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A hydromechanical cutter for soft solids such as coal has most of the cutting done by central fluid cutters, but includes a peripheral
mechanical cutter to keep the bore hole of uniform diameter. Straighter holes can be formed. The cutter can be deviated by having an
angled fluid cutter which cuts into the bore wall to form a wash out when the fluid cutting pressure is increased.
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1
TITLE
A DRILLING APPARATUS AND METHOD
FIELD OF THE INVENTION

This invention relates to a drilling apparatus
and method and particularly relates to a drilling
apparatus and method to drill long, substantially
straight holes in a solid such as coal.

BACKGROUND ART

In underground coal mining of gassy seams, it
is important to drain the seam gases from the coal prior
to excavation of the coal. Fairly small diameter bores
are drilled into the coal seam to drain trapped methane.
The bores need to be several hundred metres long and have
a typical diameter of between 5cm - 15cm. Bore holes of 1
kilometre or more would also be useful, but difficulties
exist with forming and dewatering the bore hole over such
distances.

Other mining and petroleum operations also
require bores to be drilled in relatively soft solids,
for instance to provide samples, determine geclogical
features and to drain water.

Conventionally, these bores have been drilled
using a mechanical drill bit mounted at the end of a
rotating steel drillstring. Down hole wotor  (DIM)
drilling can be used to drill holes straight enough for
gas drainage purposes, however, there are some existing
disadvantages. Firstly, the productivity of DHM drilling
is roughly half of that of rotary drilling. Secondly,
there 1s an appreciable increase in the "down hole”
capital cost. Lastly, the holes, and especially long
holes, snake from side to side, and this can affect the
gas drainage process and also limits the ultimate depth
that any hole can go for a given rig capacity (reduced
“drag in hole).

Mechanical cutting suffers from three main
disadvantages. The first disadvantage is the high torque
required to turn the cutter and to rotate the

drillstring. Also, a large feed force 1is reguired to
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push the drillstring along the bore and to ensure that
the mechanical cutter is hard up against the coal face
{or the face of the solid to be cut). This can cause
buckling and torsion of the drillstring in the bore, and
also contributes to undesired hole deviation.

The second main disadvantage with rotary
drilling wusing mechanical cutters is the difficulty in
keeping the bore straight as it 1is Dbeing drilled. For
gas drailnage, it 1is important that a number of accurately
parallel straight bores are drilled into the coal seam to
ensure that the seam gases are effectively drained.
Should the bores deviate from each other, large areas of
coal can be Dbypassed thereby tftorming a hazard ftrom
ineffective drainage of the seam. Also, deviation of tLhe
drillstring causes shorter holes to be drilled than
otherwise required. For instance, it has been estimated
that more than 50% of holes have problems of one sort or
ancther. It 1s estimated that 46% of the holes do not go
the reguired distance due to the drillstring deviation,
or collapse, and up to 7% of the holes do not go in the
desired direction, or intersect another hole by not being
drilled straight. Non straight holes make it harder to
push in the drill rods and increases the probability of
the drill string buckling in the hole.

The third main disadvantage is that the drill
string 1is not readily steerable.

Known attempts to straighten the drilled hole
by adding stiffness to the drillstring, for instance, by
using stabilisers, have met with only limited success, as
making the drillstring stiffer and more inflexible does
not form bore holes straight enough for 1long hole
drilling.

It has been found that when boring gas drainage

‘holes -in coal seams, the weakness plane (main c<leat) in

the coal causes the mechanical cutter to follow the cleat
and therefore to deviate from a required straight line.
Where for gas drainage purposes it is necessary to drill

holes at an angle other than normal to the main cleat
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direction, it has been found that the hole deviates to
preferentially follow the main cleat direction.

Drilling systems using mechanical cutters and
fluid Jjets are known. A common system uses mechanical
cutting with the fluid jets functioning to flush away the
cuttings from the cutter. US Patent 4,784,231 describes
such a system.

Another known system uses a mechanical cutter
with high pressure water jets which function to protect
the mechanical cutting bit. US Patent 4,359,115 describes
such a system.

