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EXTRACTION DEVICE AND METHOD

The present invention relates generally to an integrated drilling and injection device
and a method of injecting material into a substrate and finds particular, although not
exclusive, utility in construction and repair of tunnels.

In sub-surface operations such as tunnelling, it is sometimes necessary to stabilise the
surrounding geology, for instance by applying grouts and cement to cracks, fissures
and voids. Grout injection lances and manchette tubes are well known in the strategic
placement of grout in various circumstances. Common to these devices is a hollow
pipe with holes located along its length. Flexible sleeves may optionally cover the
holes to prevent material entering the pipe/lance via the holes. Such devices are
inserted into channels that have been bored into a workspace such as a geological
formation or artificial structure (e.g. concrete). Grout may then be pumped into the
device under pressure, and thereby out of the holes and into the workspace.

According to a first aspect of the present invention, there is provided an integrated
drilling and injection device, comprising: a longitudinal shank having an internal
passage extending from an open first end of the shank along an axis of the shank
toward a second end of the shank; a drill bit located at a second end of the shank
opposite the first end; and at least one outlet in fluid communication between the
internal passage and an exterior surface of the shank.

In this way, the device may be driven into a substrate by rotating the shank about its
axis, allowing the drill bit to gouge out material in front. Once the shank has been
embedded to a desired depth, fluid may be injected into the substrate by passing along
the internal passage and through the at least one outlet, without first having to remove
the device and replace it with a separate injection component.

The longitudinal shank may comprise a substantially cylindrical shape, but in some
embodiments may comprise any other form of substantially prism-like shape, such as a
hexagonal prism shape.

The internal passage may be substantially cylindrical and/or prism-like; that is,
having a cross-section that is substantially circular, square, star-shape, triangular,
hexagonal, etc. The cross-section may vary along a length of the internal passage. The
internal passage may be accessible from the first end of the shank. The internal passage
may be orientated with an axis thereof (for example an axis of rotational symmetry
and/or longitudinal axis) parallel to the axis of the shank (for example an axis of ro-
tational symmetry and/or longitudinal axis).
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The internal passage may terminate before reaching the second end of the shank. Al-
ternatively, the internal passage may reach the second end of the shank, and/or the
internal passage may be capped at the second end, for instance by the drill bit.

The drill bit may be formed in the second end of the shank; that is, the shank may
comprise the drill bit. Alternatively, the drill bit may be attached/attachable to the
shank; that is disposed on the second end of the shank. In particular, the drill bit may
be removably attachable to the shank.

The drill bit may comprise at least one blade/edge for cutting the material into which
it is driven, which may be disposed adjacent to a point of the drill bit. The drill bit may
comprise only one, two or more blades.

The device may comprise at least one helical flute extending substantially from the at
least one blade, and may extend along at least a portion of the shank. In this way, swarf
created during the initial cutting process can be effectively removed. The flute(s) may
extend between 10mm and 150mm from the at least one blade, in particular between
20mm and 100mm, more particularly between 25mm and 70mm, for example ap-
proximately 30mm, 40mm or S0mm. Each blade may be provided with a respective
flute.

The blade may be configured to cut in a first rotational direction (e.g. clockwise).
The flute may be configured to draw swarf away from the blade by twisting in a
second rotational direction opposite the first rotational direction (e.g. anticlockwise).

The device may comprise at least one secondary flute having a helical shape. The
secondary flute may be disposed on the shank, and may be spaced from the blade and/
or drill bit. The secondary flute may be configured to draw material (such as water)
toward the blade by twisting in the first rotational direction. The device may comprise
only one, two or more secondary flutes.

The secondary flute may be located on a flute portion of the shank spaced from the
first end of the shank, the flute portion of the shank having a diameter substantially
greater than a diameter of the shank at the first end of the shank.

