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OUTFLOW CONTROL DEVICE FOR CREATING A PACKER

Technical Field

[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 packer that may be used for creating zone 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. The well may be divided into zones and to isolate
those zones from one another to prevent cross-flow of fluids from the rock
formation and other areas into the annulus. For example, a packer may be
installed along production tubing in the well to restrict the flow of fluid through an

annulus between the tubing and the formation or casing.

Brief Description of the Drawings

[0003] FIG. 1 is a schematic diagram of a well system having a packer,

according to an aspect of the present disclosure.

[0004] FIG. 2 is a cross-sectional view of a tubing string and an outflow control
device of FIG. 1 prior to the formation of the packer, according to an aspect of the

present disclosure.

[0005] FIG. 3 is a cross-sectional view of the tubing string and the outflow
control device of FIGs. 1-2 to deploy a sealant into an annulus, according to an

aspect of the present disclosure.
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[0006] FIG. 4 is a cross-sectional view of the tubing string and the outflow
control device of FIGs. 1-3 with the sealant filling an annulus of the wellbore,

according to an aspect of the present disclosure.

[0007] FIG. 5 is a cross-sectional view of the tubing string and the outflow
control device of FIGs. 1-4 with the packer fully formed, according to an aspect of

the present disclosure.

[0008] FIG. 6 is a cross-sectional view of a packer, according to an aspect of the

present disclosure.

Detailed Description

[0009] Certain aspects and features of the present disclosure are directed to
packers, and methods of creating packers, that can be deployed downhole in a well
system using an outflow control device. The packer can be deployed downhole,
even in gravel and other debris environments. The packer can be set and can
maintain the desired annulus seal. The packer can be formed by the outflow
control device injecting a sealant into the annulus between a downhole tool and
the wellbore. In some aspects, the downhole tool can be a tubing string or a tool

for creating a bridge plug. The sealant can polymerize and form a solid structure.

[0010] The outflow control device can include a slot that extends around a
circumference of the downhole tool. A flow restriction device can be positioned
between the slot and the annulus of the wellbore. The flow restriction device can
create a pressure difference between the circumferential slot and the annulus of the
wellbore. A sealant can be injected into the slot via a port in the slot. The

difference between the circumferential slot and the annulus of the wellbore can
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cause the sealant to fill the slot along the entire circumference of the downhole

prior to flowing through the flow restriction device into the annulus of the

[0011] The sealant can also sweep away contaminants axially along the packer
(e.g., radially away from a central axis of the wellbore) as the sealant fills the slot
and ultimately passes through the flow restriction device into the annulus of the
wellbore. Sweeping any contaminants away axially along the packer can increase
the performance and reliability of the packer. The annulus of the wellbore can
contain gravel or other debris. The packer can be formed in the gravel pack or

other debris environment in the annulus.

[0012] FIG. 1 1s a schematic diagram of a well system 100 that includes a packer
102 created using an outflow control device 104 on a downhole tool, for example
a tubing string 116. The well system includes a wellbore 106 extending through
various earth strata. The wellbore 106 may have a substantially vertical section
108 and a substantially horizontal section 110. The substantially vertical section
108 and the substantially horizontal section 110 may include a casing string 112
cemented at an upper portion of the substantially vertical section 108. The
substantially vertical section 108 and the substantially horizontal section 110 may

extend through a hydrocarbon bearing subterranean formation 114.

[0013] The tubing string 116 can extend from the surface through the wellbore
106 into the subterranean formation 114. The tubing string 116 can provide a
conduit for formation fluids, such as production fluids from the subterranean
formation 114, to travel to the surface. An annulus 118 can extend between an
surface of the tubing string 116 and the wellbore 106. The annulus 118 can be

with gravel or other debris to form a gravel pack 119. It may be desirable to
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one or both of the substantially vertical section 108 and the substantially
section 110 into one or more zone. The zones can be separated by one or more
packers. While FIG. 1 illustrates a single packer 102, it should be understood that
some aspects of the present disclosure multiple zones can be provided and are

within the scope of this disclosure.

