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FIG. 1

(57) Abstract: A ball within a ball valve comprises an interior fluid passage extending through the ball, a first flow passage disposed
in the ball that allows fluid communication between an exterior fluid and the interior fluid passage, a second tlow passage disposed
in the ball that extends through a wall of the ball to the interior fluid passage, where the first flow passage and the second tlow pas -
sage are on opposite hemispheres of the ball, and a flow through device. The flow through device comprises a plug disposed in the
second flow passage and configured to sealingly engage the ball, and a shear device configured to engage the plug and retain the

plug in the second flow passage.
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BALL VALVE SAFETY PLUG

BACKGROUND
[0001] Wellbores are sometimes drilled info subterranean formations containing hydrocarbons
to allow recovery of the hydrocarboris. During the dl_rilling and production of a hydrdcarbon
bearing formati.on, varidus procedures may be performed that in_vdlve temporarily isolating fluid
flowing between the surface of a wellbore and the formation through a wellbore tubular. Such
procedures can inciude flow control operations, completion operations, and/or interventions.
Various valves, including ball valves, may be used during these procedures to control the flow of
fluid Mough the wellbore tubular. Ball valves generally include a ball seat for receiving a sealing
ball. In some situations, ball valves may fail during use, which may reduce the ability to estabﬁsh
. fluid communication b¢tween the surface of the welibore and the fonﬁétion through the wellbore
tubular.
SUMMARY

[0002] In an embodiment, a ball »within a ball valve compﬁ_ses an interior fluid passage
extending through the ball, a first flow passage ‘disposed in the ball that allows fluid
communication between an exterior fluid and the interior fluid passage; a second flow passage
disposed in thé ball that extends through a wall of the ball to the interior fluid passaée, wherein the
first flow passage and the second flow passage are oﬁ opposite hemis;heres of thé ball; and a ﬂéw ‘
through device. The flow through device comprise_s a p"hg disposed in the second flow passage
| and configured to sealingly engage the ball, and a shear devicé configured to engage the plug and
retain the‘plug in the second flow passage. The shear device may comprise a shear ring, and the
shear device may comprise a shear pin or a shear screw. The ball may also include a shear device
retainer coupied to the plug. A portion of the shear device may be dispoéed between the shear

device retainer and the plug.

CONFIRMATION COPY
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[0003] In an embodiment, a ball Vvalve comprises a housing, a ball rotatably disposed within
the housing, an interior fluid passageb extending through the ball, a first flow passage disposed in
the ball that allows fluid communication between an exterior fluid and the interior ﬂuid passage, a
second ﬂow passage disposed in the ball that extends through a wall of the ball to the interior fluid
passage; wherein the first flow passage and the second flow passage are on opposite hemispheres
of the ball, and a flow through device. The flow through device comp‘risés a plug configured to
sealingly engage the ball when the plug is disposed in the first ﬂow passage or the second flow
passage, and a shear device configured to engage thé plug an.d retain the plug in sealing
engagement with the ball. Thé ball valve may also include a shear device retainer coupled to the
plug. At least a portion of the plug may comprise an expanded cross section configured to prevent
the plug from passing through the ball to the interiot flow passage. The ball valve may also
include a wellbore tubular coupled to the ball valve.

[0004])  In an embodiment, a method comprises establishing fluid communication between a
first location and a second location in a wellbore, wherein the first location is above the second -
location, isolating the fluid communication betwéen the first location and the second location using
a ball valve configured in a closed poéit’ion, providing é force to the ball valve, and re-establishing
.ﬂuid communication between the first location and the second' location through the ball valve in
the closed position. The closed position may comprise a fully plosed position or a semi-closed
position. Providing a force to the ball valve rhay comprise establishing a pressure above a
threshoid in the ball valve, and the threshold may be a pressure differential between the first
location and the second location bof about 10,000 psi. The'ball valve may comprise a ball with a
ﬂow through device disposed in the bali. Re-establishing fluid communication may comprise
activating the flow through device. The ball valve may comprise a ball rotatébly disposed within a
housing, and a flow through device in fluid communication with the first location. The flow

through device may comprise a plug disposed in a flow passage in a wall of the ball and configured
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to séalingly engage‘the baﬂ, and a shear device configured to engage the plug and retain the plug in
sealing engagement with the. ball. The flow through device may also inciude a shear device
rétainer coupled to the plug, wherein a portion of the shear device is disposed between the plug and
thé sheér device retainer. Providing a force to the ball valve may comprise providing a pressure
above a threshold, and re-establishing fluid communication between the first locatioﬁ and the
second location may comprise shéaring the shear device in response to the pressure abové the
threshold; and disengaging the plug from tﬁe flow passage in the wall of the ball. The method may
also include providing a fluid to the sécond location after re-establishing fluid communication
between the first location and the second lqcation through the ball valve. The fluid may comprise a
kill fluid. The ball valve may comprise a ball roltatab_ly disposed within a ‘hoﬁsing; and é flow
through device in fluid communication with the first location. The flow through device may
comprise a plurality of plugs disposed in a corresponding plurality of flow passages in a wall of the
ball, wherein each of the plurality of plugs is configured to seaiingly engage the ball; and a
corresponding plurality of shear devices configured to engage each of the i)lurality of plugs and
retain the plugs in sealing engagement with the ball.
[0005] These and other features will be more clearly uﬁderstood from the following detailed
description taken in conjuncfion with the accompanying dra§vings and claims.
BRIEF DESCRIPTION OF THE DRAWINGS
[0006] For a more compléte understanding of the present disclosure and the advantages
thereof, reference is now made io the following brief description, taken in connection with the
accompanying drawings and detailed description:
[0007] FIG. 1 is a schematic view of an embodiment of a subterranean formation and wellbore
operating environment;