The at least one outlet may comprise at least one through-hole and/or at least one
nozzle. The at least one outlet may comprise only one, two, three, four or more outlets.
The outlet may extend from the internal passage to an exterior surface of the shank.
In particular, the outlet may extend to (one of) the helical flute(s), the drill bit, and/or a
part of the shank spaced from (one of) the helical flute(s) and/or the drill bit. The outlet

may extend from an end of internal passage, or from an intermediate portion of the
internal passage spaced from each end. In this way, material can be deployed into the
substrate by passing it through the internal passage and out through the or each outlet.

The at least one outlet may comprise only one outlet, or a plurality of outlets, for

instance at least two, at least four, at least six or at least ten outlets. The outlets may be
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spaced along a length of the shank. The outlets may be spaced azimuthally around the
longitudinal axis of the shank.

The or each outlet may be provided with a flexible sleeve to cover the holes to
prevent material entering the internal passage via the holes.

The or each outlet may be provided with a frangible/sacrificial membrane to prevent
undesired material passage therethrough. The membrane(s) may be configured to burst
at a predefined pressure. In this way, all membranes could be configured to burst at the
same pressure, or each membrane could be configured to burst at a unique pressure. In
this way, material can be injected into areas before others.

The device may comprise a valve within the internal passage, the valve configured to
control passage of material within the internal passage. In alternative arrangements, the
device may comprise a plurality of such valves.

In particular, the valve may comprise a one-way valve. The valve may be configured
to prevent material in the substrate from passing through the internal passage. In this
way, water that is naturally present in underlying geology may be prevented from
entering a region from which the device is deployed, and recently deployed chemicals
can be prevented from returning back into the region. Alternatively or additionally, the
valve may be configured to convey material in the substrate through the internal
passage. In this way, liquid and/or water and/or gas that is naturally present in un-
derlying geology may be drained into a region from which the device is deployed. The
valve may be actuatable, such that it may be opened or closed by control means, and/or
its one-way direction may be reversed by control means.

The valve may comprise a shuttle valve; however, other forms of valve are
envisaged.

The device may comprise a seal disposed on the shank. The seal may be spaced from
the drill bit. The seal may be configured to form a barrier around the shank. The barrier
may extend between the shank and a channel bored out by the drill bit.

The seal may extend radially outward from the shank. The seal may extend radially
outward from the shank by a distance substantially further than the drill bit and/or
blade. The seal may be an expanding seal, such that an extent by which the seal
extends radially outward from the shank is variable, up to a maximum extent.

The seal may comprise a screw thread, in particular a self-tapping screw thread
configured to engage with a periphery of the channel bored out by the drill bit.

The seal may be located at the first end of the shank. The seal may be located on an
exterior of the shank. The seal may be removably attachable to the shank.

In this way, material within the bored channel may be prevented from passing up
through the channel past the device.

The seal may be frangibly connected to the shank.
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The shank may comprise a plurality of shank sections. In this way, the shank may be
formed by connecting a plurality of shank sections together, for instance end-to-end.
Adjacent shank sections may be connected together by any suitable connection means,
in particular a screw thread. In particular, the screw thread of adjacent shank sections
may be configured to engage when the first end of the shank is driven in the first ro-
tational direction.

For example, a first shank section may include the second end of the shank and an
opposing first shank section end. Similarly, a second shank section may include the
first end of the shank and an opposing second shank section end. The second shank
section end may be of reduced diameter and have an exterior thread to allow en-
gagement with an interior of the first shank section. The exterior thread may be self-
tapping. Alternatively, the first shank section end may include an internal thread
configured to be mateable with the exterior thread.

In this way, a device of arbitrary length may be formed by simply connecting
multiple shank sections together. For example, the device may be between 100mm and
5000mm in length. The at least one outlet may be located in any of the shank sections.
In particular, where there is a plurality of outlets, the outlets may be located on
different shank sections.

The shank sections may be releasably connectable to one another, or may be per-
manently connectable, by any conventional means.