[0014] While FIG. 1 depicts the packer 102 in the substantially horizontal
section 110, additionally or alternatively, it may be located in the substantially
vertical section 108. Moreover, the packer 102 deployed using the outflow control
device 104 can be disposed in a variety of wellbores, including, for example,
wellbores having only a substantially vertical section, in open-hole environments,
or in cased wells. The packer 102 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, carbon dioxide, nitrogen, or any other

L0 f%ﬁ’riﬁ(tj].uidis a cross-sectional view of the tubing string 116 and the outflow
control device 104 prior to the formation of the packer. The outflow control
104 can include a slot (or recess) 120 extending around an outer surface of the
tubing string 116. In some aspects, the slot 120 can extend around the entire
circumference of the tubing string 116. The slot 120 can include a port 122. In
some aspects, the slot 120 can include additional ports. The tubing string 116 can
contain a sealant 126. In one aspect, the sealant 126 may be housed in a reservoir
128. In some aspects, the sealant 126 can be a two part material that can be mixed
together to cross-link and cure. In other aspects, the sealant 126 can be a single

material. The reservoir 128 can be positioned in a recess 124 in the tubing string
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116. In some aspects, the reservoir 128 can be positioned on a separate tool or

separate tubing and the sealant 126 can be deployed in a remedial operation.

[0016] The sealant 126 can be a silicone adhesive, an epoxy, or another suitable
material that crosslinks. In some aspects, the sealant 126 can be a cement or
another material that hydrolizes. The sealant 126 can also be a material that has a
viscosity that increases or a yield strength that increases after deployment from the

reservoir 128.

[0017] A delivery conduit 130 can extend between the port 122 and the reservoir
128 for carrying the sealant 126 to the slot 120. In some aspects, the reservoir 128
can be coupled directly to the slot 120. A perforated shroud or screen 132 can be
positioned between the slot 120 and the annulus 118 of the wellbore 106. In some
aspects, the screen 132 can be a screen with an 80-micron pore size. In other
aspects, other suitable screen pore sizes can be used. In some aspects, the screen
can be metal mesh, slotted shroud, micro-perforated shroud, sintered filter media,
or other suitable materials. The screen 132 can create a pressure difference
between the slot 120 and the annulus 118 of the wellbore 106. The pressure
difference can cause the sealant 126 to completely fill the slot 120 in a
circumferential band around the tubing string 116 before expanding in the axial

direction across the screen 132 into the gravel pack 119 in the annulus 118.

[0018] In some aspects, a rupture disc or other component can block the port
The rupture disc can prevent injection of the sealant 126 until deployment of the
sealant 126 is desired. To deploy the sealant 126, a force can be applied within the
tubing string 116 to force the sealant 126 into the delivery conduit 130 towards the

rupture disc in the port 122. The sealant 126 can apply pressure to the rupture disc
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sufficient to break the rupture disc and pass through the port 122. In some aspects,
the rupture disc can be positioned elsewhere, for example in the delivery conduit

130 or at the junction of the delivery conduit 130 and the reservoir 128.

[0019] FIG. 3 shows a cross-sectional view of the tubing string 116 and the
outflow control device 104 of FIG. 2 as the sealant 126 is deployed. A pressure
can be applied to the sealant 126 within the reservoir 128 via a piston 134. The
pressure can force the sealant 126 to exit the reservoir 128 and flow through the
port 122 via the delivery conduit 130. In some aspects, another ejection device,
component, or force that can apply pressure to the sealant 126 can be used instead
of the piston 134. The piston 134 can include a spring engagement that can cause
movement of the piston 134 when activated. The spring can be used to keep the
piston 134 in contact with the sealant 126 to ensure that that the sealant 126 is not
contaminated by wellbore fluids present in the annulus 118. Contaminants can
interfere with the setting of the sealing. Preventing contamination by wellbore
fluids can prevent the sealant 126 from prematurely setting. Contaminants can
include, for example and without limitation, pipe dope, completion fluids, acids,

drilling fluids, and filter cake materials.

[0020] The screen 132 can create a pressure difference between the slot 120 and
the annulus 118 of the wellbore 106. For example, the pressure within the slot 120
can be higher than the pressure in the annulus 118. The pressure difference can
cause the sealant 126 to completely fill the slot 120, around the entire
of the tubing string 116, prior to crossing the screen 132 and entering the annulus
118. FIG. 3 depicts the sealant 126 having filled the slot 120 about the entire

circumference of the tubing string 116 just prior to the sealant 126 flowing
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the screen 132 and entering the annulus 118. The annulus 118 contains a gravel
pack 119. In some aspects, the annulus 118 does not contain a gravel pack or

debris.

[0021] The sealant 126 can be viscous or syrup-like so that it has flow and
movement properties. The sealant 126 may have a low yield-strength in the
reservoir 128 before it flows into the slot 120. The yield strength of the sealant
126 may increase after flowing into the slot 120.  FIG. 3 depicts an active
deployment, in that the sealant 126 is forced to exit the reservoir 128 and pass
through the delivery conduit 130 and the port 122 into the slot 120 upon pressure
applied to the piston 134. In some aspects, a passive deployment of the sealant
126 may be used. For example, the sealant 126 may be in a dissolvable or
rupturable bag that is passively deployed. A pressure differential can be used to

move or deploy the sealant 126.