Drilling systems using mainly mechanical
cutting but also a small amount of fluid cutting are less
well known. us Patent 4,106,577 describes a
hydromechanical drilling device where most of the cutting
is by a conventional roller cone but where a central high
pressure water jet bit cuts a small diameter pilot hole
in advance of the main mechanical cutter. Thig device
does not overcome all the problems associated with
mechanical drilling, such as the high torgue and feed
forces and deviation of the bore hole.

US Patent 4,535,853 describes a mechanical
cutter having a central bursting cone shaped wedge and a
peripheral cutter. Fluid jets are positioned peripherally
to assist with the mechanical cutting. In cne embodiment,
the central wedge is removed and replaced with a single
fluid cutting jet. This cutter does not overcome the
disadvantage of irregular wall diameter as fluid cutting
jets are positioned on the periphery of the cutter.

Another known drilling system uses pure fluid
cutting without using any mechanical bit. Fluid cutting
has a number of advantages. Firstly, there 1is less

torque required and less feed force required as the

Tutting is done largely or whelly by fluid power as

opposed to mechanical cutters. Another advantageous
effect of fluid cutting 1is that a £fluid cutting drill
does not appear to be affected by the cleat in a coal

seamn. Thus, a fluid cutting assembly will dril: a
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straighter hole than a purely mechanical cutting
assembly.

However, while a fluid cutter does not appear
to be influenced by the cleat in the coal, it still tends
to droop downwardly resulting in the formation of a
downwardly curving bore hole, which is unacceptable.

An attempt has been wmade to provide some
directional steering to a fluid cutter. This known fluid
cutter has a rotating nozzle attached to a non-rotating
steel drillstring. Behind the rotating nozzle is a bent
sub. The bent sub can be rotated by rotaticn of the
drillstring and this in turn effects steering of the
fluid cutter. However, it 1s found that with a bent sub
and rotating nozzle arrangement, acceptable holes can
still not be bored and it is considered most likely that
rotation of the bent sub causes snaking of the bore hole,
which limits the ultimate length of the hole.

It is known to provide a mechanical cutter with
a fluid nozzle where the fluid functions to flush away
the chips to reduce wear on the cutter caused by reducing
the regrinding action of the chips. The fluid can also
function to clean the grinding teeth of the cutter. The
fluid nozzle 1is not designed for cutting and does not cut
the coal 1n an area where the mechanical cutter will not
also cut.

After much research and experimentaticn, an
apparatus and method has now been developed which can
allow the formation of acceptably straight bores in a
solid such as (but not limited to) coal. This allows for
more effective gas drainage, and reduces the risk of
outbursts of gas or explosions occurring in the mine
caused by a large body of solid not being properly

drained due to deviation of the bores.

- i OBJECT OF THE INVENTION

It is an object of the invention to provide a
method an apparatus which may overcome the abovementioned
disadvantages or provide the public with a usecful or

commercial choice.
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In one form, the invention resides in a method
for drilling holes in a solid such as coal, the method
comprising using a combination of simultaneous fluid
cutting and mechanical cutting characterised in that the
fluid cutting is performed in the central area of the
hole to be drilled, and the mechanical cutting 1is
performed in the peripheral area of the hole to be
drilled.

In another form, the invention resides in a
cutting apparatus for forming holes in a solid such as
coal, the apparatus having a leading cutting face having
at least one fluid cutter to cut a central area of the
hole and at least one mechanical cutter to cut a
peripheral area of the hole.

While mnot wishing to be bound by theory, 1t
appears that the conventional fluid only cutters are not
able to cut a smooth wall bore of the correct size. It
appears that the fluid only cutters cut a bore which is
larger than necessary and irregular in diameter and this
results in the fluid cutter drooping downwardly by a
gravity effect, and also produces an unstable hole which
can affect gas drainage.

The method and apparatus according to the
invention minimises drooping of the bore heole Dby
providing a combination of peripheral mechanical cutting
to ensure that the bore hole is of an acceptable constant
diameter to create a stable hole, and central area tluid
cutting to cut the central area . This combination
enhances the efficiency of the drilling action.

A further advantageous property of thce method
and apparatus 1s that the combination of fluid and
mechanical cutting can result in smaller cuttings which
are easier to flush from the borehole.

