CENTRIFUGAL PARTICLE ACCUMULATOR AND FILTER

Technical Field

[0001] The present disclosure relates generally to wellbore drilling and
completion. More specifically, but not by way of limitation, this disclosure relates to
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
particles. The fluid, including the debris particles, can enter the casing string and
can come in contact with the floating equipment. The debris particles can partially or
fully clog the valves of the floating equipment and may contaminate the cement. The
floating equipment can fail to properly function 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.



[0004] FIG. 2A is a perspective view of an example of a centrifuge for use in
the filter assembly of FIG. 1, according to an aspect of the present disclosure.

[0005] FIG. 2B is a perspective view of a blade of the centrifuge of FIG. 2,
according to an aspect of the present disclosure.

[0006] FIG. 2C is an enlarged perspective view of a portion of the blade of
FIG. 2B, according to an aspect of the present disclosure.

[0007] FIG. 2D is a perspective view of a portion of the centrifuge of FIG. 2A,
according to an aspect of the present disclosure.

[0008] FIG. 3 is a perspective view of the centrifuge of FIG. 2A coupled
together with another centrifuge, according to an aspect of the present invention.
[0009] FIG. 4 is a cross-sectional side view of a filter assembly that includes a
particle accumulator and a filter element, according to an aspect of the present
disclosure.

[0010] FIG. 5 is a cross-sectional side view of another filter assembly that
includes a particle accumulator and a filter element, according to another aspect of
the present disclosure.

[0011] FIG. 6A is a cross-sectional side view of the filter element of FIG. 5.
[0012] FIG. 6B is an enlarged perspective view of a portion of the filter
element shown in FIGs. 5 and 6A.

Detailed Description

[0013] Certain aspects and features of the present disclosure are directed to a
filter assembly that includes a particle accumulator and a filter element. The filter
assembly can prevent debris particles (or particles) from entering floating equipment
within a casing string. In some aspects, the particle accumulator and filter element

can be used in sand filtering applications. The particle accumulator and filter



element can be positioned within the casing string. In some aspects, the particle
accumulator and filter element can be positioned within a casing shoe of the casing
string. The particle accumulator and filter element can be coupled to the casing
string at the well site, or in some aspects, one or both of the particle accumulator and
filter element can be coupled to a substitute piece of threaded pipe (“sub”). The sub
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.

[0014] In some aspects, multiple filter assemblies can be positioned in a
casing string in series. The use of multiple filter assemblies in series can improve
the filtering of the fluid and can increase the amount of the time the filter assemblies
function.

[0015] 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.
[0016] FIG. 1 is a schematic of a well system 100 that includes a filter
assembly 102 positioned within a tubing string, for example casing string 104. The
filter assembly 102 can include a particle accumulator and a filter element. 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



be comprised of multiple casing tubes 110 that can be coupled together at the
surface 106 and positioned within the wellbore 108.

[0017] 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.

[0018] 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.

[0019] 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. In some aspects, the filter assembly 102 can be used to filter sand

or other particles from production fluid.



[0020] FIG. 2A shows a centrifuge 200, one or more centrifuges 200 can form
a particle accumulator of the filter assembly 102. The particle accumulator can be in
a range of approximately 1 foot to approximately 6 feet and can be comprised of one
or more centrifuges. The filter assembly 102 can also include a filter element that
can prevent the particles accumulated by the centrifuge 200 from traveling past the
filter element. FIGs. 4-6 show two examples of filter elements that can be used in
conjunction with the centrifuge 200, though other suitable filter elements may be
used. The centrifuge 200 can have a maximum width that can be approximately
equal to an inner diameter of the casing string 104. In some aspects, the centrifuge
200 can be assembled from multiple parts. For example, the centrifuge 200 can be
assembled from multiple blades 202. In some aspects, the centrifuge 200 can be
manufactured as a single piece. The blades 202 can be divided into pieces by slots
204. The slots 204 can be eccentric slots (e.g., non-intersecting arced slots). The
pieces of the blades 202 can be coupled together by any suitable attachment
mechanism. For example, a bar may extend within the blade 202, which each
portion of the blade 202 is coupled to. In some aspects, a bar may extend along a
surface of the blade 202 that is not in contact with the fluid, and the pieces that make
up the blade 202 may be coupled to the bar via fasteners, for example screws. In
some aspects, the slots 204 may transition from slots (e.g., openings) to grooves
(e.g., a recess that does not completely divide the blade 202 into separate pieces)
along the length of the slot 204, such that the slots 204 do not divide the blade 202
into separate pieces.

