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FLUSHING FILTER

Technical Field

[0001] The present disclosure relates generally to wellbore completion. More
specifically, but not by way of limitation, this disclosure relates to filter assemblies for

use in controlling the entry of debris and particulate materials into a casing string.

Background

[0002] During completion of the wellbore the annular space between the
wellbore wall and a casing string (or casing) can be filled with cement. This process
can be referred to as “cementing” the wellbore. The casing string can include
floating equipment, for example a float collar and a guide shoe. Fluid, such as
drilling fluid or mud, can be present within the wellbore. The fluid can include debris
such as particulate materials. The fluid, including the debris, can enter the casing
string and can contact the floating equipment. The debris can partially or fully clog
the valves of the floating equipment. The floating equipment can fail to function
properly during the cementing of the wellbore when the valves are partially or fully
clogged. The cement job can be weak or otherwise fail to properly function when the
floating equipment fails to properly function, for example due to clogged valves or the

resulting contaminated cement.

Brief Description of the Drawings

[0003] FIG. 1 is a schematic of a well system including a filter assembly

positioned within a casing string, according to an aspect of the present disclosure.
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[0004] FIG. 2 is a cross-sectional view depicting an example of a filter
assembly, according to an aspect of the present disclosure.

[0005] FIG. 3 is a schematic of the flow path of a particle along the filter
assembly of FIG. 2, according to an aspect of the present disclosure.

[0006] FIG. 4 is a cross-sectional view depicting a filter assembly, according
to another aspect of the present disclosure.

[0007] FIG. 5 is a cross-sectional view depicting a filter assembly, according
to another aspect of the present disclosure.

[0008] FIG. 6 is a partial cross-sectional view of a debris particle deposit along
a length of the filter assembly of FIG. 2, according to an aspect of the present
disclosure.

Detailed Description

[0009] Certain aspects and features of the present disclosure are directed to a
filter assembly for preventing debris particles (or particles) from entering floating
equipment within a casing string. The filter assembly can be positioned within the
casing string. In some aspects, the filter assembly can be positioned within a casing
shoe of the casing string. The filter assembly can be coupled to the casing string at
the well site, or in some aspects, the filter assembly can be coupled to a substitute
piece of threaded pipe (“sub”). The sub that includes the filter assembly can be
coupled to a casing tube of the casing string at the well site. The casing string can
also include floating equipment, for example but not limited to a float collar or a guide
shoe.

[0010] The filter assembly can include a closed end (an apex) and an open
end (a base). The filter assembly may be generally conical in shape or cylindrical in

shape, though other suitable shapes could be used. The filter assembly can include
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multiple slots that can extend from the apex longitudinally to the base of the filter
assembly. In some aspects, the slots may be described as longitudinal slots. The
slots can extend radially from the apex. Additional perforations may be located at
the apex. The perforations may be randomly distributed or may be positioned to
form a geometrical shape, for example a circle or a polygon. The filter assembly can
be coupled to a casing string such that a maximum inner diameter of the filter
assembly at the base can be approximately the same as the inner diameter of the
casing string.

[0011] The filter assembly can be positioned within the casing string such that
the base of the filter assembly is positioned downhole from the apex of the filter
assembly. Fluid, such as mud and drilling fluid, can enter the casing string. The
fluid can include debris particles that can clog the valves of floating equipment or
contaminate the cement. The fluid can enter the open end of the filter assembly and
can pass through the slots of the filter assembly. Debris particles in the fluid that are
larger than the width of the slots of the filter assembly can be stopped by the slots.
The particles stopped by the slots can be forced along the length of the slot towards
the apex of the filter assembly. The particles can be forced along by the flow of the
fluid through the filter along a path of least resistance towards the apex. The region
of the slots proximate to the base of the filter assembly can remain free of particles
and fluid can continue to flow through that region as the particles accumulate
proximate to the apex of the filter assembly. By accumulating the particles proximate
to the apex of the filter assembly and keeping the region of the slots proximate to the
base of the filter unclogged, the filter can continue function even as debris particles

collect at the apex.
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[0012] In some aspects, the filter assembly can be positioned within the
casing string such that the apex of the filter assembly is downhole from the base of
the filter assembly. The particles can be stopped by the slots and can be forced
along the slots towards the base of the filter assembly. The particles can
accumulate in a region proximate to the base of the filter assembly between the filter
assembly and the casing string. The fluid can continue to flow through the slots
proximate to the apex of the filter assembly.