[0008) FIG. 2 is an isometric view of an embodiment of a ball valve;
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[0009] FIG. 3 is an isometric viéw of an embodiment of a ball according to the present
disclosure;
[0010] FIG. 4 is a schematic cross sectional view of an embodiment of a ball according to the
present disclosure; aﬁd
[0011]  FIG. 5 is an isometric view of another embodiment of a ball according to the present
disclosure.
DETAILED DESCRIPTION OF THE EMBODIMENTS
[0012]  In the drawings and descriptiqp that follow, like pérts are typically marked throughout :
the specification and drawings with the same reference numerals, respectively. -The drawing
ﬁguresvare not necessarily to scale.v Certain features of the invention may be shown exaggerated in
scale or in somewhat schematic form and some details of conventional elements may not be shbwn
in the interest of clarity and concisenesﬁ. |

LAY

'[0013I] Unless otherwise specified, any use of any form of the terms “connect,” “engage,”
“couple,” “attach,” or any other term describing an interaction bet\Néen elements is not meant to
limit thg interaction to direct interaction between the elements and may aiso include indirect
interaction between the elements described. In the fbllowing discuséion and in the claims, the
terms “including” and “\comprising” are used in an open-ended fashion, and thus should l;e
interpreted to mean “including, but not limited to ...”. Reference to up or down will be made for
purposes of description with “up,” “upper,” “upward,” or “above” meaning toward the surface of
the wellbore and with “down,” “lower,” “downward,” or “below” meaning toward the terminal end
of the well, regardless of the wellbore orientation. The various characteristicé mentioned abéve, as
well as other features and characteristics despribed in more detail below, will be readily épparent to

those skilled in the art with the aid of this disclosure upon reading the following detailed

description of the embodiments, and by referring to the accompanying drawings.
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[0014] | Referring to FIG. 1, an example of a wellbore operating environment in which a ball
valve 200 may be used is shown. As depicted, the‘ operatiﬁg environment comprises a workover
and/or drilling rig 106 that is positioned on the earth’s eurface 104 and extends over and around
a wellbore 114 that penetrates a subterranean formation 102 for the purpose of recovering
hydrocérbons. The wellbore 114 may be drilled into. the subterranean formation 102 ‘using any
suitable drilling technique. The wellbore 114 extends substantially vertically away from the
earth’bs surface 104 over a vertical wellbore portion 116, deviates from vertical relative to the
earth’s surface 104 over a deviated wellbore portion 136, and transitions to a horizontal wellbore

portion 118. In alternative operating environments, all or portions of a wellbore may be vertical,

deviated at any suitable angle, horizontal, and/or curved. The wellbore may be a new wellbore,

an existing wellbore, a straight wellbore, an extended reach wellbore, a sidetracked wellbore, a
multi-lateral wellbore, and other types of wellbores for drilling and completipg one or more
production zones. Further the wellbore may be used for both producing wells and ihjec.tion
wells. |

[0015] | A wellbere tubular string 120 comprising a l;al.l valve 200 may be lowered into the
subterranean formation 102 for a variety of purposes (e.g., injecting or pfoducin'g fluids from the
wellbore, workover or treatment procedures, etc.) throughout the life of the wellbore 114. The
embodiment shown in FIG. 1 illustrates the wellbore tubular 120 in the form of a production
tubing string comprising a packer 140 disposed in the wellbore 114. It should be understood
-that the wellbore tubular 120 comprising the ball Valve 200 is equally applicable to any type of
wellbore tubular being inserted into a wellbore as part of a procedure needing fluid isolation
from above or below the ball valve, including as non-limiting examples drill pipe, segmented
pipe, casing, rod strings, and coiled tubing. Further, a means of isolating the interior of the
wellbore tubular string 120 from the annular region between the wellbore tubular string 120 and

J
the wellbore wall 114 may take various forms. For example, a zonal isolation device such as a
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packer. (e.g., packer 140), may bé used to isolate the interior of the wellbore tubular string 120
from the annular:region to allow for the ball valve 200 to control the flow of a fluid through the
wellbore tubular 120. In some embodiments, the wellbore tubular string 120 comprising the ball
valve 200 may be used without any additional zonal isolation device (e.g., a packer).

[0016] The workover ana/or drilling rig 106 may comprise a derrick 108 with a rig floor 110
through which the wellbore tubular 120 extends downward from the drilling rig 106 into the
wellbore 114. The workover and/or drilling rig 106 may comprise a motor driven winch and
other associated equipment fo; extending the wellbore tubular 120 into the wellbore 114 to
position the wellbore tubular 120 at a selected depth. While the operating environment depicted
in FIG. 1 refers to a stationary workover and/or drilling rig 106 for conveying the wellbore tubular
120 comprising the ball valve 200 within a land-based wellbore 114, in. alternative embodiments,
mobile workover rigs, wellbore servicing mﬁts (such as coiled tubing units), and the like may be
used to lower the wellbore tubular 120 comprising the ball valve 200 into the wellbore 114. It.
should be understood that a wellbore tubular 120 comﬁrising the ball valve 200 may éltematively
be used in other operational en{/ironments, such as within- an offshore wellbore operational |
enyironment.

