WO 2023/129187 PCT/US2022/011490

PRESSURE-ACTIVATED VALVE ASSEMBLIES AND METHODS TO
REMOTELY ACTIVATE A VALVE

5 [0001] The present disclosure relates generally to pressure-activated valve assemblies and

methods to remotely activate a valve.
[0002] Wellbores are sometimes drilled into subterranean formations to allow for the extraction
of hydrocarbons and other materials. Valves are sometimes disposed in a wellbore and are utilized

during one or more well operations to restrict fluid flow through the wellbore.
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Brief Description of the Drawings
[0003] Illustrative embodiments of the present disclosure are described in detail below with
reference to the attached drawing figures, which are incorporated by reference herein, and
wherein:
[0004] FIG. 1 is a schematic, side view of a completion environment in which a pressure-
activated valve assembly is deployed in a wellbore;
[0005] FIGS. 2A and 2B is a schematic, cross-sectional view of a pressure-activated valve
assembly that is similar to the pressure-activated valve assembly of FIG. 1 and deployable in the
wellbore of FIG. 1;
[0006] FIG. 3A is a schematic, cross-sectional view of a remote-activated downhole system of
the pressure-activated valve assemblies of FIGS. 1, 2A, and 2B before the remote-activated
downhole system is activated,
[0007] FIG. 3B is a schematic, cross-sectional view of the remote-activated downhole system of
FIG. 3A after the remote-activated downhole system is activated;
[0008] FIG. 4 is a graphical view of a time-dependent signature pressure profile to arm the
pressure-activated valve assembly of FIGS. 2A-2B;
[0009] FIG. 5 is a flow chart of a process to remotely activate a valve; and
[0010] FIG. 6 is a flow chart of another processor to remotely activate a valve.
[0011] The illustrated figures are only exemplary and are not intended to assert or imply any
limitation with regard to the environment, architecture, design, or process in which different

embodiments may be implemented.
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Detailed Description
[0012] In the following detailed description of the illustrative embodiments, reference is made to
the accompanying drawings that form a part hercof These embodiments are described in
sufficient detail to enable those skilled in the art to practice the invention, and it is understood
that other embodiments may be utilized and that logical structural, mechanical, electrical, and
chemical changes may be made without departing from the spirit or scope of the invention. To
avoid detail not necessary to enable those skilled in the art to practice the embodiments described
herein, the description may omit certain information known to those skilled in the art. The
following detailed description is, therefore, not to be taken in a limiting sense, and the scope of
the illustrative embodiments is defined only by the appended claims.
[0013] The present disclosure relates to pressure-activated valve assemblies and methods to
remotely activate a valve. A pressure-activated valve assembly includes a valve that is shiftable,
rotatable, or moveable from a first position (open position), in which the valve provides fluid flow
through the valve, to a second position (closed position), in which the valve reduces or restricts
fluid flow through the valve, and from the closed position to the open position. Examples of valves
include, but are not limited to, ball valves, sleeves, circulation valves, tester valves, and other
types of valves.
[0014] The pressure-activated valve assembly also includes a latch mechanism that is configured
to shift the valve from a closed position to an open position. In some embodiments, the latch
mechanism includes a latch and a spring that is initially in a compressed state while the latch is
engaged (such as engaged to a pressure-activated indexing mechanism component of the pressure-
activated valve assembly). After the latch is disengaged, the spring returns to a natural state, and
the force of the spring returning to the natural state shifts the ball valve to the open position. In
one or more of such embodiments, the force generated by the spring is applied to another
component, such as a rod, mandrel, tubular, or another component that is coupled to the valve,
thereby causing the other component to shift, rotate, or move the valve to the open position.
Additional descriptions of the latch mechanism are provided herein and are illustrated in at least
FIGS. 2A-2B.
[0015] The pressure-activated valve assembly also includes a remote-activated downhole system
that is configured to receive an activation pressure signal that has a specific signature profile. In
some embodiments, the remote-activated downhole system includes a sensor that is configured
to detect pressure signals. In some embodiments, the remote-activated downhole system also

includes a detector that is configured to compare signatures of the detected pressure signals and
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determine whether the signature profiles of any of the detected signals match the signature profile
of the activation pressure signal. In some embodiments, the remote-activated downhole system
also includes a chamber that is partially or completely filled with an actuator fluid, a fluid barrier
that initially prevents the actuator fluid from flowing through the fluid barrier while the fluid
barrier is intact, and an actuation mechanism that is configured to move from a first position to a
second position to puncture the fluid barrier. As referred to herein, an actuation mechanism is any
component or device that is configured to shift from a first position to a second position to
puncture, break, or induce failure of the fluid barrier. Examples of actuation mechanisms include,
but are not limited to pins, rods, protrusions, screws, and other types of components or devices
that are configured to shift from the first position to the second position to puncture, break, or
induce failure of the fluid barrier. In one or more of such embodiments, and in response to a
determination (e.g., by the detector or another component of the remote-activated downhole
system) that the signature profile of a detected pressure signal matches the signal profile of an
activation pressure signal, the actuation mechanism is actuated or shifted from the first position
to the second position to puncture, break, or induce failure of the fluid barrier.

[0016] In some embodiments, the remote-activated downhole system also includes a piston that
is positioned in a first position while the fluid barrier is intact, and shifts to a second position after
the fluid barrier is punctured, breaks, or fails. In one or more of such embodiments, remote-
activated downhole system arms a pressure-activated indexing mechanism as the piston shifts
from the first position to the second position, or after the position shifts from the first position to
the second position. In one or more of such embodiments, the piston prevents a threshold of
pressure from being generated to disengage the latch mechanism while the piston is in the first
position. In one or more of such embodiments, the piston prevents pressure or differential pressure
from being applied to a piston of the pressure-activated indexing mechanism to disengage the
latch mechanism while the piston is in the first position. Additional descriptions of operations to
shift the piston of the remote-activated downhole system to arm the Pressure Activated Indexing
Mechanism and the pressure-activated valve assembly are provided herein and are illustrated in
at least FIGS. 3A-3B. Additional descriptions of the remote-activated downhole system are
provided herein and are illustrated in at least FIGS. 3A-3B.

