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(57) Abstract: A seal for a blind shear ram is configured to ex-
tend between a first carrier and a second carrier of the blind shear
ram. The seal includes a curved portion and an elastic layer ex-
tending through the curved portion. The elastic layer is config-
ured to contact at least one of the first carrier and the second car-
rier to seal a wellbore when the first carrier and the second car-
rier are in a closed position. The elastic layer has a first elastici-
ty. The seal also includes an anti-extrusion structure coupled to
the elastic layer. The anti-extrusion structure extends through the
curved portion. The anti-extrusion structure has a second elastic-
ity less than the first elasticity. The anti-extrusion structure de-
fines a plurality of slits to facilitate the anti-extrusion structure
extending through the curved portion.
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BLOWOUT PREVENTION SYSTEM INCLUDING BLIND SHEAR
RAM

BACKGROUND

[0001] The field of the disclosure relates generally to a blowout prevention (BOP) system for oil and

gas wells, and more particularly to a BOP system including a blind shear ram.

[0002] Many known oil and gas production systems include a blowout prevention (BOP) system that
seals a wellbore to inhibit release of materials through the wellbore. At least some known BOP systems
include blind shear rams including carriers that are movable between a first position and a second
position. During operation, the blind shear rams cut a pipe extending through the wellbore and the
carriers move to the second position to seal the wellbore. In at least some known blind shear rams, a

seal extends between the carriers to inhibit leakage of materials when the carriers seal the wellbore.

[0003] Accordingly, there is a need for a seal for blind shear rams that is capable of withstanding

pressures in the wellbore and providing sufficient contact pressure to completely seal the wellbore.
BRIEF DESCRIPTION

[0004] In one aspect, a seal for a blind shear ram is provided. The seal is configured to extend
between a first carrier and a second carrier of the blind shear ram. The seal includes a curved portion
and an elastic layer extending through the curved portion. The elastic layer is configured to contact at
least one of the first carrier and the second carrier to seal a wellbore when the first carrier and the second
carrier are in a closed position. The elastic layer has a first elasticity. The seal also includes an anti-
extrusion structure coupled to the elastic layer. The anti-extrusion structure extends through the curved
portion. The anti-extrusion structure has a second elasticity less than the first elasticity. The anti-
extrusion structure defines a plurality of slits to facilitate the anti-extrusion structure extending through

the curved portion.

[0005] In another aspect, a blind shear ram for a blowout prevention system is provided. The blind
shear ram includes a casing configured to couple to a stack and receive at least one pipe and at least one
cable. The at least one pipe and the at least one cable extend through a wellbore defined by the stack.
The blind shear ram also includes an upper carrier including an upper blade and a lower carrier
including a lower blade. At least one of the upper carrier and the lower carrier is configured to move

relative to the casing such that the upper carrier and the lower carrier are positionable in a first position
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in which the upper carrier and the lower carrier are spaced apart and a second position in which the
upper carrier and the lower carrier seal the wellbore. The blind shear ram further includes a seal
extending between the upper carrier and the lower carrier. The seal includes a curved portion and an
elastic layer extending through the curved portion. The elastic layer is configured to contact at least one
of the first carrier and the second carrier to seal a wellbore when the first carrier and the second carrier
are in a closed position. The elastic layer has a first elasticity. The seal also includes an anti-extrusion
structure coupled to the elastic layer. The anti-extrusion structure extends through the curved portion.
The anti-extrusion structure has a second elasticity less than the first elasticity. The anti-extrusion
structure defines a plurality of slits to facilitate the anti-extrusion structure extending through the curved

portion.

[0006] In yet another aspect, a method of assembling a seal for a blind shear ram is provided. The seal
is configured to extend between a first carrier and a second carrier of the blind shear ram. The method
includes forming a curved portion between a base portion and a leg portion such that the leg portion
extends at an angle relative to the base portion. The method also includes providing an elastic layer
extending through the base portion and the curved portion. The elastic layer is configured to contact at
least one of the first carrier and the second carrier to seal a wellbore when the first carrier and the second
carrier are in a closed position. The elastic layer has a first elasticity. The method further includes
coupling an anti-extrusion structure to the elastic layer. The anti-extrusion structure extends through the
base portion and the curved portion. The anti-extrusion structure has a second elasticity less than the
first elasticity. The method also includes forming a plurality of slits in the anti-extrusion structure to

facilitate the anti-extrusion structure extending through the curved portion.
BRIEF DESCRIPTION OF THE DRAWINGS

[0007] These and other features, aspects, and advantages of the present disclosure will become better
understood when the following detailed description is read with reference to the accompanying drawings

in which like characters represent like parts throughout the drawings, wherein:

[0008] FIG. 1is a schematic view of an exemplary blowout prevention (BOP) system including a

blind shear ram,;
[0009] FIG. 2 is a perspective view of the BOP system shown in FIG. 1;

