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DEEP SET WIRELINE RETRIEVABLE SAFETY VALVE
FIELD
[0001]  This disclosure relates generally to safety valves. More particularly, this disclosure relates
to wireline retrievable safety valves for use in downhole operations, such as hydrocarbon production,
as a secondary safety valve, for example in response to a faulty tubing retrievable safety valve.
BACKGROUND

[0002]  Well safety valves may be installed in a wellbore to prevent uncontrolled release of
reservoir fluids. For example, safety valves may be configured to close if there is a failure or other
emergency situation in the system that could lead to uncontrolled release of reservoir fluids. In
embodiments, a subsurface safety valve may be biased to a closed position, so that it is configured to
close the valve in the event that operator control is lost. A safety valve should ideally close as quickly
and/or reliably as possible during a process upset or in the event of an emergency, to ensure operational
and/or environmental safety. While there are different types of safety valves, hydraulic safety valves
may be configured to automatically close in the event of loss of pressure. For example, hydraulic
safety valves may be opened by application of hydraulic pressure to a piston, which can actuate the
valve to position it in an open position. The hydraulic control pressure holds the valve in the open
position. If control pressure is lost, the valve would then close.

[0003]  One type of hydraulic safety valve is a tubing retrievable safety valve. A tubing retrievable
safety valve (TRSV) may be adapted to be positioned in a well tubing string (e.g. a tubular string, such
as production tubing), to control the flow through the tubing string. As TRSVs are often subjected to
years of service in severe operating conditions, failure of the TRSV is possible. For example, a TRSV
in the closed position may eventually form leak paths. Alternatively, a TRSV in the closed position
may not properly open when actuated. Because of the potential for operational problems in the absence
of a properly functioning TRSV (and especially since TRSVs often function as failsafe valves, having
important safety implications), mitigation measure must be taken promptly when there is a TRSV
failure. Since TRSVs are incorporated into the production tubing, however, repairing or replacing a
malfunctioning TRSV would require removal of the entire production tubing, which can be expensive
and/or time-consuming. Thus, there is a need for an effective way to mitigate TRSV failure, for
example so that safety valve operation can be restored without having to remove the production tubing
from the well. This can be particularly challenging in deep set applications, for example due to issues

arising from hydrostatic pressure.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0004]  For a more complete understanding of the present disclosure, reference is now made to the
following brief description, taken in connection with the accompanying drawings and detailed
description, wherein like reference numerals represent like parts. These drawings illustrate certain
aspects of some examples of the present disclosure and should not be used to limit or define the
disclosure.
[0005]  FIG. 1is a diagram of an exemplary offshore well having an illustrative safety valve,
according to an embodiment of the disclosure;
[0006]  FIGS. 2A-B jointly illustrate an exemplary TRSV in a closed configuration, according to
an embodiment of the disclosure;
[0007]  FIGS. 3A-B jointly illustrate the TRSV of FIGS. 2A-B in an open configuration;,
[0008]  FIG. 4 illustrates a portion of the TRSV of FIGS. 2A-3B;
[0009]  FIG. 5A is a cross-sectional view schematically illustrating a control port and operating
piston of an exemplary wireline retrievable safety valve (WRSV) in a closed position, according to an
embodiment of the disclosure;
[0010]  FIG. 5B is a cross-sectional view schematically illustrating the control port and operating
piston of the WRSV of FIG. SA in an open position;
[0011]  FIG. 5C is a cross-sectional view schematically illustrating a balance port and balance
piston of the WRSV of FIG. 5A in a closed position;
[0012]  FIG. 5D is a cross-sectional view schematically illustrating the balance port and balance
piston of the WRSV of FIG. 5A in an open position;
[0013]  FIGS. 6A-B is a cross-sectional view schematically illustrating a system having an
exemplary WRSV disposed within an exemplary TRSV, according to an embodiment of the
disclosure; and
[0014]  FIG. 7 schematically illustrates operation of an exemplary WRSV, according to an
embodiment of the disclosure.

DETAILED DESCRIPTION

[0015] It should be understood at the outset that although illustrative implementations of one or
more embodiments are illustrated below, the disclosed systems and methods may be implemented
using any number of techniques, whether currently known or not yet in existence. The description that
follows includes example systems, methods, techniques, and program flows that embody aspects of

the disclosure. However, it is understood that this disclosure may be practiced without these specific
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details. For brevity, well-known steps, protocols, structures, and techniques have not been shown in
detail in order not to obfuscate the description. The disclosure should in no way be limited to the
illustrative implementations, drawings, and techniques illustrated below, but may be modified within

the scope of the appended claims along with their full scope of equivalents.

RT3
>

[0016]  As used herein the terms “uphole”, “upwell”, “above”, “top”, and the like refer
directionally in a wellbore towards the surface, while the terms “downhole”, “downwell”, “below”,
“bottom”, and the like refer directionally in a wellbore towards the toe of the wellbore (e.g. the end of
the wellbore distally away from the surface), as persons of skill will understand. Orientation terms
“upstream” and “downstream” are defined relative to the direction of flow of fluid. “Upstream” is
directed counter to the direction of flow of fluid, while “downstream” is directed in the direction of
flow of fluid, as persons of skill will understand.

[0017]  FIG. 1 illustrates an exemplary offshore platform 100 connected to a hydraulically
controlled safety valve 200 disposed in a well 112 via one or more hydraulic connection 102. An
annulus 108 may be defined between walls of well 112 and a conduit 110. Wellhead 114 may provide
a means to hand off and seal conduit 110 against well 112 and/or provide a profile to latch a subsea
blowout preventer to. Conduit 110 may be coupled to wellhead 114. While conduit 110 may generally
be any conduit such as a casing, liner, production tubing, or other tubulars disposed in a wellbore, in
embodiments conduit 110 comprises production tubing. It is to be understood that the various
examples of the present safety valve 200, tubular string, and related systems described herein may be
utilized in various orientations, such as inclined, inverted, horizontal, vertical, etc., and in various
configurations, without departing from the principles of the present disclosure. Although safety valve
200 is illustrated as being disposed within an offshore well, one of ordinary skill in the art will
appreciate that safety valve 200 may be disposed in any type of wellbore, including onshore and
offshore type wellbores, without deviating from the present disclosure. Furthermore, while hydraulic
connection 102 is illustrated as being connected to an offshore platform, hydraulic connection 102
may be connected to any type of completion or other element without departing from the disclosure.
[0018] Safety valve 200 may be interconnected in conduit 110 and positioned in well 112. Safety
valve 200 may provide a means to isolate a lower portion of conduit 110 from an upper portion of
conduit 110, for example providing control of fluids through the conduit 110. The lower portion of
conduit 110 (which is labeled 110ain FIG. 1) may be fluidically connected to a subterranean formation
such that formation fluids may flow into the lower portion of conduit 110. In some embodiments, one

or more packers may be placed between the lower portion of the conduit 110a and the casing or wall
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of the wellbore, so that fluid from the formation which enters the wellbore flows into the conduit 110
and then uphole (e.g. to the surface) through its bore. Hydraulic connection 102 may extend into the
well 112 and may be connected to safety valve 200. In some embodiments, hydraulic connection 102
may comprise a plurality of hydraulic lines, such as a control line and a balance line (as discussed
below). Hydraulic connection 102 may provide pressure to actuate (e.g. open) safety valve 200, for
example as discussed in more detail below. As will be described in further detail below, pressure may
be used to actuate the safety valve 200, for example driving components of the safety valve to an open
position and/or holding the components in place in the open position. Actuation may include opening
safety valve 200 to provide a flow path for wellbore fluids in a lower portion 110a of conduit 110 to
flow into an upper portion 110b of conduit 110. Hydraulic connection 102 may also provide a means
to close safety valve 200 and isolate a lower portion 110a of conduit 110 to flow from an upper portion
110b of conduit 110 to provide well control. For example, loss of pressure in hydraulic connection
102 may serve to close the safety valve 200.

[0019]  In order to operate the subsurface safety valve 200 from the surface, a control line and
balance line may be used (e.g. the hydraulic connection 102 may comprise the control line 102a and
the balance line 102b, see for example FIGS. 2A and 4). In order to open the subsurface safety valve
200, hydraulic pressure can be applied via the control line. In accordance with the present invention,
the balance line can supply a balancing pressure to compensate for the effects of hydrostatic pressure
on the control line. Control of the hydraulic pressure applied via the control line and balance line may
be effectuated through, for example a control manifold, which may be located on the surface.

[0020]  In some embodiments, the safety valve 200 may comprise a tubing retrievable safety valve
(TRSV). For example, the TRSV 200 may be fluidly coupled in the conduit 110 (e.g. as part of the
tubular string). FIGS. 2A-B and 3A-B, illustrate the structure and operation of an exemplary TRSV
200. FIGS. 2A-B and 3A-B are essentially identical, except that FIGS. 2A-B depict the TRSV 200 in
a closed position, whereas FIGS. 3A-B illustrate the TRSV 200 in the open position. In FIGS 2A-3B,
the tubing retrievable safety valve 200 includes a top sub or annular body 201 comprising an annular
housing defining a fluid passageway/ longitudinal bore 298, with a neck portion 202. The neck portion
202 may include a connection/engagement mechanism for coupling the body 201 to the tubular
string/conduit 110, for example including threaded portion 204 for engaging the tubing string. The
tubing replaceable safety valve 200 of FIGS. 2A-B also includes a similarly configured bottom sub or
annular body 300 including neck portion 302 with threaded portion 304 for engaging the tubing string.

While FIGS. 2A-3B illustrate the TRSV 200 body as being formed of multiple body elements, in other
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embodiments the TRSV body may be integral (e.g. the annular bodies 201 and 300 may be portions
of a unitary body). One or more control tubes or lines 102a are connected to control conduits 206 for
transmitting hydraulic control pressure to cylinder or piston rod bore 212.

[0021]  In some embodiments, two control conduits 206 disposed radially at 180 degrees relative
to each other, may extend through top sub 200. In some embodiments, a third or balance conduit 404
may be configured for fluid communication with balance line 102b, and may be positioned in a
different plane from the control line(s) 102a, for example positioned radially at 90 degrees from the
control line 102a for transmission of balance pressure. Although the illustrated embodiment shows
two control conduits and one balance conduit, it will be appreciated by those skilled in the art that the
number of conduits as well as the number of balance and control lines utilized in the practice of the
present invention may be varied depending upon the specific application.