The device may be provided with a screw drive at the first end, for instance to allow
the device to be rotated by a screwdriver. In the context of this application, a
screwdriver is simply any device for engaging with a screw drive any imparting ro-
tational motion through the connection, and should not be limited to manual ap-
paratuses, or even hand-held apparatuses.

The screw drive may comprise a socket for insertion of a screw driver therein; alter-
natively or additionally, the screw driver may comprise a socket for receiving the
screw drive therein (such as a bolt head being received in a spanner). The screw drive
may comprise a cross-section that is square, hexagonal, star-shape or any other con-
ventional shape.

The screw drive may be releasably connectable to the shank, for instance via a screw
thread as described above with reference to the shank sections.

The device may comprise any suitable material, but is preferably formed from
injection moulded plastic such as ABS, Nylon 66 (RTM), glass or carbon fibre re-
inforced materials, Nylon 6 (RTM) and/or PEEK. However, metal is also contemplated
as a construction material, for instance by die casting (e.g. in zinc or aluminium). In
any event, the drill bit, and in particular the blade, may comprise metal in a con-

ventional manner.
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The size of the device is only limited by its application and the physical requirements
of the process. Where the device is being used in underground geology, such that
grouts are to be injected through the device, the internal passage should have a
diameter of at least 6mm.

According to a second aspect of the present invention, there is provided a system for
injection of material into a substrate, the system comprising: the device according to
the first aspect; an access surface through which the device is to be deployed; and a
device deployment apparatus for driving the device through the access surface into a
substrate and injecting material into the internal passage.

The access surface may be part of a pipe, for instance un underground (e.g. HDPE)
pipe. However, in some embodiments, the access surface may merely be a surface of
the substrate.

The device deployment apparatus may comprise means to rotate the device about its
axis, such as a motor. The device deployment apparatus may comprise means to push
the device axially. The device deployment apparatus may comprise means to inject
material into the internal passage.

The device deployment apparatus may comprise means to connect a second shank
section to a first shank section that has been driven through the access surface. In this
way, the device deployment apparatus can be used in restricted spaces.

The device deployment apparatus may comprise a single unit, or may comprise a
driving unit and a respective injection unit.

According to a third aspect of the present invention, there is provided a method of
injecting material into a substrate, the method comprising the steps of: providing the
device of the first aspect; driving the device into a substrate; and injecting material into
the internal passage.

In addition to the use of cements and grouts to stabilise surrounding geology (e.g.
ground consolidation), for instance in tunnelling applications, the method may be
employed in construction and repair of artificial structures (including ancient
buildings), targeted grouting, waterproofing and leak stopping (for instance, by
injecting PU foam to stop water flow), and hydraulic fracturing (e.g. by injecting high-
pressure water).

As the device of the first aspect is sacrificial, in as much as that it will be left in situ
after deployment, the device may further comprise embedded tools/technology therein.
These could include pressure release valves (where gas or water build up may
compromise structures), explosive charges, RFID/NFC tags, active/passive location
devices, thermal sensors, pressure sensors, movement/accelerometer sensors, acoustic
sensors for seismic studies, electrical resistivity tomography emitters/detectors, and/or

mesh nodes to connect sensors wireless devices (e.g. via a LAN).
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The materials injected may include, as an alternative to grouts/cements and/or PU
foams, epoxies, acrylics, polyesters and polyurethanes.

As a specific example, cameras could be passed through the interior channel and
outlet in a similar manner to an endoscope.

The above and other characteristics, features and advantages of the present invention
will become apparent from the following detailed description, taken in conjunction
with the accompanying drawings, which illustrate, by way of example, the principles
of the invention. This description is given for the sake of example only, without
limiting the scope of the invention. The reference figures quoted below refer to the
attached drawings.

[Fig.1] is a perspective view of drill component.

[Fig.2] is a perspective view of the drill component of [Fig.1], with a sealing
component attached thereto.