[0010] FIG. 3 is a sectional view of the blind shear ram shown in FIGs. 1 and 2;
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[0011] FIG. 4 is a perspective view of a portion of an exemplary seal of the blind shear ram shown in

FIG. 3;

[0012] FIG. 51is a sectional view of a portion of the seal shown in FIG. 4 including an outer layer, an

inner layer, and an anti-extrusion structure;

[0013] FIG. 6 is a schematic perspective view of the seal shown in FIG. 4 indicating areas of strain

during operation of the BOP system shown in FIG. 1;

[0014] FIG. 7 is a perspective view of a portion of an alternative exemplary seal for the blind shear

ram shown in FIG. 3;

[0015] FIG. 8 is a perspective view of a portion of an anti-extrusion structure of the seal shown in FIG.
7.

2

[0016] FIG. 9 is a perspective view of a different configuration of the seal shown in FIG. 7;

[0017] FIG. 101s a perspective view of a portion of an alternative exemplary seal including a ribbed

anti-extrusion structure; and

[0018] FIG. 11 is a perspective view of a portion of an alternative exemplary seal including an anti-

extrusion structure including slits.

[0019] Unless otherwise indicated, the drawings provided herein are meant to illustrate features of
embodiments of this disclosure. These features are believed to be applicable in a wide variety of
systems comprising one or more embodiments of this disclosure. As such, the drawings are not meant
to include all conventional features known by those of ordinary skill in the art to be required for the

practice of the embodiments disclosed herein.
DETAILED DESCRIPTION

[0020] In the following specification and the claims, reference will be made to a number of terms,

which shall be defined to have the following meanings.

[0021] The singular forms “a”, “an”, and “the” include plural references unless the context clearly

dictates otherwise.
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[0022] “Optional” or “optionally” means that the subsequently described event or circumstance may or
may not occur, and that the description includes instances where the event occurs and instances where it

does not.

[0023] Approximating language, as used herein throughout the specification and claims, may be
applied to modify any quantitative representation that could permissibly vary without resulting in a
change in the basic function to which it is related. Accordingly, a value modified by a term or terms,

2%

such as “about”, “approximately”, and “substantially”, are not to be limited to the precise value
specified. In at least some instances, the approximating language may correspond to the precision of an
instrument for measuring the value. Here and throughout the specification and claims, range limitations
may be combined and/or interchanged, such ranges are identified and include all the sub-ranges

contained therein unless context or language indicates otherwise.

[0024] As used herein, the term “extrude” and “extrusion” refers to displacement by external forces.
The term “anti-extrusion” refers to resistance to displacement by external forces. As used herein, the

term “elastic” refers to the ability to return to a neutral shape after deformation.

[0025] The methods and systems described herein provide a seal that withstands extrusion forces in
the wellbore and provides sufficient contact pressure to completely seal the wellbore. For example,
embodiments of the seal include elastic layers and an anti-extrusion member coupled to the elastic layers
to inhibit extrusion of the elastic layers. The anti-extrusion member extends between the elastic layers
such that the anti-extrusion member supports the elastic layers. In addition, the outermost elastic layer
covers the anti-extrusion member and contacts surfaces adjacent the seal to prevent materials moving
between the seal and the surfaces. In some embodiments, the anti-extrusion member and the elastic
layers are configured to increase bonding between the anti-extrusion member and the elastic layers. As
a result, the seal provides increased contact pressure and resists extrusion forces due to pressures in the

wellbore.

[0026] FIG. 1 is a schematic view of an exemplary blowout prevention (BOP) system 100 including a
blind shear ram 102. BOP system 100 is configured to seal a wellbore 104 at least partially defined by a
stack 106 and inhibit material flowing through wellbore 104. In particular, blind shear ram 102 is
configured to cut a pipe 108 and cables 110 extending through wellbore 104 and seal wellbore 104. In
alternative embodiments, BOP system 100 has any configuration that enables BOP system 100 to

operate as described herein. For example, in some embodiments, BOP system 100 includes a shear ram

-
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and/or an annular blowout preventer.

[0027] FIG. 2 is a perspective view of BOP system 100 including blind shear ram 102. FIG. 3 isa
sectional view of blind shear ram 102. Blind shear ram 102 includes a casing 112, an upper carrier 114,
an upper blade 116, a lower carrier 118, a lower blade 120, and at least one ram actuator 122. In the
exemplary embodiment, ram actuators 122 are coupled to each of upper carrier 114 and lower carrier
118. Ram actuators 122 are configured to move upper carrier 114 and lower carrier 118 relative to
casing 112 such that upper carrier 114 and lower carrier 118 are positionable in a first position, e.g., an
opened position, and a second position, e.g., a closed position. In the exemplary embodiment, ram
actuators 122 are hydraulic. In alternative embodiments, blind shear ram 102 includes any ram actuator

122 that enables blind shear ram 102 to operate as described herein.

