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FIG. 1

through and each rod rotatable about the longitudinal axis with a motor,
a variable frequency drive operatively connected to each motor to con-
trol rotational speed of the rods, and a rotating air lock disposed at an
outlet of the hopper. The plurality of rods includes at least one picker
rod and at least one bladed rod.
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FIBER BLOWER

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This Application claims priority for Application 62/155,670 filed on May 1,
2015 in the United States.

BACKGROUND

[0002] Solids, such as fibers, may be introduced into a flow that is pumped into a well
for a number of different reasons. For example, fibers may be mixed with a proppant
and a carrier fluid in a hydraulic fracturing operation for purposes of preventing
settling of the proppant. Moreover, the fibers may create a more uniform distribution

of the proppant over the fractures.

[0003] Fibers may be used in other oilfield applications, such as applications in which
the fibers are mixed with cement or as lost-circulation material. For example, in a
well cementing operation, the fibers may contribute to the strength of the cement and

enhance the rigidity and stress tolerance of the cement.

[0004] Fibers may also be combined with a gelling agent with or without other solids
for purposes of fluid diversion. In this regard, a combined fiber and gelling agent
mixture may be used to treat selected regions of a well to prevent/control fluid loss in

the regions.

[0005] Fibers may be used in other oilfield applications, such as applications in which
the fibers are selectively mixed with a carrier fluid and proppant to create different
proppant-bearing zones in a well. In this regard, the fibers may be used to establish
one or more segregated regions of the well, so that some regions contain proppant,

whereas other regions do not.

[0006] Some materials are packed and do not flow easily. A fiber feeder conditions
material by breaking up chunks and moving it toward an outlet which then conveys
the material. FIG. 17 shows an example of a previously used fiber feeder used for
metering and conveying the conditioned fibers through an outlet. As shown, the fiber

feeder 10 includes a hopper 12, in which fibers 15 may be fed. A control panel 13
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may be provided with the hopper 12, for example, to control entry of fibers 15 into the
hopper 12 and/or display weight parameters of the fibers 15 being fed through the
hopper, among other functions. Augers 14 driven by motor 16 are provided in a
lower chamber of the hopper 12, which may collect and section the fibers 15 to meter
them towards an outlet 18 of the fiber blower 10. Fibers exiting the outlet 18 of the
fiber feeder 10 may fall into a delivery point as smaller pieces of fiber than were fed

into the inlet of the hopper 12.

SUMMARY

[0007] This summary is provided to introduce a selection of concepts that are further
described below in the detailed description. This summary is not intended to identify
key or essential features of the claimed subject matter, nor is it intended to be used as

an aid in limiting the scope of the claimed subject matter.

[0008] In one aspect, embodiments of the present disclosure relate to an apparatus
that includes a hopper, a plurality of rods disposed in the hopper, each rod having a
longitudinal axis extending there through and each rod rotatable about the
longitudinal axis with a motor, wherein the plurality of rods include at least one
picker rod and at least one bladed rod, a variable frequency drive operatively
connected to each motor to control rotational speed of the rods, and a rotating air lock

disposed at an outlet of the hopper.

[0009] In another aspect, embodiments of the present disclosure relate to a method of
controlling a delivery rate of fibers that includes controlling a first speed of a first
motor with a first variable frequency drive to control rotational speed of at least one
picker rod disposed in a hopper, controlling a second speed of a second motor with a
second variable frequency drive to control rotational speed of at least one bladed rod
disposed in the hopper, and delivering the fibers through the hopper to an air lock and
through the air lock to a pneumatic stream, wherein the delivery rate of the fibers to

the pneumatic stream may be varied by varying the second speed of the second motor.

[0010] In yet another aspect, embodiments of the present disclosure relate to a

method that includes pouring fibers into a hopper having at least one bladed rod and
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at least one picker rod, the at least one bladed rod having an auger portion including
an auger blade extending helically around a rod, metering the fibers through a gate in
the hopper to an outlet chamber of the hopper using the auger portion, and conveying
the fibers through an air lock disposed at an outlet of the hopper to discharge the
fibers through a discharge tube.

[0011] Other aspects of the invention will be apparent from the following description

and the appended claims.
BRIEF DESCRIPTION OF DRAWINGS

[0012] FIG. 1 is a cut out view of a fiber blower according to embodiments of the

present disclosure showing internal components of the fiber blower.

[0013] FIG. 2 is a diagram of a fiber blower hopper according to embodiments of the

present disclosure.

[0014] FIG. 3 is a diagram of rotatable rods disposed in a hopper according to

embodiments of the present disclosure.

[0015] FIG. 4 is an image of rotatable rods disposed in a hopper according to

embodiments of the present disclosure.

[0016] FIG. 5 is a diagram of a hopper according to embodiments of the present

disclosure.

[0017] FIGS. 6-8 are profiles of hoppers according to embodiments of the present

disclosure.

[0018] FIGS. 9 and 10 are front and back views of fiber blowers according to

embodiments of the present disclosure.

[0019] FIG. 11 is a partially cut-out view of a fiber blower according to embodiments

of the present disclosure.

[0020] FIG. 12 shows a diagram of fiber flow through a fiber blower according to

embodiments of the present disclosure.
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[0021] FIG. 13 shows a front and side profile view of a discharge tube according to

embodiments of the present disclosure.

[0022] FIG. 14 shows a blender assembly according to embodiments of the present

disclosure.

[0023] FIG. 15 shows top view of an oilfield operation using a fiber blower according

to embodiments of the present disclosure.

[0024] FIG. 16 shows performance of fiber flow rates using fiber delivery methods

according to embodiments of the present disclosure.

[0025] FIG. 17 shows a conventional fiber blower.

DETAILED DESCRIPTION

[0026] Embodiments disclosed herein relate generally to methods and apparatuses for
metering and conveying fibers. Apparatuses according to embodiments of the present
disclosure may include an insulation blower having different sections or areas for
metering and conveying fibers. Methods and apparatuses disclosed herein may be

used for oilfield operations.

[0027] Fibers may include, for example, polylactic acid (PLA), polyglycolic acid
(PGA), polyethylene terephthalate (PET), polyester, polyamide, polycaprolactam and
polylactone, poly(butylene) succinate, polydioxanone, glass, ceramics, carbon
(including carbon-based compounds), elements in metallic form, metal alloys, basalt,
acrylic, polyethylene, polypropylene, novoloid resin, polyphenylene sulfide, polyvinyl
chloride,  polyvinylidene  chloride, polyurethane,  polyvinyl alcohol,
polybenzimidazole, polyhydroquinone-diimidazopyridine, poly(p-phenylene-2.6-
benzobisoxazole), rayon, cotton, wool, linen, hemp (or other natural fiber materials),

rubber, sticky fiber, or a combination of two or more of the aforementioned materials.