[0021] The slots 204 can have a width. The width of the slots 204 can be in a
range of approximately .1 mm to approximately .5 mm, though in some aspects other

suitable widths may be used. The width of the slots 204 can be determined based



on characteristics of the well the centrifuge 200 will be used in, for example but not
limited to the size range of the debris particles found in the well. The slots 204 can
all have the same width, or in some aspects, the width of the slots 204 may vary.
The blades 202 can have an outer edge 206 that includes a groove 208. Some of
the slots 204 of each blade 202 can intersect with the groove 208 of the blade 202.
[0022] The slots 204 may capture debris particles suspended in a fluid
passing through the centrifuge 200 that have a width that is larger than the width of
the slots 204. The particles stopped by the slots 204 can be forced along the length
of the slots 204 by the fluid passing over the surface of the blades 202 along the
length of the slots 204. The particles can be forced along the slots 204 until the slots
204 terminate at the groove 208 where the particles are deposited. The particles
captured by the slots 204 can collect in the grooves 208 in the outer edges 206 of
the blades 202. The longer the length of the slots 204 (e.g., the longer the length of
the centrifuge) the more efficient the accumulation of the particles in the grooves 208
can be. The centrifuge can be comprised of a drillable material, for example but not
limited to a composite, phenolic, aluminum or other suitable drillable material.

[0023] FIG. 2B depicts a blades 202 of the centrifuge 200. The blade 202 can
be coupled to additional blades 202 to form the centrifuge 200. The blades 202 can
be coupled together around a central axis via mating elements. FIG. 2C shows an
enlarged view of the mating elements. The mating elements can be a concave
portion 210 and a convex portion 212. The concave portion 210 can be generally
vertical. The convex portion 212 can be generally vertical, so as to mate with the
concave portion 210. As shown in FIG. 2B-2C the concave portion 210 can be
generally shaped like an arrow and the corresponding convex portion 212 can have

a corresponding generally arrow-like shape. In some aspects, the mating elements



may be other suitable shapes, for example rectangular or triangular. The convex
portion 212 of one blade 202 can fit within the concave portion 210 of another blade
202. Multiple blades 202 may be coupled together via such mating elements.

[0024] The blade 202 may include a raised element or protrusion, for example
column 214, on a first surface of the blade 202. The blade 202 may also include a
corresponding recess (not shown) for receiving the raised element on a second
surface of the blade 202. In some aspects, the first surface can be the top surface of
the blade 202 and the second surface can be the bottom surface of the blade 202.
The column 214 can be generally circular in shape, though other suitable shapes
may be used. The recess can be shaped to receive or mate with the column 214.
The column 214 of one blade 202 can be positioned within the recess of another
blade 202, thereby coupling the two blades 202 together in a linear direction (e.g.,
vertically or horizontally). In some aspects, other suitable mating elements may be
used to vertically coupled two blades 202 together.

[0025] FIG. 2D depicts four blades 202 coupled together to form the centrifuge
200 of FIG. 2A via their respective mating elements, convex portions 212 and
concave portions 210. In some aspects, the blades 202 can be coupled together via
other suitable mating elements or may be coupled together in other suitable ways,
for example but not limited to via fasteners, adhesives, or other suitable permanent
or semi-permanent means. The length of the blades 202 can vary depending on the
characteristics of the well the centrifuge 200 will be used in. While FIGs. 2A-2D
depict four blades 202 being coupled together to form the centrifuge 200, in some
aspects fewer or more blades may be used to form the centrifuge 200. As described

with respect to FIG. 2C-2D an additional centrifuge can be vertically coupled to the



centrifuge 200 by mating the column 214 on each blade 202 with the recess on each
blade 202 of the additional centrifuge.

