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BACKGROUND OF THE DISCLOSURE

1. Field of the Disclosure

[0001] The present disclosure relates to subterranean developments, and more specifically, the
disclosure relates to sealing members used during subterranean well treatment, evaluation, or

testing operations.

2. Description of the Related Art

[0002] Recent hydrocarbon developments have been proposed that involve subterranean wells
having higher downhole temperatures and pressures than some current hydrocarbon
developments. During the development of the high temperature and high pressure wells, there
are times when a pressure reduction in a section of the wellbore is required in order to perform
downhole operations. As an example, downhole pressure may need to be reduced in a portion of
the wellbore for well testing, installing an open hole plug, performing selective hydraulic
fracturing, or for providing a down hole blowout preventer for drilling applications. In certain
instances the reduction in pressure of the portion of the wellbore is taking place in an open hole

region of the subterranean well. Because the pressure reduction is only undertaken for a portion
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of the wellbore, there can be a significant pressure differential across the sealing member that is
isolating the portion of the wellbore, where the pressure is being reduced, from the adjacent

portion of the wellbore, where the high pressure is being maintained.
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SUMMARY OF THE DISCLOSURE

[0003] Some current packers for sealing a portion of a wellbore can accommodate a pressure
differential across the sealing member of up to 8,000 pounds per square inches (psi) at
temperatures of up to 280 degrees Fahrenheit (°F). Such packers may not be capable of sealing a
portion of a well bore at higher pressures or temperatures. When downhole temperatures
increase, the capability of the packer sealing element to withstand pressure reduces. In addition,
when operating in an open hole formation, packers must seal against the wellbore wall instead of
against casing or other tubing. The open hole wellbore wall could have washouts along the
profile, an uneven or oval shape, a larger diameter than previously estimated, or a rough surface.
Such irregularities in the wellbore wall would lead to larger outer expansion of packer sealing
element. This larger outer expansion of the sealing element could further reduce capability of

the packer to withstand a pressure differential across the sealing element.

[0004] In subterranean wells in which the temperature, pressure, or wellbore irregularities would
not allow for currently available sealing elements to safely seal across the wellbore for the
required pressure differential, an operator might decide to mitigate or avoid the risk of packer
failure. The consequences of a sealing element failure could lead to losing the hydrostatic safety
barrier and result in an uncontrolled hydrocarbon flow to the surface, commonly known as a
blowout. The operator could then choose to delay the hydrocarbon development to allow for
time to run casing, perform a cementing job, evaluate the cement job, and provide for any
additional remediation work such as second stage cement jobs, in order to provide for a safer

sealing system within the cased well. There may be other times in which even in a cased well,
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the temperatures and pressure differential cannot be managed by currently available seal

assemblies.

[0005] Systems and methods of this disclosure provide a sealing assembly that can be adjusted to
withstand a desired pressure differential across sealing assembly, even in conditions with high
temperatures and high pressures and where the wellbore inner surface has irregularities, by
adding successive seal members. Embodiments of this disclosure can eliminate the need to case
a well when currently available seal members would not function safely in the open hole portion

of the wellbore.

[0006] In an embodiment of this disclosure, a sealing assembly for forming a seal within a
subterranean well includes a sealing tool. The sealing tool has a mandrel, the mandrel being an
elongated tubular member with a central passage. Two or more seal members circumscribe the
mandrel. The seal members are moveable between a retracted position where the two or more
seal members have a minimal outer diameter and an extended position where the two or more
seal members have an expanded outer diameter. A seal actuator is operable to move the two or
more seal members between the retracted position and the extended position. A pressure
communication port is located between adjacent of the two or more seal members. The pressure
communication port includes an opening through a sidewall of the mandrel extending from the
central passage to an exterior of the sealing tool. A pressure communication valve is associated
with the pressure communication port. The pressure communication valve is operable to move
between an open position where the pressure communication valve provides a path for flow of a

fluid between the central passage and the exterior of the sealing tool between adjacent of the two



WO 2020/243205 PCT/US2020/034755

or more seal members, and a closed position where the pressure communication valve prevents

flow of the fluid through the pressure communication port.

[0007] In alternate embodiments, a number of pressure communication ports can be one less
than a number of seal members. The seal actuator can include a piston assembly operable to
move all of the two or more seal members between the retracted position and the extended

position.

[0008] In other alternate embodiments the sealing assembly can further include a second end
port. The second end port can be located on a second side of all of the two or more seal
members. A second end valve can be associated with the second end port. The second end valve
can be operable to move between an open position where the second end valve provides a path
for flow of the fluid between the central passage and the exterior of the mandrel on a second side
of all of the two or more seal members, and a closed position where the second end valve

prevents flow of the fluid through the second end port.

[0009] In yet other alternate embodiments the sealing assembly can further include a first end
port. The first end port can be located on first side of all of the two or more seal members. A
first end valve can be associated with the first end port. The first end valve can be operable to
move between an open position where the first end valve provides a path for flow of the fluid
between the central passage and an exterior of the sealing assembly on first side of all of the two
or more seal members, and a closed position where the first end valve prevents flow of the fluid

through the first end port.
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[0010] In still other alternate embodiments, the sealing assembly can further include a
communication system. The communication system can be operable to instruct the pressure
communication valve to move between the open position and the closed position. The sealing
tool can include a first connector oriented to secure the sealing tool to a first string, and a second
connector oriented to secure the sealing tool to a second string. The first string and the second
string each can have an inner bore axially aligned and in fluid communication with the central

passage of the mandrel. A pressure gauge can be operable to measure a pressure of the fluid.

[0011] In another embodiment of this disclosure a sealing assembly for forming a seal within a
subterranean well includes a sealing tool. The sealing tool is located within the subterranean
well, defining an annular space between an exterior surface of the sealing tool and an interior
surface of the subterranean well. The sealing tool can have a mandrel, the mandrel being an
elongated tubular member with a central passage. Two or more seal members circumscribe the
mandrel. The seal members are moveable between a retracted position where the two or more
seal members are spaced apart from the interior surface of the subterranean well and an extended
position where the two or more seal members form a seal with the interior surface of the
subterranean well. A pressure communication port is located between adjacent of the two or
more seal members. The pressure communication port includes an opening through a sidewall of
the mandrel and extends from the central passage to the annular space between adjacent of the
two or more seal members. The pressure communication port has a pressure communication
valve operable to move between an open position and a closed position. A first string is secured
to a first connector of the sealing tool. The first string has a first inner bore axially aligned and

in fluid communication with the central passage of the mandrel. A second string is secured to a
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second connector of the sealing tool. The second string has a second inner bore axially aligned
and in fluid communication with the central passage of the mandrel. A first end port extends
through a sidewall of the first string. The first end port has a first end valve operable to move

between an open position and a closed position.