The abovementioned disadvantages of mechanical
cutting are greatly reduced by having a major portion,
and preferably almost all of the cutting of the hole done
by the fluid cutters. It 1s preferred that more than 50%

and preferably 50% - 90% of the hole is cut by the fluid
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cutters, with the remainder minor portion being cutrby
the mechanical cutter.

The cutting apparatus may have a main body
portion and a forward or leading cutting face. The
cutting face may be rotatable relative to the main pody
portion (with a non-rotating drillstring), or may be
fixed to the main body portion such that the drillstring
igs rotated to rotate the apparatus.

It 1is preferred that the at least one £fluid
cutter is positioned in a central area on the cutting
face. The fluid cutter may comprise one or more high
pressure nozzles. High pressure fluid can be passed
through the drillstring or through an hydraulic hose and
to the fluid cutter.

The fluid pressure can vary between 10 - 100MPa
in coal, with a preferred range being between 20 - 40MPa.
In other harder materials, higher pressures of up to
400MPa may be required. The pressure should be such that
when drilling a straight hole, the fluid cutters cut the
central area of the bore without extending the cutting to
the peripheral area and this will vary depending on the
solid

A typical fluid flow range 1is between about
100 to 250 litres per minute, and the preferred fluid 1is
water which may optionally contain additives, for
instance acids to provide a dilute acidic solution. Thus
the fluid cutting can be seen as high pressure/low volume
relative to flushing noczzles.

The one or more nozzles are positioned such
that high pressure fluid cuts only a central area of the
bore to be cut. By central area is meant the area in
front of the fluid cutter and extending from a central

point up to but not including the peripheral area of the

bore.

The nozzle(s) can be fixed relative to the
remainder of the apparatus, and/or can comprise a
spinning nozzle(s). The nozzles can jet cutting fluia in

line with the direction of travel of the apparatus, but
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can alsc be inclined to direct cutting fluid towards the
periphery. A combination of in line nozzles and angled
nozzles can be used. If an angled nozzle is used, the
pressure should be adjusted such that the cutting fluid
does not cut beyond the central area.

The cutting face also includes a peripheral
mechanical cutter to mechanically cut the peripheral area
of the bore but not the central area of the bore. The
type of mechanical cutter can vary and may include a drag
drill bit, a PDC (Polycrystalline Diamond Compact) drill
bit or a Pineapple-shaped drill bit (tungsten carbide) .

It is possible to position at least one
additional mechanical cutter bit inwardly from the
peripheral area to assist in the cutting of the central
area, but the majority of the cutting in this area will
be by the fluid cutters.

The mechanical cutter cuts a peripheral area of
the bore by which is meant the outer part of the bore not
cut by the fluid cutter. The peripheral area of the bore
is preferably the same or only slightly larger than the
diameter of the cutting apparatus.

By having a ©peripheral mechanical cutter
arrangement, the diameter of the bore can be maintained
fairly constant over the length of the bore. This in
turn minimises droop of the bore by what appears to be
gravity effect as the cutter moves along, and minimises
hole instability. If desired, stabilisers can be fitted
to the drill string.

It is preferred that the fluid cutter cuts the
majority of the bore as fluid cutting is independent of
the cleat effect, but that the fluid cutter does not cut
the peripheral portion of the bore which is to be cut by

the mechanical cutter which allows the bore to have a

much 'more constant diameter along its length which

minimises the droop effect, and minimises hole
instability.
It 1is found that the method and apparatus

according to the invention allows acceptably straight
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bore holes to be drilled in coal for several hundfed
metres with a water pressure of about 20MPa and a water
flow rate of about 150 litres per minute. The method and
apparatus requires about a quarter of the feed force
required for normal rotary drilling, this being due to
the fluid cutter cutting a gignificant portion of the
bore while the mechanical cutter cuts only a minor
portion of the bore.
BRIEF DESCRIPTION OF THE FIGURES

An embodiment of the invention will be
described with reference to the following drawings in
which

Figure 1 1s a schematic view of a cutting
apparatus according to a first embodiment of Lhe
invention.