[0013] In some aspects, the filter assembly can include two or more filter
elements. A first filter element can be positioned proximate to the downhole end of
the casing string and can have slots that have a larger width than the slots of an
additional filter element. The additional filter element can be positioned uphole
relative to the first filter element. The use of multiple filter elements within the casing
string, each having slots of progressively narrower width, can progressively filter the
fluid entering the casing string.

[0014] 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 features and
examples with reference to the drawings in which like numerals indicate like
elements, and directional descriptions are used to describe the illustrative examples
but, like the illustrative examples, should not be used to limit the present disclosure.
[0015] FIG. 1 is a schematic diagram of a well system 100 that includes a filter
assembly 102 positioned within a tubing string, for example casing string 104. The
casing string 104 can extend from a surface 106 of a wellbore 108 into a
subterranean formation. The casing string 104 can be run into the wellbore 108 to

protect or isolate formations adjacent to the wellbore 108. The casing string 104 can
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be comprised of multiple casing tubes 110 that can be coupled together at the
surface 106 and positioned within the wellbore 108.

[0016] The casing string 104 can include a casing shoe 112. In some aspects,
the casing shoe 112 can be a guide shoe or a float shoe. The casing shoe 112 can
help guide the casing string 104 as it is positioned within the wellbore 108. The filter
assembly 102 can be positioned within the casing string 104, for example above the
casing shoe 112. In some aspects, the filter assembly 102 can be positioned
elsewhere in the casing string 104, for example but not limited to in the casing shoe
112.

[0017] The casing string 104 can include floating equipment 114, for example
but not limited to a float collar or a guide shoe. The floating equipment 114 can be
used during cementing of the wellbore 108. The floating equipment 114 can include
valves that can become fully or partially clogged by debris particles that enters the
casing string 104. The floating equipment 114 can fail to properly function when the
valves are fully or partially clogged. The cementing of the wellbore 108 can be weak
or otherwise fail to properly function when the floating equipment 114 fails to properly
function or the cement is contaminated with debris.

[0018] The filter assembly 102 can filter debris particles from fluid that enters
the casing string 104. The filter assembly 102 can prevent the particles from
entering the casing string 104 and partially or fully clogging the valves of the floating
equipment 114. In some aspects, the filter assembly 102 can also prevent the debris
particles from passing through the casing shoe 112 and clogging a valve of the
casing shoe 112.

[0019] FIG. 2 is a cross-sectional depiction of the filter assembly 102

positioned within the casing string 104. The filter assembly 102 is generally conical
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in shape, though in some aspects other suitable shapes could be used. In some
aspects, the filter assembly could be cylindrical in shape, semi-spherical in shape, or
any other suitable shape. The filter assembly 102 can extend radially from an apex
120 to a base 122. The filter assembly 102 can be open at the base 122. The filter
assembly 102 can have an inner diameter that is smaller at the apex 120 and larger
at the base 122. The filter assembly 102 can have a maximum inner diameter 124 at
the base 122. The filter assembly 102 can be coupled to the casing string 104
proximate to the base 122. The maximum inner diameter 124 of the filter assembly
102 can be approximately the same as an inner diameter 126 of the casing string
104. In some aspects, the casing string 104 can be a sub that can be in a range of
approximately 2 feet to approximately 40 feet in length, though other suitable lengths
may be used, and can be coupled to the casing tube of the casing string 104.