[0022] In FIGS. 2A-B, a piston rod 208 is moveably positioned in piston rod bore 212 for
reciprocal movement in a longitudinal/axial direction relative to the tubing string. Piston rod seal
assembly 210 can isolate piston rod 208 from piston rod bore 212. In accordance with the present
invention, hydraulic pressure applied via a control tube or line 102a is communicated via a control
conduit 206 to a piston rod bore 212 to reciprocate piston rod 208 in an axial direction (e.g. downhole
and/or towards the valve).

[0023]  In embodiments, the rod piston seal assembly 210 includes upper and lower concentric
non-elastomer seal members urged into sealing engagement with annular wall of piston rod bore 212,
for example by energizing springs. Dynamic seals may also be provided. Dynamic seal can include
an O-ring interposed between retainers.

[0024]  Referring again to FIGS. 2A-B and 3A-B, upon actuation by the application of control
pressure (e.g. via control line 102a), piston rod 208, in turn, engages concentric bearing assembly 218
(which can include bearings 216 and bearing retainer 220) to transmit compressive force to spring
222. In embodiments, the use of concentric bearing assembly may reduce any torsional effects
resulting from the use of helical spring 222 to bias the valve and thus, in turn, reduces wear on other
parts of the valve assembly. Spring 222 is positioned in sealed spring chamber 281 between spring
housing 228 and spring guide 226 to control movement of the spring in a longitudinal/axial direction
relative to the axis of the tubing string. A concentric spring compression ring 224 can be interposed
between bearing assembly 218 and spring 222 to provide uniform transmission of force from the

piston rod 208 to the spring 222.
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[0025]  In FIGS. 2A-B, spring 222 is positioned in chamber 281 between spring house 228 and
spring guide 226 for compression in a longitudinal axis direction relative to the tubing string. A
dynamic seal assembly 230 can be provided to ensure an adequate seal between the piston rod bore
212 and spring housing 228 to isolate the spring chamber 281 from well pressure.

[0026]  Dynamic seal assembly 230 may, as illustrated, include a lip seal 232, a back up or
retaining ring 234 and an O-ring 236. The sealing assembly may provide isolation between well fluids
and the safety valve assembly as piston rod 208 reciprocates in a longitudinal direction relative to the
tubing string. As illustrated, the same sealing mechanism can be used to isolate the spring housing 228
adjacent the bottom of spring chamber 281, including a lip seal 232, a back up or retaining ring 234
and an O-ring 236. Additionally, piston rod guide 238 may control movement of piston rod 208 in a
lateral direction relative to the longitudinal axis of the tubing string.

[0027]  As best illustrated in FIGS. 3A-B, upon compression of spring 222, spring housing 228
may be displaced downwardly. Shoulder 240 can engage longitudinally extending operator 242,
displacing the operator in a downward axial direction. Operator 242 in turn can engage valve assembly
250 to place the valve in an open position. As illustrated, valve assembly 250 comprises a flapper-
type valve enclosed in valve housing 251, It is, however, contemplated that other valve types, such as
a ball valve may be advantageously utilized in the practice of the present invention. Similarly, as
illustrated longitudinally extending operator 242 is a tubular member (e.g. an axially slidable sleeve)
extending axially relative to the tubing string, however it is contemplated that other geometries may
be utilized in exemplary TRSV 200 embodiments.

[0028]  Asnoted above, upon compression of spring 222 (e.g. due to applied pressure through the
control line 102a), operator/sleeve 242 can be displaced in an axial direction, thereby engaging flapper
valve assembly 250. In embodiments, flapper valve assembly 250 can include closure member or
flapper 252 pivotally mounted on flapper pin 254 and tension spring 256. In the closed position, the
flapper 252 may seal against valve seat 258. Tension spring 256 can bias flapper 252 to the closed
position to aid in sealing to flapper 252 against valve seat 258. In the illustrated embodiment, the
flapper 252 is oval, however other geometries may be applicable.

[0029]  The spring 222 may be configured to bias the operator/sleeve 242 uphole and/or away
from the valve 252 (e.g. towards the closed position). So in operation, sufficient pressure applied
through control line 102a may be transmitted through the piston rod 208 to open the valve, for example
compressing spring 222 and extending operator/sleeve 242 through the valve assembly 250. The valve

assembly 250 may be held open so long as sufficient pressure is applied via control line 102a, with
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the spring 222 biasing the operatot/sleeve 242 towards the closed position. Upon loss of pressure in
the control line 102a, the valve assembly 250 closes. For example, the biased operator/sleeve 242 (no
longer opposed by pressure on the piston rod 208) can move uphole towards its closed position,
resulting in the valve assembly 250 closing.

[0030]  As should be appreciated by those skilled in the art, the depth at which a spring biased
subsurface safety valve can be operated is limited due to the hydrostatic pressure generated by the
column of fluid in the control line 102a. Since the hydrostatic force applied by the column of fluid in
the control line 102a varies with the depth at which the valve 200 is positioned, the constant
counteracting spring force biasing the safety valve can be overcome by the hydrostatic head in some
instances, rendering the valve inoperative at greater than design depths and/or requiring very large
spring forces to effectively close the valve. For example, a deep set TRSV 200 may have mechanical
limitations due to force available from a spring versus the hydrostatic loads the rod piston seals may
see during a failure. In most cases deep water drilling requires the safety valve be set deeper than the
mechanical spring force may allow. Using a balance line 102b in addition to a control line 102a can
overcome this limitation.

[0031]  Referring again to figures, 2A-B and 3A-B, in accordance with the present invention, the
subsurface safety valve 200 can be isolated from well pressure by dynamic seal assemblies 230. In
order to enable the subsurface safety valve to operate at depths where the biasing force provided by
spring 222 would be overcome by the hydrostatic force of the fluid in control line 102a, it is necessary
to balance the hydrostatic forces. In order to counteract the hydrostatic head of the control line 102a,
balance line 102b can supply hydraulic pressure via balance conduit 404. In some embodiments,
balance line 102b may supply balance pressure to spring chamber 281 and/or act on the downhole end
of piston rod 208 (e.g. in opposition to the force generated on the uphole end of piston rod 208 by
pressure from control line 102a). Thus, when subsurface safety valve 200 is positioned at a depth
where the hydrostatic head in control line 102a is sufficient to overcome the biasing force of spring
222, a compensating force may be applied via balance line 102b through conduit 404 and passageway
406 to spring chamber 281 as best seen in FIG. 4. In other embodiments, the compensating force
may be applied indirectly, for example with pressure from balance line 102b applied to a compensating
(e.g. balance) piston which can be linked (e.g. for axial movement) with piston rod 208, but with
applied force axially opposite that applied by the control line 102a to piston rod 208. For example,
this may provide a tubing pressure insensitive, non-equalizing safety valve. In some embodiments,

the TRSV 200 may be configured similar to DepthStar™ or Equistar™ safety valve products by
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Halliburton. The balancing force may allow the safety valve 200 to be positioned at various depths
irrespective of the biasing force applied by spring 222. Thus, the TRSV 200 may be configured to be
in fluid communication with both a control line and a balance line, and the TRSV 200 can provide a
depth or well-insensitive subsurface safety valve capable of being operated over a wide range of
depths, irrespective of the particular biasing spring design.

[0032]  As TRSVs are often subjected to years of service in severe operating conditions, failure of
TRSVs may occur. For example, a TRSV in the closed position may leak. Alternatively, a TRSV in
the closed position may not properly open. Because of the potential for disaster in the absence of a
properly functioning TRSV, it is vital that the malfunctioning TRSV be promptly replaced or repaired.
As TRSVs are typically incorporated into the tubing string, replacing or repairing a malfunctioning
TRSV typically may require removal of the tubing string from the wellbore. Depending on the
circumstances, the cost of pulling the tubing string out of the wellbore can run into the millions of
dollars.

[0033] It has been found, however, that a wireline retrievable safety valve ("WRSV") may be
inserted inside the original TRSV (while the TRSV is in place in the production tubing downhole in
the well) and operated to provide the same safety function as the original TRSV (e.g. which is no
longer functioning properly and/or is no longer fully operational). These valves are designed to be
lowered into place from the surface via wireline and locked in place inside the original TRSV. This
method can provide a much more efficient and cost-effective alternative to pulling the tubing string
when there is failure of the TRSV. In embodiments, the WRSV can take over the full functionality of
the original TRSV by the WRSV being in fluid communication with the hydraulic control system of
the TRSV (e.g. the control and balance lines). For example, the WRSV may be in fluid communication
with the control line through the TRSV, and the WRSV may be in fluid communication with the
balance line through the TRSV.

[0034]  FIGS. 5A-5D illustrate an exemplary wireline retrievable safety valve (WRSV) 500. FIG.
5A illustrates a cross-sectional view of the WRSV 500 in closed configuration, oriented to show the
control pressure aspects (e.g. for opening and closing the valve 540 of the WRSV 500), and FIG. 5B
similarly illustrates the WRSV 500 control pressure aspects in open configuration. FIG. 5C illustrates
another cross-sectional view of the WRSV 500 in closed configuration (e.g. similar to FIG. SA, but
shown on a different plane), oriented to show the balance pressure aspects (e.g. for counteracting
hydrostatic pressure in the control line), and FIG. 5D similarly illustrates the WRSV 500 balance

pressure aspects in open configuration. In embodiments, the WRSV 500 may be configured to be
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disposed within a TRSV 200 and to take over safety valve functionality from the TRSV 200, for
example allowing effective hydraulic safety valve function if the TRSV 200 has malfunctioned.
[0035]  The WRSV 500 comprises a body 501 having a bore 503 therethrough, a control port 510,
and a balance port 515. In embodiments, the control port 510 and the balance port 515 open on the
exterior of the body 501. Within the body 501, an operating piston 520 (e.g. having a head 525 and
rod 527, see for example FIG. 7), a balance piston 530 (having a head 535 and a rod 537, see for
example FIG. 7), and a valve 540 are disposed. The valve 540 is configured to have an open position
(allowing flow through the bore 503) and a closed position (e.g. configured to close the bore 503).
The control port 510 may be configured to be in fluid communication with the operating piston 520,
and the balance port 515 may be configured to be in fluid communication with the balance piston 530.
[0036]  As shown in FIGS. SA-B, the valve 540 can be configured so that sufficient pressure (e.g.
operating piston pressure can range from about 2000-5000 psi.) applied to the operating piston 520
through the control port 510 opens the valve 540. For example, pressure applied on the first side 521
of the operating piston 520 through the control port 510 can open the valve 540, and loss of pressure
through the control port 510 may close the valve 540. In embodiments, the valve 540 can comprise a
flapper valve (e.g. which may be biased closed), although alternate valves may be used in other
embodiments. In embodiments, the operating piston 520 and the balance piston 530 can be linked to
move (e.g. axially) together. For example, the operating piston 520 and the balance piston 530 may
be linked by a connecting ring 550.

