-
bility reservoirs, where it reduced aquifer influx and increased gas production 
by 26% under challenging conditions. While CO2 dissolution in water de-
creased aquifer influx by 39%, its adverse effect on sweep efficiency led to a 
reduction in gas and water production by 4.2% and 10%, respectively. The 
method's effectiveness was not significantly impacted by aquifer permeability, 
but it was sensitive to vertical-to-horizontal permeability ratios. When applied 
to a real gas reservoir, the proposed method increased gas production by 14% 
compared to conventional techniques, with minimal CO2 production over a 
112-year period. This study demonstrates the potential of CO2 sequestration 
as a comprehensive solution for enhancing gas recovery, reducing water pro-
duction, and mitigating environmental impacts in water-drive gas reservoirs. 
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1. Introduction 

Aquifer activity significantly influences recovery declines in water-drive gas res-
ervoirs [1] [2]. Recoveries typically range from 35% to 75%, while depletion-drive 
reservoirs can achieve nearly 90% [3]. The ultimate recovery is governed by phys-
ical properties like residual gas saturation (Sgr) behind the water front [4] [5]. Sgr 
values vary from 0.1 to 0.7. As production increases and pressure drops, water 
invades gas-filled pores, leading to incomplete gas displacement. Capillary pres-
sure and relative permeability effects can halt gas flow, allowing only water to pass 
through the rock [6]-[8]. Two techniques enhance recovery in gas reservoirs with 
aquifer support. The blow-down technique involves producing gas at a high rate 
to exceed water invasion rates, necessitating a pressure drop before aquifer re-
sponse [9]. However, it may be ineffective in weak aquifers and can lead to water 
conning and sand production. An alternative, co-production, extracts water from 
downdip wells while producing gas from updip wells, which slows water influx 
and allows more time for gas production. In strong aquifers, increased water pro-
duction may not significantly lower reservoir pressure, leading to low incremental 
recovery [7]. A major drawback is the production of hazardous water containing 
heavy metals, chemicals, and hydrocarbons [10] [11]. A systematic study by 
Agarwal et al. emphasized maximizing depletion practices for gas recovery and 
highlighted water influx as a critical factor in low efficiency [12]. Solutions for 
these gas reservoirs include depleting pore volume before water invasion or alle-
viating water influx. Li et al. proposed a new criterion for assessing aquifer activity 
levels and a method for establishing recovery variation ranges. 

The CO2 concentration trend reflects mostly energy-related human activities 
that, over the past decade, were determined by economic growth, mostly in devel-
oping countries [13]. The 2012 CO2 concentration of 394 ppm was about 40% 
higher than in the mid-1800s, with an average growth of 2 ppm/year in the last 
ten years (2013). The main drawbacks of CO2 emission reduction approaches vary 
in scope and impact. Renewable energy requires high upfront costs and faces in-
termittency challenges, while energy efficiency improvements can become costly 
and complex as they scale. Fuel switching still relies on fossil fuels and can result 
in methane leaks, limiting its long-term viability. Afforestation and reforestation 
require large land areas and take time to yield results while being vulnerable to 
environmental threats. Carbon pricing can encounter political resistance and may 
impose economic burdens on industries, depending on the price set [14] [15]. One 
of the effective solutions for decreasing the emission of CO2 is direct capturing 
and storing in deep geological formations, which is known as Carbon Capture and 
Storage (CCS) [16]. In recent years, there has been an increasing interest in the 

https://doi.org/10.4236/cweee.2025.141001


M. A. Safarzadeh et al. 
 

 

DOI: 10.4236/cweee.2025.141001 3 Computational Water, Energy, and Environmental Engineering 
 

development of gas reservoirs for the safe storage of CO2. Several studies have 
reported on the numerical simulation and study of the CO2 storage process, usu-
ally in order to establish more efficient schemes to store larger volumes of gas 
[17]-[19]. 

