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Abstract   

With a huge number of oil and gas field becoming mature, the upstream production is facing new challenge. How to develop , or at least steady production while keeping obtainable reserves at their existing level, As matter of fact unstable production in gas lift wells. The key issues most operators encounter with oil fields are the effects of high water production that may lead to wells died and decrease in an economical production period. With the increase of water production or decline of reservoir pressure, reservoir drawdown pressure decreases that causes decline in oil production rate. This study is carried out as a consequence of low production problems in one of the oil Field in Libya due to increasing in water production.

 The LBO well was previously drilled into the X reservoir where the reservoir is supported by a strong aquifer. The well has produced for a period and water cut has increased, which led to reducing reservoir pressure and also rate of production has massively dropped as the water cut reaches 70% the well die. Several of wells were shut in due to a significant increase in water production to achieve incremental reserve recovery from this field gas lift system was employed. This work discusses the successful case study of the implementation of continuous gas lift in Libya oil field that demonstrations by deploying of a continuous gas lift system production rate appreciated to 990.782 stb/day at a gas injection rate of 1 MMscf/day.
In this work, PROSPER Software has been used to analyse inflow and outflow performance with a change in various operating conditions such as Water cut, well head pressure. In addition, the effect of valve port size in oil production was evaluated using the Prosper recommended valve type database., The results obtained indicated that to improve oil production rate from gas lift wells both valve port size and the amount of gas available for the injection process, is critical regarding production performance of the field. Some of the wells were studied in this work, but only a typical well is analysed and discussed in this paper for brevity. Finally, the result is expected to have a real impact in enhancing gas lift behaviour in this field, the Middle East and Worldwide.
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1. Introduction

The concept of the gas lift system is injected high-pressure gas continuously or intermittently into the well through casing and U-Tubed to tubing resulting in the reduction of the hydrostatic pressure of the heavy column of the fluid and reducing the bottom-hole flowing pressure. Also, the purpose of the gas lift installation is to bring hydrocarbons fluids to the surface at a desirable quantity at the same time maintain the bottom-hole pressure at a value that is limited to give high drawdown pressure within the reservoir 
(Mohamed et.al   2016)
The main issues most operators encounter with continuous gas-lift are the effects of the water cut. Water coning in a gas lift well is destabilizing aspect , a strong dependence of the water cut at the bottom hole from the liquid production rate may consequence in extreme gas injection rate necessary to steady the flow gas lift wells at low wellhead pressure (Aguilar et al. 2011). Water production is one of the major technical, environmental, and economical problems associated with oil field production, water production can limit the productive life of the oil wells and can causes severe problems including hydrostatic loading. water production is often a result of water coning and multilayer channeling (Jassim and Subhi 2010). Furthermore, the problem may encounter with continuous gas-lift is maintaining an optimum gas injection rate into each well and through down hole gas lift valves. 

The key attention in gas lift design is the condition, estimate the water cut production percentage, gas injection rate and spacing valves to initiate and maintain oil production with economical gas injection rate. After design connection, the main concern in the day-to-day operation of gas lift is the cost of the gas compression facilities. If extreme gas capacities are disseminated due to narrow injection depth or if extreme volumes are circulated with diminishing revenues. The primary of these is due to incorrect design. The latter is due to the inappropriate action of even a properly designed system. To emphasize the necessity for further improving the efficiency of the gas-lift operation and the determination of gas passage through a certain valve is the most important factor of gas lift string design. The main criteria for an unloading valve is that it will permit sufficient gas to unload the well to the extent that the next (lower) valve can be uncovered and that it will close and remain closed once lift gas is injecting deeper in the tubing string (Forero et. al. 1993).

