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tar and liquid mixture and spray the mixture m a direction perpendicular to a direction of travel of the mortar and liquid mixture into
the spray head, the spray head oscillating in the direction of travel of the mortar and liquid mixture into the spray head.
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METHOD AND APPARATUS FOR APPLICATION OF MORTAR

Cross-Reference to Related Applications

[001] This application claims the benefit of US Provisional Patent Application Senal
Nos. 61/440,527, filed February 8, 2011 to Scott Gesicki et al., titled “Method and Apparatus for
Application of Mortar’, 61/447,303, filed February 28, 2011 to Scott Gesicki et al,. titled
“Method and Apparatus for Application of Mortar”, and 13/367,315, filed February 6, 2012 to

Scott Gesicki et al., titled “Method and Apparatus for Application of Mortar”’

Field of the Invention

[002] The present invention relates to the application of mortar, and more specifically to

the application of a mortar formed of cementatious materials or polymer or other mortar in a

spray on application, preferably employing inventive centrifugal spinner equipment and

accompanying inventive delivery equipment.

CA 2824652 2018-09-17
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Background of the Invention

[003] Application of mortar or other rehabilitation materials on the mside of concrete or
metal pipes, other concrete or other surfaces to be remediated often takes too much time, the
cequipment 1s too expensive, and current processes fail to provide a satistfactory product. Similar
1ssues may present themselves when such pipe 1s formed of corrugated metal or other metal
pipcs, or any other pipe surface. The 1ssucs may range from full structural failure, partial
structural failure, cracks, exfiltration of materials from the pipe, infiltration of materials into the
pipe, separation of joints, ctc.

[004] Figure 13 depicts a typical spinner head assembly. As 1s shown 1 Figure 13, a
nozzle 700 spins about an axis 710, comprising a hose or other material delivery device. Upon
delivery of material at a high speed, such material 1s preferably ¢jected at a high velocity from
spinning head 720, including rear spinner disc 714, thus generating a material discharge point
712. Further shown 1s an air intake 730 and a spinner body 740. The air 1s used to spin the
spinner head 1n a pneumatic fashion. The spinner head 18 preferably attached to a sled to position
the spinner head at the correct point in the pipe. The sled also controls the movement of the
spinner head parallel to the pipe. Such a system fails to provide a high velocity material
discharge system, thus resulting in potentially uneven application of material,

[005] Therefore, 1t would be desirable to provide an apparatus that overcomes the

drawbacks of the prior art.
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Summary of the Invention

[006] In accordance with one or more embodiments of the present invention, one or
more 1nventive apparatuses and methods are preferably provided for properly positioning a
spinner head 1n a location 1n which mortar 1s to be deployed, and for delivering various materials
to the spinner head, for placement of the spinner head in a desired location, and for use of an
iventive spray hecad with the inventive spinner head. An inventive apparatus 1n accordance with
an embodiment of the invention may comprise an inventive centrifugal spinner for application of
rchabilitation material 1n a pipe, other remediation area, or the like to a desired placement point
or application arca. Sprayers of any other sort may also be applicable 1n accordance with one or
more¢ alternative embodiments of the invention.

[007] In accordance with another embodiment of the invention, a method may be
provided in which a layered or laminated spray of rechabilitation material may be provided, thus
allowing for a single application of any desired thickness, and preferably from 1/4” or less to as
much 6 inches thick or more 1n some circumstances.

[008] In accordance with another embodiment of the invention, an inventive method for
transporting equipment utilized for application of rehabilitation material through a pipe or other
confincd spacc 1n a manncr that monitors and meters appropriate application volumes may be
provided. Mixers for mixing various materials may be provided 1n the vicinity of a spinner head
applying the material, and may further be position on an inventive sled used for supporting the
mixer and spray head.

[009] In yct another embodiment of the invention, a method for safcly conveying,

power, and supplying air, electric, raw rchabilitation material, water and other material to an
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application point through a specially designed harness that encapsulates and protects the

components of such a delivery system may be provided.

[010] In accordance with a further embodiment of the invention, an inventive
centrifugal spinner i1s preferably provided that may allow for the introduction of high
volume, high pressure air and/or other materials at a discharge point, which in turn allows
the rehabilitation material to be projected or propelled at a high velocity. This high velocity
material may be projected or propelled in a manner that achieves a high impact of the
rehabilitation material on a desired surface, thus resulting in a desired packing of the
material thereon. In turn, the rehabilitation material preferably achieves a high density at its
point of application, positively affecting rehabilitation material (i.e. mortar) performance
and durability. This durability and performance increase may include one or more of an
improved resistance to chemical attack, an improvement of general imperviousness of the
applied material, an improvement in the compressive strengths of the material, and

achievement of a greater diameter placement.

