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(57) Abrégé/Abstract:

A drill string comprising a bit portion, a distal extension portion, a proximal extension portion, and a connecting portion. The bit
portion is operatively connected to the distal extension portion and the connecting portion operatively connects the distal extension
portion to the proximal extension portion to define supply path and a return path. The supply path extends through the distal
proximal extension portion, the connecting portion, the distal extension portion, and the bit portion to a cutter region associated with
the bit portion. The return path extends from the cutter region through the bit portion, the distal extension portion, the connector
portion, and the proximal extension portion.
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ABSTRACT

A drill string comprising a bit portion, a distal extension portion, a proximal
extension portion, and a connecting portion. The bit portion is operatively
connected to the distal extension portion and the connecting portion operatively
connects the distal extension portion to the proximal extension portion to define
supply path and a return path. The supply path extends through the distal
proximal extension portion, the connecting portion, the distal extension portion,
and the bit portion to a cutter region associated with the bit portion. The return
path extends from the cutter region through the bit portion, the distal extension

portion, the connector portion, and the proximal extension portion.



EARTH BORING SYSTEMS AND METHODS
WITH INTEGRAL DEBRIS REMOVAL

TECHNICAL FIELD

[0002] The present invention relates to earth boring systems and methods and, in
particular, to earth boring systems and method configured to remove debris as the

hole is being bored.

BACKGROUND

[0003] The present invention relates to systems and methods for forming a hole in
the earth and, in particular, to systems and methods that use drill fluid to remove

drill cuttings as the hole is formed in the earth.

SUMMARY

[0004] The present invention may be embodied as a drill string comprising a bit
portion, a distal extension portion, a proximal extension portion, and a connecting
portion. The bit portion is operatively connected to the distal extension portion
and the connection portion operatively connects the distal extension portion to the
proximal extension portion to define a supply path and a return path. The supply
path extends through the distal proximal extension portion, the connecting

portion, the distal extension portion, and the bit portion to
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a cutter region associated with the bit portion. The return path extends from the
cutter region through the bit portion, the distal extension portion, the connector

portion, and the proximal extension portion.

[0005] The present invention may also be embodied as a method of
forming a hole in the earth comprising the following steps. A bit portion is
operatively connected to a distal extension portion. The distal extension portion
is operatively connected to a proximal extension portion to define a supply path
and a return path. The supply path extends through the distal proximal extension
portion, the connecting portion, the distal extension portion, and the bit portion to
a cutter region associated with the bit portion. The return path extends from the
cutter region through the bit portion, the distal extension portion, the connector
portion, and the proximal extension portion. The bit portion is engaged with the
earth. The proximal portion is rotated to cause rotation of the bit portion through
the distal extension portion. Drill fluid is forced through the supply path and to
the cutter region. The drill fluid in the cutter region is collected through the return

path.

[0006] The present invention may also be embodied as an earth boring
system for forming a hole in the earth comprising a drill string, a drive system, a
drill fluid supply, and a drill debris collector. The drill string comprises a bit
portion, a distal extension portion, a proximal extension portion, and a connecting
portion. The bit portion is operatively connected to the distal extension portion
and the connecting portion operatively connects the distal extension portion to
the proximal extension portion to define a supply path and a return path. The
supply path extends through the distal proximal extension portion, the connecting
portion, the distal extension portion, and the bit portion to a cutter region
associated with the bit portion. The return path extends from the cutter region
through the bit portion, the distal extension portion, the connector portion, and

the proximal extension portion. The drill fluid supply forces drill fluid through the



supply path such that the drill fluid mixes with the cuttings in the cutter region to
form drill debris and the drill debris flows back up through the return path. The

drill debris collector collects the drill debris.

[0006A] In a broad aspect, the present invention pertains to a drill string
comprising a bit portion, a distal extension portion, and a connecting portion. The
bit portion is operatively connected to the distal extension portion, and the
connecting portion operatively connects the distal extension portion to the
proximal extension portion to define a supply path. The defined supply path
extends through the proximal extension portion, the connecting portion, the distal
extension portion, and the bit portion to a cutter region associated with the bit
portion. A return path extends from the cutter region through the bit portion, the
distal extension portion, the connector portion, and the proximal extension
portion. A portion of the return path is defined by the distal extension portion and
surrounds the supply path. The bit portion defines at least one housing groove,

the return path extending at least partly through the at least one housing groove.

[0006B] In a further aspect, the present invention embodies a method of
forming a hole in the earth comprising providing a bit portion defining at least one
housing groove. The bit portion is operatively connected to a distal extension
portion to define a supply path extending through the proximal extension portion,
the distal extension portion, and the bit portion to a cutter region associated with
the bit portion. A return path extends from the cutter region through the bit
portion, the distal extension portion, the connector portion and the proximal
extension portion, the return path extending at least partly through the at least one
housing groove, and a portion of the return path being defined by the distal

extension portion and surrounding the supply path. The bit portion is engaged
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with the earth and the proximal portion rotates to cause rotation of the bit portion
through the distal extension portion, forcing drill fluid through the supply path
and to the cutter region, drill fluid being collected in the cutter region through the

return path.