[0028] Apparatuses according to embodiments of the present disclosure may be used
for metering and conveying fibers to deliver such fibers at a selected delivery rate.
Apparatuses according to embodiments of the present disclosure may include fiber
blowers having a hopper, a plurality of rods disposed in the hopper, each rod having a

longitudinal axis extending there through and each rod rotatable about the
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longitudinal axis with a motor, and an air lock disposed at an outlet of the hopper. At
least one parameter of feeding, metering and conveying fibers through fiber blowers
of the present disclosure may be selected and/or designed to deliver the fibers at a
selected delivery rate. For example, rotational speed of different rods may be altered
or designed to vary the delivery rate of fibers from a fiber blower of the present
disclosure. As discussed in more detail below, other parameters, e.g., the size of a
gate opening between different chambers or areas of a fiber blower housing different
types of rotating rods, may be altered to vary the deliver rate of fibers from a fiber

blower of the present disclosure.

[0029] FIG. 1 shows an example of a fiber blower 100 according to embodiments of
the present disclosure. The fiber blower 100 includes a hopper 110 having an inlet
112 and an outlet 114. A plurality of rods 120 is disposed in the hopper 110, each rod
120 having a longitudinal axis extending there through and each rod 120 rotatable
about the longitudinal axis with a motor (not shown). The rods 120 include at least
one picker rod 122 and at least one bladed rod 124. As used herein, a picker rod may
refer to a rotatable rod having a central rod or shaft and a plurality of extensions
extending outwardly therefrom, where the extensions have a generally uniform radial
thickness measured from a central longitudinal axis of the extension to an outer
perimeter of the extension. For example, extensions of a picker rod may have a
circular cross sectional geometry (when sectioned transversely through the central
longitudinal axis of the extension), in some embodiments, the cross sectional
geometry may be elliptical having a major to minor axis ratio, for example, of less
than 3:2 or less than 4:3, or in some embodiments, the cross sectional geometry may
be a polygonal shape, for example, having more than five sides. In contrast, a bladed
rod may refer to a rotatable rod having a central rod or shaft and one or more blades
extending outwardly therefrom, where the blade(s) has a generally flattened profile.
For example, a blade cross sectional profile may have an aspect ratio (of
perpendicular dimensions, e.g., width and length, of the cross sectional profile)

ranging from, for example, greater than 2:1, greater than 4:1 or greater than 6:1.

[0030] In the embodiment shown, the picker rod 122 includes a plurality of
extensions 121 (e.g., spikes or rods) extending radially outward from the rod 120.
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The bladed rod 124 includes an auger blade 123 extending helically around the rod
120. In some embodiments, a bladed rod may include a plurality of separated blades
(e.g.. paddle shaped blades or other shape of blade having a generally flattened
profile) extending radially outward from a rod. In some embodiments, a bladed rod
may include a combination of different types of blades extending outwardly from a
rod (e.g., an auger portion of a bladed rod having an auger extending helically around
the auger portion of the bladed rod and an agitator portion having a plurality of
separated blades extending outwardly from the agitator portion of the bladed rod). In
some embodiments, a bladed rod may have a blade spaced apart from and extending
parallel to a central rotatable rod, where the blade may rotate around the central rod.
Other configurations of bladed rods may be used in a hopper according to

embodiments of the present disclosure.

[0031] The hopper 110 may have a geometry defining a chamber or section for
housing different types of bladed rods. For example, as shown in FIG. 1, the hopper
110 may have an outlet chamber 116 at the outlet 114 housing at least one picker rod
122 and a main chamber housing the bladed rods 124. In the embodiment shown, the
main chamber may have an extended portion adjacent to and above the outlet
chamber 116, where the auger bladed rod 124 extends through the main chamber and
extended portion of the main chamber, such that an auger portion of a bladed rod 124
is positioned above the picker rod 122. In other words, at least a portion of the picker
rod 122 is axially positioned between an auger portion of the bladed rod 124 and the
outlet 114. According to embodiments of the present disclosure, other configurations
of a hopper may be provided having an auger portion of a bladed rod, at least a

portion of a picker rod, and an air lock axially aligned with an outlet of the hopper.

[0032] A gate 140 may be positioned along the hopper 110 to open or close off an
opening between the main chamber and the outlet chamber 116. The size of the
opening left by the position of the gate 140 may affect the amount of fiber that may be
metered from the bladed rods 124 and distributed to the picker rod 122. For example,
a flow rate of fiber through the hopper 110 may be reduced as the gate 140 is moved
to reduce the size of the opening to the outlet chamber 116, and the flow rate of fiber

through the hopper 110 may be increases as the gate 140 is moved to increase the size
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of the opening to the outlet chamber 116. According to embodiments of the present
disclosure, the gate may be automatically or manually positioned to provide an

opening to a hopper outlet chamber with a selected size.

[0033] Referring still to FIG. 1, an air lock 130 is disposed at the outlet 114 of the
hopper 110, opposite the side of the outlet chamber opening to the hopper main
chamber. The air lock 130 may include a housing having a plurality of vanes
rotatable within the housing about a rotor shaft. When fibers are received into an air
lock opening, a pressure or vacuum driven pneumatic conveying system generated by
the air lock may convey the fibers from an outlet of an adjacent hopper to a discharge

tube.

[0034] Rotatable rods may be arranged in fiber blowers according to embodiments of
the present disclosure to meter fiber within a hopper towards an air lock disposed at
the hopper outlet, where the air lock may convey the metered fiber to a discharge
tube. For example, rotatable rods may be arranged in rows substantially covering a
cross sectional area of a hopper, such that fibers falling into the hopper may be
contacted by at least one rotatable rod and metered in a direction toward the hopper
outlet. Further, rotatable rods may be arranged at different heights along the height of
a hopper. For example, in some embodiments, different types of rotatable rods may
be positioned at different heights to process fibers in different ways as the fibers flow

through the hopper.

[0035] FIG. 2 shows an example of an arrangement of rotatable rods disposed within
a hopper of a fiber blower according to embodiments of the present disclosure. As
shown, a fiber blower 200 may have a hopper 210 with a height 215 measured
between an inlet 212 of the hopper to an outlet 214 of the hopper and a width 216
extending between two opposite side walls 217 of the hopper 210. Rotatable rods 220
may be arranged in rows 232, 234, 236 extending across the width 216 of the hopper,
where each row is at a different height along the height 215 of the hopper 210. In the
embodiment shown, each row 232, 234, 236 of rotatable rods has a different type of
rotatable rod 220. For example, a first row 232 of rotatable rods may include picker
rods having a plurality of extensions (e.g., spikes or rods) extending radially outward

from a central rod, where the longitudinal axis of each picker rod extends along a
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length of the hopper at a first height. A second row 234 of rotatable rods may include
bladed rods having an auger blade extending helically around a central rod, where the
longitudinal axis of each bladed rod extends along a length of the hopper at a second
height, farther away from the outlet 214 than the first height. A third row 236 of
rotatable rods may include bladed rods having a plurality of spaced apart blades
extending radially outward from a central rod, where the longitudinal axis of each
bladed rod extends along a length of the hopper at a third height, the third height
being farther away from the outlet 214 than the second and first heights.