[010a] According to an embodiment, there is provided an apparatus for applying
mortar, comprising: a spray head positioned on a moveable sled and adapted to receive a
pumped mortar and liquid mixture via a pump positioned on the moveable sled and spray the
mixture in a direction substantially perpendicular to a direction of travel of the mortar and
liqud mixture into the spray head, the spray head oscillating in the direction of travel of the

mortar and liquid mixture into the spray head, the spray head including trapezoidal orifices; a
mortar dehvery conduit for providing mortar to the spray head, and an intake line placed at a

center of the mortar delivery conduit, the intake line for delivering air to the spray head.

[010b] According to another embodiment, there is provided a spray mechanism,
comprising: a mortar delivery pipe; an intake line placed at a center of the mortar delivery
pipe, the intake line for delivering air to the spray head; and a spray head adapted to be
positioned on a moveable sled and to receive a pumped mortar and liquid mixture via the
mortar delivery pipe and spray the mixture in a direction substantially perpendicular to a

direction of travel of the mortar and liquid mixture through the mortar delivery pipe, the spray

CA 2824652 2018-09-17
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head oscillating in the direction of travel of the mortar through the delivery pipe, the spray

head including trapezoidal orifices.

[010c] According to another embodiment, there is provided a method for applying
rehabilitation matertal to a remediation area, comprising the steps of: delivering a
rehabilitation material via a rehabilitation material delivery conduit to a spray head positioned
on a moveable sled; mixing a material received via a material input port disposed at a center
of the material delivery conduit with the rehabilitation material, the material comprising air;
and spraying the mixture to a remediation area while oscillating the spray head in a direction

substantially perpendicular to a direction of application of the rehabilitation material, the

spray head including trapezoidal orifices.

[011] Still other objects and advantages of the invention will in part be obvious and

will in part be apparent from the specification and drawings.

[012] The invention accordingly comprises the several steps and the relation of one
or more of such steps with respect to each of the others, and the apparatus embodying features
of construction, combinations of elements and arrangement of parts that are adapted to affect
such steps, all as exemplified in the following detailed disclosure, and the scope of the

invention will be indicated in the claims.

4a
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Brief Description of the Drawings

[013] For a more complete understanding of the ivention, reference 1s made to the
following description and accompanying drawings, in which:

[014] Figure 1 1s a block diagram of an inventive mortar dry delivery application
process 1n accordance with an embodiment of the invention;

[015] Figure 2 1s a small sled support mechanism constructed in accordance with an
embodiment of the invention;

[016] Figure 3 1s a large sled support mechanism in accordance with an embodiment of
the invention;

[017] Figure 4 15 a plan view of the sled support mechanism of Figure 2;

[018] Figure 5 1s a plan view of the sled support mechanism of Figure 3;

[019] Figure 6 1s a dry mortar delivery apparatus constructed in accordance with an
embodiment of the invention;

[020] Figure 7 1s a depiction of a mortar application head constructed in accordance
with an embodiment of the invention;

[021] Figure 8 1s a depiction of an alternative mortar application head constructed in
accordancc with an alternative ecmbodiment of the invention;

[022] Figure 9 1s a depiction of yet another alternative mortar application head
constructed 1n accordance with another alternative embodiment of the invention;

[023] Figure 10 1s a depiction of still another alternative mortar application head
constructed 1n accordance with still another alternative embodiment of the invention;

[024] Figure 11 18 a depiction of a sprayer head constructed in accordance with an

embodiment of the invention;
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[025] Figure 12 1s a front plan view of the sprayer head of Figure 11;

[026] Figure 13 1s a conventional sprayer head;

[027] Figure 14 depicts a sprayer head constructed in accordance with an alternative
embodiment of the invention;

[028] Figure 15 depicts a sprayer head constructed in accordance with yet another
cmbodiment of the invention; and

[029] Figure 16 1s a block diagram of an inventive mortar wet delivery application
process 1n accordance with an embodiment of the invention;

Detailed Description of the Preferred Embodiments

[030] The invention will now be described making reference to the following drawings
in which like reference numbers denote like structure or steps. In accordance with various
embodiments of the invention, an 1nventive mortar may be applied in accordance with an
mventive application method, employing an inventive application apparatus 1n order to address
fatlures 1n pipes or other substances where access may be limited. Such inventive methods and
systems may employ mixing of mortar material outside of a remediation area, delivery of one or
more components thercof to be mixed 1n the vicinity of the remediation area, and preferred final
placement of mortar matcrial to an arca in which there 1s limited or confined space access. The
thoroughly mixed material may then preferably be applied through a high speed centrifugal
sprayer or nozzle apparatus in a manner that produces a thick to thin overlaying fully compacted,
consolidated composite.

[031] The mventors of the present invention have suggested two ways to address the
delivery of material to a confined space with limited access, as described above. Such

application may take place through the use of an inventive dry delivery process in which material
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1s forwarded and mixed 1n the vicinity of the remediation area, or through the use of an inventive
wet delivery process 1n which material 1s mixed outside the remediation area, and then forwarded
to the remediation arca. Each of these processes will now be described.

