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ABSTRACT OF THE DISCLOSURE

A sealing device includes a tubular body having a bore; a collet seat having a
plurality of collets; a frangible sealing element disposed in the collet seat and blocking
fluid communication through the bore; and a releasable sleeve releasably attached to
the tubular body and retaining the collet seat against the tubular body. In one
embodiment, the plurality of the collets includes threads mated with threads on the
tubular body. In another embodiment, the plurality of the collets is attached to the

sleeve.
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BUOYANT SYSTEM FOR INSTALLING A CASING STRING

BACKGROUND

Field

Embodiments of the present disclosure generally relate to running a casing string

into a wellbore.
Description of the Related Art

In extended reach wells or wells with complex trajectory, operators often
experience difficulty in running a liner/casing past a certain depth or reach. The depth
or reach of the liner is typically limited by the drag forces exerted on the liner. If further
downward force is applied, the liner may be pushed into the sidewall of the wellbore and
become stuck or threaded connections in the liner may be negatively impacted. As a

result, the liners are prematurely set in the wellbore, thereby causing hole downsizing.

Various methods have been developed to improve liner running abilities. For
example, special low friction centralizers or special fluid additives may be used to reduce
effective friction coefficient. In another example, floating a liner against the wellbore

may be used to increase buoyancy of the liner, thereby reducing contact forces.

There is a need, therefore, for apparatus and methods to improve tubular running

operations.
SUMMARY

In one embodiment, a sealing device includes a tubular body having a bore; a coliet
seat having a plurality of collets; a frangible sealing element disposed in the collet seat
and blocking fluid communication through the bore: and a releasable sleeve releasably

attached to the tubular body and retaining the collet seat against the tubular body.
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In another embodiment, a sealing device includes a tubular body having a bore; a
frangible sealing element disposed in the tubular body and blocking fluid communication
through the bore; an aperture formed in the sealing element; and a rupture device

selectively blocking fluid communication through the aperture.

In another embodiment, a tubular assembly disposed in a wellbore, includes a
tubular string having a bore; a sealing device as described herein disposed in the tubular
string and blocking fluid flow through the bore; a valve assembly disposed in the tubular
string and downstream from the sealing device, the valve assembly blocking fluid flow
through the bore; a buoyant chamber formed between the sealing device and the valve
assembly, the buoyant chamber including a fluid having a lower specific gravity than a

fluid in the wellbore.

In another embodiment, a tubular assembly disposed in a wellbore includes a
tubular string having a bore; a lower sealing device disposed in the tubular string and
blocking fluid flow through the bore; an upper sealing device disposed in the tubular
string and located upstream from the lower sealing device, the upper sealing device

blocking fluid flow through the bore.

In one embodiment, the upper sealing device includes a tubular body having a
bore; a frangible sealing element disposed in the tubular body and blocking fluid
communication through the bore of the tubular body, the sealing element includes a
dome having a concave surface oriented toward the lower sealing device; and a buoyant
chamber formed between the lower sealing device and a upper sealing device, the
buoyant chamber including a fluid having a lower specific gravity than a fluid in the

wellbore.

In another embodiment, a method of installing a tubular string in a wellbore
includes forming a buoyant chamber between a sealing device and a valve assembly
disposed in the tubular string. The sealing device includes a tubular body having a bore;
a frangible sealing element disposed in the tubular body and blocking fluid
communication through the bore of the tubular body, the sealing element includes a

dome and an aperture formed through the dome; and an aperture formed through the
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dome, the aperture blocked from fluid communication. The method also includes
supplying the buoyant chamber with a fluid having a lower specific gravity than a fluid in
the wellbore; moving the tubular string along the wellbore; applying pressure to open
the aperture for fluid communication; and flowing fluid through the aperture to break the

sealing element.

In another embodiment, a sealing device includes a tubular body having a bore; a
collet seat having a plurality of collets; a frangible sealing element disposed in the collet
seat and blocking fluid communication through the bore; and a releasable sleeve
releasably attached to the tubular body, wherein the plurality of coliets is attached to the

sleeve.

In another embodiment, a sealing device includes a tubular body having a bore; a
support frame attached to the tubular body; a sealing element disposed on the support
frame and blocking fluid communication through the bore; and a sensor configured to
detect a pressure exterior of the sealing element, wherein the support frame is
configured to collapse in response to the sensor detecting a predetermined pressure or

pressure pulse.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above recited features of the present disclosure
can be understood in detail, a more particular description of the disclosure, briefly
summarized above, may be had by reference to embodiments, some of which are
illustrated in the appended drawings. It is to be noted, however, that the appended
drawings illustrate only typical embodiments of this disclosure and are therefore not to
be considered limiting of its scope, for the disclosure may admit to other equally effective

embodiments.

Figure 1 is a schematic view of a wellbore having a casing string equipped with a

sealing device and a valve assembly, according to some embodiments.

Figure 2 illustrates an exemplary embodiment of a valve assembly of Figure 1.

Figure 2 also illustrates an exemplary embodiment of a lower sealing device.
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Figure 3 illustrates an exemplary embodiment of a sealing device.

Figure 4 shows the sealing device of Figure 3 after the sealing element has been

shattered.
Figure 5 illustrates another exemplary embodiment of a sealing device.
Figure 6 illustrates another exemplary embodiment of a sealing device.
Figure 7 illustrates another exemplary embodiment of a sealing device.
Figure 8 illustrates another exemplary embodiment of a sealing device.
Figure 9 illustrates another exemplary embodiment of a lower sealing device.

Figure 10 illustrates another exemplary embodiment of a lower sealing device.

Figure 10A illustrates the components of the sealing device of Figure 10.

Figure 11 illustrates another exemplary embodiment of a lower sealing device.

Figure 11A illustrates the components of the sealing device of Figure 11.
Figure 12 illustrates an exemplary embodiment of circulation tool.
Figures 13A-C illustrate another exemplary embodiment of a sealing device.
Figures 14A-C illustrate yet another exemplary embodiment of a sealing device.
Figures 15A-C illustrate yet another exemplary embodiment of a sealing device.
Figure 16 illustrates yet another exemplary embodiment of a sealing device.
Figure 17 illustrates yet another exemplary embodiment of a sealing device.

DETAILED DESCRIPTION

Figure 1 is a schematic side view of a wellbore 104. A drilling rig 102 on the surface
has been used to drill a wellbore 104 into the earth 116. The wellbore 104 includes a

vertical section 106. Thereafter, a drill bit may be maneuvered to form a diverging
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section 108 of the wellbore 104. The drill bit may be maneuvered to ultimately form a
horizontal section 110 of the wellbore 104. Such horizontal wellbores 110 can enable a
single drilling rig 102 to access a relatively large region of a particular geological

formation at the depth of the horizontal section 110 of the wellbore 104.

After the welibore or a portion of the wellbore 104 has been drilled, a casing string
is typically installed. The casing string is typically made up of a series of metal pipes
(i.e., casing sections) that are connected together end to end. After the casing string
has been placed in the wellbore, cement is pumped through the casing string to a distal
end of the casing string. From there, the cement can flow back toward the surface of
the well through an annular gap between the wellbore and the casing string. The cement

cures to seal the annular gap.

The distal end of the casing string 120 includes a shoe 124 attached to the distal
end of the casing string 120. The shoe 124 may have a tapered exterior surface that
can guide the distal end of the casing string 120 through the wellbore 104. The shoe
124 includes an aperture in fluid communication with the bore of the casing string 120.
In various aspects, the shoe 124 can have multiple apertures therethrough. A valve
assembly 130 arranged in the casing string 120 is spaced apart from the distal end of
the casing string 120. The valve assembly 130 includes a passageway 134 in fluid
communication with the bore of the casing string 120, as shown in Figure 2. The ends
of the valve assembly 130 are connectable to the casing string 120, such as via threads.
A valve 136 can be arranged in the passageway to control fluid communication through
the passageway 134. The valve 136 can include a biasing mechanism 139, such as a
spring, that urges the valve 136 into a closed position. The passageway 134 and the
valve 136 can be made of a composite material (e.g., a plastic material, a composite
material, or a fiber reinforced composite material). A fluid, such as cement or drilling
fluid can be pumped through the casing string 120 to overcome the biasing force of the
biasing mechanism to move the valve to an open position. In one embodiment, any or
all of the components of the valve assembly 130 can be made of a dissolvable material,

such as an aluminum-based alloy. In another embodiment, the valve assembly 130 can
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include a mixture of aluminum-based alloy components and composite based

components.

Due to the weight of the casing string 120, the distal end of the casing string 120
is resting on a wall surface of the diverging section 108 and/or the horizontal section 110
of the wellbore 104 during the run-in. As the distal end of the casing string 120 is
translating through the horizontal section 110 of the wellbore 104, friction between the
casing string 120 and the bottom surface of the horizontal section 110 can make it

difficult for the casing string 120 to reach its target location.

In various embodiments described herein, the casing string 120 is equipped with
a buoyant system to reduce the weight of the casing string 120 resting on the bottom

surface of the wellbore.

In one embodiment, the buoyant system includes a buoyant chamber 150 formed
in the casing string 120 to facilitate positioning of the casing string 120 in the wellbore
104. The chamber 150 is formed between the valve assembly 130 in the closed position
and a sealing device 200 positioned upstream from the valve assembly 130. As shown
in Figure 1, the sealing device 200 is positioned in a vertical section 106 of the casing
string 120. However, it is contemplated the sealing device 200 may be positioned in the
diverging section 108 or horizontal section 110. The sealing device 200 is configured
to prevent fluid communication in the casing bore across the sealing device 200. The
distance between the sealing device 200 and the valve assembly 130 can be selected

based on the desired amount of buoyance.

Figure 3 illustrates an exemplary embodiment of a sealing device 300. The sealing
device 300 is suitable for use as the sealing device 200 in Figure 1. The sealing device
300 includes a tubular body 310, a frangible sealing element 320, a collet seat 330, and
a sleeve 340. The tubular body 310 includes an upper body 310U connected to a lower
body 310L. The collet seat 330 is disposed in a recessed portion 311 of the tubular
body 310. The collet seat 330 includes a plurality of collet heads 333 disposed at an
upper end. The collet heads 333 are engaged with a groove 312 formed in the recessed
portion 311. A shoulder 332 is provided at a lower end of the interior surface of the collet
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seat 330. A sealing member 337 such as a seal ring is disposed between the collet seat
330 and the tubular body 310 to prevent fluid communication therebetween. A gap
exists between the bottom of the collet seat 330 and the lower end 314 of the recessed
portion 311. When the collet heads 333 are released from the groove 312, the collet

seat 330 is movable to contact the lower end 314 of the recessed portion.