[0036] A row of rotatable rods 220 may have a collective profile that covers less than
or the substantial width 216 of the hopper 210. In other words, the widths of each
rotatable rod 220 in a row may add together to extend substantially the entire width
216 of the hopper 210 (e.g., as shown in first row 232), or the widths of each rotatable
rod 220 in a row may add together to cover less than the width 216 of the hopper 210
(e.g., as shown in second row 234). A row of rotatable rods may have rotatable rods
220 spaced apart (evenly or unevenly) across the entire width 216, such as shown in
FIG. 2, or a row of rotatable rods may have the rotatable rods spaced apart across a
partial width of a hopper. In some embodiments, rotatable rods having blades
extending outwardly from a central rotating rod or shaft may be positioned in a
hopper to have overlapping profiles (where a portion of a blade of a first rotatable rod
extends partially into the profile of a second rotatable rod), such as shown with the

first row 232 of rotatable rods in FIG. 2.

[0037] Further, as shown in FIG. 2, a row 232 of picker rods may be positioned in a
bottom or lower position along the height 215 of the hopper, near the outlet 214 of the
hopper 210, to grab fibers and introduce them into an air lock (not shown) disposed
adjacent the outlet 214 of the hopper 210. The first row 232 of picker rods may be
disposed in an outlet chamber or section of the hopper 210, where an outlet chamber
may be a section of the hopper 210 having a smaller width than the width at the inlet
212 side of the hopper 210. The second row 234 of bladed rods may be disposed at a
second height above the first row 232 of picker rods (i.e., the second row 234 at the
second height is farther away from the outlet 214 than the first row 232 at the first

height), where at least a portion of the bladed rods in the second row have an auger
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blade extending helically around a central rotating rod or shaft, which meters and
delivers fibers to the picker rods in the first row 232. The third row 236 of bladed
rods may be disposed at a third height above the second row 234 of bladed rods (i.e.,
the third row 236 at the third height is farther away from the outlet 214 than the first
and second rows 232, 234), where the third row of bladed rods may have a plurality of
separated blades extending radially outward from a central rotatable rod or shaft,
which may condition (e.g., help separate and/or evenly distribute) fibers as they fall

toward the second row 234 of bladed rods.

[0038] FIGS. 3 and 4 show different examples of rotatable rods according to
embodiments of the present disclosure. For example, FIG. 3 shows a bladed rod 310
having a plurality of separated blades 312 extending outwardly from a central
rotatable rod 314, a second type of bladed rod 320 having a blade 322 spaced apart
from and extending parallel to a central rotatable rod 324, and a third type of bladed
rod 330 having an auger blade 332 extending helically around a central rotatable rod
334, which is positioned below the first and second types of bladed rods (closer to an
outlet of the hopper in which the rotatable rods are disposed).

[0039] FIG. 4 shows a view of rotatable rods disposed in a hopper from an inlet side
of the hopper 400 looking into an outlet chamber of the hopper 400. The rotatable
rods include bladed rods 410 having a plurality of separated blades 412 extending
outwardly from a central rotatable rod and picker rods 420 having a plurality of
extensions extending outwardly from a rotatable rod. The picker rods 420 are
disposed in the outlet chamber of the hopper 400, below the bladed rods 410. A gate
(not shown) between the outlet chamber and an adjacent air lock is open, such that the
vanes 430 of the air lock can be seen.

[0040] In some embodiments, a rotatable rod may have different blade configurations
along its longitudinal axis, where the different portions of the rotatable rod may be
arranged in a hopper to perform different functions. For example, a hopper may
include at least one rotatable rod having an auger portion and an agitator portion. The
auger portion may include an auger blade extending helically around the auger portion
of the rod, and the agitator portion may include a plurality of blades extending radially

outward from the agitator portion of the rod. The auger portion may cover or overlap
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with the outlet of the hopper. Further, at least a portion of one or more picker rods
may be positioned between the auger portion of one or more bladed rods and an air
lock, such that fibers may be metered by the auger portion(s) to the picker rods, and
the picker rods may selectively pass through the fibers to the air lock.

[0041] Further, the blades of a bladed rod may be oriented to push or direct fiber in a
certain direction. For example, as shown in FIG. 3, the auger blade 332 may be
oriented to direct fibers in a first direction, the first direction extending parallel with
the central rod 334 longitudinal axis and towards an outlet of the hopper. As shown in
FIG. 4, the blades 412 extending from bladed rod 410 may be oriented to direct fibers
in a first direction toward the outlet of the hopper. Particularly, the blades 412 may be
angled at an acute angle from the central rod of the bladed rod 410 in the first
direction (toward the outlet of the hopper), and/or, the blades 412 may be rotationally
angled about the blade longitudinal axis.

[0042] FIG. 5 shows a top view of another example of rotatable rods positioned in a
hopper. As shown, the hopper 500 may include a row of rotatable rods 510 extending
the length 502 and substantially across the width 504 of the hopper 500. The row of
rotatable rods includes an auger bladed rod 512 having an auger blade extending
helically around a rotatable rod and bladed rods 514 having spaced apart blades
extending outwardly from a rotatable rod. In the embodiment shown, the auger blade
of the auger bladed rod 512 is oriented in a left handed screw configuration to direct
fiber in a first direction 520 toward an outlet chamber or section of the hopper. In
other embodiments, one or more auger bladed rods may be oriented in a right handed
screw configuration. Fiber may be poured into the hopper, where it may be
conditioned and moved by the bladed rods 514 to the auger bladed rod 512, and then
metered and directed by the auger bladed rod 512 in the first direction 520 to the
outlet chamber. As shown, the outlet chamber may have a cover 530 covering the
outlet chamber and a portion of the auger bladed rod 512. The outlet chamber may
have at least one picker rod 516 disposed therein, where fiber metered from the auger
bladed rod 512 may be directed into the outlet chamber and to the picker rod 516. The
picker rod 516 may digest the fibers delivered by the auger bladed rod 512 and output

10
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the fibers at a hopper output rate. The fibers may be outputted from the hopper outlet
to an air lock (not shown).