Mortar Dry Delivery Process

[032] Reterring first to Figure 1, a system for performing the inventive mortar dry
delivery application process 1s shown. Dry powder and other material required for application of
rehabilitation material 1s preferably stored 1n a material hopper 1000. While only one material
hopper 1s displayed, 1t should be understood that multiple material hoppers or other holding
mechanisms may be employed to hold larger amounts of material, or to hold different materials
that arc not yet to be mixed together. Also shown 1n a support truck 1010 (or other support
mechanism, 1.e. train, etc.). The support truck preferably provides cranes and other mechanical
assistance as may be necessary, and further (as will be described below) preferably operates a
harness employed to properly position a spraying mechanism. As noted, any type of support
mechanism may be employed that provides sufficient mechanical and other support (electrical,
etc.).

[033] As is further shown in Figure 1, material hopper 1000 may be coupled with a
matcrial supply linc 1020 for providing matcrial from matcrial hopper 1000 to a sled 1030.
Support truckl010 may be further coupled to a harness 1025, preferably including at least a
means for moving sled 1030, such as a chain, cable or the like. Harness 1025 may also include
water, air and other materials to be delivered to sled 1030.

[034] Sled 1030 1s further preferably formed with a mixer/pump mechanism 1040 and a
spray head 1035. Sled 1030 1s also preferably formed with support means for supporting the sled

within a remediation area 1050 such as a pipe or the like. Sled 1030 1s therefore preferably
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formed with one more skis or the like for easily traversing many materials, such as corrugated
metal, concrete, cracked or damaged materials, or even previous layers of remediation materials
if multiple layers are to be applied. Wheels or other means of support and allowance of motion
of the sled may also be provided.

[035] During operation, sled 1030 1s preferably placed at a location within remediation
arca 1050 1n which remediation 1s to begin.  Such remediation arca typically may comprisc a
start of a section of pipe or the like. Support truck preferably pulls sled 1030 1n the direction
indicated by arrow A at a predetermined rate of speed 1n accordance with the desired thickness of
rchabilitation material to be deposited along remediation arca 1050. While moving, a spray head
1035 1s preferably oscillated 1in the directions indicated by arrow B, thus providing a feathering
ctfect of the rehabilitation material within remediation area 1050.

[036] Mixer/pump 1040 provides for the mixing of dry rchabilitation material from
material hopper 1000 (or of other dry or wet materials from other material hoppers), along with
air, water and the like from harness 1025, other air or water intake mechanisms, or from any
other available source. As will be described below, use of such an inventive mixing-pump and
sled combination allows for the deployment of one or more inventive spray heads 1n accordance
with cmbodiments of the present invention.

[037] Referring next to Figure 2, an inventive sled 1n accordance with an embodiment
of the invention 1s shown. As 1s show 1n Figure 2, a sled 1s preferably formed of a support

system 210 and a mortar handling system 250. Support system 210 1s further formed of one or

supporting support frame pieces 220 221, and allowing for movement through a remediation

area, such as a pipe or the like. As noted above, skis, feet, or other support points allowing for
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movement of the sled relative to the remediation area may further be employed. Figure 3 depicts
a larger sled, including a larger support system 310, employing support frame pieces 320, 321, as
well as internal frame portions 322, allowing for the positioning of mortar handling system 250
necarer to a center position (radially) with respect to a larger remediation area or pipe, or in any
other desired location. Figure 4 depicts a side plan view of the smaller sled of Figure 2, while
Figurc 4 depicts a side plan view of the larger sled of Figure 3.

[038] As 1s shown 1n cach of Figures 2-5, cach support system 18 adapted to
preferentially position mortar handling system 250 at a desired location of the remediation area,
and 1s therefore provided with one or more height adjustment features as part of the support
frame. Thus, as 18 shown 1n Figure 4, support frame 210 may further comprise height adjustment
clements 211 to position upper support frame 212 relative to lower support frame 213.
Additionally, as 1s shown 1n Figure 5, support frame 210 may further comprise height adjustment
clements 211 to position upper support frame 212 relative to lower support frame 213.
Additionally, support frames 210 and 310 are preferably able to be broken down to provide
access to a remediation arca that may be difficult to reach, and then reassembled once 1n the
proper, desired location.

[039] Rcferring next to Figure 6 a dry delivery apparatus and process will be described.
As 18 shown 1n Figure 6, mortar handling system 250 may further comprise a spinner head 610
located at or near the beginning of a discharge point of mortar handling system 250. A pump 620
1s preferably positioned adjacent spinner head 610, and 1s adapted to provide dry mortar material
thereto. A muxer 625 1s positioned to provide material to pump 620. Each of the pump and
mixer comprise a portion of the mortar handling system 250, and are similarly therefore

supported by support frames 210, 310. Mixer 625 may comprise a mixing element for combining
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material, and may further comprise a high shear compact mixer. A feeder 630 or material surge
hopper / teeder 15 preferably positioned inline within the remediation area, such as a pipe or
confined space cavity, and 1s preferably linked to mixer 625 for providing material thereto. A
harness connection 635 may then be provided, thus connecting and delivering dry mortar, and
preferably supplies one or more of air, water, power, and raw dry material to the equipment. A
guide/drive wheel 640 may be provided for guiding a dircction of the sled, and for aiding 1n
driving the sled.

