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The present invention relates to a device and method for injecting high pressure gas into a production tubular. As the gas flows 
down the production tubular the gas will reach a mandrel having a port through a side of the mandrel that allows the gas to flow 
from the interior of the mandrel to the exterior the mandrel. Generally, on the exterior of the mandrel a fitting is attached that further 
allows a small tube to be attached to the fitting. The fitting allows the gas flowing from the interior of mandrel through the fitting to 
flow into the interior of the small tube. Generally, a threaded cap is attached to the far end of the tube so that a check valve can be 
threaded into the cap and a conventional gas lift valve is then threaded into the check valve. The check valve and gas lift valve are 
then inserted into the small tube such that the threaded cap is screwed into the small tube sealing the small tube. With the threaded 
cap, check valve, and gas lift valve sealed to the small tube the gas and the interior of the small tube opens the gas lift valve so that 
gas may flow into the gas lift valve, from the gas lift valve into the check valve opening the check valve, and then through a port in 
the threaded cap. The gas then flows from the threaded cap into the fluid thereby reducing the fluid's density and allowing 
formation pressure to push the fluid to the surface. 
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ABSTRACT 

The present invention relates to a device and method for injecting high 

pressure gas into a production tubular. As the gas flows down the production 

tubular the gas will reach a mandrel having a port through a side of the 

mandrel that allows the gas to flow from the interior of the mandrel to the 

exterior the mandrel. Generally, on the exterior of the mandrel a fitting is 

attached that further allows a small tube to be attached to the fitting. The 

fitting allows the gas flowing from the interior of mandrel through the fitting to 

flow into the interior of the small tube. Generally, a threaded cap is attached to 

the far end of the tube so that a check valve can be threaded into the cap and 

a conventional gas lift valve is then threaded into the check valve. The check 

valve and gas lift valve are then inserted into the small tube such that the 

threaded cap is screwed into the small tube sealing the small tube. With the 

threaded cap, check valve, and gas lift valve sealed to the small tube the gas 

and the interior of the small tube opens the gas lift valve so that gas may flow 

into the gas lift valve, from the gas lift valve into the check valve opening the 

check valve, and then through a port in the threaded cap. The gas then flows 

from the threaded cap into the fluid thereby reducing the fluid's density and 

allowing formation pressure to push the fluid to the surface. 
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SYSTEM FOR GAS LIFT 

BACKGROUND 

[0001]Generally, when a well is drilled at least one hydrocarbon bearing 

5 formation is intersected. Part of the process of completing the well includes 

installing a liner within the well where the liner also intersects the hydrocarbon 

bearing formation. Once the liner is in place, ports are opened up through the 

liner so that fluids, usually at least water and oil, may flow from the 

hydrocarbon bearing formation to the interior of the liner. Usually, in a newly 

IO completed well there is sufficient pressure within the hydrocarbon bearing 

formation to force the fluid from the hydrocarbon bearing formation to the 

surface. After some period of time the pressure gradient drops to the point 

where the fluid from a hydrocarbon bearing formation is no longer able to 

reach the surface. 

15 [0002]Once the fluids are no longer able to naturally reach the surface 

artificial lift may be employed. One form of artificial lift is known as gas lift. In a 

conventional gas lift operation, a production tubular is run into the well. The 

production tubular is assembled on the surface and includes a packer and a 

number of gas lift mandrels. Each gas lift mandrel has a check valve and a 

20 conventional injection pressure operated gas lift valve. 

[0003]The production tubular is then run into the well so that the packer may 

be set at some point above the ports in the liner to the hydrocarbon bearing 

formation. Once the packer is set fluid may flow from a hydrocarbon bearing 

formation into an annular area between the liner and the production tubular. 

