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Description

RELATED APPLICATIONS

[0001] This application claims the benefit of U. S. Pro-
visional Application No. 60/023,965, filed August 15,
1996.

BACKGROUND OF THE INVENTION

1. Field Of The Invention

[0002] The presentinvention relatesto subsurface well
completion equipment and, more particularly, to an ap-
paratus for lifting hydrocarbons from subterranean for-
mations with gas at high production rates. Additionally,
embodiments of independent and detachable actuators
are disclosed.

2. Description Of The Related Art

[0003] Artificial lift systems, long known by those
skilled in the art of oil well production, are used to assist
in the extraction of fluids from subterranean geological
formations. The mostideal well for a company concerned
with the production of oil, is one that flows naturally and
without assistance. Often wells drilled in new fields have
this advantage. In this ideal case, the pressure of the
producing formation is greater than the hydrostatic pres-
sure of the fluid in the wellbore, allowing the well to flow
without artificial lift. However, as an oil bearing formation
matures, and some significant percentage of the product
is recovered, a reduction in the formation pressure oc-
curs. With this reduction in formation pressure, the hy-
drocarbon issuance therefrom is likewise reduced to a
point where the well no longer flows without assistance,
despite the presence of significant volumes of valuable
product still in place in the oil bearing stratum. In wells
where this type of production decrease occurs, or if the
formation pressure is low from the outset, artificial lift is
commonly employed to enhance the recovery of oil from
the formation. This disclosure is primarily concerned with
one type of artificial lift called "Gas Lift."

[0004] Gas lift has long been known to those skilled in
the art, as shown in U.S. Patent No. 2,137,441 filed in
November 1938. Other patents of some historic signifi-
cance are U.S. Patent Nos. 2,672,827, 2,679,827,
2,679,903, and 2,824,525, all commonly assigned here-
to. Other, more recent developments in this field include
U.S. Patent Nos. 4,239,082, 4,360,064 of common as-
signment, as well as 4,295,796,4,625,941, and
5,176,164. While these patents all contributed to further-
ingthe art of gaslift valves in wells, recent trends in drilling
and completion techniques expose and highlight long felt
limitations with this matured technology.

[0005] The economic climate in the oil industry of the
1990’s demands that oil producing companies produce
more oil, thatis now exponentially more difficult to exploit,
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in less time, and without increasing prices to the consum-
er. One successful technique that is currently being em-
ployed is deviated and horizontal drilling, which more ef-
ficiently drains hydrocarbon bearing formations. This in-
crease in production makes it necessary to use much
larger production tubing sizes. For example, in years past
60,325 mm (2-3/8 inch) production tubing was most com-
mon. Today, tubing sizes of offshore wells range from
114,3-177,8 mm (4-1/2 to 7 inches). While much more
oil can be produced from tubing this large, conventional
gas lift techniques have reached or exceeded their op-
erational limit as a result.

[0006] In order for oil to be produced utilizing gas lift,
a precise volume and velocity of the gas flowing upward
through the tubing must be maintained. Gas injected into
the hydrostatic column of fluid decreases the column’s
total density and pressure gradient, allowing the well to
flow. As the tubing size increases, the volume of gas
required to maintain the well in a flowing condition in-
creases as the square of the increase in tubing diameter.
If the volume of the gas lifting the oil is not maintained,
the produced oil falls back down the tubing, and the well
suffers a condition commonly known as "loading up." If
the volume of gas is too great, the cost of compression
and recovery of the lift gas becomes a significant per-
centage of the production cost. As a result, the size of a
gas injection orifice in the gas lift valve is of crucial im-
portance to the stable operation of the well. Prior art gas
lift valves employ fixed diameter orifices in a range up to
19,05 mm (3/4 inch), which may be inadequate for opti-
mal production in large diameter tubing. This size limita-
tion is geometrically limited by the gas lift valve’s requisite
small size, and the position of its operating mechanism,
which prevents a full bore through the valve for maximum
flow.

[0007] Because well conditions and gas lift require-
ments change over time, those skilled in the art of well
operations are also constantly aware of the compromise
of well efficiency that must be balanced versus the cost
of intervention to install the most optimal gas lift valves
therein as well conditions change over time. Well inter-
vention is expensive, most especially on prolific offshore
or subsea wells, so a valve that can be utilized over the
entire life of the well, and whose orifice size and subse-
quent flow rate can be adjusted to changing downhole
conditions, is a long felt and unresolved need in the oil
industry. There is also a need for a novel gas lift valve
that has a gas injection orifice that is large enough to
inject a volume of gas adequate to lift oil in large diameter
production tubing. There is also a need for differing and
novel operating mechanisms for gas lift valves that will
not impede the flow of injection gas therethrough.

SUMMARY OF THE INVENTION
[0008] The present invention has been contemplated

to overcome the foregoing deficiencies and meet the
above described needs. In one aspect, the present in-
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vention is a gas lift valve for use in a subterranean well,
comprising: a valve body with a longitudinal bore there-
through for sealable insertion in a mandrel; a variable
orifice valve in the body for controlling fluid flow into the
body; and, an actuating means connected to the variable
orifice valve. Another feature of this aspect of the present
invention is that the actuating means may be electro-
hydraulically operated, and may further include: a hy-
draulic pump located in a downhole housing; an electric
motor connected to and driving the hydraulic pump upon
receipt of a signal from a control panel; hydraulic circuitry
connected to and responding to the action of the pump;
and, a moveable hydraulic piston responding to the hy-
draulic circuitry and operatively connected to the variable
orifice valve, controlling movement thereof. Another fea-
ture of this aspect of the present invention is that the
actuating means may further include a position sensor
to report relative location of the moveable hydraulic pis-
ton to the control panel. Another feature of this aspect of
the present invention is that the actuating means may be
selectively installed and retrievably detached from the
gas lift valve.

[0009] Another feature of this aspect of the present
invention is that the actuating means may further include
at least one pressure transducer communicating with the
hydraulic circuitry, and transmitting collected data to the
control panel. Another feature of this aspect of the
present invention is that the actuating means may further
include a mechanical position holder. Another feature of
this aspect of the present invention is that the actuating
means may be selectively installed and retrievably de-
tached from the gas lift valve.

[0010] Another feature of this aspect of the present
invention is that the actuating means may be hydrauli-
cally operated, and may further include: a hydraulic ac-
tuating piston located in a downhole housing and oper-
atively connected to the variable orifice valve; a spring,
biasing the variable orifice valve in a full closed position;
and, at least one control line connected to the hydraulic
actuating piston and extending to a hydraulic pressure
source. Another feature of this aspect of the present in-
vention is that the actuating means may further include
a position sensor to report relative location of the move-
able hydraulic piston to a control panel. Another feature
of this aspect of the presentinvention is that the actuating
means may further include at least one pressure trans-
ducer communicating with the hydraulic actuating piston,
and transmitting collected data to a control panel. Anoth-
er feature of this aspect of the present invention is that
the actuating means may be selectively installed and re-
trievably detached from the gas lift valve.