[0006C] In a further aspect, the present invention provides an earth boring
system for forming a hole in the earth. There is provided a drill string comprising
a bit portion defining at least one housing groove, a distal extension portion, a
proximal extension portion, and a connecting portion. Also provided are a drive
system, a drill fluid supply, and a drill debris collector. The bit portion is
operatively connected to the distal extension portion and the connecting portion
operatively connects the distal extension portion to the proximal extension portion
to define a supply path. The supply path extends through the proximal extension
portion, the connecting portion, the distal extension portion, and the bit portion to
a cutter region associated with the bit portion. A return path extends from the
cutter region through the bit portion, the distal extension portion, the connector
portion, and the proximal extension portion, and a portion of the return path is
defined by the distal extension portion and surrounds the supply path. The drill
fluid supply forces drill fluid through the supply path such that the drill fluid
mixes with cuttings in the cutter region to form drill debris. The drill debris flows
back up through the return path, and the drill debris collector collects the drill
debris, the return path extending at least partly through the at least one housing

groove.

[0006D] In a still further aspect, the present invention provides a drill string
comprising a bit portion, a distal extension portion, a proximal extension portion,
and a connecting portion. The bit portion is operatively connected to the distal

extension portion and the connecting portion operatively connects the distal

-3a-
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extension portion to the proximal extension portion to define a supply path. The
supply path extends through the proximal extension portion, the connecting
portion, the distal extension portion, and the bit portion to a cutter region
associated with the bit portion. A return path extends from the cutter region
through the bit portion, the distal extension portion, the connector portion, and the
proximal extension portion. The bit portion defines at least one housing groove,

and the return path extends at least partly through the at least one housing groove.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007 Figure 1 is a somewhat schematic, side elevation view of a first
example earth boring system of the present invention depicting a drill string
comprising a bit portion, a distal extension portion, a proximal extension

portion, and a connector portion;

[0008] Figure 2 is a perspective view of the drill string of the first example

earth boring system of the present invention,

[0009] Figure 3 is an exploded, perspective view of the drill string of the

first example earth boring system;

[0010] Figure 4 is a side elevation view of a first example bit portion of the

first example earth boring system;
[0011] Figure 5 is a bottom plan view of the first example bit portion;

[0012] Figure 6 is a side elevation, cutaway view taken along lines 6-6 in
Figure 3 depicting details of the process of connecting distal extension portion

with the first example bit portion;

[0013] Figure 7 is a side elevation, cutaway view taken along lines 6-6 in
Figure 3 depicting the distal extension portion connected with the first example

bit portion;

-3b-
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[0014] Figure 8 is a perspective view of a distal end of the distal extension
portion;
[0015] Figure 9 is a perspective view illustrating details of the connector

portion in an unconnected configuration;

[0016] Figure 10 is a perspective view illustrating details of the connector

portion in a connected configuration;

[0017] Figure 11 is a side elevation, cutaway view depicting details of the
process of connecting distal extension portion with the proximal extension

portion;

[0018] Figure 12 is a side elevation, cutaway view taken along lines 12-12
in Figure 2 depicting the distal extension portion connected with the proximal

extension portion;

[0019] Figure 13 is a section view taken along lines 13-13 in Figure 12
depicting details of the process of connecting distal extension portion with the

proximal extension portion;

[0020] Figure 14 is a perspective view of a second example bit portion that

may be used to form a second example earth boring system of the present

invention;
[0021] Figure 15 is a bottom plan view of the second example bit portion;
[0022] Figure 16 is a perspective view of a third example bit portion that

may be used to form a third example earth boring system of the present
invention; and



CA 02948794 2016-11-16

Attorney’s Ref. No. P218899ca

[0023] Figure 17 is a bottom plan view of the third example bit portion.
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DETAILED DESCRIPTION

[0024] Referring initially to Figures 1-3 of the drawing, depicted therein is a
first example earth boring system 20 of the present invention. The first example
earth boring system 20 comprises a bit portion 22, a distal extension portion 24,

a proximal extension portion 26, and a connector portion 28.

[0025] The distal extension portion 24 is connected to the bit portion 22
and the connector portion 28 connects the distal extension portion 24 to the
proximal extension portion 26 to form a drill string 30 defining a string axis A.
Figure 1 further illustrates that earth boring system 20 comprises, in addition to
the drill string 30, a drive system 32, a drill fluid supply 34, and a drill debris
collector 36. In this discussion, the terms “distal” and “proximal” are used with

respect to the drive system 32.

[0026] The drive system 32 is configured to rotate the drill string 30 axially
about the string axis A, to transfer drill fluid from the drill fluid supply 34 to the drill
string 30, and to transfer drill debris from the drill string 30 to the drill debris
collector 36. In particular, Figure 1 further illustrates that the earth boring system
20 is adapted to form a hole 40 in the earth 42. Only two extension portions are
employed in the first example earth boring system 20, but only one connector
portion or more than two connector portions may be used as necessary to create
a drill string that allows the earth boring system 20 to bore the hole 40 in the
earth 42 to a desired depth.