[0017] Regardless of tﬁe typev of operational environment in which the ball valve 200 is used, it
will be apbreciated that the ball valve ZQO comprising a flow through device serves to control the
flow of fluid ﬁoﬁ the surface of a wellbore to a formation (and vice-versa) through a tubular or
cohduit, including situations in which the ball valve 200 fails to actuate. AS described in greater
detail with reference to FIG. 2, the ball valve 200 comprises a ball 206 that can be disposed
between two retaining members 202, 204 and an actuation member 208 that can actuate the ball
betweén an open and closed position and/or a closed and open position. The ball 206 comprises a
ﬂow through device that can be actuated if the ball valve 200 fails in a closed position in order to

establish fluid communication through the ball valve 200. The ball valve 200 may also comprise
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components (e.g., a threaded connectlon) located above or below the ball valve 200 to allow the
ball valve 200 to be disposed w1th1n and/or coupled to a wellbore tubular and/or other wellbore
components (e.g., production subs, downhole tools, screens, etc.), for example to form a
workstring, production string, conveyance string, ete. While the following discussion descn'bes a
wellbore tubular 120 with a ball valve 200, it should be understood that any plurality of ball valves
200 comprising the flow through device may be used in one or more wellbore tubular 120 strings
to achieve the results and advantages described herein.

[0018] As shown in FIG. 2, the ball valve 200 may generally comprise a variety of
components to provide a seal (e.g., a ball/seat interface) and actuate the ball valve 200. While
an exemplé.ry ‘ball valve assembly is described herein, it is expre‘ssly understood that the ball
comprising the flow device described herein may be used in any ball valve and is not limited to
the ball valve assembly described herein. The ball valve 200 assembly rnay comprise two
cylindrical retaining members 202, 204 on opposite sides of the ball 206. One or more seats or
seating surfaces may be disposed above and/or below the ball 206 (e.g., within or engaging
cylindrical retaining member 202 and/or cylindrical retaining member 204) to provide a fluid
seal with the ball 206. The ball 206 comprises a truncafed sphere having planar surfaces 210 on
opposite sides of the sphere. Planar surfaces 210 may each have a projection 212 (e.g.,
cylindrical projections) extending ontwardly therefrom, and a radial groove 214 extending from
the projection 212 to the edge of the planar surface 210.
| [0019] An‘actuétion member 208 having two parallel arms 216, 218 may be positioned
about the ball 206 and the retaining members 202, 204. The actuation member 208 may be
aligned such that arms 216, 218 are in a plane parallel to that of planar surfaces 210. Projections
212 may be received in windows 220, 222 through each of the arms 216, 218. Actuation pins
224 may be provided on each of the inner sides of the arms 216, 218. Pins 224 may be received

within the grooves 214 on the ball 206. Bearings 226 may be positioned between each pin 224
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and groove 214, and a housing member 230 may engage a-proje‘ction 212 within the respective
windows 220, 222. |

[0020]  In the open pbsition, the bail 206. ié positioned so as to allow flow of fluid through
the ball valve 200 by allo&ing fluid to flow through an interior fluid pass;clgeway 228 (e.g., a
bore or hole) extending through the ball 206. During bperation, the ball 206 is rotatf;d about
rotational axis Y- such that interior flow passage 228 is I'Otéted out of alignmént with the flow of
fluid, thereby forming a fluid seal with one or more seats or seating surfaces and cloéing the
valve. The interior flow passage -228 may have its longitudinal axis disposed at about 90
degrees to the axis X when the ball is in the élosed position and the longitudinal axis may be
aligned with the axis X when the ball is in the open position. The ball 206 may be rofated by
linear movement of the actuation member 208 along axis X. The pins 224 move as tﬁe actuation
member 208 moves, which causes the ball 206 to rotate due to the positioning of the pins 224
within the grooves 214 on the ball 206.

[0021] The ball 206 may corﬁprise a flow through device ﬁat allows for fluid communication
through the ball valve 200 when the ball valve 200 is in the closed position. For example, the flow
through device may be used to establish fluid communication through the ball valve 200 when the
actuation member 208 fails to open the ball valve 200. In an embodiment, the flow through device
may comprise a plug 306 that is disengaged when a force‘ is appliebd to the shear device 308 above a
threShold. In an embodiment, the flow through device may comprise a plurality of plugs 306, each
of which may be”disengaged when é force is applied to the shear device above a threshold. As
described in rhore detail below with reference to FIG. 3, the shear device 308 'may fail at a pressure
threshold, disengaging and releasing the plug -306 into the wellbore to allow fluid to flow through
the ball valve 200. The flow through device may be used tb establish fluid communication
between an upper portion of a wellbore, which may include equipment on the‘ surface, and the

wellbore tubular and/or the formation of interest using a fluid pressurized above a threshold. This
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may quickly and safely establish fluid flow through the ball valve 200 without the need to use a
downhole tool or mill the ball valve 200,
[0022] FIG. 3 illustrates an embodiment of a ball 206 comprising a flow through device
comprising a plug 306 diqused' in a flow passage 304 extending through the wall of the ball 206
into the interior flow passage 228. On the opposite side of the ball and generally in line (e.g.,
coaxial along axis X) with flow passage 304, a flow passage 302 may also be disposed in the ball
206 to allow for fluid communicétion with the plug 306. The flow passages 302 and 304 form a
discontinuous bore that intersects with the interior flow passage 228 of the ball. The flow passage
302 is disposed in the wall of the ball 206 to establish fluid communication between the ihte_rior
flow passage 228 and a fluid abové the ball valve 200 when the ball valve 200 is in a closed
position (e.g., when the longitﬁdinal axis of the interior flow passage 228 is at or about 90 degrees
from the axis X). Flow passage 302 may have a generally cylindrical inner surface. In an
embodiment, flow passage 302 may comprise a plurality of fluid passageways configured to allow
for fluid communication with the plug 306. Flow passage 304 is disposed in the wall of the ball
206 on the opposite hemisphere of the ball 206 from the flow passage 302 to allqw the plug 306 to
disengage from the ball 206 when the ball valve 200 is in a closed position upon activation of the
flow through device. Opposite hemispheres of the ball 206 may be defined by a plane extending
along axis Y of FIG. 2. When the ball valve 200 is in a closed position, one or more seals may be
formed between the ball 206 and one 6r more seats and/qr seating surfaces below the ball 206. In
an embodiment, the flow passage 304 may be disposed out of alignment with the axis X while still
allowing for the formation of a seal between the ball 206 and the retaining member 204 and/or a
sealing sﬁrface.
[0023] As shown in FIG. 4, the flow passage 364 may comprise ‘a first portion 410 with a
generally cylindrical inner surface, a second portion 412 with a generally cylindrical inner