[0012] In alternate embodiments the sealing assembly can further include a piston assembly
operable to move all of the two or more seal members between the retracted position and the

extended position.

[0013] In other alternate embodiments the sealing assembly can further include a second end
port. The second end port can be an opening through a sidewall of the mandrel extending from
the central passage to the annular space on a second side of all of the two or more seal members.
The second end port can have a second end valve operable to move between an open position

and a closed position.

[0014] In yet other alternate embodiments the sealing assembly can further include a
communication system. The communication system can be operable to instruct the pressure
communication valve to move between the open position and the closed position. A pressure

gauge can be operable to measure a pressure of the fluid.

[0015] In yet another embodiment of the disclosure a method for forming a seal within a
subterranean well with a sealing assembly includes providing a sealing tool. The sealing tool has
a mandrel, the mandrel being an elongated tubular member with a central passage. The sealing

tool also has two or more seal members circumscribing the mandrel. The seal members are
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moveable between a retracted position where the two or more seal members have a minimal
outer diameter, and an extended position where the two or more seal members have an expanded
outer diameter. A seal actuator is operable to move the two or more seal members between the
retracted position and the extended position. A pressure communication port is located between
adjacent of the two or more seal members. The pressure communication port includes an
opening through a sidewall of the mandrel and extends from the central passage to an exterior of
the sealing tool. A pressure communication valve is associated with the pressure communication
port. The pressure communication valve is operable to move between an open position where
the pressure communication valve provides a path for flow of a fluid between the central passage
and the exterior of the sealing tool between adjacent of the two or more seal members, and a
closed position where the pressure communication valve prevents flow of the fluid through the
pressure communication port. The method further includes engaging an interior surface of the

subterrancan well with each of the two or more seal members.

[0016] In alternate embodiments the seal actuator can include a piston assembly and the method
can further include moving all of the two or more seal members between the retracted position
and the extended position with the piston assembly. A second end port can be located on a
second side of all of the two or more seal members. A second end valve can be associated with
the second end port. The second end valve can be operable to move between an open position
where the second end valve provides a path for flow of the fluid between the central passage and
the exterior of the mandrel on a second side of all of the two or more seal members, and a closed
position where the second end valve prevents flow of the fluid through the second end port. The

method can further include moving the second end valve from the open position to the closed
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position after moving each of the two or more seal members from the retracted position to the

extended position.

[0017] In other alternate embodiments a first end port can be located on first side of all of the
two or more seal members. A first end valve can be associated with the first end port. The first
end valve can be operable to move between an open position where the first end valve provides a
path for flow of the fluid between the central passage and an exterior of the sealing assembly on
first side of all of the two or more seal members, and a closed position where the first end valve
prevents flow of the fluid through the first end port. When both the second end valve is in the
open position and the first end valve is in the open position, a second side pressure within the
subterranean well radially outward of the sealing tool and on a second side of all of the two or
more seal members can be equal to a first side pressure within the subterranean well radially

outward of the sealing tool and on first side of all of the two or more seal members.

[0018] In yet other alternate embodiments the method can further include instructing the
pressure communication valve to move between the open position and the closed position with a
communication system operable. The method can further include securing the sealing tool to a
first string with a first connector and securing the sealing tool to a second string with a second
connector, the first string and the second string each having an inner bore axially aligned and in
fluid communication with the central passage of the mandrel. A pressure of the fluid can be

measured with a pressure gauge.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0019] So that the manner in which the features, aspects and advantages of the embodiments of
this disclosure, as well as others that will become apparent, are attained and can be understood in
detail, a more particular description of the disclosure may be had by reference to the
embodiments thereof that are illustrated in the drawings that form a part of this specification. It
is to be noted, however, that the appended drawings illustrate only certain embodiments of the
disclosure and are, therefore, not to be considered limiting of the disclosure’s scope, for the

disclosure may admit to other equally effective embodiments.

[0020] Figure 1 is a section view of an open hole subterranean well with a sealing assembly, in

accordance with an embodiment of this disclosure.

[0021] Figure 2 is a section view of a sealing assembly, shown with the sealing elements in a

retracted position, in accordance with an embodiment of this disclosure.

[0022] Figure 3 is a section view of a sealing assembly, shown with the sealing elements in an

extended position, in accordance with an embodiment of this disclosure.

10
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DETAILED DESCRIPTION OF THE DISCLOSURE

[0023] The disclosure refers to particular features, including process or method steps. Those of
skill in the art understand that the disclosure is not limited to or by the description of
embodiments given in the specification. The subject matter of this disclosure is not restricted

except only in the spirit of the specification and appended Claims.

[0024] Those of skill in the art also understand that the terminology used for describing
particular embodiments does not limit the scope or breadth of the embodiments of the disclosure.
In interpreting the specification and appended Claims, all terms should be interpreted in the
broadest possible manner consistent with the context of each term. All technical and scientific
terms used in the specification and appended Claims have the same meaning as commonly
understood by one of ordinary skill in the art to which this disclosure belongs unless defined

otherwise.

[T L BT ”

[0025] As used in the Specification and appended Claims, the singular forms “a”, “an”, and

“the” include plural references unless the context clearly indicates otherwise.

[0026] As used, the words “comprise,” “has,” “includes”, and all other grammatical variations
are each intended to have an open, non-limiting meaning that does not exclude additional
elements, components or steps. Embodiments of the present disclosure may suitably “comprise”,
“consist” or “consist essentially of” the limiting features disclosed, and may be practiced in the
absence of a limiting feature not disclosed. For example, it can be recognized by those skilled in

the art that certain steps can be combined into a single step.

11
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[0027] Where a range of values is provided in the Specification or in the appended Claims, it is
understood that the interval encompasses each intervening value between the upper limit and the
lower limit as well as the upper limit and the lower limit. The disclosure encompasses and

bounds smaller ranges of the interval subject to any specific exclusion provided.

[0028] Where reference is made in the specification and appended Claims to a method
comprising two or more defined steps, the defined steps can be carried out in any order or

simultaneously except where the context excludes that possibility.

[0029] Looking at Figure 1, subterranean well 10 can have wellbore 12 that extends to an earth’s
surface 14. Subterranean well 10 can be an offshore well or a land based well and can be used
for producing hydrocarbons from subterranean hydrocarbon reservoirs. String 16 can be lowered

into and located within wellbore 12. String 16 can include first string 18 and second string 20.