[0027] During use, the drill string 30 is supported a desired angle at a
desired point on the earth, and the drive system 32 is operatively connected to
the drill string 30. Operation of the drill system 32 to cause axial rotation of the
drill string 30 causes the bit portion 22 to bore the hole 40. At the same time, the
drill fluid supply 34 forces drill fluid along a supply path 44 (Figure 2) formed by



the drill string 30 to the bit portion 22. Cuttings formed as the bit portion 22 engages the
earth 42 are carried by the drill fluid back up the drill string 30 along a return path 46
(Figure 2) and are deposited in the drill debris collector 36.

[0028] With the foregoing general understanding of the construction and operation
of the first example earth boring system 20 in mind, the details of the example drill string
30 will now be described in detail. In the following example, letter appendices to
reference characters are employed to indicate a specific example a part or feature but are
not intended to be separate or distinguishable from the generic form of that part or

feature.

[0029] Referring now to Figures 4-7, the first example bit portion 22 will now be
described in further detail. As perhaps best shown in Figure 6, the example bit portion 22
comprises a cutter assembly 50, a bit housing 52, a bit coupler 54, at least one coupler pin

56, and at least one seal member 58.

[0030] The cutter assembly 50 comprises a cutter plate 60 and a plurality of cutter
heads 62. The cutter plate 60 defines at least one cutter plate slot 64 and at least one
cutter plate notch 66. Figure 5 illustrates that the example cutter heads 62 are arranged in
at least one cutter head group 68 and that one cutter plate slot 64 and one cutter plate
notch 66 are associated with each cutter head group 68. In the example bit portion 22,
first and second cutter heads groups 68a and 68b are employed, and first and second
cutter plate slots 64a and 64b and first and second cutter plate notches 66a and 66b are

associated with the first and second cutter head groups 68a and 68b, respectively.

[0031] Figures 6 and 7 illustrate that the example bit housing 52 comprises a bit
housing member 70 defining a bit housing chamber 72 and at least one bit housing
groove 74. One bit housing groove 74 is associated with each of the cutter plate notches
66, so first and second housing grooves 74a and 74b are associated with the first and

second cutter plate notches 66a and 66b, respectively.
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[0032] Figures 6 and 7 further illustrate that the example bit coupler 54 comprises a
coupler plate 80 and a coupler member 82. The example coupler plate 80 defines a first
coupler plate opening 84 and at least one coupler plate notch 86. The example coupler
member 82 defines a coupler member passageway 88. The coupler member 82 is secured
to the coupler plate 80 such that the coupler member passageway 88 is aligned with the
coupler plate opening 84. In the example bit portion 22 comprising first and second
housing grooves 74a and 74b, first and second coupler plate notches 86a and 86b are

provided.

[0033] At least one pin groove 90 is formed in the coupler member 82. In the
example drill string 30, first and second coupler pins 56a and 56b and first and second
pin grooves 90a and 90b are provided. In addition, a seal groove 92 (Figure 6) is formed
on the coupler member 82 such that the coupler pin grooves 90 are arranged between the

seal groove 92 and the coupler plate 80.

[0034] The example bit portion 22 is formed by securing the cutter heads 62 to the
cutter head 60 in the first and second cutter head groups 68a and 68b. The cutter head
plate 60 is secured to the bit housing member 70 to define one end of the bit housing
chamber 72 with first and second coupler plate slots 64a and 64b in communication with
the bit housing chamber 72 and the first and second coupler plate notches 86a and 86b in
communication with the first and second bit housing grooves 74a and 74b. The coupler
plate 80 is secured to the bit housing member 70 to define another end of the bit housing
chamber 72 and such that the first coupler plate opening 84 is in communication with the
Bit housing chamber 72 and the first and second coupler plate notches 86a and 86b are

aligned with the first and second bit housing grooves 74a and 74b.

7a
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associated with the first and second cutter plate notches 66a and 66b,

respectively.

[0032] Figures 6 and 7 further illustrate that the example bit coupler 54
comprises a coupler plate 80 and a coupler member 82. The example coupler
plate 80 defines a first coupler plate opening 84 and at least one coupler plate
notch 86. The example coupler member 82 defines a coupler member
passageway 88. The coupler member 82 is secured to the coupler plate 80 such
that the coupler member passageway 88 is aligned with the coupler plate
opening 84. In the example bit portion 22 comprising first and second housing
grooves 74a and 74b, first and second coupler plate notches 86a and 86b are

provided.

[0033] At least one pin groove 90 is formed in the coupler member 82. In
the example drill string 30, first and second coupler pins 56a and 56b and first
and second pin grooves 90a and 90b are provided. In addition, a seal groove 92
(Figure 6) is formed on the coupler member 82 such that the coupler pin grooves
90 are arranged between the seal groove 92 and the coupler plate 80.