surface, and a third portion 414 with a generally cylindrical inner surface. The cross-section of
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the first portion 410 may be larger than that of the second portion 412, forming a shouldler 416 at
the transition between the first portion 410 and the second, portion 412. The cross-section of the
second portion 412 and the third portion 414 may be about the same at the transition between the
secoﬁd portion 412 and the third portion 414. In an embodiment, the cross-section of the ‘third‘
portion 414 may increase from the transition between the second portion 412 and the third portion
414 to the oﬁter surface of the ball 206. In an embodiment, the increase in the cross-section of the
third portion 414 may be gradual, for example forming a frusto-conical cross section or curved
section over the length of the third portion 414. In an embo.diment, the increase in the cross-
section of the third portion 414 may bev abrupt, for example forming a shoulder near the outer
surface of the ball 206 conﬁguréd to prevent movement of the plug 306 towérds the center of the
ball 206. |

[0024] In an embodiment, the plug 306 may have a generally cylindrical outer surface 404. A
portion of the outerv surface of the plug 306 near the outer surface of the ball 206 may have an
expanded cross section that may be matched to the cross section of the third portion 414 of the
inner surface of flow passage 304. The expanded cross section of the ball 206 may create a wedge
effect and prevent the passage of the plug through the flow passage 304 upon‘ the application of a
pressure différential acting from beneath the ball 206 when the ball valve 200 is in a closed
posmon (e.g., when fluid pressure is applied to the surface or face of plug 306, for example
pressure from a formation fluid). In addition to preventing the passage of the plug 306 through the
ﬂow passage 304 into the interior flow passage 228, the wedge effect may act to resist the pressure
force generated by the ball/seat interface and serve to make the ball 206 more ?esistant to
movement when the pressure is applied from below the ball 206 (e.g., pressure from an isolated
zone located below the bail valve 200), which represents an advantage of the ball valve 200
comprising the flow through device. Thé outer surface of theA plug 306 may comprise one or more

recesses such as recess 420 configured to receive one or more sealing elements 312 for providing a
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sealing engagement between the plug 306 and the ball 206. In an embodiment, the one or more
‘sealing elements 312 may comprise T-seals, O-rings, or any other type of sealing ‘element's, which
may comprise elastomeric materials to aid in the formation of a seal. In an emb_ddiment, the plug
306 may compr_ise a generally cylindrical inner surface 402 configured to engage the shear device
retainer 310. One or more recesses and/or upsets may be disposed on the inner surfaée 402 of the
plug 306 to enable the coupling of the plug 306 to the shear device retainer 310.

[0025] The plug 306 may be disposed in the flow passage 304 and maintained in position
using a shéar device 308 and a shear device retainer 310, as shown by the cross section of the ball
206 and plug 306 in FIG. 4. In an embodiment, the shear device retainer 310 has a T-shaped créss—
section. The shear device retainer 310 may comprise a first portion 406 with a generally
cylindrical outer surface and a second portion 408 with a generally cylindrical outer surface. The
cross-section of the first portion 406 may be larger than that of the second portion 408, thereby
forming .a shoulder 422 in the shear dévice retainer 3 1.0 at the .trénsition between the first portion
406 and the second portion 408. The second portion 408 of the ‘.sh_ear device retainer 310 may
comprise one or more recesses and/or upsets for engaging corresponding upsets and/or recesses on
the inner surface 402 of the plug 306. The shear device retainer 310 may engage and be coupled to
the plug 306 so that the shoulder 422 engages the end of the plug 306, and at least a portion of the
shear device 308 may be disposed between the shoulder 422 of the shear device retainer 310 and
the plug 306. In an embodiment, the sheér device 308 is a shear ring (e.g., a cylindrical ring of
material having a hole or bore therein). Additional shéar devices may include shear screvs-zs, shear
pins, or the like as described in more détail herein.

[0026] ~ The shear device 308 may comprise an outer surface conﬁgméd to engage the first
portion 4.10 of the flow passage. The outer diameter of the shear device may be greater than the
inner diameter of the second portion 412 of the flow passage 304 so that the shear device engages

the shoulder 416. The shear device 308 may comprise an inner upset 418 disposed between the
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first portion 406 and the second portion 408 of the shear device retainer 310 and the plug 306. The
upset 418 may be configured to maintain the plug 306 and the shear device retainer 310 in position
until activation of the flow through device. When the plug 306 and the shear device retainer 310
are maintained in position in the flow passage 304, the one or more sealing elements 312 may
prevent the flow of fluid in response to a pressure differential across the ball 306. As a resﬁlt, a
ball 206 conﬁgurcd according to the present disclosure may be capable qf maintéining a fluid seal
while withstanding a préssure differential across the ball valve 200 applied from above or below
the ball 206.
[0027] In an embodiment as shown in FIG. 5, the ﬂow through device may comprise a
plurality of plugs 506, each of which may be disengaged when a force is applied to the shear device
508 above a threshold. A plurality of fluid passages. 504 may each contain a plug. 506, which may
be engaged to a shear device 508 and shear device retainer 510. In an embodiment, the ball 206
may aiso comprise a plurality of flow 'passage‘s 502 (é.g.l, a series of small ﬂuid passageways).
Each plug 506 forming the. flow ‘through device may .be configured to disengage from the
respective flow path 504 upon the application of a force, which may be thé same or different for
each shear device 508. While FIG. 5 illustrates three plugs 506 and corresponding flow passages
504; it is expressly envisioned that the flow through device can comprise two or more plugs
disposed ip a corresponding number of flow passages. The use of a flow through device
compn'sing a plurality of flow passages 504 may provide some redundancy in fhe flow through
| device, which may ensure proper operatioﬁ of the flow through device in an emergency situation.
[0028] The shear device 308 may fail in respohse to a force that exceeds a threshold, allowing
the shear device retainer 310 and the plug 306 to disengage and pass out of the flow passage 304,
thereby allowing fluid to pass through the ball 206 when the ball valve 206 is in a closed position.
As used herein, the term “fail” includes both shearing of the shear device aﬁd any other mechanism