[0026] FIG. 3 depicts an aspect of the invention in which a centrifuge, for
example centrifuge 200, is coupled to second centrifuge, for example an additional
centrifuge 200B. The centrifuge 200B can be identical to the centrifuge 200. The
centrifuge 200 and centrifuge 200B can be coupled together to form a particle
accumulator 300 for use in the filter assembly 102. Some of the slots 204 in the
centrifuge 200 can terminate at the groove 208 at the outer edge 206 of the blades
202. Others of the slots 204 in the centrifuge 200 can terminate at a point that aligns
with the start the slots 204B of the additional centrifuge 200B, as shown in the
transition region 218. As shown, the slots 204 of the centrifuge 200 can align with
the slots 204B of the additional centrifuge 200B. The slots 204, 204B can continue
along a Iength of the blades 202, 202B until the slots 204, 204B ultimately terminate
at a groove 208B, as shown, for example, in the termination region 224.

[0027] The particles stopped by the slots 204 of the centrifuge 200 can be
forced along the length of the slots 204 until the slots 204 terminate in the one of the
grooves 208 of the blades 202. The particles stopped by the slots 204 may also
travel along the slots 204 until the slots 204 meet with the slots 204B of the
additional centrifuge 200B. The particles may then travel along the length of the
slots 204B until the slots 204B terminate into the grooves 208B at the outer edges
206B of the additional centrifuge 200B. Some particles may be stopped by the slots
204B and may travel along the length of the slots 204B until they reach the groove
208B.

[0028] While FIG. 3 shows two centrifuges 200, 200B coupled together, in

some aspects additional centrifuges can be coupled together for use as a particle



accumulator in the filter assembly 102. A longer particle accumulator can more
efficiently accumulate debris particles in its grooves than a shorter particle
accumulator.

[0029] FIG. 4 depicts a filter assembly 400 that includes a particle
accumulator 401 and a discharge apparatus 402. The particle accumulator 401 can
be comprised of four centrifuges 200 coupled together. The filter assembly 400 can
be positioned within a casing string 404. The casing string 404 can be positioned
within a wellbore 405. The casing string 404 can be sub. The sub can be threaded
onto a casing tube at the well site. In some aspects, one or more parts of the filter
assembly 400 can be positioned within the casing string 404 at the well site. The
casing string 404 can be part of a casing shoe.

[0030] While the particle accumulator 401 includes four centrifuges 200
coupled together, in some aspects, more or fewer centrifuges 200 may be used.
The width of the particle accumulator 401 can correspond to an inner diameter 408
of the casing string 404. The outer edge 206 of each of the centrifuges 200 can be
spaced near an inner surface 410 of the casing string 404. In some aspects, the
outer edge 206 may contact the inner surface 410 of the casing string.

[0031] A nose 412 can be coupled to an end of the casing string 404. The
nose 412 can have a maximum outer diameter 414 that can be slightly less than an
inner diameter of the wellbore 405. The nose 412 can force fluid into the casing
string 404 instead of into an annulus 416 between the casing string 404 and the
wellbore 405. The maximum outer diameter 414 of the nose 412 can be selected
based on the particular well it will be used in. In some aspects, the maximum outer
diameter 414 of the nose 412 can be approximately equal to an outer diameter of the

casing string 404. In some aspects, the nose 412, the particle accumulator 401, and
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the discharge apparatus 402 can be coupled together within a sub. In some
aspects, one or more of the nose 412, the particle accumulator 401, and the
discharge apparatus 402 can be coupled together within the sub. In some aspects,
one or more of the nose 412, the particle accumulator 401, and the discharge
apparatus 402 can be coupled to the casing string 404 at the well site.

