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(57) Abstract: An actuation assembly. The actuation assembly may include a housing, a mandrel disposed within the housing and
shiftable within the housing to open and close an isolation valve, and a piston assembly disposed between the housing and the mandrel.
The piston assembly may include a first hydraulic chamber fluidly couplable to a first trigger, a second hydraulic chamber fluidly
couplable to the first trigger and a second trigger, a third hydraulic chamber fluidly couplable to the second trigger, a close collet
piston positioned between the first hydraulic chamber and the second hydraulic chamber and close collet piston operable to shift the
mandrel to close the isolation valve when the first trigger is activated, and an open collet piston positioned between the second hydraulic
chamber and the third hydraulic chamber and open collet piston operable to shift the mandrel to open the isolation valve when the
second trigger is activated.
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ACTUATION ASSEMBLY FOR AN ISOLATION VALVE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] Any and all applications for which a foreign or domestic priority claim is
identified in the Application Data Sheet as filed with the present application are hereby
incorporated by reference under 37 CFR 1.57. The present application claims priority
benefit of U.S. Provisional Application No. 63/376454 filed September 21, 2022, the
entirety of which is incorporated by reference herein and should be considered part of

this specification.

BACKGROUND

[0002] An isolation valve is a device that provides isolation to a reservoir.
Specifically, a formation isolation valve is downhole completion equipment that is used
to provide two-way isolation from the formation. This double isolation allows the
performance of completion operations without placing a column of heavy fluid in the

wellbore to prevent the production of reservoir fluids.

[0003] Although the main purpose of a formation isolation valve is formation
isolation, the versatility of the formation isolation valve may be seen in a broad range
of applications including prevention of fluid loss, packer setting, and lateral isolation.
An isolation valve, such as a formation isolation valve, may include at least an actuation

assembly to remotely change the state of the isolation valve.
SUMMARY

[0004] According to one or more embodiments of the present disclosure, an
actuation assembly for use with an isolation valve, a first trigger, and a second trigger
includes an actuation housing, a mandrel disposed within the actuation housing and
shiftable within the housing to open and close the isolation valve, and a piston assembly

disposed between the housing and the mandrel. The piston assembly includes a first
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hydraulic chamber fluidly couplable to the first trigger, a second hydraulic chamber
fluidly couplable to the first trigger and the second trigger, a third hydraulic chamber
fluidly couplable to the second trigger, a close collet piston positioned between the first
hydraulic chamber and the second hydraulic chamber and close collet piston operable
to shift the mandrel to close the isolation valve when the first trigger is activated, and
an open collet piston positioned between the second hydraulic chamber and the third
hydraulic chamber and open collet piston operable to shift the mandrel to open the

isolation valve when the second trigger is activated.

[0005] According to one or more embodiments of the present disclosure, a
completion system includes a well string, an isolation valve operatively coupled to the
well string, and an actuation assembly operatively coupled to the isolation valve. The
actuation assembly includes a first trigger, a second trigger, an actuation housing, a
mandrel disposed within the actuation housing and shiftable within the housing to open
and close the isolation valve, and a piston assembly disposed between the housing and
the mandrel. The piston assembly includes a first hydraulic chamber fluidly coupled to
the first trigger, a second hydraulic chamber fluidly coupled to the first trigger and the
second trigger, a third hydraulic chamber fluidly coupled to the second trigger, a close
collet piston positioned between the first hydraulic chamber and the second hydraulic
chamber and close collet piston operable to shift the mandrel and close the isolation
valve when the first trigger is activated, and an open collet piston positioned between
the second hydraulic chamber and the third hydraulic chamber and open collet piston
operable to shift the mandrel and open the isolation valve when the second trigger is

activated.

[0006] According to one or more embodiments of the present disclosure, a method
for producing a well includes running a well string comprising an isolation valve and
an actuation assembly into the well. The method also includes activating a first trigger
of the actuation assembly to shift a mandrel of the actuation assembly via a close collet
piston of the actuation assembly positioned between a first hydraulic chamber of the
actuation assembly and a second hydraulic chamber of the actuation assembly to close

the isolation valve. The method further includes activating a second trigger of the
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actuation assembly to shift the mandrel via an open collet piston of the actuation
assembly positioned between the second hydraulic chamber and a third hydraulic

chamber of the actuation assembly to open the isolation valve.