[0034] The example bit portion 22 is formed by securing the cutter heads
62 to the cutter head plate 60 in the first and second cutter head groups 68a and
68b. The cutter head plate 60 is secured to the bit housing member 70 to define
one end of the bit housing chamber 72 with first and second coupler plate slots
64a and 64b in communication with the bit housing chamber 72 and the first and
second coupler plate notches 86a and 86b in communication with the first and
second bit housing grooves 74a and 74b. The coupler plate 80 is secured to the
bit housing member 70 to define another end of the bit housing chamber 72 and
such that the first coupler plate opening 84 is in communication with the bit
housing chamber 72 and the first and second coupler plate notches 86a and 86b
are aligned with the first and second bit housing grooves 74a and 74b.

CA 2948794 2020-05-19
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[0035] Turning now to Figures 6-12, the example proximal and distal
extension portions 24 and 26 will now be described in detail. The example distal
extension portion 24 comprises an extension housing assembly 120 comprising
first and second extension housing members 122 and 124, a distal end plate 126
(Figures 6-8), and a proximal end plate 128 (Figures 11 and 12). The distal end
plate 126 defines at least one supply distal end plate opening 130 and at least
one removal distal end plate opening 132, while the proximal end plate 128
defines at least one supply proximal end plate opening 134 and at least one
removal proximal end plate opening 136. The example end distal plate 126
define first and second removal end plate openings 132a and 132b; the example
proximal end plate 128 defines first and second removal end plate openings
136a and 136b.

[0036] As shown in Figures 6-8, 11 and 12, the distal and proximal end
plates 126 and 128 are rigidly connected to the first and second extension
housing members 122 and 124 such that the supply end plate openings 130 and
134 are in fluid communication with a supply extension chamber 140 defined by
the first extension housing member 122 and the removal end plate openings 132
and 136 are in fluid communication with a removal extension chamber 142
defined by the second extension housing member 124.

[0037] At least one first coupler pin opening 150 is further formed in the
first extension housing member 122, and at least one second coupler pin
opening 152 is formed in the second extension housing member 124. In the
example drill string 30, at least one pair of the first coupler pin openings 150 and
at least one pair of second coupler pin openings 152 are provided. Further, each
coupler pin opening 150 and 152 may further comprise a complementary coupler
pin opening (not visible in the drawing) formed in the housing members 122 and
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124. The coupler pin openings 150 and 152 are sized, dimensioned, and located
adjacent to the distal end plate 126 as will be described in further detail below.

[0038] Figures 11 and 12 illustrate that, like the distal extension portion 24,
the example proximal extension portion 26 comprises an extension housing
assembly 220 comprising first and second extension housing members 222 and
224, a distal end plate 226, and a proximal end plate 228 (not visible). The distal
end plate 226 defines at least one supply distal end plate opening 230 and at
least one removal distal end plate opening 232, while the proximal end plate 228
defines at least one supply proximal end plate opening (not visible) and at least
one removal proximal end plate opening (not visible). The example end distal
plate 226 defines first and second removal end plate openings 232a and 232b;
the example proximal end plate 228 similarly defines first and second removal

end plate openings (not visible).

[0039] As shown in Figures 11 and 12, the distal and proximal end plates
226 and 228 are rigidly connected to the first and second extension housing
members 222 and 224 such that the supply end plate openings 230 and 234 are
in fluid communication with a supply extension chamber 240 defined by the first
extension housing member 222 and the removal end plate openings 232 and 236
are in fluid communication with a removal extension chamber 242 defined by the

second extension housing member 224,

[0040] Desirably, but not necessarily, the distal and proximal extension
portions 24 and 26 are, for the most part, the same. If additional extension
portions are used to form a longer drill string than the example drill string 30,
these additional extension portions will desirably, but again not necessarily, the
same as the proximal end portion 26. The example proximal end portion 26 and
any additional end portions need not employ pin openings such as the pin

openings 150 and 152 formed in the distal end portion 24 for reasons that will

-10 -
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become apparent below. If pin openings are formed in the proximal end portion
24 and any additional extension portions, such pin openings will not be used and
may be plugged. The standardization of distal, proximal, and any additional
extension portions can simplify the logistics of designing and fabricating a drill
string as desired for a particular set of operating conditions at the desired
location of the hole 40 to be bored into the earth 42.

[0041] Figures 9-13 illustrate that the example connector portion 28
comprises a first connector housing 320 and a second connector housing 322.
The first and second connector housings 320 and 322 are connected to form a

connector assembly 324 by connector screws 326.

[0042] The first connector housing 320 defines a first plate edge 330, a
key edge 332, first screw openings 334, key slots 336, and a first connector
housing passageway 338. The second connector housing 322 defines a leading
edge 340, a second plate edge 342, second screw openings 344, key projections

338, and a second connector housing passageway 348.

[0043] The example connector portion 28 further comprises a connector
member 350 and a plurality of seal members 352. The example connector
member 350 defines first and second connector end portions 360 and 362 and
an intermediate portion 364 and defines a connector passageway 366. The
intermediate portion 364 defines first and second shoulder portions 370 and 372,
and at least one seal groove 374 is formed on each of the first and second

connector end portions 360 and 362.