Gas lift optimization poses significant challenges to sort certain greatest hydrocarbon recovery. In much-linking gas injection rates and pressure are not observed actual time and can be a great time interval before changes are completed. Furthermore, to expand production flow rate, it is serious to identify how much oil and gas being produced from the separate well and exactly how much gas can is being injected. Gas lifts strategy and supervision requests integration of various changeable through the field. It makes sense to embed optimization-based choice support tools into work processes to improve the decision process to exploit the connected services in the best possible way. Greatest possible could imply maximizing oil production, maintenance production on target rates, decrease down-time or combinations. 
2. Statement of the Problem
Continuous gas lift system is currently generally utilized as artificial lift technique in LBO oil field in Libya, in fact approximately 75% of total production wells are produced by continuous gas lift system. The common difficulties experienced when optimized gas lift wells in this field are changeability of oil production due to increase the water cut.  As field began producing water, wellhead flowing pressures was declining in most of produces wells in the field due to increasing water cut , decreasing gas oil ratio (GOR) and oil production is a significant decline. This drop in production for wells initiated the use of a continuous gas lift system, which aims at improving production rate at an optimum injected gas rate which in return should yield financial growth. However, the field gas lifted wells are not producing the maximum possible amount of oil at low gas injection rates despite of the fact that unstable operation condition is the most important reason for this furthermore; operation a gas lifted well under unstable condition has several disadvantages. This fact, along with increasing water production in the gas-lift wells. 
Operating a gas-lift under low or high gas-lift injection rate has some disadvantage First; the full lift potential in the gas is not accurately used, resulting in a very inefficient operation. Secondly, pressure surges in production facilities may be so huge that severe operational problems are likely to happen. Moreover, production control becomes very difficult (Mazin Zain 2000) furthermore, Gas injection rate through the gas lift valve causes erosion problems due to high velocity inside the valve to avoid the erosion injection rate should be controlled during the unloading  (Garcia & Rosa 2012).The changes in the gas rate at the surface cause dynamic changes in the starting at the bottom and working their way up to the surface. Since the typical oil reservoir can be more than a mile below the wellhead, many subsequent and sequential upsets can be induced before the previous ones reach the surface (Xu et al. 2013).
3. Methodology

PROSPER is a well performance, design and optimization program for modelling most types of well configurations found in the worldwide oil and gas industry today. It can assist the production or reservoir engineer to predict tubing and pipeline hydraulics and temperatures with accuracy and speed. PROSPER's sensitivity calculation features enable existing well designs to be optimized and the effects of future changes in system parameters to be assessed. PROSPER is designed to allow building of reliable and consistent well models, with the ability to address each aspect of well bore modelling via; PVT (fluid characterization), VLP correlations for calculation of flow line and tubing pressure loss and reservoir inflow. Fig 1 shows the A simplified Diagram of the Methodology. (Petroleum Experts 2010).
[image: image10.png]



Fig.1- A simplified Diagram of the Methodology.
3.1 Case Description
Currently oil is produced in LBO well through gas lift technique; oil is found in a highly porous limestone reservoir 180 to 320 ft. thick at a measured depth of 10,500 ft. with an extremely strong water drive reservoir.

The LBO field is a super-giant field and mainly limestone reservoir with fold hydrocarbon trap Anticline fold and its rock type is limestone which is characterized with a natural fracture. The reservoir petro-physical properties are ranged between 5-44 md for average permeability, between 13% - 26% for water saturation and between 18% - 27% of average porosity in matrix with large gas cap and Aquifer, The permeability of the reservoir is about 2000-3000 md, porosity of 30% and the saturation of water 35%. The initial production in this well was producing initially at 6315.88stb/day overtime, as production continues the rate of oil production dropped to 500 stb/day at 60 % water cut in LBO well.
3.2 Well Model Construction 