[0037]  In embodiments (see for example FIG. 7), the control port 510 may be in fluid
communication with a first side 521 of the operating piston 520 (e.g. a first side of the head 525 of the
operating piston 520), the balance port 515 may be in fluid communication with a first side 531 of the
balance piston head 535, a second side 522 of the operating piston 520 (e.g. opposite the first side 521
of the operating piston 520) and a second side 532 of the balance piston head 535 may be configured
to be in fluid communication with the wellbore (e.g. through one or more wellbore pressure port 518),
the balance piston rod 537 may extend outward from the first side 531 of the balance piston head 535,
and the balance piston rod 537 (e.g. the distal end of the balance piston rod) may be configured to be
in fluid communication with the wellbore (e.g. through the one or more wellbore pressure port 518).
FIG. 7 provides an exemplary embodiment illustrating how the pressures (e.g. the control pressure,
the balance pressure, and the wellbore pressure) in the WRSV 300 interact with the operating piston
520 and balance piston 530. In embodiments, the first side 521 of the operating piston 520 may be

axially opposed to the first side 531 of the balance piston head 535 (e.g. and rod 537). For example,
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control pressure on the first side 521 of the operating piston 520 may act in opposition to pressure
applied on the first side 531 of the balance piston head 535 and the rod 537 (e.g. balance pressure
applied to the first side 531 ofthe balance piston head 535 and wellbore pressure applied to the balance
piston rod 537). In embodiments, the balance piston 530 and operating piston 520 may be configured
so that balance pressure is axially opposed to control/operating pressure (e.g. as communicated
therebetween by the connecting ring 550). For example, pressure from the control port 510 may be
configured to act downhole on the operating piston 520, and pressure from the balance port 515 may
be configured to act uphole on the balance piston 530.

[0038]  Inembodiments, the first side 521 of the operating piston 520 has a first surface area, the
second side 522 of the operating piston 520 has a second surface area, the first side 531 of the balance
piston head 535 has a third surface area, the second side 532 of the balance piston head 525 has a
fourth surface area, and the balance piston rod 537 has a fifth surface area (e.g. on the axial end of the
rod). In embodiments, the first surface area can be approximately equal to the second surface area,
the first surface area can be approximately equal to the third surface area, the fourth surface area can
be approximately equal to the third surface area plus the fifth surface area, and the fourth surface area
can be approximately equal to the second surface area plus the fifth surface area. As shown in FIG.
7, the operating piston 520 may comprise a head 525 and a rod 527, and the rod 527 can extend
outward from the second side of the operating piston head 525. In embodiments, the second side 522
of the operating piston 520 may comprise both the second side of its head 525 and the rod 527 (e.g.
both the second side of the operating piston head 525 and operating piston rod 527 are configured to
be in fluid communication with the wellbore pressure opposite the first side 521 of the operating piston
520 and/or the second surface area comprises the surface area of the second side of the operating
piston head 525 plus the (e.g. distal end) surface area of the operating head rod 527).

[0039]  In embodiments, the body 501 can be configured to lock into a bore 298 of a tubing
retrievable safety valve (such as TRSV 200 of FIG. 2A-B, which may be in fluid communication with
a control line 102a and a balance line 102b, see for example FIGS. 6A-B). The body 501 can be
configured to place the control port 510 in fluid communication with the control line 102a (e.g. through
the TRSV) and the balance port 515 in fluid communication with the balance line 102b (e.g. through
the TRSV), for example when the body 501 is locked in the bore 298 of the TRSV 200. Typically,
the body 501 can be configured so that when locked into TRSV 200, the body 501 extends through
the valve of the TRSV 200 to hold the valve open (e.g. body 501 configured to lock the TRSV 200

valve open when disposed in the TRSV 200).
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[0040]  In some embodiments, the body 501 may comprise a lock mandrel 573, while in other
embodiments a separate lock mandrel 573 may be configured to axially fix the WRSV 500 in place
within the TRSV 200 (e.g. at an appropriate location for communication between the control lines
102a and balance lines 102b of the TRSV 200 to the WRSV 500 and/or for holding the TRSV valve
open). In some embodiments, the lock mandrel 573 can be disposed uphole of the body 501 (e.g. on
the uphole end). In some embodiments, either the body 501 or the lock mandrel 573 may be
configured for attachment to a wireline, for deployment downhole in a well. The lock mandrel 573
can be configured to seat on top of the TRSV 200 (e.g. on a top sub of the TRSV 200 and/or in
proximity to the top of the TRSV 200). In embodiments, there may be an extension disposed between
locking mandrel 573 and the body 501, to properly position the WRSV 500 within the TRSV 200
(e.g., with the control port 510 disposed in fluid communication with the control line 102a through
the TRSV 200, and the balance port 515 disposed in fluid communication with the balance line 102b
through the TRSV 200, and with the body 501 extending through the TRSV valve).

[0041]  In embodiments, the balance port 515 and the control port 510 may be axially spaced on
the body 501 (e.g. there is axial space therebetween). For example, the balance port 515 can be
disposed downhole of the control port 510. Some embodiments may further comprise three seals 560,
for example with the first seal 560a disposed above/uphole of the control port 510, the second seal
560b disposed between the control port 510 and the balance port 515 (e.g. below the control port 510
and above the balance port 515), and the third seal 560c¢ disposed below/downhole of the balance port
515. The three seals 560 may be configured to form two sealed spaces between the WRSV 500 and
the TRSV 200, with the control port 510 disposed in the first sealed space (e.g. between the first and
second seals 560a and 560b) and the balance port 515 disposed in the second sealed space (e.g.
between the second and third seals 560b and 560c). This may facilitate transmission of control
pressure from the control line 102a, through the TRSV 200, to the control port 510 of the WRSV 500
(e.g. and thereby to the operating piston 520 of the WRSV 500), as well as transmission of balance
pressure from the balance line 102b, through the TRSV 200, to the balance port 515 of the WRSV
500 (e.g. and thereby to the balance piston 530 of the WRSV 500). In some embodiments, the seals
560 may be configured to provide radial space (e.g. circumferentially) between the WRSV 500 and
the TRSV 200 (for example, at least in proximity to the control port 510 and balance port 515).
Generally, each seal 560 may encircle the body 501 (e.g. configured to form a seal around the
circumference of the WRSV 500 between the WRSV 500 and the TRSV 200 and/or to prevent axial

fluid flow therepast). In embodiments, the first sealed space (e.g. between first and second seals 560a
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and 560b) can be configured to be in fluid communication with the TRSV control line 102a, and the
second sealed space (e.g. between second and third seals 560b and 560c) can be configured to be in
fluid communication with the TRSV balance line 102b.

[0042]  In some embodiments, each piston of the WRSV 500 (e.g. the operating piston 520 and
the balance piston 530) may comprise a (e.g. moving) seal configured to separate either the control or
balance pressure from wellbore pressure. In embodiments, the balance piston 530 may have two such
seals, for example a seal 791 on the balance piston head 535 and a seal 793 on the balance piston rod
537). In embodiments, the seal 796 on the operating piston 520 may be disposed on its head 525.
[0043]  The WRSV 500 may further comprise a sliding sleeve 565 disposed within the body 501
(e.g. within the bore 503), having a first/closed position distal to (e.g. spaced from) the valve 540 (e.g.
uphole, as shown in FIG. 5A) and a second/open position proximate to the valve 540 (e.g. downhole,
as shown in FIG. 5C). For example, in the first position the sleeve 565 may be spaced axially from
the valve 540, and in the second position the sleeve 565 may extend through the flapper valve 540 to
hold it open. In embodiments, the sleeve 565 may be biased from the second/open position towards
the first/closed position. For example, a spring 567 may be configured to bias the sleeve 565 from the
second position to the first position. The spring 567 may be configured to provide sufficient spring
force (e.g. upward/closing force) on the operating piston 520 to close the valve 540 and/or to translate
the sleeve 565 to the first position when there is loss of control pressure. Due to the configuration
with the balance pressure, the spring 567 may not have to overcome the hydrostatic pressure of the
control line 102a in order to close the valve 540. In some embodiments, the valve 540 itself may be
biased to close as well (e.g. so that when the sleeve 565 retracts, the valve 540 closes).

[0044]  The operating piston 520 can be configured to move the sleeve 565 from the first position
to the second position (e.g. based on application of control pressure from the control line 102a). In
some embodiments, the connecting ring 550 may be disposed between the operating piston 520 and
the spring 567 (e.g. so that the piston may drive/compress the spring 567 through contact with the
connecting ring 550) and/or may be configured to drive/translate the sleeve 565 based on operating
piston 520 movement/position. The connecting ring 550 may be configured so that axial movement
of the operating piston 520 and balance piston 530 are linked (see for example FIG. 7).

[0045]  As mentioned above, the WRSV 500 (e.g. as shown in FIGS. SA-D) may be configured
for insertion in and/or operation with a TRSV 200 (e.g. which may be similar to that shown in and
described with respect to FIGS. 2A-4 in some embodiments). FIGS. 6A-B illustrate a system having

a WRSV 500 and a TRSV 200, with FIG. 6A illustrating the control pressure aspects of the exemplary
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system and FIG. 6B illustrating the balance pressure aspects (for convenience, only portions of the
TRSV 200 and WRSYV 500 are shown). For example, a system may comprise a tubular string 110
having a TRSV 200 disposed therein, a WRSV 500 disposed (e.g. at least partially) in a bore 298 of
the TRSV 200, a control line 102a providing control pressure from the surface to the TRSV 200, and
a balance line 102b providing balance pressure from the surface to the TRSV 200. The WRSV 500
may be configured to hold the flapper valve 252 of the TRSV 200 open, for example with a portion
of the WRSV body 501 extending through the flapper valve 252 of the TRSV 200 when the WRSV
500 is seated in and/or locked on the TRSV 200 (e.g. the WRSV 500 may extend downward from the
top of the TRSV 200 sufficiently to extend through the flapper valve 252 of the TRSV 200). A control
port 510 of the WRSV 500 may be in fluid communication with the control line 102a through the
TRSV 200, and pressure applied through the control line 102a may be operable to open the valve 540
of the WRSV 500. A balance port 515 of the WRSV 500 may be in fluid communication with the
balance line 102b through the TRSV 200. Typically, the TRSV valve 252 is no longer functional (has
malfunctioned), and the WRSV 500 has taken over safety valve operations.