[0022] In some aspects, an electronically triggered system may be used to
release the sealant 126. For example, an electronic rupture disc may be positioned
between the port 122 and the reservoir 128. The electronic rupture disc can be
used to hold a blocking piston in place. Electronic removal of the electronic
rupture disc, can allow the sealant 126 to flow into and circumferentially fill the

slot 120 and ultimately fill the annulus 118 and create the annular seal.

[0023] FIG. 4 shows a cross-sectional depiction of the tubing string 116 and the
outflow control device 104 of FIGS. 2 and 3 as the sealant 126 fills the annulus
As described above, the sealant 126 can fill the slot 120 that extends the
circumference of the tubing string 116 prior to crossing the screen 132 and

the annulus 118. The sealant 126 can extend into the spaces between the particles
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and grains of the gravel pack 119 in the annulus 118. The initial sealant 126
deployed from the reservoir 128 can begin to viscosify prior to the remaining
sealant 126 in the reservoir 128 being deployed. The initially viscosifying sealant
126 can serve as a barrier to the later deployed sealant 126 and can force the later

deployed sealant 126 to form an annular pack.

[0024] The sealant 126 can come in contact with wellbore fluids when it reaches
the annulus 118. The wellbore fluids can contain contaminants. Contaminants
can accumulate at the interface between the sealant 126 and the wellbore fluids in
the annulus 118. Contaminants can affect the curing and performance of the
sealant 126, for example, a polymeric sealant can be poisoned when it comes in
contact with chemicals in the wellbore fluids. The polymeric sealant that comes in
contact with the chemicals can have poor crosslinking as a result. The outflow
control device 104 can prevent contaminants in the wellbore fluids in the annulus

118 from affecting the performance and reliability of the packer 102.

[0025] The sealant 126 can entirely fill the slot 120 of the outflow control device
104 prior to entering the annulus 118. A leading edge 136 of the sealant 126 can
sweep away contaminants axially along the packer 102 as the sealant 126 extends
into the annulus 118 of the wellbore 106. In other words, the leading edge 136 of
the sealant 126 can sweep contaminants it comes into contact with away from the

tubing string 116 towards the wellbore 106.

[0026] As the leading edge 136 of the sealant sweeps away the contaminants the
sealant 126 following the leading edge 136 can cure fully and can create a strong
seal. Sweeping any contaminants away axially along the packer, as opposed to

radially, can also prevent a concentration of contaminants where the sealant 126
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the wellbore fluids interface. Areas of concentrated contaminants where the
126 and wellbore fluids interface can create leak paths. By sweeping any
contaminants away axially along the packer, the sealant 126 can prevent the
formation of leak paths and can form a stronger packer 102 that can have
performance and reliability. The sealant 126 can form a fluid isolation barrier

between zones in the wellbore when cured to form the packer 102.

[0027] FIG. 5 shows a cross-sectional depiction of the tubing string 116 and the
outflow control device 104 of FIGS. 2-4 with the packer 102 fully formed. The
packer 102 is formed by the sealant 126 extending from the slot 120, through the

gravel pack 119 in the annulus 118 to the wellbore 106.

[0028] While FIGs. 1-5 depict the outflow control device 104 on the tubing
string 116 being used to form packer 102, the outflow control device 104 can also
be positioned on a downhole tool to form bridge plugs. In some aspects, the

downhole tool can be positioned downhole using a wireline.

[0029] In some aspects, the outflow control device 104 can be used to create a
seal on the exterior of a tubing string, as shown in FIGs. 1-4. In some aspects, the
outflow control device 104 can be used to create a seal on the interior of a tubing
string. The outflow control device 104 can be used with shunt tubes as well as
primary tubing. The seal created using the outflow control device 104 can be

made in open holes or in cased holes.

[0030] FIG. 6 shows a cross-sectional depiction of a packer 200 with the sealant
126 being held in place by magnets 202, 204, according to another aspect of the

present disclosure. Magnets 202, 204 can be positioned on the tubing string 116.
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some aspects, the magnets 202, 204 may be positioned on the inner diameter of
tubing string 116, on the outer diameter of the tubing string 116, embedded in the
tubing string 116, run down on a separate tool, or provided in any other

configuration. A magnetic field can be created by the magnets 202, 204.