[Fig.3] is a partial cutaway view of the drill component and sealing component of
[Fig.2].

[Fig.4] is a cross-sectional view of the drill component and sealing component of
figures 2 and 3.

[Fig.5] is a perspective view of a valve component used in the sealing component of
figures 2 to 4.

[Fig.6] is a perspective view of an extension tube for use with the drill component of
[Fig.1].

[Fig.7] is a perspective view of the extension tube of [Fig.6], with a sealing
component attached thereto.

[Fig.8] is a cross-sectional view similar to [Fig.4], but with the extension tube of
[Fig.6] disposed between the drill component and sealing component.

[Fig.9] is a cross-sectional view similar to [Fig.8], but with two extension tubes
disposed between the drill component and sealing component.

[Fig.10] is a cross-sectional view of an alternative drill component being driven into
a substrate from behind a barrier.

[Fig.11] is a cross-sectional view of the alternative drill component of [Fig.10],
having been fully driven into the substrate.

The present invention will be described with respect to certain drawings but the
invention is not limited thereto but only by the claims. The drawings described are
only schematic and are non-limiting. Each drawing may not include all of the features
of the invention and therefore should not necessarily be considered to be an em-
bodiment of the invention. In the drawings, the size of some of the elements may be
exaggerated and not drawn to scale for illustrative purposes. The dimensions and the

relative dimensions do not correspond to actual reductions to practice of the invention.
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Furthermore, the terms first, second, third and the like in the description and in the
claims, are used for distinguishing between similar elements and not necessarily for
describing a sequence, either temporally, spatially, in ranking or in any other manner.
It is to be understood that the terms so used are interchangeable under appropriate cir-
cumstances and that operation is capable in other sequences than described or il-
lustrated herein. Likewise, method steps described or claimed in a particular sequence
may be understood to operate in a different sequence.

Moreover, the terms top, bottom, over, under and the like in the description and the
claims are used for descriptive purposes and not necessarily for describing relative
positions. It is to be understood that the terms so used are interchangeable under ap-
propriate circumstances and that operation is capable in other orientations than
described or illustrated herein.

It is to be noticed that the term “comprising”, used in the claims, should not be in-
terpreted as being restricted to the means listed thereafter; it does not exclude other
elements or steps. It is thus to be interpreted as specifying the presence of the stated
features, integers, steps or components as referred to, but does not preclude the
presence or addition of one or more other features, integers, steps or components, or
groups thereof. Thus, the scope of the expression “a device comprising means A and
B” should not be limited to devices consisting only of components A and B. It means
that with respect to the present invention, the only relevant components of the device
are A and B.

Similarly, it is to be noticed that the term “connected”, used in the description,
should not be interpreted as being restricted to direct connections only. Thus, the scope
of the expression “a device A connected to a device B” should not be limited to
devices or systems wherein an output of device A is directly connected to an input of
device B. It means that there exists a path between an output of A and an input of B
which may be a path including other devices or means. “Connected” may mean that
two or more elements are either in direct physical or electrical contact, or that two or
more elements are not in direct contact with each other but yet still co-operate or
interact with each other. For instance, wireless connectivity is contemplated.

Reference throughout this specification to “an embodiment” or “an aspect” means
that a particular feature, structure or characteristic described in connection with the em-
bodiment or aspect is included in at least one embodiment or aspect of the present
invention. Thus, appearances of the phrases “in one embodiment”, “in an em-
bodiment”, or “in an aspect” in various places throughout this specification are not
necessarily all referring to the same embodiment or aspect, but may refer to different
embodiments or aspects. Furthermore, the particular features, structures or charac-

teristics of any one embodiment or aspect of the invention may be combined in any
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suitable manner with any other particular feature, structure or characteristic of another
embodiment or aspect of the invention, as would be apparent to one of ordinary skill in
the art from this disclosure, in one or more embodiments or aspects.