[0020] The filter assembly 102 can be in a range of approximately 1 foot to
approximately 6 feet in length, though other suitable lengths may be used. The
length of the filter assembly 102 can be selected based on the characteristics of the
well the filter assembly 102 will be used in. For example, in a well having wellbore
fluids containing a high concentration of debris particles the filter assembly 102 can
be in a range of approximately 4 feet to approximately 6 feet in length. The filter
assembly can comprise a drillable material, for example but not limited to, a
composite, phenolic, aluminum or other suitable drillable material.

[0021] The filter assembly 102 can be positioned within the casing string 104
with the opening at the base 122 facing in a downhole direction. Fluid can enter the
filter assembly 102 at the base 122 of the filter assembly 102 and flow towards the
apex 120 as depicted by the arrows in FIG. 2. The filter assembly 102 can include

longitudinal slots 128. The longitudinal slots 128 can extend radially from the apex
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120 along a length 130 of the filter assembly 102 to the base 122. The longitudinal
slots 128 may intersect at the apex 120. In some aspects, multiple perforations 131
can be positioned at the apex 120. The perforations 131 can be randomly
distributed, can be positioned to form a geometric shape, for example a circle or a
polygon, or can be a combination of random distribution and geometric shapes. The
perforations 131 can be circular, triangular, oval, or any other suitable shape. In
some aspects, no perforations are included in the filter assembly 102. In some
aspects, a geometrically shaped slot, for example a circular shaped slot, could be
used in place of the perforations 131.

[0022] The longitudinal slots 128 can have a uniform width. The perforations
131 can have the same width as the longitudinal slots 128 or a different width. In
some aspects, the width of the longitudinal slots 128 can be in the range of
approximately .1 mm to approximately .5 mm, though in some aspects other suitable
widths may be used. The width of the longitudinal slots 128 can be selected based
on knowledge regarding characteristics of the well the filter assembly 102 will be
used in. For example, in a well in which a high percentage of the debris particles in
the fluid entering the casing string 104 have a width of .5 mm or larger, a filter
assembly 102 with longitudinal slots 128 having a width of .4 mm can be used. In
another aspect, in a well in which a high percentage of the debris particles in the fluid
entering the casing string 104 a width of .2 mm or larger, a filter assembly 102 with
longitudinal slots 128 having a width of .1 mm can be used.

[0023] In some aspects, the width of the longitudinal slots 128 can change
between the apex 120 and the base 122. For example, a length of the longitudinal

slots 128 proximate to the apex 120 can have a minimum width. The width of the
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longitudinal slots 128 can increase as the longitudinal slots 128 extend along the
length 130 of the filter assembly 102 towards the base 122.

[0024] The fluid and debris particles can flow into the filter assembly 102. The
fluid can follow the path of least resistance within the filter assembly 102. Some of
the fluid can pass through the longitudinal slots 128 of filter assembly 102 proximate
to the base 122 of the filter assembly 102. Some of the fluid can pass through the
longitudinal slots 128 elsewhere along the length of the filter assembly 102. Some of
the fluid can flow along a path of least resistance that extends along the length of the
longitudinal slots 128 from the base 122 towards the apex 120 of the filter assembly
102. The fluid can pass through the longitudinal slots 128 proximate to the apex 120
of the filter assembly 102. In some aspects, the fluid can also pass through the
perforations 131.

[0025] While the fluid can pass through the longitudinal slots 128 the debris
particles within the fluid that have a width greater than the width of the longitudinal
slots 128 can be stopped at the longitudinal slots 128. Some particles can be
stopped at the longitudinal slots 128 proximate to the apex 120 of the filter assembly
102. Some of the particles can be stopped at the longitudinal slots 128 proximate to
the base 122 of the filter assembly. The particles stopped proximate to the base 122
can be forced along the length of the longitudinal slots 128 towards to the apex 120
by the fluid that flows towards the apex 120 of the filter assembly 102 (as depicted in
FIG. 3). The particles forced along the length of the longitudinal slots 128 can collect
proximate to the apex 120. The particles can thereby be moved away from the
region of the longitudinal slots 128 proximate to the base 122 and fluid can flow
continue through the region of the longitudinal slots 128 proximate to the base 122.