25 The packer prevents the fluid from flowing in the annular area above the 

packer however the fluid may flow to the bottom of the production tubular and 

into the production tubular. Once the fluid is in the production tubular it may 

flow upwards to a level dependent upon the hydrocarbon bearing formation 

pressure gradient. The fluid in the production tubular will generally flow up 

30 past the annular packer and will flow upwards past at least one of the gas lift 

mandrels. Each check valve in the gas lift mandrels prevents the fluid within 

the production tubular from flowing through the gas lift mandrel and into the 

annular area above the packer. 

10422504-1 
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[0004] In order to begin producing the fluid to the surface high-pressure gas, 

such as nitrogen, is injected into the annular area between the liner and the 

production tubular. The only outlet for the high-pressure gas is through the 

gas lift valves into the gas lift mandrels and then into the interior of the 

5 production tubular. As the high-pressure gas reaches a gas lift valve the high

pressure gas flows into the gas lift valve through ports in the side of the gas 

lift valve. The ports are located between the gas lift valve seat and the 

bellows. The high-pressure gas acts on the bellows adapter and the bellows 

to compress the bellows which in turn lifts the ball off of the seat. With the ball 

10 off of the seat the high-pressure gas is able to flow through the seat into the 

check valve. The high-pressure gas then acts upon the check dart to 

compress the check dart against the spring and lifting the check dart off of the 

check pad allowing the high-pressure gas to flow through the check valve and 

into the gas lift mandrel. As the gas flows out of the gas lift mandrel and into 

15 the interior of the production tubular adjacent the gas lift mandrel the high

pressure gas causes the fluid to become a froth. The effect is similar to 

blowing bubbles into milk through a straw. The column of fluid which is now 

froth has a much lower density and therefore a lower head pressure than a 

pure liquid column. The natural formation pressure in conjunction with the flow 

20 of high pressure gas now flowing upward through the production tubular lifts 

the froth, and thus the hydrocarbons and other fluid, to the surface. 

SUMMARY 

[0005) In certain operations it has been found advantageous to reverse the 

flow of injection gas and fluids from the hydrocarbon bearing formation. In this 

25 instance, again, the production tubular is assembled on the surface. However, 

in place of the packer and the associated equipment to set the packer a 

simple plug may be placed on the bottom of the tubular. A number of gas lift 

mandrels are included in the production tubular assembly. 

[0006] As noted previously the conventional gas lift mandrel has a port from 

30 the exterior to the interior of the production tubular. A go 0 fitting is placed on 

the exterior of the port and is generally welded into position. The go 0 fitting is 

threaded so that a check valve may be threaded into the go 0 fitting and the 
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gas lift valve is threaded into the top of the check valve. High-pressure gas 

then enters the gas lift valve, where the high-pressure gas flows into the 

interior of the gas lift valve, then into the check valve, and then into the interior 

of the production tubular through the gas lift mandrel. It is noted that while 

5 other orientations may be utilized generally the 90° fitting is utilized to allow 

the check valve or gas lift valve to have an orientation that is roughly parallel 

to the mandrel and production tubular. 

[0007] In an embodiment of the current invention however the gas lift mandrel 

is constructed so that again there is a port between the exterior to the interior 

IO of the production tubular through the gas lift mandrel. A 90° fitting is placed on 

the exterior of the port and is generally welded into position. A containment 

tube having sufficient length to contain a gas lift valve and a check valve with 

some room to spare is then attached to the 90° fitting. Again, generally by 

welding. A gas lift valve is then threaded into the top of a check valve. The 

15 check valve is then threaded into a cap for the containment tube that allows 

fluid and gas flow therethrough. The gas lift valve and check valve are then 

placed inside the containment tube such that the upper end of the gas lift 

valve is closest to the 90 ° fitting with the check valve being on the other side 

of the gas lift valve. The through bore fitting is then secured to the tubular 

20 usually by a second set of threads although other known arrangements may 

be utilized. The containment tube cap is gas tight to the tubular and the 

tubular is gas tight to the 90° fitting. 