[0044] The first plate edge 330 is secured to the distal end plate 226 of the
proximal extension housing assembly 220, and the second plate edge 342 is
secured to the proximal end plate 128 of the distal end plate housing assembly
120.

-11 -
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[0045] The example drill string 30 is fabricated as follows. Initially, the bit
portion 22 is secured to the distal extension portion 24 as follows. The seal
member 58 is arranged in the seal groove 92 on the coupler member 82, and the
coupler member 82 is inserted into the supply extension chamber 140 such that
the seal 58 engages an inner wall of the first extension housing member 122.
The coupler pins 56a and 56b are inserted through the coupler pin openings
150a and 152b such that the coupler pins 56a and 56b are at least partly
arranged within the coupler pin grooves 90a and 90b. So arranged, the coupler
pins 56 prevent relative movement of the bit portion 22 and the distal end portion
24 along the string axis A. The coupler pins 56 also translate axial rotation of the
extension housing assembly 120 to the bit housing 52 such that axial rotation of
the drill string 30 rotates the cutter heads 62 such that the cutter heads 62

engage the earth 42 to form the hole 40 in a conventional manner.

[0046] The example connector portion 28 is then used to connect the
distal and extension portion 24 to the proximal end portion 26 as follows. The
seal members 352 are arranged in the seal grooves 374. The connector
member 350 is arranged such that the first shoulder portion 370 engages the first
extension housing member 122 of the distal extension housing assembly 120
with the seal members 352 against an inner surface of the first extension housing
member 122. The leading edge 340 of the second connector housing 322 is
inserted into the first connector housing passageway 338 such that: the second
shoulder portion 372 of the connector portion 28 engages the first extension
housing member 222 of the proximal extension housing assembly 220 with the
seal members 352 against an inner surface of the first extension housing
member 222; the key slots 336 receive the key projections 346; and the first and
second screw openings 334 and 344 are aligned. The connector screws 326 are
then inserted through the aligned screw openings 334 and 344. At least one of
the screw openings 334 and 344 may be threaded to engage threads on the

-12 -
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connector screws 326 to secure the connector screws 326 in place as shown in
Figure 13. At this point, a supply connector chamber 380 is formed within the
connector bore 366, and a removal connector chamber 382 is formed within the

first connector housing bore 338 and outside of the connector member 350.

[0047] The key projections 346 engage the key slots 336 to transfer axial
rotation of the proximal extension housing assembly 220 to the distal extension
housing assembly 120. The connector screws 326 prevent relative movement of
the distal and proximal extension housing assemblies 120 and 220 relative to
each other during normal operation of the drill string 30. The connector screws
326 will also transfer axial rotation of the proximal extension housing assembly

220 to the distal extension housing assembly 120.

[0048] In addition, the arrangement described above and depicted, for
example, in Figures 7 and 12 creates the supply path 44 and return path 46
described above. In particular, the supply path 44 extends through the supply
extension chamber 240 of the proximal extension housing assembly 220, through
the connector member bore 366, through the supply extension chamber 140 of
the distal extension housing assembly 120, through the supply connector
chamber 380, through the bit housing chamber 72, out of the cutter plate slots
64, and into an active cutting region surrounding the cutter assembly 50. The
return path 46 extends from the active cutting region surrounding the cutter
assembly 50 up along the bit housing grooves 74 (contained by the inner wall of
the hole 40), through the second coupler plate opening(s) 86, through the
removal extension chamber 142 defined by the distal extension housing
assembly 120, through the removal connector chamber 382 defined by the
connector portion 28, and through the removal extension chamber 242 formed by

the proximal extension housing assembly 220.

-13 -
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[0049] In use, the drill fluid supply 34 forces the drill fluid through the drive
system 32 and along the supply path 44 such that the drill fluid mixes with
cuttings or tailings generated by the cutter assembly 50 in the active cutting
region surrounding the cutter assembly 50. Pressure on the drill fluid forces the
mixture of drill fluid and cuttings or tailings out of the active cutting region and
back up along the return path 46 and out of the drive system 32, where the
mixture of drill fluid and cuttings or tailings is collected in the drill debris collector
36.

[0050] Although the various components of a drill string forming a part of
an earth boring system of the present invention may be fabricated in many
shapes, the use of parts that are generally symmetrical about a plane extending
through the string axis A is desirable for a number of reasons. The bit housing
52, coupler member 82, extension housing members 122, 124, 222, and 224,
first and second connector housings 320 and 322, and connector member 350
are all substantially cylindrical or have at least a portion that is cylindrical. The
example supply path 44 is thus generally cylindrical. The example return path 46

is generally annular and surrounds the supply path 44.

[0051] Depicted in Figures 14 and 15 is a second example bit portion 420
with different dimensions and a different cutter assembly 422 than the example
bit portion 22 and cutter assembly 50 described above. The second example bit
portion 420 may be used as part of a drill string like the example drill string 30

with appropriate sizing of the other parts of the drill string.