[0032] As fluid enters the casing string 404 some of the fluid can pass through
the slots 204 of the particle accumulator 401. Some of the fluid can flow along the
surface of the blades 202 of the particle accumulator 401. The fluid can include
debris particles (and other particles). The slots 204 can act as a filter. The slots 204
can stop the particles having a width that is greater than the width of the slots 204.
Some of the fluid flowing along the length of the slots 204 and the surface or the
blades 202 can force the particles stopped at the slots 204 along the length of the
slots 204. The slots 204 can act as rails and the particles can be forced along the
length of the slots 204 by the fluid flowing along the surface of the blade 202. The
particles can be forced along the length of the slots 204 until the respective slot
terminates at the groove 208. The particles can collect in the groove 208 at the
outer edge 206 of each of the blades 202. The particles can be forced along the
length of the groove 208 by the flow of the fluid.

[0033] An end 418 of the particle accumulator 401 can be positioned
proximate to the discharge apparatus 402. The discharge apparatus 402 can
include a diverter 420 and a valve 422. The discharge apparatus 402 can be
comprised of a drillable material, for example but not limited to a composite,
phenolic, aluminum or other suitable drillable material. The diverter 420 can extend
from the casing string 404 into the inside of the casing string 404. The diverter 420

can be in contact with or positioned close to the end 418 of the particle accumulator
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401. The casing string 404, the diverter 420, and the particle accumulator 401 can
together create a cavity 424. The cavity 424 can have a maximum width 426 that
can be in the range of approximately 5% to approximately 15% of the inner diameter
408 of the casing string 404. The maximum width 426 of the cavity 424 can be
selected based on various characteristics of the well, the casing string 404, the size
of the valve 422, and the particle accumulator 401. For example, in some aspects a
particle accumulator having multiple centrifuges (and thereby an increased length)
can more efficiently collect debris particles closer to the inner surface 410 of the
casing string 404 than a particle accumulator having few centrifuges. A longer
particle accumulator may be used with a diverter that has a smaller maximum
diameter as compared to a shorter particle accumulator.

[0034] The valve 422 can extend between the inner surface 410 off the casing
string 404 and an outer surface of the casing string 404. The valve 422 can allow
fluid communication between the cavity 424 and the annulus 416. The valve 422
can be a check valve that allows fluid and debris particles to flow from the cavity 424
into the annulus 416. The valve 422 can be a one-way valve that does not allow
fluid and particles to flow from the annulus 416 into the cavity 424.

[0035] The groove 208 of the particle accumulator 401 can terminate at or
near the cavity 316. The debris particles and fluid flowing along the length of the
groove 208 can be forced into the cavity 424 by the fluid flow. The fluid and particles
can collect in the cavity 424. The fluid and particles can be forced through the valve
422 into the annulus 416 when there is a sufficient back pressure (or pressure)
within the cavity 424. The back pressure required to force the fluid and particles
through the valve 422 into the annulus 416 can be based on the maximum width 426

of the cavity 424.
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[0036] In some aspects, multiple filter assemblies 400 can be positioned
within the casing string 404. The filter assemblies 400 can be positioned in series
within the casing string 404. The inner diameter of the diverter of each filter
assembly 400 can increase between the filter assemblies 400 positioned down hole
relative to the other filter assemblies 400. The different inner diameters of each
diverter can allow the various diverters to collect debris particles of different sizes
and different percentages of the debris particulates present in the fluid flowing
through casing string 404. Similarly, the particle accumulators positioned closer to
the nose of the casing string 404 can have slots that have a larger width compared
to the particle accumulators positioned up-hole. The filtering of debris particles from
the fluid can be more efficient by positioning filter assemblies 400 in series. The
number of filter assemblies 400 included in the casing string 404 can be determined
based on characteristics of the well, the downhole conditions, the efficiency of the
filtering process desired, and other factors.