To investigate conventional CO₂ sequestration in gas reservoirs, Abba et al. 
demonstrated that water saturation and salinity significantly influence CO2 dis-
placement efficiency in methane reservoirs [20]. Honari et al. also measured fluid 
dispersion in rock cores at various saturations, finding that irreducible water can 
increase dispersivity by up to 7 [21]. This work introduces an alternative strategy 
involving CO₂ injection to mitigate water encroachment and enhance gas produc-
tion in water-drive gas reservoirs. Applying this proposed method offers two po-
tential advantages compared to routine CO2 sequestration: it can promote the 
propagation of the CO2 plume near the aquifer, thereby reducing aquifer influx, 
and it can significantly decrease hazardous water production. However, a major 
challenge of this method lies in monitoring the injection pressure to prevent frac-
turing. While existing studies underscore the efficiency and cost benefits of CO2 
storage in depleted reservoirs [22]. This research aims to further enhance recovery 
rates specifically in water-drive gas reservoirs. By focusing on optimizing recovery 
strategies, this work seeks to address challenges related to water encroachment while 
leveraging the advantages already established in the field of CO2 sequestration.  

2. Models Description 

This study investigates the impact of aquifer activity on the performance of gas 
reservoirs through a series of simulation studies conducted on two compositional 
models: a synthetic model and a real case. Figure 1 illustrates a 3D view of the 
models and their associated wells. Both CO2 injection and water production wells 
featured a vertical main well and a horizontal sidetrack, while the other producing 
wells were vertical. The composition of the reservoir fluids is detailed in Table 1. 
For this study, a water-drive gas reservoir was designated as the Base Case. Table 
2 presents the static and dynamic properties of the two models under the Base 
Case scenario. 
 
Table 1. Composition of reservoirs fluids. 

Component 
Mole Fraction (%) 

Synthetic Model Real Model 

CO2 0 2.6 

C1 94.68 95.86 

C3C4 5.32 0.71 

C5C6 0 0.33 

C7+(1) 0 0.3952 

C7+(2) 0 0.1048 
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Figure 1. 3D view of reservoir models and their wells. 

 
Table 2. Static and dynamic properties of two models for base case. 

Property Unit 
Value 

Synthetic Model Real Model 

Reservoir Length m 3000 48196 

Reservoir Width m 3000 45627 

Average Thickness m 100 50.05 

Temperature ˚C 93 127 

Initial Pressure bar 204 350 

Average Porosity % 10 3.3 

Water/Gas Contact Depth m 2090 2930 

Average Vertical Permeability md 1.4 1.6 

Average Horizontal Permeability md 7 16 

Model Dimension - 50 × 50 × 10 60 × 45 × 8 

No. of Production Well - 1 4 

No. of Injection Well - 1 3 

Total CO2 Injection Rate MMSCMD 0.4 3.1 

Simulation Time Year 30 112 

Maximum Water Cut % 20 20 

Total CO2 Injected MMMSCM 4.38 126 

Aquifer Permeability md 250 220 

Aquifer Porosity % 25 20 

Angle of Influence Degree 360 - 

Bottom hole Pressure bar 70 90 

2.1. Synthetic Model 

In the synthetic model, the horizontal injection well was positioned near the aq-
uifer, while the production well was located at the center of half of the cubic model 
(see Figure 1). This heterogeneous reservoir model contained gas composed of 
three components, which was simulated using the Peng-Robinson equation of 
state. The properties of the reservoir rock were characterized using the Corey 
model, with a Corey index of 6 for gas and 4 for water. The reservoir featured an 
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active edge-driven aquifer, modeled according to the Carter-Tracy model in the 
Base Case. 

2.2. Real Case Model 

The real case field produces 6 million standard cubic meters (MMSCM) of gas per 
day. Similar to the synthetic model, the horizontal injection wells were placed near 
the aquifer. The reservoir model contains gas with six components, which was 
modeled using the modified Peng-Robinson equation of state. The aquifer was 
represented using the Carter-Tracy model. 

3. Production and Injection Scenarios 

In this study, four cases were analyzed to investigate the effect of the aquifer on 
the performance of both synthetic and real cases. In the first case (Case I), the 
influence of the aquifer on the reservoir was suspended by deactivating it. The 
primary goal of this case was to determine the impact of the aquifer on reservoir 
performance. 

In the second case (Case II), the production process was simulated under a de-
pletion scenario, accompanied by the aquifer. Comparing Case I and Case II illus-
trates the effect of aquifer activity on water and gas production. The production 
conditions in this case are the same as in the first case, serving as the Base Case 
for production in the reservoir. 

In the third case (Case III), a co-production technique was applied. Water pro-
duction commenced in the initial years at optimized production rates of 10 mil-
lion standard cubic meters (MSCM) for the synthetic model and 6 MSCM for the 
real case. Water was produced separately from a horizontal well located near the 
aquifer. 