[0052] Figures 16 and 17 depict a third example bit portion 430 with

different dimensions and a different cutter assembly 432 than the example bit
portions 22 and 420 and cutter assemblies 50 and 422 described above. The
cutter assembly 432 comprises four groups of cutter heads radially extending

from a center group of cutter heads and defines four cutter plate slots, with one

-14 -
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cutter plate slot arranged between each pair of cutter head groups. The third
example bit portion 430 may be used as part of a drill string like the example drill

string 30 with appropriate sizing of the other parts of the drill string.

-15 -



WHAT IS CLAIMED IS:
1. A drill string comprising:
a bit portion;
a distal extension portion;
a proximal extension portion; and
a connecting portion, whereby

the bit portion is operatively connected to the distal extension portion and the
connecting portion operatively connects the distal extension portion to the proximal
extension portion to define a supply path extending through the proximal extension
portion, the connecting portion, the distal extension portion, and the bit portion to a cutter

region associated with the bit portion; and

a return path extending from the cutter region through the bit portion, the distal

extension portion, the connector portion, and the proximal extension portion;

a portion of the return path define by the distal extension portion surrounds the

supply path; and

the bit portion defines at least one housing groove, where the return path extends

at least partly through the at least one housing groove.

2. A drill string as recited in claim 1, in which the connecting portion comprises:
a first connector housing secured to the proximal extension portion;
a second connector housing secured to the distal extension portion; and

a connector member defining a connector passageway, wherein the first and
second housings are secured to each other to transfer rotational forces from the proximal

extension portion to the distal extension portion; and

-16 -
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the connector member engages the proximal extension portion and the distal
extension portion such that a portion of the supply path extends through the connector
passageway, and a portion of the return path extends between the connector member and

at least one of the first and second connector housings.

3. A drill string as recited in claim 1, in which:

the distal extension portion defines first and second distal extension housing

members arranged to define distal supply and removal extension chambers;

the proximal extension portion defines first and second proximal housing

members arranged to define proximal supply and removal extension chambers; and
the connecting portion comprises:
a first connector housing secured to the proximal extension portion;
a second connector housing secured to the distal extension portion; and

a connector member defining a connector passageway, wherein the first
and second housings are secured to each other to transfer rotational forces from

the proximal extension portion to the distal extension portion; and

the connector member engages the first distal extension housing member and the
first proximal extension housing member such that a portion of the supply path extends
through the proximal supply extension chamber, the connector passageway, and the distal

supply extension chamber, and

a portion of the return path extends through the distal removal extension chamber,
between the connector member and at least one of the first and second connector

housings, and through the proximal removal extension chamber.
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4. A drill string as recited in claim 1, in which the connecting portion comprises:
a first connector housing secured to the proximal extension portion;
a second connector housing secured to the distal extension portion;
at least one key projection; and

at least one key slot, wherein the at least one key projection engages the at least
one key slot to transfer rotational forces from the proximal extension portion to the distal

extension portion.

5. A drill string as recited in claim 3, in which the connecting portion further

comprises:
at least one key projection; and

at least one key slot, wherein the at least one key projection engages the at least
one key slot to transfer rotational forces from the proximal extension portion to the distal

extension portion.

6. A drill string as recited in claim 4, in which the connecting portion further

comprises:
at least one first opening formed in the first connector housing;
at least one second opening formed in the second connector housing; and

at least one connector screw adapted to engage the at least one first opening and
the at least one second opening to secure the proximal extension portion to the distal

extension portion.
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7. A drill string as recited in claim1, in which the connecting portion further
comprises at least one seal member arranged to inhibit the flow of material between the

supply path and the return path.

8. A drill string as recited in claim 2, in which the connecting portion further
comprises at least one seal member arranged between the connector member and at least
one of the first and second connector housings to inhibit the flow of material between the

supply path and the return path.

9. A drill string as recited in claim 1, in which the bit portion comprises:
a bit;
a bit coupler;
a bit housing for supporting the bit and the bit coupler; and

at least one coupler in, wherein the at least one coupler pin engages the bit
housing and the distal extension portion to secure the bit portion to the distal extension

portion to transfer rotation of the distal extension portion to the bit.

10. A drill string as recited in claim 1, in which:

the distal extension portion defines first and second distal extension housing
members arranged to define distal supply and removal extension chambers, where the

first distal extension housing member defines at least one first coupler pin opening;

the proximal extension portion defines first and second proximal housing
members arranged to define proximal supply and removal extension chambers, where the
second distal extension housing member defines at least one second coupler pin opening;

and
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the bit portion comprises:
a bit;
a bit coupler defining at least one coupler pin groove;
a bit housing for supporting the bit and the bit coupler; and
at least one coupler pin;

wherein the at least one coupler pin extends through the at least one second
coupler pin opening and the at least one first coupler pin opening and is arranged at least
partly within the at least one coupler pin groove to secure the bit portion to the distal

extension portion to transfer rotation of the distal extension portion to the bit.

11. A drill string as recited in claim 9, further comprising at least one seal member
arranged between the bit coupler and the distal extension portion to inhibit the flow of

material between the supply path and the return path.