[0028] In reference to FIG. 1, casing 112 is configured to couple to stack 106 and receive pipe 108 and
cables 110. When upper carrier 114 and lower carrier 118 are in the first position, upper carrier 114 and
lower carrier 118 are spaced apart on opposite sides of casing 112 such that pipe 108 and cables 110
pass between upper carrier 114 and lower carrier 118. As upper carrier 114 and lower carrier 118 move
from the first position to the second position, upper carrier 114 and lower carrier 118 move towards each
other and compress pipe 108 and cables 110. Upper blade 116 and lower blade 120 are configured to
contact and cut pipe 108 and cables 110 as upper carrier 114 and lower carrier 118 move from the first
position to the second position. In the second position, upper carrier 114 and lower carrier 118 seal
wellbore 104. In the exemplary embodiment, at least one seal 124 (shown in FIG. 3) extends between
upper carrier 114 and lower carrier 118 to facilitate sealing wellbore 104 when upper carrier 114 and
lower carrier 118 are in the second position. In addition, upper seals 126 extend through casing 112 to
facilitate sealing wellbore 104. In alternative embodiments, wellbore 104 is sealed in any manner that

enables BOP system 100 to operate as described herein.

[0029] In reference to FIG. 3, in the exemplary embodiment, upper carrier 114 and lower carrier 118
define a gap 142 therebetween. In some embodiments, gap 142 is in a range about 0.025 millimeters
(mm) (0.001 inches (in.)) to about 0.500 mm (0.020 in.). In alternative embodiments, blind shear ram

102 includes any gap that enables blind shear ram 102 to operate as described herein.

[0030] FIG. 4 is a perspective view of a portion of seal 124 for blind shear ram 102 (shown in FIG. 3).
In reference to FIGs. 1 and 3, seal 124 extends between upper carrier 114 and lower carrier 118 to seal

wellbore 104 when upper carrier 114 and lower carrier 118 are in the second position. In particular, seal
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124 is coupled to and extends laterally along lower carrier 118. Seal 124 extends from a surface of
lower carrier 118 and contacts a surface of upper carrier 114 to seal wellbore 104 when upper carrier
114 and lower carrier 118 are in the second position. In alternative embodiments, seal 124 is coupled to
any portion of blind shear ram 102 that enables blind shear ram 102 to operate as described herein. For

example, in some embodiments, seal 124 is coupled to upper carrier 114.

[0031] In reference to FIG. 4, in the exemplary embodiment, seal 124 includes an outer layer 144, an
inner layer 146, an anti-extrusion structure 148, a base portion 150, leg portions 152, and an insert 154.
Outer layer 144 forms an outermost portion of seal 124 and is configured to contact upper carrier 114
(shown in FIG. 3). Inner layer 146 forms an inner portion of seal 124. Outer layer 144 and inner layer
146 are spaced apart and anti-extrusion structure 148 extends between outer layer 144 and inner layer
146. Accordingly, seal 124 is a layered structure. In alternative embodiments, seal 124 has any

configuration that enables blind shear ram 102 (shown in FIG. 3) to operate as described herein.

[0032] In the exemplary embodiment, anti-extrusion structure 148 has a stiffness that is greater than
the stiffness of outer layer 144 and the stiffness of inner layer 146. For example, in some embodiments,
anti-extrusion structure 148 has a stiffness in a range of about 35 megapascal (MPa) (5,000 pounds per
square inch (psi)) to about 138 MPa (20,000 psi) at a temperature of approximately 23° Celsius (C) (73°
Fahrenheit (F)) and a stiffness in a range of about 14 MPa (2,000 psi) to about 55 MPa (8,000 psi) at a
temperature of approximately 121°C (250°F). Outer layer 144 and inner layer 146 each have a stiffness
in a range of about 7 MPa (1,000 psi) to about 28 MPa (4,000 psi) at a temperature of approximately 23°
C (73°F). Outer layer 144 and inner layer 146 each have a stiffness in a range of about 3 MPa (500 psi)
to about 14 MPa (2,000 psi) at a temperature of approximately 121°C 250°F. In alternative
embodiments, seal 124 has any stiffness that enables blind shear ram (shown in FIG. 3) to operate as

described herein.

[0033] Also, in the exemplary embodiment, anti-extrusion structure 148 resists extrusion forces 149 on
outer layer 144 and inner layer 146. Accordingly, anti-extrusion structure 148 prevents lateral
displacement of seal 124 due to extrusion forces 149. In addition, the contact pressure of seal 124 on
upper carrier 114 (shown in FIG. 3) is increased because outer layer 144 covers anti-extrusion structure
148. In particular, outer layer 144 has a higher elasticity and a lower stiffness than anti-extrusion
structure 148 and provides an increased contact pressure between seal 124 and upper carrier 114 (shown

in FIG. 3). Accordingly, seal 124 provides a complete seal and prevents materials passing between seal
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124 and upper carrier 114. Anti-extrusion structure 148 has a lower elasticity and a higher stiffness than
outer layer 144 and inner layer 146. Anti-extrusion structure 148 is positioned between outer layer 144
and inner layer 146 to resist deformation of seal 124 due to pressures within wellbore 104 (shown in
FIG. 1). For example, in some embodiments, seal 124 is configured to withstand pressures up to 15,000

pounds per square inch (psi).

