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Abstract 
 

Gas lift is one of the most common and efficient artificial lift techniques. 

Thereby, it has been widely recognized and successfully applied worldwide 

for increasing oil production. 

The objectives of this simulation study are to investigate 

(1) effect of gas injection rate and injected gas composition on oil 

production to determine the optimum injection rate, 

(2) effects of parameters such as water-cut, well-head pressure, and tubing 

roughness on oil production, 

(3) reliability of used well test data, and 

(4) model the field performance along with life of the reservoir. 

 

The IPM simulator is used for simulating actual production systems and assessing 

their responses to different production scenarios. PROSPER software is one of the 

most important packages of the IPM that is used to maximize the production earnings 

by providing critical analysis of the performance of each producing well and groups 

of wells. The PROSPER simulator is used to model all wells individually using actual 

PVT data of the deviation survey, down-hole completion, geothermal gradient, and 

average heat capacities. The model is constructed and matched with the real data and 

thereby the best fluid and well production correlations are selected. Then, the 

constructed model is used to determine the optimum gas injection rate for the subject 

well. Finally, sensitivity analysis tests are performed to simulate and investigate the 

effect of other parameters which are believed to have a real impact in optimized gas 

lift process. The investigated parameters include; injection gas composition, water-

cut, well-head pressure, and tubing roughness 

The attained results indicated that (1) gas lift optimization process is inevitable for 

obtaining high oil production rates and several variables should be considered, (2) 

optimization of gas injection rate increases the oil production, (3) injected gas 

composition, water-cut, and well-head pressure have an important effect while tubing 
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roughness has minimal effect on increasing oil production, and (4) simulation of the 

field production has been proven to be technically possible and operationally feasible. 

The application of the developed results helps to enhance the liquid production and 

improve the understanding of the overall production system performance. The results 

have shown real impact in improving the gas lift performance and tune for the 

optimization of gas lift process in the subject field and similar fields worldwide. 

 

 

1.  Introduction and Literature Review 

When reservoir energy is insufficient for a well to flow or when the production rate 

desired is greater than the reservoir energy can deliver, it is imperative to supplement 

the reservoir’s natural energy by putting the well on some forms of artificial lift to 

bring the desired fluid to the surface (API, 1994). Gas lift is one method of artificial 

lift (the other is pump-assisted lift) which is used when the bottom hole flowing 

pressure is smaller than the tubing pressure difference caused by a fluid with certain 

flowing gradient 

Gas lift is effective in an extensive range of production conditions because it has a 

relatively easy and simple installment. The process of gas lift involves injecting high-

pressure gas continuously or intermittently at selected point(s). This reduces the 

bottom hole flowing pressure and produces fluids at surface. The optimization of gas 

lift is important to secure high oil production because excessive gas injection will 

reduce production rate and also increase the operation cost. 

The objective of installing gas lift in a completion is to increase the pressure 

drawdown on the producing formation by injecting gas into the lower part of the oil 

column and consequently reducing the flowing gradient in this oil column. This can 

increase the flow rate or bring a dead well on production (Economides et al., 1994). 

Many parameters are involved in a successful gas lift operation. Gas lift optimization 

means specifying these parameters in such a way that the production and the 

operation’s net present value (NPV) are maximized. The most important parameter in 

a gas lift operation is the amount of gas injected into the well. The increase of injected 

gas will firstly increase Gas-Liquid Ratio (GLR) which will decrease bottom hole 

flowing pressure. Therefore larger oil production rates are likely to be achieved. In the 

same time, there is a limit value of GLR "called limit GLR". Golan and Whitson 

(1991) have referred to the limit GLR as favorable, where the flowing pressure 

gradient is minimal. Above this limit, the decrease in the hydrostatic pressure will be 

offset by the increase in the friction pressure. In other words, finding the optimum 

amount of gas injected into the well is important because injecting extra amount of 

gas not only does not improve production but can decrease it through increased 

slippage between liquid and gas (Ebrahimi, 2010). Poettmann and Carpenter (1952) 

introduced the "Gas-Lift Performance Curve (GLPC)" which has been used 

extensively in the petroleum industry ever since. 

GLPC (Gas-Lift Performance Curve) is a graphical plot locating the intersection 

points of IPR (Inflow Performance Relationship) curve with VLP (Vertical Lift 

Performance) curves for various values of gas injection rate and various GLR (Gas-

Liquid Ratio) in given tubing. Simply the GLPC is a plot of the gas injection rate 



Simulation Study of Technical and Feasible Gas Lift Performance 23 

 

versus the production rate. The maximum production rate corresponds to the gas 

injection rate for the limit GLR. 