12. A method of forming a hole in the earth comprising the steps of:
providing a bit portion defining at least one housing groove;
the bit portion is operatively connected to a distal extension portion;

operatively connecting the distal extension portion to a proximal extension

portion to define:

a supply path extending through the proximal extension portion, the distal
extension portion, and the bit portion to a cutter region associated with the bit

portion,

a return path extending from the cutter region through the bit portion, the
distal extension portion, the connector portion, and the proximal extension
portion, where the return path extends at least partly through the at least one

housing groove; and
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a portion of the return path defined by the distal extension portion
surrounds the supply path;

engaging the bit portion with the earth;

rotating the proximal portion to cause rotation of the bit portion through the distal

extension portion;
forcing drill fluid through the supply path and to the cutter region; and

collecting drill fluid in the cutter region through the return path.

13. A method as recited in claim 12, in which the step of operatively connecting the

distal extension portion to the proximal extension portion comprises the steps of:
securing a first connector housing to the proximal extension portion;
securing a second connector housing to the distal extension portion; and

securing the first and second housings to each other to transfer rotational forces

from the proximal extension portion to the distal extension portion; and

arranging a connector member to engage the proximal extension portion and the
distal extension portion such that a portion of the supply path extends through the
connector passageway, a portion of the return path extends between the connector

member and at least one of the first and second connector housings.

14.  An earth boring system for forming a hole in the earth, comprising:
a drill string comprising:
a bit portion defining at least one housing groove;
a distal extension portion,
a proximal extension portion; and

a connecting portion;
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a drive system,;
a drill fluid supply; and

a drill debris collector, whereby the bit portion is operatively connected to the
distal extension portion and the connecting portion operatively connects the distal
extension portion to the proximal extension portion to define a supply path extending
through the proximal extension portion, the connecting portion, the distal extension

portion, and the bit portion to a cutter region associated with the bit portion;

a return path extending from the cutter region through the bit portion, the distal

extension portion, the connector portion, and the proximal extension portion; and

a portion of the return path defined by the distal extension portion surrounds the

supply path;

the drill fluid supply forces drill fluid through the supply path such that the drill

fluid mixes with cuttings in the cutter region to form drill debris;
the drill debris flows back up through the return path; and
the drill debris collector collects the drill debris; and

the return path extends at least partly through the at least one housing groove.

15. An earth boring system as recited in claim 14, in which the connecting portion

comprises:
a first connector housing secured to the proximal extension portion;
a second connector housing secured to the distal extension portion; and
a connector member defining a connector passageway,

wherein the first and second housings are secured to each other to transfer

rotational forces from the proximal extension portion to the distal extension portion; and
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the connector member engages the proximal extension portion and the distal

extension portion such that,

a portion of the supply path extends through the connector passageway,

and

a portion of the return path extends between the connector member and at

least one of the first and second connector housings.

16.  An earth boring system as recited in claim 14, in which:

the distal extension portion defines first and second distal extension housing

members arranged to define distal supply and removal extension chambers;

the proximal extension portion defines first and second proximal housing

members arranged to define proximal supply and removal extension chambers; and
the connecting portion comprises:
a first connector housing secured to the proximal extension portion;
a second connector housing secured to the distal extension portion; and
a connector member defining a connector passageway,

wherein the first and second housings are secured to each other to transfer
rotational forces from the proximal extension portion to the distal extension

portion; and

the connector member engages the first distal extension housing member and the
first proximal extension housing member such that a portion of the supply path extends
through the proximal supply extension chamber, the connector passageway, and the distal

supply extension chamber; and

a portion of the return path extends through the distal removal extension chamber,
between the connector member and at least one of the first and second connector

housings, and through the proximal removal extension chamber.
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17. A drill string comprising:
a bit portion;
a distal extension portion; and

a connecting portion, whereby the bit portion is operatively connected to the
distal extension portion and the connection portion operatively connects the distal

extension portion to the proximal extension portion to define:

a supply path extending through the proximal extension portion, the
connecting portion, the distal extension portion, and the bit portion to a cutter

region associated with the bit portion; and

a return path extending from the cutter region through the bit portion, the
distal extension portion, the connector portion, and the proximal extension

portion; and

the bit portion defines at least one housing groove, where the return path extends

at least partly through the at least one housing groove.

18. A drill string comprising:
a bit portion comprising:
a bit;
a bit coupler;

a bit housing for supporting the bit and the bit coupler, where the bit

housing defines at least one housing groove, and
at least one coupler pin;
a distal extension portion;

a proximal extension portion; and
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a connecting portion; whereby

the at least one coupler pin engages the bit housing and the distal
extension portion to secure the bit portion to the distal extension portion to

transfer rotation of the distal extension portion to the bit;

the bit portion is operatively connected to the distal extension portion and
the connecting portion operatively connects the distal extension portion to the

proximal extension portion to define:

a supply path extending through the proximal extension portion,
the connecting portion, the distal extension portion, and the bit portion to a

cutter region associated with the bit portion; and

a return path extending from the butter region through the bit
portion, the distal extension portion, the connector portion, and the

proximal extension portion; and

the return path extends at least partly through the at least one

housing groove.

