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(54)  Gas lift valve

(57) A method for performing downhole gas lift op-
erationsincludes coupling a gaslift valve (140) to atubing
(120), wherein the gas lift valve includes an actuator
(240), a flow control device (250) disposed in the actua-
tor, and a closure member (230) that s initially in an open
position; injecting a gas downhole and exterior to the tub-
ing; urging the gas to enter the tubing via the gas lift valve;
and creating a sufficient pressure differential across the
gas lift valve to move the actuator, thereby causing the
closure member to close the gas lift valve.
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Description

[0001] The present disclosure generally relates to
valves capable of withstanding high injection pressures,
high injection rates, or varying injection pressure, includ-
ing valves for use in hydrocarbon wells configured for
artificial lift operations, for example.

[0002] To obtain hydrocarbon fluids from an earth for-
mation, a wellbore is drilled into the earth to intersect an
area of interest within a formation. The wellbore may then
be "completed" by inserting casing within the wellbore
and setting the casing therein using cement, forexample.
In the alternative, the wellbore may remain uncased (an
"open hole" wellbore), or may be only partially cased.
Regardless of the form of the wellbore, production tubing
is typically run into the wellbore primarily to convey pro-
duction fluid (e.g., hydrocarbon fluid, as well as water
and other, non-hydrocarbon gases) from the area of in-
terest within the wellbore to the surface of the wellbore.
[0003] Often, pressure within the wellbore is insuffi-
cientto cause the production fluid to rise naturally through
the production tubing to the surface of the wellbore. Thus,
to force the production fluid from the area of interest within
the wellbore to the surface, artificial lift means are some-
times employed. Gas lift and sucker rod pumping are
examples of artificial lift means for increasing production
of oil and gas from a wellbore.

[0004] Gas lift systems are often the preferred artificial
lifting systems because operation of gas lift systems in-
volves fewer moving parts than operation of other types
of artificial lift systems, such as sucker rod lift systems.
Moreover, because no sucker rod is required to operate
the gas lift system, gas lift systems are usable in offshore
wells having subsurface safety valves that would rule out
the use of sucker rod pumping.

[0005] Gas lift systems commonly incorporate one or
more valves in side pocket mandrels of the production
tubing to enable the lifting of production fluid to the sur-
face. In a typical application, the gas lift valves allow gas
from the annulus between the casing and production tub-
ing to enter the tubing through the valves, but prevent
reverse flow of production fluid from the tubing to the
annulus.

[0006] Embodiments of the present disclosure gener-
ally relate to a valve apparatus configured to close in
response to a predetermined pressure differential across
the valve apparatus. In one embodiment, the valve ap-
paratus may be used in a gas lift operation. In use, the
valve apparatus is initially in an open position, whereby
fluid flow through the valve apparatus is allowed. The
valve apparatus closes when a predetermined pressure
differential is obtained across the valve.

[0007] In accordance with one aspect of the present
invention there is provided a method for performing
downhole gas lift operations. The method includes cou-
pling a gas lift valve to a tubing, wherein the gas lift valve
includes an actuator, a flow control member disposed in
the actuator, and a closure member that is initially in an
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open position; injecting a gas downhole and exterior to
the tubing; urging the gas to enter or exit the tubing via
the gas lift valve; and creating a sufficient pressure dif-
ferential across the gas lift valve to move the actuator,
thereby causing the closure member to close the gas lift
valve.

[0008] In accordance with another aspect of the
presentinvention there is provided a valve for controlling
fluid flow between an inlet and an outlet. The valve in-
cludes a housing having a bore in fluid communication
with an inflow port and an outlet port; a closure member
configured to close fluid communication through the bore;
and a flow tube movable between an extended position
and a retracted position, wherein when in the extended
position, the flow tube retains the closure member in an
open position, and wherein the flow tube is movable to
the retracted position in response to a predetermined
pressure differential across the bore.

[0009] So that the manner in which the above recited
features of the present disclosure can be understood in
detail, a more particular description of the various as-
pects, briefly summarized above, may be had by refer-
ence to embodiments, some of which are illustrated in
the appended drawings. It is to be noted, however, that
the appended drawings illustrate only typical embodi-
ments of this disclosure and are therefore not to be con-
sidered limiting of its scope, for the disclosure may admit
to other equally effective embodiments.

Figure 1 is a cross-sectional view of a gas injection
wellbore, in accordance with an embodiment of the
present disclosure.

Figure 2 illustrates an exemplary embodiment of a
gas lift valve. Figure 2A illustrates an exemplary par-
tial, cross-sectional view of the gas lift valve.

Figures 3A-3G are sequential views of an exemplary
embodiment of a gas lift operation.

Figure 4 illustrates another exemplary embodiment
of a gas lift valve.

Figure 4A illustrates an exemplary partial, cross-sec-
tional view of the gas lift valve.

Figures 5 and 6 illustrate an exemplary embodiment
of a side pocket mandrel. Figure 5 depicts an exem-
plary gas lift valve disposed in the side pocket man-
drel, and Figure 6 depicts the gas lift valve disposed
out of the side pocket mandrel.

Figure 7A illustrates another exemplary embodiment
of a gas lift valve in an open position.

Figure 7B illustrates the gas lift valve of Figure 7A in
a closed position.
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Figure 7C illustrates an exemplary partial, cross-sec-
tional view of the gas lift valve of Figure 7A.

Figure 7D illustrates an exemplary partial, cross-sec-
tional view of the gas lift valve of Figure 7A.

Figure 7E illustrates an exemplary embodiment of a
viscous type dampener for a gas lift valve.

Figure 7F illustrates another exemplary embodiment
of a friction type dampener for a gas lift valve.

Figure 7G illustrates an exemplary embodiment of a
detent device for a gas lift valve.

Figure 8Aillustrates another exemplary embodiment
of a gas lift valve in an open position.

Figure 8B illustrates the gas lift valve of Figure 8A in
a position before a detent is released.

Figure 8C illustrates the gas lift valve of Figure 8A
in a closed position.

Figure 9Aillustrates another exemplary embodiment
of a gas lift valve in an open position.

Figure 9B illustrates the gas lift valve of Figure 9A in
a closed position.

[0010] Embodiments of the present disclosure provide
a valve apparatus capable of withstanding high injection
pressures, high injection rates or varying injection line
pressure, and techniques for using the valve apparatus
in various suitable applications. In one embodiment, a
gas lift valve apparatus is configured to close in response
to a predetermined pressure differential across the gas
lift valve apparatus.

