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ABSTRACT
The Niger Delta, a prolific hydrocarbon province, relies heavily on gas lift systems to enhance oil recovery from wells with declining reservoir energy. While the benefits of gas lift are well-established, its optimization is complex and influenced by key operational and fluid properties. This study employs PROSPER software to conduct a detailed nodal analysis investigating the combined influence of wellhead pressure (WHP) and injected gas specific gravity (SG) on the oil production rate of 2652.3 stb/day from a marginal well in the Niger Delta's Opolo field. Utilizing reservoir, well, and PVT data from an actual well, the model was calibrated using industry-standard correlations. A sensitivity analysis was performed by simulating three wellhead pressures (100, 250, and 400 psig) and three injection gases, methane (SG: 0.554), nitrogen (SG: 0.967), and carbon dioxide (SG: 1.519), at injection rates of 1, 2, and 3 MMscf/day. The results confirm a strong inverse relationship between WHP and production rate for all gases, with lower WHPs yielding significantly higher oil rates. Furthermore, gas specific gravity proved to be a critical performance factor. Methane yielded the highest absolute production rates (up to 7,332.1 stb/day at 100 psig), while nitrogen demonstrated the greatest relative improvement (36.09% gain) at the most constrained condition of 400 psig, indicating an optimal balance between density and flow characteristics. Carbon dioxide, with the highest specific gravity, consistently showed the smallest production gains across all scenarios. The study concludes that optimal gas selection is not universal but is contingent on specific well conditions: low-SG gases are generally preferred, with nitrogen being particularly effective under high wellhead backpressure and injection rate; and methane is the most suitable gas at low WHP and high injection rate. These findings offer valuable guidance for engineers to optimize gas-lift designs, focusing on key operational parameters and gas properties to boost production efficiency in the Niger Delta and similar regions.	Comment by PROF. ONAH: Explain first before usage	Comment by PROF. ONAH: Prefer SI unit	Comment by PROF. ONAH: Came si unit	Comment by PROF. ONAH: same	Comment by PROF. ONAH: Pls mention the value rate	Comment by PROF. ONAH: Of what rate
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1.0 INTRODUCTION
The Niger Delta region remains one of the most significant oil-producing areas in the world. It has been a primary focus of the world’s energy exploration, with the exploitation of both crude oil and natural gas playing a crucial role in Nigeria's economy (Adati, 2012). Gas-lift systems (Figure 1) are widely employed in this region to enhance the production of oil from wells that have insufficient natural reservoir energy. Gas lift is a widely used artificial lift method that introduces gas into the wellbore. The reduction in the mixture density by the intrusion of gas bubbles in the crude results in lowering the bottom hole pressure, causing an increase in drawdown and a boost in the oil production (Mahdiani and Khamehchi, 2015). Although there are other downhole and surface equipment to mitigate pressure losses (Figure 2), the primary objective of gas-lift is to deliver the fluid to the surface while keeping the bottom-hole pressure low enough to provide a high-pressure differential between the reservoir and the bottom of the producing well, as represented by ΔP1 in Figure 2. Reduction of bottom hole pressure due to gas injection will normally increase the liquid production rate (Amir et al., 2016). However, the performance and efficiency of gas-lift systems are highly dependent on several parameters, including the wellhead pressure, injected gas velocity, and injected gas density.
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Figure 1: General gas lift system 
Source: Ibrahim (2007).
As the field maturation takes place, the demand for lift gas increases, whereas optimum production is constrained to its availability. Basically, gas lift optimization deals with optimum allocation of lift gas, considering its availability, among the gas-lifted wells for maximizing the production of oil (Khamehchi and Mahdiani, 2017; Mahdiani et al., 2019). The type of gas used for a gas lift optimization possesses certain rheological properties that influence the wellbore behaviour differently. High viscosity gases, such as natural gas liquids, can result in poor gas distribution in the well, reducing the effectiveness of the gas lift (Hari et al., 2021; Cao et al., 2022). On the other hand, low viscosity gases flow more easily but may not be as effective in reducing the fluid column's density, which can limit the system’s performance. Dwivedi et al. (2022), Daolun et al. (2022), and Hari et al. (2022) have stated that increased wellhead pressure causes a reduction in pressure drawdown, which in turn reduces oil production rate. 