[0011] Another feature of this aspect of the present
invention is that the actuating means may be electro-
hydraulic, and may further include: at least one electri-
cally piloted hydraulic solenoid valve located in a down-
hole housing; at least one hydraulic control line connect-
ed to the solenoid valve and extending to a hydraulic
pressure source; hydraulic circuity connected to and re-
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sponding to the action of the solenoid valve; and, a move-
able hydraulic piston responding to the hydraulic circuitry
and operatively connected to the variable orifice valve,
controlling movement thereof. Another feature of this as-
pect of the present invention is that the actuating means
may further include a position sensor to report relative
location of the moveable hydraulic piston to a control pan-
el. Another feature of this aspect of the present invention
is that the actuating means may further include at least
one pressure transducer communicating with the hydrau-
lic circuitry, and transmitting collected data to a control
panel. Another feature of this aspect of the present in-
vention is that the actuating means may be selectively
installed and retrievably detached from the gas lift valve.
[0012] Another feature of this aspect of the present
invention is that the actuating means may be pneumo-
hydraulically actuated, and may further include: a move-
able hydraulic piston having a first and second end, op-
eratively connected to the variable orifice valve, control-
ling movement thereof; at least one hydraulic control line
connected to a hydraulic pressure source and commu-
nicating with the first end of the hydraulic piston; and, a
gas chamber connected to and communicating with the
second end of the hydraulic piston. Another feature of
this aspect of the present invention is that the gas lift
valve may be retrievably locatable within a side pocket
mandrel by wireline and coiled tubing intervention tools.
Another feature of this aspect of the present invention is
that the gas lift valve may be selectively installed and
retrievably detached from the actuating means. Another
feature of this aspect of the present invention is that the
actuating means may be selectively installed and retriev-
ably detached from the gas lift valve.

[0013] In another aspect, the present invention may
be a method of using a gas lift valve in a subterranean
well, comprising: installing a first mandrel and a second
mandrel in a well production string that are in operational
communication; retrievably installing a variable orifice
gas lift valve in a first mandrel; installing a controllable
actuating means in a second mandrel; and, controlling
the variable orifice gas lift valve by surface manipulation
of a control panel that communicates with the actuating
means. Another feature of this aspect of the present in-
vention is that the method of installing the variable orifice
gas lift valve and the actuating means may be by wireline
intervention. Another feature of this aspect of the present
invention is that the method of installing the variable or-
ifice gas lift valve and the actuating means may be by
coiled tubing intervention.

[0014] In another aspect, the present invention may
be a gas lift valve for variably introducing injection gas
into a subterranean well, comprising: a valve body with
a longitudinal bore therethrough for sealable insertion in
a mandrel; a variable orifice valve in the body for control-
ling flow of injection gas into the body; and, a moveable
hydraulic piston connected to the variable orifice valve
and in communication with a source of pressurized fluid;
whereby the amount of injection gas introduced into the
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well through the variable orifice valve is controlled by
varying the amount of pressurized fluid being applied to
the moveable hydraulic piston. Another feature of this
aspect of the present invention is that the source of pres-
surized fluid may be external to the gas lift valve and may
be transmitted to the gas lift valve through a control line
connected between the gas lift valve and the external
source of pressurized fluid. Another feature of this aspect
of the present invention is that the external source of
pressurized fluid may be located at the earth’s surface.
Another feature of this aspect of the present invention is
that the source of pressurized fluid may be an on-board
hydraulic system including: a hydraulic pump located in
a downhole housing and in fluid communication with a
fluid reservoir; an electric motor connected to and driving
the hydraulic pump upon receipt of a signal from a control
panel; and, hydraulic circuitry in fluid communication with
the hydraulic pump and the hydraulic piston. Another fea-
ture of this aspect of the present invention is that the gas
lift valve may further include an electrical conduit con-
necting the control panel to the gas lift valve for providing
a signal to the electric motor. Another feature of this as-
pect of the present invention is that the hydraulic system
may further include a solenoid valve located in the down-
hole housing and connected to the electrical conduit, the
solenoid valve directing the pressurized fluid from the
hydraulic system through the hydraulic circuitry to the
hydraulic piston. Another feature of this aspect of the
present invention is that the gas lift valve may further
include at least one pressure transducer in fluid commu-
nication with the hydraulic circuitry and connected to the
electrical conduit for providing a pressure reading to the
control panel. Another feature of this aspect of the
present invention is that the gas lift valve may further
include an upstream pressure transducer connected to
the electrical conduit and a downstream pressure trans-
ducer connected to the electrical conduit, the upstream
and downstream pressure transducers being located
within the gas lift valve to measure a pressure drop across
the variable orifice valve, the pressure drop measure-
ment being reported to the control panel through the elec-
trical conduit. Another feature of this aspect of the present
invention is that the gas lift valve may further include a
position sensor to report relative location of the moveable
hydraulic piston to the control panel. Another feature of
this aspect of the present invention is that the gas lift
valve may further include a mechanical position holder
to mechanically assure that the variable orifice valve re-
mains in its desired position if conditions in the hydraulic
system change during use. Another feature of this aspect
of the present invention is that the variable orifice valve
may be stopped at intermediate positions between a full
open and a full closed position to adjust the flow of injec-
tion gas therethrough, the variable orifice valve being
held in the intermediate positions by the position holder.
Another feature of this aspect of the present invention is
that the hydraulic system may further include a movable
volume compensator piston for displacing a volume of
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fluid that is utilized as the hydraulic system operates.
Another feature of this aspect of the present invention is
that the variable orifice valve may further include a car-
bide stem and seat. Another feature of this aspect of the
present invention is that the mandrel may be provided
with atleast one injection gas port through which injection
gas flows when the variable orifice valve is open. Another
feature of this aspect of the present invention is that the
gas lift valve may further include an upper and lower one-
way check valve located on opposite sides of the variable
orifice valve to prevent any fluid flow from the well into
the gas lift valve. Another feature of this aspect of the
present invention is that the gas lift valve may further
include latch means for adapting the variable orifice valve
to be remotely deployed and retrieved. Another feature
of this aspect of the present invention is that the variable
orifice valve may be remotely deployed and retrieved by
utilization of coiled tubing. Another feature of this aspect
of the present invention is that the variable orifice valve
may be remotely deployed and retrieved by utilization of
wireline. Another feature of this aspect of the present
invention is that the gas lift valve may further include a
valve connection collet.

[0015] In another aspect, the present invention may
be a gas lift valve for variably introducing injection gas
into a subterranean well, comprising: a valve body with
a longitudinal bore therethrough for sealable insertion in
a mandrel; a hydraulic control line connected to the gas
lift valve for providing a supply of pressurized fluid there-
to; a variable orifice valve in the body for controlling flow
ofinjection gas into the body; a spring biasing the variable
orifice valve in a full closed position; a moveable hydraulic
piston connected to the variable orifice valve; and, an
actuating piston located in a downhole housing, connect-
ed to the moveable hydraulic piston and in communica-
tion with the control line; whereby the amount of injection
gas introduced into the well through the variable orifice
valve is controlled by varying the amount of pressurized
fluid being applied to the actuating piston. Another fea-
ture of this aspect of the present invention is that the
control line may be connected to a source of pressurized
fluid located at the earth’s surface. Another feature of this
aspect of the present invention is that the gas lift valve
may further include a mechanical position holder to me-
chanically assure that the variable orifice valve remains
in its desired position if conditions in the gas lift valve
change during use. Another feature of this aspect of the
present invention is that the variable orifice valve may be
stopped at intermediate positions between a full open
and a full closed position to adjust the flow of injection
gas therethrough, the variable orifice valve being held in
the intermediate positions by the position holder. Another
feature of this aspect of the present invention is that the
variable orifice valve may further include a carbide stem
and seat. Another feature of this aspect of the present
invention is that the mandrel may be provided with at
least one injection gas port through which injection gas
flows when the variable orifice valve is open. Another
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feature of this aspect of the present invention is that the
gas lift valve may further include an upper and lower one-
way check valve located on opposite sides of the variable
orifice valve to prevent any fluid flow from the well into
the gas lift valve. Another feature of this aspect of the
present invention is that the gas lift valve may further
include latch means for adapting the variable orifice valve
to be remotely deployed and retrieved. Another feature
of this aspect of the present invention is that the variable
orifice valve may be remotely deployed and retrieved by
utilization of coiled tubing. Another feature of this aspect
of the present invention is that the variable orifice valve
may be remotely deployed and retrieved by utilization of
wireline. Another feature of this aspect of the present
invention is that the gas lift valve may further include a
valve connection collet.