The shape of the curve (Fig. 1) illustrates clearly the response of the well to increased 

lift gas volumes. This curve is fundamental to gas lift design and operation. The curve 

has a very characteristic shape showing the benefits of increased lift gas on 

productivity at the lower gas lift rates, and also presents the phenomena of “over 

injecting” where little or no benefit is derived from increased lift volumes, which in 

extreme cases may lead to a reduction in well productivity. 

 

 
 

Figure 1: Gas-lift well performance curve (Shell, 1993). 

 

 

In practice, gas lift design should be based on the establishment of an economic 

optimum lift gas rate that represents the point at which the incremental revenue 

gained by increased lift rates will be offset by the cost of the supply of the incremental 

gas volume. Intuitively it can be seen that this volume will be less than the technical 

optimum value. From operational point of view, the degree to which production can 

be increased through increased gas injection depends on many variables but generally 

the higher the water cut of the well and the lower the associated gas in the fluid; the 

more gas lift will be needed to increase liquid production. Thus for any gas lift 

optimization program the well need to be multi-rate tested. The petroleum engineer 

can either optimize for the maximum production rate if there are no constraints or 

select a gas injection rate that gives the maximum economic return (Shell, 1993). 

Bahadori et al. (2001) and Denney (2002) have used nodal analysis to generate the 

gas-lift performance curve of a single-well based on actual pressure and temperature 

surveys along with a suitable multi-phase flow correlation. Although the model has 

been established well, the single-well configuration, considered in isolation of other 

wells, is not a field gas-lift optimization solution. Vazquez and Hernandez (2005) 
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examined a single-well case to determine the injection depth, pressure and the amount 

of gas injection. A more accurate well model, based on mass, energy and momentum 

balance, was proposed and the results were reported as being more accurate and 

therefore better suited for field-wide simulation studies, than the standard nodal 

approach. However, no results were reported for a field-wide application. Bahadori 

and Zeidani (2006) indicated that the use of compositional models over simple black 

oil models is also recommended practice for better accuracy. Rashid et al. (2012) 

presented a survey for methods and techniques developed for the solution of the 

continuous gas-lift optimization problem. Although the single well-analysis method is 

a limited technique due to ignoring the effects of inter-dependent wells with common 

flow-lines, The best possible well model, yielding representative gas-lift performance 

curves, is still desirable for both simulation and optimization purposes. Ayatollahi et 

al. (2001), 

The IPM (Integrated Production Modeling) tool is a powerful simulator and useful 

mean for simulating actual production systems and assessing their responses to 

different production scenarios, challenges, and the impact of various solutions on 

production systems before field implementation. It also improves the understanding of 

the overall production system performance and provides an analytical tool to assist in 

the optimization of the entire production system (Campos, et al., 2010). 

PROSPER (PROduction and Systems PERformance analysis) software is one of the 

most important packages of IPM that can help petroleum producers to maximize their 

production earnings by providing the means of critically analyzing the performance of 

each producing well (Petroleum Experts, 2009). It assists production and/or reservoir 

engineers to make model for each component of the producing well system separately 

which contributes to overall performance. Once the system model has been tuned to 

real data, by performance matching for each model subsystem, PROSPER can be used 

confidently to model the well in different scenarios. 

 

 

2.  Field Location and Production History 

An offshore oil field "X" is located in the Gulf of Suez, Egypt, and has been 

producing oil for more than 40 years. Through that period, the average oil production 

rate has dropped severely from its peak at 120 mbpd with traces water-cut from 17 

wells to stabilize at the current production rate of 22 mbpd with 81 % water-cut from 

23 wells that are producing by gas lift with produced gas being re-injected at a rate of 

1-3 MMSCFPD. The dramatic decrease in oil rate comes from high decline in 

reservoir pressure through the years, continuous increase of gas oil ratio, water 

breakthrough and thereby water-cut increase which means more high pressure gas 

needs. 

This simulation study applied the PROSPER software for performing nodal analysis 

to construct a production model for sample gas-lift well in "X" field. It is used to 

analyze the effects of different parameters on gas lift system to consider the important 

ones for the optimization process of an actual field implementation in the future. 

Firstly, the model is constructed and matched with the real data and thereby the best 

fluid and well production correlations are selected. Secondly, the constructed model is 
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used to determine the optimum gas injection rate for the subject well. This is achieved 

by plotting GLPC for that well and locating economic injection rate for this well. 

Finally, sensitivity analysis tests are performed to simulate and investigate the effect 

of other parameters which are believed to have a real impact in optimized gas lift 

process. The investigated parameters include; injection gas composition, water-cut, 

well-head pressure, and tubing roughness. 