The well was modelled using PROSPER Software program Actual PVT data has been entered to the model including input data which consisted of the deviation survey, down hole completion, geothermal gradient, typical heat capability and gas properties. The down hole tools, inflow was demonstrated and the current gas lift design was then displayed.
The PVT data helps to predict fluid properties accurately as pressure and temperature tends to fluctuate within the reservoir. The black oil model data for PVT has being inputted into the model program and the method used was a single stage flash of recombined reservoir fluid. A nonlinear regression is used for this correlation (parameter 1 & 2) and a standard deviation is displayed. After matching best fit for bubble point, solution gas ratio and oil formation factor correlated with ‘Glaso’ while best fit for oil viscosity correlated with ‘Beet et al’.
Table-1 PVT Data
	Temperature
	Bubble Point
	Solution GOR
	Gas Gravity
	Oil Gravity
	Water Salinity
	Oil Viscosity
	Oil 

FVF

	200 °F 
[image: image2.wmf]

 EMBED Equation.3  [image: image3.wmf]
	3250
	725
	0.7
	37 API
	69000 ppm
	0.368 cp
	1.41 rb/stb




PR Data: The Darcy model was used for the calculation of IPR curve and then validated with the test data in as gotten from the field for accurate enhancement of the built model which will be used to predict well performance. Figure 2 illustrates the inflow and out flow performance relation ship  
Table-2Test Data

	Tubing Head Pressure
	Tubing Head Temperature
	Water Cut  %
	Liquid Rate
	Gauge Depth (measured)
	Reservoir Pressure
	GOR

	300 
psig
	132.6 
°F
	0
%
	8976.4 stb/day
	10,450 
feet
	4536.62 
psig
	725 
scf/stb


[image: image1.png]SYSTEMS ANAILYSIS USING PROSPER





Figure-2 inflow and out flow curves
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Fig.3-VLP/IPR curve at 70% water cut

Figure3 illustrated that the VLP and IPR curves does not intercept which shows a complete production decline at 70% water. Therefore, the need of a continuous gas lift system was implemented to increase production from this well. 
4.0 Result Discussion
4.1 Water Production Effect 

After matching PVT, VLP and IPR data, scenarios were made to use the model to perform a system analysis. Sensitivity test was carried out on the reservoir pressure for the effect of the water cut and decrease or increase in wellhead pressure. Increase the water cut results in increases water density that in its turn raises hydrostatic forces. As a consequence, pressure gradient and bottom hole pressure rises.
Table 3 demonstrates the effect of water cut percentage and the tubing well head pressure on the total oil production of the well. From the table results which shows that natural flow is impossible at whatever rate as long as the water cut reaches to70 % .It can see that when the well head pressure increased to 520 psi the well stopped to productions which result in absence of 520 psig wellhead pressure line in figure 4 due to no production for the specified water cut cases.

 Table 3- Reservoir Pressure 3500psig

	Water Cut (%)
	50%
	60%
	70%

	WHP
(psi)
	Oil Rate
(stb/day)

	260
	2439.22
	1562.35
	672

	330
	2094.95
	1237.78
	0

	520
	0
	0
	0
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Fig.-4 the water cut effect on oil production 

Well head pressure sensitivity analysis was carried out and illustrated in figure 5 that explains what happens if the well head pressure is increased or reduced. From the plot it is clearly seen that the well head pressure has a great impact on the gas lift behaver by increasing the wellhead pressure let to decrease production and by decreasing the wellhead pressure will improve production. Also, the results indicated that as soon as the well head pressure reduces to 260 the well produced 672 stb/day at 70% water cut, Furthermore, reduction in wellhead pressure reduces the drawdown pressure which in turn increases the in oil production as illustrates in figure 5. Therefore for improve production rate it is required that the well head pressure is reduced. This is happened as the gas enters the tubing, gas expansion occurs due to the pressure drop and the mixture of gas into the column of oil creates a lower density fluid. Furthermore, it is clearly seen that the economic well head pressure for this well is 260 psi.
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Fig. 5- Sensitivity Plot of Wellhead Pressure 260, 330 and 520psig