[0030] In the example of Figure 1, string 16 is a drill string having bottom hole assembly 22.
Bottom hole assembly 22 can include, for example, drill collars, stabilizers, reamers, shocks, a
bit sub and the drill bit. When string 16 is a drill string, string 16 can be used to drill wellbore
12. In certain embodiments, string 16 can be rotated to rotate the bit to drill wellbore 12. In
alternate embodiments, string 16 can be a wired drill pipe, coil tubing, smart coil tubing, or other

known tubular or line used to deliver tools into subterranean wells.

[0031] In the example of Figure 1, string 16 passes through cased bore 24 of wellbore 12 before
reaching open hole bore 26 of wellbore 12. In alternate embodiments wellbore 12 can be a fully

cased bore without any open hole bore.

12
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[0032] During hydrocarbon development operations associated with wellbore 12 a seal across
wellbore 12 may be required. As an example a seal across wellbore 12 may be required for an
open hole or cased bore plug, for selective fracking, for a down hole blowout preventer for
drilling applications, or for other applications when testing, evaluating, or treating of
subterranean well 10 is desired or required. Such operations may be undertaken in a wellbore 12
where high pressure, high temperature, or both high pressure and high temperature conditions are
expected. As used in this disclosure, a high pressure condition within wellbore 12 can be a
pressure in a range of 10,000 to 15,000 pounds per square inch (psi). In alternate embodiments,
a high pressure condition within wellbore 12 can be a pressure larger than 15,000 psi. In certain
embodiments, a high pressure can be a pressure greater than 10,000 psi. As used in this
disclosure, a high temperature condition within wellbore 12 can be a temperature in a range of
300 to 350 °F. In alternate embodiments, a high temperature condition within wellbore 12 can be
a temperature higher than 350 °F. In certain embodiments, a high temperature can be a
temperature greater than 350 °F. In this disclosure the adverse well conditions of an embodiment
of an example subterranean well can include a downhole pressure of 10,000 psi, a temperature

greater than 350 °F, and an irregular open hole wellbore.

[0033] Sealing assembly 28 can be used to form a seal within subterranean well 10. Sealing
assembly 28 includes sealing tool 30. A first end of sealing tool 30 is secured to first string 18.
A second end of sealing tool 30 is secured to second string 20. Sealing tool 30 is therefore in

line with string 16 and is delivered into subterranean well 10 with string 16.

13
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[0034] Looking at Figure 2, sealing tool 30 includes mandrel 32. Mandrel 32 is an elongated
tubular shaped member with central passage 34. Mandrel 32 can be formed, as an example, of
high tensile steel or if located in a corrosive environment, a non-magnetic alloy such as austenitic
nickel-chromium-based superalloys. In the example embodiment of Figure 2 mandrel 32 is a
single elongated tubular shaped member. In alternate embodiments mandrel 32 can be formed
by joining together multiple separate segments to form mandrel 32. In embodiments where
mandrel 32 is formed of multiple separate segments, assembly and redressing of sealing tool 30
may be simpler compared to embodiments where mandrel 32 is formed of a single elongated

tubular shaped member.

[0035] Mandrel 32 includes first connector 36. First connector 36 is oriented to secure sealing
tool 30 to first string 18. In the example embodiment of Figure 2, first connector 36 is shown as
a threaded connector. In alternate embodiments first connector 36 can be another type of

connector used to secure a downhole tool to a string.

[0036] Mandrel 32 includes second connector 38. Second connector 38 is located at an opposite
end of mandrel 32 from first connector 36. Second connector 38 is oriented to secure sealing
tool 30 to second string 20. In the example embodiment of Figure 2, second connector 38 is
shown as a threaded connector. In alternate embodiments second connector 38 can be another

type of connector used to secure a downhole tool to a string.

[0037] When sealing tool 30 is secured to first string 18, first inner bore 40 of first string 18 is

axially aligned and in fluid communication with central passage 34 of mandrel 32. When sealing

14
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tool 30 is secured to second string 20, second inner bore 42 of second string 20 is axially aligned

and in fluid communication with central passage 34 of mandrel 32.

[0038] Sealing Tool 30 includes two or more seal members 44. In the example embodiment of
Figure 1, there are three seal members 44. In the example embodiment of Figures 2 and 3 there
are two seal members 44. In alternate embodiments there can be more than three seal members

44,

[0039] Seal members 44 circumscribe mandrel 32. Seal members 44 are moveable between a
retracted position (Figure 2) and an extended position (Figure 3). Seal members 44 are capable
of being moved from the retracted position to the extended position and back to the retracted

position multiple times.

[0040] Looking at Figure 2, when seal members 44 are in a retracted position seal members 44
have a minimal outer diameter. In the retracted position seal members are disengaged from
interior surface 46 of subterranean well 10 and are spaced apart from interior surface 46 of
subterranean well 10. Looking at Figure 3, when seal members 44 are in an extended position
seal members 44 have an expanded out diameter. The expanded outer diameter of seal members
44 is larger than the minimal outer diameter of seal members 44. When seal members 44 are in
the extended position seal members 44 are engaged with interior surface 46 of subterranean well

10 and form a seal with interior surface 46 of subterranean well 10.

[0041] In the example embodiments of Figures 2 and 3, seal members 44 are compression seals.

In such an embodiment, seal members 44 can be formed of an elastomer or can be formed of

15
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silicone, fluorocarbon, fluoroelastomer, fluorosilicone, polyacrylate, or hydrogenated nitrile
butadiene rubber. Each of the seal members 44 is a ring shaped member that circumscribes
mandrel 32. Each of the seal members 44 can have the capability of maintaining a seal with
interior surface 46 of subterranean well 10 when there is a pressure differential across the seal
member 44 even when interior surface 46 is an uneven surface. Each seal member 44 can
provide a pressure barrier in a range between 4,000 psi and 8,000 psi across seal member 44,
depending on the downhole conditions, such as temperature, pressure, and the irregularity of the
inner surface of the wellbore. In conditions with a pressure in excess of 10,000 psi, a
temperature of 350 °F or greater, or an irregular wellbore, seal member 44 may only safely
provide a pressure barrier with a pressure differential across seal member 44 of 4,000 psi. In

alternate embodiments, seal members 44 can be inflatable seals or spring actuated seals.

[0042] Sealing tool 30 further includes seal actuator 48. Seal actuator 48 is operable to move
seal members 44 between the retracted position and the extended position. In the example
embodiments of Figures 2 and 3, seal actuator 48 is a piston assembly. The piston assembly can
move all of the seal members 44 between the retracted position and the extended position.
Piston member 56 of seal actuator 48 can be moved by known methods in the industry such as
pressure, electromechanical or electrohydraulic motors, or pipe manipulation such as rapid

movement downwards.