A releasable sleeve 340 is provided to retain the collet heads 333 in the groove
312. The sleeve 340 is releasably attached to the tubular body 310 using one or more
shearable members 341 such as a shear pin. The lower end of the sleeve 340 s
disposed on the interior side of the collet heads 333 to prevent the collet heads 333 from
disengaging the groove 312. The upper end of the sleeve 340 has a smaller outer
diameter portion that extends across the recessed portion of the tubular body 310. An
annular chamber 345 is formed between the upper end of the sleeve 340 and the tubular
body 310. An annulus port 315 allows fluid communication between the annular
chamber 345 and the exterior of the tubular body 310. A smaller, upper seal ring 343
and a larger, lower seal ring 344 are positioned to prevent fluid communication between
the annular chamber 345 and the bore of the tubular body 310. The outer surface of the
sleeve 340 includes an optional tapered surface 346 in contact with a complementary
tapered surface 316 of the tubular body 310. The tapered surfaces 316, 346 are
configured to prevent the downward movement of the sleeve 340. The tapered surfaces
316, 346 also reduce the axial load on the shear pins 341. It must be noted any suitable
number of shearable members may be used, for example, from one to twelve shear pins
or from two to eight shear pins. The number of shear pins may depend on the desired
release pressure for releasing the sleeve 340. In this example, the release pressure is
independent of the hydrostatic pressure. Thus, the desired release pressure may be
selected by choosing the appropriate number of shear pins. In another embodiment,
the manufacturing material of the shear pins provides an additional option to select the
release pressure. The material of the shear pins may be changed to increase or
decrease the shear force of the pins. Suitable materials for the shear pins include steel,
brass, alloys, plastic, and combinations thereof. A switch from brass to steel will
increase shear force required to break a shear pin. In one example, the tubular body

310 is pre-drilled with holes for receiving the shear pins. Depending on the desired
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release pressure, the number of shear pins used may be the same or less than the
number of pre-drilled holes. For example, if six holes are pre-formed in the tubular body
310, a shear pin may be disposed in each hole if maximum release pressure is desired.

The frangible sealing element 320 is disposed in the collet seat 330. In one
embodiment, the sealing element 320 includes a semispherical dome. The bottom end
of the sealing element 320 is supported by the shoulder 332 of the collet seat 330. As
shown, the convex surface of the dome is oriented upward toward the rig, and the
concave surface of the dome is oriented downward toward the shoe 124 and the valve
assembly 130. The sealing element 320 sealingly engages the collet seat 330 to prevent
fluid communication between the sealing element 320 and the collet seat 330. For
example, a sealing member 327 such as a seal ring is disposed between the collet seat
330 and the sealing element 320 to prevent fluid communication therebetween. The
sealing element 320 may be made of a frangible material such as ceramics, metals,
glass, porcelains, carbides, and other suitable frangible materials. The convex side of
the dome can withstand more pressure than the concave side. For example, the convex
side can be rated to withstand a pressure range from 2,000 psi to 13,000 psi, a pressure
range from 5,000 psi to 11,500 psi, or a pressure range from 8,000 to 11,000 psi. The
concave side can be rated to withstand a pressure range from 300 psi to 5,000 psi, a
pressure range from 500 psi to 3,000 psi, or a pressure range from 900 to 1,300 psi. In
another example, the sealing element 320 can be configured to withstand a pressure
difference from 500 psi to 11,000 psi between the convex side and concave side. In
another embodiment, sealing element can withstand a range of ratio of the pressure on
the convex side to the pressure on the concave side from 3:1 to 15:1, from 5:1 to 12:1,
and from 9:1 to 11:1.

The buoyance chamber 150 may be filled with air instead of liquid to reduce the
weight of the casing string 120 in the wellbore 104. In some embodiments, the casing
string 120 can be filled with a mixture of air and liquid. In some embodiments, the casing
string 120 is filled with a fluid having a lower specific gravity than the fluid in the wellbore
104. Other suitable fluids for filling the casing string 104 include gases such as nitrogen,

carbon dioxide, and a noble gas.
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In operation, the casing string 120 is run into the wellbore 104 equipped with a
buoyant system having a buoyant chamber 150 formed between a valve assembly 130
and a sealing device 300. The buoyant chamber 150 is filled with air to increase the
buoyancy effect on the casing string 120, thereby reducing the friction between the
casing string 120 and the wall of the wellbore 104. The reduced friction facilitates the

run-in of the casing string 120.

After reaching the desired location, pressure above the dome of the sealing
element 320 is increased to urge the sleeve 340 to move upward. When sufficient
pressure is applied to break the shearable pins 341, the sleeve 340 is moved upward
relative to the collet seat 330. It is noted that during run-in, the pressure in the bore of
the casing string 120 is approximately the same as the external pressure. Thus, the
amount of increased pressure above the dome should be about the same as the
differential pressure required for shearing the pins 341. In other words, in this example,
the pressure applied to shear the pins 341 is independent of the hydrostatic pressure.
After the pins 341 shear, the lower end of the sleeve 340 is moved away from the collet
heads 333, thereby freeing the collet heads 333 to disengage from the groove 312. In
turn, the collet seat 330 is moved downward, away from the sleeve 340, toward the
lower end 314 of the recessed portion 311. The sealing element 320, attached to the
collet seat 330, moves downward with the collet seat 330 until the collet seat 320
contacts the lower end 314. The contact force and the pressure above the dome cause
the frangible sealing element 320 to break, thereby opening the buoyant chamber 150
for fluid communication. Figure 4 illustrates the sealing device 300 after the sealing
element 320 has been broken. The sleeve 340 has moved upward and may be
optionally retained in position using a lock ring 348. The heads 333 of the collet seat
330 are engaged with a lower groove 313. The collet seat 330 has moved downward
and rests against the lower end of the tubular body 310. A circulating fluid such as a
drilling fluid may fill the buoyant chamber and exit out the shoe 124. Thereafter, a
cementing operation is performed to supply cement into the annular area between the

casing string 120 and the wellbore 104.
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Figure 5 illustrates another exemplary embodiment of a sealing device 400. The
sealing device 400 is suitable for use as the sealing device 200 in Figure 1. The sealing
device 400 includes a tubular body 410, a frangible sealing element 420, and a movable
sleeve 440. The tubular body 410 includes an upper body connected to a lower body.
The movable sleeve 440 is disposed in a recessed portion 411 of the tubular body 410.

The movable sleeve 440 is releasably attached to the tubular body 410 using one
or more shearable members 441 such as shearable pins. In this embodiment, two rows
of shearable pins 441 circumferentially spaced around the sleeve 440 are used to
releasably attach the sleeve 440 to the tubular body 410. A gap exists between the
bottom of the movable sleeve 440 and the lower end 414 of the recessed portion 411.
When the movable sleeve 440 is released from the shear pins 441, the movable sleeve
440 is movable to contact the lower end 414 of the recessed portion 411. A seal ring
437 is disposed on each side of the shear pins 441 to prevent fluid communication
between the sleeve 440 and the tubular body 410.

The frangible sealing element 420 is disposed in the movable sleeve 440. In one
embodiment, the sealing element 420 includes a semispherical dome. The bottom end
of the sealing element 420 is supported by the shoulder 432 of the movable sleeve 440.
As shown, the convex surface of the dome is oriented upward toward the rig, and the
concave surface of the dome is oriented downward toward the shoe 124. The sealing
element 420 sealingly engages the movable sleeve 440 to prevent fluid communication
between the sealing element 420 and the movable sleeve 440. For example, a sealing
member 437 such as a seal ring is disposed between the movable sleeve 440 and the
sealing element 420 to prevent fluid communication therebetween. The sealing element
420 may be made of a frangible material such as ceramics, metals, glass, porcelains,
carbides, and other suitable frangible materials. The sealing element 420 may have the

same pressure ratings as described above with respect to sealing element 320.

In operation, the casing string 120 is run into the wellbore 104 equipped with a
buoyant system having a buoyant chamber 150 formed between a valve assembly 130

and a sealing device 400. The buoyant chamber 150 is filled with air to increase the

10
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buoyancy effect on the casing string 120, thereby reducing the friction between the
casing string 120 and the wall of the wellbore 104. The reduced friction facilitates the
run-in of the casing string 120.

After reaching the desired location, pressure above the dome of the sealing
element 420 is increased to urge the sleeve 440 to move downward. When sufficient
pressure is applied to break the shearable pins 441, the sleeve 440 is moved downward
relative to the tubular body 410. After the pins 441 shear, the lower end of the sleeve
440 moves downward toward the lower end 414 of the recessed portion 411. The
sealing element 420, attached to the sleeve 440, moves downward with the sleeve 440
until the sleeve 440 contacts the lower end 414. The contact force and the pressure
above dome cause the frangible sealing element 420 to break, thereby opening the
buoyant chamber 150 for fluid communication. A circulating fluid such as a drilling fluid
may fill the buoyant chamber and exit out the shoe 124, Thereafter, a cementing
operation is performed to supply cement into the annular area between the casing string
120 and the wellbore 104.

Figure 6 illustrates an exemplary embodiment of a sealing device 600. The sealing
device 600 is suitable for use as the sealing device 200 in Figure 1. The sealing device
600 includes a tubular body 610, a frangible sealing element 620, and a sleeve 640.
The tubular body 610 includes an upper body connected to a lower body.

The frangible sealing element 620 is disposed in a first recessed portion 611 of the
tubular body 610. In one embodiment, the sealing element 620 includes a semispherical
dome. The bottom end of the sealing element 620 is supported by the lower end 614 of
the recessed portion 611. As shown, the convex surface of the dome is oriented upward
toward the rig, and the concave surface of the dome is oriented downward toward the
shoe 124. The sealing element 620 sealingly engages the tubular body 610 to prevent
fluid communication between the sealing element 620 and the tubular body 610. For
example, a sealing member 627 such as a seal ring is disposed between the tubular
body 610 and the sealing element 620 to prevent fluid communication therebetween.

The sealing element 620 may be made of a frangible material such as ceramics, metals,

11
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glass, porcelains, carbides, and other suitable frangible materials. The sealing element
620 may have the same pressure ratings as described above with respect to sealing

element 320.

A releasable sleeve 640 is provided to break the sealing element 620. The sleeve
640 is releasably attached to the tubular body 610 using a shearable member 641 such
as a shear pin. The sleeve 640 is at least partially disposed in the first recessed portion
611 and a second recessed portion 612 of the tubular body 610. The upper end of the
sleeve 640 is in contact with the second recessed portion 612. The lower end of the
sleeve 640 has a smaller outer diameter portion that extends across the first recessed
portion 611 of the tubular body 610. An annular chamber 645 is formed between the
smaller outer diameter portion and the second recessed portion 612. Two larger, upper
seal rings 643 and a smaller, lower seal ring 644 are positioned to prevent fluid
communication between the annular chamber 645 and the bore of the tubular body 610.
The shearable member 641 is disposed between the two upper seal rings 643. The
annular chamber 645 is filled with a compressible fluid such as air. A gap exists between
the bottom of the sleeve 640 and the sealing element 620. When the sleeve 640 is
released from the pins, the sleeve 640 is movable into contact with the sealing element
620.