The particles are thereby flushed away from the region of longitudinal slots 128
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proximate to the base 122. The region of the longitudinal slots 128 proximate to the
base can remain fully or partially unclogged so that fluid may pass through the region
as the particles are forced away from the base 122 and towards the apex 120 along
the length of the longitudinal slots 128.

[0026] FIG. 3 depicts a debris particle 132 stopped at the longitudinal slot 128.
The particle 132 is forced along the length of the longitudinal slot 128 towards the
apex 120 of the filter assembly 102 by the flow of fluid 134. In some aspects,
including for example the aspect described in FIG. 4, the apex 120 can be positioned
downhole from the base 122. In such an aspect, the particle 132 can be stopped at
the longitudinal slot 128 proximate to the apex 120 and can be forced towards the
base 122 of the filter assembly 102 by the flow of the fluid.

[0027] FIG. 4 depicts a cross-sectional view of the casing string 200 and filter
assembly 102 from FIG. 2 positioned such that the apex 120, instead of the base
122, is positioned downhole. With the apex 120 positioned downhole, the fluid
flowing into the casing string 200 first contacts the apex 120 of the filter assembly
102. Similar to the fluid dynamics described with respect to FIG. 2, some of the fluid
can pass through the longitudinal slots 128 proximate the apex. Some fluid can also
pass through the perforations 131. Particles within the fluid that are larger than the
width of the longitudinal slots 128 can be stopped at the longitudinal slots 128.
Particles that are stopped proximate to the apex 120 can be forced along a length of
the filter assembly 102 towards the base 122. The particles can be forced along the
length of the filter assembly 102 by fluid that did not pass through at the apex 120
and instead continued to flow along the longitudinal slots 128 towards the base 122
of the filter assembly 102. The particles can collect proximate to the base 122 of the

filter assembly 102. The region of the longitudinal slots 128 proximate to the base
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122 of the filter assembly 102 can become partially or fully clogged by the collection
of particles.

[0028] The region of the longitudinal slots 128 proximate to the apex 120 can
remain unclogged as the stopped particles are forced the longitudinal slots 128 away
from the apex 120 towards the base 122 of the filter assembly 102. Fluid can
continue to flow through the longitudinal slots 128 proximate to the apex 120 even as
the particles collect and partially or fully clog the region of the longitudinal slots 128
proximate to the base 122 of the filter assembly 102.

[0029] FIG. 5 depicts an aspect of the disclosure in which a filter assembly
300 includes a first, second, and third filter element 302, 304, 306 positioned within a
casing string 308. The filter elements 302, 304, 306 can each be positioned within
the casing string 308 with their respective bases 310, 312, 314 located downhole
from their respective apex’s 316, 318, 320. The filter elements 302, 304, 306 do not
include any perforations at the apex, though in some aspects perforations may be
included.

[0030] Each of the filter elements 302, 304, 306 can include longitudinal slots
322, 324, 326. The longitudinal slots 322 of the first filter element 302 can be a
greater width than the longitudinal slots 324, 326 of the second and third filter
elements 304, 306. The longitudinal slots 322 of the first filter element 302 can filter
out some of the particles present in the fluid flowing into the casing string 308. The
fluid that passes through the first filter element 302 next enters the second filter
element 304. The longitudinal slots 324 of the second filter element 304 can have a
smaller width than the longitudinal slots 322 of the first filter element 302. The
longitudinal slots 324 of the second filter element 304 can stop particles present in

the fluid that were small enough to pass through the longitudinal slots 324 of the first
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filter element 302. The longitudinal slots 326 of the third filter element 306 can have
a smaller width than the longitudinal slots 322, 324 and can filter out particles that
were small enough to pass through the first and second filter elements 302, 304 but
are too large to fit through the longitudinal slots 326.

