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August 15, 1997, which claims the benefit of U. S. Provisional Application No. 60/023,965, filed
August 15, 1996. This continuation-in-part application further claims the benefit of U. S.
Provisional Application No. 60/073,942, filed February 6, 1998.
BACKGROUND OF THE INVENTION
1. Field Of The Invention
The present invention relates to subsurface well completion equipment and, more
particularly, to an apparatus for lifting hydrocarboné from subterranean formations with gas at

high production rates. Additionally, embodiments of independent and detachable actuators are

disclosed.

2. Description Of The Related Art

Artificial lift systems, long known by those skilled in the art of oil well production, are
used to assist in the extraction of flnids from subterranean geological formations. The most ideal
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 pressure 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
occurs. With this reduction in formation pressure, the hydrocarbon issuance therefrom is

likewise reduced to a point where the well no longer flows without assistance, despite the
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more recent developments in this field include U.S. Patent Nos. 4,239,082, 4,360,064 of common

=

assignment, as well as 4,295,796, 4,625,941, and 5,176,164. While these patents all confributed
10 to furthering the art of gas lift valves in wells, recent trends in drilling and completion techniques
expose and highlight long felt limitations with this matured technology.

The economic climate in the oil industry of the 1990°s demands that oil producing
companies produce more oil, that is now exponentially more difficult to exploit, in less time, and
without increasing prices to the consumer. One successful technique that is currently being

15 employed is deviated and horizontal drilling, which more efficiently drains hydrocarbon bearing
formations. This increase in production makes it necessary to use much larger production tubing
sizes. For example, in years past, 2-3/8 inch production tubing was mqst common. Today,
tubing sizes of offshore wells range from 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

20 operational limit as a result.

Tn 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
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10 Because well conditions and gas lift requirements 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 intervention 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

15 orifice size and subsequent 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.

20 Finally, there is 2 need for an approach to orienting a gas lift valve relative to a first side pocket
within a mandrel into which the gas lift valve is remotely inserted and/or relative to a second

pocket, within the same mandrel, that is parallel to the first side pocket.
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operated, and may further include: a hydraulic 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;

10 hydraulic circuitry connected to and responding to the action of the pump; and, a moveable
hydraulic piston responding to the hydraulic circuitry and operatively connected to the variable
orifice valve, controlling movement thereof. Another feature 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 piston to the control panel. Another feature of this aspect of

15 the present invention is that the actuating means may be selectively installed and refrievably
detached from the gas lift valve.

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

20 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 detached from the gas lift valve.

Another feature of this aspect of the present invention is that the actuating means may be

hydraulically operated, and may further include: a hydraulic actuating piston located in a
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the actuating means may be selectively installed and retrievably detached from the gas lift valve.

b.

10 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 electrically piloted hydraulic solenoid
valve located in a downhole housing; at least one hydraulic control line connected to the
solenoid valve and extending to a hydraulic pressure source; hydraulic circuity connected to and
responding to the action of the solenoid valve; and, a moveable hydraulic piston responding to

15 the hydraulic circuitry and operatively connected to the variable orifice valve, controlling
movement thereof. Another feature of this aspect of the present invention is thé.t the actuating
means may further include a position sensor to report relative location of the moveable hydraulic
piston to a control panel. 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

20 hydraulic circuitry, and transmitting collected data to a 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,

Another feature of this aspect of the present invention is that the actuating means may be

pneumo-hydraulically actuated, and may further include: a moveable hydraulic piston having a
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present invention is that the gas lift valve may be selectively installed and retrievably detached
from the ;dctuating means. 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.

10 In another aspect, the presént invention may be a method of using a gas lift valve in a
subterranean well, comprising: ins;talling 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

15 communicates with the actuating means. Another feature of this aspect of the present invention
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 orifice gas lift valve and the actuating means may be by coiled
tubing intervention.

20 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
controlling 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
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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
10 motor connected to and driving fhe 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 feature of this aspect of the present invention is that the gas lift valve may further
include an electrical conduit connecting the control panel to the gas lift valve for providing a
signal to the electric motor. Another feature of this aspect of the present invention is that the
15 hydraulic system may further include a solenoid valve located in the downhole housing and
connected to the elect_rical conduit, the solenoid valve directing the pressurized fluid from the
hydr;iulic 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 communication with the hydraulic circuitry and connected to the electrical
20 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 transducer 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

-7



downhol e housing and operatively connected to the variable orifice valve; a
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10 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 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 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

15 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

20 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
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closed position; a moveable hydraulic piston connected to the variable orifice valve; and, an
actuating piston located in a downhole housing, connected to the moveable hydraulic piston and

10 in communication 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 fiuid

being applied to the actuating piston. Another feature 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

15 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 being held in the intermediate positions by

20 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 mandre} may be provided with at least 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
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aspect, the pheaefér dspsttithé preseibinvbtich 19&sbd 4 £ds lifevalee fopMartably mibodlucing
i nt roduci ng

10 injection gas into a subterranean well, comprising: a valve body with a longitudinal bore

therethrough for sealable insertioﬁ 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 orifice valve in the body for controlling flow of injection gas into the body;

and, a moveable hydraulic piston connected to the variable orifice valve and in fluid

15  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

20 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. Another 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
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the variable orifice valve and in communication with a source

to

of pressuri | o . .

%% Pressurigbitoh bttt aRY ehs B valvs change during uie, Anpther festyrs oF s P86 95 g1
the variable orifice valve is controlled by varying the anount of
pr essur i zedhd P BRetgnaLDAY theivausbleraitics yalxemay K atpanﬂ%i%uﬁmeéwte positions
Anot her feature of this aspect of the present invention is that the source
of pr essur itetrkeh hdiltiopenynd a full closed pasitiontte adjadt thedlowhf imjectioh ighs therathvamghyttie may

be transmitted to the gas |ift valve through a control line 5 _
connecsed hgtuBiebrifibevAosbding held &l e iérehebia® RHIBRITRY the PHEiEeh RIlAR! AhdtHer zed
fluid. Another feature of this aspect of the present invention is

that the e%&ﬁﬂéﬁkﬁ&égﬁg?ﬁ& Bx?geifﬁ%xﬁx%ﬂ m{thélfktfé \}Xﬁybl«%)&(i)f]iceelﬁlge g%aggigﬁ?{ oAt

the earth' s surface. ature o S aspec
I nvention is t ource of r,essurioged quid.rra%/,be,

at the u a
on- board hyAdF4BidE Stesy apd srat-n Angthen fratuze AT thiseapect of thpppresent 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 feature of this aspect of the present invention
10 1s 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
15 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 Mré'ﬁhe. 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
20 use during the bleeding off of pressurized fluid from the hydraulic piston. Another 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.
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signal to the electric notor. Another feature of this aspect of the present
i nvent i ofericemmumicating collested datatacthe gpitrol Ppnele Mnether featums of thip asngetcotthe

sol enoi d val ve |l ocated in the downhol e housi ng and connected to
t he el ecpreseh@invenivais that thégasdift eaive shay Airther thiclude hivatyetdpen presssenramsduacet | ui d
fromthe hydraul i c systemthrough the hydraulic circuitry to the

hydgaul i gn oSt ve-AGRH Pedssire Hatiddtc&f the RhFve-open pressur@@RR8hce? beihf BortieBRg Nt
invention is that the gas lift valve may further include at |east one

pressure . transducersi.n flu 0 ' Lon W . ayl |
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pressure reading to the control panel. Another feature of this_ aspect of
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upstream pressure transducer connected to the electrical conduit
and a dothestaleacivgpdasaduit the presoine transduceneprogidling pressure readinghte the ecutrdlcal
conduit, the upstream and downstream pressure transducers being | ocated

Wi thin  pane] via the ditikabedndbit. KAbHE: feAuERAREN Rpéct B BE prsent tiveRiACE Bfsthehe
variable orifice valve, the pressure drop

10 gas lift valve may further include an upstream pressure transducer connected to the electrical
conduit and a downstream pressure transducer 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 measurement being reported to the
control panel through the electrical conduit.

15 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 thereto; a variable orifice valve in the body for
controlling flow of injection gas into the body; a nitrogen coil chamber providing a pressurized

20 nitrogen charge through a pneumatic 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
communication with the hydraulic control line and the pneumatic 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 variable

-12-



-7- . . measur enent being reported to the control panel tﬁégélgh
the el ectri caWXWR87t. Another feature of this aspediTd{SOpHE

present invention is that the gas lift valve may further include a position
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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

10 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

15 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 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

20 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
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feature of this aspect of the present invention is that the
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utilization of coiled tubing. Another feature of this aspect of the present
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means being installed in the second mandrel, in communication with and controllable from a

control panel, and connected to the valve means by a first and second hydraulic control line.
10 Another feature of this aspect of the present invention is that the valve means and the actuating
means may be remotely deployéd within and retrieved from their respective mandrels. Another
feature of this aspect of the present invention 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 invention is that the valve means and actuating means may be remotely deployed
15 and retrieved by utilization of wireline.
In another aspect, the invention may be an apparatus for orienting a first device in a first
pocket in a mandrel relative to a second device in a second pocket in the mandrel, the first and
second pockets being substantially paralle] to one another, comprising: a first guide rail and a
second guide rail, the first and second guide rails being on an inner surface of the mandrel and
20 spaced apart in substantially parallel relationship to define a longitudinal groove therebetween;
the first device having an orienting key and a first reference point, the orienting key and the first
 reference point being longitudinally aligned; the second device having a second reference point;
and the first and second reference points being longitudinally aligned when the orienting key is

disposed within the longitudinal groove between the guide rails. Another feature of this aspect
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t he amount of injection gas introduced into the wel | through the
vari abbe oradspect ef thepresent inventivinriothhicthe drjentiag keyng attivhed toothe tatelf. Amotiss fieatred
fluid being applied to the actuating piston. Another feature of
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be connected to a source of pressurized fluid located at th

surface. n er, fe t hi ct of the pres ntion |s hat
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to mechanically assure that the variable orifice_ valve renmains in
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Anot her feature of this aspect of the present invention is that
. the vari ablthe tatdhfrigodog\baing seque)y tngagadoyithettle secess when the gas lift valve is in a lowermost

10 position. Another feature of this aspect of the present invention is that the second device is a
means for actuating the gas lift valve. Another feature of this aspect of the present invention is
that the first pocket and the second pocket are connected by a window, and the connection
between the latching dog and the recess is made through the window. Another feature of this
aspect of the present invention is that the gas lift valve may include a first and a second flow

15 window, and the mandrel may further include a first and a second flow port, the first flow port
being aligned with the first flow window when the first and second reference points are
longitudinally and elevationally aligned. Another feature of this aspect of the present invention
is that the first and second flow windows are positioned at right angles to each other, and wherein
the first and second flow ports are positioned at right angles to each other. Another feature of

20 this aspect of the present invention is that the first device includes at least one additional
reference point, and the second device includes at least one additional reference point, and the
at least one additional reference point on the first device is aligned with the at least one additional
reference point on the second device with the first and second reference points are longitudinally

and elevationally aligned. Another feature of this aspect of the present invention is that the
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first and second guide rails being on an inner surface of the mandrel and spaced apart in

substantially parallel relationship to define a longitudinal groove therebetween; the gas lift valve
10 having an orienting key and a latching dog, the orienting key and the latching dog being
longitudinally aligned; the actl-lating means having a recess for engagably receiving the latching
dog; and the latching dog and the actuator recess being longitudinally aligned when the orienting
key is disposed within the longitudinal groove between the guide rails. Another feature of this
aspect of the present invention is that the latching dog and the actuator recess are elevationally
15 aligned and securely engaged when the gas lift valve is in a lowermost position. Another feature
of this aspect of the present invention is that the first pocket and the second pocket are connected
by a window, and the connection between the latching dog and the recess is made through the
window. Another feature of this aspect of the present invention is that the longitudinal groove
is above the first pocket. Another feature of this aspect of the present invention is that the first
20 and second guide rails are located within a discriminator trough in the mandrel. Another feature
of this aspect of the present invention is that the orienting key is attached to a remotely
retrievable latch, and the latch is attached to the gas lift valve. Another feature of this aspect of
the present invention is that the latching dog is part of a collet finger, the collet finger being

attached to a stem disposed for longitudinal movement within a valve body of the gas lift valve,
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10 positioned at right angles to each other, and the first and second flow ports are positioned at right
angles to each other. Another feature of this aspect of the present invention is that the distance
between the orienting key and the latching dog is such that the orienting key is disposed within
the longitudinal groove between the guide rails when the latching dog and actuator recess are
longitudinally and elevationally aligned. Another feature of this aspect of the present invention
15 is that the first guide rail includes a first inclined surface extending away from the longitudinal
groove and away from the first pocket, and the second guide rail further includes a second
inclined surface extending away from the longitudinal groove and away from the first pocket.
Another feature of this aspect of the present invention is that the actuating means is electro-
hydraulically operated, further including: a hydraulic pump located in a downhole housing; an
20 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 hydraulic circuitry and operatively connected to

the variable orifice valve, controlling movement thereof. Another feature of this aspect of the

present invention is that the actuating means is hydraulically operated, further including: a
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present invention
responding to the action of the solenoid valve; and a moveable hydraulic piston responding to

the hydraulic circuitry and operatively connected to the variable orifice valve, controlling
10 movement thereof. Another feature of this aspect of the present invention is that the actuating
_meansis pneumo-hydrauiically actuated, further comprising: a moveable hydraulic piston having
a first and second end, operatively connected to the variable orifice valve, controlling movement
thereof: at least one hydraulic control line connected to a hydraulic pressure source and
communicating with the first end of the hydraulic piston; and a gas chamber connected to and

15. communicating with the second end of the hydraulic piston.