[0037] FIG. 5 depicts a filter assembly 500 that includes the particle
accumulator 401 and a filter element, for example slotted filter 502. The filter
assembly 500 can be positioned within a casing string 504. In some aspects, the
casing string 504 can be a sub that can be threaded onto a casing tube. In some
aspects, the casing string 504 can be part of a casing shoe. The slotted filter 502
can be positioned up-hole relative to the particle accumulator 401. The slotted filter
502 can be comprised of drillable material, for example but not limited to a
composite, phenolic, aluminum or other suitable drillable material.

[0038] As fluid enters the casing string 504 some of the fluid can pass through
the slots 204 of the particle accumulator 401. As described above, for example with

respect to FIGs. 2A-4, the slots 204 can stop the particles having a width that is
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greater than the width of the slots 204. The particles can be forced along the length
of the slots 204 and into the groove 208 at the outer edge 206 of each of the blades
202. The particles can be forced along the length of the groove 208 by the flow of
the fluid. The particles can exit the groove 208 at an end 418 of the particle
accumulator 401.

[0039] The slotted filter 502 can be generally circular in shape and can define
an opening 503. The slotted filter 502 can have an outer diameter 506 that can be
approximately equal to an inner diameter 508 of the casing string 504. The slotted
filter 502 can have a width 510 that can be in a range of approximate 5% to
approximately 15% of the inner diameter 508 of the casing string 504. The slotted
filter 502 can include multiple filter chambers defined by inclined blades 512, as
described in more detail in FIG. 6A-6B. The inclined blades 512 can define filter
slots 514. The filter slots 514 can have a width. The width of the filter slots 514 can
be in a range of approximately .1 mm to approximately .5 mm, though smaller or
larger sized filter slots 514 can be used. As the particles and particle laden fluid exit
the groove 208 of the particle accumulator 401 they can enter the filter chambers of
the slotted filter 502. The particles that have a width that is greater than the width of
the filter slots 514 can be stopped by the filter slots 514. The fluid and smaller
particles can flow through the slots of the slotted filter 502. The debris particles can
collect in the corners of the filter chambers. The region of the filter slots 514 closer
to the downhole side of the slotted filter 502 can remain free of particles. The fluid
can continue to flow through the unclogged region of the filter slots 514. The slotted
filter 502 can be flushed of the collected particles by forcing fluid into the casing
string 504 from the surface of the wellbore or from a position uphole to the slotted

filter 502. The debris particles collected in the slotted filter 502 can be forced out of
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the casing string 504 via the casing shoe. The useful life of the slotted filter 502 can
be extended in this fashion.

[0040] In some aspects, multiple filter assemblies 500 can be positioned
within the casing string 504. The width of the slots of the particle accumulator
positioned furthest down hole can be smaller than the width of the slots of an
additional particle accumulator positioned further up-hole. In some aspects, the
width of the slots of the slotted filter of the filter assembly positioned further
downhole may also be smaller than the width of the slots of the slotted filter of the
more up-hole filter assembly. In other words, multiple filter assemblies can be
positioned in series within the casing string 504. The slot size (e.g., the width of the
slot) of the particle accumulator furthest downhole can be smaller than the slots of a
particle accumulators positioned more uphole. Similarly, the width of the slots of the
slotted filter of the filter assembly further downhole can be smaller than the slots of a
slotted filter of a filter assembly positioned more uphole. The number of filter
assemblies 500 positioned within the casing string 504 can be determined based on
characteristics of the well, the downhole conditions, the efficiency of the filtering
process desired, and other factors.

[0041] FIG. 6A shows a cross-sectional perspective view of the slotted filter
502 and the casing string 504. The slotted filter 502 can include side walls 516 and
arear wall 518. The side walls 516 and rear wall 518 can include the inclined blades
512 that define the filter slots 514. The rear wall 518 can extend circumferentially
around the slotted filter 502. As shown in FIG. 6B, which shows a single filter
chamber 520, the side walls 516 and rear wall 518, and a bottom surface 519 and
define a filter chambers 520. The filter slots 514 of the side walls 516 can be angled

towards the bottom surface 519. The side walls 516 may be positioned generally
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perpendicular to the rear wall 518 to define generally rectangular shaped filter
chambers 520. In some aspects, the side walls 516 may be positioned at other
angles relative to the rear wall 518. In some aspects, the inclined blades 512 can
be curved. The side walls 516 and rear wall 518 can include filter slots 514. The
bottom surface 519 can be a solid material without filter slots 514. In some aspects,
the bottom surface 519 may include perforations or filter slots 514.