[0043] Piston member 56 of the example embodiments of Figures 2 and 3 is a piston rod and
multiple piston rods are spaced around an outer circumference of mandrel 32. An actuated end

of piston member 56 is located within a piston chamber. An opposite end of piston member 56

16
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is an operational end of piston member 56 and is in contact with a seal support 50. Looking at
Figure 2, each seal member 44 has a seal support 50 at both a first side and an opposite second

side of seal member 44. Seal support 50 is a ring shaped member that circumscribes mandrel 32.

[0044] Axial movement of the primary first seal support 52 is limited by mandrel shoulder 54.
Mandrel shoulder 54 is a ring shaped shoulder along an outer diameter surface of mandrel 32
with a shoulder surface that faces in a direction towards seal actuator 48. As piston member 56
of seal actuator 48 is moved axially towards supports 50, secondary first seal support 58, primary
second seal support 60, and secondary second seal support 62 would each move axially in a
direction towards mandrel shoulder 54. If primary first seal support 52 is not in contact with
mandrel shoulder 54, primary first seal support 52 would also move towards mandrel shoulder

54 until primary first seal support 52 contacts mandrel shoulder 54.

[0045] As secondary first seal support 58 moves axially towards primary first seal support 52,
first seal member 64 is compressed between sloped shoulders of primary first seal support 52 and
secondary first seal support 58. The compression of first seal member 64 causes radial extrusion
of first seal member 64 and first seal member 64 is moved from the retracted position (Figure 2)

to the extended position (Figure 3).

[0046] Spacer 68 is located between secondary first seal support 58 and primary second seal
support 60. Spacer 68 maintains a set minimum distance between secondary first seal support 58
and primary second seal support 60. Continued axial movement of piston member 56 towards
supports 50 will cause secondary second seal support 62 to move closer to primary second seal

support 60. As secondary second seal support 62 moves closer to primary second seal support

17
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60, second seal member 66 is compressed between sloped shoulders of primary second seal
support 60 and secondary second seal support 62. The compression of second seal member 66
causes radial extrusion of second seal member 66 and second seal member 66 is moved from the

retracted position (Figure 2) to the extended position (Figure 3).

[0047] In the example embodiment of Figure 1 where there is a third seal member 70, and in
embodiments where there are more than three seal members, each additional seal member 44
will be moved from the retracted position to the extended position in a similar manner as
described for second seal member 66, through compression between sloped shoulders of

associated adjacent supports 50.

[0048] In alternate embodiments where inflatable seals are used, a controlled fluid can be
pumped from a controlled reservoir into the seal members. The controlled fluid acts on the
sealing element walls from the inside in similar way as water balloons, allowing the seal
members to inflate and engage the inner surface of the wellbore. Each inflatable seal can
provide a pressure barrier in a range between 4,000 psi and 8,000 psi across the seal member,
depending on the downhole conditions, such as temperature, pressure, and the irregularity of the

inner surface of the wellbore.

[0049] Looking at Figure 3, sealing tool 30 includes pressure communication port 72 located
between each adjacent of the seal members 44. Each pressure communication port 72 extends
from central passage 34 of mandrel 32 to an exterior of sealing tool 30. Pressure communication
port 72 includes inner communication opening 74 through a sidewall of mandrel 32 and outer

communication opening 76 through spacer 68. When seal members 44 are in the extended

18
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position, inner communication opening 74 and outer communication opening 76 are in fluid
communication so that pressure communication port 72 extends from central passage 34 of
mandrel 32 to annular space 77 between adjacent seal members 44. Annular space 77 is defined
between an exterior surface of sealing assembly 28, such as sealing tool 30 or string 16, and an

interior surface 46 of subterranean well 10.

[0050] The number of pressure communication ports 72 can be one less than a number of seal
members 44. In the example embodiment of Figures 2 and 3 where there are two seal members
44 there is one pressure communication port 72. In the example embodiment of Figure 1 where
there are three seal members 44 there are two pressure communication ports 72. In alternate
embodiments, more than one pressure communication port 72 can be located between adjacent
seal members 44 to ensure safe and reliable operation of sealing assembly 28 even if one

pressure communication port 72 was to fail.

[0051] A pressure communication valve 78 is associated with each pressure communication port
72. Pressure communication valve 78 can be used to adjust the pressure across a seal member
44. Pressure communication valve 78 can be located within the sidewall of mandrel 32 along
inner communication opening 74. Each pressure communication valve 78 is operable to move
between an open position and a closed position. When pressure communication valve 78 is in
the open position pressure communication valve 78 provides a path for flow of a fluid between
central passage 34 and the exterior of the sealing tool 30 between adjacent of the seal members
44. When pressure communication valve 78 is in the closed position pressure communication

valve 78 prevents flow of the fluid between central passage 34 and the exterior of sealing tool 30
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through pressure communication port 72. Pressure communication valve 78 can be moved
between the open position and the closed position to control a pressure differential between

central passage 34 of mandrel 32 and annular space 77 between adjacent seal members 44.

[0052] In example embodiments pressure communication valve 78 can withstand a pressure
differential of up to 20,000 psi and can prevent or allow the flow of fluid in either direction
through pressure communication valve 78. Pressure communication valve 78 can therefore
manage a pressure differential where the pressure within central passage 34 is larger than the
pressure within annular space 77 between adjacent seal members 44, and can manage a pressure
differential where the pressure within central passage 34 is smaller than the pressure within

annular space 77 between adjacent seal members 44.

[0053] As an example, pressure communication valve 78 can be used to vent fluid from a higher
pressure location to a lower pressure location in either direction through pressure communication
valve 78. In this way pressure communication valve 78 can be used to equalize a pressure within
central passage 34 with the pressure within annular space 77 between adjacent seal members 44.
In alternate embodiments, pressure communication valve 78 could vent pressure into a separate

pressure chamber (not shown) that is part of sealing tool 30.

[0054] Pressure communication valve 78 can be operated by electromechanical actuators 80 that
allow pressure communication valve 78 to move between the open and the closed positions as
required and on demand. Communication system 82 can instruct each pressure communication
valve 78 separately to move between the open position and the closed position with

electromechanical actuators 80. Instructions for the operation of electromechanical actuators 80
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for pressure communication valve 78 could be sent from the surface to communication system 82
by commonly used methods in the industry such as, for example, a copper or fiber cable,
acoustic signal, radio-frequency identification tag, or mud pulse. Alternatively commands to
operate electromechanical actuator 80 for each pressure communication valve 78 could be
preprogramed into communication system 82. Pre-set values for various temperate and pressure
conditions could be preprogrammed into communication system 82 so that each valve and seal

member 44 could be operated without the requirement of signal from the surface.