Figures 2A and 2B illustrate section and end
views of the forward part of a cutting apparatus
according to a second embodiment of the invention.

Figures 3A and 3B i1llustrate section and end
views of the forward part of a cutting apparatus
according to a third embodiment of the invention.

Figures 4A and 4B 1illustrate sectilion and end
views of the forward part of a cutting apparatus

according to a fourth embodiment of the invention.

BEST MODE
Referring to Figure 1, there is shown a cutting
apparatus 10 for cutting a bore 11 in a coal seam 12.
Cutting apparatus 10 has a leading cutting face 13 which
has a central fluid cutter 14 in the form of a high
pressure nozzle, and a peripheral mechanical cutter 15
which can be of various types. Mechanical cutter 15 1is

attached to a cutter head 16 which 1s 1itself attached to

a main - -body portion 17, or a drillstring. High pressure

fluid of about 20 MPa passes through the drillstring (or
an auxiliary hose), into fluid chamber 18 and through
nozzle 14 to fluid cut a central area 20 1n the c¢oal

geam. Nozzle 14 1s designed to only cut a central
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portion as 1illustrated in Figure 1 and does not cut a
peripheral portion 21. The peripheral portion 21 1s cut
by the mechanical cutter 15 which can provide a much
greater degree of control of the bore hole diameter, and
cutter 21 is not designed to cut the central portion 20.

Referring to figure 2A and 2B there 1is
illustrated the cutting head 25 of the cutting apparatus.
Cutting head 25 1s mounted for spinning rotation
according to known techniques. Cutting head 25 is formed
from steel and has three lobes 29-31. The cutting head
has three fluid cutting nozzles 26 -28. Two of the
nozzles 26,27 pass high pressure ( about 20MPa) fluid
directly 1in front of the cutting head to damage the
central zone of the coal, or other solid being cut. The
third nozzle 28 1igs angled at about 30 degrees to pass
high pressure fluid towards the periphery of the bore.
The fluid pressure 1is regulated such that the third
nozzle cuts the central area of the solid inwardly from
the periphery, when a straight bore 1is being cut. For
coal, a fluid pressure of about 20 MPa 1is satisfactory.
If the fluid pressure 1is too high, third nozzle will
start to cut into the peripheral area and this is not
desirable when a straight hole is to be cut.

Each of the 1lobes 29-31 has a forwardly
projecting mechanical cutting bit 32 - 34. The bits are
positioned to cut and smooth the periphery of the bore,
and the bits extend beyond the fluid nozzles 26 - 28. One
additional bit 35 1is positioned adjacent the nozzles and
this bit assists in cutting away the central area of the
solid being cut. This bit 1is however ancillary to the
main cutting of the central area which is carried out by
the fluid cutters

Referring to figures 3A and 3B, a third

“embodiment of the invention 1is i1llustrated. In this

embodiment, like parts have been given like numbers. The
main difference is that fixed nozzles 27, 28 in figures
22, 2B have Dbeen replaced by a single in line spinning

nozzle 40. Nozzle 40 is more or less of known design and
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has two jets 41, 42 offset at 45 degrees to each other.
When nozzle 40 spins, the two jets 41, 42 form a cone of
cutting fluid which extends straight ahead. Nozzle 40 is
positioned 20mm. from the centre line of the cutting
head. Again, the pressure needs to be regulated to ensure
that the cone of cutting fluid cuts only the central
portion of the coal or other solid, and does not extend
into the peripheral area when a straight bore is being
cut.

Figures 44 and 4B illustrate a variation of the
cutting head of figures 3A and 3B, where the spinning
nozzle 43 is angled towards the periphery of the bore to
be cut.

In each of the embodiments, the fluid cutters
are designed to cut most of the hole, with the mechanical
cutter cutting only a minor portion. Typically, over 50%
and usually 50% - 90% of the hole 1is cut by the fluid
cutters. This arrangement gives the advantages of fluid
cutting ( straighter holes, less power consumption) while
minimising the disadvantages of fluid cutting ( irregular
bore hole size)

The reason for having the angled or ofiset
fixed nozzle 28 (see figures 2A, 2B), or the spinning
nozzles of figures 3A,3B,4A and 4B, 1s to allow the
cutting apparatus to change direction at any desired
position, for instance, should the bore require
deviation. In brief, this is achieved by stopping the
drill string, increasing the fluid pressure to
deliberately allow the angles or spinning fluid nozzles
to cut into the periphery of the bore. This provides a
wash out cavity in the bore wall, and the apparatus will
pass into the wash out cavity.