Finally, in the last case (Case IV), CO2 sequestration was simulated to mitigate 
the effects of water encroachment in water-drive gas reservoirs. To enhance CO2 
sequestration, the injection process began in the early years of production. The 
maximum pressure allowed during this injection process was 0.90 of the initial 
pressure, controlled by the total injection rate of CO2. 

4. Results and Discussion 

Gas production from a water-drive reservoir can trap significant gas in pore vol-
umes. Injecting CO2 into the adjacent water-gas contact can reduce aquifer influx 
and sweep more gas toward production wells. This study examined the effects of 
reservoir permeability, vertical-to-horizontal permeability ratio, aquifer proper-
ties, and CO2 dissolution on a synthetic water-drive gas reservoir model, followed 
by application to a real case. 

4.1. Synthetic Model 

The study investigated the effects of reservoir permeability, the vertical-to-hori-
zontal permeability ratio, aquifer properties (including permeability, radius, and 
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initial pressure), and CO2 dissolution. 

4.1.1. Effect of Horizontal Permeability (Kxy) 
Figure 2 illustrates the effect of reservoir permeability on cumulative gas produc-
tion and water-cut for the four cases. The rate at which gas production increases 
with rising reservoir permeability differs between the cases. Notably, CO2 injec-
tion near the aquifer (Case IV) achieves the highest gas recovery across all perme-
ability values. For this range of permeabilities, gas recovery in the active aquifer 
case (Case II) decreases as permeability increases, compared to the inactive aquifer 
case (Case I). In other words, the negative impact of the aquifer becomes more 
pronounced as reservoir permeability increases. A similar trend in gas production 
vs. permeability is observed for both the Base Case (Case II) and CO2 injection 
(Case IV). 

In the conventional method (Case III), gas production diminishes with lower 
permeability compared to the active aquifer case (Case II). This is because, with 
higher permeability and the corresponding higher water-cut, the water influx is 
effectively controlled, allowing more time to deplete the reservoir. Although the 
conventional method improves gas production at a permeability of 7 md com-
pared to the Base Case, the associated production of large volumes of water is 
undesirable. To further evaluate Case III, a reservoir permeability of 15 md was 
tested, revealing that Case III does not significantly enhance gas production rela-
tive to the 7 md permeability. Similarly, gas production in Case II does not in-
crease significantly with higher permeability. The figure also shows that the water-
cut in Case IV remains near zero. CO2 injection sweeps the reservoir, reducing the 
water-invaded zone and enhancing gas recovery while maintaining reservoir pres-
sure, which prevents water movement by limiting pressure drawdown. The 
amount of CO2 produced is 0.9%, 1.4%, and 2.1% of the injected volume by the 
30th year for reservoir permeabilities of 2, 5, and 7 md, respectively. 

Additionally, the effect of permeability heterogeneity (with a standard deviation 
from 0.1 to 1.0) at 7 md was tested, showing no significant impact on gas and 

 

 

Figure 2. Comparison of cumulative gas production and water cut of Case I, II, III and IV for Kxy = 2, 5 and 7 
md (S.D = 0.3). 
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water production. Figure 3 presents the gas saturation profile (cross-section) for 
Cases II, III, and IV at the same time, revealing that Case IV traps less gas, con-
firming that CO2 injection sweeps more gas compared to the other methods. 

Figure 4 compares the water saturation profiles for the four cases. In Case IV, 
the reduced aquifer influx leads to lower water saturation in the reservoir, delaying 
water breakthrough and thereby increasing gas production. While water break-
through occurs earlier in Case III than in Case II, gas production is higher due to 
the reduced contact area between water and gas. However, water production using 
the conventional method does not significantly mitigate the aquifer influx. 

 

 
Figure 3. Comparison of gas saturation profile versus distance from aquifer 
for Case II, III and IV-cross section view. 

 

 
Figure 4. Comparison of water saturation profile for Case II, 
III and IV. 