[0055] In the example embodiments of Figures 2 and 3 communication system 82 includes a
communication module 84. Communication module 84 can be secured to mandrel 32 and can
act as both a transmitter and a receiver. Communication module 84 can include an integrated
power supply. Communication module 84 can also receive information from a number of
pressure gauges 86. Pressure gauges 86 can measure a pressure within annular space 77 and
within central passage 34. In addition to pressure information, communication system 82 can
gather information relating to the condition of each valve and seal member 44. For example,
communication system 82 can determine if a particular valve is in an open position, a closed
position, or a partially open position. Communication system can alternately determine if a
particular seal member 44 is in a retracted position or an extended position. Communication
system 82 can provide such valve and seal data to communication module 84 and can instruct

associated actuators to operate the valves and seal members 44 accordingly.

[0056] In the example embodiments of Figures 2 and 3, first pressure gauge 88 can measure a

pressure within annular space 77 that is on a first side of all of the seal members 44. As used
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herein, a first side of all of the seal members 44 means a location that is uphole of all of the seal
members 44 or downhole of all of the seal members, as the case may be. Second pressure gauge
92 can measure a pressure within annular space 77 that is on an opposite second side of all of the
seal members 44. As used herein, a second side of all of the seal members 44 means a location
that is uphole of all of the seal members 44 or downhole of all of the seal members, as the case
may be, and located at an opposite side of all of the seal members 44 from the first side of all of

the seal members 44.

[0057] Intermediate pressure gauge 90 can measure a pressure within annular space 77 that is
between adjacent seal members 44. Central bore pressure gauge 94 can measure a pressure
within central passage 34 of mandrel 32. Each of the pressure gauges 86 can provide pressure
data to communication module 84 by way of a system of communication cables 96 that extend

through a sidewall of mandrel 32.

[0058] The pressure data can be delivered to the surface by communication module 84 by way of
a telemetry system such as by way of a copper or fiber cable, acoustic signal, radio-frequency
identification tag, or mud pulse. An operator at the surface can utilize the pressure data to
determine pressure differentials across each seal member 44 and valve and can signal appropriate
valves to operate to manipulate the pressure differentials to ensure such pressure differentials are
maintained within safe and acceptable ranges. Alternately the pressure data can be used by
communication module 84 to automatically or autonomously manipulate various valves of the

sealing assembly 28 without the need for transmitting such data to the surface.
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[0059] Sealing assembly 28 further includes second end port 98. Second end port 98 is located
on a second side of all of the seal members 44. Second end port 98 is an opening that extends
through the sidewall of mandrel 32, providing a fluid flow path between central passage 34 of
mandrel 32 and annular space 77 on a second side of all of the seal members 44. In the example
embodiment of Figures 2 and 3 second end port 98 is part of sealing tool 30. In alternate

embodiments second end port 98 could be part of second string 20.

[0060] Second end valve 100 is associated with second end port 98. Second end valve 100 can
move between an open position and a closed position. In the open position second end valve 100
provides a path for flow of the fluid between central passage 34 and the exterior of mandrel 32
on a second side of all of the seal members 44. In the closed position second end valve 100
prevents flow of the fluid through second end port 98 between central passage 34 and the
exterior of mandrel 32. Second end electromechanical actuator 102 can be used to move second
end valve 100 between the open position and the closed position. Communication system 82 can
be used to instruct second end electromechanical actuator 102 to move second end valve 100

between the open position and the closed position.

[0061] Sealing assembly 28 further includes first end port 104. First end port 104 is located on a
first side of all of the seal members 44. First end port 104 is an opening that extends through the
sidewall of first string 18, providing a fluid flow path between first inner bore 40 of first string
18 and annular space 77 on the first side of all of the seal members 44. In the example
embodiment of Figures 2 and 3 first end port 104 is part of first string 18. In alternate

embodiments first end port 104 could be part of sealing tool 30.

23



WO 2020/243205 PCT/US2020/034755

[0062] First end valve 106 is associated with first end port 104. First end valve 106 can move
between an open position and a closed position. In the open position first end valve 106 provides
a path for flow of the fluid between central passage 34 and the exterior of sealing assembly 28 on
a first side of all of the seal members 44. In the closed position second end valve 100 prevents
flow of the fluid through first end port 104 between central passage 34 and the exterior of sealing
assembly 28. An actuator can be used to move first end valve 106 between the open position and
the closed position. Communication system 82 can be used to instruct the actuator to move first

end valve 106 between the open position and the closed position.

[0063] In example embodiments, each of the ports and other flow paths of sealing assembly 28
can include features to mitigate the buildup of hydrates. As an example, heating elements can be
embedded within mandrel 32. Alternately channels can be formed within mandrel 32 that will

allow for the injection of hydration prevention treatments.

[0064] In an example of operation and looking at Figure 1, sealing tool 30 can be secured to first
string 18 and second string 20 to form sealing assembly 28. String 16, which now includes
sealing tool 30, can be run into wellbore 12 using conventional methods. Sealing assembly 28
can be used within wellbore 12 in situations where a wellbore seal is required that will be
subjected to a pressure differential across the sealing assembly 28 during a downhole operation,

such as a well treatment, evaluation, or testing operation.

[0065] As an example, sealing assembly 28 may be subject to a situation where a hydrostatic
pressure of 10,000 psi must be reduced to 2,000 psi to perform the desired downhole operation.

In such a situation, sealing assembly would be subjected to a pressure differential across the seal
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members of 8,000 psi. Embodiments of this disclosure can provide a reliable seal across
wellbore 12 even if wellbore 12 has adverse well conditions, such as wellbore 12 having

potentially oval shape or having a downhole temperature of 350 °F or greater.

[0066] Looking at Figure 2, while string 16 is being delivered into wellbore 12, seal members 44
are in a retracted position. While string 16 is being delivered into wellbore 12, pressure
communication valve 78 and second end valve 100 can be in the closed position and first end
valve 106 can be in the open position. Alternately, pressure communication valve 78, second

end valve 100, and first end valve 106 can each be in the open position.

[0067] After sealing assembly 28 has been lowered to the desired depth within wellbore 12, seal
members 44 can be moved to the extended position of Figure 3. In order to move seal members
44 to the extended position communication system 82 can instruct piston members 56 to move
axially in a first direction towards seal supports 50. Piston members would act on seal supports
50 so that seal supports 50 compress seal members 44. The compression of seal members 44
causes radial extrusion of seal members 44, moving seal members the retracted position (Figure
2) to the extended position (Figure 3). In the extended position seal members 44 engage interior

surface 46 of wellbore 12 and form a pressure and fluid seal with interior surface 46 of wellbore

12.