BRIEF DESCRIPTION OF THE DRAWINGS
Figures 1A-1C are elevation views which together illustrate an electro-hydraulically
operated embodiment of the apparatus of the present invention having an on-board hydraulic
system and connected to an electrical conduit running from the earth’s surface; the power unit
20 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 degrees for clarity.

-18 -



10 Jds that _the gas lift valve may further include an upper I -
one-way check ™28 ocat ed on opposi te sides of thepélg%s'g}éﬁ#
orifice valve to prevent any fluid flow fromthe well into the gas - -

lift valve. Anotfipire! 8aL3C ardlledviich HEReGinial 1dgeBePIRBERAE bR hy@Bulically hat
the gas |ift valve may urther include |latch neans for adapting

f
the variabl g.06L] %ﬁﬁ%&ﬁﬂilef{teofttﬁ% Qﬁgaﬂﬁﬁ% 3%!}% ggeﬁs?ﬁt.qx‘? ti?fx] %nnectefi H, tdu%lﬂé}di‘a%ﬁgd'
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the present invention is that the variable orifice valve may be renotely
depl oyed anfdr clarity. retrieved by utilization of wireline. Another feature
of this aspect of the present invention is that the gas |ift valve
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aspect of the present invention is that the gas |ift valve may
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feature of this_ ) spect of . the present invention is that the gas
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conduit for routing pressurized fluid fromthe val ve-open and val ve-cl osed
control for clarityl. i nes to the hydraulic piston.

Figures 5A-5C are elevation views which together illustrate a pneumatic-hydraulically
10 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 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.
15 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 11-11 of Figure 3B.
Figure 12 is a cross-sectional view taken along line 12-12 of Figure 4B.
20 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 SB.

Figure 15 is a cross-sectional view taken along line 15-15 of Figure SB.
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WO 00/ 00717 Anot her feature of this aspect of the present
i nvention i VOO he gas |ift valve may further i n@CTASIYIRS4S
el ectrical conduit connecting a control panel at the earth's surface to the

lift I t
gg?\el I An\c/)f1 h\ere gelfatetlu‘;rlgafcs)@{ Fﬁﬂ gmgspec Eﬁ&%ﬁ&h{h%&%ﬂ%ﬁgggﬁ& %ﬁé@%ﬁl@iﬁnl S

t hat the lift ve ma furt I ncl ude e pres .
t ransduce remeva:g)?roac{%t(g r&c‘PBEEBp‘B ‘i/?ﬁ’ﬁ'g ghlgvart Skﬁ%"@ﬁ?‘i/%a-sopen
pressure transducer being connected to the electrlcal conduit and

in fluid &frwalneinositioned inialownenashmandreben conduit, the val ve-cl osed
pressure transducer being connected to the eIectrlcaI conduit and in fluid

communi cati on Wigufe 17 is a crosstsbetional Wiew¢dkes albng dine 01,7 of Fégups B&sur e
transducers .provi ding pressure readings to the control panel via

the g ectrical ﬁ%ﬁ?@'m ts@@&onﬁ?fi&xwrtﬁceﬁfalohﬁ'lﬁei?ﬁ%‘b‘fﬁguré present

|nvent|0n st ft valve may further-1nc ‘ude an

upstrean1press retr nnected to, t el ect . it
and a downstre rs%?se@g%iﬁﬁt% BB Sopeitr tpstae acsids rasket BRRTR,

t he upstream and domnstrean1pressure transducers being | ocated

wi t hi n t hdavjag alfirst pockst foereceiving agas it valpe andaseeond pocket, paralieldp thedirstpockete
variable orifice valve, the pressure drop nmeasurenment being reported to the

control paoelecditibgu@biubiege el ectrical conduit. 15 | n anot her
aspect, the present invention may be a gas |ift valve for variably

I ntroducing Figure 20 is a cross-sectional view taken along line 20-20 of Figure 19D.

10 Figure 21 is a cross-sectional view taken along line 21-21 of Figure 19D.
Figure 22 is a cross-sectional view taken along line 22-22 of Figure 19C.
Figure 23 is a fragmentary elevation view taken along line 23-23 of Figure 19C.
- Figures 24A-24D are elevation views which together illustrate an alternative embodiment
of a gas lift valve of the present invention.
15 - Figure 25 is a fragmentary elevational view taken along line 25-25 of Figure 24A.
Figure 26 is a cross-sectional view taken along line 26-26 of Figure 25.
Figure 27 is a cross-sectional view taken along line 27-27 of Figure 24B.
Figure 28 is a cross-sectional view taken along line 28-28 of Figure 24C.
Figure 29 is a cross-sectional view taken along line 29-29 of Figure 24D.
20 Figure 30 shows jets of lift gas flowing into mandrel flow ports and colliding with one
another and thereby being slowed down and redirected to lessen erosion.
While the invention will be described in connection with the preferred embodiments, it

will be understood that it is not intended to limit the invention to those embodiments. On the
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I njectiion gas into a subterranean well, conprising: a valve body with a.

| ongi t udi nal W& /00717 t heret hrough for seal able inserti o‘%FflfVFS’a"’ZS“
mandrel ; a hydraulic control line connected to the gas lift -val ve
for providi pgntfarg, umé YotéHde® &@%swrlaneateidaﬁv& bAIRERons2 aN@ EnADIENtO b trla§Che
valve in the body fo controlling flow of injection gas into the
body; a n|t en
charge throug adgﬁ{gunnap ?@Bg&ox}]djﬁi?ﬁ{é &tﬂeq erRmﬁ?Q ﬁéé\@;%y tg&oafpge%dre?fc Fagéeigval ve
ina full closed posi tion; and, a nnveable hydraul i ¢ pi ston
connected to the variable orifice valve and in fluid

comuni cation with the hydraulic control |ine and the pneumatic conduit;
wher eby the vari abl e DESCRIPTION OF THERREEERBESIEMBODIMENTISyi ng
hydraulic pressure to the hydraulic piston through the hydraul i c

fﬁnt rols | Ib lne t O Dy SHeCQFEriptin MACLHNBWS qlwml&@mafkewtﬁmmg@w&pe&fmwm
e vari abl e

orifice val éﬁvh{?@%ﬁﬁﬁg sd¥e @%e?&x@é &gnégh%,rrgsr ECtAly® TB% ﬁg&é@ﬁ QY Bl iy ol

line to ena ure’in ogen col I chanber

BSSC: ot regdhggﬁpafen ljelrefer?\%é{ﬁta%%# gwfbe@ﬁ gvgaggatfrﬁtgs Péﬂgwilﬁ?w%ﬂwn%n Rlafires ©"

controlled of the invention. One skilled in the art will appreciate many differing applications of the
described apparatus.

10 For the purposes of this discussion, the terms “upper” and “lower,” “up hole” and
“downhole,” and “upwardly” 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

15 highly deviated, such as from about 60 degrees from vertical, or horizontal, these terms do not
make sense and therefore should not be taken as limitations. These terms are only used for ease
of understanding as an indication of what the position or movement would be if taken within a
vertical wellbore.

Figures 1A-1C together show a semidiagrammatic cross section of a gas lift valve 8

20 shown in the closed position, used in a subterranean well (not shown), illustrating: a valve body
10 with a longitadinal 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 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-
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by varying the anount of hydraulic fluid being bled off fromthe hydraulic
pi ston t hr ov@boaoiy 5 hydraulic control |ine. Another RCEHSIVEISM this
aspect -of the present invention is that the hydraulic control line

may be c afpliers ] 5 i - 1) ‘%’ﬁﬁﬂé 1., 440 Ja)
sur I ﬁce. R’;} 1c§lﬂ: 6‘%5%@%&# ;‘hﬁarugé gﬁﬁp ??i&g?gi’g% d% t eﬁ%lrsggeir?f E|1§\f;7l£eﬁr'11%g [ gn
S at the s lift furth . ' '

posi 1 onGRreopberd i Aty R bviFticnumn Foroordti o g epr LB an 92
remains inits desired position if conditions in the 2‘%as l'ift val ve change

duri ng uelectrigal comduit 23 ronnectefl ¢ eantrobpranel{peat shawaldecated af the epptle's siface.n4dsAt i on

is that the variable orifice valve nay be stopped at I nternedi ate
posi t i onghdvai i Gidveabletempantre/wlanecdmpdnsatbrqisteh [fofer displacibga acljme bf fliid f | ow
of i njection gas therethrough, the variable orifice val ve being

hel g in phe ﬁ]ﬁﬁl%aﬁghﬁta‘ﬁuﬁﬁﬁé e 00perates and for édipeRStink 1 foF prouftdhang¥3ot her

feature o I'S aspect of the present invention is that the variable

orifice valve, npy further .includ carhbi t - Leat ure
of thi s Hasetky Bineifan Succlint R oBichiNofiE B SH A0 el emetl B pipt AR L 2
provided with at | east one injection gas port through ) i ch .

i nj ect i oftuigpmped fremheontrokiluid mseryeir &5 rpyghapumy %V@uql@%tp?érﬁnd%%\gﬂﬁ?“hc
feature of this aspect of the present invention is that the gas
lift val ¢ircutey 0 mhdéhe directionlof the flyig dlovangl tHeraflsougin ovhiely is connected tocandc k
val ve | ocated on opposite sides of the variable orifice valve to prevent

any flui dedpbR¥ink ¥@he action of thetputhp/#. | Ainidveablb@ydraslid piston\32l régonding td) ete
feature of "thi s aspect of the préesent invention is that the

10 pressure signal from the hydraulic circuitry 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 hydraulic 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 desired position

- by the operator if conditions in the hydraulic system change slightly in use. Also shown isa

15 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

20 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 limitation. 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 or spirit of this invention. When it is

operationally desirable to open the variable orifice valve 16, an electric signal from the surface
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20 . gas Lift valve may further include |atch neans for ad ' .-
vari abl e ori f WQMje to be renotel y depl oyed and W@@@%ﬁ%s
Anot her feature of this aspect of the present invention is that -

the vari abl £1iQ4tkd the eleMAk ¥RtFRY alkBthe BFREAYpulHPROWRIEh ?da%s;p%sgﬁrev&ﬁhe B¥lenoid
utilization of coiled tubing. Anot hér feature of this aspect of

t he present_jnvantd LS. [ rd: 1 I .
{7 eSS AA Sl e 000 AN BSHHURS EYRLYE RN B g
wireline. Another feature of this aspect of th .. resent inventj.on
i's that thePgHion Ifqute\}yﬂrﬂ@ﬁﬁavssm@ e vsabls budraulis-pisten 38 b RS HecGREdE.
I n anot her aspect, the present invention nay be a gas lift valve for
vari ably i netifirdveived6. The variable njificetviabi 1§ asayibe stoppedstiintemediate positiensibetween

conprising: a first mandrel connected to a second 5 mandrel, the first
and sesond ¢peAdhetlo&ditd 8djus Meddvest liforanjektioh gy PoHEretheshgh, tantl el din'bidce By
nmeans having a variable orifice for controlling flow of injection

020 010 o e 8 XGRS L By PR A B ISEDBE,
opposite position rerouting hydraulic fluid to the opposite side of the moveable hydraulic piston
32, which then translates back to the closed position.
As shown in Figure 1B, the variable orifice valve 16 may include a carbide stem and seat
10 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 embodiment of the present
invention may also be provided with a valve connection collet 11, the structure and operation of
15 which are well known to those of ordinary skill in the art.
Figures 2A-2C together depict a semidiagrammatic 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 variable
orifice valve 16 in the body 10 which alternately permits, prohibits, or throttles fluid flow
20 (represented by item 18 — see Figure 9) into said body through injection gas ports 13 in the
mandre] 14, and an actuating means shown generally by numeral 36 that is hydraulically
operated. Further illustrated is: a hydraulic actuating piston 38 located in a downhole housing

40 and operatively connected to a moveable piston 42, which is operatively connected to the

variable orifice valve 16. A spring 44, biases said variable orifice valve 16 in either the full open
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means being installed in the second mandrel, in comunication with and -
cont r ol | abIVeO P¥eHTI7a control panel, and connected tRSTHEYEHE e
means by a first and second hydraulic control line. 10 Anot her feature

of this gSPA%iosel p6§1‘§oﬂ?%ﬁ&§@$xb&dﬂiﬁ£‘h& Qighdnaxé%lﬁ'lg% \é/ﬁdth\?\lnaet d¥Auli aﬁai@g}qstbgef Com

actuating means nmay be renotely in and retrieve

their regpective ndr el s. .. Anot her featre of this. aspect. of, the
resent  ThORHPTGH to b dulic BRGER rorme e shawR e P miedlicBaREgesudbue

be renotely depl oyed and retrieved by utilization_ of_ coiled tubing. Another
feat ure Wropenpithe vasighlerorifice valve 16, dyydrdylic pressiseis applied from the hydraydic pressurgal ve
nmeans and actuating neans may be renotely depl oyed 15 and retrieved by
utili zat smmceofmotshommn)mehich communicates down thel hydeaudit lcentral dipe @6 to thechyidrandint i on
may be an apparatus for orienting a first device in a first pocket

in & mangueding@listdd 362 whthInGRS MRSdRMIE SistoR 42, WiSEIPsEnd A kaliabidorifite varadr el
the first and second pockets being substantially parallel to one

the. 1ir siSathe v ofd e MiaFes Aot ifemedioe posREBRReBUSR AT,
O i 2o arle o adguabe i o Haleton gas Y et s SO SBbdhat A mesian '

orienting key and a first reference point, the orienting key and the first
r ef er enc bolder 3% which isgonbguyed todnechhnigallylasgymetiat théracteating meanicif remalnavn g a
second reference point; and the first and second reference points
bei ng | opgditisisliviade!syt 1 the bpetatoh Btohditiony indhy hydgaulie Wystem change slightly in use.