[0031] The longitudinal slots 322, 324, 326 can get progressively narrower
with each filter element of the filter assembly 300. The filter elements 302, 304, 306
may be positioned within the casing string 104 to gradually filter out particles present
in the fluid that flows through the filter elements 302, 304, 306. The filter elements
302, 304, 306 and the respective longitudinal slots 322, 324, 326 can each function
as described in FIG. 2 with respect to the filter assembly 102. The use of multiple
filter elements each having successively narrower longitudinal slots can allow the
filter elements 302, 304, 306 to function for a longer period of time before ultimately
becoming partially or fully clogged by the particles filtered out of the fluid by the filter
element 302, 304, 306.

[0032] While FIG. 5 depicts the filter assembly 300 including three filter
elements, in some aspects more or fewer filter elements can be used. Also, while
FIG. 5 depicts each of the filter elements 302, 304, 306 positioned with their
respective bases 310, 312, 314 located downhole from their respective apex’s 316,
318, 320, some or all of the filter elements 302, 304, 306 could be positioned with
their apex located downhole from their base (as described in FIG. 4).

[0033] FIG. 6 depicts an exemplary computational fluid dynamics (“CFD”)
simulation 400 of the deposit of debris particles 402 along a surface of a filter
assembly, for example filter assembly 102 (shown in FIG. 2), according to an aspect
of the present invention. Fluid can enter the filter assembly 102 at the base 122 and

flow towards the apex 120. The simulation 400 demonstrates that a greater amount
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of debris particles 402 can collect proximate to the apex 120 as compared to the
region proximate to the base 122 of the filter assembly 102. The region of the filter
assembly 102 proximate to the base 122 has little to no debris particle deposit. The
fluid can continue to pass through the region of the longitudinal slots 128 proximate
to the base 122 of the filter assembly 102 as the particles collect at the apex 120 and
partially or fully clog the region of the longitudinal slot 128 proximate to the apex 120.
[0034] Example #1: An apparatus may include a filter element that is
positionable in a tubing string. The filter element may include a closed end and an
open end. A plurality of slots may extend generally radially from the closed end of
the filter element along a length of the filter element to the open end of the filter
element.

[0035] Example #2: The Example #1 may further include a plurality of
perforations positioned at the closed end of the filter element.

[0036] Example #3: Any of the Examples #1-#2 may feature the filter element
being generally conical in shape.

[0037] Example #4: Any of the Examples #1-3 may feature each slot of the
plurality of slots having a width that is substantially equal with widths of other slots of
the plurality of slots.

[0038] Example #5: Example #4 may further feature the width of each slot of
the plurality of slots being in the range of approximately .1 mm to approximately .5
mm.

[0039] Example #6: Any of the Examples #1-5 may feature a maximum inner
diameter at the open end of the filter element that is substantially equal to an inner

diameter of the tubing string.
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[0040] Example #7: Any of the Examples #1-6 may feature the tubing string
being a substitute piece of threaded pipe.

[0041] Example #8: Any of the Examples #1-7 may feature the filter element
comprising a drillable material.

[0042] Example #9: An assembly may include a tubing string that is
positionable within a wellbore. A filter element may be coupled to an inner surface of
the tubing string. The filter element may have a closed end and an open end. The
open end of the filter element may correspond to a maximum inner diameter of the
filter element. A plurality of longitudinal slots may be located along a length of the
filter element. The plurality of longitudinal slots may extend generally radially from
the closed end of the filter element towards the open end of the filter element.

[0043] Example #10: The Example #9 may feature the tubing string being a
substitute piece of threaded pipe.

[0044] Example #11: Any of the Examples #9-10 may further include a
plurality of perforations positioned at the closed end of the filter element.

[0045] Example #12: Any of the Examples #9-11 may further feature the filter
element being generally conical in shape.

[0046] Example #13: Any of the Examples #9-12 may feature each slot of the
plurality of slots having a width that is substantially equal with widths of other slots of
the plurality of slots.

[0047] Example #14: The Example #13 may further feature the width of each
slot of the plurality of slots being in the range of approximately .1 mm to

approximately .5 mm.
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[0048] Example #15: Any of the Examples #9-14 may feature the maximum
inner diameter at the open end of the filter element being substantially equal to an
inner diameter of the tubing string.