[0008] In operation the production tubular is run into the well such that at least 

one of the gas lift mandrels are below the surface of the fluid from a 

25 hydrocarbon bearing formation. The fluid in the annular area between the 

production tubular and the liner is prevented from entering the production 

tubular by the one-way check valve, which is now oriented to block the fluid 

which may reach the check valve from the exterior of the gas lift mandrel 

through the through bore in the containment tube cap. 

30 
(0009] As noted before a packer is not necessary in this configuration as high

pressure gas is run into the interior of the production tubular and is generally 
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prevented from exiting the production tubular by a cap or plug on the end of 

the production tubular. The exit for the high-pressure gas is through the port 

in the gas lift mandrel through the 90° fitting and into the containment tube. 

The high-pressure gas in the containment tube then surrounds the gas lift 

5 valve where the pressure of the high-pressure gas acts on the bellows and 

bellows adapter to raise the ball off of the seat in the gas lift valve thereby 

allowing the high-pressure gas to flow into and through the gas lift valve, 

through the check valve where the gas exits the check valve through the 

containment tube cap, and into the annular area between the liner or casing 

lo and the production tubular causing the fluid to become a froth. The fluid which 

is now froth has a much lower density and therefore lower head pressure than 

a pure liquid column. The natural formation pressure in conjunction with the 

flow of high-pressure gas now flowing upward through the annular area lifts 

the froth, which includes hydrocarbons and other fluid, to the surface. 

15 Additionally, by producing the froth through the annular area between the 

production tubular and the liner a much larger cross-sectional flow area as 

compared to the cross-sectional flow area of the production tubular may be 

accessed. 

[001 0] Another embodiment of the gas lift system has a mandrel with a port 

20 that allows fluid flow between an exterior and an interior of the mandrel. The 

mandrel is connected at its upper end and its lower end to a production 

tubular. A containment chamber is connected to the mandrel allowing fluid 

flow between the port and the exterior of the tubular. The fluid flow is through 

the containment chamber. The gas lift system may include a cap that allows 

25 access to the interior of the containment chamber. The cap allows fluid flow 

between an interior of the containment chamber and the exterior of the 

mandrel. A gas lift valve is within the containment chamber and the gas must 

pass through the gas lift valve to exit the containment chamber. A check 

valve is usually within the containment chamber, and the gas must pass 

30 through the check valve to exit the containment chamber. Typically, the gas 

flows through the check valve only from an interior of the chamber to the 

exterior of the mandrel. 
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[0011] In another embodiment of the gas lift system a gas lift valve is 

connected to a production tubular such that gas within the production tubular 

may flow from an interior of the production tubular to an exterior the 

production tubular through the gas lift valve. The gas lift valve may be within 

s the interior of the production tubular but more usually the gas lift valve is 

within a chamber on the exterior of the production tubular. The gas lift valve 

must be attached to the interior of the production tubular on the surface. The 

gas lift system also includes a one-way valve allowing gas to flow only from 

the interior of the production tubular to the exterior the production tubular. 

10 [0012] Generally, the gas lift system may be used by pressurizing a 

production tubular with a gas. Forcing the gas from an interior of the 

production tubular to an exterior of the production tubular such that upon 

exiting the production tubular the gas enters a containment chamber. The 

gas within the containment chamber then opens a gas lift valve allowing the 

15 gas to flow through the gas lift valve and injecting the gas from the gas lift 

valve into a fluid. The containment chamber is sealed with a gas lift valve 

attached to a cap. The gas lift valve is in the interior of the containment 

chamber. The cap allows fluid flow between an interior of the containment 

chamber and the exterior of the production tubular. A check valve is usually 

20 located between the gas lift valve and the cap. When a check valve is 

included the gas generally passes through the check valve to exit the 

containment chamber. The gas flows through the check valve only from an 

interior of the chamber to the exterior of the mandrel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 [0013] Figure 1 depicts annular gas injection. 

[0014] Figure 2 depicts the system for tubular gas injection. 