[0046]  The loss of pressure through the control line 102a may be operable to close the valve 540
of the WRSV 500. In embodiments, the WRSV 500 may be similar to the example discussed above
with respect to FIGS. SA-D. In some embodiments, the TRSV 200 may comprise a TRSV operating
piston (e.g. piston rod 208) in fluid communication with the control line 102a and a TRSV balance
piston (e.g. compensating piston, which may be similar to the balance piston 530) in fluid
communication with the balance line 102b. In some embodiments, the interaction between the TRSV
control pressure and the TRSV balance pressure may be similar to the interactions described herein
regarding the WRSV 500 control pressure and the WRSV 500 balance pressure. For example, the
TRSV operating piston and TRSV balance piston can be mechanically linked to move axially together
and may have pressure arranged on the pistons in a similar manner to the WRSV 500 (e.g. with the
balance pressure axially opposed to the control pressure).

[0047]  When the WRSV 500 is seated in the TRSV 200, in addition to holding the valve of the
TRSV 200 open (as shown in FIGS. 6A-B), interaction of the three seals 560 on the WRSV 500 body
501 exterior with the bore/interior surface 298 of the TRSV 200 may form the sealed spaces
therebetween to facilitate fluid communication between the TRSV 200 and the WRSV 500. As
previously discussed, the control port 510 of the WRSV 500 may be disposed in the first sealed space,
and the balance port 515 may be disposed in the second sealed space. As shown in the system of

FIGS. 6A-B, a control pressure opening 612 (e.g. on the bore/interior surface 298) of the TRSV 200
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may also be disposed in the first sealed space, and a balance pressure opening 613 (e.g. on the
bore/interior surface 298) of the TRSV 200 may also be disposed in the second sealed space. The
control pressure opening 612 of the TRSV 200 may be in fluid communication with the control line
102a, thereby providing fluid communication between the control line 102a from the surface and the
control port 510 of the WRSV 500 (and thereby the operating piston 520 of the WRSV 500). The
balance pressure opening 613 of the TRSV 200 may be in fluid communication with the balance line
102b (e.g. through bore opening 616), thereby providing fluid communication between the balance
line 102b from the surface and the balance port 515 of the WRSV 500 (and thereby the balance piston
530 of the WRSV 500). The control pressure opening 612 and the balance pressure opening 613 of
the TRSV 200 may be axially spaced, for example similarly to the control port 510 and balance port
515 of the WRSV 500 (e.g. so that corresponding openings and ports are disposed in the same sealed
space, formed by the three seals 560).

[0048]  Typically, prior to failure of valve 252 and/or insertion of the WRSV 500, the TRSV 200
may not have had the control pressure opening 612 or the balance pressure opening 613 (e.g. there
may have been no fluid communication between either the control or balance line 102b and the bore
298 of the TRSV 200). In some embodiments, after failure of the TRSV 200 and/or prior to insertion
of the WRSV 500, the control pressure opening 612 and the balance pressure opening 613 may be
opened (so that when seated, the fluid communication between the TRSV 200 and the WRSV 500 is
possible).

[0049]  For example, a radial cutting tool may be inserted into the central bore of the TRSV 200.
The radial cutting tool may use any one of several cutting techniques that are well known in the art
including, but not limited to, chemical cutting, thermal cutting, mechanical cutting, explosive cutting
or the like. For example, the radial cutting tool may be a chemical cutter that is lowered through
tubing/conduit from the surface into the center/bore of the TRSV 200. The position of radial cutting
tool within the TRSV 200 may be determined by engagement of a locator section of radial cutting tool
with one or more landing nipple within tubing. Once in place, the radial cutting tool can be operated
to cut through a portion of the bore wall of the TRSV 200, to form the control pressure opening 612
and/or balance pressure opening 613 (e.g. to open fluid communication between the control piston
(e.g. piston rod 208) and the bore 298 of the TRSV 200 and/or the balance piston (e.g. compensating
piston) and the bore 298 of the TRSV 200 respectively). For example, a 360-degree cut may be made
into the surrounding material (e.g. the bore wall). Radial cutting tool may normally be controlled at

the surface. The depth of cut made by the radial cutting tool can be predetermined (e.g. based on the
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geometry of the TRSV 200). The radial cutting tool can be set to make a cut deep enough to penetrate
through a portion of the bore wall to form the control and/or balance pressure opening 612, 613, while
still shallow enough to maintain the integrity of the TRSV 200. Typically, two cuts axially spaced
apart would be made to form the control pressure opening 612 and the balance pressure opening 613.
Once the control pressure opening 612 and/or balance pressure opening 613 has been created, the
radial cutting tool can be retrieved to the surface. The WRSV 500 can then be lowered into the central
bore 298 of TRSV 200, seating as shown in FIGS. 6A-B.

[0050]  In some embodiments, one or more through-port (e.g. control pressure opening 612 and/or
balance pressure opening 613) may be formed on the bore wall of the TRSV 200 to establish fluid
communication between the control line 102a and the control port 510 of the WRSV 500 and the
balance line 102b and the balance port 515 of the WRSV 500 (through the TRSV 200). Pressurized
control fluid may then be used to control the WRSV 500 later disposed in the valve body 501 of the
TRSV 200. In one example, the bore wall may be puncturable to form the through-port on the bore
wall. Typically, the through port(s) would be formed on a separate trip prior to installing a WRSV 500
in the TRSV 200.

[0051]  In some embodiments, the TRSV 200 may have a first removable (e.g. rupturable or
shearable) plug and a second removeable plug (e.g. rupturable or shearable), wherein the first plug
seals a first passage in the TRSV 200 providing fluid communication from the control line 102a to the
interior surface/bore of the TRSV 200 (e.g. sealing the control pressure opening 612 of the TRSV
200), and the second plug seals a second passage providing fluid communication from the balance
line 102b to the interior surface/bore of the TRSV 200 (e.g. sealing the balance pressure opening 613
of the TRSV 200). Typically, the first plug and the second plug may be axially spaced apart, for
example with the first plug disposed axially uphole/above the second plug. In embodiments, the first
and second plugs prevent fluid communication therethrough when closed, but are configured to be
removed/opened, thereby providing fluid communication therethrough (e.g. when the TRSV 200 has
failed and/or the WRSV 500 is to be used to replace TRSV 200 functionality). In some embodiments,
the control pressure opening 612 and/or the balance pressure opening 613 may be opened prior to
insertion of the WRSV 500 into the TRSV 200, but in other embodiments the control pressure opening
612 and/or balance pressure opening 613 may be opened during or after insertion of the WRSV 500
into the TRSV 200.

[0052]  Inembodiments, the TRSV 200 may be disposed within (e.g. made up as part of) a tubular

string 110, configured for insertion downhole from the surface of the well. In embodiments, the
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system may include a pressure source, such as a pump which may be at the surface. In embodiments,
the system may comprise a wireline, which may extend downward from the surface into the wellbore
and/or is configured to position the WRSV 500 in the wellbore/TRSV 200). For example, the WRSV
500 can be disposed at the distal/downhole end of the wireline. In embodiments, the balance pressure
can be set to overcome hydrostatic pressure in the control line 102a. In embodiments, the spring 567
may not have to overcome hydrostatic pressure of the control line 102a to close the valve 540.

[0053]  Disclosed embodiments further include methods of providing safety valve functionality in
a wellbore (e.g. when a TRSV fails). For example, a method may comprise seating a WRSV in a bore
of a TRSV disposed in the wellbore, wherein a control line provides control pressure to the TRSV and
a balance line provides balance pressure to the TRSV; and providing fluid communication between
the control line and an operating piston of the WRSV through the TRSV, and providing fluid
communication between the balance line and a balance piston of the WRSV through the TRSV. In
embodiments, a valve of the TRSV is not operational (e.g. the TRSV no longer functions effectively
as a safety valve). Some method embodiments further comprise determining that the valve of the
TRSYV is no longer functional/operational. In embodiments, the TRSV and/or WRSV may be one of
the embodiments disclosed herein. For example, the operating piston and the balance piston of the
WRSV can be linked to move (e.g. axially) together and/or pressure from the control line on the
operating piston may be axially opposed to pressure from the balance line on the balance piston.
[0054] Some method embodiments may further comprise providing wellbore pressure to each of
the operating piston and the balance piston, with the wellbore pressure on the operating piston axially
opposed to the wellbore pressure on the balance piston. Some embodiments may have wellbore
pressure provided to the operating piston opposite the pressure from the control line, and wellbore
pressure provided to the balance piston opposite the pressure from the balance line. For example, in
embodiments the pressures may be applied similar to that shown in FIG. 7. Method embodiments
may further comprise providing balance pressure through the balance line sufficient to overcome
hydrostatic pressure of the control line. Embodiments may further comprise providing control pressure
through the control line to open a valve of the WRSV. Method embodiments may further comprise,
upon loss of pressure in the control line, closing the valve of the WRSV.

[0055]  Inembodiments, providing fluid communication between the control line and an operating
piston of the WRSV through the TRSV may comprise opening a first flowpath (e.g. a control pressure
opening) through the TRSV (e.g. providing fluid communication from the control line to the bore of

the TRSV) and/or providing fluid communication between the balance line and a balance piston of
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the WRSV through the TRSV may comprise opening a second flowpath (e.g. a balance pressure
opening) through the TRSV (e.g. providing fluid communication from the balance line to the bore of
the TRSV). An exit for the first flowpath (e.g. the control pressure opening) can be axially offset from
an exit for the second flowpath (e.g. the balance pressure opening). In some embodiments, opening
the first and second fluid flowpaths (e.g. the control pressure opening and balance pressure opening)
may comprise rupturing or shearing a plug (e.g. before seating the WRSV in the TRSV). In other
embodiments, opening the first and second fluid flowpath may comprise, prior to seating the WRSV
in the TRSYV, cutting the first and second fluid flowpath (e.g. the control pressure opening and balance
pressure opening) in the interior surface/bore of the TRSV (e.g. using a cutting tool). In embodiments,
the control pressure opening and balance pressure opening may each extend 360 degrees around the
bore of the TRSV.

[0056]  In embodiments, seating the WRSV in the bore of the TRSV may hold/fix open the valve
in the TRSV (e.g. with the WRSV extending through the valve of the TRSV). In some embodiments,
seating the WRSYV in the bore of the TRSV may provide sealing between the WRSV and the TRSV
(e.g. providing the first sealed space between the TRSV and WRSV through which fluid
communication between the control line and the WRSV through the TRSV occurs, and providing the
second sealed space between the TRSV and WRSV through which fluid communication between the
balance line and the WRSV through the TRSV occurs). In embodiments, the TRSV is disposed in a
tubing string disposed downhole in a well. In embodiments, the TRSV and/or WRSV may be disposed
at deep set depths within a well, for example depths greater than approximately 7,000 ft., greater than
approximately 9,000 ft, approximately 7,000-12,000, approximately 7,000-9,000 ft., or
approximately 9,000-12,000 ft.