10 The valve is closed by releasing the pressure on the control line 46, allowing the spring 44 to
translate the moveable piston 42, and the variable orifice valve 16 back to the closed position.
As shown in Figure 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
15 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 embodiment 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.
Figures 3A-3C together disclose another embodiment of a semidiagrammatic cross
20 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 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
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di sposed within the |ongitudinal groove between the guide rai I
feature of thM™2 WO, J’é‘l‘/l}égﬁﬁag

- 14- ' of the present invention is that the |ongitudinal -
groove is diydvalitdlly dperated. Pothied illustited: NdrdubatotidRits 50 and 51 thef rolidipsestgiRat
of the present invention is that the first and second guide rails are

| ocat ed Wi tfylqRulic fluid directfly ) la3hveTbI0 Bistin 327 RUBHR id (Iﬁbg}i%i%ef}%ﬂﬁ&'ﬁg é@‘ﬂ%t‘}aﬁ?ble

feature of t'his aspect of the preseﬁ’t I nvention t the Tirst

T e

orienting key is attached to_the |atch. Another feature of this
aspect of tnevesbledudraulicpigen responding e the pressure signal Epmythe valvsopen” hydraulic
| at ching dog on a coll et finger, the collet finger being attached

to a sfem diondais 60 which dpengaidicintrels theomevenidnt of fhbivarigble orifice valvevidd whildhey
of the gas |ift valve, the second reference point being a recess on the

second devi » ' ' |
““Rlve closed” hydrduli€ lcb@&uwmg bga laffb e gaxgm%&ﬁae \%M%%J)rfpé dm{aﬁ o

recess when the gas |ift valve is in ower nos posi ti

feature of this a ct of the present i,nyentjon.is,that t seaoddev' e
e 3t WeBrnSRABRE hostond BERAT SR ang RIS o dyisP e Moy st SR on ¥ f
this aspect of the present invention i that the first pocket and

: i S hat :
the second therethseughy endds helddn plachly & positinndweldes 33 which is eonfigsredsp mechanically

assure that the actuating means 48 remains in the position where set by the operator if conditions
10 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 conduit 50.
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
15 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
20 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.
Figures 4A-4C together depict a semidiagrammatic 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 variable
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between the | atching dog and the recess is made through the w ndow.  Anot her

feature of w0717 aspect of the present invention i SCIPINRE gas

[ i Ha vial ve n?y [ Ecl ude a first and a second flow 15 wi ndow, and-the
mandr e J < ] I g j . 2 : r. it flow
Tort < ofifibe VAl in {6 UG 18, WAER alAREtefy SERAS rbbibit R thrordeddiuid by |

second referenc oints are _. . 1.t udinal |.y. I '
211 aned GearrsEmEN oF SaPue o Figree Lajaroany btk hRpelifRipR o firgr i e
is that the first and second fl ow wi ndows are_ positiogned at, rj

each ot meandrelnidh, \ahd ranj astuating means shewn jgengrallih by suEsH 48) &4 is 3%2;‘%12&9} es 1o
positioned at right angles to each other. Another feature of 20 this
aspect Qjpetafed. Pugherillustratednhydrauliczonduits 50land 51 that route\pressurizad hydtawicfluid east
one addi ti onal reference point, and the second device includes at

| eagt Orlﬁll’e@@ﬂota{' RO able PSS WhRBIi§bperaivelylcifinected to the vafidblé Gdfide vahe 16,
addrtional reference point on the first dévice is aligned with the at |east

ddi ti | . Nt . ' ' fi
and secctd PRrsapRbinss A0 RS F aRBNIF ieprfe SRR/ HoABENAS. A Bl | |1

o

( ationally
aligned. Another feature of this aspect .of the pres ' ' '

t he hydraulic piston 32 responding to the pregsure signal %om tge a \r/]et oﬂerr}’v ﬁ?&rli@?c_ (Ito?ld{lil? at
WD 00/ 00717

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
10 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 20 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
15 simultaneously bleeding pressure from the “valve open”™ hydraulic conduit 50. The actuator has
a position sensor 34 which reports the relative location 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 hydraulic conduits 50 and 51 through hydraulic pressure sensor
chambers (e.g., conduit 51 communicates with chamber 9), and transmitting collected data to the
20 control panel (not shown) via the electrical conduit 23.
As shown in Figure 4C, 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. As shown in Figure 4B, a fluid displacement

control port 49 may also be provided for use during the bleeding off of the conduits 50 and 51,
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dlstance between the orienting key and the first reference point

h
that the ori eNQMPORYy s di sposed within the |ongi tumf”ggi%gve
bet ween the guide rails when the first and second ref erence poi-nts

are | ongi t ugidyahhner R4 19bA%ab HRIBELE ordidhtyWkAin the art. As also shown in/Fig209BN@e
aspect t he present I nvention nmay be an apparatus for orlentlng a variabl e

orif | t

5 o oifig Inh&{ Vel difn @gﬁdgiéa%xdggt%ﬁasmds Ly 37" FREREIiel Ghal & Yy bfle?
pocket in the g, the first econd pock .
subst ant i al Wr@&a@i itk O%W%“ehealﬁt?i g Bms?ntemﬁﬁ orwgem thrvelbeondpit intag 2
second guide rail, the first and second guide rails being on an

i nner sur f atbe gaxflift vadvetrBhegas diftvalye Bonay alpube provided with a latch2iksaethe valive may
parallel relationship to define a |ongitudinal groove therebetween; the gas

lift vglve belfmotely HaMallRa and/of kdtB&ed Ny WelY kidvwh FirkBdeCy dbiled @tbing fiervention
orienting key and the |atching dog being | ongi tudi nally aligned;

t he actuati

dog: “and t HACRERETS O Bift PEREenRY *@%?2@8&*5%%%’% Ws bRbfAd
aligned when_the orienti osed I ong| t udi nal
groove bet wiBhapplxe (j‘lﬂ“ﬁ‘f—?"?‘&f’ I'Stll,&h%ftﬁt?{m? E“UBP ofﬁ' arew éﬁ S€of
the present invention is that the | atching dog and the actuator recess are
el evat i onal ¢fordingry skill inlthgjaréd and securely engaged when the gas lift valve
is in a |owernost position. Another feature of this aspect of the

present 11 nvent i oRighues SASC tdpethkt dépict Raeiridiagidlmbhie cioerBtoorK gis 18 Salve 8
connecte

10 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 variable
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

15 operated. 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 pressurized nitrogen charge inside of a nitrogen coil chamber
56, the pressure of which is routed through a pneumatic conduit 58, which acts on an opposite
end of the moveable hydraulic piston 32, biasing the variable orifice valve 16 in the closed

20 position, The nitrogen coil chamber 56 is charged with nitrogen through a nitrogen charging port
57. When it is 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
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by a wi ndow, and the connection between the |atching dog and the recess is
made t hr ougho od717 wi ndow. Anot her feature of this XEFASPIHH] he
present invention is that the |ongitudinal groove is above fhe

first pocket. Another feature of thi .of . te ' IS
that ¢ hepres bogtse bl Hofede sl E AT S iR o blieBh BB e BTG o
discrimpator trough in the mapdrel. Another _feature . of _this
aspect ofs held ipplage Ry 2 position heder §3t"ﬁ‘é§‘ isirenfigyred, fq pgchapically assurethabthe; 5 o
remotely retrievable latch, and the latch is attached to the gas
lift val aematiugombans F2eremains inf the inositias péhere o6t by the operatort if copditioenin the

i nvention is that the latching dog is part of a collet finger, the collet

finger b@ydgulic system chang¥ él%ﬁﬂjéﬁl ise. Tlssithevatubbestificervalvengiis actomplished
novenent within a valve body of the gas |lift valve,

-1 . i . £
1 05 1 oMo oL BT B 1SS0 i Sk et

( : having an
and " Hifoges Gabamirds s iie VARG or i BShE AL e RNt e ng.
| ongi tudi nal Iy aligned, respectively, and being positioned

rel ati ve hydranhecdngduig f.nén demplesport idtmayalse hermsovidedthroygh 819@1411@’:” thegmandrel
engaged with the actuator recess the first flow wi ndow and the first flow
sl ot ar e 14ah@ughiothivhlprassure may be discharged to the annulus during operation.

As shown in Figure 5B, the variable orifice valve 16 may include a carbide stem and seat

10 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 embodiment of the present
invention may also be provided with a valve connection collet 11, the structure and operation of

15 which are well known to those of ordinary skill in the art.

Figure 16 is a schematic representation of one preferred embodiment of the present
invention. Disclosed are uppermost and lowermost side pocket mandrels 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

20 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 Figures 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 retrievable actuator 64 of the present invention are located, installed and
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and elevationally aligned wwth a first flow port in the mandg e.
second fl ow W%Q%\R?Hnd the second flow slot are | ogﬁf{@gﬂﬁﬁwffy and
el evationally aligned with a second flow port in the mandr el .-
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ot her, theqs, : Lol ald
angles to gg‘%:iaootvﬁgfrg ﬁ%@gﬁjﬁ%h%cg%ﬂ%ﬁg@éﬁﬁgl HQ??%SVQ%E rv{rxlée%ggg:r %éléﬁ ?%Elnegd at
ri ght . ngles, to each other. Another feature. qf thi spect of the
present i nyg?ﬁqargwﬂg@mgwﬁcﬁmw@f Q@ in the art. As shos ﬁg‘FﬁizgS’c‘i\’aq“gHts PiEPSRey
and the latching dog is such that the orienting key is di sposed within

t he | ongi t seffipeal vigwolaken engdinerl 8 HeofFigwe 16,ah operating pistan 72 ig disosed atapenind
actuator recess are | ongi tudinally and el evationally aligned.

Anot hes  f edielvagiablt otifitsvaled&Cin thd loteamest amgdrel 6108 RYérg bthed Aspect, hdwdvegthd he
first guide rail includes a first inclined surface extending away fromthe

| ongi tudi n ; ok romthe first pocket, and the second
; | NYechanisms o er#é ctBd @éﬁ%Ybeﬁ. . st P ’ :
gui de rail Urt her pnc udes a secon i nclined surface extending

away fromthe | gngitudinal ,groove and,a dr the first pocket.

Anot her feat ur e?tgﬁoqlﬁ g%n‘%g(b@&ft refefigd g‘ﬁﬁ@xﬂf&%@tﬁ@ﬂbﬁe*n&pﬁ%a\yﬂbknown
actuating nmeans i s el ectro- hydraulical |y operated, further

i ncl udi ng: valvayegchenism gsoerrally kaowa 25 ¢ poraelwlvs o thoseskilded imnthe ag of valve

el ectric notor connected to and driving the hydraulic punp upon receipt of
a signal fmmethanics. It can, hovewdr| be apgpasvidted thuteaerhl welt kiioin valye sechaaizinddndyo
and responding to the action of the punp; and

10 obviously be employed and still be within the scope and spirit 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 employed to accomplish the same function in the same
manner.

Another aspect of the present invention broadly relates to orienting the gas lift valve 8

15 relative to certain distinct locations on the mandrel 14. This aspect of the present invention will

be explained in part with reference to portions of Figures 1 to 18, discussed above, but for the

most part will be explained and described with references to Figures 19 to 29. Referring initially

to Figures 19A to 19E, there is shown a side pocket mandre] 100 having a locating and orienting

sleeve 102 for locating and aligning a kickover tool (not shown) to which a gas lift valve (not

20 shown) is attached. Locating and orienting sleeves, such as the sleeve 102, and kickover tools

are well known to those of ordinary skill in the art. As best shown in Figure 20, which is a cross-

sectional view taken along line 20-20 of Figure 19D, the mandrel 100 includes a first pocket 104

and a second pocket 106. The first and second pockets 104 and 106 are substantially paraliel to

one another. The first pocket 104 is for receiving a gas lift valve (not shown here). The second
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a moveabl e hydraulic piston responding to the hydraulic circuitry and.
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novenent thereof. Another feature of this aspect of the pr-esent
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I ncl udi ng:
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variable orifice valve in a fuII cl osed sitiaon; at |east one
control | dnblindyneekat becanss if ﬁénﬂwﬁiawh?reaﬁg% teprafithe @nsgmf#efal&d iSRRIt 0 a
hydraul i c pressure source. Another feature of this aspect of the
present i meceiveiagas liff valvat As Slovandn Figuresgl 9Dband 2 1y#wmsarnidsel 4 0@ eday duitiyeal anolidec
further including: at |least one electrically piloted hydraulic sol enoid

val ves | ocatviddow 108 drvediakets Rkt iocke! 04 aad the@bnl yatic 106. A9 Bést Shovir ine
connected to the sol enoi d val ve and extending to a hydraulic

Phe: act | on TpE £ R IEH Lol Ll WnTARREEREnt 2120 e Figpe Lo, AERARAI (10 10

"m

Lt4vely

_1»—”

eno |
respondi ng Loe v, @guggpg@h%@b@ﬁﬁ&gwﬁ;g&u' § %30 (RPPRAL vely,connected to
embodiment, the flow ports 110 and 112 may be positioned in the mandre] 100 at right, or 90
degree, angles to one another.