In operation, the casing string 120 is run into the wellbore 104 equipped with a
buoyant system having a buoyant chamber 150 formed between a valve assembly 130
and a sealing device 600. The buoyant chamber 150 is filled with air to increase the
buoyancy effect on the casing string 120, thereby reducing the friction between the
casing string 120 and the wall of the wellbore 104. The reduced friction facilitates the
run-in of the casing string 120.

After reaching the desired location, pressure above the dome of the sealing
element 620 is increased to urge the sleeve 640 to move downward. When sufficient
pressure is applied to break the shearable pins 641, the sleeve 640 is moved downward
relative to the sealing element 620. After the pins 641 shear, the lower end of the sleeve
640 is moved into contact with the sealing element 620. The contact force and the

12
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pressure above dome cause the frangible sealing element 620 to break, thereby
opening the buoyant chamber 150 for fluid communication. A circulating fluid such as a
drilling fluid may fill the buoyant chamber and exit out the shoe 124. Thereafter, a
cementing operation is performed to supply cement into the annular area between the

casing string 120 and the wellbore 104.

Figure 7 illustrates an exemplary embodiment of a sealing device 500. The sealing
device 500 is suitable for use as the sealing device 200 in Figure 1. The sealing device
500 includes a tubular body 510, a frangible sealing element 520, and a sleeve 540.

The tubular body 510 includes an upper body connected to a lower body.

The frangible sealing element 520 is disposed in a first recessed portion 511 of the
tubular body 510. In one embodiment, the sealing element 520 includes a semispherical
dome. The bottom end of the sealing element 520 is supported by the lower end 514 of
the recessed portion 511. As shown, the convex surface of the dome is oriented upward
toward the rig, and the concave surface of the dome is oriented downward toward the
shoe 124. The sealing element 520 sealingly engages the tubular body 510 to prevent
fluid communication between the sealing element 520 and the tubular body 510. For
example, a sealing member 527 such as a seal ring is disposed between the tubular
body 510 and the sealing element 520 to prevent fluid communication therebetween.
The sealing element 520 may be made of a frangible material such as ceramics, metals,
glass, porcelains, carbides, and other suitable frangible materials. The sealing element
520 may have the same pressure ratings as described above with respect to sealing
element 320.

A releasable sleeve 540 is provided to break the sealing element 520. The sleeve
540 is releasably attached to the tubular body 510 using a shearable member 541 such
as a shear pin. The sleeve 540 is at least partially disposed in the first recessed portion
511 and a second recessed portion 512 of the tubular body 510. The upper end of the
sleeve 540 is in contact with the second recessed portion 512. The lower end of the
sleeve 540 has a smaller outer diameter portion that extends across the first recessed

portion 511 of the tubular body 510. An annular chamber 545 is formed between the

13
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smaller outer diameter portion and the second recessed portion 512. An annulus port
515 allows fluid communication between the annular chamber 545 and the exterior of
the tubular body 510. A larger, upper seal ring 543 and a smaller, lower seal ring 544
are positioned to prevent fluid communication between the annular chamber 545 and
the bore of the tubular body 510. A gap exists between the bottom of the sleeve 540
and the sealing element 520. When the sleeve 540 is released from the pins, the sleeve

540 is movable into contact with the sealing element 520.

In operation, the casing string 120 is run into the wellbore 104 equipped with a
buoyant system having a buoyant chamber 150 formed between a valve assembly 130
and a sealing device 500. The buoyant chamber 150 is filled with air to increase the
buoyancy effect on the casing string 120, thereby reducing the friction between the
casing string 120 and the wall of the wellbore 104. The reduced friction facilitates the

run-in of the casing string 120.

After reaching the desired location, pressure above the dome of the sealing
element 520 is increased to urge the sleeve 540 to move downward. When sufficient
pressure is applied to break the shearable pin 541, the sleeve 540 is moved downward
relative to the sealing element 520. After the pins 541 shear, the lower end of the sleeve
540 is moved into contact with the sealing element 520. The contact force and the
pressure above dome cause the frangible sealing element 520 to break, thereby
opening the buoyant chamber 150 for fluid communication. A circulating fluid such as a
drilling fluid may fill the buoyant chamber and exit out the shoe 124, Thereafter, a
cementing operation is performed to supply cement into the annular area between the

casing string 120 and the wellbore 104.

Figure 8 illustrates an exemplary embodiment of a sealing device 800. The sealing
device 800 is suitable for use as the sealing device 200 in Figure 1. The sealing device
800 includes a tubular body 810 and a frangible sealing element 820. The tubular body
810 includes an upper body connected to a lower body. A sealing member 817, such
as a seal ring, is disposed between the upper body and the lower body to prevent fluid

communication therebetween.

14
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The frangible sealing element 820 is disposed in the tubular body 810. In one
embodiment, the sealing element 820 includes a semispherical dome. The lower end
of the sealing element 820 includes a shoulder 822 that is disposed in a recessed portion
811 of the tubular body 810. As shown, the convex surface of the dome is oriented
upward toward the rig, and the concave surface of the dome is oriented downward
toward the shoe 124. The sealing element 820 sealingly engages the tubular body 810
to prevent fluid communication between the sealing element 820 and the tubular body
810. For example, sealing members 827 such as a seal ring is disposed between the
tubular body 810 and the shoulder of the sealing element 820 to prevent fluid
communication therebetween. The sealing element 820 may be made of a frangible
material such as ceramics, metals, glass, porcelains, carbides, and other suitable
frangible materials. The sealing element 820 may have the same pressure ratings as

described above with respect to sealing element 320.

In one embodiment, the sealing element 820 includes an aperture 828. The
aperture 828 is selectively blocked from fluid communication using a rupture device. In
the embodiment shown in Figure 8A, the rupture device is a cover 838 made of a
rupturable material. For example, the cover 838 can be a foil made of a material such
as titanium, composite material, plastic, and other suitable rupturable material. The
cover 838 can be configured to rupture at a selected pressure differential. In one
example, the cover 838 is a foil made of titanium having a thickness from 0.01 inches to
0.2 inches and from 0.02 inches to 0.06 inches. The thickness of the cover 838 may
depend on the size of the aperture and the selected pressure differential. For example,
a thinner cover 838 can be used for a smaller diameter aperture to achieve the same
rupture pressure differential. The aperture can have a diameter from 0.1 inches to 0.8
inches; from 0.15 inches to 0.5 inches; and from 0.2 inches to 0.3 inches. In one
example, the aperture is 0.25 inches.

Figure 8B illustrates another exemplary rupture device. In this example, the
rupture device is an insert 848 having a rupture disk 845. The insert 848 has a tubular
body 846 that can line at least a portion of the wall of the aperture 828. The insert 848
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can a have a flange 847 that rests against the top surface of the dome. The rupture disk

845 can be configured to rupture at a selected pressure differential.

Figure 8C illustrates another exemplary rupture device. In this example, the
rupture device 858 includes a rupture disk 855 attached to a body having exterior
threads that mates with threads in the aperture 828. The rupture disk 855 can be

configured to rupture at a selected pressure differential.

In operation, the casing string 120 is run into the wellbore 104 equipped with a
buoyant system having a buoyant chamber 150 formed between a valve assembly 130
and a sealing device 800. The buoyant chamber 150 is filled with air to increase the
buoyancy effect on the casing string 120, thereby reducing the friction between the
casing string 120 and the wall of the wellbore 104. The reduced friction facilitates the

run-in of the casing string 120.

After reaching the desired location, pressure above the dome of the sealing
element 820 is increased to break the cover 838 over the aperture 828. The cover 838
ruptures when sufficient pressure is applied, thereby opening the aperture 828 for fluid
communication. Without being bound by theory, it is believed fluid rushing through the
aperture 828 causes cavitation that, in turn, causes the sealing element 820 to shatter.
In this manner, the buoyant chamber 150 in the casing string 120 is opened for fluid
communication. A circulating fluid such as a drilling fluid may fill the buoyant chamber
and exit out the shoe 124. Thereafter, a cementing. operation is performed to supply

cement into the annular area between the casing string 120 and the wellbore 104.

In another embodiment, a sealing device 900 is disposed at a lower end of the
casing string 120, as shown in Figures 1 and 2. Figure 2 is an enlarged partial view of
Figure 1. The sealing device 900 is positioned between the valve assembly 130 and
the shoe 124. The sealing device 900 prevents fluid in the wellbore from filling the bore
of the casing string 120. The sealing device 900 is configured to withstand the high
pressure environment (e.g., 10,000 psi) in the wellbore and protects the valve assembly

130 from the high pressure environment.
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Referring to Figure 2, the sealing device 900 includes a tubular body 910, a plug
housing 930, a plurality of arcuate seg-ments 940, and a releasable plug 920. The
arcuate segments 940 have dogs 942 formed on an exterior surface that mate with
grooves 912 formed in the tubular body 910. In this embodiment, two arcuate segments
940 are used to connect the plug housing 930 to the tubular body 910. The plug housing
930 is disposed in the arcuate segments 940 and prevents the arcuate segments 940
from disengagement with the tubular body 910. A shearable connector 945 such as a
snap ring is used to releasably attach the plug housing 930 to the arcuate segments
940. The plug housing 930 includes a shoulder 932 in contact with the tubular body
910. A seal ring 935 is disposed between the shoulder 932 and the tubular body 910 to
prevent fluid communication therebetween. In one embodiment, any or all of the
components of the sealing device 900 can be made of a dissolvable material, such as
an aluminum-based alloy. For example, one or more of the releasable plug 920, the
plug housing 930, and the arcuate segments 940 can be made of an aluminum-

magnesium alloy.

The releasable plug 920 is at least partially disposed in a bore 937 of the plug
housing 930. A shearable connector 925 such as a snap ring is used to releasably
attach the plug 920 to the plug housing 930. In another embodiment, shear pins 965
are used to releasably attach the plug 960 to the plug housing 930, as shown in Figure
9. A sealring 926 is disposed between the plug 920 and the plug housing 930 to prevent
fluid communication therebetween. The plug 920 includes a shoulder 922 abutted
against the bottom end of the plug housing 930. The shoulder 922 allows the plug 920
to withstand a pressure higher than the shearable connector 925 alone. Thus, a higher
pressure is needed to release the plug 920 in the uphole direction than in the downhole
direction.

In operation, the casing string 120 is run into the wellbore 104 equipped with a
buoyant system having a buoyant chamber 150 formed between a valve assembly 130
and an upper sealing device 300. The casing string 120 includes a lower sealing device
900 disposed between the valve assembly 130 and the shoe 124. The lower sealing

device 900 may act as a redundant sealing mechanism for the buoyant chamber 150.
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The buoyant chamber 150 is filled with air to increase the buoyancy effect on the casing
string 120, thereby reducing the friction between the casing string 120 and the wall of
the wellbore 104. The reduced friction facilitates the run-in of the casing string 120.