[0057]  Disclosed embodiments also include methods of making a WRSV. For example, a method
of making of WRSYV may comprise placing an operating piston in fluid communication with a control
port; placing a balance piston in fluid communication with a balance port; placing one or more
wellbore pressure port in fluid communication with both the operating piston and the balance piston;
and linking the operating piston and the balance piston to move axially together. In embodiments,
pressure from the control port on the operating piston may be axially opposed to pressure from the
balance port on the balance piston, pressure from the one or more wellbore pressure port on the
operating piston may be opposite pressure from the control port, and/or pressure from the one or more
wellbore pressure port on the balance piston may be opposite pressure from the balance port. Method

embodiments may further comprise providing a body having a longitudinal bore therethrough, and
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disposing a valve in the bore, wherein pressure from the control port is operable to open the valve (e.g.
actuation of the operating piston opens the valve), and a loss of pressure through the control port is
operable to close the valve. Embodiments may further comprise forming or disposing the control port
and the balance port in the body. In embodiments, there may be no fluid communication between the
operating piston and/or balance piston and the bore 503 of the WRSV.

[0058]  Embodiments may also include providing a sliding sleeve in the bore, wherein the sliding
sleeve has a closed position and an open position, in the open position the sleeve extends through the
valve and/or opens the valve, and the sleeve is biased from the open position towards the closed
position. In embodiments, the operating piston can be configured to translate the sleeve from the
closed position to the open position (e.g. responsive to application of sufficient pressure through the
control port). Embodiments may further comprise providing a spring configured to bias the sleeve
towards the closed position. In embodiments, the spring may not have to overcome hydrostatic
pressure of the control line. In embodiments, the spring force along with the force from the balance
pressure may cause the valve to close upon loss of control pressure.

[0059]  Embodiments may further comprise providing three seals on an exterior of the body, each
configured to seal between the body and a TRSV into which the WRSYV is configured to seat. In
embodiments, the control port and the balance port are configured to open/be in fluid communication
with the exterior of the WRSV (e.g. to be in fluid communication with the bore of the TRSV into
which the WRSV is seated), the control port is disposed between the first and second seals, and the
balance port is disposed between the second and third seals. Some embodiments comprise forming
the body to seat/lock into the TRSV bore so as to lock open the TRSV valve and to place the control
port and balance port in the proper axial location for fluid communication with the control line and
the balance line (through the TRSV). In some embodiments, forming the body may comprise
attaching a locking mandrel and/or extension to the body (e.g. at an upper end).

[0060]  In some embodiments, a first side of the operating piston may have a first surface area, a
second side of the operating piston may have a second surface area, a first side of the balance piston
head may have a third surface area, a second side of the balance piston head may have a fourth surface
area, and a balance piston rod may have a fifth surface area (e.g. on the axial end of the rod); and the
first surface area may be approximately equal to the second surface area, the first surface area may be
approximately equal to the third surface area, the fourth surface area may be approximately equal to
the third surface area plus the fifth surface area, and the fourth surface area may be approximately

equal to the second surface area plus the fifth surface area. In some embodiments, the control port
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can be in fluid communication with a first side of the operating piston (e.g. a first side of the head of
the operating piston), the balance port can be in fluid communication with a first side of the balance
piston head, a second side of the operating piston (e.g. opposite the first side of the operating piston)
and a second side of the balance piston head can be configured to be in fluid communication with the
one or more wellbore pressure port, the balance piston rod can extends outward from the first side of
the balance piston head, and the balance piston rod can be configured to be in fluid communication
with the one or more wellbore pressure port. Some embodiments comprise forming fluid pathways
though the body to provide pressures as described above. Some embodiments comprise linking the
operating piston and balance piston with a connecting ring, wherein the operating piston and balance
piston move axially together.
[0061]  The disclosed WRSV embodiments may allow for safety valve functionality to be restored
to a malfunctioning TRSV, for example without having to remove the TRSV and/or tubular string
from the wellbore. For example, the WRSV can be inserted while the TRSV is downhole. In
embodiments, the WRSV may be operated using the hydraulic line(s) originally used to operate the
TRSV. Thus, no new hydraulic lines may be required when using such a WRSV to address a
malfunctioning TRSV. Additionally, the disclosed WRSV may be tubing pressure insensitive, for
example allowing effective operation in deep set applications by compensating for hydrostatic
pressure in the control line. Accordingly, long springs may not be necessary to effectively operate the
valve at depth, which may allow for the WRSV to have a shorter length. These and other advantages
of disclosed embodiments will be apparent to persons of skill.

ADDITIONAL DISCLOSURE
[0062]  The following are non-limiting, specific embodiments in accordance with the present
disclosure:
[0063] In a first embodiment, a safety valve comprises: a body having a bore therethrough, a
control port, and a balance port; an operating piston; a balance piston having a head and a rod; and a
valve having an open position (allowing flow through the bore) and a closed position (e.g. configured
to close the bore); wherein: the control port is in fluid communication with a first side of the operating
piston (e.g. a first side of the head of the operating piston); the balance port is in fluid communication
with a first side of the balance piston head; a second side of the operating piston (e.g. opposite the first
side of the operating piston) and a second side of the balance piston head are configured to be in fluid
communication with the wellbore (e.g. through one or more wellbore pressure port); the balance piston

rod extends outward from the first side of the balance piston head; the balance piston rod is configured
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to be in fluid communication with the wellbore (e.g. through the one or more wellbore pressure port);
the operating piston and the balance piston are linked to move (e.g. axially) together; and the valve is
configured so that sufficient pressure (e.g. approximately 1,800-7,000 psi; 2,000-5,000 psi; 1,800-
2,000 psi; 1,800-5,000 psi; 2,000-7,000 psi; or 5,000-7,000 psi, which may depend on the product
and/or well specifics) applied to the operating piston through the control port opens the valve.

[0064] A second embodiment can include the safety valve of the first embodiment, wherein the
safety valve is configured for attachment to a wireline (e.g. at the uphole end of the body).

[0065] A third embodiment can include the safety valve of the first or second embodiments,
wherein the first side of the operating piston is axially opposed to the first side of the balance piston
head (e.g. and rod) (e.g. control pressure on the first side of the operating piston acts in opposition to
pressure applied on the first side of the balance piston head and the rod)(wherein the balance piston
and operating piston are configured so that balance pressure is axially opposed to control/operating
pressure — e.g. as communicated therebetween by the connecting ring)) (e.g. wherein pressure from
the control port is configured to act downhole on the operating piston, and pressure from the balance
port is configured to act uphole on the balance piston).

[0066] A fourth embodiment can include the safety valve of any one of the first to third
embodiments, wherein the first side of the operating piston has a first surface area, the second side of
the operating piston has a second surface area, the first side of the balance piston head has a third
surface area, the second side of the balance piston head has a fourth surface area, and the balance
piston rod has a fifth surface area (e.g. on the axial end of the rod); and wherein the first surface area
is approximately equal to the second surface area, the first surface area is approximately equal to the
third surface area, the fourth surface area is approximately equal to the third surface area plus the fifth
surface area, and the fourth surface area is approximately equal to the second surface area plus the
fifth surface area.

[0067] A fifth embodiment can include the safety valve of any one of the first to fourth
embodiments, wherein the operating piston comprises a head and a rod, the rod extends outward from
the second side of the operating piston head, and the second side of the operating piston comprises
both the second side of its head and the rod (e.g. both the second side of the operating piston head and
operating piston rod are configured to be in fluid communication with the wellbore pressure opposite
the first side of the operating piston and/or the second surface area comprises the surface area of the

second side of the operating piston head plus the (e.g. distal) surface area of the operating head rod).
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[0068] A sixth embodiment can include the safety valve of any one of the first to fifth
embodiments, wherein the operating piston and the balance piston are linked by a connecting ring.
[0069] A seventh embodiment can include the safety valve of any one of the sixth embodiment,
wherein the connecting ring may be disposed between the operating piston and the spring (e.g. so that
the piston may drive/compress the spring through contact with the connecting ring) and/or may be
configured to drive/translate the sleeve based on operating piston movement/position.

[0070]  An eighth embodiment can include the safety valve of any one of the first to seventh
embodiments, wherein the body is configured to lock into a bore of a tubing retrievable safety valve,
wherein the tubing retrievable safety valve is in fluid communication with a control line and a balance
line.

[0071] A ninth embodiment can include the safety valve of any one of the first to eighth
embodiments, wherein the body is configured to place the control port in fluid communication with
the control line and the balance port in fluid communication with the balance line (e.g. when the body
is locked in the bore of the TRSV).

[0072] A tenth embodiment can include the safety valve of any one of the first to ninth
embodiments, wherein the body is configured so that when locked into TRSV, the body extends
through the valve to hold the valve open (e.g. body configured to lock the TRSV valve open when
disposed in the TRSV).

[0073]  An eleventh embodiment can include the safety valve of any one of the first to tenth
embodiments, wherein pressure applied on the first side of the operating valve through the control
port opens the valve, and loss of pressure through the control port closes the valve.

[0074] A twelfth embodiment can include the safety valve of any one of the first to eleventh
embodiments, wherein the valve comprises a flapper valve.

[0075] A thirteenth embodiment can include the safety valve of any one of the first to twelfth
embodiments, wherein the balance port and the control port are axially spaced (e.g. there is an axial
space therebetween).

[0076] A fourteenth embodiment can include the safety valve of any one of the first to thirteenth
embodiments, wherein the balance port is disposed downhole of the control port.

[0077] A fifteenth embodiment can include the safety valve of any one of the first to fourteenth
embodiments, further comprising three seals, wherein the first seal is disposed above/uphole of the

control port, the second seal is disposed between the control port and the balance port (e.g. below the
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control port and above the balance port), and the third seal is disposed below/downhole of the balance
port.

[0078] A sixteenth embodiment can include the safety valve of any one of the first to fifteenth
embodiments, wherein the three seals are configured to form two sealed spaces between the WRSV
and the TRSV, wherein the control port is disposed in a first sealed space and the balance port is
disposed in a second sealed space.

[0079] A seventeenth embodiment can include the safety valve of any one of the first to sixteenth
embodiments, wherein the seals are configured to provide radial space (e.g. circumferentially)
between the WRSV and the TRSV (at least in proximity to the control and balance ports).