by which the shear device may be activated to allow the shear device retainer 310 and the plug 306
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to be disengaged from the ﬂow passage 304. For example, the term “fail” may include, at least in
bm, a sufficient deformation or displacement of the shear device 308 to allow for the plug 306 to
be disengaged from (e.g., to be released from or out of) the flow passage 304. In an embodiment,
the shear device 308 may comprise a shear ring that extends around the entire perimeter Qf the flow
passage 304. In an embodiment, the shear device 308 may comprise one or more shear pins and/or
shear screws maintained in position in one or more slots and/or tﬁreaded receptacles in the
perimeter of flow passage 304, for example engaging shoulder 416. In this embodiment, the plug
306 and the shear device retainer 310 may comprise an integral component that may be disposed in
the flow passage 304 followed by insértion of the shear pins and/or shear screws.

[0029] ‘The shear device 308 may be configured to fail at a threshéld. In an embodiment, the
shear device 308 may be conﬂémed to fail when the fluid pressure in flow passage 228 as supplied
through ﬂoW passage 302 exceeds a pressure threshold. In an embodiment, the pressure threshold
may range from about 1,000 pst to about 30,000 psi, alternatively from about 5,000 psi fo about
25,000 psi, alternatively from about 10,000 psi to about 20,000 psi, depending on the type of
service in which the ball valve 200 is placed and the operating conditions (e.g., temperature,
pressure, fluid chemistry, etc.) in which the ball valve 200 is ﬁsed. In an embodiment, the pressure
threshold may be above the rated operating pressure of the ball Val\}e 200. In an embodiment, the
rated operating pressure of thé ball valve may be Ameasured by a pressure differential across the ball
valve 200 (e.g., as measured from above to below, or below to above), and the pressure differential
may be anut 10,000 psi, alternatively about 15,000 psi, or alternatively about 20,000 psi. In an
embodiment, thé pressure threshold may be below the maximum operating pressure of the ball
valve 200, which may represent the pressufe differential at which the ball valve components fail
due to mechanical stress, fracturing, ‘and/or deformations. In an embodiment, the maximum
opérating pressure of the ball valve 200 may be about 15,000 psi; altemati-vely about 20,000 psi, or

alternatively about 25,000 psi.
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[0030]  The plug 306, the shear device 308, and/or the shear device retainer 310 may be
configured such that all or a portion of each may disengage or pass through the ﬂow. passage 304
upon the activation of the flow through device, thereby opening flow passage 304 to fluid ﬂoyv.v
The shear device 308 may be configured to fail so th_at the portion of the shear device 308 passing
out of the flow passage 304 (e.g., sheared inner upsets 418) may have a diameter less than the
smallest interior diameter of the flow passage 304. A portion of the shear device 308 may remain
in the ﬂow passage 304 upon the activation of the flow through device and may be removed from
the bail 206 upon retrieval of the ball valve 200 to the surface. The outer diameter of the first
portion 406 of the shear device retainer 310 rhay be less than the smallest interior diameter of the
flow passage 304, thereby allowing the shear device retainer to pass out of the flow passage 304.
In an embodiment, the diameter of the inner surface of the second portion 412 of the flow passage
304 may represent the smallest interior diameter through which the shearvdevice retainer 310 and a
portion of the shear device 308 may pass through and/or out of.

[0031] As shown in FIG. 3, the ball valve 200 compfising the ﬂow through device may be
constructed by disposing the shear device 308 within the flow passage 304 followed by
disposing the shear vdevice retainer 310 into the flow passage 304 through the interior flow
passage 228 and/or flow péssage 302. The plug 306 comprising the one or more sealing
elements 3;12 disposed in the recess 420 may then be disposed in the flow passage 304 from the
outside of the ball 206 and pressure may be applied to the plug 306 and the shear device retainer
310 to couple the shear device retainer 310 to the plug 306 with at least a pokr_tion of the shear
device 308 disposed therebetween to retain the shear device retainer 310 and the plug 306 in the
flow passage 304. The ball 206 may then be disposed in the ball valve 200 according to the
design of the specific ball valve. In an embodiment in which the shear device 308 comprises
shear pins and/or shear screws, the plug 306 and the shear devicé retainer 310 may comprise a