[0042] An open end of the filter chambers 520 can be positioned downhole, as
shown in FIG. 6A. In some aspects, the open end can be positioned uphole. The
particle laden fluid accumulated by the particle accumulator 401 can exit the particle
accumulator 401 and enter the open ends of the filter chambers 520 of the slotted
filter 502. The fluid and smaller particles can flow through the filter slots 514 of the
side walls 516 and rear wall 518. The particles in the particle laden fluid that are
larger than the width of the filter slots 514 of the slotted filter 502 get stopped by the
filter slots 514 of the side walls 516 and rear wall 518.

[0043] Some fluid can pass through the side walls 516 of the filter chambers
520. Some fluid can pass through the rear wall 518 of the slotted filter 502. Some
fluid can travel along the length of the side walls 516 of the slotted filter 502 towards
the rear wall 518. The particles stopped at the side walls 516 of the slotted filter 502
can be forced towards the rear wall 518 of the slotted filter 502 by the fluid flowing
along the length of the side walls 516. The particles can collect where the rear wall
518 and the side walls 516 intersect. The region of the side walls 516 proximate to
the open end of the slotted filter 502 can remain unclogged by particles. The fluid
can continue to flow through the filter slots 514 of the side walls 516. The fluid can
also continue to flow through the filter slots 514 of the rear wall 518 that is not

proximate to where the rear wall 518 and side walls 516 intersect. The slotted filter
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502 can filter particles from the fluid for a longer period of time by collecting the
particles proximate to the region where the side walls 516 intersect the rear wall 518.
The region of the filter slots 514 of the rear wall 518 that are not proximate to the
side walls 516 can remain unclogged. In addition, fluid may flow between filter
chambers 520 through the filter slots 514 of the side walls 516. Fluid may flow
through the filter slots 514 of the side walls 516 of a filter chamber 520 that is full of
debris to a different filter chamber 520 that may not be full of debris.

[0044] Example #1: An apparatus may comprise a first curved blade for use in
a centrifuge for collecting debris particles in a fluid flowing through the centrifuge.
The curved blade may further comprise a plurality of eccentric slots and a groove.
The groove may be positioned at an outer edge of the curved blade. The curved
blade may also include a first mating element and a second mating element. The
first and second mating elements may be for coupling the first curved blade to a
second curved blade about a central axis.

[0045] Example #2: The apparatus of Example #1 may further feature the
second curved blade including a plurality of eccentric slots and a groove positioned
at an outer edge of the second curved blade.

[0046] Example #3: The apparatus of Example #2 may further feature the first
curved blade being further coupleable to a third curved blade and a fourth curved
blade about the central axis to form the centrifuge.

[0047] Example #4: Any of the apparatuses of Examples #1-3 may further
comprise a protrusion on one surface of the first curved blade. The apparatus may
also further comprise a recess on a second surface of the curved blade for coupling
the first curved blade on an additional curved blade. The first curved blade may be

coupled to the additional curved blade in a linear direction.
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[0048] Example #5: The apparatus of any of Examples #1-4 may feature a slot
of the plurality of eccentric slots that intersects with the groove.

[0049] Example #6: Any of the apparatuses of Example #4 may feature a slot
of the plurality of eccentric slots of the first curved blade that intersects with an
eccentric slot of the additional curved blade.

[0050] Example #7: An assembly may comprise a diverter that extends
inwardly from a casing string. The diverter may extend along a length of the casing
string. The assembly may also include a cavity defined by the diverter and the
casing string. The cavity may be for receiving debris particles accumulated by a
centrifuge positioned proximate to the diverter. The assembly may include a valve
extending between an inner surface of the casing string and an outer surface of the
casing string. The valve may be in fluid communication with the cavity.