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    Figure 2: Pressure losses in the production system 
    Source: Lyons et al. (2016).
In the context of the Niger Delta, these variables are particularly important due to the complex nature of the region's reservoirs, which exhibit a high degree of heterogeneity (Adati, 2012). The geological formation of the Niger Delta is characterized by a variety of rock types, porosities, and fluid properties, all of which contribute to fluctuating well performances. As a result, optimization of the gas-lift system requires a detailed understanding of how wellhead pressure and gas density (usually specific gravity when considered in relation to air) influence the overall productivity of the well is essential. By simulating different scenarios, engineers can gain insights into how adjustments in these factors can lead to improvements in well design and gas-lift performance (Raunak and Bhavinay, 2023). Certain studies have been carried out to optimize oil production in the Niger Delta, with a focus on diverse production parameters and relatively few considering injected fluid properties. Okoro and Ossia (2015) employed a continuous gas lift mechanism to optimize the oil production rate using tubing diameter, gas lift injection rate, and differential pressure across the valves as independent parameters. Although injection rates were considered at a precise water cut, the reservoir parameters were not themselves considered in optimizing the performance of the gas lift. However, Hari et al. (2022) investigated the influence of wellhead pressure, water cut, and gas injection rate on the oil rate from a marginal well under a continuous gas lift system. In the study by Baba et al. (2020), nodal analysis was utilized on the BARBRA-1 well to reduce frictional pressure losses while considering three different artificial lift methods, viz, continuous gas lift, intermittent gas lift, and electrical submersible pump. Okalla et al. (2024) studied the subtle connection between oil rate, GOR, and wellhead pressure. Prosper was fed with fluid properties (oil and gas densities, viscosities, and bubble point pressures), reservoir pressure, temperature, tubing and casing specifications, and wellbore geometry that served as input parameters. 
The need for more precise simulations and models to predict the impacts of wellhead pressure and gas specific gravity on oil rate has never been more critical. The Niger Delta's extensive use of gas-lift systems presents a unique challenge: optimizing the design of these systems to meet the diverse conditions of different wells and reservoirs. This study, by utilizing PROSPER software for detailed nodal analysis, seeks to address the gaps in understanding and provide practical recommendations for optimizing gas-lifted well performance in this region with the objective of evaluating the influence of varying injected gas specific gravity and wellhead pressure on the oil production rate.
2.0	METHODOLOGY
2.1	Reservoir, Well, and Fluid PVT Data
Well performance and optimization were conducted using PROSPER, a widely recognized software in the industry capable of simulating various completion designs and artificial lift techniques, including gas lift. Nodal analysis can be performed under various operating conditions by conducting sensitivity assessments with PROSPER. The data utilized in this analysis were sourced from a marginal well located in the Opolo field within the Niger Delta region. This particular well has consistently produced for more than five years. Given the reservoir’s extended period of activity, it may eventually require artificial lift assistance to maintain output. The reservoir and fluid properties, summarized in Table 1, correspond to a single-stage separation process from reservoir conditions to standard surface conditions.	Comment by PROF. ONAH: Use past tense
The reservoir exhibits a pressure of 3000 psig, spans a drainage area of 340 acres, and has a permeability of 80 mD. It features a thickness of 110 ft and a temperature of 250°F. After post-well testing, the mechanical skin and water cut were found to be 2 and 0%, respectively. The well has both a measured and true vertical depth of 8500 ft, confirming it as a vertical well. At the pay zone, the wellbore diameter is 12.25 in. The production casing has an internal diameter of 9.625 in, while the tubing's inner diameter is 4.5 in.  A gas lift system has been installed at a depth of 7100 ft. The three injected gases for gas-lift utilization, which are methane, nitrogen, and carbon dioxide, have specific gravities of 0.554, 0.967, and 1.519, respectively, and are free of contaminants. Additionally, a subsurface safety valve is positioned at 700 ft. Figure 3 illustrates the downhole completion configuration with depth.	Comment by PROF. ONAH: Check abstract	Comment by PROF. ONAH: Use si unit	Comment by PROF. ONAH: SI unit	Comment by PROF. ONAH: same	Comment by PROF. ONAH: same
	Table 1: Fluid PVT Properties.
	

