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SELF-ASSEMBLING PACKER

Technical Field of the Disclosure

[0001] The present disclosure relates generally to devices for use in a
wellbore in a subterranean formation and, more particularly (although not
necessarily exclusively), to a self-assembling packer that may be used for

creating zonal isolation through a gravel pack or other downhole configuration.

Background

[0002] Various devices can be utilized in a well that traverses a
hydrocarbon-bearing subterranean formation. In many instances, it may be
desirable to divide a subterranean formation into zones and to isolate those
zones from one another in order to prevent cross-flow of fluids from the rock
formation and other areas into the annulus. There are in-flow control devices that
may be used to balance production, for example, to prevent all production from
one zone of the well. Without such devices, the zone may experience problems
such as sand production, erosion, water breakthrough, or other detrimental
problems.

[0003] For example, a packer device may be installed along production
tubing in the well by applying a force to an elastomeric element of the packer.
Expansion of the elastomeric element may restrict the flow of fluid through an
annulus between the tubing and the formation or casing. Many packer devices
are configured to be actuated, installed, or removed by a force applied to the

device while the packer is disposed in the well. In one example, the force may be
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a hydraulic squeeze that causes the packer to squeeze and forces the
elastomeric element to expand in response to the force. Expansion of the packer
restricts the flow of fluid through the blocked area. In another example, a force
may be applied to a removable plug device to withdraw the plug from an installed
position in the wellbore. A further option has been to provide packers made of
shape memory or material. When such a packer receives heat or other stimulus,
it may cause the packer to soften under compression. When the heat or other
stimulus is removed, the packer material may stiffen, which causes it to
effectively seal the annulus around the tubing. Other packers have been made of
swellable material, such that when the packer is exposed to water or oil or other

substance(s), the packer will swell and fill the desired annulus.

Brief Description of the Drawings

[0004] FIG. 1 is a schematic illustration of a well system having a self-
assembling packer according to one aspect of the present disclosure.

[0005] FIG. 2 is a side schematic cross-sectional view of a self-assembling
packer according to one aspect of the present disclosure.

[0006] FIG. 3 is a side schematic cross-sectional view of the packer of FIG.
2 with the carrier fluid being deployed.

[0007] FIG. 4 is a side schematic cross-sectional view of the packer of FIG.
2 with the carrier fluid being held in place by magnets.

[0008] FIG. 5 is a side schematic cross-sectional view of a powered

deployment of the carrier fluid.
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[0009] FIG. 6 shows the self-assembling packer of FIG. 2 with a shunt
positioned to prevent premature magnetization of magnetically responsive

particles in the carrier fluid.

Detailed Description

[0010] Certain aspects and examples of the present disclosure are directed
to self-assembling packers that may be deployed downhole in a well system. For
example, there is provided a self-assembling packer that can be deployed
downhole, even in gravel and other debris environment, and that can effectively
be set and maintain the desired annulus seal. For example, some wells that
traverse subterranean formations may be filled with gravel and other debris that
can prevent a packer from creating the desired and proper seal. Packers that
can create a zonal isolation through a gravel pack or that can be set in more
aggressive and debris-filled environments would be useful.  Accordingly,
improved packers and ways to set them are provided.

[0011] The self-assembling packer can be formed in response to magnetic
forces exerted by magnets that may be included within the delivery tubing, on the
tubing, or otherwise near the location where the packer is to be formed. Forming
the packer in response to magnetic forces exerted by magnets can allow a
packer to be formed without a hydraulic squeeze or other force that is typically
used to form a packer.

[0012] These illustrative examples are given to introduce the reader to the
general subject matter discussed here and are not intended to limit the scope of

the disclosed concepts. The following sections describe various additional
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aspects and examples with reference to the drawings in which like numerals
indicate like elements, and directional descriptions are used to describe the

illustrative aspects. The following sections use directional descriptions such as

below,” “upper,” “lower,

“above, upward,” “downward,” “left,” “right,” “uphole,”
“‘downhole,” etc. in relation to the illustrative aspects as they are depicted in the
figures, the upward direction being toward the top of the corresponding figure and
the downward direction being toward the bottom of the corresponding figure, the
uphole direction being toward the surface of the well and the downhole direction
being toward the toe of the well. Like the illustrative aspects, the numerals and
directional descriptions included in the following sections should not be used to
limit the present disclosure.

[0013] FIG. 1 schematically depicts a well system 100 with a zone into
which a self-assembling packer 10 is to be set. The well system 100 includes a
wellbore 102 extending through various earth strata. The wellbore 102 may have
a substantially vertical section 104 and a substantially horizontal section 106.
The substantially vertical section 104 and the substantially horizontal section 106
may include a casing string 108 cemented at an upper portion of the substantially
vertical section 104. The sections 104, 106 may extend through a hydrocarbon
bearing subterranean formation 110.