After reaching the desired location, pressure above the dome of the sealing
element 320 is increased to shatter the sealing element 320, as previously discussed
with respect to Figures 3 and 4. After breaking the sealing element 320, fluid is supplied
to fill the buoyant chamber 150 and circulate out most of the air. Thereafter, pressure
in the casing string 120 is increased until it is sufficient to shear the shearable connection
925 retaining the plug 920. After the plug 920 is released, a fluid such as a drilling fluid
may be circulated out of the shoe 124. Thereafter, a cementing operation is performed
to supply cement into the annular area between the casing string 120 and the wellbore
104.

Another exemplary embodiment of a lower sealing device 1000 is shown in Figures
10 and 10A. Figure 10A is a view of the components of the sealing device 1000. The
lower sealing device 1000 is suitable for use as the sealing device 900 of Figure 1 and
can be positioned between the valve assembly 130 and the shoe 124. The sealing
device 1000 prevents fluid in the wellbore from filling the bore of the casing string 120.
The sealing device 1000 is configured to withstand the high pressure environment (e.g.,
10,000 psi) in the wellbore and protects the valve assembly 130 from the high pressure

environment.

Referring to Figures 10 and 10A, the sealing device in 1000 includes a tubular
body 1010, a seal housing 1030, a plurality of arcuate segments 1040, and a sealing
element 1020. The seal housing 1030 includes a first housing body 1031 connected to
a second housing body 1032. The upper end of the second housing body 1032 is
insertable into a bore in the lower end of the first housing body 1031. A shearable
connection 1045 such as a snap ring is used to connect the first and second housing
bodies 1031, 1032. A seal ring 1035 is disposed between each of the housing bodies
1031, 1032 and the tubular body 1010. The arcuate segments 1040 are disposed in an
annular area between the tubular body 1010 and the housing bodies 1031, 1032. In this
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example, two semicircular arcuate segments 1040 are positioned in the annular area.
The upper portion of the inner surface of the arcuate segments 1040 have an inward
incline 1041 that mates with a complementary incline of the first housing body 1031, and
the lower portion of the inner surface of the arcuate segments 1040 have an outward
incline 1042 that mates with a complementary incline of the second housing body 1032.
The inward incline 1041 restricts movement of the first housing body 1031 toward the
second housing body 1032, and the outward incline 1042 restricts movement of the

second housing body 1032 toward the first housing body 1031.

The sealing element 1020 is at least partially disposed in a bore 1037 of the second
housing body 1032. In one embodiment, the sealing element 1020 includes a
semispherical dome. As shown, the concave surface of the dome is oriented upward
toward the rig, and the convex surface of the dome is oriented downward toward the
shoe 124. The sealing element 1020 sealingly engages the second housing body 1032
to prevent fluid communication between the sealing element 1020 and the housing body
1032. For example, a sealing member 1027 such as a seal ring is disposed between
the housing body 1032 and the sealing element 1020 to prevent fluid communication
therebetween. The sealing element 1020 is made of a frangible material such as
ceramics, metals, glass, porcelains, carbides, and other suitable frangible materials.
The sealing element 1020 may have the same pressure ratings as described above with
respect to sealing element 320. A retainer sleeve 1028 disposed around the sealing
element 1020 is used to retain the sealing element 1020 against the housing body 1032.
The retainer sleeve 1028 threadedly connects to the second housing body 1032. Inone
embodiment, any or all of the components of the sealing device 1000 can be made of a
dissolvable material, such as an aluminum-based alloy. For example, one or more of
the sealing element 1020, the seal housing 1030, and the arcuate segments 1040 can

be made of an aluminum-magnesium alloy.

In operation, the casing string 120 is run into the wellbore 104 equipped with a
buoyant system having a buoyant chamber 150 formed between a valve assembly 130
and an upper sealing device 300. The casing string 120 includes a lower sealing device

1000 disposed between the valve assembly 130 and the shoe 124. The lower sealing
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device 1000 may act as a redundant sealing mechanism for the buoyant chamber 150.
The buoyant chamber 150 is filled with air to increase the buoyancy effect on the casing
string 120, thereby reducing the friction between the casing string 120 and the wall of
the wellbore 104. The reduced friction facilitates the run-in of the casing string 120.

After reaching the desired location, pressure above the dome of the sealing
element 320 is increased to shatter the sealing element 320, as previously discussed
with respect to Figures 3 and 4. After breaking the sealing element 320, fluid is supplied
to fill the buoyant chamber 150 and circulate out most of the air. Thereafter, pressure
in the casing string 120 is increased until it is sufficient to shatter the sealing element
1020. After breaking the sealing element 1020, a fluid such as a drilling fluid may be
circulated out of the shoe 124. Thereafter, a cementing operation is performed to supply

cement into the annular area between the casing string 120 and the wellbore 104.

Another exemplary embodiment of a lower sealing device 1100 is shown in Figures
11 and 11A. Figure 11A is a view of the components of the sealing device 1100. The
lower sealing device 1100 is suitable for use as the sealing device 900 of Figure 1 and
can be positioned between the valve assembly 130 and the shoe 124. The sealing
device 1100 prevents fluid in the wellbore from filling the bore of the casing string 120.
The sealing device 1100 is configured to withstand the high pressure environment (e.g.,
10,000 psi) in the wellbore and protects the valve assembly 130 from the high pressure

environment.

Referring to Figures 11 and 11A, the sealing device in 1100 includes a tubular
body 1110, a seal housing 1130, a plurality of arcuate segments 1140, and a sealing
element 1120. The seal housing 1130 includes a first housing body 1131 and a second
housing body 1132. A seal ring 1135 is disposed between each of the housing bodies
1131, 1132 and the tubular body 1110. The arcuate segments 1140 are disposed in an
annular area between the tubular body 1110 and the housing bodies 1131, 1132. In this
example, two semicircular arcuate segments 1140 are positioned in the annular area.

The annular area may be formed by a recess in the tubular body 1110 and a recess in
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the housing bodies 1131, 1132. The recess of housing bodies 1131, 1132 includes

threads 1117, 1118, respectively, for mating with threads on the arcuate segments 1140.

The sealing element 1120 is at least partially disposed in a bore 1137 of the second
housing body 1132. In one embodiment, the sealing element 1120 includes a
semispherical dome. As shown, the concave surface of the dome is oriented upward
toward the rig, and the convex surface of the dome is oriented downward toward the
shoe 124. The sealing element 1120 sealingly engages the second housing body 1132
to prevent fluid communication between the sealing element 1120 and the housing body
1132. For example, a sealing member 1127 such as a seal ring is disposed between
the housing body 1132 and the sealing element 1120 to prevent fluid communication
therebetween. The sealing element 1120 is made of a frangible material such as
ceramics, metals, glass, porcelains, carbides, and other suitable frangible materials.
The sealing element 1120 may have the same pressure ratings as described above with
respect to sealing element 320. A retainer sleeve 1128 disposed around the sealing
element 1120 is used to retain the sealing element 1120 against the housing body 1132.
The retainer sleeve 1028 threadedly connects to the second housing body 1132. In one
embodiment, any or all of the components of the sealing device 1100 can be made of a
dissolvable material, such as an aluminum-based alloy. For example, one or more of
the releasable plug 1120, the plug housing 1130, and the arcuate segments 1140 can

be made of an aluminum-magnesium alloy.

In operation, the casing string 120 is run into the wellbore 104 equipped with a
buoyant system having a buoyant chamber 150 formed between a valve assembly 130
and an upper sealing device 300. The casing string 120 includes a lower sealing device
1100 disposed between the valve assembly 130 and the shoe 124. The lower sealing
device 1100 may act as a redundant sealing mechanism for the buoyant chamber 150.
The buoyant chamber 150 is filled with air to increase the buoyancy effect on the casing
string 120, thereby reducing the friction between the casing string 120 and the wall of
the wellbore 104. The reduced friction facilitates the run-in of the casing string 120.
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After reaching the desired location, pressure above the dome of the sealing
element 320 is increased to shatter the sealing element 320, as previously discussed
with respect to Figures 3 and 4. After breaking the sealing element 320, fluid is supplied
to fill the buoyant chamber 150 and circulate out most of the air. Thereafter, pressure
in the casing string 120 is increased until it is sufficient to shatter the sealing element
1120. Thereafter, a fluid such as a drilling fluid may be circulated out of the shoe 124.
Thereafter, a cementing operation is performed to supply cement into the annular area

between the casing string 120 and the wellbore 104.

Figure 12 illustrates an exemplary embodiment of a circulation tool 1200. The
circulation tool 1200 may be used to supply fluid into the buoyant chamber 150 of the
casing string 120 and circulate air out of the buoyant chamber 150. The circulation tool
1200 includes a tubular body 1210, an injector tube 1220, a latch 1230, and an air outlet
1240. The tubular body includes a first bore 1201 in fluid communication with a second
bore 1212 and a third bore 1213. The second bore 1212 has a larger diameter than the
first bore 1211. The third bore 1213 is sufficiently sized to receive an upper end of the
casing string 120.

The injector tube 1220 is disposed inside the tubular body 1210 and includes a
bore 1220 in fluid communication with the first bore 1211 of the tubular body 1210. An
annular area 1215 is formed between the exterior of the injector tube 1220 and the
section of the tubular body 1210 containing the second bore 1212 and the third bore
1213. The lower end of the bore 1222 of the injector tube 1220 is configured to choke
the fluid flow out of the injector tube 1220. In one embodiment, the bore 1222 initially
tapers outward before tapering inward just before the end of the injector tube 1220. In
one example, angle of the outward taper 1227 is less than the angle of the inward taper
1228. For example, the outward taper 1227 may be between 1 degree to 10 degrees
or between 1 degree and 5 degrees, such as 2 degrees. The inward taper 1228 is
between 10 degrees and 20 degrees or between 13 degrees and 17 degrees, such as
15 degrees.

22

CA 3043410 2019-05-15



10

15

20

25

30

The air outlet 1240 is attached to the tubular body 1210 and is in fluid
communication with the annular area 1215. The latch 1230 includes a shoulder 1234
for supporting a bottom end of the coupling 1207 at the upper end of the casing string
120. The latch 1230 may be spring actuated between an engaged position supporting
the coupling 1207 and a disengaged position. An optional face seal 1236 is positioned
between the upper end of the coupling 1207 and the tubular body 1210. The face seal

1236 may prevent leakage out of the circulation tool 1200.

In operation, the coupling 1207 is inserted into the circulation tool 1200, and the
injection tube 1220 is positioned inside the casing string 120. The latch 1230 is actuated
to engage and support the coupling 1207. After breaking the sealing element 320, the
injector tube 1220 supplies fluid to fill the buoyant chamber 150. Air is circulated out of
the casing string 120 and into the annular area 1215 of the circulation tool 1200. The
air can exit the circulation tool 1200 via the air outlet 1240. Thereafter, a cementing
operation is performed to supply cement into the annular area between the casing string
120 and the wellbore 104.