[0017] As referred to herein, the pressure-activated indexing mechanism is an indexing
mechanism that counts the number of cycles of threshold pressure applied to the pressure-
activated indexing mechanism or a component (such as a piston) of the pressure-activated

indexing mechanism. The pressure-activated indexing system is initially in an unarmed mode. In
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some embodiments, ports through which pressure or differential pressure is applied to the
pressure-activated indexing mechanism or one or more components of the pressure-activated
indexing mechanism (e.g., a piston) to disengage the latch mechanism are blocked to prevent pre-
mature disengagement of the latch mechanism. After the pressure-activated indexing mechanism
is armed, the pressure-activated indexing mechanism counts the number of cycles of threshold
pressure applied to the pressure-activated indexing mechanism or a component of the pressure-
activated indexing mechanism until the number of cycles of threshold pressure is equal to a
threshold number of cycles, after which, the pressure-activated indexing mechanism disengages
from the latch mechanism or causes the latch mechanism to disengage, thereby shifting the valve
to the open position. As referred to herein, a cycle of threshold pressure is when pressure applied
to the pressure-activated indexing mechanism or to a component of the pressure-activated
indexing mechanism is equal to or greater than the threshold pressure for at least a threshold
period of time. Further, the pressure-activated indexing mechanism is configured such that after
the threshold number of cycles of threshold pressure are applied to the pressure-activated indexing
mechanism, the pressure-activated indexing mechanism disengages from the latch mechanism or
causes the latch mechanism to disengage, which in turn shifts the valve to the open position. In
some embodiments, the pressure-activated indexing mechanism includes an indexing piston that
is configured to shift from a first position to a second position in response to the threshold amount
of pressure being applied to the indexing piston, and shift from the second position to the first
position if less than the threshold amount of pressure is applied to the indexing piston. In some
embodiments, shifting the piston from the first position to the second position for a threshold
number of times that equals to the threshold number of cycles disengages the latch mechanism or
causes the latch mechanism to disengage from the pressure-activated indexing system. In some
embodiments, the pressure-activated indexing system includes a first chamber and a second
chamber, where fluid in the first chamber has a first pressure and fluid in the second chamber has
a second pressure that is higher than the first pressure. In such embodiments, fluid in the two
chambers apply a differential pressure that is at least the threshold pressure to shift the piston
from the first position to the second position. Additional descriptions of the pressure-activated
indexing mechanism and components of the pressure-activated indexing mechanism are described
herein and are illustrated in at least FIGS. 2A-2B. Further, additional descriptions of the pressure-
activated valve assembly, methods to produce differential flow rate though ports of pressure-
activated valve assemblies, and methods to reduce proppant flow back are provided in the

paragraphs below and are illustrated in FIGS. 1-5.
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[0018] Turning now to the figures, FIG. 1 is a schematic, side view of a completion environment
100 where a pressure-activated valve assembly 118 having a ball valve 119, a remote-activated
downhole system 175, a pressure-activated indexing mechanism 185, and a latch mechanism 195
is deployed in a wellbore 116 of a well 112. As shown in FIG. 1, wellbore 116 extends from
surface 108 of well 112 to a subterranean substrate or formation 120. Well 112 and rig 104 are
illustrated onshore in FIG. 1. Alternatively, the operations described herein and are illustrated in
the figures are performed in an off-shore environment. In the embodiment illustrated in FIG. 1,
wellbore 116 has been formed by a drilling process in which dirt, rock and other subterranean
materials are removed to create wellbore 116. In some embodiments, a portion of wellbore 116 is
cased with a casing. In other embodiments, wellbore 116 is maintained in an open-hole
configuration without casing. The embodiments described herein are applicable to either cased or
open-hole configurations of wellbore 116, or a combination of cased and open-hole

configurations in a particular wellbore.

[0019] After drilling of wellbore 116 is complete and the associated drill bit and drill string are
“tripped” from wellbore 116, a tubular 150 is lowered into wellbore 116. In the embodiment of
FIG. 1, tubular 150 is lowered by a lift assembly 154 associated with a derrick 158 positioned on
or adjacent to rig 104 as shown in FIG. 1. Lift assembly 154 includes a hook 162, a cable 166, a
traveling block (not shown), and a hoist (not shown) that cooperatively work together to lift or
lower a swivel 170 that is coupled to an upper end of tubular 150. In some embodiments, tubular
150 is raised or lowered as needed to add additional sections to tubular 150 and to run tubular 150

across a desired number of zones of wellbore 116.

[0020] An inlet conduit 122 is coupled to a fluid source 121 and a pump 164 to provide fluids to
an interior passageway 194 of tubular 150 that provides a passageway for fluids and solid particles
to flow downhole. As referred to herein, downhole refers to a direction along tubular 150 that is
away from the surface end of tubular 150, whereas uphole refers to a direction along tubular 150
that is towards the surface end of tubular 150. While a ball valve 119 of pressure-activated valve
assembly 118 is in an open position, fluids flowing through interior passageway 194, also flows
through and out of pressure-activated valve assembly 118. In some embodiments, while ball valve
119 is in the open position, interior passageway 194 also provides a fluid passageway for a fluid
to flow uphole, where the fluid eventually flows into an outlet conduit 198, and from outlet
conduit 198 into a container 178. In some embodiments, tubular 150 also provides a fluid flow
path for fluids to flow into one or more cross-over ports (not shown) that provide fluid flow around

(such as up and/or below) pressure-activated valve assembly 118. In some embodiments, one or
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more pumps (not shown) are utilized to facilitate fluid flow downhole or uphole, and to generate

pressure downhole or uphole.

[0021] In the embodiment of FIG. 1, pump 164, in addition to facilitating fluid flow downhole,
also generates various acoustic or time dependent pressure profiles. Pressure-activated valve
assembly 118 has a remote-activated downhole system 175 that is configured to detect pressure
signals, such as pressure signals generated by pump 164, determine whether any pressure signal
has a signature profile that matches the signature profile of an activation pressure signal, and in
response to a determination that the signature profile of the pressure signal matches the signature
profile of the activation pressure signal, arm pressure-activated indexing mechanism 185. Once
pressure-activated indexing mechanism 185 is in arm mode, a threshold number of cycles of
threshold pressure are applied to pressure-activated indexing mechanism 185 to disengage latch
mechanism 195, which in turn shifts ball valve 119 to an open position. In some embodiments,
after pressure-activated indexing mechanism 185 is in arm mode, a single cycle of threshold
pressure is applied to pressure-activated indexing mechanism 185 to disengage latch mechanism
195 from pressure-activated indexing mechanism 185. In some embodiments, multiple cycles of
threshold pressure are applied to pressure-activated indexing mechanism 185 to disengage latch
mechanism 195 from pressure-activated indexing mechanism 185. Additional descriptions of
remote-activated downhole system 175, pressure-activated indexing mechanism 185, and latch
mechanism 195 and their corresponding components are provided herein and are illustrated in at

least FIGS. 2 and 3.

