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(54) WELLBORE REAMING TOOL

(57)  The invention relates to a drilling tool (1) for
maintaining a borehole and for cutting rock material, com-
prising a hollow elongated body (2) in a form of a pipe,
provided with a plurality of cutting blades (3) arranged
around the body (2) in such away that they protrude from
the external surface of the body (2). The tool is charac-
terised in that the cutting blades (3) are shaped as bands
(4), the ends of which are connected to the body (2), and
the central part of the cutting blades (3) between the ends
protrudes from the body (2), wherein the cutting blades
(3) are grouped into sets (5) arranged on the periphery
of the body and placed one above the other, and angu-
larly offset relative to each other; each cutting blade (3)
in the set (5) is remote from the axis of the body (2) of
the drilling tool (1) by a dimension larger than the dimen-
sion of the distance from the axis of the body (2) of the
cutting blade (3) located directly under it; the body (2) is
provided with slots (6) connecting the interior of the body
(2) to its external surface and arranged radially under the
cutting blades (3), and not connected to the cutting blades
(3); under the sets of the cutting blades (4), there is a
lateral channel (11) through which the drilling fluid along
with the cut rock material flow.

DX
XX

T

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 135 854 A1 2

Description

[0001] The object of the invention is a drilling tool for
maintaining a borehole and for cutting rock material.
[0002] Obtaining hydrocarbons by means of direction-
al holes consists of a series of complex operations. The
first of them is to drill a hole. This phase is followed by
geophysical research on geometry condition of the raw
borehole. Then, casing pipes are introduced into the
borehole, which ensure stability and sealing of the bore-
hole. Because of the forces inside the hole, present under
the ground, and diversity of drilled rocks, the borehole
begins to change its geometry immediately after the with-
drawal of the drill. Therefore, there is a risk of capturing
the casing pipes by rock layers tightening around and
reducing the diameter of the hole. In addition, a swelling
packet clay material is deposited on the surface of the
casing pipes and prevents conducting a proper cement-
ing operation. To prevent such a scenario, a number of
methods are used:

- forcing a reciprocating movement and/or rotational
movement of the cemented casing string,

- selection of optimal parameters of fluid,

- use of leading, buffering and washing fluids,
- use of packers,

- use of mud cake scrapers and centralisers,
- tools such as guide-shoe, reamer-shoe.

[0003] From the point of view of the invention, the latter
are important. These tools are placed at the beginning
of a casing string and have a drillable, substantially con-
ical nose and abrasive elements which are made of ma-
terials highly resistant to abrasion processes, for exam-
ple sintered carbides. Usually, they have, in their lower
part, openings to allow proper execution of cementing
and to ensure a steady flow of drilling fluid. The tool is
intended to cut or abrade the rock material from the walls
of the hole in places where the hole has a diameter small-
er than the designed one. After introducing the pipes to-
gether with the tool and cementing the space between
the hole wall and the casing string, a nose cone of the
tool is drilled in order to allow subsequent steps of the
hole exploration. These tools are produced by interna-
tional concerns, such as Weatherford, Downhole Prod-
ucts or Halliburton.

[0004] From British patent specification no. GB
2482703, a tool in a form of a bit for maintaining or ex-
panding a borehole is known. This tool has a form of a
hollow pipe which is placed in the borehole in which this
tool is moved along this hole. The tool further comprises
means constituting blades and openings which are con-
nected to the interior of the tool in the form of a pipe and
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are located axially in the front of the blade. The removed
material can be directed to the interior of the pipe, and
the openings can have a form of slots and have an edge
which constitutes a blade.

[0005] The stability of the borehole is affected by pa-
rameters such as:

- weight of the drilling fluid,

- ECD (Equivalent Circulating Density) during the cir-
culation of the hole,

- salinisation of the drilling fluid, and stabilisers of
swelling clays,

- pH of the drilling fluid,

- hydrodynamic and dynamic effect of the nozzles of
the drill bit and underreamer,

- presence of swelling clays.