	Properties
	Values

	Solution GOR
	350 scf/stb

	Bubble point pressure
	1200 psig

	Oil API gravity
	40°

	Specific gravity
	0.8

	Density
	825 kg/m3

	Water salinity
	70,000 ppm	Comment by PROF. ONAH: use SI Units in all
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   Figure 3: Downhole completion for the gas-lift design.
2.2	Modeling of the Producing Oil Well
The type of fluid is set as oil and water, and the black oil model is selected for simulation. A single-stage separation process is assumed, and the presence of emulsions is disregarded. The viscosity behavior follows a Newtonian fluid model, and flow is assumed to occur through the tubing. The well is classified as a producing well with a cased hole completion. Continuous gas lift is utilized as the artificial lift technique. The model did not account for friction losses in the annular space. Absolute roughnesses of 0.00014 and 0.0016 inches were obtained for the casing and tubing surfaces, respectively. These are typical values for commercial steel pipes as referenced in standard petroleum engineering handbooks. The inflow configuration is modeled as a single-branch system.
The thermodynamic properties of the reservoir fluid are characterized using PVT parameters such as solution gas-oil ratio (GOR), water salinity, API gravity, and gas specific gravity. Laboratory-measured PVT data is calibrated against black oil correlations to ensure consistency. Oil viscosity and formation volume factor (FVF) are derived using standard analytical equations. Glaso’s correlation (Glaso, 1980) is applied to estimate GOR, oil FVF, and bubble point pressure (BPP), while Beal’s correlation (Beal, 1946) is employed for modeling oil viscosity. The geothermal gradient is determined by assuming a formation temperature of 250°F at a measured depth of 8500 feet. Average heat capacities for oil, gas, and water are taken as 0.53, 0.51, and 1 BTU/lb/°F, respectively. The Beggs and Brill correlation (Beggs and Brill, 1973) is used as the correlation for the surface equipment. The Darcy model is used to evaluate the inflow performance relationship curve (IPRC), and gas injection is implemented at a depth of 7100 feet.	Comment by PROF. ONAH: Same si unit	Comment by PROF. ONAH: same
A sensitivity analysis was conducted to evaluate the impact of key operational parameters, including wellhead pressure (WHP) and gas injection rate, on well performance. The sensitivity analysis was conducted using wellhead pressures of 100, 250, and 400 psig. These values were selected to represent a practical operating range for gas-lifted wells in the Niger Delta, reflecting common surface facility constraints and flowline pressures, as indicated by the operational scenarios discussed in similar studies (Okoro and Ossia, 2015; Hari et al., 2022). The injection rates of 1, 2, and 3 MMscf/day were chosen to reflect typical gas lift injection volumes for marginal wells in the region, where gas availability often limits injection rates (Khamehchi and Mahdiani, 2017).	Comment by PROF. ONAH: same
Surface chokes primarily control wellhead pressure and are also influenced by downstream facilities such as separators and flowlines, as well as the capacity of the gas compression system (Lyons et al., 2016). The chosen WHP values represent scenarios where the wellhead choke is adjusted to maintain these pressures, thereby simulating different levels of backpressure on the well. Higher WHPs (e.g., 400 psig) may correspond to situations where facility constraints or compressor discharge limitations restrict pressure reduction, whereas lower WHPs (e.g., 100 psig) represent optimized surface conditions with minimal backpressure.	Comment by PROF. ONAH: same	Comment by PROF. ONAH: same
Methane, nitrogen gas, and carbon dioxide were analyzed using their respective specific gravities of 0.554, 0.967, and 1.519, respectively. The oil production rates were recorded for each of the gases at 100, 250, and 400 psig of wellhead pressure (WHP).	Comment by PROF. ONAH: same