[0007] However, many modifications are possible without materially departing
from the teachings of this disclosure. Accordingly, such modifications are intended to

be included within the scope of this disclosure as defined in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Certain embodiments of the disclosure will hereafter be described with
reference to the accompanying drawings, wherein like reference numerals denote like
elements. It should be understood, however, that the accompanying figures illustrate
the various implementations described herein and are not meant to limit the scope of

various technologies described herein.

[0009] FIG. 1 shows a cross-sectional view of an example of a well string deployed
in a wellbore and combined with an isolation valve, according to one or more

embodiments of the present disclosure.

[0010] FIG. 2 shows a schematic view of a completion having an isolation valve
deployed in a wellbore, according to one or more embodiments of the present

disclosure.

[0011] FIG. 3 shows a diagram of an actuation assembly, according to one or more

embodiments of the present disclosure.

DETAILED DESCRIPTION

[0012] In the following description, numerous details are set forth to provide an
understanding of some embodiments of the present disclosure. However, it will be

understood by those of ordinary skill in the art that the system and/or methodology may
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be practiced without these details and that numerous variations or modifications from

the described embodiments may be possible.

[0013] In the specification and appended claims, the terms “connect,”

N1

“connection,” “connected,” “in connection with,” and “connecting,” are used to mean
“in direct connection with,” in connection with via one or more elements.” The terms
“couple,” “coupled,” “coupled with,” “coupled together,” and “coupling” are used to
mean “directly coupled together,” or “coupled together via one or more elements.” The
term “set” is used to mean setting “one element” or “more than one element.” As used

<

herein, the terms “up” and “down,” “upper” and “lower,” “upwardly” and

EA I3 LR INA3 7w

“downwardly,” “upstream” and “downstream,” “uphole” and “downhole,” “above”

2«

and “below,” “top” and “bottom,” and other like terms indicating relative positions
above or below a given point or element are used in this description to more clearly
describe some embodiments of the disclosure. Commonly, these terms relate to a
reference point at the surface from which drilling operations are initiated as being the
top point and the total depth being the lowest point, wherein the well (e.g., wellbore,

borehole) is vertical, horizontal, or slanted relative to the surface.

[0014] The present disclosure generally relates to systems and methods that
facilitate actuation of an isolation valve or other downhole device. According to one or
more embodiments of the present disclosure, an isolation valve includes an isolation
valve member, e.g., a ball valve element, which may be actuated between positions.
For example, the isolation valve member may be actuated between closed and open

positions by a mechanical section having a shifting linkage.

[0015] In one or more embodiments of the present disclosure, actuation of the
mechanical section, and thus actuation of the isolation valve member, is achieved by a
redundant actuation assembly controlled according to a signal, which may be applied
from the surface or from another suitable location. Indeed, one way to increase the
reliability of remote opening of the isolation valve member is to introduce redundancy
into the mechanism via the redundant actuation assembly according to one or more

embodiments of the present disclosure. Advantageously, the redundant actuation
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assembly according to one or more embodiments of the present disclosure provides two
independent and equally reliable remote activation triggers, which may be installed
simultaneously in a valve block of the redundant actuation assembly of the isolation
valve. In one or more embodiments of the present disclosure, the first trigger may be a
hydraulic trigger, and the second trigger may be an electronic trigger, for example.
Other combinations are conceivable, and are within the scope of the present disclosure.
For example, both triggers may be hydraulic triggers, or both triggers may be electronic
triggers. Alternatively, the triggers may be any type of trigger. Additionally, although
the redundant actuation assembly is described in relation to an isolation valve, the
invention is not thereby limited. The redundant trigger may be used to actuate any type
of downhole tool, for example, but not limited to, an ball valve, a sleeve valve, a flapper

valve, or a packer.

[0016] Referring generally to FIG. 1, one example of a generic well system 100 is
illustrated as employing an isolation valve system 102 comprising at least one isolation
valve 104. Well system 100 may comprise a completion or other downhole equipment
106 that is deployed downhole in a wellbore 108. The isolation valve 104 may be one
of a wide variety of components included as downhole equipment 106. Generally, the
wellbore 108 is drilled down into or through a formation 110 that may contain desirable
fluids, such as hydrocarbon-based fluids. The wellbore 108 extends down from a
surface location 112 beneath a wellhead 114 or other surface equipment suitable for the

given application.