[0011] FIG. 1 illustrates a typical gas lift completion for
hydrocarbonrecovery, which may include awellhead 112
atop a casing 114 that passes through a formation 102.
Production tubing 120 positioned in the casing 114 may
have a number of side pocket mandrels 130 and a pro-
duction packer 122. To conduct a gas lift operation, op-
erators may install gas lift valves 140 in the side pocket
mandrels 130.

[0012] With the valves 140 installed, compressed gas
G from the wellhead 112 may be injected into the annulus
116 between the production tubing 120 and the casing
114. In the side pocket mandrels 130, the gas lift valves
140 are in the open position to allow injected gas and
other fluids to flow from the annulus 116 into the tubing
120. When the velocity of the gas flowing through the
valve 140 is above a predetermined value, the valve 140
closes to prevent further inflow of the injected gas into
the tubing 120.

[0013] Alternatively, a gas lift operation may be per-
formed to gas lift fluid in the annulus 116. Compressed
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gas may be injected into the production tubing 120. The
gas lift valves 140 are in the open position to allow in-
jected gas and other fluids to flow from the tubing 120
into the annulus 116. When the velocity of the gas flowing
through the valve 140 is above a predetermined value,
the valve 140 closes to prevent further inflow of the in-
jected gas into the annulus 116.

[0014] Downhole, the production packer 122 forces
upwards travel through the production tubing 120 of pro-
duction fluid P entering casing perforations 115 from the
formation 102. Additionally, the packer 122 keeps the
gas flow in the annulus 116 from entering the tubing 120.
[0015] The injected gas G passes down the annulus
116 until it reaches the side pocket mandrels 130. Enter-
ing the mandrel’s inlet ports 135, the gas G first passes
through the gas lift valve 140 before it can pass into the
production tubing 120. Once in the tubing 120, the gas
G can then rise to the surface, lifting production fluid P
in the production tubing in the process.

[0016] Figure 2 illustrates an exemplary embodiment
of a gas lift valve 200. Figure 2A is an enlarged, partial
cross-sectional view of the gas lift valve 200. The valve
200 may be positioned in a side pocket mandrel 130 of
the gas lift completion system shown in Figure 1. The
valve 200 includes a valve housing 210 having one or
more gas inlet ports 211 and one or more gas outlet ports
212. As shown, the inlet ports 211 are disposed at an
upper portion of the valve 200 and the outlet ports 212
are disposed at a lower portion of the valve 200. A latch
216 is shown disposed at the upper end of the valve 200.
A sealing member 215 such as a packing stack arrange-
ment may be disposed on each side of the inlet ports 211
to isolate the fluid in the annulus 116 from the tubing 120.
The inlet ports 211 and outlet ports 212 communicate via
a bore 220 in the valve 200. A closure member 230 is
configured to selectively open or close fluid communica-
tion through the bore 220. Exemplary closure members
include a flapper, a ball and seat, a sealing head, and
other suitable closure members known to a person of
ordinary skill in the art. In this embodiment, a flapper 230
is positioned at an upper portion of the bore 220. As
shown, the flapper 230 is retained in an open position
using an actuator such as a flow tube 240. The flow tube
240 is shown biased in an extended position using a bi-
asing member 245 such as a spring. The biasing member
245 is disposed in an annular area 247 between the flow
tube 240 and the valve housing 210. The biasing member
245 may engage an optional spacer member 246 cou-
pled to the flow tube 240.

[0017] A flow control member 250 is coupled to the
interior of the flow tube 240. In the embodiment shown
in Figure 2A, the flow control member 250 is an annular
ring having an opening 255 therethrough. Although the
flow tube 240 is shown as formed using two connected
tubulars to facilitate coupling with the flow control mem-
ber 250, it is contemplated that the flow tube 240 may be
formed using a single tubular, or three or more connected
tubulars. The flow control member 250 forms an effective
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area in the bore 220 of the flow tube 240. The effective
area may be controlled by selecting the appropriate size
ofthe innerdiameter of the opening 255 of the flow control
member 250. In this respect, injected fluid flowing in from
the inlet ports 211 applies a force to the flow control mem-
ber 250, which force is opposed by the biasing force of
the spring 245. When the force applied by the injected
flow is higher than the biasing force, the flow tube 240
will compress the spring 245. As a result, the flow tube
240is moved away from the flapper 230, thereby allowing
the flapper 230 to close the bore 220. The closing pres-
sure of the flapper 230 can be selected by adjusting the
biasing force of the spring 245, the inner diameter of the
flow control member 250, and combinations thereof. For
example, a smaller diameter opening 255 will close the
flapper 230 using a smaller pressure differential than a
larger diameter opening 255 when other parameters,
such as the flow rate of injected fluid, the biasing force
of the spring member 245, and the inner diameter of the
bore 220, are fixed. During operation, when the biasing
force of the spring member 245, the diameter of the open-
ing 255 and the inner diameter of the bore 220 are fixed,
an increase in the flow rate of the injected gas will cause
anincrease in differential pressure across the flow control
member 250, and eventually close the valve 200. After
closing, fluid from the annulus 116 is prevented from en-
tering the tubing 120. The flapper 230 can re-open when
the casing pressure, tubing pressure, and spring force
acting on the flapper dictates. In another embodiment,
the valve 200 may include an optional bleed port, which
may also affect the re-opening of the flapper 230.
[0018] In one embodiment, valve 200 may include an
optional detent mechanism 253 to retain the flow tube
240 in the retracted position. For example, at a predeter-
mined pressure differential, the flow tube 240 is retracted
sufficiently such that the detent mechanism 253 is acti-
vated, thereby retaining the flow tube 240 in the retracted
position. An exemplary detent mechanism 253 is a re-
tractable pin configured to engage a recess 254 in the
flow tube 240. Another exemplary detent mechanism is
acollet. In yet another embodiment, a one-way valve 257
such as a check valve may be disposed at the lower end
of the valve 200. The one-way valve 257 may prevent
fluid in the tubing 120 from entering the annulus 116 via
the valve 200.