[0014] A tubing string 112 within the wellbore 102 extends from the surface
to the subterranean formation 110. The tubing string 112 can provide a conduit
for formation fluids, such as production fluids produced from the subterranean

formation 110, to travel from the substantially sections 104 and/or 106 to the

surface. Pressure in the wellbore 102 in the subterranean formation 110 can
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cause formation fluids, including production fluids such as gas or petroleum, to
flow to the surface.

[0015] It may be desirable to divide the vertical section 104 and/or the
horizontal section 106 into one or more zones, which can be separated by one or
more packers. A single zone area is illustrated in FIG. 1, but it should be
understood that multiple zones may be provided and are within the scope of this
disclosure. A self-assembling packer 10 can be deployed in the wellbore 102.
The components (to be described below) of the self-assembling packer 10 can be
positioned along the tubing string 112, and are activated to deploy the packer 10
when appropriate. Although FIG. 1 depicts the self-assembling packer 10 in the
substantially horizontal section 106, additionally or alternatively, it may be located
in the substantially vertical section 104. Moreover, the self-assembling packer 10
described can be disposed in simpler wellbores, such as wellbores having only a
substantially vertical section, in open-hole environments, such as is depicted in
FIG. 1, or in cased wells. The self-assembling packer 10 may be used in
injection wells, water wells, geothermal wells without hydrocarbon, carbon
sequestration, monitoring wells, or any other appropriate downhole configuration
in combination with any type of injection fluid, such as water, steam, COsy,
nitrogen, or any other appropriate fluid.

[0016] In one aspect, the packer may be a self-assembling packer 10
created from a carrier fluid 12 that has its resistance to flow modified via a
magnetic field. The carrier fluid may include a combination of a polymer
precursor material and magnetically responsive particles 14. The carrier fluid 12

is injected into the annulus between a pair of magnets 18, 20. FIG. 2
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schematically depicts the carrier fluid 12 as it may be positioned in tubing 22.
FIGS. 3-4 show the packer 10 being formed from the carrier fluid 12.

[0017] More specifically, the polymer precursor used to form the carrier
fluid 12 is generally a polymer precursor that has magnetically responsive
particles 14 combined therewith in order to form a magnetorheological fluid,
ferrofluid, or a carrier fluid 12 otherwise having magnetically responsive particles
contained therein. First, the polymer precursor that is used may be a material
that forms cross-links. Non-limiting examples of polymer precursors that may be
used in connection with this disclosure include but are not limited to plastics,
adhesives, thermoplastics, thermosetting resins, elastomeric materials, polymers,
epoxies, silicones, sealants, oils, gels, glues, acids, thixotropic fluids, dilatant
fluids, or any combinations thereof. If the polymer precursor is an epoxy, the
epoxy may be a one-part epoxy (e.g., a silicone sealant) or a multi-part epoxy.
[0018] The polymer precursor should generally be a material that can carry
magnetically responsive particles 14 and cure or otherwise set upon appropriate
forces, environmental conditions, or time. The polymer precursor should be a
material that can create a seal. The polymer precursor should be a material that
can be carried downhole on a tubing string 22 and activated or otherwise mixed
downhole. For example, a material that has a requirement of being mixed at the
surface and pumped downhole, such as cement, is not preferable. Polymer
precursors provide the feature of being deliverable downhole without having to be
activated for immediate use. Any other type of polymer precursor or other

material that may act as a carrier for magnetically responsive particles 14 and
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that can cure to form a seal or otherwise act as a sealant is generally considered
within the scope of this disclosure.

[0019] Second, the polymer precursor is combined with magnetically
responsive particles 14 to form the carrier fluid 12. In one aspect, the
magnetically responsive particles 14 are nanoparticles that are mixed into the
polymer precursor. The mixture may form a slurry. The magnetically responsive
particles (which may also be referred to herein as magnetic particles 14 for
convenience) may be particles of a ferromagnetic material, such as iron, nickel,
cobalt, any ferromagnetic, diamagnetic or paramagnetic particles, any
combination thereof, or any other particles that can receive and react to a
magnetic force. Any particles that are attracted to magnets can be used in the
carrier fluid 12 and are considered within the scope of this disclosure. (It should
be noted that the figures are not drawn to scale and for illustrative purposes only.
For example, the particles 14 may not be easily visible in the carrier fluid 12 due
to their small size, and they have thus been exaggerated in the Figures for ease
of viewing.) Any suitable particle size can be used for the magnetically
responsive particles 14. For example, the particles may range from the
nanometer size up to the micrometer size. In one example, the particles may be
in the size range of about 100 nanometers to about 1000 nanometers. In another
example, the particles may range into the micrometer size, for example up to
about 100 microns. It should be understood that other particles sizes are
possible and considered within the scope of this disclosure. In embodiments
where the particles are referred to as “nanoparticles,” it should be understood

that the particles may also be of micron sizes, or a combination of nanoparticles
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and microparticles. The particles 14 can also be any shape, non- limiting
examples of which include spheres, spheroids, tubular, corpuscular, fiber, oblate
spheroids, or any other appropriate shape. Multiple shapes and multiple sizes
may be combined in a single group of particles 14.