Figure 13A illustrates another exemplary embodiment of a sealing device 1300.
The sealing device 1300 is suitable for use as the sealing device 200 in Figure 1. The
sealing device 1300 includes a tubular body 1310, a frangible sealing element 1320, a
collet seat 1330, and a sleeve 1340. The tubular body 1310 includes an upper body
1310U connected to a lower body 1310L. The collet seat 1330 is disposed in a recessed
portion 1311 of the tubular body 1310. The collet seat 1330 includes a plurality of collet
fingers 1333 having finger threads 1334 formed on an outer surface. The finger threads
1334 are engaged with body threads 1312 formed on an inner surface of the recessed
portion 1311. A shoulder 1332 is provided at a lower end of the interior surface of the
collet seat 1330. A sealing member 1337 such as a seal ring is disposed between the
collet seat 1330 and the tubular body 1310 to prevent fluid communication
therebetween. A gap exists between the bottom of the collet seat 1330 and the lower
end 1314 of the recessed portion 1311. When the finger threads 1334 are released
from the body threads 1312, the collet seat 1330 is movable across the gap to contact

the lower end 1314 of the recessed portion. In one embodiment, a recessed groove
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1338 is formed on the inner surface of the recessed portion 1311 to minimize contact of
the finger threads 1334 with the tubular body 1310, thereby facilitating movement of the
collet seat 1330. In another embodiment, the collet fingers 1333 have a plurality of
shoulders formed on an outer surface. The plurality of shoulders is engaged with
complementary grooves in the tubular body to axially support the collet seat in the

tubular body.

A releasable sleeve 1340 is provided to maintain engagement of the finger threads
1334 with the body threads 1312. The sleeve 1340 is releasably attached to the tubular
body 1310 using one or more shearable members 1341 such as a shear pin. The lower
end of the sleeve 1340 is disposed on the interior side of the collet fingers 1333 to
prevent the finger threads 1334 from disengaging the body threads 1312. The outer
surface of the lower end of the sleeve 1340 has a recessed groove 1349 to provide
space for finger threads 1334 to disengage from the body threads 1312. The upper end
of the sleeve 1340 has a smaller outer diameter portion that extends across the
recessed portion of the tubular body 1310 and sealingly contacts an inner surface of the
upper body 1310U. An annular chamber 1345 is formed between the upper end of the
sleeve 1340 and the tubular body 1310. An annulus port 1315 allows fluid
communication between the annular chamber 1345 and the exterior of the tubular body
1310. A smaller, upper seal ring 1343 and a larger, lower seal ring 1344 are positioned
to prevent fluid communication between the annular chamber 1345 and the bore of the
tubular body 1310. The outer surface of the sleeve 1340 includes an optional tapered
surface 1346 in contact with a complementary tapered surface 1316 of the tubular body
1310. The tapered surfaces 1316, 1346 are configured to prevent the downward
movement of the sleeve 1340. The tapered surfaces 1316, 1346 also reduce the axial
load on the shear pins 1341. It must be noted any suitable number of shearable
members may be used, for example, from one to twelve shear pins or from two to eight
shear pins. The number of shear pins may depend on the desired release pressure for
releasing the sleeve 1340. In this example, the release pressure is independent of the
hydrostatic pressure. Thus, the desired release pressure may be selected by choosing
the appropriate number of shear pins. In another embodiment, the manufacturing

material of the shear pins provides an additional option to select the release pressure.
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The material of the shear pins may be changed to increase or decrease the shear force
of the pins. Suitable materials for the shear pins include steel, brass, alloys, plastic, and
combinations thereof. A switch from brass to steel will increase the shear force required
to break a shear pin. In one example, the tubular body 1310 is pre-drilled with holes for
receiving the shear pins. Depending on the desired release pressure, the number of
shear pins used may be the same or less than the number of pre-drilled holes. For
example, if six holes are pre-formed in the tubular body 1310, a shear pin may be

disposed in each hole if maximum release pressure is desired.

The frangible sealing element 1320 is disposed in the collet seat 1330. In one
embodiment, the sealing element 1320 includes a semispherical dome. The bottom end
of the sealing element 1320 is supported by the shoulder 1332 of the collet seat 1330.
As shown, the convex surface of the dome is oriented upward toward the rig, and the
concave surface of the dome is oriented downward toward the shoe 124 and the valve
assembly 130. The sealing element 1320 sealingly engages the collet seat 1330 to
prevent fluid communication between the sealing element 1320 and the collet seat 1330.
For example, a sealing member 1327 such as a seal ring is disposed between the collet
seat 1330 and the sealing element 1320 to prevent fluid communication therebetween.
The sealing element 1320 may be made of a frangible material such as ceramics,
metals, glass, porcelains, carbides, and other suitable frangible materials. The convex
side of the dome can withstand more pressure than the concave side. For example, the
convex side can be rated to withstand a pressure range from 2,000 psi to 13,000 psi, a
pressure range from 5,000 psi to 11,500 psi, or a pressure range from 8,000 to 11,000
psi. The concave side can be rated to withstand a pressure range from 300 psito 5,000
psi, a pressure range from 500 psi to 3,000 psi, or a pressure range from 900 to 1,300
psi. In another example, the sealing element 1320 can be configured to withstand a
pressure difference from 500 psi to 11,000 psi between the convex side and concave
side. In another embodiment, sealing element can withstand a range of ratio of the
pressure on the convex side to the pressure on the concave side from 3:1 to 15:1, from
5:1to 12:1, and from 9:1 to 11:1.
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In operation, the casing string 120 is run into the wellbore 104 equipped with a
buoyant system having a buoyant chamber 150 formed between a valve assembly 130
and a sealing device 1300. The buoyant chamber 150 is filled with air to increase the
buoyancy effect on the casing string 120, thereby reducing the friction between the
casing string 120 and the wall of the wellbore 104. The reduced friction facilitates the

run-in of the casing string 120.

After reaching the desired location, pressure above the dome of the sealing
element 1320 is increased to urge the sleeve 1340 to move upward. When sufficient
pressure is applied to break the shearable pins 1341, the sleeve 1340 is moved upward
relative to the collet seat 1330. It is noted that during run-in, the pressure in the bore of
the casing string 120 is approximately the same as the external pressure. Thus, the
amount of increased pressure above the dome should be about the same as the
differential pressure required for shearing the pins 1341. In other words, in this example,
the pressure applied to shear the pins 1341 is independent of the hydrostatic pressure.
After the pins 1341 shear, the lower end of the sleeve 1340 is moved away from the
collet fingers 1333 due to the difference in size of the seal rings 1343, 1344. In this
respect, the finger threads 1334 of the collet fingers 1333 are freed to disengage from
the body threads 1312. In turn, the collet seat 1330 moves downward, away from the
sleeve 1340, toward the lower end 1314 of the recessed portion 1311. Figure 13B
shows the sleeve 1340 moved upward, and the recessed groove 1349 is located
adjacent the finger threads 1334, thereby allowing disengagement from the body
threads 1312. The sealing element 1320, coupled to the collet seat 1330, moves
downward with the collet seat 1330 until the collet seat 1330 contacts the lower end
1314. The contact force and the pressure above the dome cause the frangible sealing
element 1320 to break, thereby opening the buoyant chamber 150 for fluid
communication. Figure 13C illustrates the sealing device 1300 after the sealing element
1320 has been broken. The sleeve 1340 has moved upward and may be optionally
retained in position using a lock ring 1348. The finger threads 1334 of the collet seat
1330 are positioned adjacent the recessed groove 1338 of the tubular body 1310. The
collet seat 1330 has moved downward and rests against the lower end 1314 of the
tubular body 1310. A circulating fluid such as a drilling fluid may fill the buoyant chamber
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and exit out the shoe 124. Thereafter, a cementing operation is performed to supply
cement into the annular area between the casing string 120 and the wellbore 104.

Figure 14A illustrates another exemplary embodiment of a sealing device 1400.
The sealing device 1400 is suitable for use as the sealing device 200 in Figure 1. The
sealing device 1400 includes a tubular body 1410, a frangible sealing element 1420,
and a collet seat 1430. The tubular body 1410 includes an upper body 1410U connected
to a lower body 1410L. The collet seat 1430 is disposed in a recessed portion 1411 of
the tubular body 1410. The collet seat 1430 includes a plurality of collet fingers 1433
having a collet head 1434 formed at an upper end. The collet heads 1434 are disposed
between a lower end of the upper body 1410U and a recessed groove 1438 formed on
an inner surface of the recessed portion 1411. The inner diameter of the recessed
groove 14328 is larger than the inner diameter of the recessed portion 1411. In another
embodiment, the collet seat is releasably attached to the groove 1438 of the tubular
body 1410.

The collet heads 1434 are releasably attached to the upper body 1410U using one
or more shearable members 1441 such as a shear pin. In this embodiment, two shear
pins 1441 are used to attach each collet to the upper body 1410U. It must be noted any
suitable number of shearable members may be used, for example, from one to 4 shear
pins. The number of shear pins may depend on the desired release pressure for
releasing the collet seat 1430. In one example, the collet fingers 1433 are pre-drilled
with holes for receiving the shear pins. Depending on the desired release pressure, the
number of shear pins used may be the same or less than the number of pre-drilled holes.
For example, if two holes are pre-formed in each collet finger 1433, some fingers 1433

may receive only one shear pin and others may receive two shear pins.

A shoulder 1432 is provided at a lower end of the interior surface of the collet seat
1430. A sealing member 1437 such as a seal ring is disposed between the collet seat
1430 and the tubular body 1410 to prevent fluid communication therebetween. A gap
exists between the bottom of the collet seat 1430 and the lower end 1414 of the
recessed portion 1411. When the collet fingers 1433 are released from the upper body

27

CA 3043410 2019-05-15



10

15

20

25

30

1410U of the tubular body 1410, the collet seat 1430 is movable across the gap to

contact the lower end 1414 of the recessed portion.

The frangible sealing element 1420 is disposed in the collet seat 1430. In one
embodiment, the sealing element 1420 includes a semispherical dome. The bottom end
of the sealing element 1420 is supported by the shoulder 1432 of the collet seat 1430.
As shown, the convex surface of the dome is oriented upward toward the rig, and the
concave surface of the dome is oriented downward toward the shoe 124 and the valve
assembly 130. The sealing element 1420 sealingly engages the collet seat 1430 to
prevent fluid communication between the sealing element 1420 and the collet seat 1430.
For example, a sealing member 1427 such as a seal ring is disposed between the collet
seat 1430 and the sealing element 1420 to prevent fluid communication therebetween.
The sealing element 1420 may be made of a frangible material such as ceramics,
metals, glass, porcelains, carbides, and other suitable frangible materials. The convex
side of the dome can withstand more pressure than the concave side. For example, the
convex side can be rated to withstand a pressure range from 2,000 psi to 13,000 psi, a
pressure range from 5,000 psi to 11,500 psi, or a pressure range from 8,000 to 11,000
psi. The concave side can be rated to withstand a pressure range from 300 psi to 5,000
psi, a pressure range from 500 psi to 3,000 psi, or a pressure range from 900 to 1,300
psi. In another example, the sealing element 1420 can be configured to withstand a
pressure difference from 500 psi to 11,000 psi between the convex side and concave
side. In another embodiment, sealing element can withstand a range of ratio of the
pressure on the convex side to the pressure on the concave side from 3:1 to 15:1, from
5:1to 12:1, and from 9:1 to 11:1.