[0019] Figures 3A-3G illustrate an exemplary se-
quence during a gas lift operation using one embodiment
of a gas lift completion system to unload a well 301. Re-
ferring to Figure 3a, the gas lift completion system in-
cludes a wellhead 312 disposed atop a casing 314 and
a production tubing 320 positioned in the casing 314. The
production tubing 320 may have a plurality of gas lift
valves 340 coupled to a respective side pocket mandrel
and a production packer 322 at a lower end of the tubing
320.

[0020] As shown, the system 300 includes six velocity
valves 340a-340f and an orifice valve 365 coupled to the
tubing 320. In Figure 3A, the well 301 is loaded with com-
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pletion fluid, and the gas lift valves 340a-340f are in the
open position because no pressure differential exists
across the valves 340a-340f.

[0021] In Figure 3B, injection gas 308 is supplied to
assist with unloading of the well 301. Because the gas
lift valves 340a-340f are open, the fluid in the annulus
316 is allowed to enter the tubing 320. As more pressure
is applied to the casing 314, the fluid level 309 in the
annulus 316 will drop. As shown, the fluid level 309 is
above the first valve 340a, and the injection gas 308 has
not entered the first valve 340a. It must be noted that if
the gas lift valves 340a-340f are closed, the annulus fluid
may enter the tubing 320 through the orifice valve 365.
[0022] In Figure 3C, the fluid level 309 in the casing
314 has dropped to the depth of the first gas lift valve
340a, and the injected gas 308 has begun to enter the
first gas lift valve 340a and the tubing 320. In this respect,
the injected gas 308 in the tubing 320 will aerate the fluid
column in the tubing 320. The fluid in the casing 314
continues to enter through the orifice valve 365 and/or
any of the gas lift valves 340b-340f disposed below the
first valve 340a that are open.

[0023] In Figure 3D, gas injection pressure has in-
creased. The injected gas 308 continues to flow in
through the first valve 340a, thereby continuing to aerate
the fluid column in the tubing 320. Also, the fluid in the
casing 314 continues to enter the tubing 320 through the
orifice valve 365 and/or any of the gas lift valves 340b-
340f below the first valve 340a that are open.

[0024] In Figure 3E, the fluid level 309 has dropped to
the depth of the second gas lift valve 340b, and the in-
jected gas 308 has begun to enter the second gas lift
valve 340b. The first valve 340a has closed due the pres-
sure differential across the first valve 340a. For example,
the upstream pressure (e.g., the pressure at the inlet
ports 211) may be at 7,000 psi (48 MPa) while the down-
stream pressure (e.g., the pressure at the outlet ports
212) may be at 4,500 psi (31 MPa). The pressure differ-
ential of 2,500 psi (17 MPa) is sufficient to overcome the
biasing force of the spring 245, thereby retracting the flow
tube 240 and allowing the flapper 230, ball and seat
mechanism, a sealing head, or other suitable closure
member to close.

[0025] In Figure 3F, gas injection pressure is in-
creased. The injected gas 308 continues to flow in
through the second valve 340b, thereby continuing to
aerate the fluid column in the tubing 320. Also the fluid
in the casing 314 continues to enter the tubing 320
through the orifice valve 365 and/or any of the gas lift
valves 340c-340f below the second valve 340b that are
open.

[0026] This process of creating a pressure differential
to sequentially close an upper valve and causing the fluid
level to drop so that injected gas may flow through the
next, lower valve continues until injected gas reaches an
optimal point of injection. The optimal point of injection
is a depthin the well where the gas injection pointremains
stationary until the well condition makes it possible to
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inject gas deeper. All of the gas lift valves 340a-340f that
are above the optimal point of injection have closed due
to the pressure differential across the valves.

[0027] Figure 4 illustrates an exemplary embodiment
of a gas lift valve 400. Figure 4A is an enlarged, partial
cross-sectional view of the gas lift valve 400. The valve
400 may be positioned in a side pocket mandrel 130 of
the gas lift completion system shown in Figure 1. It must
be noted thatembodiments of the gas lift valves disclosed
herein may be used with other suitable types of gas lift
mandrels known to a person of ordinary skill in the art.
In the embodiment shown in Figure 1, the valve 400 is
similar to the valve 200 of Figure 2 in that the valve 400
includes many of the components of the former valve
200. One difference between the valves 200, 400 is the
axial positions of the components of this valve 400 have
been inverted with respect to the latch 416. The valve
400 includes a valve housing 410 having one or more
gas inlet ports 411 and one or more gas outlet ports 412.
As shown, the inlet ports 411 are disposed at a lower
portion of the valve 400 and the outlet ports 412 are dis-
posed at an upper portion of the valve 400. A latch 416
is shown disposed at the upper end of the valve 400. In
this embodiment, the outlet ports 412 are formed through
the latch 416. A sealing member 415 such as a packing
stack arrangement may be disposed on each side of the
inlet ports 411 to isolate the fluid in the annulus 116 from
the tubing 120. The inlet ports 411 and outlet ports 412
communicate via a bore 420 in the valve 400. A closure
member 430 is configured to selectively open or close
fluid communication through the bore 420. Exemplary
closure members include a flapper, a ball and seat, a
sealing head, and other suitable closure members known
to a person of ordinary skill in the art. In this embodiment,
a flapper 430 is positioned at a lower portion of the bore
420. The flapper 430 is retained in an open position using
a flow tube 440. The flow tube 440 is shown biased in an
extended position using a biasing member 445 such as
a spring. The biasing member 445 is disposed in an an-
nular area 447 between the flow tube 440 and the valve
housing 410. The biasing member 445 may engage an
optional spacer member 446 coupled to the flow tube
440.