[0043] Hoppers according to embodiments of the present disclosure may have various
geometries. For example, the cross sectional shape of the hopper 210 shown in FIG. 2
includes rectangular compartments or sections. However, other geometries may be
used, for example, geometries having one or more curved or sloped walls for directing
fibers toward an outlet of the hopper. FIGS. 6-8 show additional examples of hopper
geometries having one or more sloped walls sloping inwardly toward an outlet of the
hopper.

[0044] FIG. 6 is a side schematic view of a hopper 600 along its width according to
embodiments of the present disclosure. As shown in FIG. 6, a hopper 600 may include
two opposite side walls 612, 614 sloping inwardly from a hopper inlet 616 to a hopper
outlet 618. Bladed rod 624 (having an auger blade extending helically around a
rotatable rod) may be disposed in a row along the width of the hopper 600 at a first
height, and bladed rods 622 (having a plurality of spaced apart blades extending
outwardly from a rotatable rod) may be disposed in a row along the width of the
hopper 600 at a second height, such that the auger bladed rod 624 is relatively closer
to the hopper outlet 618, and the bladed rods 622 are relatively closer to the hopper
inlet 616.

[0045] FIG. 7 is a side schematic view of a hopper 700 along its width according to
embodiments of the present disclosure. As shown in FIG. 7, a hopper 700 may include
two opposite side walls 712, 714, where side wall 714 extends substantially parallel
with the hopper height, and side wall 712 slopes inwardly from a hopper inlet 716 to a
hopper outlet 718. Bladed rod 724 (having an auger blade extending helically around
a rotatable rod) may be disposed in a row along the width of the hopper 700 at a first
height, and bladed rod 722 (having a plurality of spaced apart blades extending
outwardly from a rotatable rod) may be disposed in a row along the width of the
hopper 700 at a second height, such that the auger bladed rod 724 is relatively closer
to the hopper outlet 718, and the bladed rod 722 is relatively closer to the hopper inlet
716.

11
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[0046] FIG. 8 shows a side schematic view of a hopper 800 along its length according
to embodiments of the present disclosure. As shown in FIG. 8, a hopper 800 may
include a front wall 811 and a back wall 813 opposite the front wall 811, where the
length of the hopper 800 may be measured between the front and back walls 811, 813.
The height of the hopper 800 may be measured between a hopper inlet 816 to a hopper
outlet 818. Bladed rod(s) 824 (having an auger blade extending helically around a
rotatable rod) may be disposed in a row along the width of the hopper 800 at a first
height, and bladed rod(s) 822 (having a plurality of spaced apart blades extending
outwardly from a rotatable rod) may be disposed in a row along the width of the
hopper 800 at a second height, such that the auger bladed rod(s) 824 is relatively
closer to the hopper outlet 818, and the bladed rod(s) 822 are relatively closer to the
hopper inlet 816.

[0047] Hoppers according to embodiments of the present disclosure may have
different sizes, depending on, for example, the amount of fiber to be processed and the
desired time between reloadings. For example, a hopper may have a volume ranging
up to 100 cubic feet or more. When a hopper is attached to various components used
for operation of a fiber blower, the fiber blower may have a size ranging up to greater
than several feet in length, width and/or height. In embodiments using fiber blowers
having a relatively large size, a fiber blower may be transported by, and in some
embodiments operated from, the trailer of a commercial truck.

[0048] For example, FIGS. 9-11 show an example of a fiber blower 900 according to
embodiments of the present disclosure, which may be transported by and operated
from the trailer of a commercial truck 905. As shown, one or more fiber blowers 900
may be disposed in the trailer of the commercial truck 905. FIG. 9 shows a view from
a rear of the truck 905 having the fiber blowers 900 loaded into the trailer with
connections for a discharge tube facing outward. FIG. 10 shows a view from the
inside of the truck 905 trailer, where the back of the fiber blowers 900 are seen. In the
embodiment shown, a loading ramp 907 may be used to load fibers into the hoppers
910 of the fiber blowers.  FIG. 11 shows partial cutaway view of a diagram the fiber
blower 900. The fiber blower 900 includes a hopper 910 having at least one rotatable
bladed rod 920 and picker rod 930 disposed therein, where the picker rod(s) 930 may

12
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be disposed in an outlet chamber of the hopper and the bladed rod(s) 920 may be
disposed in a main chamber of the hopper. An air lock 940 is disposed at an outlet of
the hopper 910, below the outlet chamber, and a positive displacement blower 950 is
disposed near the air lock 940 for providing a pneumatic stream into which fibers
from the air lock 940 may be conveyed. Motors driving each of the rotatable rods
920, 930 may be housed in motor compartment 960, adjacent the hopper 910.
Variable frequency drives 970 may be mounted on the fiber blower 900 proximate to
the motors 960 for driving one or more of the motors at a variable speed. In some
embodiments, variable frequency drives 970 may be remotely controlled. In some
embodiments, variable frequency drives 970 may be controlled at the fiber blower

900.

[0049] Fiber blowers according to embodiments of the present disclosure may utilize
a variable frequency drive to control the rotational speed of rotatable rods disposed
within the fiber blower. For example, a variable frequency drive may be operatively
connected to a motor that is operatively connected to a rotatable rod disposed in the
hopper of a fiber blower. The variable frequency drive may be used to control and set
the speed of the motor, and the motor may drive rotation of the rotatable rod at the set
rotational speed. A fiber blower according to embodiments of the present disclosure
may have multiple rotatable rods disposed in a hopper, each rotatable rod rotated by a
motor, and each motor operatively connected to and controlled by a variable

frequency drive.

[0050] Referring now to FIG. 12, a diagram showing operation of a fiber blower 1000
according to embodiments of the present disclosure is shown. The fiber blower 1000
includes a hopper 1010 having a plurality of bladed rods 1020 disposed therein and
extending along a length of the hopper 1010. A plurality of picker rods 1030 may be
disposed in an outlet chamber of the hopper 1010, along an axial height of the hopper
closer to the outlet than the axial height at which bladed rods 1020 are disposed. A
rotary air lock 1050 may be removably attached to the outlet of the hopper 1010,
which may be removed, for example, for maintenance and/or cleaning. A rotatable
component (e.g., a rotor assembly having a plurality of vanes extending from a rotor

shaft) within the rotary air lock 1050 may be rotated in an air lock rotation direction
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1052 to meter fiber into a pneumatic stream while also forming an air seal within
pockets of the rotatable component to control air flow through the air lock. The speed
of rotation of the air lock rotatable component may be driven by an engine or an

electric motor 1080, for example.