 

 

3.  Description of Well "A" 

Well "A" was drilled 35 years ago to produce oil from Nubia formation in Gulf of 

Suez, Egypt. The well was drilled to depth of 12,440 ft. and completed using 7 in. 

casing liner with top of liner (TOL) at depth of 9,989 ft. The initial oil production rate 

was 19 mbpd. Later and after 13 years of production, the well went through workover 

due to scaled-up completion string. The completion was changed and all perforated 

intervals were re-perforated. After three years of the workover, a water shut-off 

(WSO) job was performed to isolate the bottom flooded out perforation intervals that 

has achieved 4 mbopd gain as water-cut decreased from 80 % to 45 %. 12 years later, 

the well was sidetracked and completed also in Nubia formation but in another 

location at depth of 12,050 ft. with initial rate of ± 5 mbopd. A window in the 7 in. 

liner was used for the sidetrack and the well was completed using 5 in. casing liner 

(top of liner at depth of 10,120 ft.) and two intervals were perforated (11,878-11,888 

and 11892-11,938 ft.). 

Fig. 2 shows the well-bore sketch where a 4 ½ × 3 ½ in. tubing was run to the depth 

of 10,135 ft. and X-over depth at 10,60 ft. The well completion is equipped with side-

pocket gas-lift mandrels spaced down to the packer (at depth of 10,025 ft.) which 

means semi-closed gas lift system. 
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Figure 2: Schematic representation (well-bore sketch) for well "A". 
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Tables 1-a to 1-e present set of data of well "A" including reservoir, fluid, test, gas 

lift, and other important data. 

 

Table 1.a Well "A" reservoir data 

 

Reservoir pressure, psig 4,900 

Reservoir temperature, F 270 

Bubble point pressure, psi 2,002 

Oil FVF, RB/STB 1.36 

Oil viscosity, cp 0.55 

Solution GOR, SCF/STB 559 

 

Table 1.b Well "A" fluid data 

 

Oil API gravity 29.6 

Gas specific gravity 0.847 

Water salinity, ppm 122,000 

 

Table 1.c Well "A" test point data 

 

Gauge pressure, psig 3,900 

Test flow rate, STBPD 3,325 

Water cut, percent 92 

Well head pressure, psig 130 

Well head temperature, F 209 

Gas lift gas rate, MMSCFD 3 

Injection depth, ft. 4,570 

 

Table 1.d Well "A" gas lift data 

 

Available inj. pressure, psig 1200 

Injection gas specific gravity 0.7 

 

Table 1.e Well "A" completion data 

 

Tubing I.D, inch 3.958 (4-1/2”) & 2.992 (3-1/2”) 

Production liner ID, inch 4.276 (5” liner) 

ORKB-THF, ft. 60 

ORKB-MSL, ft. 90 

Datum depth, ft. -11,400 

 

 

All mandrels are equipped with injection-operated gas-lift valves with an orifice 

installed at the designed point of injection. Fig. 3 depicts the gradual decrease in oil 
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rate and increase of water-cut since the last workover. Currently the well is stabilized 

at production rate of 3,325 BFPD with 92 % water-cut and 3 MMSCFD injected gas 

rate. 

 

 
 

Figure 3: Production performance of well "A". 

 

 

4.  Well Model Construction 

PROSPER simulator is used to model all wells individually using actual PVT data of 

the deviation survey, down-hole completion, geothermal gradient, and average heat 

capacities. The gas lift data were used for each well and included gas properties, valve 

positions, casing pressures and the gas injection rate. The down-hole equipment, 

inflow performance and the existing gas lift design were then modeled. Table 2. listed 

actual well rate and calculated rate by PROPSER. The Vertical lift performance 

(VLP) curves were generated for the well. The parameters selected were those which 

would most affect the oil production rate including water cut and gas lift gas injection 

rate (Fig. 4). 

 

Table 2: Comparison of actual well production rates with PROSPER rates 

 

Actual Rate, PROSPER Model Rate, Deviation, % 

STBPD STBPD 

Liquid 

Rate 

Oil 

Rate 

Water 

Rate 

Liquid 

Rate 

Oil 

Rate 

Water 

Rate 

Liquid 

Rate 

Oil 

Rate 

Water 

Rate 

3325 266 3059 3340 267 3073 0.5 0.4 0.5 
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Fig. 4 presents the results modeled of different VLP/IPR for well A under different 

gas injection rate with good matching. Gas lift performance curve for the well had 

been determined by plotting the intersection points of VLP and IPR curves at different 

values of gas injection rate 

 

 
 

 
 

Figure 4: VLP/IPR curves at different values of injection gas for well "A". 