[0031] The sealant 126 may include a combination of a polymer precursor
material and magnetically responsive particles 210 to form a ferromagnetic
sealant. The polymer precursor can be a suitable material that can carry
magnetically responsive particles 210 and cure or otherwise set upon appropriate
forces, environmental conditions, or time. The magnetically responsive particles
210 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 sealant 126 and are considered
within the scope of this disclosure. Any suitable particle size can be used for the
magnetically responsive particles 210. For example, the particles may range from
the nanometer size (e.g., about 100 nanometers to about 1000 nanometers) up to
the micrometer size (e.g., up to about 100 microns). In some aspects, other

particles sizes may be used.

[0032] The sealant 126 can be deployed into the slot 120. After the sealant 126
has filled the entire slot 120, around the circumference of the tubing string 116, the
sealant can pass through the screen 132, enter the annulus 118 containing the
pack 119, and pass through the magnetic field of magnets 202, 204. Passage of
sealant 126 through the magnetic field can cause the magnetically responsive

particles 210 to align with the magnetic field. In some aspects, at least a portion of
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the magnetic field extends radially from the magnets 202, 204. In some aspects,
magnets 202, 204 can project a magnetic field outwardly of the outer diameter of

tubing string 116.

[0033] Alignment of the magnetically responsive particles 210 with the magnetic
field of the magnets 202, 204 can cause the magnetically responsive particles 210
to hold the sealant 126 between magnets 202, 204. Subsequent movement of the
sealant 126 can be limited due to arrangement of the magnetically responsive
particles 210. The north and south polarities of the magnets 202, 204 as well as
the placement, number, and orientation of the magnets 202, 204 are shown for

non-limiting illustrative purposes only and may be changed.

[0034] As shown in FIG. 6, once the secalant 126 has filled the slot 120 and has
passed through the screen 132 into the annulus 118 the sealant 126 containing
magnetically responsive particles 210 can be halted from moving further and held
in place by the magnetic field created by magnets 202, 204. The placement and
location of the magnets 202, 204 can be altered as desired to create the desired
length of the packer 200. In one aspect, the magnets 202, 204 may act like cup
packers and keep the sealant 126 in a desired area of the annulus 118. The sealant
126 can be trapped in the desired areca by the magnets 202, 204. The trapped
secalant 126 can be caused to fill the space between the magnets 202, 204
sufficiently before it is displaced beyond the magnets 202, 204. The magnetic
force from the magnets 202, 204 can create the magnetic force or field that can

cause the sealant 126 to solidify, stop flow, and form a packer in use.

[0035] Example #1: An assembly can include a downhole tool positionable

the wellbore. The downhole tool can include an outflow control device. The
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outflow control device can include a substantially circumferential slot. The
substantially circumferential slot can include a port for receiving a sealant from a
reservoir. A flow restriction device can be positioned between the substantially
circumferential slot and an annulus of the wellbore for creating a pressure
between the substantially circumferential slot and the annulus of the wellbore.
[0036] Example #2: The assembly of Example #1 may feature the reservoir
being positionable in a recess in the tubing string.

[0037] Example #3: The assembly of any of Examples #1-2 may feature a
screen as the flow restriction device.

[0038] Example #4: The assembly of any of Examples #1-3 may feature the
sealant being a material that has a yield-strength that increases after injection into
the substantially circumferential slot.

[0039] Example #5: The assembly of any of Examples #1-4 may also include a
gravel pack positioned within the annulus of the wellbore.

[0040] Example #6: The assembly of any of Examples #1-5 may also include an
¢jection device. The ejection device can eject the sealant from the reservoir.
[0041] Example #7: The assembly of any of Examples #1-6, further
comprising a tubing string that is the downhole tool.

[0042] Example #8: An assembly can include a downhole tool positionable
within a wellbore that includes an outflow control device. The outflow control
device can include a substantially circumferential slot. The substantially
circumferential slot can include a port for receiving a sealant. The outflow control
device can also include a flow restriction device that can be positioned above the

substantially circumferential slot for creating a pressure difference between the
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substantially circumferential slot and an annulus of the wellbore. A reservoir can
positioned within a recess in the downhole tool. The reservoir can contain the
sealant. A delivery conduit can couple the reservoir to the port. The assembly can
also include an ejection device. The ejection device can eject the sealant from the
reservoir into the delivery conduit.

[0043] Example #9: The assembly of Example #8 may feature the reservoir
being positionable on the tool.

[0044] Example #10: The assembly of any of Examples #8-9 may feature a
screen as the flow restriction device.

[0045] Example #11: The assembly of any of Examples #8-10 may feature the
sealant being a material that has a yield-strength that increases after ejection from
the reservoir.