[0022] Although FIG. 1 illustrates a single pressure-activated valve assembly 118, in some
embodiments, multiple pressure-activated valve assemblies are deployed (not shown) in different
sections of wellbore 116. Further, although FIG. 1 illustrates a ball valve 119, in some
embodiments, pressure-activated valve assembly 118 has a different valve, sleeves (not shown),
or multiple valves (not shown). Further, although FIG. 1 illustrates a surface-based pump 164, in
some embodiments, pump 164 is deployed downhole. In some embodiments, multiple pumps (not
shown) are deployed to facilitate fluid flow, fluid circulation, and to generate an activation
pressure signal. Further, although FIG. 1 illustrates a completion environment, it is understood
that pressure-activated valve assembly 118 and other pressure-activated valve assemblies
described herein are deployable in other well environments and well operations, including, but
not limited to drilling operations, intervention operations, MWD/LWD operations, as well as

other types of well environments and operations.
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[0023] FIGS. 2A-2B are schematic, cross-sectional views of a pressure-activated valve assembly
218 that is similar to the pressure-activated valve assembly of FIG. 1 and deployable in the
wellbore 116 of FIG. 1. In the embodiment of FIGS. 2A-2B, pressure-activated valve assembly
218 includes a remote-activated downhole system 275, a pressure-activated indexing mechanism
285, and a latch mechanism 295. Additional descriptions of components of remote-activated
downhole system 275 and operations performed by remote-activated downhole system 275 to arm
pressure-activated indexing mechanism 285 are described herein and are illustrated in at least
FIGS. 3-6.

[0024] Pressure-activated valve assembly 218 has a bore 210 and a piston 212 that is positioned
in the sidewall of pressure-activated valve assembly 218. Pressure flowing through bore 210 also
flow through opening 207 to apply pressure to piston 212. In some embodiments, pressure-
activated valve assembly 218 also includes a filter that is positioned along a sidewall of pressure-
activated valve assembly 218. In one or more of such embodiments, pressure flowing through
bore 210 also flow through opening 207 and the filter to apply pressure to piston 212. Piston 212
is positioned adjacent to a low-pressure chamber 215 that is partially or completely filled with a
compressible fluid 216 such as silicon oil. In the embodiment of FIGS. 2A-2B, low-pressure
chamber 215 also extends to a region 217 that is between seals 231 and 233. In one or more of
such embodiments, a port (not shown) fluidly connects region 217 of low-pressure chamber 215
with the other regions of low-pressure chamber 215. Further, in the embodiment of FIGS. 2A-2B,
the compressible fluid also partially or completely fills high-pressure chamber 230 of pressure-
activated valve assembly 218 and along annular regions in the sidewall of pressure-activated
valve assembly 218. Pressure (such as fluid pressure) applied by piston 212 as piston 212 shifts
from a first position to a second position flows into region 217. Pressure applied by piston 212
also flows through a check valve 221 into high-pressure chamber 230. In the embodiment of
FIGS. 2A-2B, check valve 221 is a valve that permits fluid and pressure to flow into high-pressure
chamber 230 but restricts fluid and pressure flow out of high-pressure chamber 230 such that fluid
or pressure flow out check valve 221 at arate that is less than a threshold rate to induce a pressure
differential. In some embodiments, check valve 221 includes or is coupled to a restrictor (not
shown) that prevents or reduces fluid and pressure flow out of high-pressure chamber 230. In that
regard, when pressure in low-pressure chamber 215 is reduced, such as by shifting piston 212
back to the first position, pressure in low-pressure chamber 215 which includes region 217 is
reduced. However, pressure across high-pressure chamber 230 is prevented by check valve 221

from being reduced or from being reduced at the same rate as the rate pressure in low-pressure
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chamber 215 is reduced, thereby creating a pressure differential across an indexing piston 237 of
pressure-activated indexing mechanism 285 that is positioned adjacent to region 217 of low-
pressure chamber 215 and high-pressure chamber 230. The pressure-differential across region
217 of low-pressure chamber 215 and high-pressure chamber 230 in turn applies a pressure or
differential pressure to indexing piston 237. In the embodiment of FIGS. 2A-2B, indexing piston
is shifted from the first position illustrated in FIGS. 2A-2B to a second position (not show) to the
left of the position illustrated in FIGS. 2A-2B in response to a threshold amount of pressure or
differential pressure being applied by the pressure or pressure differential across region 217 of
low-pressure chamber 215 and high-pressure chamber 230. In one or more of such embodiments,
indexing piston 237 shifts from the first position to the second position after the threshold pressure
or differential pressure is applied for a threshold period of time (e.g., one second, five seconds,
ten seconds, or a different period of time). Indexing piston 237 also applies a force to a spring
232 that is positioned in high-pressure chamber 230, thereby compressing the spring 232.

[0025] Over time (e.g., one hour, five hours, ten hours, or another period of time), pressure in
high-pressure chamber 230 slowly flow or bleed out of high-pressure chamber 230 through a
restrictor (not shown), and into low-pressure chamber 215, thereby reducing the pressure or
pressure differential across region 217 of low-pressure chamber 215 and high-pressure chamber
230. As the pressure or pressure differential across region 217 of low-pressure chamber 215 and
high-pressure chamber 230 reduces below a threshold, the potential energy stored in the
compressed state of spring 232 is released, which in turn shifts indexing piston 237 from the
second position back to the first position. In some embodiments, applying additional pressure to
region 217 of low-pressure chamber 215 reduces the pressure differential across region 217 of
low-pressure chamber 215 and high-pressure chamber 230 below the threshold. In such
embodiments, the potential energy stored in the compressed state of spring 232 is released, which
in turn shifts indexing piston 237 from the second position back to the first position.

[0026] Indexing piston 237 is coupled to an indexing mandrel 240 such that each time indexing
piston 237 shifts from the first position to the second position, indexing piston 237 pulls indexing
mandrel 240 through one or more lock rings 236 to shift indexing mandrel 240 by an increment
to the left. Moreover, lock rings 236 are configured such that when indexing piston 237 shifts
from the second position back to the first position, one or more of lock rings 236 prevent indexing
mandrel 240 from being shifted by one increment to the right and to its previous position.
Moreover, indexing mandrel 240 moves an additional increment to the left after each pressure

cycle described herein, where a threshold pressure or pressure differential is applied to indexing
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piston 237 for a threshold period of time per cycle. In the embodiment of FIGS. 2A-2B, indexing
mandrel 240 is coupled to a latch 242. Further, applying a threshold number of pressure cycles
(e.g., one cycle, two cycles, five cycles, or a different number of cycles of threshold pressure or
pressure differential) to indexing piston 237 shifts indexing mandrel 240 by the threshold number
of increments to disengage latch 242. Latch 242 is coupled to a spring 255 that is in a compressed
state while latch 242 is engaged to indexing mandrel 240. After latch 242 disengages from
indexing mandrel 240, thereby permitting spring 255 to return to a natural state. Further the force
released by spring 255 in turn shifts mandrel 257 (or a profiled portion 259 of mandrel 257) from
a first position illustrated in FIGS. 2A-2B to a second position (not shown) to the left of the first
position of mandrel 257. Mandrel 257 in turn shifts a ball 219 of pressure-activated valve
assembly 218 from a closed position illustrated in FIGS. 2A-2B to an open position (not shown)
as mandrel 257 shifts from the first position to the second position, thereby opening pressure-
activated valve assembly 218. In some embodiments, spring 255 is coupled to mandrel 257 such
that mandrel 257 (or profile section 259 of mandrel) is shifted from the first position to the second
position as spring 255 returns to its natural state.