4.2 Injection Gas lift Optimization 
Different injection rates provides different operating liquid rates as depicted by gas-lift performance curve as illustrates in figure 6, However, choosing injection rate that delivers maximum liquid rate could not be optimum because slightly lower gas injection rate may gain similar liquid production rate with lower gas consumption furthermore, the amount of gas available for the injection process is very important regarding production performance of the field. If inadequate gas exists for injection the gas need be allocated properly to individual well in the field in order to maximize the total field oil rate and enhance the gas lift wells performance. In additional gas lift an expensive, however indispensable means to recover oil from great depth reservoir that entails solving the gas lift optimization difficulties, regularly in response to variations in the dynamics of the reservoir and financial fluctuations. 
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Fig. 6-Gas Lift Performance Curve
The figure 5 illustrates the plot of oil rate (std/day) against gas injected rate mmscf/day, by using this plot, the Engineer is providing with fast data regarding the rate of oil that can be produced once a certain amount of injected gas injected into the well. This figure can only be generated once the gas lift design has being calculated. From quick look at the figure 5 it is illustrates that the optimum injection rate for this well is 

13 mmscf/day.  
As mentioned previously, the well cannot be produced when the water production reached to 70% water cut however, with the implement of a continuous gas lift system production rate appreciated to 990.782stb/day at a gas injection rate of 1mmscf/day. The results indicated that by the increasing the gas injection rate the oil production increased significantly from 990.782 to 1565 stb/day at a designed gas injected rate of 4 mmscf/day at 70%.
Although increase in gas injection rate led to higher production to 1970.82 stb/day when injection rate increased to 13 mmscf/day, however though further increase of gas injected yielded more production rate until a stage of gas injection rate 14mmscf/day where increase in frictional component was more than it decreases gravity which led to an insufficient increase in production as demonstrated in and table 4 and figure 7. 
The maximum oil production of 1968 stb/day will be for gas lift rate of 13MMscf/day, which represents the optimum gas lift rate of LBO well. 
Table 4-Gas Lift Optimization

	Water Cut (%)

	50%
	60%
	70%

	No. Gas Injected (MMscf/day)
	Oil Rate (stb/day)                           Oil Rate (stb/day)                      Oil Rate (stb/day)

	1
	2089.48
	1531.83
	990.782

	2
	2450.4
	1892.36
	1336.7

	4
	2765.22
	2156.83
	1565

	12
	3297.15
	2633.96
	1968.

	13
	3295.97
	2634.75
	1970.82

	14
	3289.65
	2631.18
	1970.02
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Fig.7-Sensitivity Plot of water cut % 50, 60 & 70 @ WHP 330 psig



4.3 Gas Lift Valve Port Size Effect
The function of individual  unloading gas-lift valve is for supporting the unloading process, injecting sufficient gas to permit transfer to the following lower valve, and then close and remain clos consequently gas-lifting can occur on a constant basis through a lower opening or proper gas-lift valve from the anticipated depth of gas injection. Furthermore, the gas valve needs to be open at the accurate time and it needs to be exposed primarily to permit the unloading procedure to continue. In additional, individual valve must open enough to transmit the desired amount of gas.  Gas-lift valves have a capacity rate that may vary from a few tens to several hundreds of pounds per inch depending on the design and manufacture of the valve.
 In work paper, three types of gas lift valves Camco R-20, Camco RP-60 and Camco BKLK-2 Carbide were selected to determine the change in production. PROSPER Software database was used to select the best the gas lift valve port sizes and the results are shown in table 5, 6 and 7 respectively.
4.3.1 Camco R-20 normal
This kind of valve has a variety of port sizes which increase as the depth increases down to the wellbore. PROSPER Software selects the best and convenient port size that will permit the optimum injected gas rate for that particular depth. Table 5 illustrates that as the depth increases down the port size also increases. The gas injected rate increased significant, thus allowing this particular valve to accept additional injected gas which resulted in the oil rate reaches 2153.77std/day.
From the relationship between the depth of the valve and the gas injection rate it is clearly seen that the deeper gas lift valve needs more gas injection which leads to increase in the liquid rate. Furthermore, when gas is injected at deeper point, it results in further drop in fluid column hydrostatic pressure inside the vertical tubing. As a result of lightening the fluid, the hydrostatic pressure will decrease thereby improving bottom hole flowing pressure.
Table 5-Valve: Camco R-20 Normal