[0051] Example #8: The assembly of Example #7 may feature the diverter
being positionable proximate to an end of the centrifuge. The centrifuge may include
a plurality of blades. Each of the plurality of blades may have non-intersecting slots
for filtering the debris particles from a fluid flowing through the centrifuge. The
centrifuge may also include a groove on an outer edge of each of the plurality of
blades. The groove may be for accumulating the debris particles filtered from the
fluid flowing through the centrifuge.

[0052] Example #9: Any of the assemblies of Examples #7-8 may feature the
valve being a one-way valve for ejecting the debris particles from the cavity into an
annulus between the casing string and a wellbore in response to a pressure in the

cavity exceeding a pre-set maximum.
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[0053] Example #10: Any of the assemblies of Examples #7-9 may feature
the cavity having a maximum width that is in a range of approximately 5% to
approximately 15% of an inner diameter of the casing string.

[0054] Example #11: Any of the assemblies of Examples #7-10 may feature
the centrifuge having a length in a range of approximately 1 foot to approximately 6
feet.

[0055] Example #12: Any of the assemblies of Examples #7-11 may feature
the centrifuge being comprised of a drillable material.

[0056] Example #13: The assembly of Example #8 may feature the non-
intersecting slots having a width in a range of approximately .1 mm to approximately
5 mm.

[0057] Example #14: An assembly may comprise a slotted filter that is
generally circular in shape and positionable within a casing string. The slotted filter
may include multiple filter chambers. Each of the multiple filter chambers may
include a rear wall, side walls that intersect the rear wall, slots in the rear wall and
the side walls, a bottom surface, and an open end. The open end may be
positionable proximate to a centrifuge in the casing string for receiving a fluid
containing debris particles collected by the centrifuge.

[0058] Example #15: The assembly of Example #14 may feature the bottom
surface being a solid surface without any slots.

[0059] Example #15: Any of the assemblies of Examples #14-15 may feature
the slots having a width in a range of approximately .1 mm to approximately .5 mm.
[0060] Example #17: Any of the assemblies of Examples #14-16 may feature

the slotted filter comprising a drillable material.
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[0061] Example #18: Any of the assemblies of Examples #14-17 may feature
the centrifuge including a plurality of blades. Each blade of the plurality of blades
may have non-intersecting slots for filtering the debris particles from a fluid flowing
through the centrifuge. The centrifuge may also include a groove on an outer edge
of each blade of the plurality of blades for collecting the debris particles filtered from
the fluid flowing through the centrifuge.

[0062] Example #19: Any of the assemblies of Examples #14-18 may feature
the slots of the side walls being angled towards the bottom surface for directing
debris particles towards the bottom surface of the filter chamber.

[0063] Example #20: Any of the assemblies of Examples #14-19 may feature
the slotted filter having a width that can be in a range of approximate 5% to
approximately 15% of an inner diameter of the casing string.

[0064] The following 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:

1. An apparatus comprising:

a first curved blade for use in a centrifuge positionable within a wellbore for
collecting debris particles in a fluid flowing through the centrifuge, the first curved

blade comprising:

a plurality of slots;

a groove positioned at an outer edge of the first curved blade;

a first mating element sized and shaped to mate with a second mating element
on a second curved blade for coupling the first curved blade to the second

curved blade;

a protrusion on a first surface of the first curved blade; and

a recess on a second surface of the first curved blade for coupling the first
curved blade on an additional curved blade in a linear direction, the first surface

being on an opposite end of the first curved blade from the second surface.

2. The apparatus of claim 1, wherein the second curved blade includes a plurality

of slots and a groove positioned at an outer edge of the second curved blade.

3. The apparatus of claim 2, where the first curved blade is further coupleable to

a third curved blade and a fourth curved blade to form the centrifuge.



00

21

4. The apparatus of claim 1, wherein a slot of the plurality of eccentric slots

intersects with the groove.

5. The apparatus of claim 1, wherein a slot of the plurality of slots of the first

curved blade intersects with a slot on the additional curved blade.