10 Reference will now be made to Figures 19C, 22 and 23. Figure 22 is a cross-sectional
view taken along line 22-22 of Figure 19C, and Figure 23 is a fragmentary elevation view taken
along line 23-23 of Figure 19C. Taken together, Figures 19C, 22 and 23 show that the mandrel
100 may further include a first orienting guide rail 114 and a second orienting guide rail 116.
The guide rails 114 and 116 are spaced apart in substantially parallel relationship so as to define

15 a longitudinal groove 118 therebetween. The guide rails 114 and 116 may be on an inner surface
101 of the mandrel 100, and may either be formed as integral parts of the mandrel 100 or

" individually attached to the mandrel 100, as by welding. The guide rails 114 and 116 are located
above the first pocket 104 and may be located within a discriminator trough 120 in the mandrel
100. The first guide rail 114 may include a first inclined surface 115 extending away from the

20 Jongitudinal groove 118 and away from the first pocket 104. Similarly, the second guide rail 116
may include a second inclined surface 117 extending away from the longitudinal groove 118 and
away from the first pocket 104. As will be more fully explained below, the function of the guide

rails 114 and 116 is to orient at least one reference point on a gas lift valve (not shown here)
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significant difference, however, between the latch 126 and the latch 27 is that the latch 126
includes an orienting key 128, as shown in Figure 24A. The orienting key 128 is further

10 illustrated in Figures 25 and 26, Figure 25 is a fragmentary elevational view taken along line 25-
25 of Figure 24C. Figure 26 is a cross-sectional view taken along line 26-26 of Figure 25. As
will be more fully explained below, the orienting key 128 is designed to mate with the
longitudinal groove 118 (see Figures 22 and 23) between the first and second guide rails 114 and
116 within the mandrel 100 to orient at least one reference point on the gas lift valve 122 relative

15 to at least one reference point on the first pocket 104 in the mandrel 100, such as, for example,
the window 108 and/or the fluid flow ports 110 and 112.

As noted above, the gas lift valve 8, discussed above in relation to Figures 1-18, and the
gas lift valve 122 shown here (in Figures 24-29), are very similar; however, there is one
significant difference between the two, namely, that the gas lift valve 122 (Figures 24-29)

20 includes a single collet finger 130 having a single latching dog 132 (see Figures 24C and 28),
whereas the gas lift valve 8 (Figures 1-18) has an annular collet 11 having a plurality of collet
fingers and corresponding latching dogs 11a (see, e.g., Figures 1B and 6). The latching dog 132
may correspond to a first reference point. As shown in Figure 1B, the function of the latching

dogs 11a is to establish a mechanical connection between the gas lift valve 8 and the actuating
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appar at us of the present invention connected to dual hydraulic
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power uniieventiorsHbeeriensingesrectHfithe preseatinyention is not intendsd tg, pg limjtpd to use with

Fi gures 5A-5C are el evation views which together illustrate a

pneunat i enipaltionlbi acatatoy. IrilFigure 1B freratuetingmtans 2fnisw moveablechydpudic piston B¥  t he
present invention connected to a single hydraulic control line

runng ng flfa@iﬁh%'?@ce@@ﬂa'foﬁre@diﬁ@Qﬂe oﬂtH@ladegﬂ 11a.i EheTB6u88 maf carfr@gond 1oaf ¥

degrees f clarit Figure 6 is a cross-sectional

view t akes@coer‘lld rQi%renc 1?011%. %agﬂ olF thg%rﬁ)ug' Einbodlments of actuators includes a recess 32a for

receiving at least one of the latching dogs 11a. In the embodiments shown in Figures 1-18, there

is no need to orient the latching dogs 11a relative to the recess 32a in the actuating means 20

since there will be a latching dog 11a aligned with the recess 32a in the actuating means 20

10 irrespective of the orientation of the gas lift valve 8; this is because, as noted above, the annular
collet 11 includes a plurality of latching dogs 11a extending about its circumference. However,

as noted above, the gas lift valve 122 shown in Figures 24-29 does not include a plurality of

collet fingers and latching dogs 11a extending about the circumference of the annular collet 11,

- as shown in Figures 1-18, but, instead, as shown in Figures 24C and 28, includes only a single

15 collet finger 130 having a single latching dog 132. As such, there is a need to orient the gas lift
valve 122 relative to the actuating means so that the single latching dog 132 is aligned with the

recess in the actuating means. The recess and actuating means is not shown in Figures 19-21.

Any of the various actuator embodiments shown in Figures 1-18 may be used. Irrespective of

which embodiment is used, the actuating means will be housed in the second pocket 106 of the

20 mandrel 100, as discussed above and as best understood with reference to Figures 20 and 21.
Further, irrespective of which embodiment of the actuator is used, the actuator will be situated

within the second pocket 106 so that the actuator recess for receiving the single latching dog 132

on the single collet finger 130 is positioned within the window 108 connecting the first and

second pockets 104 and 106.
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Figure 7 is,a cross-sectional view taken along line 7-7 of Fi ?@9@@2‘548’15
Figure 8 is aVOM@Zectional view taken along |ine 8-8 of Filgﬁ >

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

Figure 10 is a CTORagitfdallpBiign thé SitgledtBiin@ ey 152! Willethe Yriddbve 1 0 i tereide
Figure 11 is a cross-sectional view taken along line 11-11 of Fi gure 3B.

Fiaure 12 1 5ifoff 058 AN o hEL AR kBl 5 el KB 038

_ ure Cross-sectiona aken’ a 1'rne

ol ong T e Thiehing doe 137,showd BelongHuditlly aigned with fhe grpaeskay 1 28 on the af2h 126
cross-sectional view taken along line 15-15 of Figure 5B.

- 19- before the latch 126 and gas §ifirvalved 22 aralovetedrintoi the wep (aeicshown). ohs sthted

anot her enbodi nent of the present invention '

5 above, the orienting key 128 is designed to mate with the longitudinal groove 118 (see Figures

22 and 23) between the first and second guide rails 114 and 116 within the mandrel 100 to orient

the gas lift valve 122 as it is being inserted into the first pocket 104 in the mandrel 100 (see

Figures 19C, 20, and 21). The longitudinal groove 118 between the guide rails 114 and 116 is

longitudinally aligned with the window 108. Before the latch 126 and the gas lift valve 122 are

10 lowered into the well (not shown), they are attached to a kickover tool (not shown), in a manner

well known to those of ordinary skill in the art, such that, after the kickover tool (not shown) and

gas lift vaive 122 have been lowered into the well (not shown) and located and oriented within

the mandrel 100 by use of the orienting sleeve 102 (see Figure 19A), the latching dog 132 on the

collet finger 130 and the orienting key 128 on the latch 126 will be directed into contact with

15 either the first or second inclined surfaces 115 or 117 on the first or second guide rails 114 or

116, and then into the longitudinal groove 118, or directly into the longitudinal groove 118

without contacting the inclined surfaces 115 or 117. The latching dog 132 will entér and exit the

longitudinal groove 118 before the orienting key 128 enters the longitudinal groove 118. Once

the latching dog 132 is in the longitudinal groove 118, the latching dog 132 will be longitudinally

20 aligned with the window 108. The gas lift vaive 122 will continue to be lowered into the first

pocket 104 until the orienting key 128 on the latch 126 enters the longitudinal groove 118 and

the gas lift valve 122 locates in its locked, or lowermost, position, in a manner well known to

those of skill in the art, such that the latching dog 132 on the single collet finger 130 is positioned

within the window 108 and positively engaged with the recess (not shown here) on the actuator
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with a retrievable actuator positioned in an upper mandrel and a
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line 20-20 of Figure 19D. 10 Figure 21 is a cross-sectional
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E gures are elevation views t oget her
illustrate an alternative

present il3¢eand;the latching dog LA 'ﬁ“?‘g@Fé’“?Bmi‘%I‘%V ?%M%PV%%E'% |ﬂ%%hgl

view taken along |line 25-25 of Figure 24A igure 26.is a
cr oss- sedongitwlinal genove 41 8 ibetwesndhe guide 2ails2d 4omdrilguwhenzthe latchmg dog 132 is
Figure 27 is a cross-sectional view taken along line 27-27 of Figure 24B.
secured to the actuator recess (not shown).
In addition to orienting the gas lift valve 122 within the first pocket 104 so as to align the
10 latching dog 132 with the actuator recess (not shown), it may also be desired to orient the gas lift
valve 122 for other reasons, such as relative to the first and second fluid flow ports 110 and 112,
shown in Figure 21.
Referring now to Figures 24C and 24D, which show the gas lift valve 122 in an open
position, the gas lift valve 122 may include a stem 138 connected to the collet finger 130 and
15 having an annular sealing surface 140, a first flow slot 142, and a second flow slot 144, shown
with dashed lines. In a specific embodiment, the first flow slot 142 and the second flow slot 144
may be aligned at right, or 90 degree, angles to one another. The gas lift valve 122 may further
include a valve body 145 having a first flow window 146, a second flow window 148 (shown
with dashed lines), and an annular stem seat 150. In a specific embodiment, the first flow
20 window 146 and the second flow window 148 may be aligned at right, or 90 degree, angles to
one another. The stem 138 is disposed for longitudinal movement within the valve body 145.
The stem 138 is moved up and down by the collet finger 130, which is moved up and down by

the actuator (see, €.g., the actuating means 20 in Figure 1B), by virtue of the actuator and collet

finger 130 being mechanically attached to one another via the latching dog 132 and the recess
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Figure 28 is a cross-sectional view taken along |line 28-28 of_ Fi 4C.
Figure 29 is WOMBYLT sectional view taken along |ine 29-29 ochE{'%%/@ 4D

20 Figure 30 shows jets of |ift gas flowing into nandrel f ow

ports and g9} ¢sk&iFiBoreWBY."WRBEthe valve 122 is irAsQpBEposdg, &@E&Vﬁbv\%x Ifié‘\lr@ U, et

down and redirected to’| essen erosion. i1é the 1 nvention

Wil bo ungershiiss BhBRYRRTE Upgbred WpeBi B iR IO THERE g s

enmbodi nents. _On .t he . .. ) .
-20 - 145, and the seapps! §oisio 144 on the stem 133 ispsitigned adjagept the secqnd How gvindaye ¢

all alternatives, nodifications, and equival ents as nay be I ncl uded
wi t hi n t he 14pon the valvd bedyp A, sif asttb establisketwad chanieds thirohiimwiichyiift gae meyflomdiatb

cl ai ns. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

5 5 the Vdlvd NE2. dWaeH ithet vabie it Bidved @) itsi6sed lpbkifiord Biot Showif), B kleRsehlmgough

t he specification and drawi ngs with the sane reference nunerals,

respectivelgyrIhgo i sOMEF azaitstihl %m@@gteﬁﬁ?sroi ds¥o gxroﬁﬂﬁ)t the flow of lift gas through the
flow windows 146 and 148, and through the flow slots 142 and 144, respectively. The flow
windows 146 and 148, and the flow slots 142 and 144, are positioned in a specific relationship
to the latching dog 132 so that when the gas lift valve 122 is properly located within the first

10 mandre] pocket 104 (i.e., when the latching dog 132 is engaged with the actuator recess), the first
flow window 146 and the first flow slot 142 are longitudinally and elevationally aligned with the
first flow port 110 in the mandrel 100 (see Figure 21), and the second flow window 148 and the
second flow slot 144 are longitudinally and elevationally aligned with the second flow port 112
in the mandrel 100 (see Figure 21).

15 With the gas lift valve 8, discussed above with reference to Figures 1-18, there is no need
to orient the gas lift valve 8 relative to the injection gas ports 13 (see Figure 7) because the valve
body 10 (see Figure 1B) associated with the gas lift valve 8 is provided with a plurality of flow
slots 10a disposed about the circumference of the valve body 10. As such, irrespective of the
orientation of the gas lift valve 8 relative to the injection gas ports 13, there will be a flow slot

20 10a disposed adjacent each of the injection gas ports 13 to facilitate the flow of injection gas 18
into the gas lift valve 8. However, with the gas lift valve 122 shown in Figures 24 to 29, the
valve body 145 and the stem 138 each include just two flow channels, namely the first and
second flow windows 146 and 148, and the first and second flow slots 142 and 144. As such,

it is desirable to align the first flow window 146 and the first flow slot 142 (see Figure 24D) with
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to scale, and in sone instances, have been exaggerated or sinplifi.ed to-
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to a line drawn from an upnpst position at the surface to a point
at the cefyastageto prawidingthe,gasdifivalisd with only two flowsghanegls fos the lifkgas ja Hown
relatively straight, vertical well bores. However, when the wellbore is 15
hi ghl y dénto ttearjvedQ2 fis that etosion affan dnned Bord G2 of thefstennl 38 kite tehigh-welocity gas
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seal able insertion in a side pocket nmandrel 14, a variable orifice
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fluid flow

of the jets with the inner bore 152.