[0027] In the embodiment of FIGS. 2A-2B, low-pressure chamber pressure-activated indexing
mechanism 285 includes low-pressure chamber 215, check valve 221, high-pressure chamber
230, lock rings 236, indexing piston 237, and indexing mandrel 240 are components of pressure-
activated indexing mechanism 285. In some embodiments, pressure-activated indexing
mechanism 285 includes different components of pressure-activated valve assembly 218. Further,
in the embodiment of FIGS. 2A-2B, latch mechanism 295 includes latch 242, spring 255, and
mandrel 257. In some embodiments, latch mechanism includes different components of pressure-
activated valve assembly 218. Further, although the above paragraphs describe performing
operations by components of pressure-activated valve assembly 218 to shift ball 219 to an open
position, it is understood that where ball 219 is initially in an open position, similar or identical
operations as the operations described herein may also be performed to shift ball 219 from the
open position to the closed position.

[0028] FIG. 3A is a schematic, cross-sectional view of a remote-activated downhole system 275
of pressure-activated valve assemblies 118 and 218 of FIGS. 1, 2A, and 2B before remote-
activated downhole system 275 is activated. In the embodiment of FIG. 3A, remote-activated
downhole system 275 is housed in a sidewall of the pressure-activated valve assembly and
includes a receiver such as pressure sensor 302 in fluid communication with an interior

passageway of the pressure-activated valve assembly by a pressure port 303. In some
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embodiments, pressure port 303 provides pressure and fluid communication with bore 210 of
FIGS. 2A-2B. The pressure sensor 302 is operable to monitor a pressure within the interior
passageway and provide pressure values of the fluid within the interior passageway to a decoder
304. Decoder 304 is operable to compare the pressure values received from the pressure sensor
302 with a predetermined signature profile indicative of a request to arm the pressure-activated
valve assembly. In some embodiments, decoder 304 is an electronic circuit including various
components such as a microprocessor, a digital signal processor, random access member, read
only member and the like that are programmed or otherwise operable to recognize the
predetermined signature profile and determine whether to arm the pressure-activated valve
assembly. When decoder 304 identifies a match between the pressure values received and the
signature profile, decoder 304 issues a request to an actuation mechanism, such as pin pusher 306.
In some embodiments, pin pusher 306 has alinear motor, pneumatic piston, or similar mechanism.
In some embodiments, decoder 304 also has timing devices to delay or control the time period
between detection of the signature profile and issuing the request to pin pusher 306. In some
embodiments, pressure sensor 302, decoder 304 and pin pusher 306 are all operably coupled to a
battery 308 or another downhole power source to receive power.

[0029] Slidably and sealingly disposed within the sidewall of the pressure-activated valve
assembly is a piston 310 that initially prevents ball 311 from coming in contact with seat 333 thus
maintaining open communication between pressure ports 313 and 323 that provide a fluid and
pressure passageway to a pressure-activated indexing mechanism of the pressure-activated valve
assembly, such as region 217 of low-pressure chamber 215 and high-pressure chamber 230 of
pressure-activated indexing mechanism 285 of FIGS. 2A-2B. Piston 310 may initially be coupled
to or provide support for ball 311 that is positioned in a third chamber 332 that is fluidly connected
to a pressure-activated indexing mechanism of the pressure-activated valve assembly, such as
high-pressure chamber 230 of pressure-activated indexing mechanism 285 of FIGS. 2A-2B via
pressure port 323. Initially, displacement of piston 310 toward fluid chamber 312 is substantially
prevented by an actuator fluid 318 disposed within fluid chamber 312. In some embodiments,
actuator fluid 318 is a non-compressible or a substantially incompressible fluid, such as a
hydraulic fluid. In some embodiments, actuator fluid 318 is a compressible fluid such as nitrogen,
a combination of substantially incompressible fluids, a combination of compressible fluids or a
combination of one or more compressible fluids with one or more substantially incompressible

fluids.
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[0030] A fluid barrier 320 is secured between fluid chamber 312 and a second chamber 322, in
which pin pusher 306 is disposed. Fluid barrier 320 initially prevents actuator fluid 318 from
escaping from fluid chamber 312 into second chamber 322. Chamber 322 is empty of or
essentially empty of fluid other than air or another gas at atmospheric pressure. Fluid barrier 320
is illustrated as a disk member and is formed from a metal. In some embodiments, fluid barrier
320 is formed from a plastic, a composite, a glass, a ceramic, a mixture of these materials, or other
material suitable for initially containing actuator fluid 318 in fluid chamber 312, but selectively
failing in response to the signature profile being identified by the decoder 304, and the request
being issued to pin pusher 306. In the illustrated embodiment, pin pusher 306 advances a pin 324
in second chamber 322 toward fluid barrier 320 to thereby puncture, break, or fracture fluid barrier
320. In other embodiments, failure of fluid barrier 320 is selectively induced by other types of
actuation mechanisms configured to induce failure of fluid barrier 320 by chemical reactions,
combustion, mechanical weakening or other degradation of fluid barrier 320.

[0031] During operation, pressure sensor 302 detects the pressure in the interior passageway and
provides pressure values to decoder 304 over time. Decoder 304 monitors the pressure values,
and determines whether the pressure values over a particular time interval match the signature
profile saved in decoder 304. If decoder 304 identifies the pressure profile in the pressure values
received, and determines that the pressure-activated valve assembly should be armed, decoder
304 issues a request to pin pusher 306 to advance pin 324 to puncture, break, or induce failure of
fluid barrier 320, thereby arming pressure-activated valve assembly 218 of FIGS. 2A-2B. In some
embodiments, decoder 304 routes electrical power from battery 308 to pin pusher 304,
immediately or after an appropriate delay, to allow pin pusher 306 to operate to induce a failure
of fluid barrier 320.