In operation, the casing string 120 is run into the wellbore 104 equipped with a
buoyant system having a buoyant chamber 150 formed between a valve assembly 130
and a sealing device 1400. Figure 14A shows the sealing device 1400 in the run-in
position. The buoyant chamber 150 is filled with air to increase the buoyancy effect on
the casing string 120, thereby reducing the friction between the casing string 120 and
the wall of the wellbore 104. The reduced friction facilitates the run-in of the casing
string 120.
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After reaching the desired location, pressure above the dome of the sealing
element 1420 is increased sufficiently to break the shearable pins 1441. After the pins
1441 shear, the collet seat 1430 is freed to move downward toward the lower end 1414
of the recessed portion 1411. Figure 13B shows the sealing element 1420, coupled to
the collet seat 1430, moved partially downward. The lower end of the collet head 1434
is located at the interface between the recessed groove 1438 and the recessed portion
1411.

As the collet seat 1430 continues to move downward, the collet fingers 1433 flex
inward when the collet heads 1434 travel onto the smaller diameter recessed portion
1411. The collet fingers 1433 apply a compressive force to the sealing element 1420
when the collet fingers 143 flex inward. The compressive force is sufficient to break the
frangible sealing element 1420, thereby opening the buoyant chamber 150 for fluid
communication. Figure 14C illustrates the sealing device 1400 after the sealing element
1420 has been broken. The collet fingers 1433 are flexed inward and the collet seat
1430 has moved downward and rests against the lower end 1414 of the tubular body
1410. In the event the sealing element 1420 does not break, the impact force from the
collet seat 1430 contacting the lower end 1414 is sufficient to break the sealing element
1420. A circulating fluid such as a drilling fluid may fill the buoyant chamber and exit out
the shoe 124. Thereafter, a cementing operation is performed to supply cement into the

annular area between the casing string 120 and the wellbore 104.

Figure 15A illustrates another exemplary embodiment of a sealing device 1500.
The sealing device 1500 is suitable for use as the sealing device 200 in Figure 1. The
sealing device 1500 is similar to the sealing device 1300 of Figure 13A, except for the
sealing element 1520. In this embodiment, the frangible sealing element 1520 is a

rupturable sealing disk instead of a semispherical dome.

As shown in Figure 15A, the frangible sealing element 1520 is disposed in the
collet seat 1330. The bottom end of the sealing element 1520 is supported by the
shoulder 1332 of the collet seat 1330. The sealing element 1520 sealingly engages the

collet seat 1330 to prevent fluid communication between the sealing element 1520 and
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the collet seat 1330. For example, a sealing member 1327 such as a seal ring is
disposed between the collet seat 1330 and the sealing element 1520 to prevent fluid
communication therebetween. The sealing element 1520 may be made of a frangible
material such as an aluminum based material. An exemplary aluminum based material
is an aluminum-magnesium alloy. The sealing element 1520 made of the aluminum
based material is configured to withstand the hydrostatic pressure and break in
response to the impact force generated from the collet seat 1330 contacting the lower
end 1314 of the tubular body 1310. The thickness of the sealing element 1520 is
sufficient to withstand the desired hydrostatic head. In one embodiment, the sealing
element 1520 has a thickness between 0.25 inches to 5 inches, between 0.25 inches to
2 inches, or between 0.25 inches to 1 inch. The thickness will also affect the rate of
dissolution of the sealing element 1520. In one embodiment, the aluminum based
material is optionally dissolvable in a fluid in the wellbore. For example, the aluminum
based material is dissolvable in a fluid containing salt, water, and mixtures thereof. In
one example, the sealing element 1520 is made of an aluminum-magnesium alloy that
is dissolvable in water and potassium chloride. If a dissolvable material is employed,
then the sealing disk may optionally be coated with a protective material, such as
grease. The protective material will delay or prevent the disk material from dissolving

until the disk breaks or after a predetermined time.

In operation, the casing string 120 is run into the wellbore 104 equipped with a
buoyant system having a buoyant chamber 150 formed between a valve assembly 130
and a sealing device 1500. The buoyant chamber 150 is filled with air to increase the
buoyancy effect on the casing string 120, thereby reducing the friction between the
casing string 120 and the wall of the wellbore 104. The reduced friction facilitates the
run-in of the casing string 120. The sealing device 1500 is provided with a rupturable
sealing disk 1520 made of a material that is dissolvable in the fluid in the wellbore. The
sealing disk 1520 is coated with a protective material to prevent the sealing disk 1520

from dissolving prematurely.

After reaching the desired location, pressure above the dome of the sealing

element 1520 is increased to urge the sleeve 1340 to move upward. When sufficient
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pressure is applied to break the shearable pins 1341, the sleeve 1340 is moved upward
relative to the collet seat 1330. It is noted that during run-in, the pressure in the bore of
the casing string 120 is approximately the same as the external pressure. Thus, the
amount of increased pressure above the dome should be about the same as the
differential pressure required for shearing the pins 1341. In other words, in this example,
the pressure applied to shear the pins 1341 is independent of the hydrostatic pressUre.
After the pins 1341 shear, the lower end of the sleeve 1340 is moved away from the
collet fingers 1333 due to the difference in size of the seal rings 1343, 1344. In this
respect, the finger threads 1334 of the collet fingers 1333 are freed to disengage from
the body threads 1312. In turn, the collet seat 1330 moves downward, away from the
sleeve 1340, toward the lower end 1314 of the recessed portion 1311. Figure 15B
shows the sleeve 1340 moved upward, and the recessed groove 1349 is located
adjacent the finger threads 1334, thereby allowing disengagement from the body
threads 1312. The sealing element 1520, coupled to the collet seat 1330, moves
downward with the collet seat 1330 until the collet seat 1330 contacts the lower end
1314. The contact force and the pressure above the dome cause the rupturable sealing
disk 1520 to break, thereby opening the buoyant chamber 150 for fluid communication.
Figure 15C illustrates the sealing device 1500 after the sealing disk 1520 has been
broken. The sleeve 1340 has moved upward and may be optionally retained in position
using a lock ring 1348. The finger threads 1334 of the collet seat 1330 are positioned
adjacent the recessed groove 1338 of the tubular body 1310. The collet seat 1330 has
moved downward and rests against the lower end 1314 of the tubular body 1310. The
unprotected surfaces of the broken pieces of the sealing disk are exposed to the
wellbore fluid, which cases the broken pieces to dissolve in the wellbore fluid over time.
A circulating fluid such as a drilling fluid may fill the buoyant chamber and exit out the
shoe 124. Thereafter, a cementing operation is performed to supply cement into the
annular area between the casing string 120 and the wellbore 104.

Figure 16 illustrates an exemplary embodiment of a sealing device 1600. The
sealing device 1600 is suitable for use as the sealing device 200 in Figure 1. The sealing
device 1600 includes a tubular body 1610 and a frangible sealing element 1620. The
sealing element 1620 is disposed on a support frame 1640 attached to the tubular body
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1610. The support frame 1640 includes an upper support ring 1641, a lower support
ring 1642, and a plurality of support panels 1645 circumferentially disposed between the
upper support ring and the lower support ring. The exterior surface of the support panels
1645 includes threads 1648 for mating with threads 1618 on the tubular body 1610. A
sealing member 1617, such as a seal ring, is disposed between the upper support ring

1641 and the tubular body 1610 to prevent fluid communication therebetween.

The frangible sealing element 1620 is disposed on the upper support ring 1641. In
one embodiment, the sealing element 1620 includes a semispherical dome. As shown,
the convex surface of the dome is oriented upward toward the rig, and the concave
surface of the dome is oriented downward toward the shoe 124. The sealing element
1620 sealingly engages the upper support ring 1641 to prevent fluid communication
between the sealing element 1620 and the upper support ring 1641. The sealing
element 1620 may be made of a frangible material such as ceramics, metals, glass,
porcelains, carbides, and other suitable frangible materials. The sealing element 1620
may have the same pressure ratings as described above with respect to sealing element
320. In one embodiment, at least one of the sealing element 1620 and the support
frame 1640 is made of a dissolvable material. The dissolvable material may dissolve in

the wellbore fluid such as a water and salt mixture.

In one embodiment, the sealing element 1620 includes an aperture 1628 for
communicating fluid pressure to a pressure sensor 1650. The pressure sensor 1650 is
configured detonate an explosive charge 1660 when a predetermined pressure is
detected. The pressure sensor 1650, the charge 1660, and the associated electronics
and circuitry may be disposed inside the dome of the sealing element 1620. In another
embodiment, the aperture 1628 is formed through the support frame 1640.

In operation, the casing string 120 is run into the wellbore 104 equipped with a
buoyant system having a buoyant chamber 150 formed between a valve assembly 130
and a sealing device 1600. The buoyant chamber 150 is filled with air to increase the

buoyancy effect on the casing string 120, thereby reducing the friction between the
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casing string 120 and the wall of the wellbore 104. The reduced friction facilitates the

run-in of the casing string 120.

After reaching the desired location, the pressure above the sealing element 1620
is increased. When the predetermined pressure is detected by the sensor 1650, the
charge 1660 is detonated to break the sealing element 1620 and the support frame
1640. The detonation breaks the support rings 1641, 1642 into segments, which allows
the support panels 1645 to fall away from the threads 1618 of the tubular body 1610.
As a result, the buoyant chamber 150 is opened for fluid communication. In one
embodiment, the broken sealing element 1620, supporting rings 1641, 1642, and the

support panels 1645 may dissolve in the wellbore fluid over time.

In another embodiment, a pressure pulse is used to initiate the collapse of the
sealing element 1620. The pressure pulse is transmitted downhole to the sealing
element 1720. In one example, the pressure pulse is generated by changing the
pressure two or more times. For example, a mud pulse from the surface can be
generated by applying a first pressure for a first time period, releasing the first pressure
for a second time period, re-applying the first pressure for the first time period, and
releasing the first pressure. In one example, a mud pulse from the surface can be
generated by applying a pressure of 500 psi for 5 minutes, releasing the pressure for 3
minutes, re-applying a pressure of 500 psi for 5 minutes, and releasing the pressure.
When the predetermined pressure pulse is detected by the sensor 1650, the charge

1660 is detonated to break the sealing element 1620 and the support frame 1640.