[0017] Depending on the specific well application, e.g., such as a well perforation
application, the completion/well equipment 106 is delivered downhole via a suitable
well string 116, e.g., a well completion string. However, the well string 116 and the
downhole equipment 106 often vary substantially. In many applications, one or more
packers 118 is used to isolate the annulus between downhole equipment 106 and the
surrounding wellbore wall, which may be in the form of a liner or casing 120. The
isolation valve 104 may be selectively actuated to open or isolate formation 110 with

respect to flow of fluid through the downhole equipment 106.
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[0018] Referring now to FIG. 2, an example of a completion 206 is illustrated. The
completion 206 may include a well string 216 deployed in a wellbore 208 or other type
of borehole. The completion 206 also may include an actuatable device 200, which may
be selectively actuated between operational positions in response to a controlled signal.
For example, the controlled signal may be supplied from the surface and down through
well string 216 to initiate actuation of device 200. Specifically, in one or more
embodiments of the present disclosure, the controlled signal may be conveyed through
a column of fluid inside the well string 216, for example. In one or more embodiments
of the present disclosure, the nature of the controlled signal may be electric,
electromagnetic, acoustic, optic, chemical, a series of pressure pulses, a pressure

differential, and/or a temperature differential, for example.

[0019] Still referring to FIG. 2, the actuatable device 200 according to one or more
embodiments of the present disclosure may be part of an isolation valve 202 disposed
along the well string 216. For example, the actuatable device 200 may be in the form
of a ball valve element 204 or other type of actuatable valve element. According to the
illustrated embodiment, the isolation valve 202 may include a ball section 218, which
includes the ball valve element 204 rotatably mounted in a corresponding ball section
housing 220. In one or more embodiments of the present disclosure, the ball valve
element 204 may rotate open or closed with special seals to secure effective isolation

along an interior of the well string 216 and to prevent entry of unwanted debris.

[0020] Still referring to FIG. 2, the ball valve element 204 (or other actuatable
device) may be shifted between operational positions via a mechanical section 210
coupled with the ball section 218. According to one or more embodiments of the
present disclosure, the mechanical section 210 may include a mechanical linkage 212
connected to the ball valve element 204 or other actuatable device. According to one
or more embodiments of the present disclosure, the mechanical linkage 212 may
include a mechanical shifting profile and a position-lock collet, for example. The
mechanical section 210 and mechanical linkage 212 are operatively coupled with the
actuation assembly 214, which includes a remote opening mechanism that responds to

a controlled signal to cause shifting of, for example, mechanical linkage 212 and ball



WO 2024/064247 PCT/US2023/033322

valve element 204. In one or more embodiments of the present disclosure, the actuation
assembly 214 may be a redundant actuation assembly as further described below. By
way of example, the actuation assembly 214 may be used to shift the ball valve element
204 from a closed position to an open position via the controlled signal applied from
the surface or other suitable location, according to one or more embodiments of the

present disclosure.

[0021] Referring now to FIG. 3, FIG. 3 is a diagram of an actuation assembly 314,
according to one or more embodiments of the present disclosure. As described above,
the actuation assembly 3 14 may be used to remotely actuate an isolation valve, such as
the ball valve 204 described above. The actuation assembly includes an actuation
housing 300, a mandrel 302 disposed within the actuation housing 300, a piston
assembly 304 disposed in the annular space 306 between the actuation housing 300 and
the mandrel 302, a first trigger 308, and a second trigger 310. The mandrel 302 is
operatively coupled to isolation valve 202 and shiftable to actuate the isolation valve.
In one or more embodiments, the mandrel 302 is coupled to the isolation valve via a
mechanical linkage, such as the mechanical linkage 212 described above. Further, prior
to and after actuation of the isolation valve via the actuation assembly 314, the mandrel
302 can shift within the actuation housing 300 to actuate the isolation valve 202 by

pulling up on and pushing down a well string coupled to the mandrel 302.