10 Whereas the present invention has been described 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 and spirit of the present invention.
For example, it should be understood that the orienting aspect of the present invention is not

. limited to orienting a gas lift valve relative to an actuator, but may be used for the relative

15. orientation of any two devices within parallel pockets in a mandrel. Further, the orienting aspect
of the present invention may be used not only for the purpose of establishing a mechanical
connection between two devices within parallel mandrel pockets, but also to make an indirect
(e.g., magnetic, electrical, etc.) connection between two devices within parallel mandrel pockets,
even if there is no window connecting the parallel pockets. Accordingly, the invention is

20 therefore to be limited only by the scope of the appended claims.
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generally by nunmeral 20 which is electro- .
-21 - WO 00/ 00717 E i cal I y oper at ed using a
hydraulic punp 22 |located in a downhol e"housing 24, an electric

not or 26 connected to and dr|V|n the hydrauljc, pu 22_Upon re

si gnal fhrough aﬁ appgp@éfqr Henting g fusti Vl?%‘“&ﬂ{‘rl‘p 1‘?6“&“@@’1{4"&"3 to
panel (not shown) |ocated at the earth's surface. Al so shown is a
moveabl?2 t efpsacandiderige|inrresesond @neket an the stapdrel, 3hé dirstdindpseaonch gocketsobaing
of fluid 5 that is utilized as the actuating neans 20 operates and for

conpensit i ngubsantiallg pardllel t6 bR\ @ther, comprisingaused by tenperature
fluctuations. A solenoid valve 28 controls the movenent of pressuri zed

fluid nped froma c

21 andpdlrln a hydraul i g%&%{n&wt&da%?&mggldeand{htgﬁwg&r @‘H{Eﬁn %“?én%gro

fl ow ng. t heret hrough, which is c ectedto an nding to
actiong%f the punp 22. A m@mﬁwmm@dﬁlé?%wa@@é@&% ‘EUH“FF@{] 10
pressure signal fromthe hydraulic circuitry 30 opens and controls the
movemer? of the variabl e relationship to define a longitudinal groove therebetween;

7 the first device having an orienting key and a first reference point, the orienting

8 key and the first reference point being longitudinally aligned;

9 the second device having a second reference point; and,
10 the first and second reference points being longitudinally aligned when the
11 _ orienting key is disposed within the longitudinal groove between the
12 guide rails.

1 2. The orienting apparatus of claim 1, wherein the longitudinal groove is above the

2 first pocket.

1 3. The orienting apparatus of claim 1, wherein the first and second guide rails are
2 located within a discriminator trough in the mandrel.

1 4. The orienting apparatus of claim 1, wherein the first device is a latch attached to
2 a variable orifice gas lift valve,
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hydraulic system change slightly in use. Also shown is a 15 pressure
trafsduc®tclBs comuni cat i ng with the hydraulic circuitry 30, and
transmtting collected . data to the control panel (not shown) via
the electrical conduit 23. As shown in Figure 1C, a downst ream

pressure transducer 19 may be provided to cooperate with the pressure

transducer 6 TheBrid laﬁ‘ﬁa?é{ﬁé mlagﬂdt RO thd Brst ﬁférgfcfgﬁﬂ{i i 1 Al 3l any

pressure drop across the v rlable or|

e
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I|ne fron1a surface pressu urce. This representatlon shoul d
not e t Mavemsat within avelxe besdy. of@maéuﬁlvylveathe sasondrefdrence peintibeing a recess on pe
run fromthe surface to replace the electric notor 26 and downhol e punp 22,

and 4wul thdxecond device, thedawhing Hogbkingsetirelyeagarednith ehic raéds@hién the palifnaldehe

p-l

scope or spirit of this invention. Wen it is operational l'y
desiy abl g #Q 18R@fdsPBostddr. abl e orifice valve 16, an electric signal from
t he surface - 22 -

1 7. The orienting apparatus of claim 6, wherein the second device is a means for

2 actuating the gas lift valve.

1 8. The orienting apparatus of claim 6, wherein the first pocket and the second pocket
2 are connected by a window, and the connection between the latching dog and the recess is made

3 through the window.

1 ' 9, The orienting apparatus of claim 4, wherein the gas lift valve includes a first and
2 a second flow window, and the mandrel further includes a first and a second flow port, the first
3 flow port being aligned with the first flow window when the first and second reference points are

4 longitudinally and elevationally aligned.

1 ~10.  The orienting apparatus of claim 9, wherein the first and second flow windows
2 are positioned at right angles to each other, and wherein the first and second flow ports are
3 positioned at right angles to each other.
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activates the electric notor 26 and the hydraul i C 22, whi
pressure to t MEOUIRLGI d val v Elu“‘ ﬁ ﬁﬂ\d val vggg’é{sg%ég&
responding to stimulus fromthe cont ro(-““

position to route hydraulic pressure to t he m)veabl e hydraul i c piston 32

t hat opens the variable orifice valve 16. The vari abI e orifice
-val ve 16 may be stopped at, i pternedi ate p03|t|ons ett %é( Pen and
closed to adjust Hhe flihggrigatingjappargtps ofigladad; whergindhestirsy f“‘é’t‘ﬁ‘le‘Efﬁﬁ leastgne
held in place by the position holder 33. To close the valve, the
sol enoi 2l valadditidRal meferehge o, and thizesecomd@ldvitointindes at least one adslitiomsl m&rqnosmihb n
rerouting hydraulic fluid to the opposite side of the noveable hydraulic

pi ston 3 and the# lea¥fting RddifieHal fekéice PbME o e irdt Aelibeis@ligsIwialO thie fat RAst one

As shown in Figure 1B, the variable orifice valve 16 may i ncl ude a carbide

stem ang se | Lft a%

one- vvay&ic he%ﬁld{ﬁ%g%rsefe%e@c? §Q§F g’\?g’ﬁ tse%o ‘ﬂ"ﬁg ﬁh%é/ﬁ r%ek?{%g glﬂ‘fn{%:
conduit._intg the g lift val ve, 8. The gas lift valve 8 nay al so be

provi dedl Iongnudnwflyﬁn(&elp\é&@ﬁa Ibyaligged-ne val ve may be remotely installed
and/or retrieved by well known wreline or coiled tubing

I ntervention nethods. As shown in Figure 6, this enbodi nent of the present
i nvention may al so be provided with a val ve connection collet 11, the

:L r H:t u% et ﬁgdagpqrzat | Ofhe@fientihg appard dFBlafh € WiRtdin 8 @aAndcbetvitef the@tieRin@ikear y
| |

2 and the first reference point is such that the orienting key is disposed within the longitudinal

3 groove between the guide rails when the first and second reference points are longitudinally and

4 elevationally aligned.

1 13.  An apparatus for orienting a variable orifice gas lift valve in a first pocket in a
2 mandrel relative to a means for actuating the gas lift valve that is located in a second pocket in
3 the mandrel, the first and second pockets being substantially parallel to one another, comprising:
4 a first guide rail and a second guide rail, the first and second guide rails being on
5 an inner surface of the mandrel and spaced apart in substantially parallel
6 relationship to define a longitudinal groove therebetween;

7 the gas lift valve having an orienting key and a latching dog, the orienting key

8 and the latching dog being longitudinally aligned;

9 the actuating means having a recess for engagably receiving the latching dog; and
10 the latching dog and the actuator recess being longitudinally aligned when the
11 orienting key is disposed within the longitudinal groove between the
12 guide rails,
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Fi gures 2A-2C toget her de-;_)“i"(_:_t‘"_é\'s‘e‘r‘ﬁ“di—ag%annat I c cross section of a gas,

lift val ve 80 00/00717 showpgi cl osed position, used i nPer/Esd0Rs48ENEAN
wel | (not shown), i||ustr\§w, Q]j[@f Lmlﬂmy 10 witha -

| ongi tudi nal bore 12 for sea in a side pocket mandrel 14, a
vari abl e orifice valve 16 in fhe*body 10 which alternately
permts, prohibits, or throttles fluid flow 20 (represented by item 18
- sek Figure 9 i ntlhegaiettitmappatasafghiniB3eohtrein the fatghing doglahdithe hdt@ator
mandrel 14, and an actuating neans shown generally by nuneral 36 that is
hydraul i eedekyare elevationallp pigdrt @Ad sdeufel@dgabéd Whdr e g8k i valde Y%A R INvérmost
actuating piston 38 |located in a downhol e housi ng 40 and

opergt i vg,loyiﬁgg,nnect ed to a noveabl e piston 42, which is operatively

connected to the vari able orifice valve 16. A spring 44, biases
said variable orifice valve 16 in either the full open

-23 - WO 00/ 00717 or full closed position, and a
control line 46 comunicates with the hydraulic actuating piston 38
and kext ends t d3a hylde suienting anpesatuscofsaaine &4, (windrein isenfiyst pudien and thiessecond
operationally desirable to open the variable orifice valve 16,

hydrZaul i popkes auwnsndcteddplwiadow, 288t @nhoction BetweeR fiRISERifg dog and the recess

3 is made through the window.

1 16.  The orienting apparatus of claim 13, wherein the longitudinal groove is above the

2 first pocket.

1 17.  The orienting apparatus of claim 13, wherein the first and second guide rails are
2 located within a discriminator trough in the mandrel.

1 18.  The orienting apparatus of claim 13, wherein the orienting key is attached to a
2 remotely retrievable latch, and the latch is attached to the gas lift valve.

1 ~ 19.  The orienting apparatus of claim 14, wherein the latching dog is part of a collet
2 finger, the collet finger being attached to a stem disposed for longitudinal movement within a
3 valve body of the gas lift valve, the stem having an annular sealing surface, a first flow slot, and
4 a second flow slot, the valve body having an annular stem seat, a first flow window, and a second
5 flow window, the first and second flow windows and the first and second flow slots being
6 longitudinally aligned, respectively, and being positioned relative to the latching dog so that
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source. ( not shomnz mhlch conmmuni cat es c control line 46

to the hydraulW@OTIT " "4t yating pisto W the REVASHYEG-48

pi ston -42, which opens the variable ori fmlclva !/ga mﬁnm 16. The var-i abl e
orific vaI n

cl osede7t 0 a Sgsftﬁl eg%¥h1$§ d%x?? E%%g?ﬁ"ﬂ?@‘leﬁftgqg' sgtigﬁ?ih&ﬁzvrl%ﬁv\rl\%ﬁg lePr

hel d in, plac hol der 33 whi.ch is confi gured t

mec haningtal | ﬁ%@éﬂroe&#ﬂalwed Slevatignally ahgnsd vithea BH 8P HPOFn thfmandre and the

position where set by the operator if conditions in the hydraulic system
change %l i gtsedopd flawgiadow a@i the seFhad flow slot are laigitedidallyyandeflevatonad]y ahigned with

pressure on the control line 46, allowing the spring 44 to

transl g e th@emuqm}@lpin&h@ﬂmﬂc&el and the variable orifice valve 16 back to
t he cl osed position. As shown in Figure 2B, the variable
orifice valve 16 may include a carbide stem and seat 17. The gas
lift valve 8 may al so be provided with one-way check val ves 29 to prevent
anyfIde fromthe well conduit into the gas lift valve 8.
The gasl lift val ¢& 8 ?ng% oH¢tiHE BRPARtesAf glaim Izsvllelelmﬂterﬁrat ang seqong flowsvindews

valve may be renotely installed and/or retrieved by well known wireline
or coilZd t @t pegitionedsat vight dngles te¢ahlp dther, fie fE$tandsecond iayuslets 8re politioned at right
enbodi mrent of the present invention may al so be provided with a

val ve conneghiles o @dch @thet, land tiefiSt drdGketm fﬁﬂd SRk %6s%n@rfl at right angles t6Ha6lh
are well known to those of ordinary skill in he ar

Fi gur esy 3A- ek 0get her di scl ose anot her enbodi nent of a sem di agrammati c
Cross

1 21.  The orienting apparatus of claim 13, wherein the distance between the orienting
2 key and the latching dog is such that the orienting key is disposed within the longitudinal groove
3 between the guide rails when the latching dog and actuator recess are longitudinally and

4 elevationally aligned.

1 22.  The orienting apparatus of claim 13, wherein the first guide rail includes a first
2 inclined surface extending away from the longitudinal groove and away from the first pocket, and
3 the second guide rail further includes a second inclined surface extending away from the

4 longitudinal groove and away from the first pocket.

1 23.  The orienting apparatus of claim 13, wherein the actuating means is electro-

2 hydraulically operated, further including:

3 a hydraulic pump located in a downhole housing;
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20 section of a gas lift valve osed position, ,used in a
subt er r aneaWoWeM471T not shown), l m cm'm "HII Eﬂ : a val B@T’HWZQ‘@ Wi th
a longitudinal bore 12 for seal abl e | rcseL I'@n s i de pocket .

mandy el 14, a varlabl arifice valyv he b WhICh alternately
per ?n{ts pr ohi bi t s 21 §iFCLric motor conpegie gtt ?'Iég‘?rf‘f”t?ﬁ tﬁ*e%wgwg? BYPR ¥RoR weeiByofia em
18- see Figure 11) |nto sai d body through injection gas ports 13
in the mandrel 14, and Wﬁ&%@@@ﬂ@m shown generally by nuneral 48
that is -24 -

hydréaul i cal | y oper ayémdulicairchittgrcontdctetto andrbspdnditigats ltheCaction dfthepuhd; and, 51
that route pressurized hydraulic fluid directly to a noveabl e

pi stpn 32, which i gnQRe4RE hytRaulic pRAREES [p%ﬂdihgt&tﬂg Ycﬁ'ﬁﬁlﬁ:t?:'n%mtry and %perat% fice

val ve 16. Two control lines 46 extend ydraul i c pressufe urce (not

h . Th | l. 32 d
f)r g\éﬂr eTssgnaI fromt hxgxﬁg %déal%‘ﬁ%ﬁnlbﬁ@g?it ona&ve cQpit ?rpgcrlgﬁ\gme[ntgﬁr%i ch

opens and controls the novenent of the variable orifice valve 16 while the
"val ve cl osed" hydraulic conduit 51 is bled off. The variable orifice valve
16 may be stopped at internediate positions between open and
closled to adj @4t t ke biienting ippardtts aficlaimj18 Wheaein gRsacfibting means is hydraulically

t heret hrough, and is held in place by a position holder 33 which is

confi gur @gefaRdRetRE incRking:

3 a hydraulic actuating piston located in a downhole housing and operatively
4 connected to the variable orifice valve;
5 a spring, biasing the variable orifice valve in a full closed position; and,
6 at least one control line connected to the hydraulic actuating piston and extending
7 to a hydraulic pressure source.