single, integral piece. In this embodiment, the single piece plug may be disposed in the flow
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passage 304 from fhe exterior of the ball 206 and one or more shear pins and/or shear screws
may be engaged with the ball and the single piece plug to retain the single piece plug in the flow
passage 304. For example, the shear pins and/or shear screws may be inserted through one or
more holes extending from the inteﬁor flow passage 228 through the ball 206 and aligning with
corresponding holes in the single piece plug. The single piece plug may then be retained in the
flow passage 304 until being disengaged upon activation of the flow through device.
[0032] Referring to FIGs. 1-4, the bali valve 200 comprising the flow through device may be
used to control the flow of ’a ﬂuid in a subterranean wellbore 114. In an ‘embodiment, a ball
valve 200 comprising the flow through device as described herein may be provided and disposed
within the wellbore 114 in a subterranean formation 102. The ball valve 200 may form a part of
a wellbore tubular string 120 and may be conveyed into and/or out of the wellbore 114 as part of
the wellbore tubular string 120. Additional wellbore components such as one or more zonal
isolation devices 140 may be used in conjunction with the ball valve 200 compfising the flow
throngh device to control the flow of a fluid within the wellbore 114. In snme embodiments,
one or more ball valves 200 comprising the flow through device may ~be used with a wellbore
tubular string 120 to control the flow of fluids within various zones of wellbore 114. The use of
the ball valve 200 comnrising thn flow through device may allow fo.r control of the flow of a
fluid into or out of the wellbore.
[0033] Once disposed in the wellbore, the ball VaIVé may be disposed in a closed position, or
at any onentation between a closed position and an open position that does not provide for a
suitable fluid communication rate through the ball valve 200 though still allows for the nlug to be
disengaged from the ball 206, which may be referred to hereinafter as a “sérni-closed” position. In
an.embodiment, the ball valve 200 may be in a closed position or a semi-closed position due to the
failure of the ball valve 200 to actuate from a clqsed position to an open position. Numerous

conditions may result in the failure of the ball valve 200 to actuate from a closed or semi-closed
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position to an open position including, but not limited to, the presence of particulate matter or
debris in the valve, erosion of the seals or activation mechanism, and/or failure of the activation
mechanism components. In an embodiment, the ball valve 200 may be in a closed position and the
flow through devicé may be activated without ﬁgst élttempting to actuate the ball valve 200.
Activation of the flow through device without first attempting to actuate the ball valve may be
useful in an emergency situation.
[0034] @ The flow through device may then bé activated to establish fluid communication
through the ball valve 200. When the ball 206 is in the closed position in the ball valve 200, the
flow passage 302 may provide fluid communication to~the interior flow passage 228 of the ball
206. An increased pressure within the interior ﬂovs} passage 228 mz;y tilén apply a pressure on the
flow through device at the one or more séaling elements 312 disposed between the plug 306 and .
the flow passage 304. The sealing elements 312 may act as a piston in response to the application
of the pressure in the interior flow paésage 228. The pressure may act upon the area defined by the
seal between the one or more sealing elements 312 and the flow passége 304 and provide a force
on the shear device retainer 310, the shear device 308, and the plug 306. The flow through device
may be activated by providing a force above a threshold to cause the shear device 308 to fail. In an
embodiment, the pressure in. the interior flow passage 228 may be increased (e.g., by increasing theA
pumping pressure of a fluid pumped into the wellbore tubular string via pumps located at the
surface) above a threshold to provide a force sufficient to cause the shear dgvice 308 to fail. In an
embodiment, a direct physical force may be apblied to the shear device retainer 310 in a downward
direction using for exam;-')le,v a downhole tool and/or a tubing string passing through the flow
passage 302 in order to provide a force sufficient to cause the shear device 308 to fail.
[0035] Upon failure of the shear device 308, the shear device rétainer‘3 10, the plug 306; and/or
a portion of the shear device 308 may disengage from the ball 206 and pass through and/or out of

the flow passage 304, leaving the flow passage 304 in fluid communication with the interior flow
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passage 228. Fluid communication may then be established through the flow passage 302, the
interior flow passage 228, and flow passage 304, allowing for fluid cominunication through the
ball valve 200. In an embodiment, the resulting fluid communication through the ball valve 200
'may‘ allow for fluid communication between a location above the ball valve 200 and a location
| below the ball valve 200. In an embodimeht, the resulting fluid communication through the ball
val\}e 200 may allow for fluid communication between a location above the ball valve 200 and the
formation. In an embodiment, the resulting fluid communicafion through the ball valve 200 may
allow for fluid communication between the surface and/or any equipment located on the surface
and the formation.

[0036] The fesulting ﬂuid.communication may be used to provide one or more fluids to the
wellbore and/or the formation through the ball valve 200. For example, one or more treatment
fluids may be provided to the wellbore and/or the formation below the ball valve. In an
embodiment, one or more kill fluids may be provided to the wellbore~and/or the formation below
the ball valve 200. In an embodiment, suitable kill fluids may include, but are not limited to,
muds, weighted muds, brines, weighted brines, cements, and any combinatioh thereof. In an
embodiment, one or more fluids comprising cementitious materials may be provided through the
ball valve to isolate and/or plug the wellbore and/or the formation. In an embodiment, the fluid
communication may be used to provide a pressurized fluid to a ball valve 200 comprising a flow
through device located below the ball valve 200 comprising the activated flow through device.
[0037] In an embodiment, the ball valve 200 may be retrieved to thé surface for replacement of
the flow through device. The shear device retainer 310, a portion of the- shear device 308, and the
plug 306 méy be retrieved from the weilbore or tiley may remain within the wellbore. The ball
valve 200 may be disassembled sufficiently to provide access to the ball 206. The shear device