[0020] In some aspects, the carrier fluid 12 may be formed in multiple
steps. For example, an epoxy may be used that has a two-part set-up (for
example, a two-part epoxy), where parts A and B are housed separately from one
another and mixed as they pass through a static mixer on their way to the
annulus. This aspect allows the carrier fluid 12 to be carried downhole as
separate components and mixed immediately prior to use. In another aspect, the
magnetically responsive particles 14 may be provided as a separate component
to be combined. Alternatively, the magnetically responsive particles 14 may be
pre-mixed with one part of the fluid. That one part of the fluid may be combined
with a second part of the fluid downhole, prior to delivery of the carrier fluid 12 as
described below. In other words, the various components of the carrier fluid 12
may be combined prior to or upon dispensing. Additionally or alternatively, the
various components of the carrier fluid 12 may by run downhole in a pre-
combined condition.

[0021] The tubing 22 contains the carrier fluid 12 therein. In one aspect,
the carrier fluid may be housed in a housing 44 with a delivery conduit 46. The
housing 44 may house the carrier fluid 12 in a pre-combined condition.
Alternatively, the housing 44 may be designed to maintain parts A and B of

carrier fluid 12 separately until just prior to deployment of the carrier fluid 12. For
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example, there may be provided a divider wall within housing 44 to maintain parts
of the polymer precursor of the carrier fluid 12 separate from one another.

[0022] Passage of the carrier fluid 12 through a magnetic field causes the
magnetically responsive particles 14 to align with the magnetic field. The
magnetic field may be created by one or more magnets 18, 20. The term
‘magnet” is used herein to refer to any type of magnet that creates a radially
extending magnetic field, and includes but is not limited to disc magnets, ring-
shaped magnets, block magnets, or any other type of closed shape magnet. Itis
desirable for at least a portion of the magnetic field to extend radially from the
magnets 18, 20. In a particular aspect, the magnets project a magnetic field
outwardly of the outer diameter of the tubing 22.

[0023] Alignment of the magnetically responsive particles 14 with the
magnetic field of the magnets 18, 20 causes the magnetic particles 14 to hold the
carrier fluid 12 between magnets. Subsequent movement of the carrier fluid 12 is
limited due to arrangement of the particles 14. FIG. 2 shows first and second
permanent magnets 18, 20 that are positioned along tubing 22. The north and
south polarities are shown for non-limiting illustrative purposes only and may be
changed. The tubing 22 may be part of a string of tools run into the borehole.
[0024] The magnets 18, 20 may be positioned on the inner diameter of
tubing 22, to the outer diameter of the tubing 22, embedded in the tubing, run
down on a separate tool, or provided in any other configuration. The magnets 18,
20 may be attached or otherwise secured to the tubing via any appropriate
method. Non-limiting examples of appropriate methods include adhesives,

welding, mechanical attachments, embedding the magnets within the tubing, or
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any other option. Additionally, although two magnets 18, 20 are shown for ease
of reference, it should be understood that magnets 18, 20 may each be a ring
magnet positioned around the circumference of tubing. Magnets 18, 20 may be a
series of individual magnets positioned in a ring around tubing 22. The general
concept is that magnets 18, 20 form a magnetic space therebetween that extends
radially from the tubing 22. The magnetic space extends past the outer diameter
of the tubing.

[0025] In additional or alternative aspects, a shunt 48 or other blocking
feature may be positioned adjacent to the magnet 20 past which the carrier fluid
12 flows during deployment. In a particular embodiment as shown in Figure 6,
the shunt 48 may be positioned between the magnet 20 and the conduit 46 such
that it is between the flow path of the carrier fluid 12 and the magnet 20. This
helps ensure that the magnetic field of magnet 20 force does not act on carrier
fluid 12 until it is deployed as described below. The shunt 48 can prevent the
movement of carrier fluid 12 from slowing prior to deployment. The shunt 48 may
further prevent the magnetic particles from being prematurely magnetized prior to
injection into the annulus. The shunt 48 may be secured to the upper area of
conduit 46, secured to a lower area of magnet 20, or positioned in any other
location that can allow it to act as a magnetic shunt to block the magnetic field. In
a further option, a shunt may be provided placed between one or more of the
permanent magnet(s). The shunt may be used to prevent the magnetic field from
solidifying the carrier fluid 12 in its flow path. For example, the movement of
carrier fluid 12 may be slowed due to a force from magnet 20 that is positioned

adjacent to conduit 46. Providing a shunt 48 at or near this location can prevent
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a magnetic force from magnet 20 from acting on the carrier fluid 12 prior to
deployment.