4.1.2. Effect of Vertical to Horizontal Permeability Ratio (Kz/Kxy) 
In addition to reservoir permeability, it is crucial to assess the impact of the verti-
cal-to-horizontal permeability ratio. Figure 5 compares the effects of this ratio on 
aquifer influx, cumulative gas, CO2, and water production for Cases II, III, and IV. 
The figure shows that cumulative gas production for CO2 injection (Case IV) de-
creases as the permeability ratio increases, due to the upward movement of CO2 
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caused by gravity override. Additionally, the amount of CO2 produced increases 
with higher permeability ratios. In contrast, no significant increase in gas produc-
tion is observed for Cases II and III as the permeability ratio rises, compared to 
Case IV. 

Despite this, CO2 injection (Case IV) consistently achieves the highest gas re-
covery, with a 26% increase in gas production even at a ratio of 0.4. However, the 
efficiency of CO2 injection diminishes as the permeability ratio increases. Water 
production in Case III increases significantly as the permeability ratio rises, but 
this does not improve reservoir performance, even with the high water production 
levels. 

As illustrated in Figure 5, the ability of CO2 injection (Case IV) to significantly 
reduce aquifer influx is its key advantage. Although aquifer influx in Case III ex-
ceeds that in Case II, the amount of water produced in Case III is higher, indicat-
ing that less water remains in the reservoir in Case III than in Case II. 

 

 

Figure 5. Effect of vertical to horizontal permeability on gas production, CO2 production, water production and 
aquifer influx. 

4.1.3. Effect of Aquifer Properties 
The effect of aquifer properties on both the conventional and proposed methods 
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was examined. Figure 6 and Figure 7 illustrate the impact of aquifer properties 
(permeability, initial pressure, and radius) on aquifer influx, water, and gas pro-
duction for Cases III and IV. Figure 6 shows that increasing aquifer permeability 
results in only a slight reduction in gas production for Case IV, whereas water 
production increases for Case III, with no corresponding increase in gas produc-
tion (as seen in Figure 7). Additionally, Figure 6 clearly demonstrates the trend 
of decreasing efficiency for both cases as aquifer initial pressure rises. Perfor-
mance decreases in both cases as aquifer strength increases, accompanied by a 
rise in aquifer influx and water production. However, Case IV consistently achieves  

 

 

Figure 6. Effect of aquifer properties on gas production for Case III and IV and CO2 production for Case IV. 
 

 

Figure 7. Effect of aquifer properties on water production and aquifer influx for Case III and IV. 
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higher gas recovery. For both cases, a reduction in aquifer radius leads to in-
creased gas production due to less water encroachment into the reservoir. Overall, 
no recovery greater than that of Case IV was observed. 

4.1.4. Effect of Solubility 
The results show that CO2 dissolution reduces cumulative gas production by ap-
proximately 4.2%, confirming that CO2 dissolution in water decreases sweep effi-
ciency. Water production also dropped by 10%. While aquifer influx was reduced 
by 39%, slowing water encroachment, the negative effect of dissolution on sweep 
efficiency ultimately lowered cumulative gas production. Additionally, CO2 dis-
solution significantly decreased cumulative CO2 production by about 70%. Figure 
8 illustrates the CO2 saturation profile with and without the dissolution mecha-
nism, showing that dissolution reduces the vertical movement of CO2, leading to 
less CO2 production. In summary, although CO2 production was significantly re-
duced, the overall impact of the dissolution mechanism also led to lower gas pro-
duction. Figure 8 shows the presence of the CO2 plume in cross-sectional view. 

 

 

Figure 8. Effect of CO2 dissolution mechanism on its saturation profile. 

4.2. Real Case 

This paper addresses two main issues: improving gas recovery from water-drive 
gas reservoirs while preventing CO2 emissions and hazardous water production. 
Initially, the application of CO2 sequestration was tested on a synthetic heteroge-
neous water-drive gas reservoir model, and the proposed method was later applied 
to a real gas reservoir. Previous studies indicated that aquifer activity reduces res-
ervoir performance. Similar to the synthetic model, CO2 injection was carried out 
while keeping the pressure below 90% of the reservoir's initial pressure. For com-
parison, the co-production method was also applied, where water was produced 
from downdip wells and gas from updip wells. 

4.2.1. Comparison of Gas Production 
Figure 9 depicts the cumulative gas production of three cases (II, III and IV). This 
figure shows that injecting CO2 in the reservoir increases cumulative gas 
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production (Case IV) (cumulative gas production of Case III is about 1.14 times 
of Case II). Hypothetically, for Case III, if sufficient amount of water is produced 
(lowering reservoir pressure), the reservoir has effectively been converted to a de-
pletion drive but actually, well geometry and water production capabilities are in-
adequate to completely stop influx of the aquifer. 
 