[0022] The piston assembly 304 includes a close collet piston 312 and an open
collet piston 316 that form three hydraulic chambers 318, 320, 322. Specifically, the
actuation housing 300, the mandrel 302, and the close collet piston 312 form an upper
hydraulic chamber 318, the actuation housing 300, the mandrel 302, the close collet
piston 312, and the open collet piston 316 form a middle hydraulic chamber 320, and
the actuation housing 300, the mandrel 302, and the open collet piston 316 form a lower
hydraulic chamber 322. The upper hydraulic chamber 318 and the middle hydraulic
chamber 320 are in fluid communication via the first trigger 308 and the middle
hydraulic chamber 320 and the lower hydraulic chamber 322 are in fluid

communication via the second trigger 310.
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[0023] In operation, the upper, middle, and lower hydraulic chambers 320 are
initially at a common pressure and both collet pistons 312, 316 are engaged with the
mandrel 302. To close the isolation valve, the first trigger 308 is activated and
decouples the upper hydraulic chamber 318 from the middle hydraulic chamber 320.
Once the hydraulic chambers 318, 320 are decoupled, the first trigger 308 lowers the
pressure within the upper hydraulic chamber 318. This causes a pressure differential
between the two chambers, forcing the close collet piston 312 to shift the mandrel 302
and close the isolation valve. Once the mandrel 302 strokes sufficiently to close the

isolation valve, the close collet piston 312 disengages from the mandrel 302.

[0024] To open the isolation valve, the second trigger 310 is activated and
decouples the middle hydraulic chamber 320 from the lower hydraulic chamber 322.
Once the hydraulic chambers 320, 322 are decoupled, the second trigger 310 lowers
the pressure within the lower hydraulic chamber 322. This causes a pressure differential
between the two chambers, forcing the open collet piston 316 to shift the mandrel 302
and open the isolation valve. Once the mandrel 302 strokes sufficiently to open the

isolation valve, the open collet piston 316 disengages from the mandrel 302.

[0025] The individual triggers of the actuation assembly 314 may be electronic,
mechanical, hydraulic, or any combination thereof. Additionally, each actuation
assembly may actuate one, two, or more downhole tools and/or devices without

departing from the scope of this invention.

[0026] Although a few embodiments of the disclosure have been described in
detail above, those of ordinary skill in the art will readily appreciate that many
modifications are possible without materially departing from the teachings of this
disclosure. Accordingly, such modifications are intended to be included within the

scope of this disclosure as defined in the claims.
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CLAIMS

What is claimed is:

1. An actuation assembly for use with an isolation valve, the isolation valve comprising:
an actuation housing;
a mandrel disposed within the actuation housing and shiftable within the housing
to open and close the isolation valve; and
a piston assembly disposed between the housing and the mandrel, the piston
assembly comprising;

a first hydraulic chamber fluidly couplable to a first trigger;

a second hydraulic chamber fluidly couplable to the first trigger and a
second trigger;

a third hydraulic chamber fluidly couplable to the second trigger;

a close collet piston positioned between the first hydraulic chamber and
the second hydraulic chamber, the close collet piston operable to
shift the mandrel to close the isolation valve when the first trigger
is activated; and

an open collet piston positioned between the second hydraulic chamber
and the third hydraulic chamber, the open collet piston operable to
shift the mandrel to open the isolation valve when the second
trigger is activated.

2. The actuation assembly of claim 1, wherein the mandrel is coupled to the isolation
valve via a mechanical linkage and the mandrel is shiftable to actuate the isolation
valve.

3. The actuation assembly of claim 1, wherein the actuation housing, the mandrel, and
the close collet piston form the first hydraulic chamber;

the actuation housing, the mandrel, the close collet piston, and the open collet
piston form the second hydraulic chamber; and
the actuation housing, the mandrel, and the open collet piston form the third

hydraulic chamber.
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4. The actuation assembly of claim 1, wherein the first hydraulic chamber and the
second hydraulic chamber are in fluid communication via the first trigger; and
wherein the second hydraulic chamber and the third hydraulic chamber are in fluid
communication via the second trigger.

5. The actuation assembly of claim 1, wherein the first trigger and second trigger may
be electronic, mechanical, hydraulic, or any combination thereof.

6. The actuation assembly of claim 1, wherein the actuation assembly shifts the isolation
valve via the controlled signal applied from the surface or other suitable location.