1 25.  The orienting apparatus of claim 13, wherein the actuating means is electro-

2 hydraulic further including:

3 at least one electrically piloted hydraulic solenoid valve located in a downhole

4 housing;

5 at least one hydraulic control line connected to the solenoid valve and extending

6 to a hydraulic pressure source;

7 hydraulic circuity connected to and responding to the action of the solenoid:

8 valve; and, |

9 a moveable hydraulic piston responding to the hydraulic circuitry and operatively
10 connected to the variable orifice valve, controlling movement thereof.
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assure’that tRgogshdid i Ng Means 48 remains in the position where set by the

operator if conditions 10 in t”u‘ Wiy st em change BCTANY02548N°
use. Closure of the variable orifil I ﬂ "/m Bﬂ'@m acconpl i shed by

sendi ng a pressure signal down the ™vél ve ol osed» hydraulic conduit 51, and
si mul t aneously bl eedi ng pressure fromthe "val ve open" hydraulic conduit

50. 1 26. Athb h ltdigz% acenent control port 49 may al so be

provi ded for use during t ERRIAYS Of flaim 13, whereip fthet dntuating dusatsisgheans-
51, in & M n&r wehl known to those of ordinary skill in the art. As shown
15 in Fi E& gulgally pptuated, fiuethar sompiisinge val ve' 16 may i ncl ude a car bi de
stem and seat 17. The gas lift val ve 8 nmay al so be provided with

one-way “check val ves @8wverbleigdanlic giben hiviidh § . wel |
conduit into the gas lift valve 8. ﬁ'lhe gas ‘éii?#ljtspé\‘/‘{g{séééﬂgElggp%{?té"&lybcé’m’e"ted

provided with a latch 27 (5 : fhe val ve be renmotely installed
and/or retrieved by well knom%va\fxﬁalr)%tglnﬁggg V%S?’?tg)EIYQ&fBPYF@lentthereoﬁ

i nterventi on met hods. ho in.Figure 10, this enbodi nent of the present
i nvention may al so 2%%“?%15\?%9@\9}‘?1%@“‘%(@# epnpedtedeto adrydmntic presaumd Serircelahd
the strycture and operation of which are well known to those of

or di nary skill in the art _Communlcatlng With the ﬁrs&tﬂ@f&@h@&faﬁﬁbﬁ%ﬁt aﬁ& dep| ct a
sem di agrammatic cross section of a gas |ift valve 8 shovn in the

cl osed position, used gas chambbt e5inaEe@Ro W borkMQl; i el USty ati ng. a
val ve body 10 with a | ongitudi nal b%rlg&glﬁa%?lg\r%éheé eaSSF‘g’c{ﬂgfe?ﬁhSn

in a si8le pocket nandrel YWdradliFEoRP! €
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-25 - = 3 WO 00/ 00717 orifice valve 16 in thy dy 10
~whi ch alternatei]%E rmts, prohibits, or throttles fluid flowggps _
(represented by. 18 - sé@mp?Bﬂ?@mﬂﬁ%m§ﬁ§§?§5Vﬂmﬁﬂﬁy throug M| ecti on
gas port shown
Oomer oL L NRERUARENEY sppLicATORFRT ambh itk = B50HA IR RN By o

iIIustK@MM&hﬂﬁmﬂW%&ﬂ¢Mmm@mﬂélts 50 gnd

. 9.
fluid} 5 gaaBi3neciinG, Baos aMEgabl e ¢

conneg¢ted to the variable orifice val ve

bd1) tx,h@.tan&mm.cmxeﬁm: zed hywiD 20/00717
pbn 32, which is operatively
(33 International Publiggiidn Pajy  C o rft/anwby 2P401§06§1.00)

46 extlending to a hydrauiic pressuar

F[Ce (Nnot_shown)~. The fovaolie

hydr ayl@tdntgingioahARRcati@Noobali Ng  (POT/U$IY0235488 s(&lhbt@grstegm&s AL, o, t\hekU'mleeBm e.r‘BR

hydr au
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condU|t 51 is bled off.
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posi tiion hol der 33 which is configured to
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(57) Abstract

{(54) Title: SIDEPOCKET MANDREL FOR ORIENTING A GAS LIFT VALVE

The present invention is an apparatus for orienting a gas lift valve in a first pocket in a mandrel relative to a valve actuator in a second
pocket in the mandrel, the first and second pockets being substantially parallel to one another, comprising: a first guide rail and a second
guide rail, the first and second guide rails being on an inner surface of the mandrel and spaced apart in substantially parallel relationship
to define a longitudinal groove therebetween; the gas lift valve having an orienting key and a first reference point, the orienting key and
the first reference point being longitudinally aligned; the valve actuator having a second reference point; and, the first and second reference
points being longitudinally aligned when the orienting key is disposed within the longitudinal groove between the guide rails.




in the hydraulic system change slightly in use. Closure of the variable
orifice valve 16 is : acconpl i shed by sending a pressure signal down
the "val ve cY@E@@W"ﬁydraulrc conduit 51, and 15 srnultan@%ﬂgﬁgmBVQedrng
pressure fromthe "val ve open” hydraulic conduit 50. The actuator has .

a position sensor 34 which reports the relative |ocation of the moveabl e

hydraul i ¢ piston 32 to the cont/@2panel (not shown) via an

el ectrical conduit 23. Also shown are pressure transducers 35
conmuni cat i ng mnth the hydr aulp Vanu s—50—amd—537tAhr ough hydraulic
pressure sensor cha €i9g. Icondurt 5[] nmuni cates with
chanber and tr snrttrng ¢l g ta to the control panel
(not shomm) via the electrical duirt P23. As shown in
Figure 4C, a downstream press hngducer 19 naly provi ded to
cooperate with the pressure tr icenn B for neas g and reporting to
the control panel any essure|drop acr|o he variable orifice
val ve 16. As shown in Figure 11 dild| di spl ace % cont rol
port 49 may al so be provided f selduring the bP@ ng off of the
conduits 50 and 51,

-26 - i n a manner | | knoj to thoske ordinary skill in the
art. As also shown in Figure e
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variable orjifice valve 16 may include a carbide stemand seat 17. The gas
lift val ve 8WRIVUIY, be provided with one-way checkPGHP§942H48 t o
prevent any fluid flow fromthe well conduit into the gas |lift
valve 8. The gas |ift valve 8 may al so bedfrOV|ded with a latch 27 so the
val ve may 5 be renotely i nst al | ed A retrieved by well known
wireline or coiled tubing intervention nmet hods. As shown in Figure
12, this enbodi nent of the present invention may al so be provided

with a val ve connection collet 11, the structure and operation of which are

wel | known to those 7 ff ordi nar i ' art.
Fi gures 5A-5C toget her iiqt{ & $em di agra 3S section of a gas
lift valve 8 10 sho itn thelcl osed poSitigdn, d i n a subterranean
wel | (not iﬁomn) LIlus ttifng:| & val ve body . . 10 with a
| ongi t udi ndrl or 2 fopideal ghl € insertion i M|alikge pocket nandrel 14, a
vari abl e orifi alive 16 in the bo L .ch alternately
permts, prohibits, or otitl gs|{fluid o) (represented by item
18 - see Figure 15) int aild| body thrdugh i C ‘gas ports 13 in the
mandrel 14, and an actu mg [meanps shown gen ' uneral~,%2 that is
hydraulically 15 op ted. |Further ill useNgHL B4 [Nlgdr aul conduit 54
that routes pressurized driaulji¢ fluid | to a noveabl e
pi ston 32, which is ope ifvel y ¢onnected t P rifice valve 16.
Hydraulic pressure is o sed Qhyla pressuri N rge inside of a
nitrogen coil chanber - ;,
4
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56, the pressure of which is routed through a pneumatic conduit 58, which

acts on an oyedMei00%7 end of the noveable hydraulic pP§T/@ﬁ99H’E543
bi asi.ng the variable orifice valve 16 in the closed 20 position. The
nitrogen coil chanber 56 is charged with nitrogen through a nitrogen
chargi ng port 57. Wen it is GPEFPionally desirable to open the
variable orifice valve 16.__hydraulic pressure I s added to the
control line 54, which driclomes [pneunat i ur t neumat i c
condui t 58 and [ [riogen |coi | chanb ) r ates the
noveabl e p g %upwa Llo| oper t he t ri ice val ve 16.
As before, t I abl e fi ¢el jal ve 16 g& nt er medi at e
-27 - 0j717 p en and cl osed
to adjust the f|OM/Of i or {i pjlecti on gas Bl er 0 S
held in place by a positgan hol dgr 33 which lis nf mechani cal |y
assure that the [{uptl i hg nmeans I n sition where
set by the operator if di kijohs| in the : h yst em change
slightly in use. O osingAlne| yarifable orifice 36 #i shed 5
by bl eeding off the preg&iriel frpomthe control Iine causes the
pneunmatic pressure int I
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ni trogen caié,q@&nber 56 to cl ose the valve because it
& hydraul i ¢ conduit 54. An
of the mandr el

717

hydraul i ¢ pr i'n the

may al so be provided through the wall

whi ch pressure nmay be discharged to the’?nn
t he varlable or ¢

As shown in Figure 5B,
stem and seat 10 17. T
one-way check valves 29 to
conduit into the gas lift

provi ded E vm%
and/or retriev Jg%y

i ntervention mnethods.
invention may al so be prOV|
structure and operation of
skill in the art.

of one preferred enbodi nent
are uppernost and | ower nost
connected by a well coupl
actuator 64 is positioned
variable orifice gas |ift
mandrel 61, and are operati
previ ous figures,
mechani sns described in Fi

her than the
(903388 ¢ 53
14 through

i s hi

| us during operation.
val ve 16 may include a carbide

alve 8 may _al so be provided with

ghf |any fluid " flow fromthe well
8] [The gas Iift .ve 8 may al so be
27199 the val ve |(fgd:-be renotely installed
Wi elfi he . coi | ed tubing
iin|Fijgure 14, tih 2nrbodi ment of the present
Wi 1§ h ja] val ve canection collet 11, the
ich are wgl own to those of ordinary
ilgure 16 i 9 |H hemati c representation
the |pr esent i nvention. Disclosed
e{ pocket mandr gl{g/B0 and 61 seal ably
Alclo] | ed tubilng 4. wireline retrievable
iIn| t he uppear mandrel 60, and a
b6 [i|s| positiona@iin the 20 | ower nost
connepted by hy@raul i c control lines 68. In
yanijapl e orifi'qgsal ve 16 and the actuating
111D [af e
\\\
N
\\
14
X




shown | ocated in the sane mandrel, nmaking retrieval of both nmechani.sns

difficult, iWORe00717 i npossi ble. In this enbodi ment, PREUSIV2ES o
orifice gas lift valve 66, and the electro-hydraulic wireline or
coiled tubing retrievable actuator 64 of the present invention are |ocated,
i nstal | ed and S/32 -28 -
retrieved separately, but are operatively connected one to another by
hydraulic control |ines 68. This allows retrieval of each nechani sm
separately, using either wireline or coil ed tubing i ntervention
met hods which are well kndg#RIThithe art. Sho hbure 18, which is a
Cross- secti onal AW 1 akenf al ong | N4 1 Figure 16, an _
operating pi F| ) QB s di ,;, ced |aflj facent 5 , able orifice valve
66 in the | owe st mandr =% biLi |1 h fevery ot her however, the
mechani sns operate as her :%i pl @ felscri bed. It should be
noted that the preferred :w‘n bd| reptis descri bed 3] pl oy a well known
val ve nechani sm generi cal ﬂ Knpwn| als a p02§et g hose skilled in the
art of valve mec ;Z- cE.| | t] can, weve b preci at ed t hat
several well known val ve rglhgphiisps| my 1 O be enpl oyed and
still be within the scope gt sgifit of the pr I t(cm.\@t_aiéng
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ball s or plugs, butterfly valves, rising stemgates, and fl apper -
sever al o?he?wg’éﬁ@ﬂlé val>/ve meghani sng whi ch may Obpl (}iﬁ@&%@?
enpl oyed to acconplish the sane function in the sane manner .
Anot her aspect of the present invention broadly relates to orienting the
gas lift valve 8 15 relative to cerfef@distinct |ocations on the

mandrel 14. This aspect ofih resent inv | be expl ai ned
in part with reference to [gart| ong Jof Figures 1 NJugsed above, but
for the nmost part be |expl ai ned escyj h references
to Figures 1 0 22 Ref ergiing| iin| tfially ! to SYAL9A to 19E,
there is sho 9 poc mandr el 100 havi rlg | o Zi9)8 orienti ng
sl eeve 102 for locating a ,o gnjng a ki ck®y ol to, which a
gas lift valve (not 20 hown) lis attached. cat oJdl er‘n‘ﬁL ng
sl eeves, such as the sl eegjlpp,| and ki ckover it ool are wel | known
tothose of ordinary Skl||l helart. As bestt sho upe 20, which is
a Cross- secti onaAy| ew t aken al ong |l ne 20 ure 19D, the
mandrel 100 includes a fi r pogket} 104 and ntl pockdt 106.
The first and second pocket 104 and 106 are siubst ant aI lel to
one anot her. The first pock M| 1Q4|ils for receilving a val ve (not
shown here). The second %
- 29 -
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WO 00/ 00717 pocket 106 is for housing an independent power source,

such as any WP ¥A¥1ari ous actuators di scussed abovePcTrtismioessm i n
Figures 1-18. The second pocket 106 is sonetines referred to as . a
"blind" pocket because it is enclosed, whereas the top of the first pocket
104 is open so it can receive Z/ABL 1ift valve. As shown in Figures
19D and 21, the mandrel 100 may further include 5 a wi ndow 108 t hat
connects the first pocke g |thhe second et 106. As best shown in
Figure 21, which is a cr PC view t along line 21-21 of Figure
19D, the mandrel 100 | urt her inql a first fluid flow port
110 and a SEpo ddlauid f Off . In a g I C enbodi nent, the
fl ow ports ﬂ@ia 12 pogijti oned in |t mandrel 100 at right, or 90
degree, angles to one an . ef erence will now be nade
to Figures 19C, 22 and 2 I gl 2 1s a cn sect i onal Vi ew
taken along line 22-22 o rief 19C, and Fi 23 is a fragnentary
el evation view taken ljopg |l i ne 23- 2 Figure 19C. Taken
toget her, Figures 19C 2 dl 1213 ow t hat t ndr el 100 may
further include a first 1Jing ui de rail and a second orienting
guide rail 116. gui [de [rfai | s 114 116 are spaced apart in
substantially parallel r nshifg so as tag i ne
N\\
N
N
14
\
I3
AT
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15 . a longitudinal groove 118 therebetween.