[0068] During activation of seal members 44, both second end valve 100 and first end valve 106
can be in an open position. Looking at Figure 3, with seal members 44 in the extended position
annular space 77 is divided into three separate pressure zones. First annular pressure zone 108 is

a portion of annular space 77 located on a first side of all of the seal members 44. Second
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annular pressure zone 110 is a portion of annular space 77 located between adjacent seal
members 44. Third annular pressure zone 112 is a portion of annular space 77 located on a
second side of all of the seal members 44. In alternate body with more than two seal members

44 there would be additional separate annular pressure zones.

[0069] When both second end valve 100 is in the open position and first end valve 106 is in the
open position, the pressure of first annular pressure zone 108 is equalized with the pressure of
third annular pressure zone 112. When each of second end valve 100 is in the open position, first
end valve 106 in the open position and pressure communication valve 78 is in the open position,
then the pressure of first annular pressure zone 108 is equalized with the pressure of second

annular pressure zone 110, and is equalized with the pressure of third annular pressure zone 112.

[0070] In order to provide a reduced hydrostatic pressure for performing a wellbore operation,
after moving each of the seal members 44 from the retracted position to the extended position
second end valve 100 can be moved to the closed position. With second end valve 100 in the
closed position there is no longer a fluid flow path between first annular pressure zone 108 and
third annular pressure zone 112. Pressure communication valve 78 can be in an open position so
that there is a fluid flow path between first annular pressure zone 108 and second annular

pressure zone 110.

[0071] Pressure within first annular pressure zone 108 can then be reduced. Reducing the
pressure within first annular pressure zone 108 can be accomplished, for example, by pumping a
lighter fluid or gas into first inner bore 40 of first string 18 to reduce hydrostatic pressure. The

reduction in hydrostatic pressure can be accomplished using, for example, nitrogen or reservoir
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fluids. In such an embodiment, heavier fluid can be circulated back to the surface. As an
example, a separate tubular member, such as a coil tubing, can be run down hole inside inner
bore 40. Lighter fluid can then be pumped downhole inside the separate tubular member and
circulated back to surface outside of the separate tubular member but inside inner bore 40. With
pressure communication valve 78 in an open position, as pressure of first annular pressure zone

108 is reduced, pressure within second annular pressure zone 110 is also reduced.

[0072] During operation of sealing assembly 28 pressure within first annular pressure zone 108,
second annular pressure zone 110, third annular pressure zone 112, and within central passage 34
can be monitored with pressure gauges 86. In alternate embodiments there could be no pressure
gauges and hydrostatic pressure and differential pressures could instead be calculated by an
operator by taking into account true vertical depth and relative fluid density. In either
embodiment, the operator can monitor the hydrostatic pressure and pressure differentials to

ensure that such values remain within desired and safe ranges.

[0073] Pressure within first annular pressure zone 108 can be lowered such that a pressure
differential across second seal member 66 has reached a target value, which is not greater than
the maximum safe pressure differential across second seal member 66. As an example, the target
pressure differential across second seal member 66 could be 80 percent (%) of a maximum
allowable pressure differential across second seal member 66 to provide a safety margin. Note
that the value of the maximum allowable pressure differential across second seal member 66 can

vary for a particular seal member, because such value is based in part on the conditions within

27



WO 2020/243205 PCT/US2020/034755

wellbore 12, such as the temperature and the irregularity of interior surface 46 of subterranean

well 10.

[0074] After the pressure differential across second seal member 66 has been reached, pressure
communication valve 78 can be moved to the closed position. With pressure communication
valve 78 moved to the closed position, there is no longer fluid communication between first
annular pressure zone 108 and second annular pressure zone 110. With pressure communication
valve 78 moved to the closed position pressure within second annular pressure zone 110 will
remain constant. If no changes are made to the pressure within third annular pressure zone 112,
then the pressure differential across second seal member 66 will remain constant, even as

pressure within first annular pressure zone 108 is further reduced.

[0075] Pressure within first annular pressure zone 108 can be further reduced until the first of
either the pressure within first annular pressure zone 108 has reached the desired pressure for
performing the planned downhole operation, or the pressure differential across first seal member
64 has reached the target pressure differential which is not greater than the maximum safe
pressure differential across first seal member 64. As an example, the target pressure differential
across first seal member 64 could be 80 % of a maximum allowable differential across first seal
member 64 to provide a safety margin. Note that the value of the maximum allowable pressure
differential across first seal member 64 can vary for a particular seal member, because such value
is based in part on the conditions within wellbore 12, such as the temperature and the irregularity
of interior surface 46 of subterranean well 10. In order to determine a maximum allowable

pressure differential across a particular seal member under particular conditions, such seal
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member can be tested under the particular conditions to determine the pressure at which the seal
member will fail. A pressure safety margin would then be applied to the pressure at which the
seal member failed to arrive at a maximum safe pressure differential or target pressure

differential.

[0076] If there are more than two seal members 44, the process of further reducing the pressure
of first annular pressure zone 108 can continue, with successive pressure communication valves
being moved to the closed position as the target pressure differential across successive seal
members is reached. When the target pressure differential across the final seal member is
reached, the maximum safe pressure differential across the entire sealing assembly 28 has been
reached. Therefore, the total pressure differential across the entire sealing assembly 28 can be
adjusted by incorporating the number of seal members required so that the sum of target pressure
differentials across each seal member 44 is equal to at least the desired pressure differential

across the entire sealing assembly 28.

[0077] As an example, if there are two seal members 44 and each seal member 44 can safely
withstand a pressure differential across seal member 44 of 4,000 psi in the adverse down hole
conditions of the example wellbore, the target pressure differential can be 4,000 psi. Sealing
assembly 28 would therefore be able to withstand differential pressure across entire sealing
assembly 28 of 2 x 4,000 psi or 8, 000 psi. If third seal member is added that can also safely
withstand a pressure differential across seal member 44 of 4,000 psi in the adverse downhole
conditions of the example wellbore, then sealing assembly 28 would be capable to withstand a

pressure differential of 3 x 4,000 psi or 12,000 psi.
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[0078] After completing the desired downhole operation at the reduced pressure, sealing
assembly 28 can be deactivated and retrieved. In order to deactivate sealing assembly 28 a
heavier or higher density fluid can be pumped into first inner bore 40 of first string 18 to increase
hydrostatic pressure in first annular pressure zone 108. Increasing hydrostatic pressure in first
annular pressure zone 108 would decrease the pressure differential across first seal member 64.
The heavier fluid could be, for example, drilling mud with a selected density to restore original

hydrostatic pressure.