In an example, a bore 1is cut in coal using the drill of
figures 3 or 4 and at a pressure cf 20 MPa which prevents
the offset nozzles from cutting into the periphery of the
bore as the drill advances. If bore deviation 1is
regquired, the drill string 1is stopped. The cutting he=ad

is positioned ( for instance by slight rotation cf the
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drill string) to point the offset nozzle towards the
desired part of the bore hole wall. The water pressure 1is
raised to 40 MPa which will cause the offset nozzle to
cut towards and into the periphery of the bore wall. The
remaining nozzles will continue to cut straight ahead.
The bore wall is washed out, or cavitised, by the offset
nozzle. Forward thrust is resumed on the drill string
which will cause the cutting apparatus to move into the
wash out area and thus change direction. The water
pressure 1is reduced to 20 MpPa and the straight hole
drilling process is continued.

It can be seen that the apparatus and the
method allows acceptably straight long bore holes to be
drilled. The feed forces and the torque forces are
considerably less as much of the cutting is donc by the
fluid cutter which does not require the cutter to be
forced hard-up against the coal seam. The peripheral
mechanical cutter cuts only a relatively small portion of
the bore and therefore requires reduced torgue and much
less feed force to make it operate effectively.

It should be appreciated that various other
changes and modifications may be made to the embodiment
described without departing from the spirit or scope of

the invention.
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CLAIMS:
1. A cutting apparatus for forming holes 1in a
solid such as coal, the apparatus having a leading

cutting face having at least one fluid cutter to cur a
majecr central area of the hole and at least one
mechanical cutter to cut a winor peripheral area of the
hole.

2. The apparatus of claim 1 having a main body
portion and a forward or leading cutting face.

3. The apparatus of claim 2, wherein at 1lesast one
fluid cutter comprising a fluid nozzle is positioned in a
central area of the cutting face.

4. The apparatus o©f claim 3, wherein a plurality
of said fluid nozzles are provided.

5. The apparatus of claim 4, wherein at least one
said nozzle aims fluid towards the periphery of the hole.

6. The apparatus c¢f claim 5, wherein the fluid
pressure at the nozzles 1s such that when drillino a
straight hole, the fluid cutters cut the central area of

the bore without extending the cutting to the peripherail

area.

7. The apparatus of claim 6, wherein the fluid
pressure 1s between 10 - 100MPa, and preferably between
20 - 40MPa.

8. The apparatus of claim 5, wherein the nozzle(s)

are fixed relative to the remainder of the apparatus,
and/or can comprise a spinning nozzlel(s).

9. The apparatus of claim 1, wherein the cutting
face includes a peripheral mechanical cutter to
mechanically cut the peripheral area of the bore but not
the central area of the bore.

10 The apparatus of claim ¢, wherein at least one
additional mechanical cutter bit 1s spaced inwardly from
the peripheral area to assist in the cutting of the
central area.

11. The apparatus of c¢laim 1, wherein the fluid
cutter cutg more that 50% of the hole, and prcterably

cuts more that 80% of the hole.
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i2. A method for drilling holes in a solid such as
coal, the method comprising using a combination of

simultaneous fluid cutting and mechanical cutting
characterised in that the fluid cutting 1is performed in
the central area of the hole to be drilled, and the
mechanical cutting is performed in the peripheral area of
the hole to be drilled.

13. The method of c¢laim 12, wherein the £fluid
cutting pressure is about 20 MPa when a straight hole 1is
to be formed.

14. The method of claim 13, wherein a portion of
cutting fluid is directed to the hole side wall and when
a change in cutting direction 1is desired, tho fluid
pressure is increased to cause the cutting fluid to cut a
cavity into the hole wall to form a change in cutting
direction, whereafter the fluid pressure is reduced such
that the cutting fluid does not cut into the hole side
wall
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