 

 

4.1.  PVT Matching 

Gas evolution in the tubing is a constant composition process, Flash data, not 

differential liberation data, has been used for matching. Carefully inspecting the 

correlation parameters in PROSPER, the following correlations had been identified 

for the best overall fit for the matched PVT; Lasater for "Pb, Rs and Bo" and Beggs et 

al. (2006) for oil viscosity. After selecting the best fit correlations, the PVT input data 

had been matched with measured data and PROSPER was showing "PVT is 

MATCHED" in input screen. 

 

4.2.  VLP Matching 

VLP matching provides a logically consistent means to adjust flow correlations to 

reproduce the measured pressure. Matching is used to select the flow correlation that 

best fits the experimental measurements. Comparison of correlations is the 

fundamental step in the quality check of the model. This option allows pressure 
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gradient plots to be generated with different correlations to be compared with 

measured gradient survey data. The comparison enables to understand if the 

measurements make sense or not. It was found that gravity and friction parameters 

were found very much close to unity with PE-2 (Petroleum Expert-2) correlation for 

well "A". 

 

4.3.  IPR Matching 

The feature of IPR matching is used to check the consistency of the bottom-hole 

pressure data used in the VLP matching and to adjust the IPR to match the measured 

data. As there is little inconsistency between the test point and IPR model, 

Productivity index (PI) has been adjusted in PI entry model until a match is obtained. 

Matching both the VLP and IPR to actual test data ensured that the PROSPER well 

model is capable of accurately reproducing the currently known producing conditions. 

 

4.4.  Comparison of Well Test Data with PROSPER Data 

Using the PROSPER generated calculations; a comparison of the actual rates with the 

model rates had been summarized in Table 2. Deviation was found less than 1 % for 

which indicate that the wells had been modeled in PROSPER accurately. 

 

4.5.  Gas Lift Performance Curve (GLPC) 

The shape of the oil production versus gas injection performance curve is the basis for 

gas lift optimization. Gas lift performance curve illustrates clearly the response of the 

well to increased lift gas volumes  Fig. 5 presents gas lift performance curve for well 

"A" where it had been used to determine optimized gas lift injection rate for the well. 

 

 
 

Figure 5: Gas lift performance curve for well "A". 
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5. Results and Discussion 

The developed PROSPER model for well “A” was used as a sample model to study 

the effect of gas injection rate on liquid production for the determination of the 

optimum gas injection rate for this well. In the same time, the developed PROPSER 

model is also used to investigate the effect of other important parameters on a 

successful gas lift operation. All well data have been used to generate the PROSPER 

model. Then, the model was matched with real data, the correlations were selected, 

and then single well-nodal analysis was used to detect the effect of some parameters 

on gas lift performance; namely injection gas composition, water-cut, wellhead 

pressure, and tubing roughness. 

The objective of studying the effect of these factors on well production is to detect 

their contribution in changing wells production. Factors with outstanding effect on 

production should be optimized and considered in any future development of the 

field, while factors with minimal effect can be neglected saving more time and effort 

in optimization process. 

 

5.1. Optimum Injection Rate for a Single Well Model (Well A) 
Fig. 5 presents the effect of gas injection rate on oil production performance for well 

"A" (GLPC). There is a sharp increase in the liquid production as the gas injection 

volume increases to 2 MMSCFD. Thereafter the liquid production starts to stabilize 

and reaches a maximum rate of approximately 3,340 BFPD at an injection rate of 3.5 

MMSCFD. It is clear form Fig. 5 that the increase of the gas injection volume leads to 

an increase of the production rate of the well until the hydrostatic head reduction due 

to the added gas is offset by the increase in friction losses due to the greater flow 

velocity of the produced fluids. At this point, the maximum flow rate is reached. 

Increasing the gas injection rate beyond that point causes a decrease in production rate 

(3.5 MMSCFD for well "A"). This point is known as the technical optimum rate. 

Small increase in production rate with increased gas injection rate yields presence of 

(most probably) an economic optimum which will be lower than the technical 

optimum. Fig. 5 shows that the economic optimum injection rate for well "A" is 2.0 

MMSCFD and the well flow rate will be 3,250 BFPD. 

A comparison of the actual gas injection rate (3 MMSCFD) with the model optimized 

gas rate indicated that the well is operated above the economic optimum injection rate 

which is 2.0 MMSCFD. Therefore, the decrease in gas injection rate to 2.0 MMSCFD 

will save high pressure gas and in the same time decrease liquid production from 

3,325 BFPD to 3,250 BFPD with no potential loss in liquid production. In practice, 

saving 1 MMSCFD of gas has no significant value for single well optimization but is 

a worthy number when wide-field optimization is considered and promising results 

can be achieved. Also, gas lift design should always be based on the establishment of 

an economic optimum lift gas rate. 