Similarly, it should be appreciated that in the description various features of the
invention are sometimes grouped together in a single embodiment, figure, or de-
scription thereof for the purpose of streamlining the disclosure and aiding in the under-
standing of one or more of the various inventive aspects. This method of disclosure,
however, is not to be interpreted as reflecting an intention that the claimed invention
requires more features than are expressly recited in each claim. Moreover, the de-
scription of any individual drawing or aspect should not necessarily be considered to
be an embodiment of the invention. Rather, as the following claims reflect, inventive
aspects lie in fewer than all features of a single foregoing disclosed embodiment. Thus,
the claims following the detailed description are hereby expressly incorporated into
this detailed description, with each claim standing on its own as a separate embodiment
of this invention.

Furthermore, while some embodiments described herein include some features
included in other embodiments, combinations of features of different embodiments are
meant to be within the scope of the invention, and form yet further embodiments, as
will be understood by those skilled in the art. For example, in the following claims, any
of the claimed embodiments can be used in any combination.

In the description provided herein, numerous specific details are set forth. However,
it is understood that embodiments of the invention may be practised without these
specific details. In other instances, well-known methods, structures and techniques
have not been shown in detail in order not to obscure an understanding of this de-
scription.

In the discussion of the invention, unless stated to the contrary, the disclosure of al-
ternative values for the upper or lower limit of the permitted range of a parameter,
coupled with an indication that one of said values is more highly preferred than the
other, is to be construed as an implied statement that each intermediate value of said
parameter, lying between the more preferred and the less preferred of said alternatives,
is itself preferred to said less preferred value and also to each value lying between said
less preferred value and said intermediate value.

The use of the term “at least one” may mean only one in certain circumstances. The
use of the term “any” may mean “all” and/or “each” in certain circumstances.

The principles of the invention will now be described by a detailed description of at
least one drawing relating to exemplary features. It is clear that other arrangements can
be configured according to the knowledge of persons skilled in the art without

departing from the underlying concept or technical teaching, the invention being
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limited only by the terms of the appended claims.

[Fig.1] is a perspective view of drill component having a tip 1, two opposing rotary
cutting blades 3, two helical flutes 5, each extending from a respective one of the
rotary cutting blades 3 around the shank and away from the tip 1. A blind shank body
section 7 is provided beyond the flutes 5. Respective through holes 9 are disposed
within each flute 5, and extend into an internal axial passage (not shown).

The drill component can be placed with its tip 1 against a surface, such as the interior
surface of a HDPE pipe, and pushed into the surface. As the drill component is rotated
clockwise about its longitudinal axis, the two blades 3 cut into the surface producing
swarf. The swarf is drawn away from the blades 3 by the flutes 5.

[Fig.2] is a perspective view of the drill component of [Fig.1], with a sealing
component 21 attached to an end of the body section 7 opposite the tip 1. The sealing
component 21 includes a self-tapping external thread 23 such that, as the shank body
section 7 passes through hole in the surface formed by the blades 3, the screw thread
23 bites into the surface to engage and couple the sealing component 21 with the
surface, thereby forming a seal against unwanted material passage out of the hole.

[Fig.3] is a partial cutaway view of the drill component and sealing component of
[Fig.2] showing the internal passage 31 to which the through-holes 9 are connected.
The internal passage 31 has a circular cross section from the through holes 9 back
toward its open end. However, at the end of the internal passage opposite the tip 1, the
internal passage 31 has a square internal cross-section 33 which can act as a screw
drive for rotating the drill component. The internal passage 31 continues through the
sealing component 21 to an open end where a similar square internal cross-section 35
is present, for the same purpose.

The drill component and the sealing component 21 are connected via a coupling
member 37 having an external thread and a hollow axial passage 39. Corresponding
internal threads on the interior of the internal passage 31 of adjacent parts of the drill
component and the sealing component 21 operatively engage with one another.