3.0	RESULTS AND DISCUSSION
3.1	Oil Well Performance Under Natural Flow Conditions
The initial step in any gas-lift optimization process is to thoroughly evaluate the well’s inflow and outflow performance to confirm the necessity of artificial lift. As illustrated in Figure 4, the Inflow Performance Relationship (IPR) and Vertical Lift Performance (VLP) curves for the well under natural flow conditions indicate an oil production rate of 2,652.3stb/day. This rate is economically unattractive, and with the anticipated decline in reservoir pressure, the well would eventually cease production. This observation justifies the consideration of an artificial lift system to enhance production.	Comment by PROF. ONAH: Si unit
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       Figure 4: IPR and VLP plot for naturally flowing well
3.2	Effect of Wellhead Pressure and Injected Gas Specific Gravity
Given the proximity of the reservoir to a gas reservoir with a gas-oil ratio (GOR) of 350 scf/stb, gas lift was selected as the preferred artificial lift method due to its operational suitability and cost-effectiveness. The combined effects of wellhead pressure and injected gas specific gravity were investigated using three different injection gases: nitrogen (N₂), methane (CH4), and carbon dioxide (CO₂). Sensitivity analysis was conducted by varying wellhead pressures at 400 psig, 250 psig, and 100 psig for the three gases as shown in Figures 5, 6, and 7, respectively. The production results for each scenario are summarized in Table 2.
3.2.1	Injection of Nitrogen Gas (N₂)
To evaluate the impact of nitrogen gas injection on well performance, a sensitivity analysis was conducted at a constant injection rate of 1 MMscf/day, with nitrogen having a specific gravity of 0.967. The analysis examined the combined influence of wellhead pressure and injected gas specific gravity, as illustrated in Figure 5.
[image: ]
   Figure 5: Sensitivity plot of nitrogen gas (N₂) injection.
The results indicate that nitrogen injection significantly enhances oil production, with increases to 6,479.70 stb/day (144.30%), 5,175.4 stb/day (95.13%), and 3,887.80 stb/day (46.58%) at wellhead pressures of 100, 250, and 400 psig, respectively. The performance improvement is notably more pronounced at lower wellhead pressures due to the reduced backpressure, which enhances fluid inflow from the reservoir.
3.2.2	Injection of Methane
The effect of methane injection was also analyzed under the same operational constraints, maintaining a constant injection rate of 1 MMscf/day. Methane possesses a specific gravity of 0.554. As shown in Figure 6 and summarized in Table 1, methane injection resulted in oil production increases of 6,628.10 stb/day (149.90%), 5,407.70 stb/day (103.89%), and 4,230.40 stb/day (59.50%) at WHP of 100, 250, and 400 psig, respectively. Although the improvement trend is similar to nitrogen, the lower specific gravity is evident in marginally higher performance at equivalent operating conditions.
[image: ]
     Figure 6: Sensitivity plot of methane injection.
3.2.3	Injection of Carbon Dioxide (CO₂)
Finally, carbon dioxide injection was assessed at the same injection rate of 1 MMscf/day. CO₂ has a specific gravity of 1.519. From the results presented in Figure 7, the oil production rate showed improvements in oil production rate to 6,249.70 stb/day (135.63%), 4,822.30 stb/day (81.82%), and 3,421.30 stb/day (28.99%) at WHP of 100, 250, and 400 psig, respectively. CO₂ exhibits a higher specific gravity compared to nitrogen and methane, which contributes significantly to reduced gas mobility and, consequently, lower oil production rate increments.
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    Figure 7: Sensitivity plot of carbon dioxide (CO₂) injection.
Table 2: Summary of sensitivity analysis on WHP, gas specific gravity and injection rates.
	Injected Gas Type/SG
	Wellhead Pressure (psig)
	Gas Injection Rate (MMscf/day)	Comment by PROF. ONAH: Si unit

	
	
	1
	2
	3
	2
	3

	
	
	Oil Rate (Qo) (stb/day) 
	Oil Rate Gain (%)