[0032] FIG. 3B is a schematic, cross-sectional view of remote-activated downhole system 275 of
FIG. 3A after remote-activated downhole system 275 is activated. In the embodiment of FIG. 3B
pin pusher 306 has shifted from the position illustrated in FIG. 3A to the position illustrated in
FIG. 3B to induce failure of barrier 320. Failure of barrier 320 creates an opening in fluid barrier
320 and establishes fluid communication between fluid chamber 312 and second chamber 322.
In some embodiments, actuator fluid 318 flows from fluid chamber 312 into second chamber 322,
which allows piston 310 to shift toward fluid chamber 312). Further, the failure of barrier 320 and
flow of actuator fluid 318 from fluid chamber 312 into second chamber 322 in turn induces piston
310 to shift from the position illustrated in FIG. 3 A to the position illustrated in FIG. 3B, thereby

permitting communication between fluid chamber 312 and region 217 of low-pressure chamber
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215 via pressure port 313. The shifting of piston 310 from the position illustrated in FIG. 3A to
the position illustrated in FIG. 3B allows ball 311 to move from the position illustrated in FIG.
3A to the position illustrated in FIG. 3B. In one or more of such embodiments, piston 310 initially
holds ball 311 in the position illustrated in FIG. 3A (or prevents ball 311 to move to the position
illustrated in FIG. 3B) until piston 310 shifts from the position illustrated in FIG. 3A to the
position illustrated in FIG. 3B. In one or more of such embodiments, ball 311 is initially coupled
to piston 310, and shifting piston 310 from the position illustrated in FIG. 3A to the position
illustrated in FIG. 3B also shears or decouples ball 311 from piston 310. After ball 311 is sheared
or decoupled from piston 310, fluid or pressure is permitted to flow from second chamber 312
through third chamber 313 into pressure port 323, and through pressure port 323 into high-
pressure chamber 230 of FIGS. 2A-2B. However, pressure or fluid flow from pressure port 323
into third chamber 311 shifts ball 311 onto a ball seat 333, thereby restricting or preventing
pressure or fluid to flow out of high pressure chamber 230 out of third chamber 332, thereby
maintaining a pressure differential between low-pressure chamber 215 and high-pressure chamber
230 to shift indexing piston 237 of FIGS. 2A-2B. More particularly, in the embodiment of FIGS.
2 and 3, a pressure differential between lower-pressure chamber 215 and high-pressure chamber
230 is not sufficient or is not maintained for a threshold amount of time to shift indexing piston
237 until after ball 311 is sheared or decoupled from piston 310 to restrict or prevent pressure or
fluid to flow out of high pressure chamber 230 out of third chamber 332.

[0033] FIG. 4 is a graphical view of a time-dependent signature pressure profile to activate the
remote-activated downhole system 275 and arm pressure-activated valve assembly 218 of FIGS.
2A-2B. In the embodiment of FIG. 4, each of the time and pressure values associated with
pressure profile 450 is associated with a tolerance that is preprogramed into decoder 304 of FIGS.
3A-3B. Initially at time To, the pressure (e.g. pressure in the interior passageway of the pressure-
activated valve assembly) is maintained at a hydrostatic pressure for a minimum of 120 seconds
to establish a reference point for decoder 304. In some embodiments, pump 164 of FIG. 1 is
operated to raise the pressure by a preselected threshold 452 for at least a minimum time interval
T1,e.g,of 20 seconds. As illustrated, threshold 452 is selected to be 200 psi above the hydrostatic
pressure, but in other embodiments, the threshold may be higher or lower. After the time interval
T1, operation of pump 164 is discontinued to return the pressure to the hydrostatic reference for a
minimum time interval Tz of 120 seconds. In some embodiments, if the pressure is raised above
the threshold for a second time within a time interval T3, a preliminary portion of pressure profile

450 is complete. In some embodiments, if each of the required requirements of the preliminary
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portion 454 are satisfied and detected by pressure sensor 302 of FIGS. 3A-3B and decoder 304,
decoder 304 is induced to respond in a desired manner. For example, decoder 304 increases a
sample rate of pressure sensor 302 so that a secondary portion of the pressure profile is more
accurately monitored.

[0034] In some embodiments, additional bits of information are added to the wireless signal to
increase the confidence that the wireless signal is not accidentally sent from a variation in
background noise or normal wellbore operations. In one or more of such embodiments, these
additional bits of information consist of pressure changes and time durations over which the
pressure changes are maintained. These additional bits of data are contained within a secondary
portion 456 of pressure profile 450. As illustrated in FIG. 4, secondary portion 456 of pressure
profile 450 includes an increase to a base pressure of 1,000 psi over time interval T4, and
subsequent reductions and increases of pressure in an incrementally stepped manner over time
intervals Ts, Ts, T7 and Ts. In some embodiments, Time intervals T4, Ts, Ts, T7 and Ts are referred
to as minimum time intervals since the specific pressure associated therewith, e.g., 1000 psi + 100
psi for time interval Ts, is maintained for a minimum of the stated time, e.g., 60 seconds for time
interval T4. In some embodiments, the time intervals T, Ts, Ts, T7 and Ts last longer than stated
time as long as the pressure is maintained between upper and lower tolerances. Interposed
between the minimum time intervals T4, Ts, Te, T7 and Ts, are maximum transition time intervals
Ta-s, Tss, Te-7 and T7.8. The maximum transition time intervals Ts.s, Ts.s, Te-7 and T7-g last no
longer than the stated duration, e.g., 120 seconds for Ts.s, and represent the time permitted for
transitioning between the pressure levels associated with the adjacent time intervals. For
example, transition time interval T4-s may begin when the detected pressure falls below the lower
tolerance of time interval Ts, e.g., falls below 900 psi, and end when the detected pressure reaches
the upper tolerance of time interval Ts, e.g., 900 psi.

[0035] In some embodiments, when each of the pressures and time intervals of the pressure
profile 450 are detected by pressure sensor 302, the signals from pressure sensor 302 are
“decoded” by decoder 304 to establish a detected pressure profile. Decoder 304 correlates the
pressure values to the time intervals and compares the detected pressure profile to the target
profile stored therein. When a match is recognized between the detected and signature profiles,
e.g., each of the pressures and time intervals of the detected pressure profile are within the
tolerances associated with pressure profile 450, decoder 304 issues the command to pin pusher
306 of FIGS. 3A-3B or other actuation mechanism to puncture, break, or induce failure of fluid

barrier 320 of FIGS. 3A-3B, thereby arming the pressure-activated valve assembly. While
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pressure profile 450 illustrated in FIG. 4 includes five (5) pressure steps in secondary portion 456,
in some embodiments, a different number of pressure steps are employed.