DETAILED DESCRIPTION 

[0015] The description that follows includes exemplary apparatus, methods, 

techniques, or instruction sequences that embody techniques of the inventive 

30 subject matter. However, it is understood that the described embodiments 

may be practiced without these specific details. 
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[0016] Figure 1 depicts a prior art system 1 0 having a liner 12 that intersects 

the hydrocarbon bearing formation 14. A production tubular 16 having a 

packer 20 has been run into the liner 12 so that the packer 20 is placed at 

some location above hydrocarbon bearing formations 14. The production 

5 tubular 16 includes a gas lift mandrel 22. The gas lift mandrel 22 usually has 

a recessed area gas lift to reduce the overall diameter of the gas lift mandrel 

22 and gas lift valve 42. A port 28 allows gas access from the exterior of the 

production tubular 16 to the interior 30 of the production tubular 16 through a 

go 0 fitting 26. Check valve 32 is attached to go 0 fitting 26 so that fluid in the 

10 interior 30 of the production tubular 16 is prevented from flowing into the 

annular area 40 between the liner 12 in production tubular 16. Check valve 32 

allows gas flow from the annular area 40 to flow through check valve 32 and 

into go 0 fitting 26 and further into the interior 30 of the production tubular 16. A 

gas lift valve 42 is attached, usually by threads, to the inflow area 33 of check 

15 valve 32. 

[0017] When high-pressure gas, as indicated by arrow 50, is injected into the 

annular area 40, packer 20 prevents the gas from flowing downward towards 

the hydrocarbon bearing formations 14. In certain instances, packer 20 may 

be formed by the fluid in the lower portion of the well. The only viable exit for 

20 the gas 50 is through port 52 in gas lift valve 42. The gas pathway into port 

52 is shown by arrow 54. The gas then flows into the interior portion of gas lift 

valve 42 into and through check valve 32 into and through go 0 fitting 26 and 

into the interior region 30 of the production tubular 16 as indicated by arrow 

56. The gas that enters the interior 30 of the production tubular 16 causes the 

25 fluid within the production tubular to froth as indicated by bubbles 60. The 

froth and high-pressure gas then exit through the production tubular as 

indicated by arrow 62. 

[0018] Figure 2 depicts the current invention where the gas lift system 100 

has a liner or casing 112 that intersects hydrocarbon bearing formation 114. 

30 The production tubular 116 includes a plug or closed end 120 at some point 

below the gas lift mandrel 122. In some instances, the closed end 120 may 

be considered closed due to the presence of fluids at a sufficient pressure to 

prevent the high-pressure gas within the production tubular 116 from reaching 
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the lower end of the production tubular 116. The production tubular 116 is run 

into the liner 112 is then run into the liner 112 so that the gas lift mandrel 122 

is at some point below the top of the fluid 123. In this instance while it would 

be preferable to locate the gas lift mandrel above the level of the hydrocarbon 

5 bearing formation 114 generally the gas lift mandrel 122 has a recessed area 

124 to reduce the overall diameter of the mandrel and gas lift valve. A port 

128 allows gas access from the interior 130 of the production tubular 116 to 

the exterior of the production tubular 116 through a go 0 fitting 126. Gas tight 

containment tube 170 is attached to go 0 fitting 126, typically by welding. A 

10 check valve 132 is connected usually by threads to containment tube cap 133. 

A gas lift valve 142 is then connected to check valve 132 again typically by 

threads. Containment tube cap 133 is then threaded into gas tight tubular 170. 