 

5.2. Investigation Effect Injected Gas Composition 

In practice, the influences of gas composition and gas gravity on gas lift performance 

are effectively the same. Change of gas composition means change of gas gravity and 

hence, affecting the gas-lift system and liquid production. 



32 Shedid A. Shedid and Mostafa S. Yakoot 

 

Five different injected gas compositions were used to investigate the effect of 

injection gas composition on gas lift performance. The used gas compositions were; 

methane (C1), ethane (C2), C1/C2 (50/50), carbon dioxide (CO2), and nitrogen (N2). 

Different gas compositions were used to simulate Well “A” by the PROSPER model 

to investigate the effect of using these different compositions on the total liquid 

production. Each composition has its own gravity as shown in Table 3. Results were 

obtained based on the input data and the well-matched model. 

 

Table 3: Different used gas compositions and their gravities 

 

Injection gas composition Gas gravity 

C1 (Methane) 0.553 

C2 (Ethane) 1.037 

C1/C2 (Methane/Ethane) 0.795 

CO2 (Carbon dioxide) 1.518 

N2 (Nitrogen) 0.967 

 

 

Total liquid production was plotted, in three separable graphs, versus Injection gas 

rate, water cut, and GOR, at different gas compositions, to easily differentiate 

between the effects of different gas compositions on gas lift system. Actually, gas 

injection rate, water cut, and GOR are still believed to be the most important factors 

influencing on gas lift performance. 

Figs. 6 through 8 present the total liquid production versus gas injection rate, water 

cut percentage and GOR for different gas compositions. These figures provide a 

general conclusion that the effect of injection gas composition is very important and 

should be optimized. 

Fig. 6 presents the Gas Lift Performance Curve (GLPC) for different gas 

compositions. This figure, Fig. 6, demonstrates that each gas composition has its own 

optimum injection rate at which maximum production is achieved. Attained values of 

optimum gas injection rate and corresponding maximum liquid production for each 

gas composition are tabulated as shown in Table 4. 

 

Table 4: Optimum injection rate and maximum production at different compositions 

 

Injection Gas 

Composition 

Maximum Oil Production, 

STBPD 

Optimum Injection Gas, 

MMSCFD 

IGLR, 

SCF/STB 

C1 3345 4 1196 

C2 3350 3.2 955 

C1/C2 3330 3.4 1021 

CO2 3370 2.6 772 

N2 3310 3.2 967 
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Injection gas liquid ratio (IGLR) is a substantial parameter which can be used to 

determine the best gas composition to be used optimally. Gas composition with the 

lowest IGLR is the best practical gas composition as it consumes minimum gas to 

produce maximum oil. Table 4 shows that CO2 is the most economic gas to be used 

and methane injection will be the most uneconomic gas to be injected. This 

conclusion reveals that the higher the injection gas gravity, the better the gas lift 

performance, the lower the optimum gas injection, and the higher the liquid 

production. 

 

 
 

Figure 6: Liquid rate vs. injection gas rate at different gas compositions. 

 

 

Fig. 7 presents liquid production versus water cut at different compositions of injected 

gas. The increase of water cut, increases bottom hole flowing pressure (BHFP) and 

hence decreases liquid production. At lower values of water cut, injection of methane 

gives highest production rate while CO2 provides lowest production rate. At lower 

values of water cut, BHFP is smaller and fluid gradient is lighter. Moreover, the low-

gravity methane is admitted to tubing to lighten fluid column, increase drawdown and 

hence decrease BHFP, so highest production is easily achieved. 
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On the other hand, the admittance of relatively heavy CO2 will add to BHFP causing 

relative decrease in liquid production. At higher values of water cut, injection of 

methane inversely gives lowest production rate and CO2 gives highest production 

rate. At higher values of water cut, BHFP is larger and fluid gradient is heavier so 

lifting of liquid column requires high-gravity gas such as CO2 to displace liquid slugs 

by large bubbles of gas acting as pistons. Although low-gravity gas such as methane 

can be injected to lift high-water cut wells, the injected quantity will be greater so 

injecting CO2 will be more economic and displacement of liquid will be more 

effective. 

 

 
 

Figure 7: Liquid rate vs. water cut at different gas compositions 

 

 

Fig. 8 presents liquid production versus GOR at different compositions of gas. This 

figure, Fig. 8, indicates that increase of GOR makes the liquid column lighter. BHFP 

becomes smaller and hence liquid production increases. 