19. A method of forming a hole in the earth comprising the steps of:
providing a bit portion defining at least one housing groove,
the bit portion is operatively connected to a distal extension portion;

operatively connecting the distal extension portion to a proximal extension

portion to define:

a supply path extending through the proximal extension portion, the distal
extension portion, and the bit portion to a cutter region associates with the bit

portion;

a return path extending from the cutter region through the bit portion, the
distal extension portion, the connector portion, and the proximal extension
portion; and
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the return path extending from the cutter region through the bit portion,
the distal extension portion, the connector portion, and the proximal extension

portion; and

the return path extends at least partly through the at least one housing

groove; and
engaging the bit portion with the earth;

rotating the proximal portion to cause rotation of the bit portion through the distal

extension portion,;
forcing drill fluid through the supply path and to the cutter region; and

collecting drill fluid in the cutter region through the return path.

20.  An earth boring system for forming a hole in the earth, comprising:

a drill string comprising:
a bit portion, where the bit portion defines at least one housing groove;
a distal extension portion;
a proximal extension portion; and
a connecting portion;

a drive system

a drill fluid supply; and

a drill debris collector; whereby

the bit portion is operatively connected to the distal extension portion and the
connecting portion operatively connects the distal extension portion to the proximal

extension portion to define:
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a supply path extending through the proximal extension portion, the
connecting portion, the distal extension portion, and the bit portion to a cutter

region associated with the bit portion,;

a return path extending from the cutter region through the bit portion, the
distal extension portion, the connector portion, and the proximal extension

portion; and

the return path extends at least partly through the at least one housing

groove;

the drill fluid supply forces drill fluid through the supply path such that the drill

fluid mixes with cuttings in the cutter region to form drill debris, and

21.

the drill debris flows back up through the return path; and

the drill debris collector collects the drill debris.

A drill string comprising:
a bit portion comprising;
a bit;
a bit coupler;
a bit housing for supporting the bit and the bit coupler; and
at least one coupler pin;
a distal extension portion;
a proximal extension portion; and

a connecting portion; whereby
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the bit portion is operatively connected to the distal extension portion and
the connecting portion operatively connects the distal extension portion to the

proximal extension portion to define:

a supply path extending through the proximal extension portion,
the connecting portion, the distal extension portion, and the bit portion to a cutter

region associated with the bit portion; and

a return path extending from the cutter region through the bit
portion, the distal extension portion, the connector portion, and the proximal

extension portion,

the at least one couple pin engages the bit housing and the distal extension portion
to secure the bit portion to the distal extension portion to transfer rotation of the distal

extension portion to the bit;

a portion of the return path defined by the distal extension portion surrounds the

supply path; and

the bit housing defines at least one housing groove, where the return path extends

at least partly through the at least one housing groove.

-28-

CA 2948794 2020-05-19



CA 02948794 2016-11-16

1/9
FIG. 1
32x\ /20
F
RN i
U | L% 42
Ll
30 28—
24/’|
i\f‘m
ZZ\JE




CA 02948794 2016-11-16

2/9

FIG. 2

26

26

24

22




CA 02948794 2016-11-16

3/9
FIG. 4
92
2 fgo
54 N\ 82
I J—-80
] 1]
66
N'w{/7g

1] 60




CA 02948794 2016-11-16

4/9

126 — | "
! / : | 120 \ & m M'Z
J /1L
132b | 132a a4 VT R L w
130 — E——nd—58 . 2 [/(
88 —d
54 #j\ 9 124~ v
T~ § | 58— 0 §
90b——= | —90a 56b (- 4
2R gg::x%/\ ’ 1126
80 N \ 132a—F~ R “é 132
80—+ 777 1 1—8a s~ 17/ (/)| sa
130
22— 2
52\ 52\
0~ 70—
i 72 N 72
T4~ T4 T4~ | Ta
64a-. 64a-.
64b \; - 64b
660 — || 66— |




CA 02948794 2016-11-16




CA 02948794 2016-11-16

6/9
20—
20— 240 YY)
- *
R 4 232a
» “— 3% FIG. 12
320 —__ - A
28 20— 240 o
46 )24
34— C f
N 334 N ] f L -
336 —~_| ‘ 336—| 44 4\/T 70— 44
|
332 ‘ 24 242
|
| 32
| 3127 - 2%a
362 35 | 374 23— ‘.
| 372 N [
| \
350 — 320 —] 230 S %_/ 382
S /
32
364 366 WV @ 366 @
r ? 380 | j
13 / 134 / 13
) 36— ? 76
\ 370 ;
B 2 | 374 36—~ | NS
J | 310 30
| 340
|
% . 1
322 — M 124
344 6 142 bs
SN \ 120—" 140
136b A
/ L Nf—— 342
128 — ) —136a
142~ 134 142
140 —124
20— =




719

FIG. 13




CA 02948794 2016-11-16

8/9

FIG. 14

\ 422

FIG. 15




FIG. 16

430 —_

CA 02948794 2016-11-16