[0049] Example #16: Any of the Examples #9-15 may feature the length of
the filter element being in the range of approximately 1 foot to approximately 6 feet.
[0050] Example #17: Any of the Examples #9-16 may include an additional
filter element that is coupled to the inner surface of the tubing string. The additional
filter element may be generally conical in shape and may include a plurality of
longitudinal slots.

[0051] Example #18: An assembly may include a filter element that is
generally conical in shape. The filter element may have a first end that is
positionable downhole for contacting a fluid. The fluid may include particles of
debris. The filter element may also include a plurality of slots positioned along a
length of the filter element for stopping a particle of debris and directing the particle
of debris away from the first end of the filter element towards a second end of the
filter element in response to a flow of the fluid.

[0052] Example #19: The Example #18 may feature the first end of the filter
element being an open end of the filter element. The second end of the filter
element may be a closed end of the filter element.

[0053] Example #20: The Example #19 may feature the first end of the filter
element being a closed end of the filter element. The second end of the filter
element may be an open end of the filter element.

[0054] 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
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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

What is claimed is:

1. An apparatus comprising:

a filter element that is positionable in a tubing string, the filter element
including a closed end and an open end; and

a plurality of slots each extending generally radially from the closed end of the

filter element along a length of the filter element to the open end of the filter element.

2. The apparatus of claim 1, further comprising a plurality of perforations

positioned at the closed end of the filter element.

3. The apparatus of claim 2, wherein the filter element is generally conical in
shape.
4. The apparatus of claim 1, wherein each slot of the plurality of slots has a

width that is substantially equal with widths of other slots of the plurality of slots.

5. The apparatus of claim 4, wherein the width of each slot of the plurality of

slots is in the range of approximately .1 mm to approximately .5 mm.

6. The apparatus of claim 1, wherein the filter element includes a maximum
inner diameter at the open end that is substantially equal to an inner diameter of the

tubing string.
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7. The apparatus of claim 1, wherein the tubing string is a substitute piece of

threaded pipe.

8. The apparatus of claim 1, wherein the filter element comprises a drillable

material.

9. An assembly comprising:

a tubing string positionable within a wellbore;

a filter element coupled to an inner surface of the tubing string, the filter
element being having a closed end and an open end, the open end corresponding to
a maximum inner diameter of the filter element; and

a plurality of longitudinal slots located along a length of the filter element, the
plurality of longitudinal slots extending generally radially from the closed end of the

filter element towards the open end of the filter element.

10. The assembly of claim 9, wherein the tubing string is a substitute piece of

threaded pipe.

11. The assembly of claim 9, further comprising a plurality of perforations

positioned at the closed end of the filter element.

12. The assembly of claim 9, wherein the filter element is generally conical in

shape.
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13. The assembly of claim 9, wherein each slot of the plurality of slots has a width

that is substantially equal with widths of other slots of the plurality of slots.

14. The assembly of claim 13, wherein the width of each slot of the plurality of

slots is in the range of approximately .1 mm to approximately .5 mm.

15. The assembly of claim 9, wherein the maximum inner diameter at the open
end of the filter element is substantially equal to an inner diameter of the tubing

string.

16. The assembly of claim 9, wherein the length of the filter element is in the

range of approximately 1 foot to approximately 6 feet.

17.  The assembly of claim 9, further comprising an additional filter element that is
coupled to the inner surface of the tubing string, the additional filter element being

generally conical in shape and including a plurality of longitudinal slots.

18.  An assembly comprising:

a filter element that is generally conical in shape comprising:

a first end positionable downhole for contacting a fluid that includes particles
of debris; and

a plurality of slots positioned along a length of the filter element for stopping a
particle of debris and directing the particle of debris away from the first end of the
filter element towards a second end of the filter element in response to a flow of the

fluid.
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19.  The assembly of claim 18, wherein the first end of the filter element is an open
end of the filter element and the second end of the filter element is a closed end of

the filter element.

20. The assembly of claim 19, wherein the first end of the filter element is a
closed end of the filter element and the second end of the filter element is an open

end of the filter element.
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