[0036] FIG. 5 is a flow chart of a process to remotely activate a valve. Although the operations
in process 500 are shown in a particular sequence, certain operations may be performed in
different sequences or at the same time where feasible. At block S502, an activation pressure
signal having a signal profile is detected. FIG. 3A, for example, illustrates a pressure sensor 302
that is configured to detect pressure signals. Further, decoder 304 of FIGS. 3A-3B is configured
to determine whether any of the pressure signals contain a pressure profile that matches the
signature pressure of the activation pressure signal.

[0037] At block S504, and in response to and after detecting the activation pressure signal, a
pressure-activated indexing mechanism of the pressure-activated valve assembly is armed. In the
embodiment of FIG. 3B for example, after decoder 304 detects the activation pressure signal, an
actuation mechanism, such as pin pusher 306 is actuated to puncture, break, or induce failure of
fluid barrier 320, which in turn shifts piston 310 from a first position illustrated in FIG. 3A to a
second position illustrated in FIG. 3B. Additional descriptions of operations performed to arm the
pressure-activated indexing mechanism are provided herein and are illustrated in at least FIGS.
3A-3B. At block S506, after the pressure-activated indexing mechanism is armed, and after at
least one cycle of threshold pressure is applied to the pressure-activated indexing mechanism, a
latch mechanism of the pressure-activated valve assembly is disengaged. In the embodiment of
FIGS. 2A-2B, a threshold of cycles of differential pressure are applied to indexing piston 237 to
shift indexing mandrel 240 by a threshold of increments. Further, shifting indexing mandrel 240
by the threshold number of increments in turn disengages latch 242 from indexing mandrel 240.
In some embodiments, at least one cycles of threshold pressure is applied to the pressure-activated
indexing mechanism immediately or soon after (e.g., within a minute, an hour, a day, or another
period of time) the pressure-activated indexing mechanism is armed. In some embodiments, at
least one cycles of threshold pressure is applied to the pressure-activated indexing mechanism
long after (e.g., a week, a month, a year, several years, or another period of time) the pressure-
activated indexing mechanism is armed.

[0038] At block S508, the valve of the pressure-activated valve assembly is shifted from a first
position to a second position. Continuing with the foregoing description of FIGS. 2A-2B, latch
242 holds spring 255 in a compressed state while latch 242 is engaged to indexing mandrel 240.
However, spring 255 returns to a natural state after latch 242 disengages from indexing mandrel

240. Further, force released by spring 255 returning to the natural state in turn shifts mandrel 257
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(or profile section 259) from the position illustrated in FIGS. 2A-2B to a second position (not
shown). Mandrel 257 is coupled to ball 219 such that shifting mandrel 257 (or profile section 259)
from the position illustrated in FIGS. 2A-2B to the second position also shifts, rotates, or moves
ball 219 from a closed position illustrated in FIGS. 2A-2B to an open position (not shown).
[0039] FIG. 6 is a flow chart of another processor to remotely activate a valve. Although the
operations in process 600 are shown in a particular sequence, certain operations may be performed
in different sequences or at the same time where feasible. At block S602, an activation pressure
signal having a signature profile is transmitted to a pressure-activated-valve assembly. FIG. 1 for
example, illustrates transmitting the activation pressure signal via pump 164 downhole to
pressure-activated-valve assembly 118. The pressure-activated valve assembly includes a valve,
a latch mechanism that is configured to shift the valve to an open position, a pressure-activated
indexing mechanism that is initially engaged to the latch mechanism, and a remote-activated
downhole system that is configured to receive the activation pressure signal, and in response to
receiving the activation pressure signal, arm the pressure-activated index mechanism. In that
regard, FIGS. 2A-2B illustrate pressure-activated valve assembly 218 having a ball valve, latch
mechanism 295, pressure-activated indexing mechanism 285, and remote-activated downhole
system 275. FIGS. 3A-3B illustrate additional components of remote-activated downhole system
275. At block S604, and after transmitting the pressure signal, at least one cycle of threshold
pressure is generated to disengage the latch mechanism. Further, the latch mechanism shifts or
causes the valve to shift to the open position after the latch mechanism disengages from the
pressure-activated indexing mechanism.

[0040] The above-disclosed embodiments have been presented for purposes of illustration and to
enable one of ordinary skill in the art to practice the disclosure, but the disclosure is not intended
to be exhaustive or limited to the forms disclosed. Many insubstantial modifications and
variations will be apparent to those of ordinary skill in the art without departing from the scope
and spirit of the disclosure. The scope of the claims is intended to broadly cover the disclosed
embodiments and any such modification. Further, the following clauses represent additional
embodiments of the disclosure and should be considered within the scope of the disclosure:
[0041] As used herein, the singular forms “a,” “an,” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise. It will be further understood that the
terms “comprise” and/or “comprising,” when used in this specification and/or in the claims,
specify the presence of stated features, steps, operations, elements, and/or components, but do not

preclude the presence or addition of one or more other features, steps, operations, elements,
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components, and/or groups thereof. In addition, the steps and components described in the above
embodiments and figures are merely illustrative and do not imply that any particular step or
component is a requirement of a claimed embodiment.

[0042] Clause 1, a pressure-activated valve assembly, comprising: a valve; a latch mechanism
configured to shift the valve to an open position; a pressure-activated indexing mechanism that is
initially engaged to the latch mechanism, wherein the pressure-activated indexing mechanism is
initially in an unarmed mode, and wherein after the pressure-activated indexing mechanism is in
an armed mode, applying at least one cycle of threshold pressure to the pressure-activated
indexing mechanism disengages the latch mechanism to shift the valve to the open position; and
a remote-activated downhole system configured to: receive an activation pressure signal having
a signature profile; and in response to receiving the activation pressure signal, arm the pressure-
activated indexing mechanism.

[0043] Clause 2, the pressure-activated valve assembly of clause 1, wherein the remote-activated
downhole system comprises a sensor configured to detect the activation pressure signal, wherein
the pressure-activated indexing mechanism is armed after the sensor detects the activation
pressure signal.

[0044] Clause 3, the pressure-activated valve assembly of clause 2, wherein the remote-activated
downhole system further comprises a detector configured to: compare a signature profile of a
pressure signal detected by the sensor with the signature profile of the activation pressure signal;
and determine whether the signature profile of the pressure signature matches the signature profile
of the activation pressure signal, wherein in response to a determination that the signature profile
of the pressure signature matches the signature profile of the activation pressure signal, the
remote-activated downhole system arms the pressure-activated index mechanism.