retainer 310 or a new shear device retainer 3 10, a new shear device, and the plug 306 or a new plug
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306 may then be replaced in the ball 206, allowing the ball valve 200} to be reused within the
wellbore. |
[0038] While the ball valve 200 comprising the flow through device is depicted in FIG. 3
and FIG. 4 with the shear device retainer 310, the shear device 308, and the plug 306 being -
located in the ﬂ,ow' passage 304 on the lower portion of the ball 206, it is expressly envisioned
that the shear device retainer 310, the shear device 308, and the plug 306 may be located in the
flow passage 302 located on the upper portion of the ball 206. In this embodiment, the flow
passage 304 may be configured with an interior diameter sufficient to allow the shear device
retainer 310, a portion of the shear device 308, and the plug 306 to pass out of the flow passage
302 and through the flow passage 304 upon activation of the flow through device. Fﬁrther,
while the ball valve 200 comprising the flow through device is described in the context of a
subterranean wellbore, it should be understood that the ball valve 200 comprising fhe flow
through device of thé present disclosure may be used in any industry or use in which it is
desirable to establish} the flow of fluid through the ball valve 200 when the ball valve 200 is
disposed in a closed or semi-closed position. |
[0039] The use of the flow through device as described herein may provide a safety feature
to allow access to _a'wellbore and/or formation in the event that the ball valve comprising the
flow through device fails to open. In some inst;inces, the flow through device may allow fluids
to be provided to a formation to kill the well without the need to mill through the ball, which
may take extended periods of time and résult in expensive wo‘rkoverr procedures. For exarhple,
the flow through device may be used to provide fluid communica;tion with the wellbore below
the ball valve in efnergency situations where fluid communication through the ball valve is
needed in order to safely relieve trapped pressure in the tubing string and/or kill the well.
[0040] 1. | In an embodiment, a ball within a ball valve comprises: an interior fluid passage

extending through the ball; a first flow passage disposed in the ball that allows fluid
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communication between an exterior fluid and the interior fluid passage; a second flow passage
disposed in the ball that extends through a wall of the ball to the interior fluid passage; wherein
the first flow passage and the second ﬂow passage are on opposite hemispheres of the ball; and a
flow through device comprising: a plug disposed in the second flow passage and configured to
sealingly engage the ball; and a shear device configured to en‘gage the plug and retain the plug in
the second flow passage.
[0041] 2. The ball of embodiment 1, wherein the shear device comprises a shear ring.
[0042] 3. The ball of embodiment 1 or 2, wherein the shear device corpprises a shear pin or
a shear screw.
[0043) 4. The ball of any of embodiments 1 to 3, further comprising a shear device retainer
coupled to the plug. |
[0044] 5. The ball of embodiment 4, wherein a portion of the shear device is disposed
between the‘shear device retainer and the plug.
[0045] 6. In an embodiment, a ball valve comprises: a housing; a ball rotatably disposed
within the housing; an intérior fluid passage extending through the ball; a first flow passage
disposed in the ball that allows fluid communication between an exterior fluid and the interior
fluid paésage; a second flow passage disposed in the ball that extends through a wall of the ball
to the interior fluid passage; wherein the first flow passage and the second flow passage are on
opposite hemispheres of the ball; and a flow through device comprising: a plug configured to
sealingly engage the ball when the plug is disposed in the first flow passage or the second flow
passage; and a shear device configured to engage the plug and retain the plug in sealing
engagement with the ball.
[0046] 7. The ball valve of embodiment 6, further comprising é shear device retainer

coupled to the plug.
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[0047] 8. The ball valve of embodiment 6 or 7, wherein at leaét a portion of the plug
comprises an expanded cross section configured to pfevent the plug from passing through the
ball to the interibr flow passage. |
[0048] 9. The ball valve of any of embodiments 6 to 8, further comprising a wellbore
tubular céupled to the ball valve.
[0049] 10. In an embodiment, a method comprises: establishing fluid communication
between a first location and a second location in a wellbore, wherein the first location is above
the second location; isolating the fluid communication between the first location and the second
location using a ball valve configured in a closed posiﬁon; providing a force to the ball valve;
and re-establishing fluid communication between the first location and the second location
through the ball valve in the closéd position.
[0050] 11. The method of emBodiment 1 0, wherein the closed position comprises a fully
closed position or a semi-closed position.
[0051] ©12. The method of embodiment 10 or 11, wherein providing a force to the ball valve
comprises establishing a pressure above a threshold in the ball valve.
[0052] 13. The method of embodiment 12, wherein the threshold is a pressure differential
bet\;veen the first location énd the secondllocation of abéut 10,000 psi.
[0053] 14. The method of any of rembodiments 10 to 13, wherein the ball valve comprises a
ball with a flow through device disposed in the ball.
[0054] 15. The method of embodiment 14, wherein re-establishing fluid communication
comprises activating the flow through device.
[0055] 16. The method of any of embodiments 10 to 15, wherein the ball valve comprises: a
ball rotatably disposed within a housing; and a flow through device in fluid communicaﬁon with

the first location, wherein the flow through device comprises: a plug disposed in a flow passage
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in a wall of the ball and configured to sealingly engage the ball; and a shear device configured to
engage the plug and retain the plug in sealing engagement with the ball. |
[0056] 17. | The method of embodiment 16 wherein the flow through device further
comprises a shear device retainer coupled to the plug, wherein a portion of the shear device is
dispbsed bétWeen the plug and the shear device retainer.
[0057] 18. The method of embodiment 16 or 17, wherein providing a force to the ball valve
comprisé_s providing a pressure above a threshold, and wherein re-establishing fluid
communication between the first location and the second location comprises: shearing the shear
device in response tn the pressure above the threshold; and disengaging the plug from the flow
passage in the wall of the ball.
[0058]  19. The method of any of embodiments 10 to 18, further comprising providing a
fluid to the second location after re-establishing fluid communication between the first location
and the second location through the ball valve.
[0059] 20. The method of embodiment 19, wherein the fluid comprises a kill fluid.
[6060] 21. The method of any of embodiments 10 to 15, 19, or 20, wherein the ball valve
comprises: a ball rotatably disposed within a housing; and a flow through device in fluid
communication with the first location, nvheréin the flow through device comprises: a plurality of
plugs disposéd ina corresponding plurality of flow passages in a wall of.tﬁe ball, wherein each
of the plurality of plugs is configured to seaiingly engage the ball; and a corresponding plurality
of shear devices configured to engage each of the plurality of plugs and retain the plugs in
sealing engagement with the ball.
[0061] ,‘ At least one embodiment is disclosed and variations, combinations, and/or
modifications of the embodiment(s) and/or features of the embodiment(s) made by a person
having ordinary skill in the art are within the scope of the disclosure. Alternative embodiments