[0016] In another aspect, the present invention may
be a gas lift valve for variably introducing injection gas
into a subterranean well, comprising: a valve body with
a longitudinal bore therethrough for sealable insertion in
a mandrel; a valve-open and a valve-closed hydraulic
control line connected to the gas lift valve for providing
dual supplies of pressurized fluid thereto; a variable ori-
fice valve in the body for controlling flow of injection gas
into the body; and, a moveable hydraulic piston connect-
ed to the variable orifice valve and in fluid communication
with the valve-open and valve-closed hydraulic control
lines; whereby the variable orifice valve is opened by
applying pressure to the hydraulic piston through the
valve-open control line and bleeding off pressure from
the valve-closed control line; the variable orifice valve is
closed by applying pressure to the hydraulic piston
through the valve-closed control line and bleeding off
pressure from the valve-open control line; and, the
amount of injection gas introduced into the well through
the variable orifice valve is controlled by varying the
amount of pressurized fluid being applied to and bled off
from the hydraulic piston through the control lines. An-
other feature of this aspect of the present invention is
that the control lines may be connected to a source of
pressurized fluid located at the earth’s surface. Another
feature of this aspect of the present invention is that the
gas lift valve may further include a mechanical position
holder to mechanically assure that the variable orifice
valve remains in its desired position if conditions in the
gas lift valve change during use. Another feature of this
aspect of the present invention is that the variable orifice
valve may be stopped at intermediate positions between
a full open and a full closed position to adjust the flow of
injection gas therethrough, the variable orifice valve be-
ing held in the intermediate positions by the position hold-
er. Another feature of this aspect of the present invention
is that the variable orifice valve may further include a
carbide stem and seat. Another feature of this aspect of
the presentinvention is that the mandrel may be provided
with atleast one injection gas port through which injection
gas flows when the variable orifice valve is open. Another
feature of this aspect of the present invention is that the
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gas lift valve may further include an upper and lower one-
way check valve located on opposite sides of the variable
orifice valve to prevent any fluid flow from the well into
the gas lift valve. Another feature of this aspect of the
present invention is that the gas lift valve may further
include latch means for adapting the variable orifice valve
to be remotely deployed and retrieved. Another feature
of this aspect of the present invention is that the variable
orifice valve may be remotely deployed and retrieved by
utilization of coiled tubing. Another feature of this aspect
of the present invention is that the variable orifice valve
may be remotely deployed and retrieved by utilization of
wireline. Another feature of this aspect of the present
invention is that the gas lift valve may further including a
valve connection collet. Another feature of this aspect of
the present invention is that the gas lift valve may further
include a fluid displacement port for use during the bleed-
ing off of pressurized fluid from the hydraulic piston. An-
other feature of this aspect of the present invention is
that the gas lift valve may further include a valve-open
and a valve-closed conduit for routing pressurized fluid
from the valve-open and valve-closed control lines to the
hydraulic piston.

[0017] Another feature of this aspect of the present
invention is that the gas lift valve may further include an
electrical conduit connecting a control panel atthe earth’s
surface to the gas lift valve for communicating collected
data to the control panel. Another feature of this aspect
of the present invention is that the gas lift valve may fur-
ther include a valve-open pressure transducer and to a
valve-closed pressure transducer, the valve-open pres-
sure transducer being connected to the electrical conduit
and in fluid communication wit the valve-open conduit,
the valve-closed pressure transducer being connected
to the electrical conduit and in fluid communication with
the valve-closed conduit, the pressure transducers pro-
viding pressure readings to the control panel via the elec-
trical conduit. Another feature of this aspect of the present
invention is that the gas lift valve may further include an
upstream pressure transducer connected to the electrical
conduit and a downstream pressure transducer connect-
ed to the electrical conduit, the upstream and down-
stream pressure transducers being located within the gas
lift valve to measure a pressure drop across the variable
orifice valve, the pressure drop measurement being re-
ported to the control panel through the electrical conduit.
[0018] In another aspect, the present invention may
be a gas lift valve for variably introducing injection gas
into a subterranean well, comprising: a valve body with
a longitudinal bore therethrough for sealable insertion in
a mandrel; a hydraulic control line connected to the gas
lift valve for providing a supply of pressurized fluid there-
to; a variable orifice valve in the body for controlling flow
of injection gas into the body; a nitrogen coil chamber
providing a pressurized nitrogen charge through a pneu-
matic conduit for biasing the variable orifice valve in a
full closed position; and, a moveable hydraulic piston
connected to the variable orifice valve and in fluid com-
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munication with the hydraulic control line and the pneu-
matic conduit; whereby the variable orifice valve is
opened by applying hydraulic pressure to the hydraulic
piston through the hydraulic control line to overcome the
pneumatic pressure in the pneumatic conduit; the varia-
ble orifice valve is closed by bleeding off pressure from
the hydraulic control line to enable the pneumatic pres-
sure in the nitrogen coil chamber to closed the variable
orifice valve; and, the amount of injection gas introduced
into the well through the variable orifice valve is controlled
by varying the amount of hydraulic fluid being bled off
from the hydraulic piston through the hydraulic control
line. Another feature of this aspect of the present inven-
tion is that the hydraulic control line may be connected
to a source of pressurized fluid located at the earth’s sur-
face. Another feature of this aspect of the present inven-
tion is that the gas lift valve may further include a me-
chanical position holder to mechanically assure that the
variable orifice valve remains inits desired position if con-
ditions in the gas lift valve change during use. Another
feature of this aspect of the present invention is that the
variable orifice valve may be stopped at intermediate po-
sitions between a full open and a full closed position to
adjust the flow of injection gas therethrough, the variable
orifice valve being held in the intermediate positions by
the position holder. Another feature of this aspect of the
present invention is that the variable orifice valve may
further include a carbide stem and seat. Another feature
of this aspect of the present invention is that the mandrel
may be provided with at least one injection gas port
through which injection gas flows when the variable ori-
fice valve is open. Another feature of this aspect of the
present invention is that the gas lift valve may further
include an upper and lower one-way check valve located
on opposite sides of the variable orifice valve to prevent
any fluid flow from the well into the gas lift valve. Another
feature of this aspect of the present invention is that the
gas lift valve may furtherinclude latch means for adapting
the variable orifice valve to be remotely deployed and
retrieved. Another feature of this aspect of the present
invention is that the variable orifice valve may be remotely
deployed and retrieved by utilization of coiled tubing. An-
other feature of this aspect of the present invention is
that the variable orifice valve may be remotely deployed
and retrieved by utilization of wireline. Another feature of
this aspect of the present invention is that the gas lift
valve may further include a valve connection collet.