[0080]  An eighteenth embodiment can include the safety valve of any one of the first to
seventeenth embodiments, wherein each seal encircles the body (e.g. configured to form a seal around
the circumference of the WRSYV between the WRSV and the TRSV).

[0081] A nineteenth embodiment can include the safety valve of any one of the first to eighteenth
embodiments, wherein exterior space between first and second seals is configured to be in fluid
communication with a TRSV control line, and exterior space between second and third seals is
configured to be in fluid communication with a TRSV balance line.

[0082] A twentieth embodiment can include the safety valve of any one of the first to nineteenth
embodiments, wherein each piston comprises a (e.g. moving) seal configured to separate
control/balance pressure from wellbore pressure.

[0083] A twenty-first embodiment can include the safety valve of the twentieth embodiment,
wherein the balance piston comprises two such seals (e.g. one on the head and one on the rod).
[0084] A twenty-second embodiment can include the safety valve of any one of the first to twenty-
first embodiments, further comprising a lock mandrel configured to axially fix WRSV in place within
TRSV (e.g. at appropriate location for communication between control lines and balance lines of
TRSV to WRSYV).

[0085] A twenty-third embodiment can include the safety valve of any one of the first to twenty-
second embodiments, wherein the lock mandrel is disposed uphole of the body.

[0086] A twenty-fourth embodiment can include the safety valve of any one of the first to twenty-
third embodiments, wherein the lock mandrel is configured to seat on top of TRSV (e.g. on top sub of
TRSV).

[0087] A twenty-fifth embodiment can include the safety valve of any one of the first to twenty-

fourth embodiments, further comprising an extension, wherein the extension is disposed between the
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locking mandrel and the body and/or is configured to properly position the body within a TRSV (e.g,,
with control port disposed in fluid communication with the control line through the TRSV, and the
balance port disposed in fluid communication with the balance line through the TRSV).

[0088] A twenty-sixth embodiment can include the safety valve of any one of the first to twenty-
fifth embodiments, further comprising: a sliding sleeve disposed within the body, having a first/closed
position uphole and a second/open position downhole, wherein in the second position the sleeve
extends through the flapper valve to hold it open, and the operating piston is configured to move the
sleeve from the first position to the second position; and a spring configured to bias the sleeve from
the second position towards the first position.

[0089] A twenty-seventh embodiment can include the safety valve of any one of the first to
twenty-sixth embodiments, wherein the spring provides sufficient spring force (e.g. upward force) on
the operating piston to close the valve and/or translate the sleeve to the first position when there is loss
of control pressure.

[0090] A twenty-eighth embodiment can include the safety valve of any one of the first to twenty-
seventh embodiments, wherein the spring does not have to overcome hydrostatic pressure of the
control line to close the valve (e.g. the balance pressure can address hydro-static pressure of the control
line, such that the spring can be selected and/or configured without having to address/compensate for
hydro-static pressure — a closing force which is tubing/wellbore pressure insensitive).

[0091] A twenty-ninth embodiment can include the safety valve of any one of the first to twenty-
eighth embodiments, wherein the body further comprises a wellbore pressure port (e.g. configured to
provide wellbore pressure to the balance piston and operating piston).

[0092]  In athirtieth embodiment, a safety valve for use in a wellbore, comprises: a body having
a bore therethrough, a control port, and a balance port; an operating piston in fluid communication
with the control port; a balance piston in fluid communication with the balance port; and a valve
having an open position (allowing flow through the bore) and a closed position (e.g. configured to
close the bore); wherein: the operating piston and the balance piston are linked to move (e.g. axially)
together; pressure from the control port on the operating piston is axially opposed to pressure from the
balance port on the balance piston; and the valve is configured so that sufficient pressure (e.g.
approximately 1,800-7,000 psi; 2,000-5,000 psi; 1,800-2,000 psi; 1,800-5,000 psi; 2,000-7,000 psi; or
5,000-7,000 psi, which may depend on the product and/or well specifics) applied to the operating

piston through the control port opens the valve.
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[0093] A thirty-first embodiment can include the safety valve of the thirtieth embodiment,
wherein wellbore pressure is applied to each of the operating piston and the balance piston.

[0094] A thirty-second embodiment can include the safety valve of any one of the thirtieth to
thirty-first embodiments, wherein the wellbore pressure on the operating piston is axially opposed to
the wellbore pressure on the balance piston.

[0095] A thirty-third embodiment can include the safety valve of any one of the thirtieth to thirty-
second embodiments, wherein pressure from the control port is configured to act downhole on the
operating piston, and pressure from the balance port is configured to act uphole on the balance piston.
[0096] A thirty-fourth embodiment can include the safety valve of any one of the thirtieth to thirty-
third embodiments, wherein wellbore pressure is applied to the operating piston opposite the pressure
from the control port, and wellbore pressure is applied to the balance piston opposite the pressure from
the balance port.

[0097] A thirty-fifth embodiment can include the safety valve of any one of the thirtieth to thirty-
fourth embodiments, wherein a surface area of the operating piston on which control pressure is
applied is approximately equal to an opposing surface area of the operating piston on which wellbore
pressure is applied.

[0098] A thirty-sixth embodiment can include the safety valve of any one of the thirtieth to thirty-
fifth embodiments, wherein the surface area of the operating piston on which control pressure is
applied is approximately equal to a surface area of the balance piston on which balance pressure is
applied.

[0099] A thirty-seventh embodiment can include the safety valve of any one of the thirtieth to
thirty-sixth embodiments, wherein the balance piston comprises a head and a rod, and a surface area
of the balance piston head (e.g. on which wellbore pressure is applied in opposition to the balance
pressure) is approximately equal to the surface area of the operating piston on which wellbore pressure
is applied and a surface area of the balance piston rod (e.g. the sum).

[00100] A thirty-eighth embodiment can include the safety valve of any one of the thirtieth to
thirty-seventh embodiments, wherein the surface area of the balance piston head (e.g. on which
wellbore pressure is applied in opposition to the balance pressure, which is applied on the opposite
side of the balance piston head) is approximately equal to the surface area of the balance piston on
which balance pressure is applied (e.g. the side of the balance piston head opposite the wellbore

pressure) and the surface area of the balance piston rod.
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[00101] A thirty-ninth embodiment can include the safety valve of any one of the thirtieth to thirty-
eighth embodiments, wherein wellbore pressure is further applied to the balance piston rod.

[00102] A fortieth embodiment can include the safety valve of any one of the thirtieth to thirty-
ninth embodiments, wherein the body is configured to place the control port in fluid communication
with a control line and the balance port in fluid communication with a balance line (e.g. when the body
is locked in the bore of the TRSV).

[00103] A forty-first embodiment can include the safety valve of any one of the thirtieth to fortieth
embodiments, wherein the body is configured so that when locked into a TRSV, the body extends
through the valve to hold the valve open (e.g. body configured to lock the TRSV valve open when
disposed in the TRSV).

[00104] A forty-second embodiment can include the safety valve of any one of the thirtieth to forty-
first embodiments, wherein the balance port and the control port are axially spaced (e.g. there is an
axial space therebetween).

[00105] A forty-third embodiment can include the safety valve of any one of the thirtieth to forty-
second embodiments, wherein the balance port of the WRSV is configured to fluidly couple to a
balance line through a TRSV, and the control port is configured to fluidly couple to a control line
through the TRSV (e.g. when the WRSYV is seated in the TRSV).

[00106] A forty-fourth embodiment can include the safety valve of any one of the thirtieth to forty-
third embodiments, further comprising three seals, wherein the three seals are configured to form two
sealed spaces between the WRSV and the TRSV, wherein the control port is disposed in a first sealed
space and the balance port is disposed in a second sealed space.

[00107] A forty-fifth embodiment can include the safety valve of any one of the thirtieth to forty-
fourth embodiments, further comprising: a spring configured to bias the valve from the second position
towards the first position, wherein the spring does not have to overcome hydrostatic pressure of the
control line to close the valve.

[00108] Inaforty-sixth embodiment, a system comprises: a tubular string having a TRSV disposed
therein, a WRSV disposed in a bore of the TRSV; a control line providing control pressure from the
surface to the TRSV; and a balance line providing balance pressure from the surface to the TRSV;
wherein: the WRSV holds a flapper valve of the TRSV open; a control port of the WRSV is in fluid
communication with the control line through the TRSV; a balance port of the WRSV is in fluid
communication with the balance line through the TRSV; and pressure applied through the control line

is operable to open a valve of the WRSV.
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[00109] A forty-seventh embodiment can include the system of the forty-sixth embodiment,
wherein the TRSV valve is no longer functional (e.g. has malfunctioned).

[00110] A forty-eighth embodiment can include the system of any one of the forty-sixth to forty-
seventh embodiments, wherein the valve of the WRSV comprises a flapper valve.

[00111] A forty-ninth embodiment can include the system of any one of the forty-sixth to forty-
eighth embodiments, wherein loss of pressure through the control line is operable to close the valve
of the WRSV.

[00112] A fiftieth embodiment can include the system of any one of the forty-sixth to forty-ninth
embodiments, wherein the TRSV comprises a TRSV operating piston in fluid communication with
the control line and a TRSV balance piston in fluid communication with the balance line.

[00113] A fifty-first embodiment can include the system of any one of the forty-sixth to fiftieth
embodiments, wherein the TRSV operating piston and TRSV balance piston are mechanically linked
to move axially together.

[00114] A fifty-second embodiment can include the system of any one of the forty-sixth to fifty-
first embodiments, further comprising a pressure source (e.g. one or more pump, for example at the
surface and/or configured to provide control pressure to the control line and/or balance pressure to the
balance line).

[00115] A fifty-third embodiment can include the system of any one of the forty-sixth to fifty-
second embodiments, wherein the WRSV comprises one of the first to forty-fifth embodiments).
[00116] A fifty-fourth embodiment can include the system of any one of the forty-sixth to fifty-
third embodiments, wherein balance pressure (e.g. from the balance line) is set to overcome
hydrostatic pressure of the control line (e.g. wherein the spring does not have to overcome hydrostatic
pressure of the control line to close the valve).

[00117] A fifty-fifth embodiment can include the system of any one of the forty-sixth to fifty-fourth
embodiments, further comprising a wireline, wherein the wireline extends downward from the surface
into the wellbore (and is configured to position the WRSV in the wellbore/TRSV), and the WRSV is
disposed at the distal/downhole end of the wireline.