 
Figure 9. Comparison of gas production of Case I, II, III and lV-real case. 

4.2.2. Comparison of CO2 Production 
Figure 10 illustrates the cumulative CO2 production on the surface for the three 
cases. The results indicate that CO2 production remains low until the 112th year. 
By the end of the process, the cumulative CO2 production in Case IV is only 2.5 
times that of Case II, highlighting that CO2 production in Case IV is negligible, 
accounting for approximately 0.006% of the injected CO2. 

 

 

Figure 10. Comparison of CO2 production of Case I, II, III and lV-real case. 
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4.2.3. Comparison of Reservoir Pressure 
Figure 11 presents the final pressures in the real gas reservoir for Cases I to IV, 
which are 109, 180, 123, and 307 bar, respectively. Recent investigations indicate 
that the risk of earth tremors is minimal when gas is stored in depleted gas fields, 
even at an overpressure of 10% above initial pressure, provided there are no sig-
nificant changes in reservoir conditions (Damen, Faaij et al. 2003). However, in 
this study, a limitation of 90% of the initial pressure was applied.  
 

 

Figure 11. Comparison of reservoir pressure of Case I, II, III and lV-real case. 
 

Effect of Solubility. The dissolution phenomenon influences CO2 sweep effi-
ciency and aquifer influx, but it has minimal impact on cumulative gas produc-
tion. Additionally, water production decreased by 9.5%. The results indicate that 
CO2 dissolution significantly reduces cumulative CO2 production by approxi-
mately 23%, while the final reservoir pressure decreased by 3%. 

5. Conclusions 

This study investigated the potential of CO2 sequestration as a method to mitigate 
water invasion in water-drive gas reservoirs, utilizing both proposed and conven-
tional methods on synthetic and real case studies. The proposed approach offers 
several advantages: enhanced gas recovery through CO2 flooding, the strategic 
propagation of CO2 plumes to reduce aquifer influx, and a safe mechanism for 
CO2 sequestration that addresses both economic and environmental concerns re-
garding hazardous water production. 

The findings reveal critical insights into the performance dynamics of water-
drive gas reservoirs, particularly regarding the influence of reservoir permeability. 
Notably, as reservoir permeability increases, the performance of the gas reservoir 
decreases, with the proposed method consistently yielding the highest recovery 
across all permeability scenarios examined. In low-permeability settings, the con-
ventional method was found to be less effective, despite marginal increases in gas 
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production when compared to base cases. The environmental implications of pro-
ducing hazardous water are significant, underscoring the need for sustainable pro-
duction practices. 

Key conclusions drawn from this study include: 
1. The cumulative gas production for the proposed method declines with in-

creasing permeability ratios due to the upward movement of CO2 caused by grav-
ity override. However, it still achieves a notable recovery improvement of 26% in 
the most challenging scenarios. 

2. While the proposed method exhibited minimal reductions in gas production 
with increasing aquifer permeability, the conventional method resulted in height-
ened water production without corresponding gas recovery. Moreover, higher in-
itial aquifer pressures negatively affected the efficiency of both methods, while a 
decrease in aquifer radius promoted greater gas production by limiting water en-
croachment into the reservoir. 

3. The results indicate that the dissolution of CO2 led to a 4.2% decrease in cu-
mulative gas production and a 10% reduction in water production. Although a 
39% reduction in aquifer influx effectively curbed water encroachment, the ad-
verse effects of dissolution on sweep efficiency ultimately resulted in reduced cu-
mulative gas production. 

4. The application of the proposed method to a real gas reservoir in Northeast 
Iran demonstrated a significant increase in cumulative gas production, with Case 
IV showing an improvement of approximately 1.14 times compared to Case II. 
Importantly, the CO2 production in Case IV was negligible, accounting for merely 
0.006% of the injected CO2. 

In conclusion, this study underscores the viability of CO2 sequestration as a 
multifaceted solution for enhancing gas recovery while simultaneously addressing 
environmental challenges associated with water invasion in gas reservoirs. Local 
weather conditions—including temperature, humidity, and extreme weather 
events—can significantly influence the efficiency and safety of CO2 sequestration 
technologies, affecting chemical processes, solubility in geological formations, and 
the long-term stability of storage sites. Therefore, an integrated field modeling 
approach that considers these factors will be a promising direction for future re-
search, focusing on optimizing CO2 sequestration methods across various reser-
voir conditions to maximize their effectiveness and sustainability. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this paper. 