[0051] Each of the bladed rods 1020 and picker rods 1030 may be driven by a motor
to rotate in either clockwise or counterclockwise directions. Each motor may be
operatively connected to a variable frequency drive 1070, where the variable
frequency drive(s) 1070 may control the speed of the motor, thereby controlling the
rotational speed of each of the rods. A variable frequency drive may control motor
speed and torque by changing the input frequency and voltage supplied to the motor.
In some embodiments, the variable frequency drives may be housed together in a
housing of the fiber blower. In some embodiments, variable frequency drives may be
housed separately from the fiber blower housing and are wired to the motors in a fiber

blower driving rotatable rods disposed in the hopper.

[0052] One or more variable frequency drives may be provided with a fiber blower
according to embodiments of the present disclosure to independently control the
motor speed of one or more motors rotating bladed and/or picker rods disposed in the
hopper of the fiber blower. A variable frequency drive may control a motor to vary
rotational speed of a connected rod (e.g., in response to changed conditions or as part
of a predetermined plan for varying motor speed), or a variable frequency drive may
control a motor to maintain a constant rotational speed of a connected rod (e.g., at an
optimized speed). In some embodiments, one or more motors controlled by a variable
frequency drive (thereby providing the motor with variable and controllable speeds)
may be used to drive one or more bladed rods, and one or more motors having a set
speed may be used to drive one or more picker rods in the fiber blower. In some
embodiments, a motor controlled by a variable frequency drive may drive each

rotatable rod disposed in a fiber blower hopper.

[0053] In the embodiment shown in FIG. 12, each of the bladed rods 1020 and picker
rods 1030 may be driven with a motor that is controlled with a variable frequency
drive 1070, while the rotary speed of the air lock 1050 may be driven with a motor

1080 set to a constant optimal speed. In some embodiments, the rotary speed of the
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air lock 1050 may be set to an optimal speed, the rotational speed of the picker rods
1030 may then be optimized and set to run at a constant rotational speed using
variable frequency drives 1070, and the rotational speed of the bladed rods 1020 may
then be varied using variable frequency drives 1070, which may be varied to alter the
rate of fiber flow through the hopper 1010. In some embodiments, the rotary speed of
the air lock 1050 may be set to an optimal speed and the rotational speed of the picker
rods 1030 and the bladed rods 1020 may be varied using variable frequency drives
1070. The speed of the bladed rods 1020 and/or picker rods 1030 may be varied
using a variable frequency drive, for example, to alter the rate of fiber flow through

the hopper 1010.

[0054] The embodiment shown in FIG. 12 further includes a sliding gate 1040
positioned along the hopper 1010 to vary an opening size between a main chamber of
the hopper 1010 containing the bladed rods 1020 and an outlet chamber of the hopper
1010 containing the picker rods 1030. The gate 1040 may be partially disposed inside
the hopper 1010 while also being accessible for control (e.g., by an operator to
manually open or close the gate or by a control mechanism to mechanically open or
close the gate) in order to control the size of the opening to an outlet chamber of the
hopper 1010. The sliding gate 1040 may be positioned to close off a desired amount
of the opening area, for example, more than 75 percent of the area of the opening,
between 75 and 50 percent of the area of the opening, between 50 and 25 percent of
the area of the opening, or less than 25 percent of the area of the opening between the

main chamber and the outlet chamber.

[0055] The size of the opening formed between the main chamber, the outlet chamber
and the gate 1040 may affect the amount of fiber 1090 that may be metered from the
bladed rods 1020 and distributed to the picker rods 1030. For example, a flow rate of
fiber through the hopper 1010 may be reduced as the gate 1040 is moved to reduce the
size of the opening to the outlet chamber, and the flow rate of fiber through the
hopper 1010 may be increased as the gate 1040 is moved to increase the size of the
opening to the outlet chamber. According to embodiments of the present disclosure, a
sliding gate may be used in combination with varying the rotational speed of rotating

rods disposed in a fiber blower to design and/or alter the flow rate of fibers through
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the fiber blower. In some embodiments, the rotational speed of rotating rods disposed
in a fiber blower according to embodiments of the present disclosure may be varied,
without use of a gate, to design and/or alter the flow rate of fibers through the fiber

blower.

[0056] An example of the flow of fibers 1090 through a fiber blower 1000 according
to embodiments of the present disclosure is shown in FIG. 12. Fiber 1090 may be
poured into the hopper inlet, where rotating bladed rods 1020 may condition and/or
meter fibers 1090, and direct the fibers 1090 to the picker rods 1030. The picker rods
1030 may then direct the fibers 1090 to the hopper outlet, where the fibers 1090 exit
the hopper outlet to the air lock 1050 inlet port, and travel through the air lock 1050
and out the air lock 1050 outlet port. Fibers 1090 exiting the air lock 1050 may be
conveyed by a pneumatic stream (e.g., using a positive displacement blower, such as

shown in FIG. 11 at 950) through a hose 1060 to be delivered to a remote location.

[0057] While the embodiment shown in FIG. 12 includes one outlet chamber
(housing picker rods 1030) provided between a hopper main chamber (housing bladed
rods 1020) and an air lock 1050, other embodiments may include more than one outlet
chamber. For example, in some embodiments, a hopper may include a main chamber
(housing bladed rods) and two separated/spaced apart outlet chambers (each housing
picker rods). Two air locks may be attached to the outlets at the outlet chambers,
where each outlet chamber has an air lock attached at the outlet. Further, in such
embodiments, two blowers (e.g., positive displacement blowers) may be provided
with the fiber blower, where each blower may be configured to generate an air stream

to convey fibers exiting each air lock.

[0058] According to embodiments of the present disclosure, a discharge tube may be
directly or indirectly connected to an outlet of a fiber blower, where the discharge
tube has an internal conduit extending through the length of the discharge tube, and
through which fibers may be conveyed. For example, in some embodiments, a
discharge tube may be directly connected to an outlet port of a fiber blower air lock.
In some embodiments, a discharge tube may be connected to an outlet port of a fiber

blower air lock via a hose, where one end of the hose is connected to the outlet port of
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the fiber blower and an opposite end of the hose is connected to the discharge tube. A

discharge tube may have a rigid or flexible structure.

[0059] In some embodiments, a discharge tube may be provided with a fluid nozzle,
which may allow entry of a fluid into the internal conduit of the discharge tube. FIG.
13 shows a front profile and a side profile of an example of a discharge tube 1100
according to embodiments of the present disclosure. The discharge tube 1100
includes a tubular body 1102 having a connection end 1104 and an output end 1106
opposite the connection end 1104. The connection end 1104 may be connected to, for
example, a hose or outlet port from a fiber blower. A fluid nozzle, such as a water
spray nozzle 1108, may open into an internal conduit of the tubular body 1102 at a
location along the length of the tubular body 1102. In the embodiment shown, the
water spray nozzle 1108 may open at a location along the tubular body 1102
proximate to the output end 1106. Water or other fluid may be introduced into the
internal conduit of the discharge tube 1100 when conveying fibers through the
discharge tube, for example, to limit the amount of fiber flyaway or to discharge a

fiber-fluid mixture.