(0019) High-pressure gas, as indicated by arrow 150, is injected into the 

interior region 130 of the production tubular 116. End cap 120 prevents the 

15 high-pressure gas from exiting the production tubular. The only exit for the 

high-pressure gas is depicted by arrows 151 and 153 which indicate the path 

of the high-pressure gas flow through port 128 which in turn allows the gas to 

flow through the go 0 fitting around the exterior of the gas lift valve and then 

into port 152 where the gas enters the interior region of gas lift valve 142. The 

20 high-pressure gas acts upon the bellows and stem assembly within gas lift 

valve 142 to raise the ball off of the seat within gas lift valve 142 allowing the 

high-pressure gas to flow out of gas lift valve into check valve 132 and then 

into the annular area 140 where the gas causes the fluid to become a froth as 

indicated by bubbles 160. The froth, hydrocarbons, other fluids, and gas, then 

25 proceed to the surface through the annular area 140 is indicated by arrow 

162. The cross-sectional area of the annular area 140 is the cross-sectional 

area of the liner 112 as indicated by arrow 180 less the cross-sectional area 

of the production tubular indicated by arrow 182. Generally, the cross

sectional area of the annular area 140 is greater than the cross-sectional area 

30 of the production tubular allowing higher fluid flow rates through the annular 

area as compared to the production tubular. 
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(0020] While the embodiments are described with reference to various 

implementations and exploitations, it will be understood that these 

embodiments are illustrative and that the scope of the inventive subject matter 

is not limited to them. Many variations, modifications, additions and 

5 improvements are possible. 

(0021] Plural instances may be provided for components, operations or 

structures described herein as a single instance. In general, structures and 

functionality presented as separate components in the exemplary 

configurations may be implemented as a combined structure or component. 

10 Similarly, structures and functionality presented as a single component may 

be implemented as separate components. These and other variations, 

modifications, additions, and improvements may fall within the scope of the 

inventive subject matter. 
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PPH 

What is claimed is: 

1. A gas lift system comprising; 

a mandrel having a port that allows fluid flow between an exterior and an interior of the 

mandrel, 

wherein the mandrel is connected at its upper end and its lower end to a production 

tubular, and 

a containment chamber, having a separate gas lift valve within the containment 

chamber, on the exterior of the mandrel allows fluid flow between the port, through the 

separate gas lift valve, and the exterior of the mandrel, 

wherein the fluid flow is through the containment chamber, 

a check valve within the containment chamber, 

wherein gas must pass through the check valve to exit the containment chamber, 

further wherein gas flows through the check valve only from an interior of the chamber 

to the exterior of the mandrel. 

2. A gas lift system comprising; 

a gas lift valve connected to a production tubular such that gas within the production 

tubular may flow from an interior of the production tubular to an exterior of the 

production tubular through the gas lift valve, and a containment chamber on the exterior 

of the production tubular wherein the gas lift valve is within the containment chamber, 

further wherein the gas lift valve is separate from the containment chamber, and a one

way valve allowing gas to flow only from the interior of the production tubular to the 

exterior of the production tubular. 

3. A method for producing fluids from a well comprising; 

pressurizing a production tubular with a gas, 
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PPH 

forcing the gas from an interior of the production tubular to an exterior of the production 

tubular, 

wherein upon exiting the production tubular the gas enters a containment chamber on 

an exterior of a mandrel, 

opening a separate gas lift valve within the containment chamber wherein the gas flows 

through the separate gas lift valve, and injecting the gas from the gas lift valve into a 

fluid. 

4. The method for producing fluids from a well of claim 3, wherein the containment 

chamber is sealed with the gas lift valve attached to a cap. 

5. The method for producing fluids from a well of claim 4, wherein the gas lift valve is in 

the interior of the containment chamber. 

6. The method for producing fluids from a well of claim 4, wherein the cap allows fluid 

flow between an interior of the containment chamber and the exterior of the production 

tubular. 

7. The method for producing fluids from a well of claim 4, wherein a check valve is 

located between the gas lift valve and the cap. 

8. The method for producing fluids from a well of claim 7, wherein the gas must pass 

through the check valve to exit the containment chamber. 

9. The method for producing fluids from a well of claim 7, wherein the gas flows through 

the check valve only from an interior of the containment chamber to an exterior of the 

containment chamber. 
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