[0019] In another aspect, the present invention may
be a gas lift valve for variably introducing injection gas
into a subterranean well, comprising: a first mandrel con-
nected to a second mandrel, the first and second mandrel
being installed in a well production string; a valve means
having a variable orifice for controlling flow of injection
gas into the well, the valve means being installed in the
first mandrel; an actuating means for controlling the valve
means, the actuating means being installed in the second
mandrel, in communication with and controllable from a
control panel, and connected to the valve means by a

10

20

25

30

35

40

45

50

55

first and second hydraulic control line. Another feature
of this aspect of the present invention is that the valve
means and the actuating means may be remotely de-
ployed within and retrieved from their respective man-
drels. Another feature of this aspect of the present inven-
tion is that the valve means and actuating means may
be remotely deployed and retrieved by utilization of coiled
tubing. Another feature of this aspect of the present in-
vention is that the valve means and actuating means may
be remotely deployed and retrieved by utilization of wire-
line.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]

Figures 1A-1C are elevation views which together
illustrate an electro-hydraulically operated embodi-
ment of the apparatus of the presentinvention having
an on-board hydraulic system and connected to an
electrical conduit running from the earth’s surface;
the power unit is shown rotated ninety degrees for
clarity.

Figures 2A-2C are elevation views which together
illustrate a hydraulically operated embodiment of the
apparatus of the present invention connected to a
single hydraulic control line running from the earth’s
surface; the power unit is shown rotated ninety de-
grees for clarity.

Figures 3A-3C are elevation views which together
illustrate another hydraulically operated embodi-
ment of the apparatus of the present invention con-
nected to dual hydraulic control lines running from
the earth’s surface; the power unit is shown rotated
ninety degrees for clarity.

Figures 4A-4C are elevation views which together
illustrate another hydraulically operated embodi-
ment of the apparatus of the present invention con-
nected to dual hydraulic control lines running from
the earth’s surface; the power unit is shown rotated
ninety degrees for clarity.

Figures 5A-5C are elevation views which together
illustrate a pneumatic-hydraulically operated em-
bodiment of the apparatus of the present invention
connected to a single hydraulic control line running
from the earth’s surface; the power unit is shown
rotated ninety degrees for clarity.

Figure 6 is a cross-sectional view taken along line
6-6 of Figure 1B.

Figure 7 is a cross-sectional view taken along line
7-7 of Figure 1B.

Figure 8 is a cross-sectional view taken along line
8-8 of Figure 2B.

Figure 9 is a cross-sectional view taken along line
9-9 of Figure 2B.

Figure 10 is a cross-sectional view taken along line
10-10 of Figure 3B.

Figure 11 is a cross-sectional view taken along line
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11-11 of Figure 3B.

Figure 12 is a cross-sectional view taken along line
12-12 of Figure 4B.

Figure 13 is a cross-sectional view taken along line
13-13 of Figure 4B.

Figure 14 is a cross-sectional view taken along line
14-14 of Figure 5B.

Figure 15 is a cross-sectional view taken along line
15-15 of Figure 5B.

Figure 16 is a schematic representation of another
embodiment of the present invention with a retriev-
able actuator positioned in an upper mandrel and a
retrievable variable orifice gas lift valve positioned in
a lowermost mandrel.

Figure 17 is a cross-sectional view taken along line
17-17 of Figure 16.

Figure 18 is a cross-sectional view taken along line
18-18 of Figure 16.

[0021] While the invention will be described in connec-
tion with the preferred embodiments, it will be understood
that it is not intended to limit the invention to those em-
bodiments. On the contrary, it is intended to cover all
alternatives, modifications, and equivalents as may be
included within the scope of the invention as defined by
the appended claims.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0022] In the description that follows, like parts are
marked through the specification and drawings with the
same reference numerals, respectively. The figures are
not necessarily drawn to scale, and in some instances,
have been exaggerated or simplified to clarify certain fea-
tures of the invention. One skilled in the art will appreciate
many differing applications of the described apparatus.
[0023] For the purposes of this discussion, the terms
"upper" and "lower," "up hole" and "downhole," and "up-
wardly" and "downwardly" are relative terms to indicate
position and direction of movement in easily recognized
terms. Usually, these terms are relative to a line drawn
from an upmost position at the surface to a point at the
center of the earth, and would be appropriate for use in
relatively straight, vertical wellbores. However, when the
wellbore is highly deviated, such as from about 60 de-
grees from vertical, or horizontal, these terms do not
make sense and therefore should not be taken as limi-
tations. These terms are only used for ease of under-
standing as an indication of what the position or move-
ment would be if taken within a vertical wellbore.

[0024] Figures 1A-1C together show a semidiagram-
matic cross section of a gas lift valve 8 shown in the
closed position, used in a subterranean well (not shown),
illustrating: a valve body 10 with a longitudinal bore 12
for sealable insertion in a side pocket mandrel 14, a var-
iable orifice valve 16 in the body 10 which alternately
permits, prohibits, or throttles fluid flow (represented by
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item 18 — see Figure 7) into said body through injection
gas ports 13 in the mandrel 14, and an actuating means,
shown generally by numeral 20 which is electro-hydrau-
lically operated using a hydraulic pump 22 located in a
downhole housing 24, an electric motor 26 connected to
and driving the hydraulic pump 22 upon receipt of a signal
through an electrical conduit 23 connected to a control
panel (not shown) located at the earth’s surface. Also
shown is a moveable temperature/volume compensator
piston 15 for displacing a volume of fluid that is utilized
as the actuating means 20 operates and for compensat-
ing for pressure changes caused by temperature fluctu-
ations. A solenoid valve 28 controls the movement of
pressurized fluid pumped from a control fluid reservoir
25 through a pump suction port 21 and in a hydraulic
circuitry 30, and the direction of the fluid flowing there-
through, which is connected to and responding to the
action of the pump 22. A moveable hydraulic piston 32
responding to the pressure signal from the hydraulic cir-
cuitry 30 opens and controls the movement of the variable
orifice valve 16. The actuator has a position sensor 34
which reports the relative location of the moveable hy-
draulic piston 32 to the control panel (not shown), and a
position holder 33 which is configured to mechanically
assure that the actuating means 20 remains in the de-
sired position by the operator if conditions in the hydraulic
system change slightly in use. Also shown is a pressure
transducer 35 communicating with the hydraulic circuitry
30, and transmitting collected data to the control panel
(not shown) via the electrical conduit 23. As shown in
Figure 1C, a downstream pressure transducer 19 may
be provided to cooperate with the pressure transducer
35 for measuring and reporting to the control panel any
pressure drop across the variable orifice valve 16. It will
be obvious to one skilled in the art that the electric motor
26 and downhole pump 22 have been used to eliminate
the cost of running a control line from a surface pressure
source. This representation should not be taken as a lim-
itation. Obviously, a control line could be run from the
surface to replace the electric motor 26 and downhole
pump 22, and would be controlled in the same manner
without altering the scope of this invention. When it is
operationally desirable to open the variable orifice valve
16, an electric signal from the surface activates the elec-
tric motor 26 and the hydraulic pump 22, which routes
pressure to the solenoid valve 28. The solenoid valve 28
also responding to stimulus from the control panel, shifts
to a position to route hydraulic pressure to the moveable
hydraulic piston 32 that opens the variable orifice valve
16. The variable orifice valve 16 may be stopped at in-
termediate positions between open and closed to adjust
the flow of lift or injection gas 31 therethrough, and is
held in place by the position holder 33. To close the valve,
the solenoid valve 28 merely has to be moved to the
opposite position rerouting hydraulic fluid to the opposite
side of the moveable hydraulic piston 32, which then
translates back to the closed position.