[040] Dry raw material mortar i1s then preferably conveyed through harness 635 to
feeder 630. Feeder 630 in turn preferably conveys the dry material mortar to mixer 625; the
mixer mixes any such received material with water and perhaps one or more other materials to be
mixed therewith (as will be described in greater detail below) and then pumps, via pump 620, the
material through a discharge spray mechanism, such as spinner 610.

[041] The dry mortar material may be provided as a powder comprising rehabilitation
material or the like may be delivered to a jobsite or other application location 1n small 251b to
1001b breakable bags, 5001b to 3000lb bulk super sacks, or in bulk pneumatic tankers. Other
methods of delivery may also be employed.

|042] The following cxemplary matcerial and devices may preferably be employed 1n
accordance with application of one or more of the exemplary various embodiments of the
invention, although any other combination of elements may be employed:

. Large volume air compressor with a minimum output of 100 C.F.M, but any
desired compressor may be employed

o Large generator capable of mmimum 220v output, or any other power amount

may be employed.

10
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o Water storage tank and pump capable of supplying adequate water for pre-
washing of application arca and batch water for material. Minimum 500 gallon, or any necessary
amount.

o Matcrial storage bin or hopper with attached blower capable of rcceciving and
pneumatically delivering the dry bulk material to the Feeder.

o A crane or winch capable of lifting all equipment in and out of confined space as
well as loading and unloading bag and super sack raw materials.

[043] A current commercially available spinner head may be employed to discharge and
direct a thick to thin spray or application coating of rehabilitation material (such as that shown 1n
Figure 7), including a proprietary blend of GeoSpray * and GeoSpray = AMS geopolymer
mortars. In accordance with the invention, however, 1t 1s desirable to apply a 1/4” inch or less to
6 1nch thick or grcater coating 1n a single complcte pass, without any hand trowel or finishing
required, to a surface to be rehabilitated, such as to the inside of a concrete pipe, metal pipe, or
the like. There are preferably three sizes of spinner heads currently available, including a 17, 1-
1/2”, and 2” mline feed, although the invention shall not be so limited and may be employed
with any sized spray head. These exemplary spinner heads may be employed as follows:

o 17 spray 127 to 102 diameter pipe

o 1 '42” spray 30 to 144” diameter pipe

o 2”7 Spray 427 to 1807 diameter pipe

[044] While there are a variety of conventional spinner shafts and heads available, none

of these spinner heads have been found to be capable of achieving a desired “Thick to Thin”

embodiments of the present invention. Therefore, 1n accordance with one or more embodiments

11
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of the invention, one or more inventive modified spinner heads may be provided. Such a
modified orifice or spinner head may comprise one or more trapezoidal openings in a spinning
cylinder that delivers rehabilitation material in a manner which thickly applies a larger volume of
material then overlays the thicker volume with a thinner finer spray as the spinner head 1s moved
back through the pipe or confined space.

[045] Rcferring first to Figure 7, a spinner head 120 employing trapczoidal orifices 125
18 shown, and compared to a conventional spinner head 110 employing rectangular orifices 1135.
As 18 shown 1n Figure 7, conventional spinner head 110 1s mounted 1in such a manner as to rotate
about an axis, denoted at “Arrow A.” As rotated 1in such a manner, mortar or other material may
be expelled from the one or more rectangular orifices 115. As 1s evident from Figure 1, material
will be evenly provided to a surface, such as the inside of a pipe to which the mortar 1s to be
applied from the one or more rectangular orifices 115. As such a conventional spinner head 1s
moved back and forth 1n the direction indicated by Arrow A (or opposite the direction indicated
by Arrow A), material will be evenly and continuously applied. The inventors of the present
invention have determined, however, that it may be advantageous to first apply a heavier layer of
mortar material, followed by a thinner, finer layer of such mortar material. Thus, the use of the
mventive spinner head 120 employing trapezoidal orifices 125 may preferably apply a varying
thickness of mortar or other material. Such trapezoidal orifice shapes allow for the above-noted
thinner layer of material upon removal of the spinner head from the pipe or other application

surface through movement 1n the direction indicated by Arrow B. As the orifices move back and

and eventually around a central support point, such as a material supply pipe or the like (as will

be described below), trapezoidal orifices 125 allow for control of the amount of material applied

12



CA 02824652 2013-06-28
WO 2012/109289 PCT/US2012/024206

to different surfaces. Upon removal of the inventive spinner head 120 from such a pipe or the
like, the thinnest portions of trapezoidal orifices 125 will spray material into the pipe last at each
point therein, thus providing a finer, thinner application of mortar on top of any thicker layer of
mortar or other material.

[046] Figure 8 shows a similar inventive spinner head 220 including elongated
trapczoidal orifices 225, and oncc again as comparcd to a conventional spray hecad 110. Such
clongation creates a larger spray zone, thus enabling the delivery of material to be fanned out
further gaining greater coverage, while providing the benefits of the embodiment described
above with respect to Figure 7. Such an extended spinner head will preterably allow for a
sustamned build up of material as the spinner head 1s moved back through the pipe or confined
space 1n the direction indicted by “Arrow C” (and upon rotation about an axis indicated thereby)
while still allowing for the application of a thinner, finer layer of mortar material when desired.