[00118] Ina fifty-sixth embodiment, a method of providing safety valve functionality in a wellbore,
comprising: seating a WRSV in a bore of a TRSV disposed in the wellbore, wherein a control line
provides control pressure to the TRSV and a balance line provides balance pressure to the TRSV;

providing fluid communication between the control line and an operating piston of the WRSV through
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the TRSV; and providing fluid communication between the balance line and a balance piston of the
WRSYV through the TRSV.

[00119] A fifty-seventh embodiment can include the method of the fifty-sixth embodiment,
wherein a valve of the TRSV is not operational (e.g. TRSV no longer functions effectively as a safety
valve) (e.g. determining that the valve of the TRSV is no longer functional/operational).

[00120] A fifty-eighth embodiment can include the method of any one of the fifty-sixth to fifty-
seventh embodiments, wherein the operating piston and the balance piston of the WRSYV are linked to
move (e.g. axially) together.

[00121] A fifty-ninth embodiment can include the method of any one of the fifty-sixth to fifty-
eighth embodiments, wherein pressure from the control line on the operating piston is axially opposed
to pressure from the balance line on the balance piston.

[00122] A sixtieth embodiment can include the method of any one of the fifty-sixth to fifty-ninth
embodiments, further comprising providing wellbore pressure to each of the operating piston and the
balance piston, with the wellbore pressure on the operating piston axially opposed to the wellbore
pressure on the balance piston.

[00123] A sixty-first embodiment can include the method of any one of the fifty-sixth to sixtieth
embodiments, wherein wellbore pressure provided to the operating piston is opposite the pressure
from the control line, and wellbore pressure provided to the balance piston is opposite the pressure
from the balance line.

[00124] A sixty-second embodiment can include the method of any one of the fifty-sixth to sixty-
first embodiments, further comprising providing balance pressure through the balance line sufficient
to overcome hydrostatic pressure of the control line.

[00125] A sixty-third embodiment can include the method of any one of the fifty-sixth to sixty-
second embodiments, further comprising providing control pressure through the control line to open
a valve of the WRSV.

[00126] A sixty-fourth embodiment can include the method of any one of the fifty-sixth to sixty-
third embodiments, further comprising, upon loss of pressure in the control line, closing the valve of
the WRSV.

[00127] A sixty-fifth embodiment can include the method of any one of the fifty-sixth to sixty-
fourth embodiments, wherein control and balance pressure are supplied from the surface.

[00128] A sixty-sixth embodiment can include the method of any one of the fifty-sixth to sixty-

fifth embodiments, wherein providing fluid communication between the control line and an operating
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piston of the WRSV through the TRSV comprises opening a first flowpath through the TRSV (e.g.
providing fluid communication from the control line to the bore of the TRSV).

[00129] A sixty-seventh embodiment can include the method of any one of the fifty-sixth to sixty-
sixth embodiments, wherein providing fluid communication between the balance line and a balance
piston of the WRSV through the TRSV comprises opening a second flowpath through the TRSV (e.g.
providing fluid communication from the balance line to the bore of the TRSV).

[00130] A sixty-eighth embodiment can include the method of any one of the fifty-sixth to sixty-
seventh embodiments, wherein an exit for the first flowpath is axially offset from an exit for the second
flowpath.

[00131] A sixty-ninth embodiment can include the method of any one of the fifty-sixth to sixty-
eighth embodiments, wherein opening the first and second fluid flowpath comprises rupturing or
shearing a plug (e.g. before seating the WRSV in the TRSV).

[00132] A seventieth embodiment can include the method of any one of the fifty-sixth to sixty-
eighth embodiments, wherein opening the first and second fluid flowpath comprises, prior to seating
the WRSV in the TRSV, cutting the (e.g. exits for) first and second fluid flowpath in the interior
surface of the TRSV (e.g. using a cutting tool).

[00133] A seventy-first embodiment can include the method of any one of the fifty-sixth to
seventieth embodiments, wherein seating the WRSV in the bore of the TRSV holds open the valve in
the TRSV (e.g. with the WRSYV extending through the valve of the TRSV).

[00134] A seventy-second embodiment can include the method of any one of the fifty-sixth to
seventy-first embodiments, wherein seating WRSV in bore of the TRSV provides sealing between the
WRSV and the TRSV (e.g. providing a first sealed space between the TRSV and WRSV through
which fluid communication between the control line and the WRSYV through the TRSV occurs, and
providing a second sealed space between the TRSV and WRSV through which fluid communication
between the balance line and the WRSV through the TRSV occurs).

[00135] A seventy-third embodiment can include the method of any one of the fifty-sixth to
seventy-second embodiments, wherein the first and second sealed spaces are axially offset.

[00136] A seventy-fourth embodiment can include the method of any one of the fifty-sixth to
seventy-third embodiments, wherein the WRSV comprises any one of the first to forty-fifth
embodiments.

[00137] A seventy-fifth embodiment can include the method of any one of the fifty-sixth to

seventy-fourth embodiments, further comprising positioning the WRSV in the TRSV using a wireline.
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[00138] A seventy-sixth embodiment can include the method of any one of the fifty-sixth to
seventy-fifth embodiments, wherein the TRSV is disposed in a tubing string disposed downhole in the
well.

[00139] A seventy-seventh embodiment can include the method of any one of the fifty-sixth to
seventy-sixth embodiments, wherein the TRSV valve is malfunctioning (e.g. no longer operates
effectively as a (e.g. hydraulic) safety valve).

[00140] In a seventy-eighth embodiment, a method of making a WRSV, comprising: placing an
operating piston in fluid communication with a control port; placing a balance piston in fluid
communication with a balance port, placing one or more wellbore pressure port in fluid
communication with both the operating piston and the balance piston; and linking the operating piston
and the balance piston to move axially together; wherein pressure from the control port on the
operating piston is axially opposed to pressure from the balance port on the balance piston; pressure
from the one or more wellbore pressure port on the operating piston is opposite pressure from the
control port; and pressure from the one or more wellbore pressure port on the balance piston is opposite
pressure from the balance port.

[00141] A seventy-ninth embodiment can include the method of the seventy-eighth embodiment,
further comprising providing a body having a longitudinal bore therethrough; and disposing a valve
in the bore, wherein pressure from the control port is operable to open the valve, and a loss of pressure
through the control port is operable to close the valve.

[00142]  An eightieth embodiment can include the method of any one of the seventy-eighth to
seventy-ninth embodiments, further comprising providing a sliding sleeve in the bore, wherein the
sliding sleeve has a closed position and an open position, in the open position the sleeve extends
through the valve, wherein the sleeve is biased from the open position towards the closed position.
[00143] An eighty-first embodiment can include the method of any one of the seventy-eighth to
eightieth embodiments, wherein the operating piston is configured to translate the sleeve from the
closed position to the open position (e.g. responsive to application of sufficient pressure through the
control port).

[00144]  An eighty-second embodiment can include the method of any one of the seventy-eighth to
eighty-first embodiments, further comprising providing three seals on an exterior of the body, each
configured to seal between the body and a TRSV into which the WRSV is configured to seat.
[00145]  An eighty-third embodiment can include the method of any one of the seventy-eighth to

eighty-second embodiments, wherein the three seals are axially spaced.
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[00146]  An eighty-fourth embodiment can include the method of any one of the seventy-eighth to
eighty-third embodiments, wherein the control port is disposed between the first and second seals, and
the balance port is disposed between the second and third seals.

[00147]  An eighty-fifth embodiment can include the method of any one of the seventy-eighth to
eighty-fourth embodiments, wherein a first side of the operating piston has a first surface area, a
second side of the operating piston has a second surface area, a first side of the balance piston head
has a third surface area, a second side of the balance piston head has a fourth surface area, and a
balance piston rod has a fifth surface area (e.g. on the axial end of the rod); and wherein the first
surface area is approximately equal to the second surface area, the first surface area is approximately
equal to the third surface area, the fourth surface area is approximately equal to the third surface area
plus the fifth surface area, and the fourth surface area is approximately equal to the second surface
area plus the fifth surface area.

[00148] An eighty-sixth embodiment can include the method of any one of the seventy-eighth to
eighty-fifth embodiments, wherein the control port is in fluid communication with a first side of the
operating piston (e.g. a first side of the head of the operating piston); the balance port is in fluid
communication with a first side of the balance piston head; a second side of the operating piston (e.g.
opposite the first side of the operating piston) and a second side of the balance piston head are
configured to be in fluid communication with the one or more wellbore pressure port; the balance
piston rod extends outward from the first side of the balance piston head; and the balance piston rod
is configured to be in fluid communication with the one or more wellbore pressure port.

[00149]  An eighty-seventh embodiment can include the method of any one of the seventy-eighth
to eighty-sixth embodiments, wherein the WRSV comprises one of the first to forty-fifth
embodiments.

[00150] An eighty-eight embodiment can include the method of any one of the forty-sixth to
eighty-seventh embodiments, further comprising performing one or more downhole process/operation
such as pumping fluid uphole and/or downhole in the tubular string and/or annulus.

[00151]  An eighty-ninth embodiment, wherein initially downhole process/operation is performed
using the TRSV in the tubular to provide hydraulic safety valve functionality, but upon failure of the
TRSV, downhole process/operation is performed using the WRSV disposed in the TRSV to provide
hydraulic safety valve functionality.

[00152] While embodiments have been shown and described, modifications thereof can be made

by one skilled in the art without departing from the spirit and teachings of this disclosure. The
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embodiments described herein are exemplary only, and are not intended to be limiting. Many
variations and modifications of the embodiments disclosed herein are possible and are within the scope
of this disclosure. For example, the various elements or components may be combined or integrated
in another system or certain features may be omitted or not implemented. Also, techniques, systems,
subsystems, and methods described and illustrated in the various embodiments as discrete or separate
may be combined or integrated with other techniques, systems, subsystems, or methods without
departing from the scope of this disclosure. Other items shown or discussed as directly coupled or
connected or communicating with each other may be indirectly coupled, connected, or communicated
with. Method or process steps set forth may be performed in a different order. The use of terms, such
as “first,” “second,” “third” or “fourth” to describe various processes or structures is only used as a
shorthand reference to such steps/structures and does not necessarily imply that such steps/structures
are performed/formed in that ordered sequence (unless such requirement is clearly stated explicitly in
the specification).