may be on an YRA¥PILYr f ace

100 or

The guide rail 116
drel 100, zﬁy"ﬁ%@d}gﬁ her

101 of the mandrel
be formed as integral parts of the mandrel

i ndi vi dual |-y

attached to the mandrel 100, as by meldéﬁgzéghe guide rails 114 and 116 are

| ocat ed above the first pocket

di scrimnator trough 120 in the mandrel
114 may include a first inclined surface 115 extending away fromthe 20
| ongi tudi nal groove 118 and away fromthe first pocket 104. Simlarly, the

second guide rail 116
extendi ng away fromthe |
first pocket 104. As will ]
t he gui de rails

point on a gas lift valve
- 30 - : m rel at
mandr el 100,Fslg:h338, for

flow ports 110 and 112.
lift valve for insertion i

[a¥adl

nd may be |l ocated within a

100. The first guide rai

%; tudi F]EL| groove 1184
i el flul 'y expl &
v ng 116 is to orie
1gt| shiown here)

ME It O Et | east one r
%anpl e, [the w ndowti
é% o t hel fli rst pocket
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above-descri bed mandr el
24A- 24D and Y8.00/0

| ongit udi nal

8717

100 will
29. Figures 24A-24D,
view of a gas lift valve 122, which is

now be described with reference tq Figures

t aken toget her,

BODWIS9/02548 °
simlar to the

gas lift valve 8 discussed above. A first end 124 of the gas lift valve 122

“signi ficant

ﬁs t hat the
Fi gure 24A

25 and 26.
3’\48

5
ong line
e
u

N2
™

2SN IINNANNNSIN

SN

| ow, the
di nal groove
rails 114

IO T M T W T ETE

Ny

-

ref erence
e reference
exanpl e,

S

As
n to Figures
res 24-29),
di fference
24-29)

i's shown with a latch 126 att @A8Pthereto. The latch 126 is
simlar to the latch 27 discussed above:Aqne
di fference, however, betvwggnl the|ljptch 126 anfg(i{he TN
| atch 126 i ncl udgg|l ph |ofienting key [ asfﬁ:
The orienting key 128 is fiitt her| [10 I usiIE ﬁﬁ
Figure 25 is a fragmentarfe| eyatijonal view t ahY ﬁg:
25 of Figur C.QE}gur e M| 5 |a| cf oss- secHit ﬁh
26-26 of Figure 25. As 7 hi | | be nore fu AN |
orienting key 128 is desijghled| tjo te with the ?ﬁ
118 (see Figures 22 and betiweeln the first} and ~e§q
and 116 within t8] hhidfel 100 to orj ent atggw
point on the gas lift valg#|np2 relative 151 to apN |
point on the first pocketpAPd! ifn| tjhe mandrel hoo, sué“:
the w ndow 108 and/or t he ul d fljow ports 110 and 1%@
not ed above, the gas |iftpMal veé B,| di scussed mbove igg:
1-18, and the gé f{ Val ve 122 shown hereg{
are very simlar; howeverflt here|ils one siggs
bet ween the two, nanely, ;/ bk | fhe [gas 1ift val ve 1224;
N
N
N
2\
20
20
A
Ak

Y

DAY

Y

SN

NN
a

EANNNY

w

i

%

MM

—

\

\\\\\\\\\\\\\\\\\\\\\\

MASSINNNN

(o




20 i ncludes a single collet finger 130 having a single | ajgchi --132
(see Fi gur es wa@emyy 28), whereas the gas lift val vt‘g@h%f"gﬁ‘?es

1-18) .has an annular collet 11 having a plurality of collet
fingers and corresponding | atching dogs 1la (see, e.g., Figures 1B and 6).
The | atchi ng dog 132 may corré£b6 to a first reference point. As
shown in Figure 1B, the function of the |atching dogs 1llais to
establ i sh a nechani cal thlon bet ween t has |ift valve 8 and the

: 7 ;
%0 0o/ 002 C. There are nu // Cactus

WO 00/ 00717 meais of enbodi ments of actuat or s,
1/5:5, slhpyn
%
/]

or i ndependent power st prFigures 1 -18, all of which
may be used in connecti % tih [t he orienti hpdspect of the present

"4‘

i nvention; the orientin?ééupect pfl the prep invention is not intended to
be limted S 'th-?é?l any particu actuator. In Figure 1B, the
~actuating neaNs 20 Is a HAHddl e hydraul i c Gon 32 5 havi ng a recess
32a for receiving one o 19 {llat ¢hi ng dogs . The recess may correspond

to a second ref/'~ poi nt. Each bill

actuators includes a rele
| atching dogs 1 la. In

,e vari ous enbodi nents of

da 1qr geiving at | east one of the
Hodi fent s shoM{4A Fi gures 1-18, there

2.0 DM

197)

2
.4

|

-



I's no need tg orient the latching dogs 11 a relative to the recess 32a in

the actuati n§’H¥MA720 since there will be a |atchi ngctageoidhiss -
aligned with the recess 32a in the actuating nmeans 20 10 i rrespective
of the orientation of the gas Iift valve 8; this is because, as noted
above, the annul ar collet 11 {he13@es a plurality of |atching dogs
1lla extending about its circunference. However, as noted above,
the gas |ift valve 122 shown in Figures 24-29 does not include a plurality
of collet fingersg 3 d—latching Adoggs 1la extendi ng about the
ci rcunference of the annu%ﬁ col l et} 11, v : In Figures 1-18, -
but, instead, as shown in,’lguras 34C and 2831 nly a single 15
collet finger 130 having %/: ngl g llat chi ng dog : uch, there is a
need to orie iEthgEﬁs Ii??l val ve 122 to the actuating
means so tha e gle 4§ichi1g dog 132 is ali t he
recess in the actuating }éis. The |recess and 541 s not shown
in Figures 19-21. ??‘ry pff the varid enbodi ments shown in
Figures 1 -18 may be used’ﬁ rirlesgeg¢ti ve of ch, enbodi ment is
used, the actuating neanséﬁ:ll bg housed in the K qg%of t he
20 mandrel 100, as di Beiisqed (albove and as od wit
reference to Figures 20 a;; 21. Furt [ ve of which
enbodi nent of the actuato $ |used] the actua M ted
wi thin the second pocket g?. 4o tfthat the actu eceiving the
single | atching dog 132 on the singl A 30 is
positioned within the wnn;; lﬂ8 cpnnecting t ir m
|
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second pockets 104 and 106.

-32 - " WO 00/00717 To longitudinally ali
132 with the wi ndow 108, and therefore

. 9/02548 -
gn the S|ngﬁgﬂrg?c I ng dog

with the recess (not shown)

on the actuator (not shown) housed in the cond pocket 106, the
| at chi ng dog 132 shoul d be Iongitudindﬁi{ igned with the orienting key

128 on the latch 126

are lowered into the well
key 128 is designed to nmayA
22 and 23) between the fi
mandrel 100 to orient
inserted i ntFjgpe4 QG st Ak
19C, 20, and 2Y. The | ong

hefore the Syl

ri S ohm). As st-@“

. : yﬁ“
tthithe IongltUo4la
nd|second guidq‘l
thel gas 1if%1val

li [nal | gr oove 118l be

104t in the rranldr

26— ﬁhM ft valve 122
the orienting

(see Figures

16 within the

s bei ng

' Fi gures
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1 13
NN
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and 116 is Iongiv(:irally al i gned_wi t N D8. Before the
| atch 126 and the gas |if Iviel1p2 are 196 | o g §§;u the well (not
shown), they are attachedpyn|q Kilckover tool {not s '§;§§i' a manner
wel | known to those of orgddadyl skill in the prt, su?%!&i after the
ki ckover tool (not shown) d gas lift valvl,mﬂg Rgge been | owered
into the well (not shown)pand |l logated and oriFnted m@jy % s
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t he mandr el &,%0 laé use of the orienting sleeve 102 (see Figure 19A), the
P0G ¢ he collet finger 130 and the opCeEOtIBsdsCYy

128 on the latch 126 will be directed into contact with 15 ei t her -t he
first or second inclined surfaces
rails 114 or 116, and then i d3/13@ | ongi tudi nal groove 118, or
groove 118

| at chi ng dog

directly into the | ongitudipal

inclined surfaces 115 or
| ongi t udi nal groove 118 bd
| ongi tudi nal groove 118. ¢
'IongitudinaIFﬁggofﬁA%18, tpe
aligned with tFe Wi'n Z
| owered into the first

the latch 126 enters the I
val ve 122 locates inits Igé%s
known to t hose oé?;

on the single collet fingG

108 and positively engage¢d A
-33 - WO 00

bt €hi n

b| gals

Dk

il na
di | or
i n

D | $ [p
Nl [ e

the | af
lift val

groove
ower nost},

bsi ti oned

[ he art, s

fecess (ng

Theé |l'jat chi ng dog i
the jorienting kg

j dog 132 '

Vi
bt 104 unkf
1 )

p—y

115 or 117 on the first or second guide

W t hout contacting the
will enter and exit the

‘28 enters the

g dog 132 is in the
be longitudinally 20

P2 will continue to be

e orienting key 128 on

h
hnd the gas |ift
Eition, in a manner well
t

hat the | atching dog 132
wi thin the w ndow

zhown here) on the actuator

.




(not shown here) that is housed within the second pocket 106 ﬁ; I n
whi ch' t he | atwoioeep717 dog 132 is securely engaged with F e recess (not
shown) is well known to those of ordinary skill in the art. Once
this connection is established between the | atching dog 132 and the

act uat or recess (not shown), thdAS@ator (not shown) may be used
to open and close the gas |ift valve 122 5

as wll be nore fully
di scussed bel ow. The di st #WEl pet wgen t heVori ent ) 128 on the latch
126 and the | atching dog | 5 |spgh that theg g key 128 remains
positioned in the ngl fudi|nal groove 11#}|b: en the guide rails
114 and 116 when the | at cHf4 dogl 432 is d to the actuator
- recess (not pgn)? I n addition nting the gas lift
val ve 122 wi thi e first % cket! 104 so as to ( e 10 | at chi ng
dog 132 with the actuator ‘$ess ot sh S0 be desired to
orient the gas lift h| el 122 f or=0t her . such as relative
to the first and second fliggd}{!low ports 110 a ' Sh%ﬁﬂ in
Figure 21. et erir{ ng now to Fi . 240, i ch show
the gas |ift valve 122 in ;‘ bpgn posi - lift valve 122
may i nclude a stem 138 cony tted to|l the coll et 15 havi ng
ar ?ngzzar ﬁeallng surface,f#)} a fdrft flomqs ' ?gsan glgw
slo ,  Shown | dashe ines. In o hdi ment e
first flow slot 142 and th//secon$ f | ow sl ot 1
%
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may be aligned at right, or 90 degree, angles to one another. The gas |ift
val ve 122 ma¥fOrOMPe7REr i ncl ude a val ve body 145 havip@rasdjessg f ow
wi ndow 146, a second fl ow wi ndow 148 (shown wi th dashed Iines),

and an annul ar stem seat 150. In a specific enbodinent, the first flow 20

- window 146 and the second flow wi ndow 13238y be aligned at right, or 90

degree, angles to - one another. The stem 138 is di sposed for
| ongi tudi nal novenent withipn the val ve bodwy 145. The stem 138 is
noved up and down by the ¢&|l|dt|fli nger 130, 'S and down by
the actuator (see, e.g., YOR! |acC uatii ng neans n Fi by virtue of
the actuator and coll et fli nger 130 o] ' y attached to
one anot her i4q t | at chizfy |[dop (132 and t ne¢fss
-34 - Pig 5t332a(s Rilglrle [1B) . V\hrelﬁ'f val inits open
posi tion, as shownin Figu24D the first f 58 the
stem 138 is positioned ad grit| tlhe first flow w ndo he val ve body
145, and the second fl ow %ln 144 on the stem138 i == d adj acent
t he second fl ow w ndow / 14% on the valve bo , as to
establish two channel s th gh WHi¢h Iift gasimay fl t he
valve 122. Wen the val vepid|nqovedito its cl osed posi shown), the
stem seal i ng