Figure 17 illustrates an exemplary embodiment of a sealing device 1700. The
sealing device 1700 is suitable for use as the sealing device 200 in Figure 1. The sealing
device 1700 includes a tubular body 1710 and a frangible sealing element 1720. The
sealing element 1720 is disposed on a support frame 1740 attached to the tubular body
1710. The support frame 1740 includes an upper support ring 1741, a lower support
ring 1742, and a plurality of support panels 1745 circumferentially disposed between the
upper support ring and the lower support ring. The exterior surface of the support panels
1745 includes threads 1748 for mating with threads 1718 on the tubular body 1710. A
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sealing member 1717, such as a seal ring, is disposed between the upper support ring
1741 and the tubular body 1710 to prevent fluid communication therebetween. The
support frame 1740 is configured to collapse when a release mechanism is activated.

An exemplary release mechanism is a chord 1770 that can be burned.

The frangible sealing element 1720 is disposed on the upper support ring 1741. In
one embodiment, the sealing element 1720 is a plug. The sealing element 1720
sealingly engages the upper support ring 1741 to prevent fluid communication between
the sealing element 1720 and the upper support ring 1741. The sealing element 1720
may be made of aluminum, mild steel, brass, and combinations thereof. An optional o-
ring may be disposed between the sealing element 1720 and the upper support ring
1741. In one embodiment, at least one of the sealing element 1720 and the support
frame 1740 is made of a dissolvable material. The dissolvable material may dissolve in

the wellbore fluid such as a water and salt mixture.

In one embodiment, the sealing element 1720 includes an aperture 1728 for
communicating fluid pressure to a pressure sensor 1750. The pressure sensor 1750 is
configured to activate a battery 1762 to heat up a wire when a predetermined pressure
is detected. After sufficient heating, the wire will burn a chord 1770, thereby collapsing
the upper support ring 1741 and the lower support ring 1742. The pressure sensor
1750, the battery 1762, the chord 1770, and any associated electronics and circuitry
may be disposed inside or under the sealing element 1720. In another embodiment, the

aperture 1728 is formed through the support frame 1740.

In operation, the casing string 120 is run into the wellbore 104 equipped with a
buoyant system having a buoyant chamber 150 formed between a valve assembly 130
and a sealing device 1700. The buoyant chamber 150 is filled with air to increase the
buoyancy effect on the casing string 120, thereby reducing the friction between the
casing string 120 and the wall of the wellbore 104. The reduced friction facilitates the

run-in of the casing string 120.

After reaching the desired location, the pressure above the sealing element 1720

is increased. When the predetermined pressure is detected by the sensor 1750, the
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battery 1750 is activated to heat the wire 1770. After sufficient heating, the wire 1770
will burn, thereby collapsing the support frame 1740. Collapse of the support rings 1741,
1742 allows the support panels 1745 to fall away from the threads 1718 of the tubular
body 1710 and releases the sealing element 1720. As a result, the buoyant chamber
130 is opened for fluid communication. In one embodiment, the sealing element 1720,
supporting rings 1741, 1742, and the support panels 1745 may dissolve in the wellbore
fluid over time. In another embodiment, the batter 1750 is activated when the sensor

1750 detected a predetermined pressure pulse.

In one embodiment, a sealing device includes a tubular body having a bore; a collet
seat having a plurality of collets; a frangible sealing element disposed in the collet seat
and biocking fluid communication through the bore; and a releasable sleeve releasably

attached to the tubular body and retaining the collet seat against the tubular body.

In another embodiment, a sealing device includes a tubular body having a bore; a
collet seat having a plurality of collets; a frangible sealing element disposed in the collet
seat and blocking fluid communication through the bore; and a releasable sleeve
releasably attached to the tubular body, wherein the plurality of collets is attached to the

sleeve.

In one or more embodiments described herein, the collet seat is in a first position
when retained by the sleeve, and wherein the collet seat is movable to a second position

when released from the sleeve.

In one or more embodiments described herein, the sealing element breaks with

the collet seat reaches the second position.

In one or more embodiments described herein, the collet seat contacts a shoulder

in the tubular body when the collet seat reaches the second position.

In one or more embodiments described herein, the second position of the sleeve

is located higher than the first position relative to the groove.
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In one or more embodiments described herein, an annular chamber is formed

between the sleeve and the tubular body.

In one or more embodiments described herein, the device includes a port for fluid

communication between the annular chamber and an exterior of the tubular body.

In one or more embodiments described herein, the sealing element includes a
frangible material selected from the group consisting of ceramics, metals, glass,

porcelains, carbides, and combinations thereof.

In one or more embodiments described herein, each collet includes a collet head

engaged with a groove formed in the tubular body.

In one or more embodiments described herein, the releasable sleeve, in a first
position, prevents the collet head from disengaging from the groove, and, in a second

position, allows the collet head from disengaging from the groove.

In one or more embodiments described herein, the sealing element comprises a

dome.

In one or more of the embodiments described herein, the plurality of the collets
includes threads mated with threads on the tubular body.

In one or more of the embodiments described herein, a lower end of the sleeve
includes a recessed groove.

In one or more of the embodiments described herein, the plurality of collets is
attached to the sleeve.

In one or more of the embodiments described herein, the plurality of collets is
attached to the sleeve using one or more shear pins.

In one or more of the embodiments described herein, the sealing element

comprises a disk.
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In one or more of the embodiments described herein, the sealing element

comprises a dissolvable material.

In one or more of the embodiments described herein, the dissolvable material

comprises an aluminum-based alloy.

In another embodiment, a sealing device includes a tubular body having a bore; a
frangible sealing element disposed in the tubular body and blocking fluid communication
through the bore; an aperture formed in the sealing element; and a rupture device

selectively blocking fluid communication through the aperture.

In one or more embodiments described herein, the rupture device includes a foil

cover.

In one or more embodiments described herein, the rupture device includes an

insert having a rupture disk or a threaded body having a rupture disk.

In one or more embodiments described herein, the sealing element shatters in

response to fluid flowing through the aperture.

In another embodiment, a tubular assembly disposed in a wellbore, includes a
tubular string having a bore; a sealing device as described herein disposed in the tubular
string and blocking fluid flow through the bore; a valve assembly disposed in the tubular
string and downstream from the sealing device, the valve assembly blocking fluid flow
through the bore; a buoyant chamber formed between the sealing device and the valve
assembly, the buoyant chamber including a fluid having a lower specific gravity than a

fluid in the wellbore.

In one or more embodiments described herein, the sealing element includes a
dome, and a convex surface of the dome is oriented upward, and the concave surface

of the dome is oriented downward toward the valve assembly.

In one or more embodiments described herein, the tubular assembly includes a

circulation tool having an injection tube with a tapered bore.
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In another embodiment, a tubular assembly disposed in a wellbore includes a
tubular string having a bore; a lower sealing device disposed in the tubular string and
blocking fluid flow through the bore; an upper sealing device disposed in the tubular
string and located upstream from the lower sealing device, the upper sealing device

blocking fluid flow through the bore.

In one embodiment, the upper sealing device includes a tubular body having a
bore; a frangible sealing element disposed in the tubular body and blocking fluid
communication through the bore of the tubular body, the sealing element includes a
dome having a concave surface oriented toward the lower sealing device; and a buoyant
chamber formed between the lower sealing device and a upper sealing device, the
buoyant chamber including a fluid having a lower specific gravity than a fluid in the

wellbore.

In one or more embodiments described herein, the upper sealing device includes
an aperture formed through the dome; and a rupture device selectively blocking fluid

communication through the aperture.

In one or more embodiments described herein, the sealing element of the upper

sealing device is seated in a collet seat releasably attached to the tubular body.

In one or more embodiments described herein, the collet seat is movable into

contact with a portion of the tubular body to cause the sealing element to shatter.

In one or more embodiments described herein, the lower sealing device includes
a tubular body having a bore; a plug housing coupled to the tubular body; a plug
releasably attached to the plug housing and blocking fluid flow through the plug housing.

In one or more embodiments described herein, the tubular assembly includes a
valve assembly disposed between the upper sealing device and the lower sealing

device.

In one or more embodiments described herein, the lower sealing device includes

a tubular body having a bore; and a frangible sealing element disposed in the tubular
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body and blocking fluid communication through the bore of the tubular body, the sealing
element includes a dome having a concave surface oriented toward the upper sealing

device.

In another embodiment, a method of installing a tubular string in a wellbore
includes forming a buoyant chamber between a sealing device and a valve assembly
disposed in the tubular string. The sealing device includes a tubular body having a bore;
a frangible sealing element disposed in the tubular body and blocking fluid
communication through the bore of the tubular body, the sealing element includes a
dome and an aperture formed through the dome; and an aperture formed through the
dome, the aperture blocked from fluid communication. The method also includes
supplying the buoyant chamber with a fluid having a lower specific gravity than a fluid in
the wellbore; moving the tubular string along the wellbore; applying pressure to open
the aperture for fluid communication; and flowing fluid through the aperture to break the

sealing element.

In one or more embodiments described herein, the method includes circulating at

least a portion of the lower specific gravity fluid out of the buoyant chamber.

In one or more embodiments described herein, the method includes blocking fluid
communication through the tubular string by installing a lower sealing device at a

location downstream from the valve assembly.

In one or more embodiments described herein, the method includes supplying
pressure to open the lower sealing device for fluid communication after circulating at

least the portion of the lower specific gravity fluid out of the buoyant chamber.

In one or more embodiments described herein, the lower sealing device is one of

a frangible sealing element and a releasable plug.

In one or more embodiments described herein, the method includes supplying

cement through the valve assembly.
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In another embodiment, a sealing device includes a tubular body having a bore; a
frangible sealing element disposed in the tubular body and blocking fluid communication
through the bore; an aperture formed in the sealing element; and a rupture device

selectively blocking fluid communication through the aperture.

In one or more of the embodiments described herein, the rupture device comprises

a foil cover.

In one or more of the embodiments described herein, the rupture device comprises

an insert having a rupture disk or a threaded body having a rupture disk.

In one or more of the embodiments described herein, sealing element shatters in

response to fluid flowing through the aperture.

In another embodiment, a sealing device includes a tubular body having a bore; a
support frame attached to the tubular body; a sealing element disposed on the support
frame and blocking fluid communication through the bore; and a sensor configured to
detect a pressure exterior of the sealing element, wherein the support frame is
configured to collapse in response to the sensor detecting a predetermined pressure or

pressure pulse.

In one or more of the embodiments described herein, the sealing device includes
an explosive charge, wherein the explosive charge is detonated upon detecting the

predetermined pressure or pressure pulse.

In one or more of the embodiments described herein, the sealing element

comprises a frangible dome.

In one or more of the embodiments described herein, the sealing device includes
a battery and a wire, wherein the battery causes the wire to burn upon detecting the

predetermined pressure or pressure pulse.

In one or more of the embodiments described herein, the sealing element

comprises a dissolvable plug.
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In one or more of the embodiments described herein, the support frame includes
an upper support ring; a lower support ring; and a plurality of support panels disposed

between the upper support ring and the lower support ring.

In one or more of the embodiments described herein, the plurality of support panels

includes threads for connection with the tubular body.