	Valve Type

Number
	Valve Depth 

(ft.)
	Port Size 

(64th inch)
	Gas lift Gas Rate 

(MMscf/day)

	Valve
	3526.13
	8 
	0.38982

	Valve
	5813.9
	16
	1.80491

	Valve
	7292.11
	24
	3.02159

	Valve
	8090.92
	28
	3.62375

	Orifice
	8389.29
	31
	3.89823

	Oil Rate of 2153.77stb/day


4.3.2 Camco RP-60 Normal
This type of valve has in different port sizes. From table 6 that it can see that the first port size provides similar amount of injected gas as the valve type Camco R-20 which is 0.38982mmscf/day.

 Although, the port sizes are not the similar 8 and 16 inch respectively .The last orifice size in this valve is 32/64th inch which gives 3.89823 MMscf/day. When the results in tables 5 and table 6 were compared it indicate the port size increased from 31to 32 inches, However, the oil production rate reduced from 2153.77 stb/day to 2150 stb/day at the same injection depth of 8398.29 ft.
Table 6- Valve: Camco RP-6 Normal

	Valve Type

Number
	Valve Depth 

(ft.)
	Port Size 

(64th inch)
	Gas lift Gas Rate 

(MMscf/day)

	Valve
	3526.13
	16
	0.38982

	Valve
	5813.9
	16
	1.80491

	Valve
	7292.11
	24
	3.02159

	Valve
	8090.92
	28
	3.62375

	Orifice
	8389.29
	32
	3.89823

	Oil Rate of 2150 stb/day


4.3.3 Camco BKLK-2 Carbide
This type of valve does not possess much variety in terms of port sizes. The port sizes are 6 and 12 inches. PROSPER Software makes use of the port sizes and accepts the best fit for individual depth.
From table 7 which illustrates as the valve depth increase the port size selection increased only 12 inch which is the maximum port size for this type of valve in all unloading stages. Although, the injection rate kept reducing at different depths when compared to the injection rates in the table5 and 6 table.  However the oil production declined to 2137 stb/day when Camco BKIK-2 Carbide was used 
Table 7- Valve: Camco BKLK-2 Carbide

	Valve Type

Number
	Valve Depth 

(ft.)
	Port Size 

(64th inch)
	Gas lift Gas Rate 

(MMscf/day)

	Valve
	3526.13
	6
	0.38216

	Valve
	5813.9
	12
	1.76252

	Valve
	7292.11
	12
	0.88193

	Valve
	8090.92
	12
	0.6634

	Orifice
	8389.29
	12
	3.8216

	Oil Rate of 2137stb/day


5.0 Conclusion
1. It is necessary to improve and utilize the special software that allows describing prediction of the water cut percentage and injection gas rate and their effects on the well performance at the early stage of the well life. In this paper PROSPER Software model was used to investigate the effects of water production, well head pressure, gas injection and the effect of the port size different types of valves.  
2. The results showed that injecting too much quantity of gas injection let to raise well head pressure that declines the production rate and it is clear that the wellhead pressure has a great impact on the gas lift behaver.
3. The amount of gas available for the injection technique is very important regarding production performance of the field. If inadequate gas is available for injection the gas need be allocated properly to individual well in the field in order to enhance the total field oil rate and improve the gas lift wells performance.
4. It is needed to control the injection gas flow rates and the point of injection depths which will be required to appropriate of the calculated oil production rates and approve if the limit imposed on the injection gas/ water production effect can be seen in all cases.
5. Water production must be controlled at the early stage of the well life.
6. To improve oil production rate from gas lift wells the select the appropriate valve port size is highly recommended. 
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