[0026] The general intent of shunt 48 is to prevent premature
magnetization of carrier fluid 12. Shunt 48 can prevent the magnetic force from
reaching carrier fluid 12 until the desired point.

[0027] The shunt may also be positioned where the carrier fluid 12 flows
once outside tubing in order to diminish the magnetic field in the annulus. This
could diminish the holding pressure from the magnets 18, 20, which act as seals
for the carrier fluid 12. This can be compensated by making a magnet longer in
the region proximate the shunt in order to create a longer region of magnetic
field. Alternatively, the driving force applied to the drive piston may be sufficiently
strong such that solidified fluid is expelled past the magnet. Constructing the flow
passage conduit 46 with an expanding taper may also ease driving of any
solidified fluid past the magnet-bounded area.

[0028] At the end of conduit 46 and between the magnets 18, 20 is a
component on the tubing section 22 to contain the carrier fluid 12 until
deployment. In one aspect, this component may be a rupture disc 24. The
carrier fluid 12 is forced to flow through and break the rupture disc 24 when
pressure is applied to the disc 24.

[0029] FIG. 3 shows a side schematic cross-sectional view of the packer of
FIG. 2 with the carrier fluid 12 being deployed by interior pressure. As shown,
pressure is applied to the carrier fluid 12 via a drive piston 26 or any other
component or force that can apply pressure to the carrier fluid 12. The piston 26

may have a spring 27 engagement that causes movement of the piston 26 when
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activated. The spring 27 is used to keep the piston 26 in contact with the fluid(s)
12 to ensure that that the carrier fluid 12 does not get contaminated by wellbore
fluids. This may prevent the carrier fluid 12 from prematurely setting. When
applied, pressure causes the carrier fluid 12 to rupture the rupture disc 24 and
exit through the resulting opening created. Rupture disc 24 is provided to prevent
premature application of the fluid into the annular space 28.

[0030] More specifically, the spring 27 can exert a force on the piston 26 in
the direction of the carrier fluid 12. The force exerted on the piston 26 can cause
the piston 26 to exert a force on the carrier fluid 12 in the direction of the rupture
disc 24. Until ruptured, the rupture disc 24 remains closed and can exert a force
on the carrier fluid 12 in a direction opposite the force exerted by the piston 26.
Once the force exerted on the carrier fluid 12 exceeds the force of the rupture
disc 24, the rupture disc 24 is caused to rupture. Rupturing of the rupture disc 24
removes the force exerted by the rupture disc 24 on the Carrier fluid 12. This
allows the carrier fluid 12 to flow into the space 28 in response to the force
exerted by the piston 26.

[0031] In one aspect, the rupture disc 24 may be a small piece of foil,
metal, or other material that contains the carrier fluid 12 until pressure is applied.
In another aspect, the rupture disc may be a dissolvable plug that dissolves upon
a certain pH environmental, or otherwise ceases to contain the carrier fluid 12 in
response to a pre-selected trigger. For example, the rupture disc 24 may be
formed as a temperature sensitive material or shape memory material plug that
dissolves upon a certain temperature, shrinks or enlarges at a certain

environmental condition, or otherwise ceases to contain the carrier fluid 12 in
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response to a pre-selected trigger. For example, the dissolving of plug could
cause the piston 26/spring 27 to push the carrier fluid 12 out the created opening.
[0032] The carrier fluid 12 is generally viscous or syrup-like so that it has
flow and movement properties. The carrier fluid 12 may have a minimum yield
stress before it flows, such as Bingham plastic, and it may behave as a
thixotropic material, such as a gel. The carrier fluid 12 remains in a moveable
form until it reaches the magnetic field or magnetic space. These figures show
an active deployment, in that the carrier fluid 12 is forced to exit through rupture
disc 24 upon the application of pressure to piston 26. It should be understood
that a passive deployment is also possible.

[0033] For example, the fluid may be in a dissolvable or rupturable bag that
is passively deployed and then attracted toward magnets to allow the fluid to
disperse into the annulus. Instead of using a pressure differential across the
completion to move/deploy the carrier fluid 12, an electronically triggered system
may be used to activate the release of the fluid. FIG. 5 is a side schematic cross-
sectional view of a powered deployment of the carrier fluid 12.