7. The actuation assembly of claim 1, wherein prior to after actuation, the mandrel can
shift within the actuation housing to actuate the isolation valve by pulling up on and
pushing down a well string coupled to the mandrel.

8. The actuation assembly of claim 1, wherein the isolation valve is a ball valve element
rotatably mounted in a ball section housing.

9. A completion system comprising:

a well string;
an isolation valve operatively coupled to the well string; and
an actuation assembly operatively coupled to the isolation valve, the actuation
assembly comprising:
a first trigger;
a second trigger
an actuation housing;
a mandrel disposed within the actuation housing and shiftable within the
housing to open and close the isolation valve; and
a piston assembly disposed between the housing and the mandrel, the
piston assembly comprising;
a first hydraulic chamber fluidly coupled to the first trigger;
a second hydraulic chamber fluidly coupled to the first trigger and the
second trigger;

a third hydraulic chamber fluidly coupled to the second trigger;

10
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a close collet piston positioned between the first hydraulic chamber and
the second hydraulic chamber, the close collet piston operable to
shift the mandrel and close the isolation valve when the first
trigger is activated; and

an open collet piston positioned between the second hydraulic chamber
and the third hydraulic chamber, the open collet piston operable to
shift the mandrel and open the isolation valve when the second
trigger is activated.

10. The completion system of claim 9, wherein the mandrel is coupled to the isolation
valve via a mechanical linkage and the mandrel 1s shiftable to actuate the isolation
valve.

11. The completion system of claim 9, wherein the actuation housing, the mandrel, and
the close collet piston form the first hydraulic chamber;
the actuation housing, the mandrel, the close collet piston, and the open collet
piston form the second hydraulic chamber; and
the actuation housing, the mandrel, and the open collet piston form the third
hydraulic chamber.

12. The completion system of claim 9, wherein the first hydraulic chamber and the
second hydraulic chamber are in fluid communication via the first trigger; and
wherein the second hydraulic chamber and the third hydraulic chamber are in fluid
communication via the second trigger.

13. The completion system of claim 9, wherein the first trigger and second trigger may be
electronic, mechanical, hydraulic, or any combination thereof.

14. The completion system of claim 9, wherein the actuation assembly shifts the isolation
valve via the controlled signal applied from the surface or other suitable location.

15. The completion system of claim 9, wherein prior to after actuation, the mandrel can
shift within the actuation housing to actuate the isolation valve by pulling up on and
pushing down a well string coupled to the mandrel.

16. The completion system of claim 9, wherein the isolation valve is a ball valve element
rotatably mounted in a ball section housing.

17. A method of producing a well comprising:

11
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running a well string comprising an isolation valve and an actuation assembly into
the well;

activating a first trigger of the actuation assembly to shift a mandrel of the
actuation assembly via a close collet piston of the actuation assembly
positioned between a first hydraulic chamber of the actuation assembly
and a second hydraulic chamber of the actuation assembly to close the
isolation valve; and

activating a second trigger of the actuation assembly to shift the mandrel via an
open collet piston of the actuation assembly positioned between the
second hydraulic chamber and a third hydraulic chamber of the actuation
assembly to open the isolation valve.

18. The method of claim 17, wherein activating the first trigger of the actuation assembly
comprising decoupling the first hydraulic chamber from the second hydraulic
chamber;

lowering the pressure within the first hydraulic chamber via the first trigger
creating a differential pressure between the first hydraulic chamber and the second
hydraulic chamber causing the close collet piston to shift the mandrel and close the
isolation valve; and

wherein the close collet piston disengages from the mandrel after the mandrel has
shifted and the isolation valve is closed.

19. The method of claim 17, wherein activating the second trigger of the actuation
assembly comprising decoupling the second hydraulic chamber from the third
hydraulic chamber;

lowering the pressure within the third hydraulic chamber via the second trigger
creating a differential pressure between the second hydraulic chamber and the third
hydraulic chamber causing the open collet piston to shift the mandrel and open the
isolation valve; and

wherein the open collet piston disengages from the mandrel after the mandrel has
shifted and the isolation valve is opened.

20. The method of claim 17, wherein the first trigger and second trigger may be

electronic, mechanical, hydraulic, or any combination thereof.

12
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