[047] Figure 9 shows an alternative embodiment of an inventive spinner head 320
including a conventional portion 310 including conventional rectangular orifices 315, and a
conical section portion 330 including trapezoidal orifices 335 (or alternatively, rectangular,
triangular, or other desirably-shaped orifices positioned along the conical portion 330). The use
of such a spinner head allows for the cven, bulk application of mortar material as 1in the
conventional spmnner head 110, and further allows for the benefits of the use of trapezoidal
orifices 1n order to provide a thinner, finer application of mortar upon the removal of the sprayer
head. In such a manner a benefit in the type and consistency of mortar applied may be provided,
thus providing a thinner application adjacent the cone end (335) of the spinner head spinner top.

[048] Finally, Figure 10 shows a combination of an ¢longated portion of a spinner head

410 1ncluding rectangular orifices 4135, and including a conical section top 430, employing one or

13



CA 02824652 2013-06-28
WO 2012/109289 PCT/US2012/024206

more trapezoidal orifices 435, 1n accordance with yet another alternative embodiment of the
mvention. This embodiment of the inventions thus provides the benefits of the embodiments
described 1n connection with Figure 9, and further provides the benefits of the elongated
embodiment described in connection with Figure .

[049] Any of these inventive or conventional spinner heads may be employed with one
or mor¢c of thc following embodiments of the invention, depicting various inventive mortar
delivery systems. Figure 14 presents a first of such mventive mortar delivery systems, and
comprises a modification to the conventional spinner head assembly depicted 1in Figure 13, and
includes an additional intake line 850 being coupled to material delivery device 710 via a coupler
860 for delivery or air or any other desirable material to the spinner head via the mortar delivery
system. Any of the spinner heads described above with respect to Figures 7-10 (or any
conventional spinner head) may be employed in accordance with the embodiment of Figure 14.
Theretore, 1n accordance with this embodiment of the mmvention, an additional intake line 1s
introduced to allow for the addition of further material to the material intake line via the coupler
860. The additional intake line 1s preferably placed at a radial center of material delivery device
710. Preferably, this additional intake line 1s open ended and may be terminated in a position 1n
the vicinity of the spinner head, or the spinner disk, preferably just before reaching these portions
of the apparatus, and further in the vicinity of the material discharge location 712. As described,
any air and/or other material provided via the additional intake line 850 preferably exits out of
the mtake line in a manner that evenly spreads high pressure, high volume air and/or other
matcrial across the rear spinning discharge disk 714, and thus may be combined at that point with
any mortar or other material being delivered via material delivery device (tube) 710. In

accordance with this embodiment of the invention, the spinning disk may be modified in a
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manner so that it 1s adapted to receive the air and/or other material evenly and redirect the tflow
thercof along the 1nside face of the spinning discharge disk.

[050] In accordance with this additional embodiment of the invention, one or more of
the following benefits may be realized. First, various material discharge propertics may be
altered. In particular, material discharge volume may decrease, and oxidation of materials may
incrcasc. Air and/or any other desired materials may be introduced at the discharge point. Speed
of the discharged material may increase, while the pattern of the discharged material may
change. In particular, a larger number of smaller particles may be discharged, and these solid
particles may be more evenly dispersed within a more definitive pattern. Next, material may be
propelled by entering into a high velocity directed air stream, or stream of other desirable
material, and will not simply be centrifugally discharged. Further, there may be less wear on the
equipment during repeated use. The material will move 1n accordance with air or other material
flow, resulting 1n reduced material to metal friction on the spinner head so that the spinner will
operate more consistently and evenly while more air will be demanded by the spinner motor. In
addition, 1t 1s contemplated that as a result, any seals employed by the spinner head will last
longer. Finally, such an inventive apparatus will enable additional regulation ot remediation
matcrial flow via a control mechanism not currently achicvable using the more typical prior art
Systems.

[051] Referring next to Figure 15, a further alternative embodiment of the invention 1s

shown, and 1ncludes delivery of air around the perimeter of the material supply pipe. Thus, as 1s

coupled to material delivery device (pipe) 910. The original air intake 730 may be employed in