References 
[1] Malinda, M.T., Sutopo, S. and Fathaddin, M.T. (2023) Improving Gas Recovery of 

Water Drive Gas Reservoir. Journal of Petroleum and Geothermal Technology, 4, 71-
77. https://doi.org/10.31315/jpgt.v4i2.10261 

[2] Lee, W.J. and Wattenbarger, R.A. (1996) Gas Reservoir Engineering, SPE Textbook 
Series. Society of Petroleum Engineers. 

https://doi.org/10.4236/cweee.2025.141001
https://doi.org/10.31315/jpgt.v4i2.10261


M. A. Safarzadeh et al. 
 

 

DOI: 10.4236/cweee.2025.141001 14 Computational Water, Energy, and Environmental Engineering 
 

[3] McKay, B.A. (1974) Laboratory Studies of Sandstone Reservoirs Gas Displacement 
from Having Strong Water Drive. The APPEA Journal, 14, 189-191.  
https://doi.org/10.1071/aj73027 

[4] Xu, X.L. (2021) Physical Simulation for Water Invasion and Water Control Optimi-
zation in Water Drive Gas Reservoirs. Scientific Reports, 11, Article No. 6301. 

[5] Bassiouni, Z. (1990) Enhanced Recovery from Water-Drive Gas Reservoirs. Rudar-
sko-Geolosko-Naftni Zbornik, 2, 151-159. 

[6] Delclaud, J. (1991) Laboratory Measurements of the Residual Gas Saturation. Second 
European Core Analysis Symposium, London, 20-22 May 1991, 431-432. 

[7] Batycky, J., Irwin, D. and Fish, R. (1998) Trapped Gas Saturations in Leduc-Age Res-
ervoirs. Journal of Canadian Petroleum Technology, 37, 32-39.  
https://doi.org/10.2118/98-02-03 

[8] Holtz, M.H. (2002) Residual Gas Saturation to Aquifer Influx: A Calculation Method 
for 3-D Computer Reservoir Model Construction. SPE Gas Technology Symposium, 
Calgary, 30 April-2 May 2002, SPE-75502-MS. https://doi.org/10.2118/75502-ms 

[9] Chesney, T.P., Lewis, R.C. and Trice, M.L. (1982) Secondary Gas Recovery from a 
Moderately Strong Water Drive Reservoir: A Case History. Journal of Petroleum 
Technology, 34, 2149-2157. https://doi.org/10.2118/10117-pa 

[10] Borthwick, I. (1997) Environmental Management in Oil and Gas Exploration and 
Production: An Overview of Issues and Management Approaches. Joint E&P Fo-
rum/UNEP Technical Publication, Oil Industry International Exploration and Pro-
duction Forum. 

[11] Metz, B. and Davidson, O. (2005) Carbon Dioxide Capture and Storage: Intergovern-
mental Panel on Climate Change. United Nations. 

[12] Agarwal, R.G., Al-Hussainy, R. and Ramey, H.J. (1965) The Importance of Water 
Influx in Gas Reservoirs. Journal of Petroleum Technology, 17, 1336-1342.  
https://doi.org/10.2118/1244-pa 

[13] Zhang, L., Li, T., Wu, J. and Yang, H. (2023) Global Estimates of Gap-Free and Fine-
Scale CO2 Concentrations during 2014-2020 from Satellite and Reanalysis Data. En-
vironment International, 178, Article ID: 108057.  
https://doi.org/10.1016/j.envint.2023.108057 

[14] Piers, R. and Meyer, L. (2014) AR5 Climate Change 2014: Mitigation of Climate 
Change. https://www.ipcc.ch/report/ar5/wg3/  

[15] Howarth, R.W. (2014) A Bridge to Nowhere: Methane Emissions and the Greenhouse 
Gas Footprint of Natural Gas. Energy Science & Engineering, 2, 47-60.  
https://doi.org/10.1002/ese3.35 