[0028] A flow control member 450 is coupled to the
interior of the flow tube 440. In the embodiment shown
in Figure 4A, the flow control member 450 is an annular
ring having an opening 455 therethrough. Although the
flow tube 440 is shown as formed using two connected
tubulars to facilitate coupling with the flow control mem-
ber 450, itis contemplated that the flow tube 440 may be
formed using a single tubular, or three or more connected
tubulars. The flow control member 450 forms an effective
area in the bore 420 of the flow tube 440. The effective
area of the flow control member 450 is determined by
the difference in area between the inner diameter of the
bore 420 and the inner diameter of the opening 455 of
the flow control member 450. In this respect, injected
fluid flowing in from the inlet ports 411 applies a force to
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the flow control member 450, which force is opposed by
the biasing force of the spring 445. When the force ap-
plied by the injected flow is higher than the biasing force,
the flow tube 440 will compress the spring 445. As a
result, the flow tube 440 is moved away from the flapper
430, thereby allowing the flapper 430 to close the bore
420. The closing pressure of the flapper 430 can be se-
lected by adjusting the biasing force of the spring 445,
the effective area of the flow control member 450, and
combinations thereof. After closing, fluid from the annu-
lus 116 is prevented from entering the tubing 120. The
closing pressure of the flapper 430 can be selected by
adjusting the biasing force of the spring 445, the inner
diameter of the flow control member 450, and combina-
tions thereof. For example, a smaller diameter opening
455 will close the flapper 430 using a smaller pressure
differential than a larger diameter opening 455 when oth-
er parameters, such as the flow rate of injected fluid, the
biasing force of the spring member 445, and the inner
diameter of the bore 420, are fixed. During operation,
when the biasing force of the spring member 445, the
diameter of the opening 455 and the inner diameter of
the bore 420 are fixed, an increase in the flow rate of the
injected gas will cause an increase in differential pressure
across the flow control member 450, and eventually close
the valve 400. After closing, fluid from the annulus 116
is prevented from entering the tubing 120. The flapper
430 can re-open when the casing pressure, tubing pres-
sure, and spring force acting on the flapper dictates. In
another embodiment, the valve 400 may include an op-
tional bleed port, which may also affect the re-opening
of the flapper 430. Although the embodimentis described
using a flapper 430, it must be noted that a ball and seat,
a sealing head, or other suitable types of closure mem-
bers are contemplated.

[0029] In one embodiment, the valve 400 may include
an optional detent mechanism 453 to retain the flow tube
440 in the retracted position. For example, at a predeter-
mined pressure differential, the flow tube 440 is retracted
sufficiently such that the detent mechanism 453 is acti-
vated, thereby retaining the flow tube 440 in the retracted
position. An exemplary detent mechanism 453 is a re-
tractable pin configured to engage a recess 454 in the
flow tube 440. Another exemplary detent mechanism is
acollet. In yet another embodiment, aone-way valve 457
such as a check valve may be disposed at the lower end
of the valve 400. The one-way valve 457 may prevent
fluid in the tubing 120 from entering the annulus 116 via
the valve 400.

[0030] Figures 5 and 6 illustrate an exemplary side
pocket mandrel suitable for receiving a gas lift valve. Fig-
ure 5 depicts a valve 500 disposed in the side pocket
mandrel 530, and Figure 6 depicts the valve 500 disposed
out of the side pocket mandrel 530. Referring to Figure
6, the side pocket mandrel 530 may include external
check valves disposed at the entrance of the passage
into the pocket 532 of the side pocket mandrel 530. Al-
though two passages are shown, it is contemplated that
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the side pocket mandrel 530 may include a single pas-
sage or three or more passages. The pocket 532 is con-
figured to receive the valve 500 and is in fluid communi-
cation with the tubing 120. When the valve 530 is not
installed, fluid from the tubing 120 may enter the pocket
532, but is prevented from exiting through the passages
by the respective check valves. When the valve 500 is
in the pocket 530 as shown in Figure 5, the pressure of
the injection gas may overcome the check valves, there-
by allowing the injection gas to enter the passages and
flow toward the gas lift valve 500. After entering the inlet
ports of the gas lift valve 500, the injection gas may exit
through the outlet ports, flow through the pocket 532, and
flow into the tubing 120, where the injection gas may
aerate the fluid column in the tubing 120. The injection
gas may continue to enter and exit the gas lift valve 500
until the pressure differential across the gas lift valve is
sufficient to overcome the biasing force of the biasing
member, thereby retracting the flow tube and allowing
the flapper to close. It is contemplated that other suitable
types of gas lift mandrels known to a person of ordinary
skill in the art may be used with embodiments of the gas
lift valves disclosed herein.

[0031] In yet another embodiment, when the gas lift
valves are used in conjunction with the orifice valve, such
as a shear-orifice valve, a casing annulus test may be
performed without wireline intervention. In yet another
embodiment, the gas lift valve may include a dampener
device to facilitate movement between the open and
close position. In yet another embodiment, the flow con-
troldevice of the gas lift valve may include a venturi choke
to improve gas passage through the gas lift valve.
[0032] Figure 7Aillustrates an exemplary embodiment
of a gas lift valve 700 in an open position. Figure 7B
illustrates the gas lift valve 700 in a closed position. Figure
7C illustrates an exemplary partial, cross-sectional view
of the gas lift valve 700. The gas lift valve 700 may be
positioned in a side pocket mandrel 130 of the gas lift
completion system shown in Figure 1.

[0033] The gas lift valve 700 includes a valve housing
710. The valve housing 710 has a bore 720, one or more
gas inlet ports 711 and one or more gas outlet ports 712.
As shown in Figure 7A, the inlet ports 711 are disposed
at a lower portion of the gas lift valve 700 and the outlet
ports 712 are disposed at an upper portion of the gas lift
valve 700. The inlet ports 711 and outlet ports 712 com-
municate via the bore 720. A flow tube 740 is disposed
in the valve housing 710. A check valve 757 is disposed
in the bore 720. The check valve 757 may prevent fluid
in the tubing 120 from entering the annulus 116 via the
gas lift valve 700. A latch 716 is shown disposed at the
upper end of the gas lift valve 700 to allow the gas lift
valve 700 be positioned in a side pocket mandrel 130. A
sealing member 715, such as a packing stack arrange-
ment, may be disposed on each side of the inlet ports
711 to isolate the fluid in the annulus 116 from the tubing
160.

[0034] The flow tube 740 may be formed by a singular
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tubular or two or more connected tubular. The flow tube
740 has a sealing head 730 forming a blind end. The
sealing head 730 may be formed unitarily on the flow
tube 740 or attached to the flow tube 740. One or more
tube inlets 732 are formed through the flow tube 740
above the sealing head 730. The tube inlets 732 provide
fluid communication between the inlet ports 711 and the
outlet ports 712 through the bore 720. A seal member
734 is disposed inside the valve housing 710. In one em-
bodiment, the sealing head 730 includes an upper end
730U connected to the fluid tube 740 and lower end 730L
extending below the upper end 730U. The sealing head
730 may include a conical portion so that the outer diam-
eter of the upper end 730U is smaller than the outer di-
ameter of the end 730L. The conical portion forms having
an inclined surface 730S matching the seal member 734.
The sealing head 730 moves relative to the seal member
734 to selectively open or close fluid communication
through the bore 720.