[0045] Clause 4, the pressure-activated valve assembly of clause 3, further comprising: a chamber
having an actuator fluid; a fluid barrier that prevents the actuator fluid from flowing through the
fluid barrier while the fluid barrier is intact; and an actuation mechanism configured to move from
a first position to a second position to puncture the fluid barrier, wherein the pressure-activated
index mechanism is armed after the actuation mechanism shifts from the first position to the
second position to puncture the fluid barrier.

[0046] Clause 5, the pressure-activated valve assembly of clause 4, further comprising a piston
that is initially positioned in a first position while the fluid barrier is intact and configured to shift

from the first position to a second position after the fluid barrier is punctured, wherein the
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pressure-activated index mechanism is armed after the piston shifts from the first position to the
second position.

[0047] Clause 6, the pressure-activated valve assembly of clause 5, wherein the piston is coupled
to the pressure-activated indexing mechanism, and wherein the piston arms the pressure-activated
index mechanism as the piston shifts from the first position to the second position.

[0048] Clause 7, the pressure-activated valve assembly of any of clauses 1-6, wherein the
signature profile of the activation pressure signal comprises plurality of minimum time intervals
over which an incrementally-stepped plurality of pressure levels is maintained between a first
tolerance threshold and a second tolerance threshold.

[0049] Clause 8, the pressure-activated valve assembly of clause 7, wherein at least one
maximum time interval is interposed between the plurality of minimum time intervals of the
incrementally-stepped plurality of pressure levels.

[0050] Clause 9, the pressure-activated valve assembly of any of clauses 1-8, wherein the latch
mechanism comprises: a latch that is initially engaged to the pressure-activated indexing
mechanism; and a spring that is in a compressed state while the latch is engaged to the pressure-
activated indexing mechanism, and reverts to a natural state after the latch disengages from the
pressure-activated indexing mechanism, wherein a force generated by the spring reverting from
the compressed state to the natural state shifts the valve to the open position.

[0051] Clause 10, the pressure-activated valve assembly of clause 9, wherein the latch mechanism
further comprises a mandrel that is coupled to the spring, wherein the force generated by the
spring reverting from the compressed state moves the mandrel from a first position to a second
position, and wherein the mandrel shifts the valve to the open position as the mandrel moves from
the first position to the second position.

[0052] Clause 11, the pressure-activated valve assembly of any of clauses 1-10, wherein the
pressure-activated indexing mechanism comprises a indexing piston configured to shift from a
first position to a second position in response to the threshold pressure being applied to the
indexing piston, and shift from the second position to the first position in response to less than
the threshold pressure being applied to the indexing piston, and wherein shifting the pressure-
activated piston from the first position to the second position for a threshold number of times
disengages the latch mechanism from the pressure-activated indexing mechanism.

[0053] Clause 12, the pressure-activated valve of assembly of clause 11, wherein the pressure-
activated indexing mechanism further comprises: a first chamber filled with a fluid having a first

pressure; and a second chamber filled with the fluid having a second pressure that is higher than
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the first pressure, wherein the threshold pressure applied to the indexing piston is generated by a
pressure differential between the first pressure and the second pressure that is greater than or equal
to the threshold pressure.

[0054] Clause 13, the pressure-activated valve assembly of any of clauses 1-12, wherein the valve
is a ball valve.

[0055] Clause 14, a method to remotely activate a valve, comprising: transmitting an activation
pressure signal having a signature profile to a pressure-activated valve assembly, the pressure-
activated valve assembly comprising: a valve; a latch mechanism configured to shift the valve to
an open position; a pressure-activated indexing mechanism that is initially engaged to the latch
mechanism; and a remote-activated downhole system configured to: receive the activation
pressure signal having a signature profile; and in response to receiving the activation pressure
signal, arm the pressure-activated indexing mechanism; and after transmitting the activation
pressure signal, generating at least one cycle of threshold pressure to disengage the latch
mechanism, wherein the latch mechanism causes valve to shift to the open position after the latch
mechanism is disengaged from the pressure-activated indexing mechanism.

[0056] Clause 15, the method of clause 14, wherein transmitting the activation pressure signal
comprises transmitting a pressure signal having a signal profile that comprises a plurality of
minimum time intervals over which an incrementally-stepped plurality of pressure levels is
maintained between a first tolerance threshold and a second tolerance threshold.

[0057] Clause 16, the method of clause 15, wherein at least one maximum time interval is
interposed between the plurality of minimum time intervals of the incrementally-stepped plurality
of pressure levels.

[0058] Clause 17, a method to remotely activate a valve, comprising: detecting an activation
pressure signal having a signature profile; in response to and after detecting the activation pressure
signal, arming a pressure-activated indexing mechanism; after the pressure-activated indexing
mechanism is armed, and after at least one cycle of threshold pressure is applied to the pressure-
activated indexing mechanism, disengaging a latch mechanism that is coupled to a valve; and
shifting the valve from a first position to a second position to open the valve.

[0059] Clause 18, the method of clause 17, further comprising: in response to and after detecting
the activation pressure signal, shifting an actuation mechanism from a first position to a second
position to puncture a fluid barrier, wherein pressure-activated indexing mechanism is armed after

the fluid barrier is punctured.
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[0060] Clause 19, the method of clause 18, further comprising: after puncturing the fluid barrier,
shifting a piston that is coupled to the pressure-activated indexing mechanism from a first position
to a second position to arm the pressure-activated indexing mechanism.

[0061] Clause 20, the method of any of clauses 17-19, further comprising inducing a threshold
pressure differential that is equal to the threshold pressure to apply a cycle of the at least one cycle
of threshold pressure to the pressure-activated index mechanism.

[0062] Arrows indicating directions of fluid flow are illustrated for illustration purposes only. It
is understood that fluids may flow in additional directions not shown in the Figures. As used
herein, the singular forms “a”, “an” and “the” are intended to include the plural forms as well,
unless the context clearly indicates otherwise. It will be further understood that the terms
“comprise” and/or “comprising,” when used in this specification and/or the claims, specify the
presence of stated features, steps, operations, elements, and/or components, but do not preclude
the presence or addition of one or more other features, steps, operations, elements, components,
and/or groups thereof. In addition, the steps and components described in the above embodiments
and figures are merely illustrative and do not imply that any particular step or component is a

requirement of a claimed embodiment.
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What is claimed is:
1. A pressure-activated valve assembly, comprising:
avalve;
a latch mechanism configured to shift the valve to an open position;

5 a pressure-activated indexing mechanism that is initially engaged to the latch
mechanism, wherein the pressure-activated indexing mechanism is initially in an
unarmed mode, and wherein after the pressure-activated indexing mechanism is in
an armed mode, applying at least one cycle of threshold pressure to the pressure-
activated indexing mechanism disengages the latch mechanism to shift the valve

10 to the open position; and
a remote-activated downhole system configured to:
receive an activation pressure signal having a signature profile; and
in response to receiving the activation pressure signal, arm the pressure-

activated indexing mechanism.