[0006] In the drilling technology, there is a phenome-
non of stability changes (swelling of smectite/illite clays)
of the hole as a function of time. This translates into the
quality of the cemented sections of the piping. The situ-
ation requires solving encountered problems by means
of new techniques and technologies. One of the risks, to
which too little attention has been paid so far, is the phe-
nomenon of directional expansion of swelling clays.
[0007] In the course of exploration and development
activities, openings drill through different types of rock
with varying physical and chemical properties. Argilla-
ceous rocks (mudstones, claystones, shales) composed
of different kinds of clay minerals are among the most
frequentrocks. The percentage of mixed packet minerals
and illites increases with depth, usually gradually, and
the amount of smectites decreases. The Silurian, Ordo-
vician and Cambrian deposits are dominated by illites.
Also mixed packet minerals, often containing smectites.
Their main structural unitis a film comprising two inwardly
facing tetrahedral plates with a central octahedral plate
containing aluminum. The layers may extend in two di-
rections but bonds between the films are weak and have
a perfect cleavage allowing water and other molecules
to be absorbed between the films, resulting in directional
expansion. Based on existing information, the occur-
rence of swelling clays in the Ordovician, Silurian, Dev-
onian, Carboniferous and Jurassic profiles was found. In
many situations, the borehole is relatively stable, i.e. its
dimensions remain substantially unchanged for several
hours. However, this is largely dependent on geological
conditions. The main obstacle during drilling and cement-
ing processes are geological conditions prevailing in the
holes. One of the main problems is related to the swelling
of clay formations, as indicated above. This leads to nar-
rowing of the hole clearance, and consequently to its oc-
clusion.

[0008] The main problem with devices enlarging the
hole diameter used so far in the oil drilling industry, is
cutting the excavated rock material. Attempts to com-
pletely wash it out prove to be ineffective, and additionally
lead to escalating changes in geometry of the hole.
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[0009] The rock material, exhibiting a high viscosity, is
deposited on the surface of the pipes, thereby preventing
correct bonding of cement. Accumulation thereof leads
to formation of local blockages, which causes formation
of channels in the introduced cement paste.

[0010] The aim of the invention is to develop a drilling
tool without the disadvantages of known tools.

[0011] According to the invention, a drilling tool for
maintaining a borehole and for cutting rock material, com-
prising a hollow elongated body in a form of a pipe, the
body being provided with a plurality of cutting blades ar-
ranged around the body in such a way that they protrude
from the external surface of the body, is characterised in
that:

- the cutting blades are shaped as bands the ends of
which are connected to the body, and the central
part ofthe cutting blades between the ends protrudes
from the body, wherein the cutting blades are
grouped into sets arranged on the periphery of the
body and placed one above the other, and angularly
offset relative to each other,

- each cutting blade in the set is spaced from the axis
of the body of the drilling tool by a dimension larger
than the dimension of the distance from the axis of
the cutting blade body located directly under it,

- thebody is provided with slots connecting the interior
of the body to its external surface, which are ar-
ranged radially under the cutting blades and not con-
nected to the cutting blades,

- under the sets of the cutting blades, there is a lateral
channel through which the drilling fluid along with
the cut rock material flow.

[0012] Preferably, the cutting blades are configured to
discharge and fragmentise the cut rock material.

[0013] Also preferably, a connection with the lateral
channel is formed between the slots in the body of the
drilling tool in order to obtain an optimal fragmentising
flow of the cut rock material (ejector effect).

[0014] Also preferably, the cutting blades are grouped
into two levels of arranged on the periphery of the body,
arranged one above the other and offset from each other
by an angle of 0° to 45°.

[0015] Preferably,eachsetononelevel comprisesfour
cutting blades, wherein the sets of cutting blades are ar-
ranged on the periphery of the drilling tool every 90°.
[0016] Also preferably, each set on one level compris-
es six cutting blades, wherein six sets of cutting blades
onone level are arranged symmetrically on the periphery
of the drilling tool.

[0017] Also preferably, the cutting blades in each set
are offset from the cutting blades located directly under
it by an angle of 5° to 25°.

[0018] Also preferably, it is provided in its upper part
with a thread for connecting the drilling tool to casing
pipes.

[0019] Also preferably, it ends in a base made of a
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cuttable material.

[0020] Also preferably, directional channels are made
in the base for optimal flow of the drilling mud.

[0021] Also preferably, inlet openings are made in the
base for the flow of the drilling mud.

[0022] The object of the invention is presented in em-
bodiments in the drawing, in which:

- Fig. 1 shows a drilling tool in a side view,
- Fig. 2 shows a drilling tool in a partial cross-section,
- Fig. 3 shows a drilling tool in its frontal view,

- Fig. 4 shows a drilling tool in a side view of a portion
showing the cutting blades,

- Fig. 5 shows the flow of drilling fluid and excavated
material during the operation of a drilling tool,

- Fig. 6 shows a schematic diagram of a drilling tool
operating as an ejector,

- Fig. 7 shows computer simulations of drilling fluid
flowing through a drilling tool.

[0023] As shown in an embodiment of the invention in
Fig. 1, Fig. 2 and in Fig. 4 of the drawing, a drilling tool
1 for maintaining a borehole and for cutting rock material
comprises an elongated body 2 in a form of a pipe. The
external surface of the body 2 of the drilling tool 1 is pro-
vided with a series of cutting blades 3 arranged around
the body 2 in such a way that the cutting blades 3 protrude
from the external surface of the body 2.