[0046] Example #12: The assembly of any of Examples #8-11 may also include
a gravel pack positioned within the annulus of the wellbore.

[0047] Examples #13: The assembly of any of Examples #8-12 may feature a
tubing string that is the downhole tool.

[0048] Examples #14: The assembly of any of Examples #8-13 may also
include at least one magnet positioned on or within the downhole tool for creating
a radially extending magnetic field. The magnetic field can act on the sealant to
position the sealant relative to the at least one magnet.

[0049] Example #15: An assembly can include a downhole tool that includes a
flow control device. The flow control device can include a slot that extends
at least a portion of a circumference of the downhole tool. The slot can include a

port for receiving a sealant. The outflow control device can also include a flow
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restriction device that is positioned between an inner arca of the slot and an outer
arca of the slot. The flow restriction device can create a pressure difference
the inner area of the slot and the outer area of the slot. The assembly can also
a reservoir for containing the sealant.

[0050] Example #16: The assembly of Example #15 may feature the slot
extending around an entire circumference of the downhole tool.

[0051] Example #17: The assembly of any of Examples #15-16 may feature a
screen as the flow restriction device.

[0052] Example #18: The assembly of any of Examples #15-17 may feature the
sealant being a material that has a yield-strength that increases after injection into
the slot.

[0053] Example #19: The assembly of any of Examples #15-18 may further
include a delivery conduit that couples the reservoir to the port.

[0054] Examples #20: The assembly of any of Examples #15-19 can further
include an e¢jection device. The ejection device can eject the sealant from the
reservoir into the delivery conduit.

[0055] The foregoing description of certain aspects, including illustrated aspects,
has been presented only for the purpose of illustration and description and is not
intended to be exhaustive or to limit the disclosure 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 the disclosure.
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CLAIMS

l. An assembly comprising:
a downhole tool positionable within a wellbore, the downhole tool
having an outflow control device comprising:
a substantially circumferential slot;
a port in the substantially circumferential slot for receiving a
sealant from a reservoir; and
a flow restriction device positioned between the substantially
circumferential slot and an annulus of the wellbore for creating a
pressure difference between the substantially circumferential slot and

the annulus of the wellbore,

2. The assembly of claim 1, wherein the reservoir is positionable in a

recess in the downhole tool.

3. The assembly of claim 1, further comprising an ejection device for

ejecting the sealant from the reservoir.,
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4. An assembly comprising:
a downhole tool positionable within a wellbore, tubing string including
an outflow control device comprising;:
a substantially circumferential slot;
a port in the substantially circumferential slot for receiving a
sealant; and
a flow restriction device positioned above the substantially
circumferential slot for creating a pressure difference between the
substantially circumferential slot and an annulus of the wellbore;
a reservoir positioned within a recess in the downhole tool, the reservoir
for containing the sealant;
a delivery conduit that couples the reservoir to the port; and
an ejection device for ejecting the sealant from the reservoir into the

delivery conduit.

5. The assembly of claim 4, wherein the reservoir is positionable on an

additional tool that is positionable within in the wellbore.

6. The assembly of any one of claims 1 to 5, wherein the sealant is a
material that has a yield-strength that increases after ejection from the

reservoir.
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7. The assembly of any one of claims 1 to 6, further comprising a gravel

pack positioned within the annulus of the wellbore.

8. 'The assembly of any onc of claims 1 to 7, whercein the downhole tool is

a tubing string.

9. The assembly of claim 4, further comprising at least one magnet
positioned on or within the downhole tool for creating a radially extending
magnetic field that acts on the sealant to position the sealant relative to the at

least one magnet.

10.  An assembly, comprising:
a downhole tool including a flow control device comprising:
a slot that extends around at least a portion of a circumference of
the downhole tool;

a port in the slot for receiving a sealant; and
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a flow restriction device positioned between an inner area of the
slot and an outer area of the slot for creating a pressure difference
between the inner area of the slot and the outer area of the slot;

a reservoir for containing the sealant.

11.  The assembly of claim 10, wherein the slot extends around an entire

circumference of the downhole tool.

12. The assembly of any one of claims 1 to 5 and 10, wherein the flow

restriction device is a screen.

13. The assembly of claim 10, wherein the sealant is a material that has a

yield-strength that increases after injection into the slot.

14, The assembly of claim 10, further comprising a delivery conduit that

couples the reservoir to the port.
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15.  The assembly of claim 10, further comprising an ejection device for

ejecting the sealant from the reservoir into a delivery conduit.