[0025] AsshowninFigure 1B, the variable orifice valve
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16 may include a carbide stem and seat 17. The gas lift
valve 8 may also be provided with one-way check valves
29 to prevent any fluid flow from the well conduit into the
gas lift valve 8. The gas lift valve 8 may also be provided
with a latch 27 so the valve may be remotely installed
and/or retrieved by well known wireline or coiled tubing
intervention methods. As shown in Figure 6, this embod-
iment of the present invention may also be provided with
a valve connection collet 11, the structure and operation
of which are well known to those of ordinary skill in the art.
[0026] Figures 2A-2C together depict a semidiagram-
matic cross section of a gas lift valve 8 shown in the
closed position, used in a subterranean well (not shown),
illustrating: a valve body 10 with a longitudinal bore 12
for sealable insertion in a side pocket mandrel 14, a var-
iable orifice valve 16 in the body 10 which alternately
permits, prohibits, or throttles fluid flow (represented by
item 18 — see Figure 9) into said body through injection
gas ports 13 in the mandrel 14, and an actuating means
shown generally by numeral 36 that is hydraulically op-
erated. Further illustrated is: a hydraulic actuating piston
38 located in adownhole housing 40 and operatively con-
nected to a moveable piston 42, which is operatively con-
nected to the variable orifice valve 16. A spring 44, biases
said variable orifice valve 16 in either the full open or full
closed position, and a control line 46 communicates with
the hydraulic actuating piston 38 and extends to a hy-
draulic pressure source (not shown). When it is opera-
tionally desirable to open the variable orifice valve 16,
hydraulic pressure is applied from the hydraulic pressure
source (not shown), which communicates down the hy-
draulic control line 46 to the hydraulic actuating piston
38, which moves the moveable piston 42, which opens
the variable orifice valve 16. The variable orifice valve 16
may be stopped at intermediate positions between open
and closed to adjust the flow of lift or injection gas 31
therethrough, and is held in place by a position holder 33
which is configured to mechanically assure that the ac-
tuating means 36 remains in the position where set by
the operator if conditions in the hydraulic system change
slightly in use. The valve is closed by releasing the pres-
sure on the control line 46, allowing the spring 44 to trans-
late the moveable piston 42, and the variable orifice valve
16 back to the closed position.

[0027] AsshowninFigure 2B, the variable orifice valve
16 may include a carbide stem and seat 17. The gas lift
valve 8 may also be provided with one-way check valves
29 to prevent any fluid flow from the well conduit into the
gas lift valve 8. The gas lift valve 8 may also be provided
with a latch 27 so the valve may be remotely installed
and/or retrieved by well known wireline or coiled tubing
intervention methods. As shown in Figure 8, this embod-
iment of the present invention may also be provided with
a valve connection collet 11, the structure and operation
of which are well known to those of ordinary skill in the art.
[0028] Figures 3A-3C together disclose another em-
bodiment of a semidiagrammatic cross section of a gas
lift valve 8 shown in the closed position, used in a sub-
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terranean well (not shown), illustrating: a valve body 10
with a longitudinal bore 12 for sealable insertion in a side
pocket mandrel 14, a variable orifice valve 16 in the body
10 which alternately permits, prohibits, or throttles fluid
flow (represented by item 18 — see Figure 11) into said
body through injection gas ports 13 in the mandrel 14,
and an actuating means shown generally by numeral 48
that is hydraulically operated. Further illustrated: hydrau-
lic conduits 50 and 51 that route pressurized hydraulic
fluid directly to a moveable piston 32, which is operatively
connected to the variable orifice valve 16. Two control
lines 46 extend to a hydraulic pressure source (not
shown). The moveable hydraulic piston 32 responding
to the pressure signal from the "valve open" hydraulic
conduit 50 which opens and controls the movement of
the variable orifice valve 16 while the "valve closed" hy-
draulic conduit 51 is bled off. The variable orifice valve
16 may be stopped at intermediate positions between
open and closed to adjust the flow of lift or injection gas
31 therethrough, and is held in place by a position holder
33 which is configured to mechanically assure that the
actuating means 48 remains in the position where set by
the operator if conditions in the hydraulic system change
slightly in use. Closure of the variable orifice valve 16 is
accomplished by sending a pressure signal down the
"valve closed" hydraulic conduit 51, and simultaneously
bleeding pressure from the "valve open" hydraulic con-
duit 50.

[0029] A fluid displacement control port 49 may also
be provided for use during the bleeding off of the conduits
50 and 51, in a manner well known to those of ordinary
skill in the art. As shown in Figure 3B, the variable orifice
valve 16 may include a carbide stem and seat 17. The
gas lift valve 8 may also be provided with one-way check
valves 29 to prevent any fluid flow from the well conduit
into the gas lift valve 8. The gas lift valve 8 may also be
provided with a latch 27 so the valve may be remotely
installed and/or retrieved by well known wireline or coiled
tubing intervention methods. As shown in Figure 10, this
embodiment of the present invention may also be pro-
vided with a valve connection collet 11, the structure and
operation of which are well known to those of ordinary
skill in the art.

[0030] Figures 4A-4C together depict a semidiagram-
matic cross section of a gas lift valve 8 shown in the
closed position, used in a subterranean well (not shown),
illustrating: a valve body 10 with a longitudinal bore 12
for sealable insertion in a side pocket mandrel 14, a var-
iable orifice valve 16 in the body 10 which alternately
permits, prohibits, or throttles fluid flow (represented by
item 18 — see Figure 13) into said body through injection
gas ports 13 in the mandrel 14, and an actuating means
shown generally by numeral 48 that is hydraulically op-
erated. Further illustrated: hydraulic conduits 50 and 51
that route pressurized hydraulic fluid directly to a move-
able piston 32, which is operatively connected to the var-
iable orifice valve 16, and two control lines 46 extending
to a hydraulic pressure source (not shown). The movable
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hydraulic piston 32 responding to the pressure signal
from the "valve open" hydraulic conduit 50 which opens
and controls the movement of the variable orifice valve
16 while the "valve closed" hydraulic conduit 51 is bled
off. The variable orifice valve 16 may be stopped at in-
termediate positions between open and closed to adjust
the flow of lift or injection gas 31 therethrough, and is
held in place by a position holder 33 which is configured
to mechanically assure that the actuating means 20 re-
mains in the position where set by the operator if condi-
tions in the hydraulic system change slightly in use. Clo-
sure of the variable orifice valve 16 is accomplished by
sending a pressure signal down the "valve closed" hy-
draulic conduit 51, and simultaneously bleeding pressure
from the "valve open" hydraulic conduit 50. The actuator
has a position sensor 34 which reports the relative loca-
tion of the moveable hydraulic piston 32 to the control
panel (not shown) via an electrical conduit 23. Also shown
are pressure transducers 35 communicating with the hy-
draulic conduits 50 and 51 through hydraulic pressure
sensor chambers (e.g., conduit 51 communicates with
chamber 9), and transmitting collected data to the control
panel (not shown) via the electrical conduit 23.