[0034] For example, an electronic rupture disc 30 may be used to hold a
blocking piston 32 in place. Electronic removal of the blocking piston 32 allows
the fluid to fill the annulus and to create the annular seal. Upon activation, the
blocking piston 32 generally moves back to allow the carrier fluid 12 to move
forward and up through opening 36. The electronics 38 may be housed in an
accompanying electronics and battery space 34 near the piston 32 to create the
desired electronic activation when desired. In one aspect, a wireless signal to the

electronics can be generated. The signal may be based on the pressure rise
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from screen out of the gravel pack, tubing movement, pressure cycles,
temperature changes, dropping a ball that has magnetic properties, dropping a
ball that emits a wireless signal, an acoustic signal, or any other activating event.
[0035] Referring now to Figures 2-4, as the carrier fluid 12 flows out from
the rupture disc 24, the magnetically responsive particles 14 are attracted by the
magnets 18, 20 as shown in Figures 3 and 4. If an initial flow is biased toward
one side (e.g., toward the left toward magnet 18), the magnetic action from the
other side (e.g., from the right side magnet 20) may cause the fluid to move back
toward a centralized position between the magnets. The interaction between the
particles 14 and the magnets 18, 20 causes the carrier fluid 12 to fill the space 28
between the magnets 18, 20 without moving very far past the desired space.
[0036] The halted movement of the carrier fluid 12 allows it to create a
packer 10 between the tubing 22 and the subterranean formation 110. Flowing
carrier fluid 12 has its particles held by the magnetic force or field being exerted.
The magnetic force changes the shear strength of the fluid from viscous to having
a lower viscosity or to be more solid-like. This causes the carrier fluid 12 to stop
flowing and to generally remain in space 28. Once formed, the carrier fluid 12 is
allowed to cure or harden or otherwise create a seal. The polymer precursor
material may begin to cross-link and cure. For example, the passage of time,
applied heat, and/or exposure to certain fluids or environments causes the carrier
fluid 12 to set and/or cure to form a packer 10 in the desired location. For
example, a elastomeric carrier may cure via vulcanization. A one-part epoxy may
cure after a time being exposed to the wellbore fluids. A silicone sealant could be

used as a one-part epoxy which sets and cures with exposure to water. A slow
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setting gel or other gel may set in the presence of water. Two—part systems
generally cure due to a chemical reaction between the components to the two
parts upon mixing. Other carriers/sealants may be used that cure based on
temperature or any other environmental cue.

[0037] The packer 10 may generally be referred to as “self-assembling”
because it forms without hydraulic force or other forces typically used to set
packers. All that is required is pressure to the carrier fluid 12 to cause
deployment, and the magnets 18, 20 cause a packer 10 to form generally
therebetween. The magnetic force from the pre-set permanent magnets can
create the magnetic force or field that causes the fluid to solidify, stop flow, and
form a packer in use. The force required to set the packer 10 is minimal
compared to the large differential pressures it can withstand.

[0038] The present disclosure provides a self-assembling packer 10 in
which the carrier fluid 12 is held in the tubing 22 and is allowed to free-flow
directly into the annular space 28 via the rupture disc 24 upon application of
pressure. This also allows the packer 10 to be set in granular or other debris-
filled environments. The carrier fluid 12 can flow into the formation 110.
Additionally, the magnetic field is created by permanent magnets. While an
electromagnet could be used to provide the magnetic field, it is not necessary.
Using two magnets 18, 20 can allow the shape of the packer to be adjustable via
providing various magnet positions along the tubing 22.

[0039] If the magnetic field is increased, the carrier fluid 12 may become

increasingly solid. If the magnetic field is removed, the carrier fluid 12 may
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resume a more fluid-like or viscous-like state. This is generally the case with the
carrier fluid 12 before the carrier has begun to harden or otherwise create a seal.
[0040] FIG. 4 is a side schematic cross-sectional view of the packer 10 with
the carrier fluid being held in place by magnets 18, 20. As shown, once the
carrier fluid 12 has exited the tubing 22 to fill the available volume of the desired
annular space 28, the carrier fluid 12 is halted from moving further by magnetic
action. The placement and location of the magnets 18, 20 can be altered as
desired to create the desired length of the packer 10 that self-forms. In one
aspect, the magnets 18, 20 may act like cup packers and keep the carrier fluid 12
in the sealing section. The carrier fluid 12 is trapped by the magnets 18, 20. The
trapped carrier fluid 12 is caused to fill the space between the magnet packers
sufficiently before it is displaced beyond the magnets.

[0041] Although shown and described with two magnets 18, 20 (or a series
of two rows of magnets that generally create a magnetic field therebetween), it is
possible for this system to be deployed with a single magnet. For example, a
vertical assembly may have a single magnet. The fluid may flow down via natural
gravity, and a lower magnet may be used to constrain the carrier fluid’'s flow due
to gravity and thus maintain the carrier fluid is the desired location. A single
magnet 20 could be used to cause a packer 10 to form above the magnet 20 if
the carrier fluid 12 is significantly more dense than the wellbore fluid, such as if
the wellbore fluid is a gas and the carrier fluid is a liquid. Alternatively, a single
magnet 18 could be used to cause a packer 10 to form below the magnet if the
carrier fluid is significantly less dense than the wellbore fluid, such as if the

wellbore fluid is a heavily weighted mud. The same option may work horizontally.