15
2. The pressure-activated valve assembly of claim 1, wherein the remote-activated downhole
system comprises a sensor configured to detect the activation pressure signal, wherein the
pressure-activated indexing mechanism is armed after the sensor detects the activation
pressure signal.
20

3. The pressure-activated valve assembly of claim 2, wherein the remote-activated downhole
system further comprises a detector configured to:
compare a signature profile of a pressure signal detected by the sensor with the

signature profile of the activation pressure signal; and
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determine whether the signature profile of the pressure signature matches the signature
profile of the activation pressure signal,

wherein in response to a determination that the signature profile of the pressure
signature matches the signature profile of the activation pressure signal, the

5 remote-activated downhole system arms the pressure-activated index mechanism.

4. The pressure-activated valve assembly of claim 3, further comprising:
a chamber having an actuator fluid;
a fluid barrier that prevents the actuator fluid from flowing through the fluid barrier
10 while the fluid barrier is intact; and

an actuation mechanism configured to move from a first position to a second position
to puncture the fluid barrier,

wherein the pressure-activated index mechanism is armed after the actuation
mechanism shifts from the first position to the second position to puncture the fluid

15 barrier.

5. The pressure-activated valve assembly of claim 4, further comprising a piston that is
initially positioned in a first position while the fluid barrier is intact and configured to shift
from the first position to a second position after the fluid barrier is punctured, wherein the

20 pressure-activated index mechanism is armed after the piston shifts from the first position

to the second position.

6. The pressure-activated valve assembly of claim 5, wherein the piston is coupled to the

pressure-activated indexing mechanism, and wherein the piston arms the pressure-
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activated index mechanism as the piston shifts from the first position to the second

position.

7. The pressure-activated valve assembly of claim 1, wherein the signature profile of the
5 activation pressure signal comprises plurality of minimum time intervals over which an
incrementally-stepped plurality of pressure levels is maintained between a first tolerance

threshold and a second tolerance threshold.

8. The pressure-activated valve assembly of claim 7, wherein at least one maximum time
10 interval is interposed between the plurality of minimum time intervals of the

incrementally-stepped plurality of pressure levels.

9. The pressure-activated valve assembly of claim 1, wherein the latch mechanism
comprises:
15 a latch that is initially engaged to the pressure-activated indexing mechanism; and
a spring that is in a compressed state while the latch is engaged to the pressure-
activated indexing mechanism, and reverts to a natural state after the latch
disengages from the pressure-activated indexing mechanism,
wherein a force generated by the spring reverting from the compressed state to the

20 natural state shifts the valve to the open position.

10. The pressure-activated valve assembly of claim 9, wherein the latch mechanism further

comprises a mandrel that is coupled to the spring, wherein the force generated by the

spring reverting from the compressed state moves the mandrel from a first position to a
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11

12.

13.

14.

second position, and wherein the mandrel shifts the valve to the open position as the

mandrel moves from the first position to the second position.

The pressure-activated valve assembly of claim 1, wherein the pressure-activated indexing
mechanism comprises a indexing piston configured to shift from a first position to a
second position in response to the threshold pressure being applied to the indexing piston,
and shift from the second position to the first position in response to less than the threshold
pressure being applied to the indexing piston, and wherein shifting the pressure-activated
piston from the first position to the second position for a threshold number of times

disengages the latch mechanism from the pressure-activated indexing mechanism.

The pressure-activated valve of assembly of claim 11, wherein the pressure-activated
indexing mechanism further comprises:
a first chamber filled with a fluid having a first pressure; and
a second chamber filled with the fluid having a second pressure that is higher than the
first pressure,
wherein the threshold pressure applied to the indexing piston is generated by a
pressure differential between the first pressure and the second pressure that is

greater than or equal to the threshold pressure.

The pressure-activated valve assembly of claim 1, wherein the valve is a ball valve.

A method to remotely activate a valve, comprising:
transmitting an activation pressure signal having a signature profile to a pressure-

activated valve assembly, the pressure-activated valve assembly comprising:
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avalve;
a latch mechanism configured to shift the valve to an open position;
a pressure-activated indexing mechanism that is initially engaged to the latch
mechanism; and
a remote-activated downhole system configured to:
receive the activation pressure signal having a signature profile;
and
in response to receiving the activation pressure signal, arm the
pressure-activated indexing mechanism; and
after transmitting the activation pressure signal, generating at least one cycle of
threshold pressure to disengage the latch mechanism, wherein the latch mechanism
causes valve to shift to the open position after the latch mechanism is disengaged

from the pressure-activated indexing mechanism.

15. The method of claim 14, wherein transmitting the activation pressure signal comprises
transmitting a pressure signal having a signal profile that comprises a plurality of
minimum time intervals over which an incrementally-stepped plurality of pressure levels

1s maintained between a first tolerance threshold and a second tolerance threshold.

16. The method of claim 15, wherein at least one maximum time interval is interposed
between the plurality of minimum time intervals of the incrementally-stepped plurality of

pressure levels.

17. A method to remotely activate a valve, comprising;

detecting an activation pressure signal having a signature profile;
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in response to and after detecting the activation pressure signal, arming a pressure-
activated indexing mechanism;
after the pressure-activated indexing mechanism is armed, and after at least one cycle
of threshold pressure is applied to the pressure-activated indexing mechanism,
5 disengaging a latch mechanism that is coupled to a valve; and

shifting the valve from a first position to a second position to open the valve.

18. The method of claim 17, further comprising:
in response to and after detecting the activation pressure signal, shifting an actuation
10 mechanism from a first position to a second position to puncture a fluid barrier,
wherein pressure-activated indexing mechanism is armed after the fluid barrier is

punctured.

19. The method of claim 18, further comprising:
15 after puncturing the fluid barrier, shifting a piston that is coupled to the pressure-
activated indexing mechanism from a first position to a second position to arm the

pressure-activated indexing mechanism.

20. The method of claim 17, further comprising inducing a threshold pressure differential that

20 is equal to the threshold pressure to apply a cycle of the at least one cycle of threshold

pressure to the pressure-activated index mechanism.
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