[0031] AsshowninFigure4C, adownstream pressure
transducer 19 may be provided to cooperate with the
pressure transducer 35 for measuring and reporting to
the control panel any pressure drop across the variable
orifice valve 16. As shown in Figure 4B, a fluid displace-
ment control port 49 may also be provided for use during
the bleeding off of the conduits 50 and 51, in a manner
well known to those of ordinary skill in the art. As also
shown in Figure 4B, the variable orifice valve 16 may
include a carbide stem and seat 17. The gas lift valve 8
may also be provided with one-way check valves 29 to
prevent any fluid flow from the well conduit into the gas
lift valve 8. The gas lift valve 8 may also be provided with
a latch 27 so the valve may be remotely installed and/or
retrieved by well known wireline or coiled tubing inter-
vention methods. As shown in Figure 12, this embodi-
ment of the present invention may also be provided with
a valve connection collet 11, the structure and operation
of which are well known to those of ordinary skill in the art.
[0032] Figures 5A-5C together depict a semidiagram-
matic cross section of a gas lift valve 8 shown in the
closed position, used in a subterranean well (not shown),
illustrating: a valve body 10 with a longitudinal bore 12
for sealable insertion in a side pocket mandrel 14, a var-
iable orifice valve 16 in the body 10 which alternately
permits, prohibits, or throttles fluid flow (represented by
item 18 —see Figure 15) into said body through injection
gas ports 13 in the mandrel 14, and an actuating means
shown generally by numeral 52 that is hydraulically op-
erated. Further illustrated: a hydraulic conduit 54 that
routes pressurized hydraulic fluid directly to a moveable
piston 32, which is operatively connected to the variable
orifice valve 16. Hydraulic pressure is opposed by a pres-
surized nitrogen charge inside of a nitrogen coil chamber
56, the pressure of which is routed through a pneumatic
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conduit 58, which acts on an opposite end of the move-
able hydraulic piston 32, biasing the variable orifice valve
16 in the closed position. The nitrogen coil chamber 56
is charged with nitrogen through a nitrogen charging port
57.Wheniitis operationally desirable to open the variable
orifice valve 16, hydraulic pressure is added to the control
line 54, which overcomes pneumatic pressure in the
pneumatic conduit 58 and nitrogen coil chamber 56, and
translates the moveable piston 32 upward to open the
variable orifice valve 16. As before, the variable orifice
valve 16 may be stopped at intermediate positions be-
tween open and closed to adjust the flow of lift or injection
gas 31 therethrough, and is held in place by a position
holder 33 which is configured to mechanically assure that
the actuating means 52 remains in the position where
set by the operator if conditions in the hydraulic system
change slightly in use. Closing the variable orifice valve
16 is accomplished by bleeding off the pressure from the
control line 54, which causes the pneumatic pressure in
the nitrogen coil chamber 56 to close the valve because
it is higher than the hydraulic pressure in the hydraulic
conduit 54. An annulus port 53 may also be provided
through the wall of the mandrel 14 through which pres-
sure may be discharged to the annulus during operation.
[0033] AsshowninFigure 5B, the variable orifice valve
16 may include a carbide stem and seat 17. The gas lift
valve 8 may also be provided with one-way check valves
29 to prevent any fluid flow from the well conduit into the
gas lift valve 8. The gas lift valve 8 may also be provided
with a latch 27 so the valve may be remotely installed
and/or retrieved by well known wireline or coiled tubing
intervention methods. As shown in Figure 14, this em-
bodiment of the present invention may also be provided
with a valve connection collet 11, the structure and op-
eration of which are well known to those of ordinary skill
in the art.

[0034] Figure 16 is a schematic representation of one
preferred embodiment of the present invention. Dis-
closed are uppermost and lowermost side pocket man-
drels 60 and 61 sealably connected by a well coupling
62. A coiled tubing or wireline retrievable actuator 64 is
positioned in the uppermost mandrel 60, and a variable
orifice gas lift valve 66 is positioned in the lowermost
mandrel 61, and are operatively connected by hydraulic
control lines 68. In previous figures, the variable orifice
valve 16 and the actuating mechanisms described in Fig-
ures 1-5 are shown located in the same mandrel, making
retrieval of both mechanisms difficult, if not impossible.
In this embodiment, the variable orifice gas lift valve 66,
and the electro-hydraulic wireline or coiled tubing retriev-
able actuator 64 of the present invention are located,
installed and retrieved separately, but are operatively
connected one to another by hydraulic control lines 68.
This allows retrieval of each mechanism separately, us-
ing either wireline or coiled tubing intervention methods
which are well known in the art. As shown in Figure 18,
which is a cross-sectional view taken along line 18-18 of
Figure 16, an operating piston 72 is disposed adjacent
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the variable orifice valve 66 in the lowermost mandrel 61.
In every other aspect, however, the mechanisms operate
as heretofore described.

[0035] It should be noted that the preferred embodi-
ments described herein employ a well known valve
mechanism generically known as a poppet valve to those
skilled in the art of valve mechanics. It can, however, be
appreciated that several well known valve mechanisms
may obviously be employed and still be within the scope
of the present invention. Rotating balls or plugs, butterfly
valves, rising stem gates, and flappers are several other
generic valve mechanisms which may obviously be em-
ployed to accomplish the same function in the same man-
ner.

[0036] Whereas the present invention has been de-
scribed in particular relation to the drawings attached
hereto, it should be understood that other and further
modifications, apart from those shown or suggested
herein, may be made within the scope of the present
invention. Accordingly, the invention is therefore to be
limited only by the scope of the appended claims.

Claims

1. A gas lift valve for variably introducing injection gas
into a subterranean well, comprising:

a valve body (10) with a longitudinal bore there-
through for sealable insertion in a mandrel;

a variable orifice valve (16) in the body for con-
trolling flow of injection gas into the body; and
a moveable hydraulic piston (32, 42) connected
to and offset from the variable orifice valve and
in communication with a source (25) of pressu-
rized fluid;

whereby the amount of injection gas introduced
into the well through the variable orifice valve is
controlled by varying the amount of pressurized
fluid being applied to the moveable hydraulic pis-
ton.

2. A gas lift valve according to Claim 1, wherein the
source of pressurized fluid is external to the gas lift
valve and is transmitted to the gas lift valve through
a control line (46) connected between the gas lift
valve and the external source of pressurized fluid.

3. A gas lift valve according to Claim 2, wherein the
external source of pressurized fluid is located at the
earth’s surface.

4. A gas lift valve according to Claim 1, wherein the
source of pressurized fluid is an on-board hydraulic
system including:

a hydraulic pump (22) located in a downhole
housing and in fluid communication with a fluid
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10.

11.

12.

13.

reservoir (25);

an electric motor (26) connected to and driving
the hydraulic pump upon receipt of a signal from
a control panel; and

hydraulic circuitry (30) in fluid communication
with the hydraulic pump and the hydraulic piston.

A gas lift valve according to Claim 4, further including
an electrical conduit (26) connecting the control pan-
el to the gas lift valve for providing a signal to the
electric motor.