	CH4 (0.554)
	400
	4230.4
	5194.4
	5653.0
	22.79
	33.63

	 
	250
	5407.7
	6136.2
	6489.5
	13.47
	20.00

	 
	100
	6628.1
	7106.2
	7332.1
	7.21
	10.62

	N₂ (0.967)
	400
	3887.8
	4827.8
	5290.9
	24.18
	36.09

	 
	250
	5175.4
	5879.2
	6219.3
	13.60
	20.17

	 
	100
	6479.7
	6921.6
	7126.5
	6.82
	9.98

	CO₂ (1.519)
	400
	3421.3
	4037.5
	4349.5
	18.01
	27.13

	 
	250
	4822.3
	5284.0
	5518.1
	9.57
	14.43

	 
	100
	6,249.7
	6521.8
	6649.5
	4.35
	6.40



3.3	Effect of Gas Injection Rate on the Oil Rate for Each of the Injected Gases
Methane, with the lowest specific gravity among the three gases, exhibits a notable increase in oil production rate as the injection rate rises from 1 to 3 million standard cubic feet per day (MMscf/day). At a wellhead pressure (WHP) of 400 psig, the oil rate increases from 4,230.4 stb/day to 5,653 stb/day, a percentage increase of 33.63%. At 250 psig, the oil rate rises from 5,407.7 stb/day to 6,489.5 stb/day (20.00% increase), and at 100 psig, it goes from 6,628.1 stb/day to 7,106.2 stb/day (10.62% increase). While increasing the methane injection rate consistently boosts oil production, the relative gain diminishes at lower wellhead pressures due to the well's inflow performance relationship and reduced responsiveness to further bottom-hole pressure drawdown.
Nitrogen gas, with a slightly higher specific gravity than methane, shows a consistent improvement in oil production rate with increasing injection rates. At 400 psig, the oil rate increases from 3,887.8 stb/day to 5,290.9 stb/day (36.09% increase), at 250 psig from 5,175.4 stb/day to 6,219.3 stb/day (20.17% increase), and at 100 psig from 6,479.7 stb/day to 7,126.5 stb/day (9.98% increase). Despite its higher specific gravity, nitrogen demonstrates a nearly identical trend of diminishing returns across decreasing wellhead pressures as methane, even yielding a marginally higher relative increase at 400 psig (24.18 vs. 22.79 and 36.09% vs. 33.63%), as shown in Figures 8 and 9 for 2 and 3 MMsf/day injection rates, respectively. This suggests that for these conditions, the injection rate and system pressure have a far greater impact on lift performance than the minor differences in gas properties between N₂ and CH₄.
Carbon dioxide, which has the highest specific gravity, exhibits the least significant percentage increases in oil production at higher WHPs and injection rates. At 400 psig, the oil rate rises from 3,421.30 stb/day to 4,349.5 stb/day (27.13% increase), at 250 psig from 4,822.3 stb/day to 5,518.1 stb/day (14.43% increase), and at 100 psig from 6,249.70 stb/day to 6,649.5 stb/day (6.40% increase). Carbon dioxide produces the least overall gains in oil rate, particularly at higher wellhead pressures, where its 27.13% increase at 400 psig and 3 MMscf/day underperforms compared to methane's 33.63% and nitrogen's 36.09%, indicating that its inferior lifting efficiency due to higher density is most pronounced when the need for effective gas lift is greatest. 	Comment by PROF. ONAH: Use si unit everywhere	Comment by PROF. ONAH: same
Interestingly, nitrogen emerges as the most effective gas for boosting production at the critical high-pressure condition of 400 psig, yielding a 36.09% increase; this is likely because its intermediate properties, slightly higher density than methane yet lower solubility and reactivity than CO₂, strike an optimal balance between reducing hydrostatic head and minimizing frictional losses for this specific well configuration. The largest percentage improvements at 400 psig, as visualized in Figures 8 and 9 for injection rates of 2 MMscf/day and 3 MMscf/day, demonstrate that nitrogen's moderate specific gravity provides superior lift efficiency under high back-pressure conditions. However, its comparative gains diminish at 100 psig, because the well's flow regime becomes less dependent on gas lift efficiency and more limited by reservoir deliverability at lower wellhead pressures.	Comment by PROF. ONAH: same	Comment by PROF. ONAH: same

        	   Figure 8: Plot of oil rate increase at 2MMscf/day injection rate.