[0034] FIG. 5 is a sectional view of a portion of seal 124 including outer layer 144, inner layer 146,
and anti-extrusion structure 148. In the exemplary embodiment, anti-extrusion structure 148 includes a
first surface 156, a second surface 158, a third surface 160, and a fourth surface 162. First surface 156
and second surface 158 are opposite each other. First surface 156 contacts outer layer 144 and second
surface 158 contacts inner layer 146. Third surface 160 and fourth surface 162 extend between first
surface 156 and second surface 158. Accordingly, anti-extrusion structure 148 has a quadrilateral cross-
sectional shape. In addition, anti-extrusion structure 148 is elongate. First surface 156 and second
surface 158 define a thickness 164 of anti-extrusion structure 148 therebetween. In some embodiments,
thickness 164 is in a range of about 13 mm (0.5 in.) to about 127 mm (5 in.). In alternative
embodiments, anti-extrusion structure 148 has any shape that enables seal 124 to operate as described

herein.

[0035] Moreover, in the exemplary embodiment, outer layer 144 includes a first surface 166 and a
second surface 168. Second surface 168 is opposite first surface 166. First surface 166 is configured to
contact upper carrier 114 (shown in FIG. 3) and second surface 168 is configured to contact anti-
extrusion structure 148. First surface 166 and second surface 168 define a thickness 170 of outer layer
144 therebetween. In some embodiments, thickness 170 is in a range of about 1.3 mm (0.05 in.) to
about 25.4 mm (1 in.). Thickness 170 facilitates outer layer 144 covering anti-extrusion structure 148
and providing a desired contact pressure between upper carrier 114 (shown in FIG. 3) and seal 124. In
alternative embodiments, seal 124 includes any outer layer 144 that enables seal 124 to operate as

described herein.

[0036] In addition, in the exemplary embodiment, inner layer 146 includes a first surface 167 and a
second surface 169. Second surface 169 is opposite first surface 167. First surface 167 is configured to
contact anti-extrusion structure 148. First surface 167 and second surface 169 define a thickness 171 of

inner layer 146 therebetween. In some embodiments, thickness 171 is in a range of about 1.3 mm (0.05
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in.) to about 25.4 mm (1 in.). In alternative embodiments, seal 124 includes any inner layer 146 that

enables seal 124 to operate as described herein.

[0037] Also, in the exemplary embodiment, seal 124 includes different materials. For example, in
some embodiments, outer layer 144 and inner layer 146 include elastomers such as hydrogenated nitrile
butadiene rubber (HNBR), fluoroelastomers, and carboxylated nitrile rubbers (XNBR). In addition, in
some embodiments, anti-extrusion structure 148 includes thermoplastics such as nylon and polyether
ether ketone (PEEK). In alternative embodiments, seal 124 includes any material that enables seal 124
to operate as described herein. For example, in some embodiments, seal 124 includes, without

limitation, plastics, elastomers, metals, and combinations thereof.

[0038] In reference to FIG. 4, in the exemplary embodiment, leg portions 152 extend from opposite
ends of base portion 150 at angles relative to base portion 150. Leg portions 152 are coupled to base
portion 150 by elbows 151. Accordingly, seal 124 is U-shaped. While only one leg portion 152 and one
elbow 151 are shown in FIG. 4, in the exemplary embodiment, seal 124 is substantially symmetric such
that leg portions 152 and elbows 151 coupled to opposite ends of base portion 150 are the same. Anti-
extrusion structure 148 extends through base portion 150, through elbows 151, and into leg portions 152.
Outer layer 144 and inner layer 146 extend along anti-extrusion structure 148 through base portion 150,
through elbows 151, and into leg portions 152. In alternative embodiments, seal 124 includes any

portion that enables seal 124 to operate as described herein.

[0039] Moreover, in the exemplary embodiment, seal 124 further includes a body 172 and a cap 174.
Body 172 extends along and below inner layer 146. Body 172 includes an elastic material and facilitates
seal 124 sealing wellbore 104 (shown in FIG. 1). Cap 174 is positioned on a lower portion of body 172
and is spaced from outer layer 144, anti-extrusion structure 148, and inner layer 146. Cap 174 includes
a relatively rigid material. In alternative embodiments, seal 124 includes any component that enables

seal 124 to operate as described herein.