A gas lift valve according to Claim 5, the hydraulic
system further including a solenoid valve (28) locat-
ed in the downhole housing and connected to the
electrical conduit (26), the solenoid valve directing
the pressurized fluid from the hydraulic system
through the hydraulic circuitry to the hydraulic piston.

A gas lift valve according to Claim 5, further including
at least one pressure transducer (35) in fluid com-
munication with the hydraulic circuitry and connect-
ed to the electrical conduit for providing a pressure
reading to the control panel.

A gas lift valve according to Claim 5, further including
an upstream pressure transducer connected to the
electrical conduit and a downstream pressure trans-
ducer (19) connected to the electrical conduit, the
upstream and downstream pressure transducers be-
ing located within the gas lift valve to measure a pres-
sure drop across the variable lift valve, the pressure
drop measurement being reported to the control pan-
el through the electrical conduit.

A gaslift valve according to Claim 4, further including
a position sensor (34) to report relative location of
the moveable hydraulic piston to the control panel.

A gaslift valve according to Claim 4, further including
a mechanical position holder (33) to mechanically
assure that the variable orifice valve remains in its
desired position if conditions in the hydraulic system
change during use.

A gas lift valve according to Claim 10, wherein the
variable orifice valve may be stopped atintermediate
positions between a full open and a full closed posi-
tion to adjust the flow of injection gas therethrough,
the variable orifice valve being held in the interme-
diate positions by the position holder (33).

A gas lift valve according to Claim 4, wherein the
hydraulic system further includes a movable volume
compensator piston (15) for displacing a volume of
fluid that is utilized as the hydraulic system operates.

A gas lift valve according to Claim 1, wherein the
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variable orifice valve further includes a carbide stem
and seat (17).

A gas lift valve according to Claim 1, wherein the
mandrel is provided with at least one injection gas
port (13) through which injection gas flows when the
variable orifice valve is open.

A gas lift valve according to Claim 1, further including
an upper and lower one-way check valve (29) locat-
ed on opposite sides of the variable orifice valve to
prevent any fluid flow from the well into the gas lift
valve.

A gas lift valve according to Claim 1, further including
latch means (27) for adapting the variable orifice
valve to be remotely deployed and retrieved.

A gas lift valve according to Claim 16, wherein the
variable orifice valve is remotely deployed and re-
trieved by utilization of coiled tubing.

A gas lift valve according to Claim 16, wherein the
variable orifice valve is remotely deployed and re-
trieved by utilization of wireline.

A gas lift valve according to Claim 1, further including
a valve connection collet (11).

Patentanspriiche

1.

Gasliftventil fur das regelbare Einflihren von Ein-
spritzgas in ein unterirdisches Bohrloch, das auf-
weist:

einen Ventilkdrper (10) mit einer Langsbohrung
dort hindurch fiir das abdichtbare Einsetzen in
ein Mantelrohr,

ein regelbares Expansionsventil (16) im Korper
fur das Steuern des Stromes des Einspritzgases
in den Korper; und

einen beweglichen hydraulischen Kolben (32,
42), der mit dem regelbaren Expansionsventil
verbunden und davon versetzt und in Verbin-
dung mit einer Quelle (25) von unter Druck ste-
hendem Fluid ist;

wobei die Menge des in das Bohrloch durch das
regelbare Expansionsventil eingefiihrten Ein-
spritzgases durch Verandern derMenge des un-
ter Druck stehenden Fluids gesteuert wird, das
beim beweglichen hydraulischen Kolben zur An-
wendung gebracht wird.

Gasliftventil nach Anspruch 1, bei dem die Quelle
des unter Druck stehenden Fluids extern zum Gas-
liftventil ist und zum Gasliftventil mittels einer Steu-
erleitung (46) Ubertragen wird, die zwischen dem
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Gasliftventilund der externen Quelle des unter Druck
stehenden Fluids geschaltet ist.

Gasliftventil nach Anspruch 2, bei dem die duf3ere
Quelle des unter Druck stehenden Fluids auf der
Erdoberflache angeordnet ist.

Gasliftventil nach Anspruch 1, bei dem die Quelle
des unter Druck stehenden Fluids ein integriertes
Hydrauliksystem ist, das einschlief3t:

eine Hydraulikpumpe (22), die in einem Abwa-
risbohrlochgeh&duse und in Fluidverbindung mit
einem Fluidbehalter (25) angeordnet ist;

einen Elektromotor (26), der mit der Hydraulik-
pumpe verbunden ist und die bei Empfang eines
Signals von einem Schaltpult aus antreibt; und
einen Hydraulikkreis (30) in Fluidverbindung mit
der Hydraulikpumpe und dem hydraulischen
Kolben.

Gasliftventil nach Anspruch 4, das aulerdem eine
elektrische Leitung (26) umfasse die das Schaltpult
mit dem Gasliftventil fir das Liefern eines Signals
zum Elektromotor verbindet.

Gasliftventil nach Anspruch 5, wobei das Hydraulik-
system auferdem ein Magnetventil (28) umfasst,
das im Abwartsbohrlochgehduse angeordnet und
mit der elektrischen Leitung (26) verbunden ist, wo-
bei das Magnetventil das unter Druck stehende Fluid
vom Hydrauliksystem durch den Hydraulikkreis zum
hydraulischen Kolben lenkt.

Gasliftventil nach Anspruch 5, das auferdem min-
destens einen Druckwandler (35) in Fluidverbindung
mit dem Hydraulikkreis umfasst und mit der elektri-
chen Leitung flr das Liefern einer Druckablesung
am Schaltpult verbunden ist.

Gasliftventil nach Anspruch 5, das auRerdem einen
stromaufwarts angeordneten Druckwandler, der mit
der elektrischen Leitung verbunden ist, und einen
stromabwarts angeordneten Druckwandler (19) um-
fasst, der mit der elektrischen Leitung verbundeniist,
wobei der stromaufwarts und der stromabwarts an-
geordnete Druckwandler innerhalb des Gasliftven-
tils angeordnet sind, um einen Druckabfall Giber das
regelbare Liftventil zu messen, wobei Uber die
Druckabfallmessung am Schaltpult mittels der elek-
trischen Leitung berichtet wird.

Gasliftventil nach Anspruch 4, das auRerdem einen
Positionssensor (34) umfasst, um die relative Posi-
tion des beweglichen hydraulischen Kolbens am
Schaltpult mitzuteilen.

10. Gasliftventil nach Anspruch 4, das auf3erdem einen



1.

12

13.

14.

15.

16.

17.

18.

19.

21 EP 1 279 795 B1 22

mechanischen Positionshalter (33) umfasst, um me-
chanisch zu sichern, dass das regelbare Expansi-
onsventil in seiner gewlnschten Position bleibt,
wenn sich die Bedingungen im Hydrauliksystem
wahrend der Benutzung verandern.

Gasliftventil nach Anspruch 10, bei dem das regel-
bare Expansionsventil in Zwischenpositionen zwi-
schen einer vollstandig offenen und einer vollstandig
geschlossenen Position gestoppt werden kann, um
den Fluss des Einspritzgases dort hindurch zu regu-
lieren, wobei das regelbare Expansionsventil in den
Zwischenpositionen mittels des Positionshalters
(33) gehalten wird.