WO 2015/094266 PCT/US2013/076456
17

In one aspect, if a Newtonian fluid is used as the carrier fluid, a series of single
magnets could be used. More specifically, the trapped volume between a pair of
magnets would not necessarily aid the sealing with a Newtonian carrier fluid, so
providing a series of single magnets may help control flow. It is also possible to
use a directing jet at or near the rupture disc 24 that can be angled to guide the
flow of the fluid. This may cause a more specified stream of carrier fluid 12 to be
directed in the desired direction. This can be useful with less viscous fluids.

[0042] In some aspects, the subterranean formation 110 can be
permeable. The carrier fluid 12 with particles 14 may enter a short distance into
the permeable formation 110. This can extend the seal provided by the packer
10 beyond the annulus and into the formation 110. Creating such a seal into the
formation may help decrease the likelihood of bypassing the self-assembling
packer. A packer 10 that creates a deep seal that extends into the formation can
accommodate a shorter packer than a normal swell packer. Additionally, any
displaced or over displaced fluid that passes to another side of the magnet may
simply extend the sealing length, which can also help secure the packer 10.

[0043] The pressure holding capability of the nano-structured, self-
assembling packer 10 can vary depending on how the seal is constructed. If the
carrier fluid is a setting epoxy, then the packer 10 may support a larger pressure
differential than if the carrier fluid is silicone oil. These parameters may be
modified depending upon the desired use and pressure requirements.
Additionally, the pressure capabilities of the magnetic packers at the end of the
sealing section can be calculated. The differential pressure AP that the solution

of ferromagnetic particles can hold can be provided by the function
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L

AP =

where 7, is the shear strength of the energized fluid and L is the length of a
magnet or a length of a tubing section with a high magnetic field. A non-limiting
example of shear strength z, may be approximately eight psi. A non-limiting
example of a length of L may be about two inches. The gap between each side
of the packer and the formation is represented by g, which may be about 0.25
inch. For a shear strength 7, of eight psi and a length L of two inches, a
nanoparticle solution can build up at least 190psi pressure within the sealing
section before the fluid would bypass the magnet packers. This differential
pressure will ensure that there is a sweep of the fluids within the sealing section.

[0044] The pressure holding capability of the overall packer can depend on
the setting of the epoxy or other polymer precursor material used in the carrier
fluid 12, as well as on the length of the self-assembling packer. For example, the
shear strength of silicone sealant (about 220psi) can be substituted into the
above equation. The calculation indicates that silicone sealant would have a
pressure holding capability of 2000psi per inch of length. There will still be a
significant pressure differential even after de-rating the pressure holding
capability for poor bonding, contamination by the wellbore fluid, dilution to
increase uncured flow-ability, and other undiscovered effects. If deployed in a
gravel pack or other debris-filled environment, the gravel/ proppant has the
potential to increase the pressure differential due to the gravel/proppant taking
some of the load. However, the proppant also has the potential to decrease the
pressure differential due to poor adhesion between the sealant and the proppant.

Accordingly, the formula calculations show that a useful pressure-holding
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capability can be produced from a reasonable volume of magnetic particle-laden
sealant.

[0045] Further aspects, alternate options, and possible alterations to the
above-disclosure are also possible. For example, the carrier may be selected so
that it has self-healing properties that will provide a self-healing packer element.
For example, silicone sealants have been shown to have self-healing properties.
Carrier fluids that set into a self-healing material may be advantageous for
repairing damage from over-flexing, over-pressurization, tubing movement, and
so forth. Self-healing can further be accomplished by adding an encapsulated
healing agent and catalyst into the mix. Crack formation would rupture the
encapsulated healing agent which would seal the crack. Using hollow glass
fibers may also provide a self-healing packer element. In another alternative,
small particles may be added to the gravel pack. The small particles are small
enough to pass through the gravel pack, but they are large enough to be stopped
at the energized solution of nanoparticles. Thus, if the magnetic packer leaks,
then the small particles may help would plug the leak.

[0046] In the above-described aspects, deployment of the carrier fluid 12 is
by forcing the fluid into the annulus via the interior pressure. Alternatively, the
carrier fluid 12 solution of particles could be encased in a dissolvable bladder or
bag. When the bladder dissolves or degrades, the particles may be attracted
toward the magnets. The carrier fluid 12 particle solution can be encased in a
water-dissolvable case with a material like polyglycolic acid (PGA), polylactic acid
(PLA), salt, sugar, or other water-dissolvable (or other solution-dissolvable, such

as acid or brine contact) material. The reactions could be triggered by contact
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with water, acid, or brine solution. Additionally or alternatively, the carrier fluid 12
particle solution can be encased in a temperature-degradable case with a
material such as a fusible metal, a low-melt thermoplastic, or an aluminum or
magnesium case that would galvanically react in the water. Applied voltages
may be used to cause the galvanic reaction to happen nearly instantaneously
and/or voltage could be used to delay the galvanic reaction.