[0040] FIG. 6 is a schematic perspective view of seal 124 indicating areas of strain during operation of
BOP system 100 (shown in FIG. 1). During operation, seal 124 includes high strain areas 180, medium
stain areas 182, and low strain areas 184. Seal 124 is more prone to extrude in high strain areas 180 than
in medium strain areas 182 and low strain areas 184. Due to anti-extrusion structure 148, high strain

areas 180 are significantly reduced and/or eliminated. In particular, anti-extrusion structure 148 reduces
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strain in base portion 150 and elbow 151 such that base portion 150 and elbow 151 do not include high

strain areas 180. As a result, seal 124 has a reduced risk of extrusion.

[0041] FIG. 7 is a perspective view of a portion of a seal 200 for blind shear ram 102 (shown in FIG.
3). FIG. 8 is a perspective view of a portion of an anti-extrusion structure 202 of seal 200. Seal 200
includes anti-extrusion structure 202 and an elastic layer 204. Elastic layer 204 has a first stiffness.
Anti-extrusion structure 202 has a second stiffness greater than the first stiffness. Accordingly, anti-
extrusion structure 202 prevents extrusion of elastic layer 204 during operation. In alternative

embodiments, seal 200 includes any layer that enables seal 200 to operate as described herein.

[0042] In reference to FIG. 8, in the exemplary embodiment, anti-extrusion structure 202 includes an
elongate member 206 and a plurality of ribs 208. Elongate member 206 includes opposite ends 210, a
first surface 214, a second surface 216, a third surface 218, and a fourth surface 220. First surface 214,
second surface 216, third surface 218, and fourth surface 220 extend between ends 210 and about a
longitudinal axis 212 of elongate member 206 to define a perimeter of elongate member 206. In
alternative embodiments, anti-extrusion structure 202 includes any elongate member 206 that enables

anti-extrusion structure 202 to operate as described herein.

[0043] Also, in the exemplary embodiment, ribs 208 extend about the entire perimeter defined by first
surface 214, second surface 216, third surface 218, and fourth surface 220 of elongate member 206.
Ribs 208 are evenly spaced along elongate member 206 from first end 210 to second end 210. Ribs 208
define a plurality of spaces 222 to receive portions of elastic layer 204 and facilitate anti-extrusion
structure 202 bonding to elastic layer 204. In the exemplary embodiment, each rib 208 has a thickness
in a range of about 2 mm (0.08 in.) to about 20 mm (0.8 in.). In addition, in the exemplary embodiment,
adjacent ribs 208 are spaced apart by a distance in a range of about S mm (0.2 in.) to about 50 mm (2
in.). In alternative embodiments, anti-extrusion structure 202 includes any rib 208 that enables anti-

extrusion structure 202 to operate as described herein.

[0044] In addition, in the exemplary embodiment, ribs 208 are rectangular. Accordingly, ribs 208 are
symmetric about longitudinal axis 212. Ribs 208 are substantially similar to each other and are
uniformly spaced along elongate member 206. In alternative embodiments, ribs 208 have any shape that
enables seal 200 to operate as described herein. For example, in some embodiments, anti-extrusion
structure 202 includes ribs 208 having different shapes. In further embodiments, at least some ribs 208

are irregular.
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[0045] Moreover, in the exemplary embodiment, elongate member 206 and ribs 208 include
thermoplastics such as nylon and polyether ether ketone (PEEK). In addition, elongate member 206 and
ribs 208 are integrally formed. In alternative embodiments, anti-extrusion structure 202 is formed in any
manner and includes any material that enables seal 124 to operate as described herein. For example, in
some embodiments, anti-extrusion structure 202 includes, without limitation, plastics, elastomers,

metals, and combinations thereof.

[0046] In reference to FIGs. 7 and 8, in the exemplary embodiment, anti-extrusion structure 202 is
coupled to elastic layer 204 such that portions of elastic layer 204 extend into spaces 222 and contact
ribs 208 and elongate member 206. Accordingly, seal 200 is configured to provide increased contact
area between anti-extrusion structure 202 and elastic layer 204 to facilitate anti-extrusion structure 202
bonding to elastic layer 204. In the exemplary embodiment, elastic layer 204 substantially covers anti-
extrusion structure 202 such that anti-extrusion structure 202 is substantially isolated from an exterior of
seal 200. In alternative embodiments, anti-extrusion structure 202 and elastic layer 204 are coupled in

any manner that enables seal 200 to operate as described herein.

[0047] FIG. 9 is a perspective view of another configuration of seal 200. The configuration of seal
200 shown in FIG. 9 is substantially similar to the configuration shown in FIG. 7, except ribs 208 extend
to the exterior of seal 200. Elongate member 206 is substantially covered by elastic layer 204. In
alternative embodiments, elastic layer 204 covers any portion of anti-extrusion structure 202 that enables
seal 200 to operate as described herein. For example, in some embodiments, some ribs 208 extend to

the exterior of seal 200 and some ribs 208 are covered by elastic layer 204.