[0024] The cutting blades 3 are shaped as bands 4
connected to the body 2 of the drilling tool 1 in such a
way that the ends of the bands 4 are connected to the
body 2, and in the central part between the ends of the
bands 4 they protrude from the body 2 so that they are
at a larger distance from the axis of the drilling tool 1 than
the external surface of the drilling tool 1.

[0025] The cutting blades 3 are grouped into sets 5 of
cutting blades 3 so that in each set 5, the cutting blades
3 are placed one above the other, and the sets 5 can be
angularly offset relative to each other. This angular offset
of the cutting blades 3 can vary within a range of 0° to
45°, wherein the offset value depends on many factors,
such as, for example, size of the drilling tool 1 generally
meant as its diameter, type of rock material in which the
borehole is drilled, depth of the borehole, and many oth-
ers. In an embodiment of the invention shown in Fig. 1,
this offset does not occur, i.e. it equals zero.

[0026] Each cutting blade 3 in the set 5 is spaced from
the axis of the body 2 of the drilling tool 1 by a dimension
larger than the dimension of the distance from the axis
of the body 2 of the cutting blade 3 located directly under
it. Such a solution causes that the cutting blade 3 located
above, collects a further layer of rock material the cutting
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blade 3 located below was unable to collect.

[0027] In the body 2 of the drilling tool 1, elongated
slots 6 are made, extending radially relative to the body
2, connecting the interior of the body 2 of the drilling tool
1 to its external surface. The slots are not connected to
the cutting blades 3 but, as shown in Fig. 5, they are
located under the bands 4 of the cutting blades 3.
[0028] Thebands4 of the cutting blades 3, in their cen-
tral part extending between the ends connecting the
bands 4 to the body 2 of the drilling tool 1, form, in each
set 5 of the cutting blades 3, a lateral channel 11 extend-
ing in parallel to the axis of the drilling tool 1 substantially
on the external surface of the body 2 and under the bands
4 of the cutting blades 3.

[0029] The cutting blades 3 on the body 2 of the drilling
tool 1 are configured so that their operation causes frag-
mentation and discharging the cut rock material towards
the heel of the borehole.

[0030] In the preferred embodiment of the invention,
shown in Fig. 1, Fig. 2, Fig. 3 and in Fig. 4, the cutting
blades 3 are grouped into sets 5 arranged on the periph-
ery of the body 2 of the drilling tool 1 and placed one
above the other, wherein in each set, there are six cutting
blades 3, and and on one level around the body 2 of the
drilling tool 1, six sets 5 of the cutting blades 3 are ar-
ranged. The sets 5 of the cutting blades 3 are therefore
arranged every 60°. Of course, in other embodiments,
the number of sets 5 of the cutting blades 3 both hori-
zontally and on the periphery of the body 2 of the drilling
tool 1, depending on the destination, can vary.

[0031] Also, the angular offset of the cutting blades 3
in the set 5 in relation to the cutting blades 3 located
directly under them can vary and amount 5° to 25°,
wherein in the embodiment shown in Fig. 1, it amounts
to 6°.

[0032] In order to connect to a set of pipes used to
maintain the borehole, the drilling tool 1 is provided with
a thread 7 at its upper end. In an embodiment shown in
Fig. 2, the thread 7 is an internal thread but it is obvious
thatin other embodiments the thread may be formed out-
side the drilling tool 1.

[0033] The drilling tool 1 ends in a base 8 made of a
cuttable material. In the base 8, directional channels 9
are made for optimal flow of the drilling fluid. The base 8
also has inlet openings 10 for the drilling fluid. After com-
pletion of its task, the base 8 of the drilling tool 1 may be
drilled.

[0034] The principle of operation of the drilling tool 1,
according to the invention, is based on a solution inno-
vative on a global scale, which allows cutting the rock
material, and then fragmentising itand discharging it onto
the surface out ofthe borehole. The veryidea of operation
can be compared to the calibrator known from the engi-
neering industry, which, however, uses the principle of
operation of the ejector for removing the cut material from
the cutting zone. It is this innovation that provides the
developed tool with significant advantages over analo-
gous structures.
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[0035] Fig. 6 schematically shows the principle of op-
eration of the ejector, relating to the drilling tool, according
to the invention. In Fig. 6, it can be seen that in the neg-
ative pressure zone, formedin the narrowing of the space
into which a fluid, in this case a drilling fluid, is forced,
the sucked rock material, cut by the cutting blades 3 of
the drilling tool 1, is captured and accelerated.