Between the coupling member 37 and the square internal cross-section 35 of the
sealing component 21 is an enlarged portion 41 of the internal passage 31, and a con-
striction 43 adjacent to the square internal cross-section 35. Within the enlarged
portion 41 is disposed a valve component 45, which will be described in more detail
below with reference to figures 4 and 5.

[Fig.4] is a cross-sectional view of the drill component and sealing component of
figures 2 and 3. The valve component 45 is free to move axially within the enlarged
portion 41, and in particular is capable of being pushed by fluid passing through the
internal bore 31. The valve component 45 is configured such that when fluid is moving

through the internal passage 31 toward the tip 1, the valve permits flow past. However,
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if fluid attempts to move through the internal passage 31 from the tip, the valve
component 45 engages with the constriction 43 to prevent flow therethrough.

[Fig.5] is a perspective view of the valve component 45 and shows it having a central
core 51 with a narrow, pointed end 53 for engaging in the constriction 43 and ef-
fectively sealing it against flow therethrough. Three longitudinal ribs 55 prevent the
central core 51 from engaging with the inner surface of the internal passage 31, and
permit fluid flow past. The longitudinal ribs 53 terminate in respective feet 57 that are
configured to sit on the coupling member 37, whilst allowing fluid to flow past.

[Fig.6] is a perspective view of an extension tube for use with the drill component of
[Fig.1]. Like the drill component, the extension tube has a blind shank body section 61,
but is of slightly reduced diameter to the blind shank body section 7 of the drill
component.

At its upper end in the figure is provided a first coupling 63 that includes an external
thread identical in form to that of the coupling member 37 described above. In this
way, the extension tube can be coupled to the drill component via the same internal
threads that coupled it to coupling member 37 as described in relation to [Fig.3].

As can be seen in this figure, stepped teeth 65 surround the first coupling to engage
with corresponding teeth on the drill component (not shown) to prevent loosening / de-
tachment of the extension tube from the drill component, once connected.

At its lower end in the figure is provided a second coupling 67 that is identical to the
corresponding portion of the drill component; that is, including a square internal cross-
section (not shown) which can act as a screw drive for rotating the extension tube,
including internal threads to cooperatively engage with, for example, the coupling
member 37 which has an external thread as described above, and including the stepped
tecth (not shown) referred to above.

[Fig.7] is a perspective view of the extension tube of [Fig.6], with the sealing
component 21 attached thereto. Ad discussed, the second coupling 67 is identical to the
coupling at the base of the drill component. In this way, any extension tube may be in-
terposed between any drill component and any sealing component 21.

[Fig.8] is a cross-sectional view similar to [Fig.4], but with the extension tube of
[Fig.6] disposed between the drill component and sealing component.

[Fig.9] is a cross-sectional view similar to [Fig.8], but with two extension tubes
disposed between the drill component and sealing component. This is possible because
of the identical couplings discussed above.

As can be seen, the internal passage 31 extends from the drill component to the
sealing component 21, through the extension component.

In all of the figures, the through holes 9 are shown at the tip-end of the passage 31;

however, in some alternative embodiments the through holes 9 may be spaced from
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this tip, either in addition to those at the tip-end, or in addition to those at the tip-end.

[0088] [Fig.10] is a cross-sectional view of an alternative drill component being driven into
a substrate 1001 from behind a barrier 1003, and [Fig.11] shows a similar view with
the drill component having been driven fully into the substrate 1001. Various features
of the drill component, such as an internal passage and an outlet in fluid commu-
nication with the internal passage, have been excluded from figures 10 and 11 for
clarity, but it is to be understood that these and other features can be incorporated in
the manner discussed above.