Gasliftventil nach Anspruch 4, bei dem das Hydrau-
liksystem auerdem einen beweglichen Volumen-
ausgleichskolben (15) fiir das Verdrangen eines
Fluidvolumens umfasst, das genutzt wird, wahrend
das Hydrauliksystem arbeitet.

Gasliftventilnach Anspruch 1, beidem das regelbare
Expansionsventil einen Hartmetallschaft und -sitz
(17) umfasst.

Gasliftventil nach Anspruch 1, bei dem das Mantel-
rohr mit mindestens einer Einspritzgasoffnung (13)
versehen ist, durch die Einspritzgas strémt, wenn
das regelbare Expansionsventil offen ist.

Gasliftventil nach Anspruch 1, das auerdem ein
oberes und ein unteres Einwegrtickschlagventil (29)
umfasst, die auf entgegengesetzten Seiten des re-
gelbaren Expansionsventils angeordnet sind, um
jeglichen Fluidstrom vom Bohrloch in das Gasliftven-
til zu verhindern.

Gasliftventil nach Anspruch 1, das auerdem ein
Einklinkmittel (27) fir das Anpassen des regelbaren
Expansionsventils umfasst, damit es fernbetatigt
ausgeldst und zuriickgezogen wird.

Gasliftventil nach Anspruch 16, bei dem das regel-
bare Expansionsventil durch Nutzung einer flexiblen
Rohrwerdel fernbetatigt ausgeldst und zurlickgezo-
gen wird.

Gasliftventil nach Anspruch 16, bei dem das regel-
bare Expansionsventil durch Nutzung eines Draht-
seiles fernbetéatigt ausgeldst und zurlickgezogen
wird.

Gasliftventil nach Anspruch 1, das auflerdem eine
Ventilanschlussklemmhdlse (11) umfasst.
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Revendications

Soupape de gas-lift (extraction par éjection de gaz)
destinée a l'introduction variable d’'un gaz d’injection
dans un puits souterrain, comprenant:

un corps de soupape (10) pourvu d’'un alésage
longitudinal le traversant et destiné a étre inséré
de maniere hermétique dans un mandrin;

une soupape a orifice variable (16) dans le corps
pour commander I'écoulement d’'un gaz d’injec-
tion dans le corps; a

un piston hydraulique mobile (32, 42) relié¢ a la
soupape a orifice variable et décalé par rapport
a celle-ci et en communication avec une source
(25) de fluide sous pression;

la quantité de gaz d'injection introduite dans le
puits a travers la soupape a orifice variable étant
commandée en faisant varier la quantité de flui-
de sous pression appliquée au piston hydrauli-
que mobile.

Soupape de gas-lift selon la revendication 1, dans
laquelle la source de fluide sous pression est exté-
rieure a la soupape de gas-lift et est transmise a la
soupape de gas-lift par le biais d’'une ligne de com-
mande (46) branchée entre la soupape de gas-lift et
la source extérieure de fluide sous pression.

Soupape de gas-lift selon la revendication 2, dans
laquelle la source extérieure de fluide sous pression
est située a la surface de la terre.

Soupape de gas-lift selon la revendication 1, dans
laquelle la source de fluide sous pression est un sys-
téme hydraulique embarqué incluant:

une pompe hydraulique (22) située dans un lo-
gement de fond de trou et en communication
fluide avec un réservoir de fluide (25);

un moteur électrique (26) relié a la pompe hy-
draulique et entrainant celle-ci a la réception
d'un signal provenant d'un panneau de
commande ; et

un réseau de circuits hydrauliques (30) en com-
munication fluide avec la pompe hydraulique et
le piston hydraulique.

Soupape de gas-lift selon la revendication 4, in-
cluant, en outre, un conduit électrique (26) pour con-
necter le panneau de commande a la soupape de
gas-lift pour fournir un signal au moteur électrique.

Soupape de gas-lift selon la revendication 5, le sys-
téme hydraulique incluant, en outre, une électrovan-
ne (28) située dans le logement de fond de trou et
reliée au conduit électrique (26), I'électrovanne diri-
geantlefluide sous pression du systeme hydraulique
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vers le piston hydraulique a travers le réseau de cir-
cuits hydrauliques.

Soupape de gas-lift selon la revendication 5, in-
cluant, en outre, au moins un transducteur de pres-
sion (35) en communication fluide avec le réseau de
circuits hydrauliques et relié au conduit électrique
pour fournir une lecture de pression au panneau de
commande.

Soupape de gas-lift selon la revendication 5, in-
cluant, en outre, un transducteur de pression en
amont relié au conduit électrique et un transducteur
de pression en aval (19) relié au conduit électrique,
les transducteurs de pression en amont et en aval
étant situés a l'intérieur de la soupape d’extraction
de gaz pour mesurer une chute de pression a travers
la soupape a levée variable, la mesure de chute de
pression étant rapportée au panneau de commande
par le biais du conduit électrique.

Soupape de gas-lift selon la revendication 4, in-
cluant, en outre, un capteur de position (34) pour
informer le panneau de commande d’une position
relative du piston hydraulique mobile.

Soupape de gas-lift selon la revendication 4, in-
cluant, en outre, un organe de maintien de position
mécanique (33) pour s’assurer de fagon mécanique
que la soupape a orifice variable demeure dans sa
position souhaitée si les conditions dans le systeme
hydraulique changent pendant I'utilisation.

Soupape de gas-lift selon la revendication 10, dans
laquelle la soupape a orifice variable peut étre Stop-
pée en des positions intermédiaires entre une posi-
tion d’ouverture totale et de fermeture totale pour
régler 'écoulement de gaz d’injection a travers la
soupape, la soupape a orifice variable étant mainte-
nue dans les positions intermédiaires par 'organe
de maintien de position (33).

Soupape de gas-lift selon la revendication 4, dans
laquelle le systéme hydraulique inclut, en outre, un
piston de compensation de volume mobile (15) pour
déplacer un volume de fluide utilisé lorsque le sys-
teme hydraulique fonctionne.

Soupape de gas-lift selon la revendication 1, dans
laquelle la soupape orifice variable inclut, en outre,
une tige et un siége (17) on carbure.

Soupape de gas-lift selon la revendication 1, dans
laquelle le mandrin est pourvu d’au moins un orifice
de gaz d'injection (13) a travers lequel un gaz d’in-
jection s’écoute lorsque la soupape a orifice variable
est ouverte.
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Soupape de gas-lift selon la revendication 1, in-
cluant, en outre, un clapet anti-retour unidirectionnel
supérieur etinférieur (29) situé surles cotés opposés
de la soupape a orifice variable pour empécher tout
écoulement de fluide du puits dans la soupape de
gas-lift.

Soupape de gas-lift selon la revendication 1, in-
cluant, en outre, un moyen de verrouillage (27) pour
adapter la soupape a orifice variable de maniére a
ce qu’elle soit déployée et récupérée a distance.

Soupape de gas-lift selon la revendication 16, dans
laquelle la soupape a orifice variable est déployée
et récupérée a distance au moyen d’un tubage en
spirale.

Soupape de gas-lift selon la revendication 16, dans
laquelle la soupape a orifice variable est déployée
et récupérée a distance au moyen d’un cable métal-
lique.

Soupape de gas-lin selon la revendication 1, in-
cluant, en outre, une douille de raccord de soupape

(11).
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