[16] Faiz, M.M., Saghafi, A., Barclay, S.A., Stalker, L., Sherwood, N.R. and Whitford, D.J. 
(2007) Evaluating Geological Sequestration of CO2 in Bituminous Coals: The South-
ern Sydney Basin, Australia as a Natural Analogue. International Journal of Green-
house Gas Control, 1, 223-235.  
https://doi.org/10.1016/s1750-5836(07)00026-6 

[17] Leach, A., Mason, C.F. and Veld, K.V. (2011) Co-Optimization of Enhanced Oil Re-
covery and Carbon Sequestration. Resource and Energy Economics, 33, 893-912.  
https://doi.org/10.1016/j.reseneeco.2010.11.002 

[18] Zangeneh, H., Jamshidi, S. and Soltanieh, M. (2013) Coupled Optimization of En-
hanced Gas Recovery and Carbon Dioxide Sequestration in Natural Gas Reservoirs: 
Case Study in a Real Gas Field in the South of Iran. International Journal of Green-
house Gas Control, 17, 515-522. https://doi.org/10.1016/j.ijggc.2013.06.007 

https://doi.org/10.4236/cweee.2025.141001
https://doi.org/10.1071/aj73027
https://doi.org/10.2118/98-02-03
https://doi.org/10.2118/75502-ms
https://doi.org/10.2118/10117-pa
https://doi.org/10.2118/1244-pa
https://doi.org/10.1016/j.envint.2023.108057
https://www.ipcc.ch/report/ar5/wg3/
https://doi.org/10.1002/ese3.35
https://doi.org/10.1016/s1750-5836(07)00026-6
https://doi.org/10.1016/j.reseneeco.2010.11.002
https://doi.org/10.1016/j.ijggc.2013.06.007


M. A. Safarzadeh et al. 
 

 

DOI: 10.4236/cweee.2025.141001 15 Computational Water, Energy, and Environmental Engineering 
 

[19] Safarzadeh, M.A. and Motahhari, S.M. (2014) Co-optimization of Carbon Dioxide 
Storage and Enhanced Oil Recovery in Oil Reservoirs Using a Multi-Objective Ge-
netic Algorithm (NSGA-II). Petroleum Science, 11, 460-468.  
https://doi.org/10.1007/s12182-014-0362-1 

[20] Abba, M.K., Abbas, A.J., Al-Otaibi, A. and Nasr, G.G. (2018) Enhanced Gas Recovery 
by CO2 Injection and Sequestration: Effects of Temperature, Vertical and Horizontal 
Orientations on Dispersion Coefficient. Abu Dhabi International Petroleum Exhibi-
tion & Conference, Abu Dhabi, 12-15 November 2018, SPE-192699-MS.  
https://doi.org/10.2118/192699-ms 

[21] Honari, A., Zecca, M., Vogt, S.J., Iglauer, S., Bijeljic, B., Johns, M.L., et al. (2016) The 
Impact of Residual Water on CH4-CO2 Dispersion in Consolidated Rock Cores. In-
ternational Journal of Greenhouse Gas Control, 50, 100-111.  
https://doi.org/10.1016/j.ijggc.2016.04.004 

[22] Hannis, J.P. and Sarah, P. (2017) Case Studies of CO2 Storage in Depleted Oil and 
Gas Fields. IEAGHG. 

 
 
 
 
 
 
 

https://doi.org/10.4236/cweee.2025.141001
https://doi.org/10.1007/s12182-014-0362-1
https://doi.org/10.2118/192699-ms
https://doi.org/10.1016/j.ijggc.2016.04.004

	Near Gas-Water Contact Sequestration of Carbon Dioxide to Improve the Performance of Water Drive Gas Reservoir: Case Study
	Abstract
	Keywords
	1. Introduction
	2. Models Description
	2.1. Synthetic Model
	2.2. Real Case Model

	3. Production and Injection Scenarios
	4. Results and Discussion
	4.1. Synthetic Model
	4.1.1. Effect of Horizontal Permeability (Kxy)
	4.1.2. Effect of Vertical to Horizontal Permeability Ratio (Kz/Kxy)
	4.1.3. Effect of Aquifer Properties
	4.1.4. Effect of Solubility

	4.2. Real Case
	4.2.1. Comparison of Gas Production
	4.2.2. Comparison of CO2 Production
	4.2.3. Comparison of Reservoir Pressure


	5. Conclusions
	Conflicts of Interest
	References