In one or more of the embodiments described herein, the sealing element includes

an aperture for communicating pressure to the sensor.

In one or more of the embodiments described herein, the lower sealing device

comprises a dissolvable material.

In one or more of the embodiments described herein, the valve arrangement

comprises a dissolvable material.

While the foregoing is directed to embodiments of the present disclosure, other
and further embodiments of the disclosure may be devised without departing from the

basic scope thereof, and the scope thereof is determined by the claims that follow.
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Claims:

1. A sealing device, comprising:
a tubular body having a bore;
a collet seat having a plurality of collets releasably coupled to the tubular body;

a frangible sealing element disposed in the collet seat and blocking fluid
communication through the bore, the collet seat longitudinally supporting the frangible

sealing element in the tubular body; and

a releasable sleeve releasably attached to the tubular body and retaining the
collet seat against the tubular body, wherein the collet seat is longitudinally movable
relative to the tubular body upon release from the tubular body, wherein the collet seat
is in a first longitudinal position when retained by the sleeve, and wherein the collet
seat, when released from the sleeve, is movable to a second longitudinal position

while supporting the sealing element.

2. The device of claim 1, wherein the frangible sealing element breaks when the

collet seat reaches the second position.

3. The device of claim 2, wherein the collet seat contacts a shoulder in the tubular

body when the collet seat reaches the second position.

4. The device of claim 1, further comprising an annular chamber formed between

the sleeve and the tubular body.

5. The device of claim 4, further comprising a port for fluid communication between

the annular chamber and an exterior of the tubular body.
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6. The device of claim 1, wherein the frangible sealing element comprises a
frangible material selected from the group consisting of ceramics, metals, glass,

porcelains, carbides, and combinations thereof.

7. The device of claim 1, wherein the frangible sealing element comprises a dome.

8. A tubular assembly disposed in a wellbore, comprising:
a tubular string having a bore;

a sealing device of claim 1 disposed in the tubular string and blocking fluid flow

through the bore of the sealing device;

a valve assembly disposed in the tubular string and downstream from the
sealing device, the valve assembly blocking fluid flow through the bore of the tubular

string;

a buoyant chamber formed between the sealing device and the valve assembly,
the buoyant chamber including a fluid having a lower specific gravity than a fluid in the

wellbore.

9. The tubular assembly of claim 8, wherein the frangible sealing element of claim
1 comprises a dome, and a convex surface of the dome is oriented upward, and the

concave surface of the dome is oriented downward toward the valve assembly.

10.  The tubular assembly of clam 8, further comprising a circulation tool having an

injection tube with a tapered bore.

11.  The device of claim 1, wherein each collet includes a collet head engaged with a

groove formed in the tubular body.
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12.  The device of claim 11, wherein the releasable sleeve, in a first position, prevents
the collet head from disengaging from the groove, and, in a second position, allows the

collet head to disengage from the groove.

13. The device of claim 12, wherein the second position of the sleeve is located

higher than the first position of the sleeve relative to the groove.

14. A tubular assembly disposed in a wellbore, comprising:
a tubular string having a bore;

a lower sealing device disposed in the tubular string and blocking fluid flow

through the bore of the tubular string;

an upper sealing device disposed in the tubular string and located upstream
from the lower sealing device, the upper sealing device blocking fluid flow through the

bore of the tubular string, wherein the upper sealing device includes:
a tubular body having a bore;

a frangible sealing element disposed in the tubular body and blocking
fluid communication through the bore of the tubular body, the frangible sealing
element includes a dome having a concave surface oriented toward the lower

sealing device; and

a collet seat longitudinally movable relative to the tubular body, wherein
the frangible sealing element is longitudinally supported by the collet seat in the

tubular body and is longitudinally movable with the collet seat;

a releasable sleeve releasably attached to the tubular body and retaining
the collet seat against the tubular body, wherein the collet seat is longitudinally
movable relative to the tubular body upon release from the tubular body,

wherein the collet seat is in a first longitudinal position when retained by the
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sleeve, and wherein the collet seat, when released from the sleeve, is movable

to a second longitudinal position while supporting the sealing element; and

a buoyant chamber formed between the lower sealing device and a upper
sealing device, the buoyant chamber including a fluid having a lower specific gravity

than a fluid in the wellbore.

15.  The tubular assembly of claim 14, wherein the collet seat is movable into contact

with a portion of the tubular body to cause the frangible sealing element to shatter.

16.  The tubular assembly of claim 14, wherein the lower sealing device includes:
a tubular body having a bore;
a plug housing coupled to the tubular body;

a plug releasably attached to the plug housing and blocking fluid flow through
the plug housing.

17.  The tubular assembly of claim 14, wherein the lower sealing device includes:
a tubular body having a bore; and

a frangible sealing element disposed in the tubular body and blocking fluid
communication through the bore of the tubular body, the frangible sealing element

includes a dome having a concave surface oriented toward the upper sealing device.

18.  The tubular assembly of claim 14, further comprising a valve assembly disposed

between the upper sealing device and the lower sealing device.

19. The sealing device of claim 1, wherein the frangible sealing element is

longitudinally movable with the collet seat.
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20. The sealing device of claim 1, wherein the releasable sleeve is configured to

move in an opposite longitudinal direction as the collet seat to release the collet seat.

21.  The sealing device of claim 1, wherein the collet seat includes a collet head
engaged with a groove formed in the tubular body, and wherein the releasable sleeve

prevents the collet head from disengaging from the groove.

22. A sealing device, comprising:
a tubular body having a bore and threads;

a collet seat having a plurality of collets and moveable from a first position to a
second position, wherein the plurality of the collets includes threads mated with the
threads of the tubular body in the first position, wherein the threads of the plurality of

collets are disengaged with the threads of the tubular body in the second position;

a frangible sealing element disposed in the collet seat and blocking fluid
communication through the bore, wherein the collet seat is moveable from the first
position to the second position in response to a fluid pressure acting on the frangible

sealing element; and

a releasable sleeve releasably attached to the tubular body and configured to

retain the collet seat in the first position.

23. The device of claim 22, wherein the collet seat is movable to a second position

when released from the sleeve.

24.  The device of claim 23, wherein the sealing element breaks when the collet seat

reaches the second position.
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25.  The device of claim 22, wherein the sealing element comprises a dome or a disk.

26. The device of claim 22, wherein a lower end of the sleeve includes a recessed

groove.

27. The device of claim 24, wherein the collet seat contacts a shoulder in the tubular

body when the collet seat reaches the second position.

28. The device of claim 22, wherein the sleeve moves away from the collet seat in

response to a fluid pressure when the sleeve is released from the tubular body.

29. The device of claim 22, further comprising an annular chamber formed between

the sleeve and the tubular body.

30.  The device of claim 29, further comprising a port for fluid communication between

the annular chamber and an exterior of the tubular body.

31. The device of claim 22, wherein the sealing element comprises a frangible
material selected from the group consisting of ceramics, metals, glass, porcelains,

carbides, and combinations thereof.

32. The device of claim 22, wherein each collet includes a collet head engaged with

a groove formed in the tubular body.

33. The device of claim 32, wherein the releasable sleeve, in a first position, prevents
the collet head from disengaging from the groove, and, in a second position, allows the

collet head to disengage from the groove.
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34. Atubular assembly disposed in a wellbore, comprising:

a tubular string having a central bore, wherein the tubular string includes a sealing
device of claim 22 blocking fluid flow through the bore, wherein the central bore includes

the bore of the tubular body;

a valve assembly disposed in the tubular string and downstream from the sealing

device, the valve assembly blocking fluid flow through the central bore; and

a buoyant chamber formed between the sealing device and the valve assembly,
the buoyant chamber including a fluid having a lower specific gravity than a fluid in the

wellbore.

35. The tubular assembly of claim 34, wherein the sealing element of claim 22
comprises a dome, wherein a convex surface of the dome is oriented upward, and a

concave surface of the dome is oriented downward toward the valve assembly.

36. The tubular assembly of claim 35, further comprising a circulation tool having an

injection tube with a tapered bore.

37. A sealing device, comprising:
a tubular body having a bore and a shoulder;

a collet seat disposed within the tubular body and axially moveable from a first
position to a second position, wherein an end of the collet seat contacts the shoulder

when the collet seat is in the second position;

a frangible sealing element configured to block the bore when the collet seat is
in the first position, wherein the frangible sealing element is configured to move with
the collet seat and configured to break in response to an impact force caused by the

collet seat contacting the shoulder when the collet seat reaches the second position;
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a sleeve configured to maintain the collet seat in the first position, wherein the

sleeve is moveable to allow the collet seat to move to the second position.

38. The device of claim 37, wherein the sealing element comprises a disk having an

aluminum based material configured to dissolve.

39. A sealing device, comprising:
a tubular body having a bore, a recessed portion, and threads;
a collet seat disposed in the recessed portion and having a plurality of collets, the

plurality of the collets includes threads, wherein the collet seat is moveable from a first

position to a second position, wherein:

when in the first position, the threads of the plurality of collets are engaged
with the threads of the tubular body; and

when in the second position, the collet seat contacts a lower end of the
recessed portion and the threads of the plurality of collets are disengaged with
the threads of the tubular body;

a frangible sealing element disposed in the collet seat, wherein the frangible
sealing element blocks fluid communication through the bore when the collet seat is in

the first position; and

a releasable sleeve moveable from a first position to a second position, wherein
the releasable sleeve is attached to the tubular body and retains the collet seat in the

first position.

40. The device of claim 39, wherein the sealing element breaks when the collet seat

reaches the second position.

41.  The device of claim 39, wherein the sealing element comprises a dome or a disk.
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42. A method of installing a tubular string in a wellbore, comprising:

forming a buoyant chamber between a sealing device and a valve assembly

disposed in the tubular string, the sealing device having;
a tubular body having a bore;

a frangible sealing element disposed in the tubular body and blocking fluid
communication through the bore of the tubular body, the sealing element includes

a dome and an aperture formed through the dome; and

an aperture formed through the dome, the aperture blocked from fluid

communication;

supplying the buoyant chamber with a fluid having a lower specific gravity than a

fluid in the wellbore;
moving the tubular string along the wellbore;
applying pressure to open the aperture for fluid communication; and

flowing fluid through the aperture to break the sealing element.

43. The method of claim 42, further comprising circulating at least a portion of the

lower specific gravity fluid out of the buoyant chamber.

44.  The method of claim 42 or 43, further comprising blocking fluid communication
through the tubular string by installing a lower sealing device at a location downstream

from the valve assembly.

45.  The method of any one of claims 42-44, wherein the lower sealing device is one

of a frangible sealing element and a releasable plug.
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46. The method of any one of claims 42-45, further comprising supplying pressure to
open the lower sealing device for fluid communication after circulating at least the portion

of the lower specific gravity fluid out of the buoyant chamber.

47. The method of any one of claims 42-46, further comprising supplying cement

through the valve assembly.
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