[0035] The flow tube 740 includes a flow control mem-
ber 750 coupled to the interior of the flow tube 740. In
the embodiment shown in Figure 7C, the flow control
member 750 is an annular ring having an opening 755
therethrough. The flow control member 750 forms an ef-
fective area in the flow tube 740. The flow tube area may
be controlled by selecting the appropriate size of the inner
diameter of the opening 755 of the flow control member
750.

[0036] A biasingmember745is disposedinanannular
area 747 between the flow tube 740 and the valve hous-
ing 710. The flow tube 740 is biased in an open position,
as shown in Figure 7A, by the biasing member 745. The
biasing member 745 may be a spring. An optional spacer
member 746 coupled to the flow tube 740 may engage
the biasing member 745 to adjust the position of the flow
tube 740 and the bias force of the biasing member 745.
The spacer member 746 may be a lock nut.

[0037] When the gas lift valve 700 is in the open posi-
tion as shown in Figure 7A, injected fluid flows in from
the inject ports 711, through the tube inlets 732 to into
the flow tube 740, then through the opening 755 of the
flow control member 750 and the check valve 757 to the
outlet ports 712. The injected fluid flowing in from the
inlet ports 711 applies a force to the flow control member
750, which force is opposed by the biasing force of the
biasing member 745.

[0038] When the force applied by the injected fluid is
higher than the biasing force, the flow tube 740 will com-
press the biasing member 745. As a result, the flow tube
740 moves and the sealing head 730 moves towards the
seal member 734. When pressure differential across the
flow control member 750 reaches a closing pressure dif-
ferential, the sealing head 730 moves to a closed position
and contacts the seal member 734, as shown in Figure
7B. In the closed position, a seal is formed between the
sealing head 730 and the seal member 734 to close the
bore 720.

[0039] When the gas lift valve 700 is at the closed po-



11 EP 2 863 006 A2 12

sition, fluid from the annulus 116 is prevented from en-
tering the tubing 120. The sealing head 730 may move
down to re-open the gas lift valve 700 when the casing
pressure, tubing pressure, and spring force acting on the
effective area of the flow control member 750 in the flow
tube 740 dictate.

[0040] The closing pressure differential of the gas lift
valve 700 can be adjusted by selecting the biasing force
of the spring member 745, the inner diameter of the flow
control member 750, and the combinations thereof. For
example, a smaller diameter opening 755 will close the
sealing head 730 using a smaller pressure differential
than a larger diameter opening 755 when other param-
eters, such as the flow rate of injected fluid and the biasing
force of the spring member 745, are fixed. During oper-
ation, when the biasing force of the spring member 745
and the diameter of the opening 755 are fixed, an in-
crease in the flow rate of the injected fluid will cause an
increase in differential pressure across the flow control
member 750, and eventually close the valve 700.
[0041] The closing pressure differential of the gas lift
valve 700 can also be adjusted by manipulating the travel
distance 733 of the flow tube 740. Figure 7D is a partial
cross-sectional view of the gas lift valve 700 illustrating
the travel distance 733 of the flow tube 740 from the open
position to the closed position. The longer the travel dis-
tance 733, the more compressed the bias member 745
is at the closed position. When the travel distance 733 is
too long, the gas lift valve 700 may not close. When the
travel distance 733 is too short, the gas lift valve 700 may
close too quickly. Additionally, the relative position be-
tween the inlet ports 711 and the tube inlets 732 may
affect the closing pressure differential. The relative posi-
tions of the tube inlets 732, the inlet ports 711, and the
lower end 730L of the sealing head 730, and the biasing
force of the spring 745 may be pre-set so that the closing
pressure differential across the flow control member 750
moves the lower end 730 of the sealing head 730 above
the inlet ports 711. Once the sealing head 730 is posi-
tioned above the inlet ports 711, the force applied to the
large surface area of the lower end 730 by the injected
fluid pushes the sealing head 730 further to enable a
snap close the valve 700.

[0042] In one embodiment, the gas lift valve 700 may
include an optional dampener to dampen potential rapid
oscillation of the flow tube 740. Figure 7E illustrates an
exemplary embodiment of a dampener 760 suitable for
use with the gas lift valve 700. The dampener 760 may
be a viscous type dampener disposed in the valve hous-
ing 710 under the sealing head 730. The dampener 760
may include a cylinder 764 filled with a fluid of high vis-
cosity, such as oil. A piston 763 having a restricted flow
path is movably disposed in the cylinder 764. A shaft 762
extends from the piston 763 out of the cylinder 764 to
connect with the sealing head 730. The motion of the
flow tube 740 urges the piston 763 to move up or down
in the cylinder 764, thereby forcing the fluid in the cylinder
764 to flow through the restricted path in the piston 763.
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The fluid flowing through the restricted path dampens
rapid oscillation of the flow tube 740.

[0043] Figure 7F illustrates another exemplary embod-
iment of a dampener 770 for the gas lift valve 700. The
dampener 770 may be a friction type dampener. The
dampener 770 may include a piston 774 disposed in the
valve housing 710 below the sealing head 730. A shaft
structure 772 extends from the piston 774 is coupled to
the sealing head 730. The motion of the flow tube 740
urges the piston 774 to move up or down in the valve
housing 710, thereby generating friction (between the
piston 774 and the valve housing 710). The friction damp-
ens oscillation of the flow tube 740.

[0044] In one embodiment, the gas lift valve 700 may
include an optional detent mechanism 753 to retain the
flow tube 740 in a fully open or a fully closed position.
The detent mechanism 753 may include a housing 754
and a spring energized ball structure 758. The spring
energized ball structure 758 may be fixedly connected
to the sealing head 730 by a shaft 756. When the flow
tube 740 is at a fully open position or a fully closed posi-
tion, the spring energized ball structure 758 is locked into
grooves in the housing 754 to keep the flow tube 740 at
the fully open position or the fully closed position. The
detent mechanism 753 improves flow characteristic
through the gas lift valve 700. The detent mechanism
753 may also prevent rapid oscillation of the flow tube
740.