\——-—___-*":
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surface 140 is seal ed agai nst the stem seat 150, so as to pr gir{ﬂﬁgwhgﬁ;-flow
of lift gas tWO&KBHIT he fl ow wi ndows 146 and 148, a fough the
flow slots 142 and 144, respectively. The flow wi ndows 146 and
148, and the flow slots 142 and 144, are posjtioned in a specific
relationship to the latching d@/ﬁﬁ so that when the gas lift
~valve 122 is properly |ocated within the first 10 mandr el pocket 104
(i.e., when the latching dog 132 is engaged with the actuator recess), the
first fl ow wi ndow 146 and the first flow slot 142 are

| ongitudinally and elevationally aligned wth the first flow port
110 in the mandrel 100 (see Figure 21), and the second fl ow wi ndow 148 and
t he second flow slot 144 are longitudinally and el evationally
aligned with the second flow port 112 in the mandrel 100 (see

%7% ve 8, discussed above with

Figure 21). 15 Wththe- /
reference to Figures 1-18, there % / "/ to orient the gas lift
valve 8 relative to the inj 7///'//?///%//////' Figure 7) because the

val ve body 10 (see Fig % :z/;,,,,:,;yllf YA 44 lift valve 8

4 N

orientation of the gas lift fggfve 8 relative t¢
there will be a flow slot p¥ 10a di sposed ¥InNe
injection gas ports 13 to fggflitate the flow

into the gas |ift valve 8.
Figures 24 to 29, the

Fig. 6

e of the



val ve body 145 and the stem 138 each include just two flow channels, nanely
the first andQ9M00717  second flow windows 146 and 148, and PheusswE@sssand

second flow slots 142 and 144. As such, it is desirable to_align
the first flow wi ndow 146 and the first_flow slot 142 (see Figure 24D) with
- 35 - the first flow pal /A3 on the mandrel 100 (see Figure
21), and to align the second fl ow wi ndow 148 and the second fl ow

slot 144 with the second flow port 112 on the mandrel 100. A key

advantage to providing the gas lift valve 122 with only two flow channel s
for the lift gas to flow into the valve 122 is that erosion of an

I nner bore 152 of the stem 138, due to high-velocity gas 5 flow

t hereover, is reduced. This is especially so when the two fl ow channels are
posi ti oned rel ative to one another at right, or 90 degree, angles.
As illustrated by Figure 30, this is because the jets of Iift gas
flowng into the valve 122 through t By >5 | ow ports 110 and 112

col l'ide W th_one ano 7

redirected to prEvgnt&i gh-v
I nner bore 152.




10 . ) Whereas the present invention has been described in ..
particul ar reVQOPB8H1{o t he drawi ngs attached her et o PGHUSEHRIHY be
understood that other and further nodifications, apart fromthose .
shown or suggested herein, nmay be nade within the scope and spirit of the
present invention. For exanpl d8¥t3&houl d be understood that the
orienting aspect of the present invention is not limted to
orienting a gas |ift valve relative to an actuator, but nay be used for the
relative 15 orientation of any two devices within parallel pockets in a
mandrel . Further, the orienting aspect of the present invention
may be used not only for the purpose of establishing a nmechanical
connection between two devices within parallel nandrel pockets, but also to
make an i ndirect (e.g., magnetic, electrical, etc.) connection

bet ween two devjges hi n parall el e pncket s, even if there
IS no w ndow ch (;t}fI t he par gyt GW%’; ordingly, the invention is
20 therefore t0 be limted gBix oﬁ//y ops Pt he appended cl ai ns.
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_36 - CLAINS 1,

1. An appWPROF1Tor orienting a first device in a first pecius9vionsss -
mandr-el relative to 2 a second device in a second pocket in the-
mandrel, the first and second pockets being 3 substantially parall el
t o one another, conprising: 4 19/32 a first guide rail and
a second guide rail, the first and second guide rails being on 5

an inner surface of the mandrel and spaced apart in substantially parall el
6 relationship to define a | ongitudi nal groove
t her ebet ween; 7 the first device having an orienting
key and a first reference point, the orienting 8

key and the first reference point being |ongitudinally aligned; 9

10




12 gui de rai

ul S. 1 2. The .-.
orienting app¥PLYIDf claim 1, wherein the |ongitudinal groé’ﬂ’qs?/%%ﬁsve

;
the 2 first pocket. 1 3. The orienting apparatus of
claiml1l, wherein the first and second quide_rails are 2 | ocated within
a discrimnator trough in the nandrel.%?O/ﬁ3E? 4. The orienting
wherein the first device is a latch attached to 2
lift val ve,

apparatus of claiml1,
a variable orifice gas
-37 -




1 5. The orienting apparatus of claim4, wherein the

ori enting keYOi%¥0%iT ached to the 2 | at ch. 1 PCT/USHY/02548 The
orienting apparatus of claim4, wherein the first reference point is a

| atching 2 dog on a collet finger, the collet finger being attached to
a stem di sposed for longitudinal 3 ‘21p63§hent\Mtrnn a val ve body of the
gas lift valve, the second reference point being a recess on 4 t he
second device, the latching dog being securely engaged with the recess when
the gas |ift valve 5 is in_a |owernost position. 1 7.
The orienting apparatus of claim®6, wherein the second device is a nmeans
for 2 actu €lgas lift valve. 1 8. The
orienting apparatus of clain1gﬂjmherein the first pocket and the second
pocket 2 are connec by"a wi ndow, and the connection between the

| at chi ng dog an

the recgss is made 3 t hrough the w ndow.
64
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1 9.
lift Val ve T nWOB8713 fj r st
mandr el further

and 2

includes a first and a second fl ow port,

flow port being aligned with the first

second reference points are
al i gned. 1
the first and second fl ow wi

each other, and wherein the
positioned at right angles t
- 38 - 1

wherein the first device indl&d
and the second device

poi nt,

10.

ndows 2

Ionéibﬂggﬁg

The orienting apparatus

are nosit.i-o

The orienting apparatus of claim4, mher
a second fl ow wi ndow, ancljl‘t'%;ﬁm%

the first -3 -

ndow when the first and
Iy and el

evational ly
of claim9, wherein

i

d at right angles to
are 3

hnfl second flomAd w&@

\aratus of claiml,

addi ti onal reference

li ti onal reference

point, 3 and the at
device is aligned wth the

| ealst—=0HE

e point on the first
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4 additional reference point on the second device with the first and

second ref er%ﬂ@?éooﬁlﬁ nts are 5 | ongi tudi nal ly and el evatpcamngdobg2sss -
al i gned. 1 12. The orienting apparatus of claim1, wherein
t he di stance between the orienting key 2 and the first reference point

is such that the orienting key is di s@a$#@%ithin the |ongitudinal 3
groove between the guide rails when the first and second reference points
are longitudinally and 4 el evational ly aligned. 1 13.

An apparatus for orienting ipble ofifice gas rift vgiRe in a first
pocket in a 2 mandr el [ to a neans for actu g the gas lift
valve that is located in a pbcket in 3 t he rel, the first
and second pockets being s arallel to one her, conpri sing:
4 a fi rail and a secon rail, the first
and second guide rails bein —~— an inner
surface of the mandrel andFspgheed apart in substantialljyfypgrallel 6
relationship to define a Ijg idi npl groove therebet n 7
the gas |ift val ve having fangpf| entj ng key and a | atching| ¢dog, the
orienting key 8 and the |atdhlhg dog being
| ongi tudi nally aligned;
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S \
N \
N A
' N
N \
N N
N
s 101
N \
N
Q \[™—100
N
\ \
\\\ \
\\\ \
N\ \
\ \
N \
N \
Nl

Fig. 19B




9 the actuating means having a recess for en
recei vi ng t hewWlodo®#ilhg dog; and 10 the P& Eﬁ?ﬂ@gﬁ%g

and the actuator recess being longitudinally aligned when the 11

orienting key is disposed within the Iong]tudlnal groove between the 12
gui de rails.

-39 -
1 14. The orienting apparatus of claim 13, wherein the
| at chi ng dog and the actuator 2 recess are elevationally aligned and
securely engaged when the gas iftvalve 14 -in st position
1 15. The ori ent apdarjat us of cl ai m|14, mherEin the first
- pocket and the second 2 P [ | 4r €] connected by |a mﬁndoﬁk‘andCihe
connection between the |atchin ppl gnd| t he recess 3 i s |made t hrough
t he wi ndow.
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The orienting apparatus of claim 13, wherein the

1 16.
| ongi t udi nalVGO¥BL i s above the 2 first pocket. 1 PCT/US99/02548™ 17.
The orienting apparatus of claim 13, wherein the first and second gui de
rails are 2 . located within a discrimnator trough in the nmandrel. 1
18. The orienting apparatus of clai rﬂﬁ;{}@er ein the orienting key is
attached to a 2 renotely retrievable latch, and the latch is attached
to the gas lift valve. 1 19. The orienting apparatus of
claim 14, wherein the latchjing dog is part of a collet 2 finger, the
collet finger being attached alstjem di sposed fof]{fongrfudi nal novenent
wthina 3 val ve body [4f Jit|lne{gas lift valve, [ havi ng an
annul ar sealing surface, alfyfgt] 1l ow slot, and 4} =2 /econd fl ow sl ot,
t he val ve body having an amhufidr stem seat, a firs 1Iow M|ndow, and a
second 5 fl ow wi ndow, fli st and second f | glwindbdis @ the first
and second flow slots bein | _lJongitudinally gng:d/ﬁa_sag @ti vel y,
and being positioned r¢latielifq 1he Tat ching dog §n t‘h"crt/'—*
20 |/ ‘120
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- 40 - . WO 00/ 00717 7 when the |atching dog is en aggd
Wi th the act UWOP/97d¢ess the first fl ow wi ndow and the first q’ﬂr&ﬁ”’%s 0

slot are longitudinally and elevationally aligned with a first flow-port in
the mandrel and the 9 second fl ow wi ndow and the second flow slot are

| ongi tudinal Iy and el evational ly align&#byiBZ 10 a second flow port in
the mandrel. 1 20. The oxienting apparatus of claim 19,
wherein the first and second QW i faoWs/ 2 aie positiqQned at right
angles to each other, the fi and gecond flow sl gts are [pgsitioned at
right 3 angl es to each arf, |and the first and second|fl ow ports are
positioned at right angles t Hch | 4 ot her. 1 21. The

orienting apparatus of clain
2 key and the | atching g
wi thin the | ongitudinal grog

m?erein t he di stance betwyédn the orienting
bugh t hat the ori i y is disposed

(7))

/ /%A\\\\\\

npnnpnspnopnnngnngnT 9%/ AN
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3 bet ween t he ?uide rails when the |atching dog and actuator recess are
| ongi t udi nal V9 9%PRT17 4 el evational |y aligned. 1 PCT/US®D2548 The
orienting apparatus of claim 13, wherein the first guide rail includes a
first 2 "~ inclined surface extending a fromthe | ongitudinal groove
and away fromthe first pocket, and 3?7 .3éhe second guide rail further

I ncl udes a second inclined surface extending away fromthe 4

| ongi tudi nal groove and away fromthe first pgel&6 1 23.
The orienting apparatus of claim 13, )0 /] 28ing neans is
electro- 2 hydraul i cal | y opesafs uding: 3

y Y opeedfes % 04

a hydraulic punp located in a
-41 - /




4 ‘ . an electric notor connected to and dri v ..
hydraul i c purﬂﬂoﬂﬂmw eceipt of a 5 &’324”5%2‘125#% om a

- control panel; 6 hydraulic circuitry connected to -and
responding to the action of the punp; Zgg, ‘ﬁ a noveabl e
hydraul i c piston responding to the hyd V{E circuitry and operatively 8

connected to the variable orifice valve, controlling novenent thereof. 1
24. The orienting apparatus of cI-ﬂﬂf&S, whereighe actuating neans is
hydraulically 2 oper ated, furt\her ‘. _ 3 a
hydraul i ¢ actuating pi s‘{ﬁ ‘n ‘ﬁ,« p O%Si ng and operatively 4
connected to the vari ab I N 100a spring,

bi asing the variable orifice tion; and, 6

at | east one control line cg al i ng piston and
extending 7 20 AN S5S\re source. 1
25. The orienting apparatys W i her & < 81 Nng neans i s
electro- 2 N | ]

e T e
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3 at | east one electrically piloted hydraulic sglenoid

val ve | ocat eWOi%*%1Yownhol e 4 hoUBCTIY$99/03548™ -

at | east one hydraulic control |ine connected to the sol enoid val ve_and
extending 6 to,a hydraulic pressure source; 7
hydraulic circuity connected to and re2PoAdiig to the action of the
solenoid 8 val ve; and, _ 9 a
noveabl e hydraulic piston responding to the hydr | cl{@ui r y"apfl
operatively 10 _ 25 connect e v§rjablF-ot24ice
val ve, controlling nov nt er eof .

- 42 - \ The or;;%ting rt/us of 13,
wherein the actuatin ns |i neumo- 2 ; hyd 1y act ,
further conprising: L3 aj noveahl draulic pkstpn having

a first and second en perfat]lvely connected 4
to the variable orifi¢eNMal Vv control i ngi novens
|
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5

hydraul i ¢ pre‘ggﬂf”g”"%urce and 6
with the first end of the hydraulic piston;

chanmber connected to and conmuni cati ng

hydraul i ¢ pi ston.
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| east one hydraulic control

| i ne connected to a.

co ?ﬁpﬁﬂb
and, 7 - a gas
|t he second end of the 8
3655
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