order to propel the spinner head in a pneumatic matter. Any of the spinner heads described above
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with respect to Figures 7-10 (or any conventional spinner head) may be employed in accordance
with the embodiment of Figure 15. Therefore, in accordance with this embodiment of the
invention, an additional air intake line 18 preferably introduced to allow for the addition of air to
be supplied around the perimeter (coaxially) to material supply device 910. The additional air
intake line 952 1s thus preferably placed around, and substantially coaxially to, material delivery
device 910. Preferably, this additional air intake line 1s open ended and may be terminated 1n a
position 1n the vicinity of the spinner head, or the spinner disk 920, preferably just before
reaching these portions of the apparatus, and further in the vicinity of the material discharge
location 912. Spinner disk 920 1s preferably formed with material supply device 910 passing
therethrough, and air intake line terminating at air discharge ports 953 formed therein. Pins 913
are provided for positioning a rear spinning discharge disk 914 a desired distance from spinner
disk 920. Rear spinning discharge disk 914 may be formed with a protrusion 916 for the
direction of supplied material and air radially outward from the spmner head. An additional
directional member 915 (circularly provided, but triangular in cross section) may be provided for
further directing the supplied material and air. As described, any air and/or other material
provided via the additional air intake line 952 preferably exits out of the intake line in a manner
that cvenly sprecads high pressure, high volume air and/or other material across the recar spinning
discharge disk 914. In accordance with this embodiment of the invention, the spinning disk may
be modified in a manner so that 1t 1s adapted to receive the air and/or other material evenly and
redirect the flow thereof along the inside face ot the spinning discharge disk. Any number of
intake lincs 952 may be provided to allow for the supply of air or other materials.

[052] The following additional benefits may be enjoyed in accordance with this

embodiment of the present invention. The introduction of high volume high pressure air and/or
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other materials at a discharge point may be achieved. The material may be projected or propelled
at a high velocity using an uninterrupted directional air stream. The high velocity material 1s
preferably shot out 1n a manner which achieves a high velocity and impact achieving a greater
physical packing or density. The propelled material preferably achieves high density which
positively affects the mortar performance and durability. Benetfits may result in mortar that 1s
morg¢ resistant to chemical attacks, 18 more impervious and has improved compressive strength.
Additionally, a greater diameter placement may be achieved while providing an improved
consistency of final product.

[053] Therefore, as 1s described mm Figure 15, an intake line 1s introduced 1nto the
material in flow fitting, and 1s preferably placed around the perimeter of the material intake line,
and coaxially thereto. The intake line preferably terminates just before the end spinner head or
spinner disk and discharges a high velocity of pressured air through 3/16” + or — 1/8” diameter
orifices, although any sized orifices may be employed.

[054] As a result, the air and/or other material exits out of the intake line 1n a manner
which evenly spreads high pressure high volume air and/or other material across the rear
spinning discharge disk. The spinning disk discharge 1s preferably constructed in a manner which
receives the air and/or other material cvenly and redirects the flow along the inside face of the
spinning discharge disk, through the use of protrusion 916 and directional member 915. The air
and/or other material 1s sprayed out 1n a 360 degree pattern (or other pattern as desired) at high

speed and pressure. Mortar 1s pumped through the center material intake line 910 and 1s pushed

accordance with one or more intakes 950, or through a single intake 950.
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[055] Furthermore, material discharge properties will be altered 1n that material
discharge volume will decrease while oxidation of materials will increase. Air and/or other
materials will be introduced at the discharge point. The speed of the thrown material will
increase while the pattern of the material thrown will change: a larger number of smaller solid
particles will be shot or propelled while solid particles will be more evenly dispersed within a
morc¢ dcfinitive pattern. Matcrial will be propelled by centering into a high velocity directed air
strcam and not just physically flung centrifugally. As a result, there will be less wear on the
cequipment, material will move on air, resulting in reduced material to metal friction on the
spinner head. The spinner will run more consistently and evenly, air demand by a system motor
will be more even, and seals will last longer. This improved inventive apparatus will enable an
additional regulation or control mechanism not currently available.

[056] In accordance with an alternative embodiment of the invention, and as described
above, any of the described inventive mortar delivery systems may be coupled with one or more
of the described inventive sleds to be used as the foundation mount and transport vehicle for any
type of inventive spinner or spray nozzle. The sled may further act as the foundation or mount of
the described mixture and delivery system. Therefore, in accordance with the invention, such a
sled may be provided that smoothly moves through a pipe or other confined spacc so that the
spinner head preferably travels along a substantially level path. The sled may pass through the
pipe at any portion of the diameter thercof, the sled may preferably pass at substantially the

center most point of a pipe or cavity, through the user of various positioning elements, as

by the volume of mortar material being sprayed 1s preferably employed for maintaining a

location and positioning of the sled. Furthermore, the above-described method in which the
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spinner head may oscillate forward and backward at even intervals and distance along a
horizontal plain creating an oscillating spray point allowing the buildup of material to the
greatest thickness 1n a single pass may be employed. A reciprocating arm may be provided that
moves the spinner head forward and backward along a cylinder, the cylinder preferably
supplying the mortar to the spinner (see Figures 2-6). Thus as 1s shown 1n Figure 3, for example,
in this particular cmbodiment, onc or morc linkage arms 330 may bc coupled to a point other
than a central point of a cylinder 335, thus imparting a reciprocating motion to the linkage arms
330. This reciprocating motion 1s preferably transferred to the spray head resulting the the
described oscillating motion. Of course any method of oscillating the spray head may be
employed. This movement preferably allows for a stroke or distance of any desired amount, and
preferably from a minimum of 3”7 to a max of 48" stroke or distance. In alternative embodiments
of the invention, movement of the spinner head 1n a reciprocating axial direction allows for the
application of multiple layers of material during one application, thus aiding 1n generating a
thickness of rechabilitation material as desired. Use of such an oscillating spray head may allow
for the buildup of materials 1n layers, providing a laminating effect. Benefits of this oscillating
spray head motion may include an even oxidation of materials throughout the entire applied mass
of matcrial, an ability to build up a greater thickness of material while providing greater control
over the applied thickness of the materials as well as greater control over the distribution of the
materials. Such an oscillating spray head further allows for an even distribution of additives
through the mass of applied materials and finally may compensate for any irregularity in the
movement of the sled.