[0045] Figure 8Aillustrates another exemplary embod-
iment of a gas lift valve 800 in an open position. Figure
8B illustrates the gas lift valve 800 in a position before a
detent is released. Figure 8C illustrates the gas lift valve
800 in a closed position. The gas lift valve 800 may be
positioned in a side pocket mandrel 130 of the gas lift
completion system shown in Figure 1. The gas lift valve
800 includes many of the components of the gas lift valve
700. One difference between the valves 700, 800 is the
gas lift valve 800 includes a detent mechanism that pro-
vides valve closure not directly dependent on flow rate.
[0046] The gas lift valve 800 includes a valve housing
810. The valve housing 810 has a bore 820, one or more
gas inlet ports 811 and one or more gas outlet ports 812.
The inlet ports 811 are disposed at a lower portion of the
gas lift valve 800 and the outlet ports 812 are disposed
at an upper portion of the gas lift valve 800. The inlet
ports 811 and outlet ports 812 communicate via the bore
820. A flow tube 840 is disposed in the valve housing
810. A check valve 857 is disposed in the bore 820. The
check valve 857 may prevent fluid in the tubing 120 from
entering the annulus 116 via the gas lift valve 800. A
sealing member 815, such as a packing stack arrange-
ment, may be disposed on each side of the inlet ports
811 toisolate the fluid in the annulus 116 from the tubing
160.

[0047] The flow tube 840 includes a lower flow tube
assembly 880 and an upper flow tube assembly 886. The
lower flow tube assembly 880 overlaps with the upper
flow tube assembly 886 in the middle section where the
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lower flow tube assembly 880 encases the upper flow
tube assembly 886. The lower flow tube assembly 880
and the upper flow tube assembly 886 may move relative
to each other changing the length of the overlapping sec-
tion. Each of the flow tube assemblies 880, 886 may be
formed by a singular tubular or two or more connected
tubular.

[0048] Thelowerflow tube assembly 880 has a sealing
head 830 forming a blind end. The sealing head 830 may
be formed unitarily on an end section of the lower flow
tube assembly 880 or attached to the lower flow tube
assembly 880. One or more tube inlets 832 are formed
through the lower flow tube assembly 880 above the seal-
ing head 830. The tube inlets 832 provide fluid commu-
nication between the inlet ports 811 and the outlet ports
812through the bore 820. A seal member 834 is disposed
inside the valve housing 810. The sealing head 830 has
an inclined surface matching the seal member 834. The
sealing head 830 moves relative to the seal member 834
to selectively open or close fluid communication through
the bore 820.

[0049] A flow control member 850 is coupled to the
interior of the upper flow tube assembly 886. The flow
control member 850 is an annular ring having an opening
855 therethrough. The flow control member 850 forms a
restricted area in the flow tube 840. The flow tube area
may be controlled by selecting the appropriate size of
the inner diameter of the opening 855 of the flow control
member 850. A biasing member 845 is disposed around
the upper flow tube assembly 886 in an annular area 847
between the flow tube 840 and the valve housing 810.
The biasing member 845 may be a spring compressed
to bias the sealing head 830 to an open position, as
showninFigure 8A. An optional spacer member 846 cou-
pled to the upper flow tube assembly 886 may engage
the biasing member 845 to adjust the position of the seal-
ing head 830 and the bias force of the biasing member
845. The spacer member 846 may be a lock nut.
[0050] The gas lift valve 800 also includes a detent
mechanism 853 to retain the lower flow tube assembly
880 along with the sealing head 830 in a fully open po-
sition. The detent mechanism 853 may include a retract-
able pin 884. The retractable pin 884 may extend through
an opening in the lower flow tube assembly 880 to lock
the lower flow tube assembly 880 at the open position,
as shown in Figure 8A. The retractable pin 884 may re-
tract from the lower flow tube assembly 880 by a release
mechanism 885. In one embodiment, the release mech-
anism 885 may be a protrusion on the upper flow tube
assembly 886. A detent spring 882 is compressed at the
open position and biases the lower fluid tube assembly
880 towards the closed position. The detent spring 882
enables the gas lift valve 800 to snap close when the
detent mechanism 853 is released.

[0051] When the gas lift valve 800 is in the open posi-
tion as shown in Figure 8A, injected fluid flows in from
the inject ports 811, through the tube inlets 832, into the
lower flow tube assembly 880 and the upper flow tube
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assembly 886, then through the opening 855 of the flow
control member 845, through the check valve 857, and
exits via the outlet ports 812. The detent mechanism 853
locks the lower flow tube assembly 880 with the sealing
head 830 at the open position. The injected fluid flowing
in from the inlet ports 811 applies a force to the flow con-
trol member 850, which force is opposed by the biasing
force of the biasing member 845.

[0052] When the flow rate increases, the pressure dif-
ferential across the flow control member 850 increases,
thereby moving the upper flow tube assembly 886 up-
wards and compressing the biasing member 845 while
the lower flow tube assembly 880 remains locked by the
detent mechanism 853 and the gas lift valve 800 remains
in the open position, as shown in Figure 8B. The upper
flow tube assembly 886 moves relative to the lower flow
tube assembly 880 until the pressure differential across
the flow control member 850 reaches a predetermined
closing pressure differential, at which point the detent
mechanism 853 releases the lower flow tube assembly
880 and the detent spring 882 pushes the lower flow tube
assembly 880 towards the closed position, as shown in
Figure 8C. The detent mechanism 853 provides fast
valve closure and prevents the gas lift valve 800 from
oscillation from fluctuation of flow rate through the gas
lift valve 800. Once the pressure below the sealing head
830 is reduced or equalized, the biasing member 845 will
push the upper flow tube assembly 886 and lower flow
tube assembly 880 downward to re-open the gas lift valve
800 and the detent mechanism 853 will automatically re-
lock the gas lift valve 800 at the open position.

[0053] Figure 9Aillustrates an exemplary embodiment
of a gas lift valve 900 in an open position. Figure 9B
illustrates the gas lift valve 900 in a closed position. The
gas lift valve 900 may be positioned in a side pocket
mandrel 130 of the gas lift completion system shown in
Figure 1. The gas lift valve 900 is similar to the gas lift
valve 700. The difference between the gas lift valve 900
and the gas lift valve 700 is that that gas lift valve 900
includes a ball and seat closure member.