[0036] This phenomenon is shown in more detail in
Fig. 5 in relation to the drilling tool 1 according to this
embodiment. The slots 6 connecting the interior of the
body 2 of the drilling tool 1 to its external surface corre-
spond to the negative pressure zone of Fig. 6. Directly
above the slots 6 the bands 4 of the cutting blades 3 are
arranged, thereby forming, in each set 5 of the cutting
blades 3, lateral channels 11 in which the rock material
cut by the cutting blades 3 in the resulting borehole is
accelerated. This capturing and accelerating of the rock
material leads to its further fragmentising at the edges of
the cutting blades 3 and preventing formation of deposits
on the casing pipes which could disturb the process of
their cementing.

[0037] The proposed solution allows the use of high
velocity gradients in the vicinity of the cutting blade 3 for
precise fragmentation of the cut material and discharging
it up the hole along with the drilling fluid. Appropriate frag-
mentation of the cut material is essential as it prevents
formation of so-called mud cakes. This translates into
proper cementing of the hole and into environmental
safety and return on investment. It is worth noting that
the drilling tool 1, according to the invention, does not
have any moving parts, which contributes to its reliability.
[0038] In relation to the drilling tool 1, according to the
invention, computer simulations with the use of CFD (An-
sys Fluent) tool were conducted, which showed that the
flow of the drilling mud in appropriately profiled openings
and channels inside the cutting blades 3 induces the oc-
currence of pressure anomalies, as illustrated in Fig. 7.
A special form of the so-called hydrodynamic paradox
was used herein. Thereby, a zone of lower pressure un-
der the cutting blades 3 in lateral channels 11 was ob-
tained, allowing suction of the cut rock material, and then
its fragmentation through transverse flow of the drilling
fluid.

Claims

1. A drilling tool (1) for maintaining a borehole and for
cutting rock material, comprising a hollow elongated
body (2) in the form of a pipe, the body (2) being
provided with a plurality of cutting blades (3) ar-
ranged around the body (2) in such a way that they
protrude from the external surface of the body (2),
characterised in that

- the cutting blades (3) are shaped as bands (4),
the ends of which are connected to the body (2),
and the central parts of the cutting blades (3)
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between the ends protrude from the body (2),
wherein the cutting blades (3) are grouped into
sets (5) arranged on the periphery of the body
and placed one above the other, and angularly
offset relative to each other,

- each cutting blade (3) in the set (5) is spaced
from the axis of the body (2) of the drilling tool
(1) by a dimension larger than the dimension of
the distance from the axis of the body (2) of the
cutting blade (3) located directly under it,

- the body (2) is provided with slots (6) connect-
ing the interior of the body (2) to its external sur-
face and arranged radially under the cutting
blades (3), and not connected to the cutting
blades (3),

- under the sets of the cutting blades (4), there
is alateral channel (11) through which the drilling
fluid along with the cut rock material flow.

The drilling tool, according to claim 1, characterised
in that the cutting blades (3) are configured to dis-
charge and fragmentise the cut rock material.

The drilling tool, according to claim 1, characterised
in that a connection with the lateral channel (11) is
formed between the slots (6) in the body (2) of the
drilling tool (1) in order to obtain an optimal fragmen-
tising flow of the cut rock material (ejector effect).

The drilling tool, according to claim 1, characterised
in that the cutting blades (3) are grouped into two
levels of sets (5) arranged on the periphery of the
body (2), arranged one above the other and offset
relative to each other by an angle of 0° to 45°

The drilling tool, according to claim 1, characterised
in that each set (5) on one level comprises four cut-
ting blades (3), wherein the sets (5) of the cutting
blades (3) are arranged on the periphery of the drill-
ing tool (1) every 90°.

The drilling tool, according to claim 1, characterised
in that each set (5) on one level comprises six cutting
blades (3), wherein six sets (5) of the cutting blades
(3) on one level are arranged symmetrically on the
periphery of the drilling tool (1).

The drilling tool, according to claim 1, characterised
in that the cutting blades (3) in the set (5) are offset
relative to the cutting blades (3) located directly un-
der them by an angle of 5° to 25°.

The drilling tool, according to claim 1, characterised
in that in its upper part it is provided with a thread
(7) for connecting the drilling tool (1) to casing pipes.

The drilling tool, according to claim 1, characterised
in that it ends in a base (8) made of a cuttable ma-
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terial.

10. Thedrillingtool, accordingto claim 7, characterised

1.

in that directional channels (9) are made in the base
(8)for optimal flow of the drilling fluid.

The drilling tool, according to claim 7, characterised
inthatinlet openings (10) are madein the base (8)for
the flow of the drilling fluid.
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Fig. 1
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