[0079] When the pressure within first annular pressure zone 108 is proximate to the pressure
within second annular pressure zone 110, then pressure communication valve 78 can be moved
to the open position. As an example, pressure communication valve 78 can be moved to the
open position when the difference between the pressure within first annular pressure zone 108
and the pressure within second annular pressure zone 110 is 0-15% of the pressure within second
annular pressure zone 110. With pressure communication valve 78 in the open position first
annular pressure zone 108 is in fluid communication with second annular pressure zone 110 and
pressure within second annular pressure zone 110 will be equalized with pressure within first

annular pressure zone 108.

[0080] After pressure communication valve 78 has been moved to the open position the pressure
of first annular pressure zone 108 can be further increased. When the pressure within first
annular pressure zone 108 and second annular pressure zone 110 is proximate to the pressure
within third annular pressure zone 112, then second end valve 100 can be moved to the open

position. With second end valve 100 in the open position first annular pressure zone 108 and
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second annular pressure zone 110 are in fluid communication with third annular pressure zone
112 and pressure within third annular pressure zone 112 will be equalized with pressure within

first annular pressure zone 108 and second annular pressure zone 110.

[0081] With pressure within third annular pressure zone 112 equalized with pressure within first
annular pressure zone 108 and second annular pressure zone 110, seal members 44 can be moved
to the retracted position. In order to move seal members 44 to the retracted position
communication system 82 can instruct piston members 56 to move axially in a second direction
away from seal supports 50. In certain embodiments seal members 44 or seal actuator 48 can

include springs for returning seal members 44 to the retracted position.

[0082] After seal members 44 are moved to the retracted position, sealing assembly 28 can be
moved to another location within subterranean well 10 or can be retrieved from subterranean
well 10 to be used at another well. In certain embodiments sealing assembly 28 can be reused a
number of times. In embodiments of this disclosure sealing assembly 28 could be operated
through five to twenty cycles of moving seal members 44 from the retracted position to the
extended position and back to the retracted position before sealing assembly is reworked or

retired.

[0083] Embodiments described in this disclosure therefore provide systems and methods that
provide a high pressure packer capable of functioning in open hole hostile environments. The
number of seal members of the current disclosure can be adjusted to handle a desired pressure

differential across the entire sealing assembly.
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[0084] Embodiments of this disclosure, therefore, are well adapted to carry out the objects and
attain the ends and advantages mentioned, as well as others that are inherent. While
embodiments of the disclosure has been given for purposes of disclosure, numerous changes
exist in the details of procedures for accomplishing the desired results. These and other similar
modifications will readily suggest themselves to those skilled in the art, and are intended to be

encompassed within the spirit of the present disclosure and the scope of the appended claims.
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CLAIMS

What is claimed is:

1. A sealing assembly for forming a seal within a subterranean well, the sealing assembly

including:
a sealing tool, the sealing tool having:
a mandrel, the mandrel being an elongated tubular member with a central passage;

two or more seal members circumscribing the mandrel, the seal members
moveable between a retracted position where the two or more seal members have a minimal
outer diameter and an extended position where the two or more seal members have an expanded

outer diameter;

a seal actuator operable to move the two or more seal members between the

retracted position and the extended position;

a pressure communication port located between adjacent of the two or more seal
members, the pressure communication port including an opening through a sidewall of the

mandrel extending from the central passage to an exterior of the sealing tool; and

a pressure communication valve associated with the pressure communication port,
the pressure communication valve operable to move between an open position where the
pressure communication valve provides a path for flow of a fluid between the central passage
and the exterior of the sealing tool between adjacent of the two or more seal members, and a
closed position where the pressure communication valve prevents flow of the fluid through the

pressure communication port.

2. The sealing assembly of claim 1, where a number of pressure communication ports is one

less than a number of seal members.
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3. The sealing assembly of claim 1 or claim 2, where the seal actuator includes a piston
assembly operable to move all of the two or more seal members between the retracted position

and the extended position.
4. The sealing assembly of any of claims 1-3, further including:

a second end port, the second end port located on a second side of all of the two or more

seal members; and

a second end valve associated with the second end port, the second end valve operable to
move between an open position where the second end valve provides a path for flow of the fluid
between the central passage and the exterior of the mandrel on a second side of all of the two or
more seal members, and a closed position where the second end valve prevents flow of the fluid

through the second end port.
5. The sealing assembly of any of claims 1-4, further including:

a first end port, the first end port located on first side of all of the two or more seal

members; and

a first end valve associated with the first end port, the first end valve operable to move
between an open position where the first end valve provides a path for flow of the fluid between
the central passage and an exterior of the sealing assembly on first side of all of the two or more
seal members, and a closed position where the first end valve prevents flow of the fluid through

the first end port.

6. The sealing assembly of any of claims 1-5, further including a communication system,
the communication system operable to instruct the pressure communication valve to move

between the open position and the closed position.

7. The sealing assembly of any of claims 1-6, where the sealing tool includes a first
connector oriented to secure the sealing tool to a first string, and a second connector oriented to
secure the sealing tool to a second string, the first string and the second string each having an

inner bore axially aligned and in fluid communication with the central passage of the mandrel.
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8. The sealing assembly of any of claims 1-7, further including a pressure gauge operable to

measure a pressure of the fluid.

9. A sealing assembly for forming a seal within a subterranean well, the sealing assembly

including:

a sealing tool, the sealing tool being located within the subterranean well, defining an
annular space between an exterior surface of the sealing tool and an interior surface of the

subterranean well, the sealing tool having:
a mandrel, the mandrel being an elongated tubular member with a central passage;

two or more seal members circumscribing the mandrel, the seal members
moveable between a retracted position where the two or more seal members are spaced apart
from the interior surface of the subterranean well and an extended position where the two or

more seal members form a seal with the interior surface of the subterranean well; and

a pressure communication port located between adjacent of the two or more seal
members, the pressure communication port including an opening through a sidewall of the
mandrel and extending from the central passage to the annular space between adjacent of the two
or more seal members, the pressure communication port having a pressure communication valve

operable to move between an open position and a closed position;

a first string secured to a first connector of the sealing tool, the first string having a first

inner bore axially aligned and in fluid communication with the central passage of the mandrel;

a second string secured to a second connector of the sealing tool, the second string having
a second inner bore axially aligned and in fluid communication with the central passage of the

mandrel; and

a first end port, the first end port extending through a sidewall of the first string, the first
end port having a first end valve operable to move between an open position and a closed

position.
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10. The sealing assembly of claim 9, further including a piston assembly operable to move all

of the two or more seal members between the retracted position and the extended position.