[0048] FIG. 10 is a perspective view of a portion of a seal 300 for blind shear ram 102 (shown in FIG.
3). Seal 300 includes an anti-extrusion structure 302 and an elastic layer 304. Anti-extrusion structure
302 includes an elongate member 306 and ribs 308. Elongate member 306 includes a first surface 310, a
second surface 312, a third surface 314, and a fourth surface 316. Ribs 308 extend about a portion of
elongate member 306. Specifically, ribs 308 extend about second surface 312, third surface 314, and
fourth surface 316. Accordingly, anti-extrusion structure 302 is asymmetric relative to a longitudinal
axis of anti-extrusion structure 302. In alternative embodiments, seal 300 includes any anti-extrusion

structure 302 that enables anti-extrusion structure 302 to operate as described herein.

[0049] In the exemplary embodiment, anti-extrusion structure 302 is coupled to elastic layer 304 such

anti-extrusion structure 302 is partially covered by elastic layer 304. At least a portion of ribs 308 and

-10-
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first surface 310 are uncovered such that ribs 308 and first surface 310 are exposed to an exterior of seal
300. In alternative embodiments, anti-extrusion structure 302 and elastic layer 304 are coupled together

in any manner that enables seal 300 to operate as described herein.

[0050] FIG. 11 is a perspective view of a portion of a seal 400 for blind shear ram 102 (shown in FIG.
3). Seal 400 includes an anti-extrusion structure 402, an elastic layer 404, a base portion 406, elbows
408, and leg portions 410. Leg portions 410 extend at angles relative to base portion 406 and are
coupled to opposite ends of base portion 406 by elbows 408. Accordingly, seal 400 is U-shaped. Anti-
extrusion structure 402 extends through base portion 406, through elbows 408, and into leg portions 410.
Anti-extrusion structure 402 conforms to a shape of base portion 406, elbows 408, and leg portions 410.
Elbows 408 form curved portions of anti-extrusion structure between base portion 406 and leg portions
410. Accordingly, anti-extrusion structure 402 is at least partially curved. In alternative embodiments,

seal 400 has any shape that enables seal 400 to operate as described herein.

[0051] In the exemplary embodiment, anti-extrusion structure 402 defines a plurality of slits 412 to
facilitate anti-extrusion structure 402 conforming to different shapes and extending along elastic layer
404. In particular, slits 412 allow anti-extrusion structure 402 to have a curved shape and extend
through elbow 408. Anti-extrusion structure 402 is positioned such that slits 412 are spaced throughout
elbow 408 when anti-extrusion structure 402 is coupled to elastic layer 404. Slits 412 are narrow,
substantially linear openings extending into anti-extrusion structure 402. In alternative embodiments,
anti-extrusion structure 402 includes any slit 412 that enables anti-extrusion structure 402 to operate as
described herein. For example, in some embodiments, slits 412 are spaced throughout anti-extrusion
structure 402. In further embodiments, different portions of anti-extrusion structure 402 define different

slits 412.

[0052] Also, in the exemplary embodiment, elastic layer 404 is coupled to anti-extrusion structure 402
such that portions of elastic layer 404 extend into slits 412. Accordingly, slits 412 increase the surface
area available for bonding between elastic layer 404 and anti-extrusion structure 402. In alternative
embodiments, anti-extrusion structure 402 and elastic layer 404 are coupled together in any manner that

enables seal 400 to operate as described herein.

[0053] In addition, in the exemplary embodiment, anti-extrusion structure 402 includes a first surface
414 and a second surface 416. First surface 414 and second surface 416 define a thickness 418

therebetween. In some embodiments, thickness 418 is in a range of about 13 mm (0.5 in.) to about 127
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mm (5 in.). In alternative embodiments, anti-extrusion structure 402 has any thickness that enables anti-

extrusion structure 402 to operate as described herein.

[0054] Also, in the exemplary embodiment, slits 412 extend from first surface 414 toward second
surface 416 through a portion of thickness 418. In the exemplary embodiment, slits 412 extend through
a majority, i.e., greater than half, of thickness 418. Accordingly, slits 412 decrease thickness 418 in
portions of anti-extrusion structure 402 and allow anti-extrusion structure 402 to flex between different
positions. In alternative embodiments, slits 412 extend any distance that enables seal 400 to operate as

described herein.

[0055] Moreover, in the exemplary embodiment, adjacent slits 412 are spaced apart by a distance in a
range of about 1 mm to about 10 mm. The material between slits 412 provides rigidity to seal 400 to
resist extrusion forces. In particular, slits 412 are configured to allow anti-extrusion structure 402 to flex
without substantially decreasing resistance to extrusion forces. In alternative embodiments, slits 412 are

spaced apart any distance that enables seal 400 to operate as described herein.