[0054] The gas lift valve 900 includes a valve housing
910. The valve housing 910 has a bore 920, one or more
gas inlet ports 911 and one or more gas outlet ports 912.
As shown in Figure 9A, the inlet ports 911 are disposed
at a lower portion of the gas lift valve 900 and the outlet
ports 912 are disposed at an upper portion of the gas lift
valve 900. The inlet ports 911 and outlet ports 912 com-
municate via the bore 920. A flow tube 940 is disposed
in the valve housing 910. A check valve 957 is disposed
in the bore 920. The check valve 957 may prevent fluid
in the tubing 120 from entering the annulus 116 via the
gas lift valve 900. A latch 916 is shown disposed at the
upper end of the gas lift valve 900 to allow the gas lift
valve 900 be positioned in a side pocket mandrel 130.
[0055] 940The flow tube 940 may be formed by a sin-
gular tubular or two or more connected tubular. A closure
member 930 is disposed in the valve housing 910. As
shown in Figure 9A, the closure member 930 may be a
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ball having a central through hole 935 for selectively to
allow fluid flow and an outer slot 933 to engage an actu-
ator. The flow tube 940 may include one or more pins
943 positioned to engage with the closure member 930.
The one or more pins 943 may insert into the outer slot
933 of the closure member 930 so that vertical movement
of the pins 943 rotates the closure member 930 to selec-
tively open or close fluid communication through the bore
920.

[0056] The flow tube 940 includes a flow control mem-
ber 950 coupled to the interior of the flow tube 940 of the
flow tube 940. The flow control member 950 may be an
annular ring having an opening 955 therethrough. The
flow control member 950 forms a choke in the flow tube
940. The effective area of the choke may be controlled
by selecting the appropriate size of the inner diameter of
the opening 955 of the flow control member 950.
[0057] Abiasing member945isdisposedinanannular
area 947 between the flow tube 940 and the valve hous-
ing 910. The flow tube 940 is biased in an open position,
as shown in Figure 9A, by the biasing member 945. The
biasing member 945 may be a spring. An optional spacer
member 946 coupled to the flow tube 940 may engage
the biasing member 945 to adjust the position of the flow
tube 940 and the bias force of the biasing member 945.
The spacer member 946 may be a lock nut.

[0058] When the gas lift valve 900 is in the open posi-
tion shown in Figure 9A, injected fluid flows in from the
inject ports 911, through the central through hole 935 of
the closure member 930 into the flow tube 940, then
through the opening 955 of the flow control member 945
and the check valve 957 to the outlet ports 912. The in-
jected fluid flowing in from the inlet ports 911 applies a
force to the flow control member 950, which force is op-
posed by the biasing force of the biasing member 945.
[0059] When the force applied by the injected fluid is
higher than the biasing force, the flow tube 940 will com-
press the biasing member 945. As a result, the flow tube
940 moves up causing the closure member 930 to rotate.
When pressure differential across the flow control mem-
ber 950 reaches a closing pressure differential, the clo-
sure member 930 rotates to the closed position, as shown
in Figure 9B.

[0060] Embodiments of the present disclosure provide
a valve apparatus configured to close when a predeter-
mined pressure differential across the valve apparatus
is reached. Because the valve apparatus does not de-
pend on bellows, the valve apparatus may be used in
high injection pressure and/or high injection rate, and/or
highinjection volume applications and is suitable for most
deepwater applications. For example, the valve appara-
tus is capable of withstanding extremely high pressures,
e.g., from about 1,000 psi (6.9 MPa) to about 10,000 psi
(69 MPa), from about 5,000 psi (34 MPa) to about 10,000
psi (69 MPa), from about 7,000 psi (48 MPa) to 10,000
psi (69 MPa), at least 7,000 psi (48 MPa), or at least
10,000 psi (69 MPa). In another example, the valve ap-
paratus is capable of withstanding injection rates from
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about 0.5 to about 15 million cubic feet (about 1.4x104
to about 4.2x105 m3) per day; preferably from about 7.5
to about 15 million cubic feet (about 2.1x105 to about
4.2x10% m3) per day.

[0061] One embodiment of the present disclosure pro-
vides a method for performing downhole gas lift opera-
tions. The method includes coupling a gas lift valve to a
tubing, wherein the gas lift valve comprises an actuator,
a flow control member disposed in the actuator, and a
closure member that is initially in an open position, in-
jecting a gas downhole and exterior to the tubing, urging
the gas to enter the tubing via the gas lift valve, and cre-
ating a sufficient pressure differential across the gas lift
valve to move the actuator, thereby causing the closure
member to close the gas lift valve.

[0062] In one or more of the embodiments described
herein, the gas lift valve further includes a housing having
an inlet and an outlet, and biasing member for biasing
the actuator in an extended position, wherein the closure
member is configured to selectively close a bore through
the housing, the actuatoris movable between the extend-
ed position and a retracted position, and the actuator,
when in the extended position, retains the closure mem-
ber in an open position.

[0063] In one or more of the embodiments described
herein, the actuator comprises a flow tube, and the flow
control member is coupled to an interior of the flow tube.
[0064] In one or more of the embodiments described
herein, the closure member is a sealing head disposed
at one end of the flow tube.

[0065] In one or more of the embodiments described
herein, the closure member is selected from a flapper, a
sealing head on the actuator, and a ball and seat.
[0066] In one or more of the embodiments described
herein, a plurality of gas lift valves is coupled to the tubing
and axially spaced apart along the tubing.

[0067] In one or more of the embodiments described
herein, the method further comprises sequentially clos-
ing the plurality of gas lift valves.

[0068] In one or more of the embodiments described
herein, the method further comprises flowing the gas
through a first gas lift valve and flowing a liquid through
a second gas lift valve.

[0069] In one or more of the embodiments described
herein, the method includes urging a liquid to enter the
tubing via an orifice valve in fluid communication with the
tubing. In one embodiment, the orifice valve is disposed
below the gas lift valve.

[0070] In one or more of the embodiments described
herein, a closing pressure differential is adjustable by
adjusting a force of the biasing member and/or a travel
distance of the actuator between the extended position
and the open position.

[0071] In one or more of the embodiments described
herein, the method includes increasing the pressure dif-
ferential by decreasing the pressure downstream from
the gas lift valve.

[0072] In one or more of the embodiments described
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herein, the actuator comprises a flow tube, and the flow
control member is disposed in an interior of the flow tube.
[0073] In one embodiment, a method for performing
downhole gas lift operations includes coupling a gas lift
valve to a tubing, wherein the gas lift valve comprises an
actuator, a flow control member disposed in the actuator,
and a closure member that is initially in an open position,
injecting a gas downhole and interior to the tubing, urging
the gas to exit the tubing via the gas lift valve, and creating
a sufficient pressure differential across the gas lift valve
to move the actuator, thereby causing the closure mem-
ber to close the gas lift valve.