At the same value of GOR, CO2 injection gives maximum liquid production among 

other gas compositions, while methane injection gives minimum liquid production. 
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Actually, CO2 has higher gravity and provides better displacement efficiency of liquid 

slugs by large bubbles of gas, acting as pistons, assisting liquid to be easily lifted to 

the surface. 

 

 
 

Figure 8: Liquid rate vs. GOR at different gas compositions 

 

 

In summary, the optimum injection gas rate at which the well should be operated 

depends on the composition of that injected gas. Type of injected gas is selected 

according to many considerations such as gas availability, operational problems and 

economic aspects. The gas composition plays an important role in enhancing the well 

production and gas type should be selected optimally to operate the field at optimum 

conditions of maximum liquid production and minimum gas injection. 

 

5.3. Investigation Effects of Water-Cut, Well-head Pressure, and Tubing 

Roughness on Gas Lift System 
Several parameters are believed to have dominant effects on the optimization of the 

gas lift performance and consequently on the increase or decrease of the oil 

production 

Fig. 9 presents the total liquid production versus water-cut at different values of gas 

injection rate. Figs. 10 and 11 present the total liquid production versus well-head 

pressure and tubing roughness at different values of gas injection rate. These figures 
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provide a general conclusion that effect of water cut, well-head pressure, and tubing 

roughness is very important on gas lift system performance and should be optimized. 

This will inevitably lead to maximizing the production and operation's net value. 

Fig. 9 shows the effect of water-cut on the total liquid production. This figure, Fig. 9, 

indicates that water-cut increase will decrease liquid production rapidly and this is 

true at all values of gas injection rate as shown in the figure. Water cut is known to be 

a major factor affecting the outflow performance of the well and hence oil production. 

This is due to the influence of water-cut on productivity index (PI) as relative 

permeability is affected, the liquid density will be increased, and there will be a 

change in gas-liquid ratio below the point of injection. 

It is believed that high water-cut wells frequently consume more gas injection than 

low water-cut wells in order to overcome the high fluid gradient in the well. 

 

 
 

Figure 9: Liquid rate vs. water-cut at different gas injection rates. 

 

 

In gas lift-production system, some of the variables affecting production rate can be 

controlled and some can’t be controlled. Water cut belongs to the second category of 

parameters that can’t be controlled (Brown, 1980). Only remedial actions can be 

implemented in order to mitigate the effect of water-cut increase. A periodic 

monitoring and analysis of water-cut data is very important to detect any change in 
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water-cut for faster detection and diagnosis of problems before gas lift system 

performance being affected. 

Water shut-off jobs become effective when lower perforation intervals are flooded 

out. This will help to reduce the water-cut in the well helping gas lift system to work 

in relief. It is known that water-cut increase will increase liquid gradient in the well 

that may change the point of gas injection. Therefore, performing gas lift surveys to 

detect the current point of injection is necessary to check the gas lift system for 

possible gas lift valve change. 

Future prediction of the changes in water cut makes it possible to obtain the optimum 

well parameters such as tubing size, flow line size, separator pressure, and compressor 

capacity. Then it is possible to obtain the optimum oil production rate. To assess the 

long term completion requirements, the effect of water breakthrough and productivity 

index (PI) reduction should be taken into account during initial design. 

Fig. 10 shows the effect of wellhead pressure on the total liquid production. This 

figure, Fig. 10, indicates that wellhead pressure increase will decrease liquid 

production rate. This is true at all values of gas injection rate as shown in the figure. 

For example, Fig. 10 shows that for well head pressure increase from 100 to 200 psi, 

liquid production will be decreased by 460 bpd at gas injection rate of 2.0 MMSCFD. 

 

 
 

Figure 10: Liquid rate vs. wellhead pressure at different gas injection rates. 
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Gas lift systems should operate with minimum (practical) back pressure at the 

wellhead. Wellhead pressure is transmitted to the bottom of the hole, reducing the 

differential into the wellbore. Thereby reducing production and in the same time 

increasing injection gas requirements, so low wellhead back-pressure is of a prime 

importance, as it allows increased drawdown, enhanced gas lift efficiency and thereby 

production can be increased, and lift power decreased. These are generally the least 

expensive optimization gains to achieve, because no well intervention is needed. 

Understanding the surface gathering system is therefore very important to determine 

the changes needed (such as removing restrictions, lower separator pressure, etc.) and 

the impact to the overall system (Schlumberger, 1999). 

Higher back-pressure results in closer valve spacing and shallower injection. In an 

intermittent gas lift, surface back pressure should be minimized to reduce the effect of 

liquid fallback. Long and/or small-ID flow lines, production chokes, “empty” bean 

boxes and high separator pressures can all result in significant production bottlenecks 

and should therefore be avoided. Presence of paraffin or scale buildup in the flow line 

can also result in high back pressure. 