[0S57] A mixture and delivery system allows a liquid admixture to be sprayed into the

material stream, the combined material then being sprayed from the spinner head. Thus, as such
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rehabilitation material 1s output from the spinner head, liquid or other material may be added to
the material stream.

[058] Additional embodiments of the invention may employ the above described mixer
for mixing material in a confined space or pipe, such as within or adjacent to the remediation
area, thus allowing for the combining of dry powder and liquid, etc. in order to provide a desired
mixturc of rchabilitation matcrial. A fecder may also be provided to receive, store, and feed
material to an inline mixer. It may be considered the engine or locomotive used to move the
whole train of equipment through the lines, and may comprise a control center of the apparatus.
A harness, as described above, may be provided, connecting and delivering all components
together, and may preferably supply air, water, power, and raw dry material to the equipment.

Mortar Wet Delivery Process

[059] In accordance with an alternative embodiment of the invention, a wet delivery
process for mortar application may be employed. Referring first to Figure 16, a system for
performing the inventive wet delivery of mortar for application 1s shown. Dry powder and other
material required for application of rchabilitation material 1s preferably stored in a material
hopper 2000. While only one material hopper is displayed, 1t should be understood that multiple
matcrial hoppers or other holding mechanisms may be employed to hold larger amounts, or to
hold different materials that are not yet to be mixed together. Also shown in a support truck
2010 (or other support mechanism, 1.¢. train, ¢tc.). The support truck preferably provides cranes

and other mechanical assistance as may be necessary, and further (as will be described below)

support mechanism may be employed that provides sufficient mechanical and other support

(electrical, etc.).
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[060] As 1s further shown in Figure 16, material hopper 2000 1s coupled with a
mixer/pump 2040 for mixing the dry power supplied 1in hopper 2000 with water and other
materials as desired. Mixer/pump 2040 may be coupled to material supply line 2020 for
providing material from material hopper 2000 to a sled 2030. Support truck 2010 1s preferably
further coupled to a harness 2025, preferably including at least a means for moving sled 2030,
such as a chain, cable or the like. Sled 2030 1s preterably placed within a remediation arca, such
as a pipe 2050 or the like.

[061] In accordance with various embodiments of the invention, powder, such as a dry
remediation material, may be delivered to the jobsite in small 251b to 100Ib breakable bags,
5001b to 30001b bulk super sacks, or in bulk pneumatic tankers, or other appropriate delivery
vessel. A “spinner” or spray head may be located at or near a beginning discharge point of a
surface to be rehabilitated. A particular inventive spinner to be employed with this mortar wet
delivery process will be described below. Sitmilar to the embodiment depicted 1n Figure 1,a
“sled” or spraying equipment may be transported into a pipe or confined space cavity. The
spinner 18 preferably attached to the sled. Remediation material 1s preferably discharged into a
pump capable of pumping the thick slurry mortar through a line (Part of the harness) which is
attached to the spinner head. The harness 1s preferably attached to the remaining apparatuscs, and
preferably delivers one or more of the following: electric, water, air, dry mortar, wet mortar,
hydraulic to the sled and spinner head. The air and mortar (and any other supplied materials) are
preferably combined at the point of spray generating an air sprayed material.

[062] Matcrial preferably employed 1n such an implementation may include a large
volume air compressor with a preferable mimmimum output of 100 C.F.M, or other desirable

output, a large generator capable of minimum 220v output, or other desirable output, and a water
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storage tank and pump capable of supplying adequate water for pre-washing of application arca
and batch water for material. Preterably Minimum 500 gallon, or other desired amount. One or
more material storage bins or hoppers with attached blowers capable of receiving and
pnecumatically delivering the dry bulk material to the feeder may also be employed. A mortar
mixer, concrete pump, and a crane or winch capable of lifting equipment 1n and out of confined
spacc as well as loading and unloading bag and super sack raw materials may also be employed

[063] In accordance with such an embodiment of the invention, a new material spinner
head design may be employed, avoiding the need for a motor or other spinning device for the
application of wet remediation material. In such a novel spinner head, remediation material may
be combined with air or high pressure air which accelerates or shoots the material at a high
velocity. Such high pressure air and remediation material mixture may turn a turbine or fin
configuration spinner head, thus creating a spinning motion. The spinning motion preferably
turns key discharge points. (Stmilar to a sprinkler head which uses the water pressure to spin the
head). The high pressure material with high pressure air preferably work together to both spin
the head and spray the material with a high pressure and material impact.