[0060] Fibers may be delivered from a fiber blower through a discharge tube (or hose)
according to embodiments of the present disclosure and introduced directly into a
mixer or blender assembly, for example, a Precision Optimal Density (POD) blender
assembly available from Schlumberger. A blender assembly may receive fiber
delivered from a fiber blower according to embodiments of the present disclosure and
mix the fibers with additional materials, such as a proppant (e.g., sand) and/or a liquid
(e.g., acarrier fluid or other fluid used downhole).

[0061] FIG. 14 shows an example of a blender assembly 1200, into which fibers 1250
may be delivered from a fiber blower according to embodiments of the present
disclosure. As shown, the blender assembly 1200 includes a blender hopper 1210 to
receive a flow F of fibers delivered from a fiber blower, through a discharge tube
1220, and exiting an output end 1222 of the discharge tube 1220. The blender hopper
1210 may also receive a proppant delivered from an upper hopper 1214 and a carrier
fluid, where the fibers 1250, proppant and carrier fluid may descend through a lower
opening 1212 of the hopper to a vortex mixer 1230 including a shaft 1232 and a
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mixing blade 1234. In some embodiments, carrier fluid may be introduced through a
spray nozzle in the discharge tube, where the discharge tube may have a configuration
similar to or the same as the discharge tube 1102 described above and shown in FIG.
13, and where a fluid-fiber mixture is directed into the blender hopper 1210 from the
discharge tube and may be mixed with a proppant through the vortex mixer. In some
embodiments, a discharge tube may be provided with a fluid nozzle for introducing a
first fluid type or composition (e.g., water) with the fibers as the fibers are being
blown through the discharge tube, and the first fluid-fiber mixture may then be
directed into a blender hopper to be mixed with a second fluid type or composition
(and optionally with a proppant) through a vortex mixer. In some embodiments, a
discharge tube may be provided without a fluid nozzle, where fibers may be directed
into a blender hopper through the discharge tube without adding a fluid through the
discharge tube.

[0062] Using a discharge tube 1220 according to embodiments of the present
disclosure or other delivery conduit providing an output end of a blow line that may
deliver fibers directly into an eye of the vortex mixer may reduce the amount of lint or
flyaways from fiber delivery. For example, as shown in FIG. 14, by delivering fibers
1250 into a blender assembly using the pneumatic stream generated from a fiber
blower according to embodiments of the present disclosure and/or through a discharge
tube according to embodiments of the present disclosure (e.g., such as shown in FIG.
13), the fibers 1250 may be relatively accurately delivered into a small space within
the blender assembly 1200, such as through a gap 1236 between the edge of the
hopper lower opening 1212 and the shaft 1232 of the mixer 1230. Other aspects that
may help with reducing fiber lint may include, for example, providing dust collectors
at the delivery points and/or using a blower (e.g., a blower rated up to 250 SCFM of
air) in the fiber blower having a valve that may be opened to allow some of the air to
re-circulate, which may reduce the delivery air, and where reducing air flow may help
with the reduction of blowing fiber lint. However, introducing fluid (e.g., water
spray) into the output end of a discharge tube, such as described above, may be more

effective at suppressing fiber lint than other method(s) of reducing fiber lint.
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[0063] When delivering fibers from a fiber blower and through a discharge tube
according to embodiments of the present disclosure, the fiber blower may be
positioned a distance away from the point of delivery (e.g., into a blender assembly),
for example, ranging up to 150 ft or more away from the point of delivery. For
example, FIG. 15 shows use of a fiber blower 1500 according to embodiments of the
present disclosure in an oilfield operation. As shown, the fiber blower 1500 may be
positioned a distance away from the point of delivery, thereby allowing for more room
for other equipment used at the point of delivery. In the embodiment shown, the point
of delivery is a blender assembly 1510, where fibers may be delivered from the fiber
blower 1500 (e.g., through a discharge tube) to the blender assembly 1510 to be mixed
with other materials, such as a proppant and a carrier fluid, in preparation to be sent
downhole.

[0064] Fiber blowers according to embodiments of the present may allow for
controlled delivery rate of fibers by controlling the rotational speed of individual
rotatable rods disposed in the fiber blower. For example, according to embodiments
of the present disclosure, a method of controlling the delivery rate of fibers may
include controlling a first speed of a first motor with a first variable frequency drive to
control the rotational speed of at least one picker rod disposed in a hopper of a fiber
blower, controlling a second speed of a second motor with a second variable
frequency drive to control the rotational speed of at least one bladed rod disposed in
the hopper, and delivering the fibers through the hopper to an air lock, where the
fibers may be distributed through the air lock to a pneumatic stream (e.g., using a
blower mounted to the fiber blower, such as described above). The delivery rate of
the fibers to the pneumatic stream may be varied by varying the second speed of the
second motor, to thereby vary the rotational speed of the at least one bladed rod.

[0065] In some embodiments, the delivery rate of fibers through a fiber blower having
at least one bladed rod, at least one picker rod, and an air lock may be varied by
varying the rotational speed of one or more of the bladed rods while keeping the
rotational speed of the picker rod(s) and air lock constant. In such embodiments, each
motor driving each bladed rod having its rotational speed varied may be controlled by

a variable frequency drive, whereas motors driving the picker rod(s) may be
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controlled by a variable frequency drive or may be set to provide a constant speed, and
the motor or engine driving rotation of the rotary air lock may be set to provide a
constant speed.

[0066] For example, according to embodiments of the present disclosure, a rotary air
lock disposed at the outlet of a fiber blower hopper is set to a constant speed (e.g., an
optimized speed). The rotational speed of picker rods disposed near the outlet in the
hopper of the fiber blower may then either be set to run at a constant rotational speed
(e.g.. an optimized rotational speed) or may be driven at variable rotational speeds
with the use of one or more variable frequency drives operatively connected to the
motor(s) driving rotation of the picker rods. The rotational speed of bladed rods
disposed above (farther away from the outlet than) the picker rods may be driven at
variable rotational speeds with the use of one or more variable frequency drives
operatively connected to each of the motors driving rotation of the bladed rods.

[0067] A constant rotational speed of an air lock may be set to be faster than the
variable rotational speeds of bladed rods used in a fiber blower. For example, when
variable speed bladed rods are used in a fiber blower to help with metering fiber
through the fiber blower, the rotational speed of the bladed rods may be made
relatively slower than rotational speed of the air lock to help achieve desired
sectioning and delivery rates of the fiber through the hopper, while the rotational
speed of the air lock may be set to be relatively faster to deliver the sectioned and
metered fibers quickly.