[0074] In one embodiment, a valve for controlling fluid
flow includes a housing having a bore in fluid communi-
cation with an inflow port and an outlet port, a closure
member configured to close fluid communication through
the bore, a flow tube movable between an extended po-
sition and a retracted position, and a flow control device
disposed in the flow tube, wherein when in the extended
position, the flow tube retains the closure member in an
open position, and wherein the flow tube is movable to
the retracted position in response to a predetermined
pressure differential across the bore.

[0075] In one or more of the embodiments described
herein, the valve further comprises a biasing member for
biasing the flow tube in the extended position.

[0076] In one or more of the embodiments described
herein, the flow control device provides an effective area
for urging the flow tube toward the retracted position in
response to the pressure differential.

[0077] In one or more of the embodiments described
herein, the valve further comprises a detent mechanism
for retaining the flow tube in the retracted position or the
extended position.

[0078] In one or more of the embodiments described
herein, the valve further comprises a latch member.
[0079] In one or more of the embodiments described
herein, the outlet port is formed through the latch mem-
ber.

[0080] In one or more of the embodiments described
herein, the closure member is selected from the group
consisting of a flapper, a sealing head on the flow tube,
and a ball and seat.

[0081] In one or more of the embodiments described
herein, the closure member comprises a sealing head
attached to the flow tube.

[0082] In one or more of the embodiments described
herein, the valve further comprises a seal member dis-
posed in the housing, wherein the sealing head moves
relative to the seal member to selectively open or close
fluid communication through the valve.

[0083] In one or more of the embodiments described
herein, the flow tube includes one of more tube inlets
adjacent to the sealing head.

[0084] In one or more of the embodiments described
herein, the valve further comprises a dampener attached
to the sealing head.

[0085] In one or more of the embodiments described
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herein, the valve further comprises a check valve dis-
posed adjacent the outlet port.

[0086] In one or more of the embodiments described
herein, the valve further comprises a dampener coupled
to the flow tube.

[0087] In one or more of the embodiments described
herein, the flow control device is fixedly coupled to the
flow tube.

[0088] In one or more of the embodiments described
herein, the flow control device comprises an annular ring
coupled to an interior of the flow tube.

[0089] In one or more of the embodiments described
herein, a re-open pressure is determined by an inner di-
ameter of the bore, an inner diameter of the flow control
device, and a force of the biasing member.

[0090] In one or more of the embodiments described
herein, the valve is configured to operate in an external
pressure from about 1,000 psi (6.9 MPa) and about
10,000 psi (69 MPa).

[0091] In one or more of the embodiments described
herein, the valve is configured to operate with an injection
gas rate from about 0.5 to about 15 million cubic feet
(about 1.4x104 to about 4.2x105 m3) per day.

[0092] While the foregoing is directed to embodiments
of the present disclosure, other and further embodiments
may be devised without departing from the basic scope
thereof, and the scope thereof is determined by the
claims that follow.

Claims

1. A method for performing downhole gas lift opera-
tions, comprising:

coupling a gas lift valve to a tubing, wherein the
gas lift valve comprises an actuator, a flow con-
trol member disposed in the actuator, and a clo-
sure member that is initially in an open position;
injecting a gas downhole and exterior to the tub-
ing;

urging the gas to enter the tubing via the gas lift
valve; and

creating a sufficient pressure differential across
the gas lift valve to move the actuator, thereby
causing the closure member to close the gas lift
valve.

2. A method for performing downhole gas lift opera-
tions, comprising:

coupling a gas lift valve to a tubing, wherein the
gas lift valve comprises an actuator, a flow con-
trol member disposed in the actuator, and a clo-
sure member that is initially in an open position;
injecting a gas downhole and interior to the tub-
ing;

urging the gas to exit the tubing via the gas lift
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valve; and

creating a sufficient pressure differential across
the gas lift valve to move the actuator, thereby
causing the closure member to close the gas lift
valve.

3. The method of claim 1 or 2, wherein the gas lift valve

further includes:

a housing having an inlet and an outlet; and

a biasing member for biasing the actuator in an
extended position,

wherein the closure member is configured to se-
lectively close a bore through the housing, the
actuator is movable between the extended po-
sition and a retracted position, and the actuator,
when in the extended position, retains the clo-
sure member in an open position.

The method of claim 1, 2 or 3, wherein the closure
member is selected from a flapper, a sealing head
on the actuator, and a ball and seat.

The method of any preceding claim, further compris-
ing sequentially closing a plurality of gas lift valves,
wherein the plurality of gas lift valves is coupled to
the tubing and axially spaced apart along the tubing.

The method of any preceding claim, wherein a clos-
ing pressure differential is adjustable by adjusting a
force of the biasing member and/or a travel distance
of the actuator between the extended position and
the open position.

The method of any preceding claim, wherein the ac-
tuator comprises a flow tube, and the flow control
member is disposed in an interior of the flow tube.

The method of claim 7, wherein the closure member
is a sealing head disposed at one end of the flow
tube.

A valve for controlling fluid flow, comprising:

a housing having a bore in fluid communication
with an inflow port and an outlet port;

a closure member configured to close fluid com-
munication through the bore;

a flow tube movable between an extended po-
sition and a retracted position; and

a flow control device disposed in the flow tube,
wherein when in the extended position, the flow
tube retains the closure member in an open po-
sition, and wherein the flow tube is movable to
the retracted position in response to a predeter-
mined pressure differential across the bore.

10. The valve of claim 9, wherein the closure member
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1.

12.

13.

14.

15.

is selected from the group consisting of a flapper, a
sealing head on the flow tube, and a ball and seat.

The valve of claim 10, wherein the closure member
comprises a sealing head attached to the flow tube.

Thevalve ofclaim 11, further comprising a sealmem-
ber disposed in the housing, wherein the sealing
head moves relative to the seal member to selec-
tively open or close fluid communication through the
valve.

The valve of claim 11 or 12, wherein the flow tube
includes one of more tube inlets adjacent to the seal-
ing head.

The valve of any of claims 9 to 13, wherein the flow
control device comprises an annular ring coupled to
an interior of the flow tube.

The valve of any of claims 9 to 14, wherein the flow
control device is fixedly coupled to the flow tube.
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