[0089]  The substrate 1001 may comprise for example rock, sand, and/or any other typical
geology. The barrier 1003 may comprise a wall of a HDPE pipe, and the drill
component may be driven into the substrate 1001 from inside the HDPE pipe. In
particular, the drill component may be driven by a device (not shown) connected to a
shank 1005 of the drill component, the device may be configured to rotate the drill
about a longitudinal axis 1007 such that a drill bit 1009 bores a hole first through the
barrier 1003 and subsequently into the substrate 1001. In particular, such a driving
device may be connected by screw-drive coupling 1010.

[0090]  Helical flutes 1011 formed into a body 1013 behind the drill bit 1009 draw swarf
away from the drill bit parallel to the axis 1007. The shank 1005 is of a reduced
diameter relative to both the drill bit 1009 and the body 1013 into which the helical
flutes 1011 are formed. In this way, swarf may collect in the hole 1015 drilled by the
drill bit.

[0091]  Around the shank 1005 is provided a sealing device 1017 having a circular internal
bore with a diameter equal to that of the shank, and an exterior surface with a diameter
equal to that of the drill bit 1009 (and/or the hole 1015 formed by the drill bit). On the
exterior surface is optionally provided a self-tapping screw thread 1019 configured to
bite into the barrier 1003, and engage therewith. A flange 1021 is provided on an
opposing end of the sealing device 1017 to the drill bit, such that the flange 1021 is
configured to abut the side of the barrier 1003 opposing the substrate 1001 to prevent
any further rotation of the sealing device 1017.

[0092] In use, the sealing device 1017 is frangibly connected to the shank 1005 such that the
sealing device 1017 rotates therewith when driven by the driving means. In this way,
the sealing device may be provided with sufficient torque from the driving means, via
the shank 1005, for its self-tapping screw thread 1019 to bite into the barrier 1003. The
frangible connection 1023 is configured such that, when the flange 1021 abuts the
barrier 1003 such that further engagement into the barrier 1003 is prevented, the
frangible connection 1023 breaks to allow continued rotation and axial motion of the
shank 1005 within the sealing device 1017. The frangible connection 1023 may

comprise a small connecting piece, as is well understood in the art.
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Claims

An integrated drilling and injection device, comprising:

a longitudinal shank having an internal passage extending from an open
first end of the shank along an axis of the shank toward a second end of
the shank;

a drill bit located at a second end of the shank opposite the first end;
and

at least one outlet in fluid communication between the internal passage
and an exterior surface of the shank.

The integrated drilling and injection device of claim 1, wherein the drill
bit comprises:

a blade that is configured to cut in a first rotational direction; and

a secondary flute on the shank, the secondary flute having a helical
shape;

wherein the secondary flute is spaced from the drill bit and twists in the
first rotational direction such that when the device is rotated in the first
rotational direction, material such as water is drawn toward the blade.
The integrated drilling and injection device of claim 2, wherein the
secondary flute is located on a flute portion of the shank spaced from
the first end of the shank, the flute portion of the shank having a
diameter substantially greater than a diameter of the shank at the first
end of the shank.

The integrated drilling and injection device of any preceding claim,
further comprising a valve within the internal passage, the valve
configured to control passage of material within the internal passage.
The integrated drilling and injection device of any preceding claim,
further comprising a seal disposed on the shank, spaced from the drill
bit, the seal configured to form a barrier around the shank, between the
shank and a channel bored out by the drill bit.

The integrated drilling and injection device of claim 5, wherein the seal
is frangibly connected to the shank.

The integrated drilling and injection device of any preceding claim,
wherein the shank comprises a plurality of shank sections.

The integrated drilling and injection device of any preceding claim,
further comprising embedded tools/technology therein.

A system for injection of material into a substrate, the system

comprising:
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the device according to any preceding claim;

an access surface through which the device is to be deployed; and

a device deployment apparatus for driving the device through the
access surface into a substrate and injecting material into the internal
passage.

A method of injecting material into a substrate, the method comprising
the steps of:

providing the device of any one of claims 1 to §;

driving the device into a substrate; and

injecting material into the internal passage.