[0047] In the concepts previously discussed, the magnetically responsive
particles 14 and the carrier fluid 12 are both carried downhole with a tool such as
tubing 22. In another embodiment, the solution of magnetically responsive
particles 14 could be circulated separately. For example, in an enhanced single-
trip multizone completion (ESTMZ) operation, the annulus could be flushed with a
solution of magnetically responsive particles in order to make the seal. The
magnetically responsive particles may be caused to flow through the gravel until
they reach the magnets. The magnet packers may then hold the magnetically
responsive particles in place and that structure can then be concentrated with the
diluted solution.

[0048] The packer system discussed in the above disclosure is generally
designed to be a permanent set packer. However, if the carrier fluid 12 is chosen
to have minimal yield strength when set, then the self-assembling packer can be
made into a retrievable packer. In one aspect, the permanent magnets 18, 20
can be short circuited with a ferroshunt on the interior of the tubing 22. In another
aspect, the permanent magnets could be canceled with another permanent

magnet or with an electromagnet on the interior of the tubing 22.
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[0049] Varying the magnetic field may also allow for an alternative
deployment of the carrier fluid 12. In one variation, there may be a lower
magnetic field during deployment of the carrier fluid. With less magnetic flux, the
carrier fluid is less constrained and flows more easily. As a result, the carrier fluid
is more likely to penetrate deeper into the formation 110 and to create a zonal
isolation that is deeper than the annulus to be sealed. This may be accomplished
via varying the magnetic field using any appropriate method. In a further
variation, there may be a stronger magnetic field in place during the deployment
of the carrier fluid.

[0050] In a further alternate embodiment, instead of using magnets to hold
magnetically responsive particles in place, an electric field and a dispersion of
nanoscale suspended particles may be used. In this embodiment, this fluid
would also be known as an electrorheological fluid (ER fluid). This approach
would use electrical packers composed of a DC electric field rather than magnetic
packers to contain the solution of electrical particles within the sealing section.
The electrical operation may be compatible with the magnetic operation, such
that the systems are used in tandem. For example, a solution of ferromagnetic
nanoparticles as well as electrical nanoparticles could be used.

[0051] Various modifications to the fluid can be made in order to minimize
settling of the particles in the carrier fluid. Iron particles are generally heavier
than epoxy, but for example, if the carrier fluid is chosen to have a similar density
to the particles, settling or early solidifying of the particles can be minimized. A
yield stress within the carrier fluid can also help to minimize settling. Settling can

be minimized by one or more of using smaller particle sizes, sending the solution
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of particles through a static mixer during the injection process, and/or mixing a
highly concentrated solution of particles with the carrier fluid during the injection
process. Use of a highly concentrated solution with a high yield strength may
help prevent settling of the particles; the carrier fluid may dilute the high yield
strength to allow for easier flow through the gravel pack and into the formation.
Agglomeration of the particles can be minimized by using a dispersant or
surfactant, such as soap, in the fluid. The surface of the particles may be
funcationalized, such as with siloxane, in order to enhance the bonding between
the particles and the crosslinking carrier fluid.

[0052] The performance of the magnets can be enhanced by creating a
situation where there is compressive locking of the particles. Tapering the
exterior of the tool at the magnet portions may help to form a compressive lock
within the particles.

[0053] The shape of the actual particles may be altered in an effort to
create better internal locking of the particles. For example, round particles may
be used. However, elongated or rod-shaped particles may lock more securely
and create a stronger packer in place. The particles can be shaped to better
entangle with one another to form the packer. The length of the particles may
also be modified to provide varying locking configurations. It is believed that a
particularly useful length may be from about 10 nanometers to about 1 millimeter,
although other options are possible and within the scope of this disclosure.

[0054] In summary, there is provided a self-assembling packer for use
downhole in a wellbore, comprising: a tubing section containing a carrier fluid

comprising a polymer precursor and magnetically responsive particles; one or
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more magnets positioned on or within the tubing section, the one or more
magnets bordering a space and creating a radially extending magnetic field; a
component on the tubing section to contain the carrier fluid until deployment; and
a component to cause deployment of the carrier fluid into the space to be filled;
wherein a magnetic field from the one or more magnets is operable for directing
the carrier fluid to fill the space. The carrier fluid may create a self-assembling
packer upon cure of the polymer precursor. In a certain aspect, the carrier fluid is
a sealant. The magnets may be ring magnets, bar magnets, two series of bar
magnets that are secured to or within the tubing section (e.g., one series of bar
magnets may be adjacent to a first side of the rupture disc or other component on
the tubing section to contain the carrier fluid until deployment, and a second
series of bar magnets may be adjacent to a second side of the rupture disc or
other component on the tubing section to contain the carrier fluid until
deployment).