It is strongly recommended that gas lift systems are operated with minimum back 

pressure at the wellhead. One of the major factors affecting wellhead pressure is the 

length and diameter of the flow line to the separator. A small increase in flow line 

diameter can significantly reduce the wellhead pressure and increase production 

efficiency. This particularly is true when production GLR is high. Lowering tubing 

head pressure (THP) may also require lowering separator pressure. Tubing head 

pressure being compared with manifold pressures may reveal a flow line or choke 

plugging in case of high pressure drop. 

Fig. 11 shows the effect of tubing roughness on the total liquid production. 

Abouelsaoud (2005) has defined the absolute pipe roughness to be a measure of pipe 

wall irregularities. It has dimensions of length and is usually expressed in millimeter 

(mm) or inch (in.). Typical absolute roughness values are 0.0006 in. for new, and 

0.009 in. for used well tubing. Wall roughness is a function of the pipe material, the 

method of manufacture and the environment to which it has been exposed. 
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Figure 11: Liquid rate vs. absolute tubing roughness at different gas injection rates. 

 

 

Fig. 11 indicates that the increase of roughness decreases liquid production rate. This 

particularly true at all values of gas injection rate. This figure, Fig. 11, shows that for 

roughness increase, by twice, from 0.00079 to 0.00158 in., liquid production is 

decreased by 1.1, 1.4, 1.9, and 2 % (of its value at 0.00079 in. roughness), at gas 

injection rates of 1, 2, 3, and 4 MMSCFD. This reveals that the impact of roughness 

on liquid production is not as effective as water-cut or wellhead pressure. 

As fluids flow from the wellbore to the surface through production tubing, there is a 

continual pressure drop (Al-Attar et al., 2012). There are three sources of that 

continually-occurring pressure drop namely; gravity, friction, and acceleration. 

However, the static component, rather than friction component, has the greatest effect 

on pressure loss in multi-phase flow while the acceleration component is always 

negligible. In numbers, the static component represents (70-95) % of the total pressure 

losses, and the friction component represents (5-25) % of the total pressure losses, 

while acceleration component is less than 5% (Takacs, 2005; Petroleum Experts, 

2009). 

In summary, the tubing roughness is considered an important factor that affects the 

friction term in pressure losses. However, it has no significant effect on the total 

liquid production such as liquid gravity does. This is true; as long as proper tubing 

size is chosen (small tubing size with high GLR may cause high pressure losses due to 

friction). 
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5.4. Investigation of Reliability of Well-Test Data 
A typical production test contains average data acquired over a set time frame assuming a 

consistent production rates throughout the test period (Abdallah et al., 2010). 

Investigating the reliability of well test data and understanding how it was acquired 

and/or reported is the corner stone of any test data interpretation process. Inaccurate data 

may lead to wrong operational decision due to misinterpretation. In most times, there is a 

great difficulty in obtaining accurate and repeatable well test data using standard testing 

methods. This difficulty results from lack of surveillance work, lack of skilled manpower, 

harsh offshore operation conditions, and mature facilities including; infrastructure, test 

separators, test lines, totalizers, liquid meters and, gas scanners. These factors greatly 

affect performing intervention jobs and data gathering process, resulting in lack of 

updated well test data and poor quality of measured data. 

PROSPER can be used effectively as a worthy tool to investigate the reliability of well 

test data, and to quality-check test data in fields with problems in routine testing of wells. 

PROSPER model can also help in identifying problems that can lead to errors in 

obtaining reliable test data, such as testing equipment, process of data reporting, field 

maturity problems,….etc. 

In order to achieve a successful investigation of test data reliability, a general 

methodology is introduced. Fig. 12 indicates the work flow process of investigating test 

data reliability for the purpose of spotting any error in data to eliminate the source of that 

error and reconcile PROSPER well model with actual measurements. A consistent step-

by-step well test matching procedure was applied in order to construct a validated and 

calibrated PROSPER wellbore model. 

 

5.5. Feasibility Study of Practical Application of IPM in Gas-Lift 

Optimization 

A feasibility study was made to evaluate and analyze the potential of the practical 

application of IPM in gas lift optimization process. The evaluation aims to objectively 

and rationally uncover the strengths and weaknesses of the proposed work. This 

project is considered to have a great potential of success. It can be listed as a low-risk 

investment. 

Utilizing the ability of IPM software package to maximize production earnings by 

providing the means of critically analyzing the performance of producing wells, 

especially in an offshore and/or mature field, will not help only to overcome the harsh 

operational conditions and facility ageing problems but will also lead to increase field 

production and make profitability, simply by saving more injection gas and producing 

more oil, far from any operational risks. 