that result from combining, integrating, and/or omitting features of the embodiment(s) are also
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within the scope of the disclosure. 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, étc.; greater than 0.10 includes 0.11, 0.12, 0.13, etc.). For example,
whenever a numerical range with a lower limit, R;, and an upper limit, R,, is disclosed, any
number falling within the range is specifically disclosed. In particular, the following numbers
within the range are specifically disclosed: R=R;+k*(R,-R;), wherein k is a variable ranging‘
from 1 percent to 100 percent with a 1 percent increment, i.e., k is 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. Use of the term
"optionally" ‘with respect to any element of a claim means that the element is required, or
alternatively, the element is not required, both alternatives being within the scope of the vclaim.
Use of broader terms such as comprises, includes; and having should be understood to provide
support for narrower terms such as consisting of, consisting essentially of, and comprised
substantially of. Ac‘cordingly, the scope of protection is not limited by the description set out
above but is defined by the claims that follow, that scope including all equivalents of the subject
matter of the claims. Each and every claim is incorporated as further disclosure into the

specification and the claims are embodiment(s) of the present invention.
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CLAIMS
What is claimed is:
1. A ball within a ball valve éomprising:

an interior fluid passage eXtending through the ball;

a first flow passage disposed in the ballv that allbws fluid communication between an
exterior fluid and the interior ﬂﬁid passage;

a sécond"ﬂ~ow passage disposed in the ball that extends through a wall of the ball to the
interior fluid passage; wherein the first flow passage and the second flow passage are on opposite
hemispheres of the ball; and

| a ﬂow through device comprising:

a plug disposed in the s¢cond flow passage and configured to sealingly engage the

béil; and
a shear device configured to engage the plug and retain the plug in the second flow
passage.
2. The ball of claim 1, wherein the shear device comprises a shear ring.
3. The ball of claim 1 or 2, wherein the shear device comprises a shear pin or a shear screw.
4, The ball of any of claims 1 to 3, further comprising a shear device retainer coupled to the
plug.
5. The ball of claim 4, wherein a pd_rtion of the shear device is disposed between the shear

device retainer and the plug.
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6. A ball valve comprising:

a housing;

a ball rotatably disposed within the housing;

an interior fluid passage extending through the ball;

a first flow passage disposed in the ball that allows fluid éommunication between an
exterior fluid and the interior fluid passage;

a second flow paséage disposed in the ball that extends through a wall of the ball to the
interior fluid passage; wherein the first flow passage and the second flow passage are on opposfte
her-nispheres of the ball; and |

a flow through device comprising:

a plug configured to sealingly engage the ball when the phig is disposed in the first
flow passage or the second flow passage; and |
‘a shear device configured to engage the plug and retain the plug in sealing

engagement with the ball.

7. The ball valve of claim 6, further comprising a shear device retainer coupled to the plug.
8. The ball valve of claim 6 or 7, wherein at least a portion of the plug comprises an expanded
cross  section configured to prevent the plug from passing through the ball to the interior flow

passage.

9. The ball valve of any of claims 6 to 8, further comprising a wellbore tubular coupléd to the

ball valve.

10. A method comprising:
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establishing fluid communication between a first location and a second location in a
wellbore, wherein the first location is above the second location;

isolating the fluid communication between the first location and the second location
usiﬁg a ball valve configured in a closed position;

providing a force to the ball valve; and |

re-establishing fluid communication between the first location and thé second location

through the ball valve in the closed position.

11.  The method of claim 10, whéreih the closed position comprises a fully closed position or

a semi-closed position.

12.  The method of claim 10 or 11, wherein providing a force to the ball valve comprises

establishing a pressure above a threshold in the ball valve.

13. The method of claim 12, wherein the threshold is a pressure differential between the first

location and the second location of about 10,000 psi.

14.  The method of any of claims 10 to 13, wherein the ball valve comprises a ball with a flow

through device disposed in the ball.

15.  The method of claim 14, wherein re-establishing fluid communication comprises

activating the flow through device.

16.  The method of any of claims 10 to 15, wherein the ball valve comprises:

a ball rotatably disposed within a housing; and
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a flow thfough dévice in fluid communication with the first location, wherein the flow
through device comprises:
a plug disposed in a flow passage in a wall of the ball and configured to sealingly
engage the ball; and - |
a shear device configured to engage the plug and retain the plug in sealing

engagement with the ball.

17.  The method of claim 16 wherein the flow through device further comprises a shear device
retainer coupled to the plug, wherein a portion of the shear device is disposed between the plug and

the shear device retainer.

18.  The method of claim 16 or 17, wherein pro{fiding a force to the ball valve comprises
providing a pressure above a threshold, and wherein re-establishing fluid communication
between the first locatiqn and the second location comprises:‘

shearing the shear device in response to the pre;ssure‘above the threshold; and

disengaging the plug from the ﬂow passage in the wall of the ball.
19.  The method of any of claims 10 to 18, further comprising providing a fluid to the second
location after re-establishing fluid communication between the first location and the second
location through the ball valve.

20.  The method of claim 19, wherein the fluid comprises a kill fluid.

21. - The method of any of claims 10 to 15, 19, or 20, wherein the ball valve comprises:

a ball rotatably disposed within a housing; and
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a flow through device in fluid communication with the first location, wherein the flow
through device comprises:

a plurality of plugs disposed in a corresponding plurality of flow passages in a wall
of the ball, wherein each of the plurality"of plugs is configured to sealingly engage the ball; and
a corresponding plurality of shear devices configured to engage each of the plurality

of plugs and retain the plugs in sealing engagement with the ball.
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