[064] Such an inventive nozzle 1s shown in Figures 11 and 12. As is shown in Figure
11, a nozzlc 500 spins about an axis 510, comprising a hosc of othcer material delivery device.
Upon delivery of material at a high speed, such material i1s preferably ¢jected at a high velocity
from one or more angled ¢jection ports 520, the direction of these ports moving nozzle 500 about

ax1s 510 upon the ejection of such material. Thus, through the ¢jection of such material through

¢jecting the material. The combined material therefore generates rotational motion of the spinner

head while also applying the combined material as desired. Such a nozzle may be employed with
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any of the orifice designs described above. Figure 12 further depicts an injection tube 330 for
allowing the mjection of any desired material, and a mixing chamber 540 for mixing material
from hose 510 and 1njection tube 530.

[065] Therefore, 1n accordance with various embodiments of the invention, apparatuses
and methods are provided allowing for a uniform, thick mixture of remediation material to be
provided to a surface to be remediated, such as the internal surface of a pipe or other surface or
space.

[066] It will thus be seen that the objects set forth above, among those made apparent
from the preceding description, are etficiently attained and, because certain changes may be
made 1n carrying out the above method and 1n the construction(s) set forth without departing
from the spirit and scope of the invention, 1t 1s intended that all matter contained in the above
description and shown 1n the accompanying drawings shall be interpreted as illustrative and not
I a lmiting sense.

[067] It 1s also to be understood that this description 1s intended to cover all of the
generic and specific features of the mnvention herein described and all statements of the scope of

the invention which, as a matter of language, might be said to fall there between.
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CLAIMS:

I. An apparatus for applying mortar, comprising:

a spray head postitioned on a moveable sled and adapted to receive a pumped mortar
and liquid mixture via a pump positioned on the moveable sled and spray the mixture in a
direction substantially perpendicular to a direction of travel of the mortar and liquid mixture
into the spray head, the spray head oscillating in the direction of travel of the mortar and

liquid mixture 1nto the spray head, the spray head including trapezoidal orifices;
a mortar delivery conduit for providing mortar to the spray head, and

an intake line placed at a center of the mortar delivery conduit, the intake line for

delivering air to the spray head.

2. The apparatus of claim 1, wherein the apparatus is adapted to be driven in a

direction substantially perpendicular to the direction of spray of the mixture.

3. The apparatus of claim 1, further comprising a wheel providing circular motion for

oscillatinthe spray head.

4. The apparatus of claim 3, further comprising a linkage provided between the wheel

and the spray head.

. The apparatus of claim 1, wherein the spray is sprayed on the inside of a pipe.

6. The apparatus of claim 1, further comprising a harness for moving the apparatus in

a desired direction of travel.

7. The apparatus of claim 6, wherein the direction of travel is substantially coaxial to

a pipe in which the apparatus is positioned.
8. The apparatus of claim 1, wherein the trapezoidal orifices are elongated.

9. The apparatus of claim 1, wherein the spray head includes a portion having

rectangular orifices and a conical portion having the trapezoidal orifices.
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10. The spray mechanism of claim 9, wherein the portion having rectangular orifices is
clongated.
11. A spray mechanism, comprising:

a mortar delivery pipe;

an intake line placed at a center of the mortar delivery pipe, the intake line for

delivering air to the spray head; and

a spray head adapted to be positioned on a moveable sled and to receive a pumped
mortar and liquid mixture via the mortar delivery pipe and spray the mixture in a direction
substantially perpendicular to a direction of travel of the mortar and liquid mixture through
the mortar delivery pipe, the spray head oscillating in the direction of travel of the mortar

through the delivery pipe, the spray head including trapezoidal orifices.

12. The spray mechanism of claim 11, further comprising a material input port for
inputting material to be combined with the mortar in the mortar supply pipe at the outlet point

of the mortar supply pipe.

13. The spray mechanism of claim 12, wherein air is further provided via the material

input port.
14. The spray mechanism of claim 11, wherein the trapezoidal orifices are elongated.

15. T'he spray mechanism of claim 11, wherein the spray head includes a portion having

rectangular orifices and a conical portion having the trapezoidal orifices.

16. A method for applying rehabilitation material to a remediation area, comprising the

steps of:

delivering a rehabilitation material via a rehabilitation material delivery conduit to a

spray head positioned on a moveable sled;

miXing a material received via a material input port disposed at a center of the

material delivery conduit with the rehabilitation material, the material comprising air; and
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spraying the mixture to a remediation area while oscillating the spray head in a
direction substantially perpendicular to a direction of application of the rehabilitation material,

the spray head including trapezoidal orifices.

17. The method of claim 16, further comprising the step of feathering the application of

the rehabilitation material.

18. The method of claim 17, further comprising the step of moving the spray head in a

direction substantially parallel to the direction of oscillation.

19. The method of claim 16, further comprising the step of spinning the spray head in

accordance with a supply of air.
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