[0056] In reference to FIGs. 1 and 11, a method of assembling blind shear ram 102 includes coupling
seal 400 to at least one of lower carrier 118 and upper carrier 114 such that seal 400 is configured to seal
wellbore 104 when upper carrier 114 and lower carrier 118 are in the closed position. In some
embodiments, seal 400 is coupled to lower carrier 118 and base portion 406 is positioned in a groove in
lower carrier 118. The method also includes forming elbow 408 between base portion 406 and leg
portion 410 such that leg portion 410 extends at an angle relative to base portion 406. The method
further includes providing elastic layer 404 extending through base portion 406 and elbow 408. Elastic
layer 404 is configured to contact upper carrier 114 to seal wellbore 104 when blind shear ram 102 is in
the closed position. The method also includes coupling anti-extrusion structure 402 to elastic layer 404
such that portions of elastic layer 404 extend into slits 412. In some embodiments, anti-extrusion
structure 402 and elastic layer 404 are coupled together using adhesive. In further embodiments, anti-
extrusion structure 402 and elastic layer 404 are coupled in any manner that enables seal 400 to operate
as described herein. For example, in some embodiments, anti-extrusion structure 402 is at least partially

embedded in elastic layer 404 during formation of seal 400.

[0057] In the exemplary embodiment, the method includes forming slits 412 in anti-extrusion structure
402 to facilitate anti-extrusion structure 402 extending through elbow 408. In particular, slits 412

provide flexibility to anti-extrusion structure 402 to allow anti-extrusion structure 402 to curve and
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conform to the shape of elbow 408. In some embodiments, slits 412 are formed by removing material
from anti-extrusion structure 402, such as by cutting or “kerf-cutting” anti-extrusion structure 402. In
further embodiments, slits 412 are formed into anti-extrusion structure 402 when anti-extrusion structure
402 is formed. In alternative embodiments, anti-extrusion structure 402 is formed in any manner that

enables anti-extrusion structure 402 to operate as described herein.

[0058] The above-described methods and systems provide a seal that withstands extrusion forces in
the wellbore and completely seals the wellbore. For example, embodiments of the seal include elastic
layers and an anti-extrusion member coupled to the elastic layers to inhibit extrusion of the elastic
layers. The anti-extrusion member extends between the elastic layers such that the anti-extrusion
member supports the elastic layers. In addition, the outermost elastic layer covers the anti-extrusion
member and contacts surfaces adjacent the seal to prevent materials moving between the seal and the
surfaces. In some embodiments, the anti-extrusion member and the elastic layers are configured to
increase bonding between the anti-extrusion member and the elastic layers. As a result, the seal

provides increased contact pressure and resists extrusion forces due to pressures in the wellbore.

[0059] An exemplary technical effect of the methods, systems, and apparatus described herein
includes at least one of: (a) increasing reliability of BOP systems; (b) providing seals for blind shear
rams that have an increased resistance to extrusion during operation; (c) increasing sealing contact
pressure of seals for blind shear rams; (d) increasing bonding between layers of seals for blind shear

rams; and (e) reducing the cost to assemble seals for blind shear rams.

[0060] Exemplary embodiments of BOP methods, systems, and apparatus are not limited to the
specific embodiments described herein, but rather, components of systems and/or steps of the methods
may be utilized independently and separately from other components and/or steps described herein. For
example, the methods may also be used in combination with other systems requiring seals, and are not
limited to practice with only the systems and methods as described herein. Rather, the exemplary
embodiment can be implemented and utilized in connection with many other applications, equipment,

and systems that may benefit from improved seals.

[0061] Although specific features of various embodiments of the disclosure may be shown in some
drawings and not in others, this is for convenience only. In accordance with the principles of the
disclosure, any feature of a drawing may be referenced and/or claimed in combination with any feature

of any other drawing.
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[0062] This written description uses examples to disclose the embodiments, including the best mode,
and also to enable any person skilled in the art to practice the embodiments, including making and using
any devices or systems and performing any incorporated methods. The patentable scope of the
disclosure is defined by the claims, and may include other examples that occur to those skilled in the art.
Such other examples are intended to be within the scope of the claims if they have structural elements
that do not differ from the literal language of the claims, or if they include equivalent structural elements

with insubstantial differences from the literal language of the claims.

-14-



WO 2018/175016 PCT/US2018/018140

WHAT IS CLAIMED IS:

1. A seal for a blind shear ram, said seal configured to extend between a first carrier and a

second carrier of the blind shear ram, said seal comprising:
a curved portion,

an elastic layer extending through said curved portion, said elastic layer configured to contact at
least one of the first carrier and the second carrier to seal a wellbore when the first carrier and the second

carrier are in a closed position, said elastic layer having a first elasticity; and

an anti-extrusion structure coupled to said elastic layer, said anti-extrusion structure extending
through said curved portion, said anti-extrusion structure having a second elasticity less than the first
elasticity, wherein said anti-extrusion structure defines a plurality of slits to facilitate said anti-extrusion

structure extending through said curved portion.

2. The seal in accordance with Claim 1, wherein said anti-extrusion structure is configured

such that said plurality of slits are located within said curved portion.