               Figure 9: Plot of oil rate increase at 3MMscf/day injection rate.
Conversely, as shown in Figure 9, all gases including nitrogen, provide their smallest relative improvements at low WHP, with increases of only 10.62% for CH4, 9.98% for N₂, and 6.40% for CO₂ at 100 psig. This relationship highlights that the well's flow efficiency is already high at low WHP, and the reservoir's deliverability becomes the limiting factor, making the specific properties of the injection gas less impactful. The superior performance of a specific gas, such as nitrogen at high pressure, is due to its optimal density reducing the hydrostatic column most effectively under those constrained conditions, not its viscosity.
The findings of this study, which demonstrate a clear inverse relationship between wellhead pressure and oil production rate for all injection gases, are consistent with the established principles cited in the literature review. Specifically, Dwivedi et al. (2022) and Hari et al. (2022) stated that increased wellhead pressure reduces pressure drawdown, which in turn diminishes oil production rate, a fundamental mechanism that underpins the trends observed in these simulation results.
Furthermore, the use of PROSPER software for this nodal analysis aligns with methodologies employed in other Niger Delta studies, such as that by Baba et al. (2020), who utilized the software to optimize artificial lift selection for the BARBRA-1 well. However, while their work focused on comparing the efficacy of different lift methods (continuous gas lift, intermittent gas lift, and electrical submersible pump), the present study employed the use of continuous gas lift to provide a novel investigation into the specific impact of injected gas properties, a parameter not deeply explored in the existing regional literature. Similarly, Okoro and Ossia (2015) employed continuous gas lift optimization but focused on parameters like tubing diameter and injection rate, not gas type. Therefore, this work fills a distinct gap by quantifying how specific gravity directly influences lift efficiency.
The gas specific gravity is a critical design parameter for gas lift optimization, extending the work of Hari et al. (2022), who investigated wellhead pressure and water cut but did not vary the injected fluid properties. This study thus provides a more granular understanding of the system's behavior, confirming that while wellhead pressure is a dominant variable, the choice of injection gas can significantly modulate the production outcome, especially under high-pressure constraints.
4.0	CONCLUSIONS
From Table 2, a clear inverse relationship between wellhead pressure and oil production rate is observed for all injection gases. The interaction between gas specific gravity and injection rate significantly influences production enhancement, with optimal gas selection being dependent on operational conditions. This study is concluded on the basis that:	Comment by PROF. ONAH: Reconcile SI unit in all
i. Nitrogen (SG: 0.967) demonstrates superior performance of oil rate gains at higher wellhead pressures, achieving the greatest relative improvement of 36.09% at 400 psig and 3 MMscf/day, indicating its optimal balance between density and flow characteristics for constrained flow conditions.
ii. Methane (SG: 0.554) provides the highest absolute production rates across all conditions, reaching 7,332.1 stb/day at 100 psig and 3 MMscf/day, making it the most effective gas for maximizing production volume under favorable pressure conditions.
iii. Carbon dioxide (SG: 1.519) shows the least production improvements across all scenarios, particularly at low WHP, where it achieved only a 6.40% increase at 100 psig and 3 MMscf/day, demonstrating the limitations of high-density gases in gas-lift applications.
Generally, wellhead pressure maintains a consistent inverse relationship with production rate, while gas specific gravity significantly influences the efficiency of production improvement across different pressure regimes.
Overall, this study demonstrates that gas selection for optimal gas-lift performance is not universal and must be tailored to specific well conditions, prioritizing low-specific gravity gases like methane and nitrogen. For future work, field validation with actual gas lift trials using these gases would be necessary to confirm these simulation-derived trends and to quantify any operational challenges not captured in the model, such as corrosion, availability, and surface handling costs. Furthermore, investigating the economic trade-offs between the cost of gas compression and the incremental oil gained would provide a more comprehensive framework for decision-making.
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NOMENCLATURE
AAL	Annular Absolute Roughness
API 	American Petroleum Institute  
BHP	Bottom Hole Pressure
BPP 	Bubble Point Pressure  
CH₄ 	Methane  
CO₂ 	Carbon Dioxide  
FVF 	Formation Volume Factor  
GOR 	Gas-Oil Ratio  
IPR 	Inflow Performance Relationship
MD	Measured Depth  
N₂ 	Nitrogen  
ppm	Parts Per Million
psig	Pounds per Square Inch Gauge
PVT 	Pressure-Volume-Temperature  
Qₒ 	Oil Production Rate (MMscf/day) 
SG 	Specific Gravity  
stb 	Stock Tank Barrel  
TVD	True Vertical Depth
VLP 	Vertical Lift Performance  
WHP 	Wellhead Pressure
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|Inﬂow (IPR) v Outflow (VLP) Plot for the Well under Natural Flow ( 09/06/2025 - 11:47:31 )l
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| Inflow (IPR) v Outflow (VLP) Plot for Nitrogen Gas Injection ( 09/06/2025 - 10:4
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| Inflow (IPR) v Outflow (VLP) Plot for Methane Gas Injection ( 09/06/2025 - 10:4:
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| Inflow (IPR) v Outflow (VLP) Plot for Carbon Dioxide Injection ( 09/06/2025 - 10:51:31) |
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