[00153] Where numerical ranges or limitations are expressly stated, such express ranges or
limitations should be understood to include iterative ranges or limitations of like magnitude falling
within the expressly stated ranges or limitations (e.g., from about 1 to about 10 includes, 2, 3, 4, etc.;
greater than 0.10 includes 0.11, 0.12, 0.13, etc.). For example, whenever a numerical range with a
lower limit, R1, and an upper limit, Ru, is disclosed, any number falling within the range is specifically
disclosed. In particular, the following numbers within the range are specifically disclosed: R=RI1 +k*
(Ru-R1), wherein k is a variable ranging from 1 percent to 100 percent with a 1 percent increment, i.e.,
kis 1 percent, 2 percent, 3 percent, 4 percent, 5 percent, ..... 50 percent, 51 percent, 52 percent, .....,
95 percent, 96 percent, 97 percent, 98 percent, 99 percent, or 100 percent. Moreover, any numerical

range defined by two R numbers as defined in the above is also specifically disclosed. Language of

2 EEINA3

degree used herein, such as “approximately,” “about,” “generally,” and “substantially,” represent a
value, amount, or characteristic close to the stated value, amount, or characteristic that still performs
a desired function or achieves a desired result. For example, the language of degree may mean a range
of values as understood by a person of skill or, otherwise, an amount that is +/-10%.

[00154]  Use of broader terms such as comprises, includes, having, etc. should be understood to
provide support for narrower terms such as consisting of, consisting essentially of, comprised
substantially of, etc. When a feature is described as “optional,” both embodiments with this feature
and embodiments without this feature are disclosed. Similarly, the present disclosure contemplates

embodiments where this “optional” feature is required and embodiments where this feature is
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specifically excluded. The use of the terms such as “high-pressure” and “low-pressure” is intended to
only be descriptive of the component and their position within the systems disclosed herein. That is,
the use of such terms should not be understood to imply that there is a specific operating pressure or
pressure rating for such components. For example, the term “high-pressure” describing a manifold
should be understood to refer to a manifold that receives pressurized fluid that has been discharged
from a pump irrespective of the actual pressure of the fluid as it leaves the pump or enters the manifold.
Similarly, the term “low-pressure” describing a manifold should be understood to refer to a manifold
that receives fluid and supplies that fluid to the suction side of the pump irrespective of the actual
pressure of the fluid within the low-pressure manifold.

[00155]  Accordingly, the scope of protection is not limited by the description set out above but is
only limited by the claims which follow, that scope including all equivalents of the subject matter of
the claims. Each and every claim is incorporated into the specification as embodiments of the present
disclosure. Thus, the claims are a further description and are an addition to the embodiments of the
present disclosure. The discussion of a reference herein is not an admission that it is prior art,
especially any reference that can have a publication date after the priority date of this application. The
disclosures of all patents, patent applications, and publications cited herein are hereby incorporated by
reference, to the extent that they provide exemplary, procedural, or other details supplementary to
those set forth herein.

[00156] Use of the phrase “at least one of” preceding a list with the conjunction “and” should not
be treated as an exclusive list and should not be construed as a list of categories with one item from
each category, unless specifically stated otherwise. A clause that recites “at least one of A, B, and C”
can be infringed with only one of the listed items, multiple of the listed items, and one or more of the
items in the list and another item not listed.

[00157]  As used herein, the term “or” is inclusive unless otherwise explicitly noted. Thus, the
phrase “at least one of A, B, or C” is satisfied by any element from the set {A, B, C} or any
combination thereof, including multiples of any element.

[00158]  As used herein, the term “and/or” includes any combination of the elements associated
with the “and/or” term. Thus, the phrase “A, B, and/or C” includes any of A alone, B alone, C alone,

A and B together, B and C together, A and C together, or A, B, and C together.
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CLAIMS
What is claimed is:
1. A wireline retrievable safety valve for use in a tubing retrievable safety valve (TRSV) disposed
downhole in a wellbore, comprising:

a body having a bore therethrough, a control port, and a balance port;

an operating piston;

a balance piston having a head and a rod; and

a valve having an open position and a closed position;

wherein:

the control port is in fluid communication with a first side of the operating piston;

the balance port is in fluid communication with a first side of the balance piston head;

a second side of the operating piston and a second side of the balance piston head are
configured to be in fluid communication with the wellbore;

the balance piston rod extends outward from the first side of the balance piston head,

the balance piston rod is configured to be in fluid communication with the wellbore;

the operating piston and the balance piston are linked to move together; and

the valve is configured so that sufficient pressure applied to the operating piston through the

control port opens the valve.

2. The safety valve of claim 1, wherein the first side of the operating piston is axially opposed to

the first side of the balance piston head.

3. The safety valve of claim 2, wherein the first side of the operating piston has a first surface
area, the second side of the operating piston has a second surface area, the first side of the balance
piston head has a third surface area, the second side of the balance piston head has a fourth surface
area, and the balance piston rod has a fifth surface area; and wherein the first surface area is
approximately equal to the second surface area, the first surface area is approximately equal to the
third surface area, the fourth surface area is approximately equal to the third surface area plus the fifth
surface area, and the fourth surface area is approximately equal to the second surface area plus the

fifth surface area.
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4. The safety valve of claim 3, wherein the operating piston comprises a head and a rod, the rod
extends outward from the second side of the operating piston head opposite the first side of the
operating piston, and the second side of the operating piston comprises both the second side of the

operating piston head and the operating piston rod.

5. The safety valve of claim 1, wherein the operating piston and the balance piston are linked by

a connecting ring.

6. The safety valve of claim 1, wherein:
the body is configured to be disposed in a bore of a tubing retrievable safety valve, wherein
the tubing retrievable safety valve is in fluid communication with a control line and a balance line;
the body is configured to place the control port in fluid communication with the control line
and the balance port in fluid communication with the balance line; and

the body is configured to lock a valve of the TRSV open.

7. The safety valve of claim 1, wherein the balance port and the control port are axially spaced apart.

8. The safety valve of claim 1, further comprising three seals, wherein the three seals are
configured to form two sealed spaces between the body and the TRSV, wherein the control port is

disposed in a first sealed space and the balance port is disposed in a second sealed space.

9. The safety valve of claim 1, further comprising:

a sliding sleeve disposed within the body, having a first position and a second position, wherein
in the first position the valve is closed and in the second position the sleeve extends through the valve
to hold the valve open; and

a spring configured to bias the sleeve from the second position towards the first position;

wherein the spring does not have to overcome hydrostatic pressure of the control line to close

the valve.

10. A safety valve for use in a wellbore, comprising:
a body having a bore therethrough, a control port, and a balance port;

an operating piston in fluid communication with the control port;
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a balance piston in fluid communication with the balance port; and

a valve having an open position and a closed position;

wherein:

the operating piston and the balance piston are linked to move axially together;

pressure from the control port on the operating piston is axially opposed to pressure from the
balance port on the balance piston;

the valve is configured so that sufficient pressure applied to the operating piston through the
control port opens the valve; and

the body is configured to seat within a TRSV and thereby to hold open a valve of the TRSV.
11.  The safety valve of claim 10, wherein wellbore pressure is applied to each of the operating
piston and the balance piston; and wherein the wellbore pressure on the operating piston is axially

opposed to the wellbore pressure on the balance piston.

12.  The safety valve of claim 11, wherein wellbore pressure is applied to the operating piston
opposite the pressure from the control port, and wellbore pressure is applied to the balance piston

opposite the pressure from the balance port.

13. A system for use downhole in a wellbore, comprising;
a tubular string having a TRSV disposed therein;
a wireline retrievable safety valve (WRSV) disposed in a bore of the TRSV,
a control line providing control pressure from the surface to the TRSV,
a balance line providing balance pressure from the surface to the TRSV;
wherein:
the WRSYV holds a flapper valve of the TRSV open;
a control port of the WRSYV is in fluid communication with the control line through the TRSV;
abalance port of the WRSV is in fluid communication with the balance line through the TRSV;
and

pressure applied through the control line is operable to open a valve of the WRSV.

35



WO 2025/198604 PCT/US2024/022952

14. The system of claim 13, wherein the WRSV comprises;

a body having a bore therethrough, a control port, and a balance port;

an operating piston;

a balance piston having a head and a rod; and

a valve having an open position and a closed position;

wherein:

the control port is in fluid communication with a first side of the operating piston,

the balance port is in fluid communication with a first side of the balance piston head;

a second side of the operating piston and a second side of the balance piston head are
configured to be in fluid communication with the wellbore;

the balance piston rod extends outward from the first side of the balance piston head;

the balance piston rod is configured to be in fluid communication with the wellbore;

the operating piston and the balance piston are linked to move together; and

the valve is configured so that sufficient pressure applied to the operating piston through the

control port opens the valve.

15, The system of claim 13, wherein the TRSV comprises a TRSV operating piston in fluid
communication with the control line and a TRSV balance piston in fluid communication with the

balance line.

16. The system of claim 13, wherein the TRSV flapper valve is no longer functional.

17. A method of providing hydraulic safety valve functionality in a wellbore, comprising:

seating a WRSV in a bore of a TRSV disposed in the wellbore, wherein a control line provides
control pressure to the TRSV and a balance line provides balance pressure to the TRSV;

providing fluid communication between the control line and an operating piston of the WRSV
through the TRSV; and

providing fluid communication between the balance line and a balance piston of the WRSV
through the TRSV;

wherein seating the WRSV in the bore of the TRSV holds open a valve of the TRSV.
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18.  The method of claim 17, wherein the operating piston and the balance piston of the WRSV are
linked to move together; and pressure from the control line on the operating piston is axially opposed
to pressure from the balance line on the balance piston;

the method further comprising providing wellbore pressure to each of the operating piston and
the balance piston, with the wellbore pressure on the operating piston axially opposed to the wellbore

pressure on the balance piston.

19.  The method of claim 18, wherein wellbore pressure provided to the operating piston is
opposite pressure from the control line, and wellbore pressure provided to the balance piston is

opposite pressure from the balance line.

20.  The method of claim 17, further comprising providing balance pressure through the balance

line sufficient to overcome hydrostatic pressure of the control line.

21.  The method of claim 20, further comprising providing control pressure through the control

line to open a valve of the WRSV.

22, The method of claim 17, wherein providing fluid communication between the control line and
an operating piston of the WRSV through the TRSV comprises opening a first flowpath through the
TRSV; and providing fluid communication between the balance line and a balance piston of the

WRSYV through the TRSV comprises opening a second flowpath through the TRSV.

23, The method of claim 22, wherein seating the WRSV in the bore of the TRSV provides sealing
between the WRSYV and the TRSV, forming a first sealed space between the TRSV and the WRSV
and a second sealed space between the TRSV and the WRSV; wherein the first and second sealed
spaces are axially offset; wherein the first flowpath is in fluid communication with the first sealed
space, and the second fluid flowpath is in fluid communication with the second sealed space; and
wherein the operating piston is in fluid communication with the first sealed space, and the balance

piston is in fluid communication with the second sealed space.
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