3. The seal in accordance with Claim 1, wherein said plurality of slits are located

throughout said anti-extrusion structure.

4. The seal in accordance with Claim 1, wherein said curved portion is a first curved
portion, said seal further comprising a second curved portion, wherein said elastic layer and said anti-

extrusion structure extend through said first curved portion and said second curved portion.

5. The seal in accordance with Claim 4, wherein said plurality of slits is a first plurality of
slits located within said first curved portion, said anti-extrusion structure further defining a second

plurality of slits located within said second curved portion.

6. The seal in accordance with Claim 1, wherein said elastic layer and said anti-extrusion

structure are coupled such that said elastic layer extends into each slit of said plurality of slits.

7. The seal in accordance with Claim 1, wherein adjacent slits of said plurality of slits are

spaced apart by a distance in a range of about 1 mm to about 10 mm.

8. The seal in accordance with Claim 1, wherein said anti-extrusion structure comprises a

first surface and a second surface, said first surface and said second surface defining a thickness of said
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anti-extrusion structure therebetween, said plurality of slits extending from said first surface toward said

second surface.
9. A blind shear ram for a blowout prevention system, said blind shear ram comprising:

a casing configured to couple to a stack and receive at least one pipe and at least one cable, the at

least one pipe and the at least one cable extending through a wellbore defined by the stack;
an upper carrier comprising an upper blade;

a lower carrier comprising a lower blade, at least one of said upper carrier and said lower carrier
configured to move relative to said casing such that said upper carrier and said lower carrier are
positionable in a first position in which said upper carrier and said lower carrier are spaced apart and a

second position in which said upper carrier and said lower carrier seal the wellbore; and
a seal extending between said upper carrier and said lower carrier, said seal comprising:
a curved portion,

an elastic layer extending through said curved portion, said elastic layer configured to contact at
least one of said upper carrier and said lower carrier to seal the wellbore when said upper carrier and

said lower carrier are in the second position, said elastic layer having a first elasticity; and

an anti-extrusion structure coupled to said elastic layer, said anti-extrusion structure extending
through said curved portion, said anti-extrusion structure having a second elasticity less than the first
elasticity, wherein said anti-extrusion structure defines a plurality of slits to facilitate said anti-extrusion

structure extending through said curved portion.

10. The blind shear ram in accordance with Claim 9, wherein said anti-extrusion structure is

configured such that said plurality of slits are located within said curved portion.

11. The blind shear ram in accordance with Claim 10, wherein said plurality of slits are

located throughout said anti-extrusion structure.

12. The blind shear ram in accordance with Claim 9, wherein said curved portion is a first
curved portion, said seal further comprising a second curved portion, wherein said elastic layer and said

anti-extrusion structure extend through said first curved portion and said second curved portion.
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13. The blind shear ram in accordance with Claim 12, wherein said plurality of slits is a first
plurality of slits located within said first curved portion, said anti-extrusion structure further defining a

second plurality of slits located within said second curved portion.

14.  The blind shear ram in accordance with Claim 9, wherein said elastic layer and said anti-

extrusion structure are coupled such that said elastic layer extends into each slit of said plurality of slits.

15. The blind shear ram in accordance with Claim 9, wherein adjacent slits of said plurality

of slits are spaced apart by a distance in a range of about 1 mm to about 10 mm.

16. The blind shear ram in accordance with Claim 9, wherein said anti-extrusion structure
comprises a first surface and a second surface, said first surface and said second surface defining a
thickness of said anti-extrusion structure therebetween, said plurality of slits extending from said first

surface toward said second surface.

17. A method of assembling a seal for a blind shear ram, the seal configured to extend

between a first carrier and a second carrier of the blind shear ram, said method comprising:

forming a curved portion between a base portion and a leg portion such that the leg portion

extends at an angle relative to the base portion,

providing an elastic layer extending through the base portion and the curved portion, the elastic
layer configured to contact at least one of the first carrier and the second carrier to seal a wellbore when
the first carrier and the second carrier are in a closed position, the elastic layer having a first elasticity;

and

coupling an anti-extrusion structure to the elastic layer, the anti-extrusion structure extending
through the base portion and the curved portion, the anti-extrusion structure having a second elasticity

less than the first elasticity; and

forming a plurality of slits in the anti-extrusion structure to facilitate the anti-extrusion structure

extending through the curved portion.

18. The method in accordance with Claim 17, wherein coupling the anti-extrusion structure
to the elastic layer comprises coupling the anti-extrusion structure to the elastic layer such that the

elastic layer extends into each slit of the plurality of slits.
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19.  The method in accordance with Claim 17, wherein forming a plurality of slits in the anti-
extrusion structure comprises forming a plurality of slits extending from a first surface of the anti-

extrusion structure toward a second surface of the anti-extrusion structure.

20.  The method in accordance with Claim 17 further comprising positioning said anti-

extrusion structure such that the plurality of slits are located within the curved portion.
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