 

Feasibility Factors 

1) Technology and System Feasibility: Presence of skillful engineers is critical 

for optimization process, in order to work on well optimization 

(production/injection), monitoring and maintaining rates and pressures, 

dealing with daily different operational problems. Licensed IPM software 

should be available for all petroleum engineers. In fact, the application of gas-

lift optimization using IPM is technically feasible with high efficiency. 
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Figure 12: Work flow process for investigating test data reliability. 

 

 

2) Operational Feasibility: Using the production model developed by 

PROSPER to analyze the performance of producing wells requires more 

awareness, knowledge, and training for operators and engineers and intensive 

engineering supervision. 

3) Schedule Feasibility: The application of developed production model for 

producing wells can be performed in a very short time and its output can be 

touched few weeks after implementing the new optimum gas injection rate 

that was recommended by the model. Shortly, the application process can be 

said to have a reasonable time table for both starting and development. 

4) Cultural Feasibility: Unfortunately, the culture of using software models to 

operate huge fields and monitor performance of wells, rather than depending 

on the widely used rule "rule of thumb" will take a relatively long time to get 

operators used to the new work approach where the good engineering 

application is the dominant culture in the field among operators. Intensive 

training, continuous supervision, and awareness level increase are then 

inevitably required. 

5) Financial Feasibility: Gas lift optimization considered an economic method 

of increasing revenues, enhancing profitability and providing important data 



42 Shedid A. Shedid and Mostafa S. Yakoot 

 

for field management plan. Whatever the level of optimization, more can 

always be achieved and accomplished with a disciplined and systemized 

process (Schlumberger, 1999). As shown in the optimization process for well 

"A", the actual injection rate was found one MMSCFD higher than that was 

recommended by PROSPER model. 

 

The incremental decrease in production due to saving one MMSCFD of gas is 

considered negligible. In practice, saving one MMSCFD of gas has no significant 

value for single well optimization but is a worthy number when wide-field 

optimization is considered and promising results can be achieved. The importance of 

HPG lies significantly in its utilization for oil production through gas lift system. 

When the saved gas is used as sales gas rather than being injected, the benefit of 

optimization process will be much lower. 

 

 

6. Conclusions 

This simulation study investigated the optimization of gas lift process and the key 

parameters affecting oil production. In addition, the study identified the technical 

possibility and economical feasibility of simulating the field production. The 

following conclusions are attained: 

1. Gas lift optimization process is inevitable for obtaining high oil production 

rates and it includes several variables that should be considered for 

optimization. 

2. . The generated gas lift performance curves helped tuning injection operation 

to determine the best gas composition. This saves high gas pressure and 

achieves economic oil production. 

3. Composition of injected gas, water-cut, and wellhead pressure have real 

impact on attained oil production and should be optimized while tubing 

roughness has minimal effect on oil production and can be neglected. 

4. Carbon Dioxide is the most economic gas while methane injection is the most 

uneconomic gas to be injected. In general, the higher the injection gas gravity, 

the better the gas lift performance and the lower the optimum gas injection, the 

higher the liquid production. 

5. A computerized production model was developed for a gas lift system in a 

single well and used to analyze and provide the optimal injection rate of gas 

using nodal analysis approach. 

6. The developed production model can be used to further manage the reservoir. 

As the production performance changes, water-cut, reservoir pressure and 

gas/oil ratios can be updated in the model. 

7. The application of constructed model results in individual well profitability, 

optimization of injection gas usage and increasing reserve recovery with low 

risk investment. The application process has proved to be economically and 

operationally feasible. 

8. A general methodology was introduced to investigate the reliability of well 

test data. The introduced work flow can be effectively used to spot any errors 
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in test data, helping to eliminate the source of that error and reconcile 

PROSPER well model with actual measurements. 
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Nomenclature 

BFPD Barrel Fluid Per Day 

Bo Oil formation volume factor, res. bbl/STB 

Bpd Barrel per day 

IPM Integrated Production Modeling 

GLR Gas Liquid Ratio, SCF/STB 

GOR Gas Oil Ratio, SCF/STB 

HPG High Pressure Gas 

ID Inside Diameter, inch 

IPR Inflow Performance Relationship 

mbopd Thousand barrel oil per day 

mbpd Thousand barrel per day 

MMSCFD Million Standard Cubic Feet per Day 

NPV Net Present Value 

Pb Bubble point pressure, psi 

PI Productivity Index, bbl/day/psi 

PVT Pressure Volume Temperature 

Rs Solution gas oil ratio, SCF/STB 

THP Tubing Head Pressure, psi 

VLP Vertical Lift Performance 
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