[0068] In some embodiments, the type of rotatable rod disposed in a fiber blower may
be designed in combination with the design and control of rotational speed of the
rotatable rods in order to deliver the fibers through the fiber blower at a selected
delivery rate (or delivery rate range). For example, in some embodiments, a fiber
blower may be designed to have multiple rows of rotatable rods disposed at different
heights along the fiber blower hopper, where each row may have a different type of
rotatable rod to perform a selected function of processing fiber through the hopper. A
bottom row of rotatable rods closest to the outlet of the fiber blower hopper may be a
row of one or more picker rods, and one or more rows above the picker rod row

(farther from the outlet) may be made of bladed rods. Bladed rods may include those
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described above, for example, an auger bladed rod having an auger blade extending
helically around a central rod or shaft, a bladed rod having a plurality of paddle or
other flattened-shape blades extending outwardly from the central rod, and a bladed
rod having a blade spaced apart from and extending parallel to the central rod.

[0069] A row of auger bladed rods may be positioned above a row of picker rods to
meter fibers from the hopper to the picker rods, and the picker rods may further meter
the fibers to an air lock. In some embodiments, a bottom row of picker rod(s) may be
set to run at a relatively faster constant speed to digest fiber that an above row of
variable speed auger bladed rods brought. In some embodiments, a row of bladed
rods may be positioned above both a row of auger bladed rods and a row of picker
rods, where the row of bladed rods may agitate and break up fibers being fed through
the hopper, the row of auger bladed rods may then meter the fibers to the row of
picker rods, and the row of picker rods may then digest and introduce the fibers to an
air lock.

[0070] According to some embodiments, a fiber blower may be designed to have
multiple rows of rotatable rods disposed at different heights along the fiber blower
hopper, where one or more rows may have a combination of different types of
rotatable rods. For example, in some embodiments, a row of rotatable rods at a height
closest to a hopper outlet may be made entirely of picker rods, while a row of
rotatable rods at a height above the picker rod row (farther away from the hopper
outlet) may be made of at least one rotatable rod having a bladed portion (with a
plurality of spaced apart blades extending radially outwardly from the central rotating
rod) and an auger portion (with an auger blade extending helically around the central
rotating rod). The blades on the bladed rods may be oriented to direct fiber through
the bladed portion, e.g., to condition and break up large chunks of fiber, then through
the auger portion, e.g., to meter the fibers towards the picker rods, and then through
the picker rods, e.g., to grab the fibers and introduce them into an air lock. In such
embodiments, where a row of rotatable rods above a row of picker rods includes a
metering configuration (e.g., an auger portion), the row of picker rods may be set to
have a faster rotational speed than the above row of rotatable rods. For example, the

rotational speeds of a rotary air lock and a bottom row of picker rods may be set to be
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faster than the rotational speed of an above row of bladed rods having at least one
auger portion. The rotational speed of the bladed rods may then be varied to vary the
end delivery rate of the fibers out of the fiber blower.

[0071] In some embodiments, the size of an opening to an outlet chamber of a hopper
may be designed in combination with the design and control of rotational speed of the
rotatable rods in order to deliver the fibers through the fiber blower at a selected
delivery rate (or delivery rate range). For example, as described above, a hopper may
include a first chamber (or outlet chamber) having at least one picker rod disposed
therein, a second chamber having at least one bladed rod disposed therein, and a gate
assembled at least partially between the first and second chambers to selectively alter
the size of the opening between the first and second chambers (e.g., by sliding the
gate more or less through the opening). The size of the opening may be altered alone
or in combination with varying the rotational speed of one or more bladed rods
disposed in the hopper to alter the delivery rate of fibers being fed through the hopper.

[0072] Referring now to FIG. 16, performance graphs showing the delivery rate of
fibers through a fiber blower according to embodiments of the present disclosure are
provided to show the effects of altering an opening size to an outlet chamber of the
fiber blower hopper (having picker rods disposed in the outlet chamber) and varying
the rotational speed of the picker rods. In the graphs, motor speed (and thus the
rotational speed of a rotatable rod being rotated by the motor) closely follows the
frequency of the variable frequency drive driving the motor. Thus the relationship
between variable frequency drive frequency and fiber rate may correspond to a
relationship between rotational speed of a rotatable rod (rotated with a motor being
driven from the frequency of the variable frequency drive) and fiber rate. The first
graph shows the fiber delivery rate at different frequencies (from a variable frequency
drive) driving the motor to a picker rod when a gate is positioned through an opening
to the outlet chamber to leave an opening size of about 15 ¢m wide. The second
graph shows the fiber delivery rate at different frequencies (from a variable frequency
drive) driving the motor to a picker rod when a gate is positioned through an opening
to the outlet chamber to leave an opening size of about 10 cm wide. As shown, the

delivery rate is relatively insensitive to the frequency driving the motor of the picker
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rod when the gate leaves the 15 ¢cm wide opening to the outlet chamber, whereas
when the gate was closed to leave the 10 cm wide opening, the delivery rate of the
fiber changed more with the change in frequency and rotational speed.

[0073] By designing opening size to an outlet chamber in a hopper in combination
with rotational speeds of rotational rods disposed in the hopper, the delivery rate of

fiber through the hopper may be designed and selected for different applications.

[0074] In some embodiments, the size and/or spacing of blades and/or extensions may
be altered to correspond with a size or size range of fiber tufts/bundles/tows that may
be trapped or processed by the blades and/or extensions. For example, a row of
picker rods may have a size and/or spacing between the extensions extending from the
central rod that traps a certain fiber size or range of fiber sizes, where fibers greater
than the fiber size or size range are inhibited from falling through the extensions. The
picker rod extensions and the speed at which they rotate about the central rod may act
as a fiber metering device, as well as the amount of cross sectional area of the picker
rod extensions that are exposed through an outlet chamber opening, which may be
controlled by a gate.  Accordingly, some embodiments may benefit when
interchangeable picker rods are provided in an outlet chamber of a hopper, where the
interchangeable picker rods may be swapped for picker rods with different extension
sizes and/or spacing. In some embodiments, picker rods may have the size of their
extensions altered by attaching a sleeve to existing extensions that would make the

extensions fatter and thus slightly close the gaps/spacing between the extensions.