[0055] There is also provided a method for constraining a sealant to create
a downhole packer, comprising: providing a radially extending magnetic force
field from a tubing section; providing a magnetorheological fluid with a carrier
component that cures to form a sealant;

[0056] dispensing the magnetorheological fluid such that the
magnetorheological fluid is constrained by the magnetic force field, allowing the
fluid to cure to form a packer. Aspects further relate to use of a
magnetorheological fluid comprising a polymer precursor delivered in two

components into a downhole environment, wherein mixing of the two components
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forms a carrier fluid, and wherein movement of the carrier fluid is constrained by
a radially extending force field.

[0057] The foregoing description, including illustrated aspects and
examples, has been presented only for the purpose of illustration and description
and is not intended to be exhaustive or to limiting to the precise forms disclosed.
Numerous modifications, adaptations, and uses thereof will be apparent to those

skilled in the art without departing from the scope of this disclosure.



25

Claims

What is claimed is:

1. A self-assembling packer for use downhole in a wellbore, comprising:

a tubing section containing a carrier fluid comprising a polymer precursor and
magnetically responsive particles, wherein the polymer precursor comprises a material that

forms cross-links and cures;

one or more magnets positioned on or within the tubing section, the one or more
magnets bordering a space and creating a radially extending magnetic field; a component to

cause deployment of the carrier fluid into the space to be filled,;

wherein a magnetic field from the one or more magnets is operable for directing the

carrier fluid to fill the space.

2. The self-assembling packer of claim 1, further comprising a component on the tubing

section to contain the carrier fluid until deployment.

3. The self-assembling packer of claim 2, wherein the component on the tubing section

to contain the carrier fluid until deployment comprises a rupture disc.

4, The self-assembling packer of claim 1, wherein the carrier fluid creates a self-

assembling packer upon cure of the polymer precursor.

5. The self-assembling packer of claim 1, wherein the carrier fluid is a sealant.
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6. The self-assembling packer of claim 1, wherein the polymer precursor of the carrier
fluid comprises at least one of a plastic, adhesive, thermoplastic, thermosetting resin,
elastomeric material, polymer, epoxy, silicone, sealant, oil, gel, glue, acid, thixotropic fluid,

dilatant fluid, or any combination thereof.

7. The self-assembling packer of claim 1, wherein the magnetically responsive particles

comprise nanopatrticles.

8. The self-assembling packer of claim 1, wherein the magnetically responsive particles
comprise at least one of iron, nickel, cobalt, diamagnetic particles, paramagnetic particles, or

any combination thereof.

9. The self-assembling packer of claim 1, wherein the carrier fluid comprises a silicone

and wherein the magnetically responsive particles comprise iron nanopatrticles.

10. The self-assembling packer of claim 1, wherein the one or more magnets comprise

ring magnets.

11. The self-assembling packer of claim 1, wherein the one or more magnets comprise
two series of bar magnets that are secured to or within the tubing section, one series of bar
magnets adjacent to a first side of the component on the tubing section to contain the carrier
fluid until deployment, and a second series of bar magnets adjacent to a second side of the

component on the tubing section to contain the carrier fluid until deployment.
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12. The packer of claim 3, wherein the rupture disc comprises rupture disc comprises at
least one of foil, metal, a dissolvable plug, a temperature sensitive plug, a shape memory
plug, a plug that shrinks or enlarges at a certain environmental condition, or a combination

thereof.

13. The packer of claim 1, wherein the component to cause deployment comprises a

pressure delivering component.

14. The packer of claim 13, wherein the pressure delivering component comprises a

piston.

15. The packer of claim 1, wherein the carrier fluid is delivered through a conduit and

further comprising a shunt between the conduit and at least one of the one or more magnets.

16. A method for constraining a sealant to create a downhole packer, comprising:

providing a radially extending magnetic force field from a tubing section; providing a

magnetorheological fluid with a carrier component that cures to form a sealant;

dispensing the magnetorheological fluid such that the magnetorheological fluid is

constrained by the magnetic force field,

allowing the fluid to cure to form a packer,

wherein the carrier component comprises a polymer precursor.
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17. Use of a magnetorheological fluid comprising a polymer precursor and magnetically
responsive particles, wherein the polymeric precursor is delivered downhole as two separate
components into a downhole environment, wherein mixing of the two separate components
downhole forms a carrier fluid, and wherein movement of the carrier fluid is constrained by a

radially extending force field.

18. The use of claim 17, wherein the force field is provided by one or more magnets.

19. A method for isolating different zones in a downhole formation, comprising:

creating a self-assembling polymeric packer as defined by claim 1.