11. The sealing assembly of claim 9 or claim 10, further including a second end port, the
second end port being an opening through a sidewall of the mandrel extending from the central
passage to the annular space on a second side of all of the two or more seal members, the second
end port having a second end valve operable to move between an open position and a closed

position.

12. The sealing assembly of any of claims 9-11, further including a communication system,
the communication system operable to instruct the pressure communication valve to move

between the open position and the closed position.

13. The sealing assembly of any of claims 9-12, further including a pressure gauge operable

to measure a pressure of the fluid.

14. A method for forming a seal within a subterranean well with a sealing assembly, the

method including:
providing a sealing tool, the sealing tool having:
a mandrel, the mandrel being an elongated tubular member with a central passage;

two or more seal members circumscribing the mandrel, the seal members
moveable between a retracted position where the two or more seal members have a minimal
outer diameter and an extended position where the two or more seal members have an expanded

outer diameter;

a seal actuator operable to move the two or more seal members between the

retracted position and the extended position;

a pressure communication port located between adjacent of the two or more seal
members, the pressure communication port including an opening through a sidewall of the

mandrel and extending from the central passage to an exterior of the sealing tool; and

a pressure communication valve associated with the pressure communication port,

the pressure communication valve operable to move between an open position where the
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pressure communication valve provides a path for flow of a fluid between the central passage
and the exterior of the sealing tool between adjacent of the two or more seal members, and a
closed position where the pressure communication valve prevents flow of the fluid through the

pressure communication port; and

engaging an interior surface of the subterranean well with each of the two or more seal

members.

15. The method of claim 14, where the seal actuator includes a piston assembly and the
method further includes moving all of the two or more seal members between the retracted

position and the extended position with the piston assembly.
16. The method of claim 14 or claim 15, further including:

a second end port, the second end port located on a second side of all of the two or more

seal members; and

a second end valve associated with the second end port, the second end valve operable to
move between an open position where the second end valve provides a path for flow of the fluid
between the central passage and the exterior of the mandrel on a second side of all of the two or
more seal members, and a closed position where the second end valve prevents flow of the fluid

through the second end port; and where

the method further includes moving the second end valve from the open position
to the closed position after moving each of the two or more seal members from the retracted

position to the extended position.
17. The method of claim 16, further including:

a first end port, the first end port located on first side of all of the two or more seal

members; and

a first end valve associated with the first end port, the first end valve operable to move
between an open position where the first end valve provides a path for flow of the fluid between

the central passage and an exterior of the sealing assembly on first side of all of the two or more
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seal members, and a closed position where the first end valve prevents flow of the fluid through

the first end port; and where

when both the second end valve is in the open position and the first end valve is in
the open position, a second side pressure within the subterranean well radially outward of the
sealing tool and on a second side of all of the two or more seal members is equal to a first side
pressure within the subterranean well radially outward of the sealing tool and on first side of all

of the two or more seal members.

18. The method of any of claims 14-17, further including instructing the pressure
communication valve to move between the open position and the closed position with a

communication system.

19. The method of any of claims 14-18, further including securing the sealing tool to a first
string with a first connector, and securing the sealing tool to a second string with a second
connector, the first string and the second string each having an inner bore axially aligned and in

fluid communication with the central passage of the mandrel.

20. The method of any of claims 14-19, further measuring a pressure of the fluid with a

pressure gauge.

38



WO 2020/243205 PCT/US2020/034755




PCT/US2020/034755

WO 2020/243205

2/3

¢ "Oid

- 89

y
M,, pe 88 _@fmm 08 06 \ o€ 2

N.m mm ¥6

o8

v8
I

: \» T T, :: \ i to i 1141
\\\ \\\\ \X \m\ \f\\\ \\ »‘\\\\\\\ , 1\ \\\\\\ \\\\ \: \\\\\\ 1\ \\\\\\\\\

‘ ;ﬁﬁw//%/ 1

\A:,

: i
SN &

v%\ / 7 \f\ / “ \U H\\\ \\\»\H\

b \\\‘, 77
\\\
ys\\ \\\~ \\ \\\ \\\

:~\\\\ i
\1\\\

29 w
001 o5

mw




PCT/US2020/034755

WO 2020/243205

£ ald

76 % ve
\

o8

/

S

\\ /] \\
\ / 7

(;\‘

\\m\\\

‘\m ik ~w0/x XXMIU//

\\\

[/ \\\:\

\

,\\\\M\ f \ \\\

\\\\\
A/7
SERE

i

8i

/

POl

8




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2020/034755

A. CLASSIFICATION OF SUBJECT MATTER

INV. E21B33/128 E21B33/129
ADD.

E21B49/08

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

E21B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 20157007985 Al (GISOLF ADRIAAN [US]) 1,2,4-9,
8 January 2015 (2015-01-08) 11-14,

16-20

Y paragraph [0022] - paragraph [0035]; 3,10,15
figures 1-3,6-9

Y US 3 716 101 A (MCGOWEN H ET AL) 3,10,15
13 February 1973 (1973-02-13)
column 2, line 41 - Tine 55; figures 1,2

X US 6 478 096 Bl (JONES STANLEY C [US] ET 1,9,14
AL) 12 November 2002 (2002-11-12)
column 5, line 13 - column 6, line 44;
figures 1,2

X US 2009/183882 Al (VAN ZUILEKOM ANTHONY H 1,9,14
[US] ET AL) 23 July 2009 (2009-07-23)
paragraph [0028] - paragraph [0029];
figures 1,2

See patent family annex.

D Further documents are listed in the continuation of Box C.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international

- "X" document of particular relevance; the claimed invention cannot be
filing date

considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

7 July 2020

Date of mailing of the international search report

16/07/2020

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Stremmen, Henrik

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2020/034755
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2015007985 Al 08-01-2015 AU 2014203598 Al 22-01-2015
US 2015007985 Al 08-01-2015
US 3716101 A 13-02-1973  NONE
US 6478096 Bl 12-11-2002  US 6478096 Bl 12-11-2002
US 2002185313 Al 12-12-2002
US 2009183882 Al 23-07-2009  CA 2620050 Al 24-01-2008
EP 2044289 Al 08-04-2009
US 2009183882 Al 23-07-2009
WO 2008011189 Al 24-01-2008

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - wo-search-report
	Page 44 - wo-search-report