[0075] According to embodiments of the present disclosure, a method of delivering
fibers at a fiber delivery rate may include pouring fibers into a hopper having at least
one auger bladed rod (or bladed rod with an auger portion) and at least one picker rod
disposed therein, metering the fibers through a gate in the hopper to an outlet chamber
of the hopper using the auger portion(s) of the bladed rods, and conveying the fibers
through an air lock disposed at an outlet of the hopper to discharge the fibers through
a discharge tube. The fiber delivery rate may be predesigned, e.g., by designing the
gate opening size and rotational speeds of the bladed rods and/or picker rods as
described above, and/or the fiber delivery rate may be altered during operation, e.g.,

in response to or in anticipation of a change in parameters.

23



WO 2016/178947 PCT/US2016/029949

[0076] Fibers exiting the air lock of a fiber blower according to embodiments of the
present disclosure may be conveyed by a pneumatic stream generated from a blower
mounted to the fiber blower, such as described above, and outputted at a distal
delivery point, e.g., at least 10 feet away from the fiber blower. For example, a
delivery point may be a blender assembly, where fibers may be conveyed by the
pneumatic stream into the blender assembly at a delivery rate.

[0077] Using apparatuses and methods of the present disclosure, fibers may be
metered and conveyed to evenly distribute the fibers into a flow. A fiber-containing
flow may be introduced into a well for various purposes. For example, a fiber-
containing flow may be introduced into a well for preventing proppant settling,
creating a more uniform proppant distribution, and selectively diverting fluid. Fibers
may be used in a well for a number of different purposes, which may not involve
proppant, gravel packing or hydraulic fracturing. For example, fibers may be
introduced into a cement flow for purposes of increasing the rigidity of the cement
and distributing stresses in the cement. Moreover, fibers may be used in other
downhole applications, as can be appreciated by the skilled artisan. Thus, many
variations are contemplated.

[0078] The delivery rate of fibers through a fiber blower according to embodiments of
the present disclosure may be varied using one or more methods described herein, for
example, by varying the rotational speed of one or more bladed and/or picker rods
disposed within the hopper of the fiber blower, by altering a size of an opening to a
chamber in the hopper housing picker rods, by altering the size and/or spacing of
bladed and/or picker rods disposed in the hopper, and/or by altering the type of bladed
rods used in the hopper.

[0079] In some embodiments, altering the delivery rate of fibers through a fiber
blower may be useful when the type of fiber being fed through the fiber blower is
changed. For example, a fluffier fiber having a material density of about 20 pounds
per cubic feet may be more easily trapped/not flow as easily as a fiber type having a
material density of about 40 pounds per cubic feet, which may fall through the fiber

blower in a less regulated manner. In some embodiments, altering the delivery rate of
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different fibers may include using different bladed rod speeds and/or types for
different fibers to account for the differences in material density and performance.
[0080] While the present disclosure has been described with respect to a limited
number of embodiments, those skilled in the art, having benefit of this disclosure, will
appreciate that other embodiments may be devised which do not depart from the
scope of the disclosure as described herein. Accordingly, the scope of the disclosure

should be limited only by the attached claims.
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1.

CLAIMS

What is claimed is:

An apparatus, comprising:

a hopper;

a plurality of rods disposed in the hopper, each rod having a longitudinal axis
extending there through and each rod rotatable about the longitudinal
axis with a motor, wherein the plurality of rods comprises at least one
picker rod and at least one bladed rod;

a variable frequency drive operatively connected to each motor to control
rotational speed of the rods; and

a rotating air lock disposed at an outlet of the hopper.

The apparatus of claim 1, wherein the at least one bladed rod comprises an

auger blade extending helically around the rod.

The apparatus of claim 1, wherein the at least one bladed rod comprises a

plurality of blades extending radially outward from the rod.

The apparatus of claim 1, wherein the at least one bladed rod comprises an
auger blade extending helically around an auger portion of the rod and a
plurality of blades extending radially outward from an agitator portion of the

rod.

The apparatus of claim 1, wherein the at least one bladed rod comprises a

blade extending parallel to and rotatable around the rod.

The apparatus of claim 1, wherein the longitudinal axis of each of the at least
one picker rod extends along a first height of the hopper, and wherein the
longitudinal axis of each of the at least one bladed rod extends along a second
height of the hopper, the second height farther away from the air lock than the
first height.
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10.

11

12.

13.

The apparatus of claim 1, wherein the at least one bladed rod comprises an
auger blade extending helically around an auger portion of the rod, wherein at
least a portion of the at least one picker rod is positioned between the auger

portion and the air lock.

The apparatus of claim 1, further comprising a discharge tube connected to the
outlet, the discharge tube comprising a conduit extending therethrough and a

water spray nozzle opening at a location along the conduit.

A method of controlling delivery rate of fibers, comprising:

controlling a first speed of a first motor with a first variable frequency drive to
control rotational speed of at least one picker rod disposed in a hopper;

controlling a second speed of a second motor with a second variable
frequency drive to control rotational speed of at least one bladed rod
disposed in the hopper; and

delivering the fibers through the hopper to an air lock and through the air lock
1o a pneumatic stream;

wherein the delivery rate of the fibers to the pneumatic stream may be varied

by varying the second speed of the second motor.

The method of claim 9, further comprising setting a constant rotational speed

of the air lock.

The method of claim 10, wherein the constant rotational speed of the air lock

is faster than the rotational speed of the at least one bladed rod.

The method of claim 9, further comprising altering an opening size between a
first chamber of the hopper comprising the at least one picker rod and a second
chamber of the hopper comprising the at least one bladed rod to alter the

delivery rate of the fibers.

The method of claim 9, wherein the at least one bladed rod comprises an auger

blade extending helically around an auger portion of the rod.
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14.

15.

16.

17.

18.

19.

20.

The method of claim 13, wherein the at least one bladed rod further comprises

a plurality of blades extending outwardly from an agitator portion of the rod.

A method, comprising;

pouring fibers into a hopper comprising at least one bladed rod and at least
one picker rod, the at least one bladed rod having an auger portion
comprising an auger blade extending helically around a rod;

metering the fibers through a gate in the hopper to an outlet chamber of the
hopper using the auger portion; and

conveying the fibers through an air lock disposed at an outlet of the hopper to

discharge the fibers through a discharge tube.

The method of claim 15, wherein the auger portion, at least a portion of the at
least one picker rod, and the air lock are axially aligned with the outlet of the

hopper.

The method of claim 15, further comprising flowing the fibers through at least
one agitator portion of the at least one bladed rod to condition the fibers, the
agitator portion comprising a plurality of blades extending radially outward

from a rod.

The method of claim 15, further comprising adding water to the fibers during

discharging the fibers from the discharge tube.

The method of claim 15, wherein the fibers are conveyed at least 10 feet away

from the outlet of the hopper by a pneumatic stream generated from a blower.

The method of claim 19, further comprising:
introducing the fibers conveyed by the pneumatic stream into a blender
assembly at a delivery rate; and

introducing a proppant into the blender assembly.
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