Office de la Proprieté Canadian
Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

(1

CA 2685061 C 2015/04/21

(11)(21) 2 685 061

2) BREVET CANADIEN
CANADIAN PATENT

13) C

(86) Date de depot PCT/PCT Filing Date: 2008/02/28

(87) Date publication PCT/PCT Publication Date: 2008/09/04

(45) Date de délivrance/lssue Date: 2015/04/21

(51) Cl.Int./Int.Cl. £E275 4/04 (2006.01),
EZ2T1B 27700 (2006.01), E2718B 49/02(2006.01)

(72) Inventeurs/Inventors:

HALLUNDBAEK, JORGEN, DK,;

(85) Entree phase nationale/National Entry: 2009/08/14 ANDERSEN, THOMAS SUNE, DK
(86) N° demande PCT/PCT Application No.: DK 2008/000082 | (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.: 2008/104177 WELLTEC A/S, DK
(30) Priorité/Priority: 2007/02/28 (DK PA 2007 00304) (74) Agent: REGEHR, HERBERT B.
(54) Titre : OUTIL DE FORAGE A NETTOYEUR DE LIQUIDE
(54) Title: DRILLING TOOL WITH FLUID CLEANER
{ L -16
\ g
T T
R S T 6 S
i
0 l R/‘ ' :
10— ™ \ ii f 15
7 ALLA El'
H /
| fiit ,,l 5
1 I
R —
3 ! '
4 < /‘ \ é 13
14 I )b
; 7N
] /’t 0
10

11

(57) Abréegée/Abstract:

11

Drilling tool (1) for driling a well downhole where fluid I1s surrounding the tool and where the tool has a housing (15) and Is
connected to an electrical conducting means, such as a wireline. The drilling tool has a driling head (2) and a fluid cleaner (3) for
removal of elements, such as debris and formation pieces, from the fluid while drilling downhole. The fluid cleaner has a chamber
(4) and a filter (5) within the chamber for separation of the elements from the fluid. The tool further comprises a pump (8) for
pumping the fluid into the chamber through an inlet (11) in the driling head (2) and through the filter before entering the well again.
Furthermore, the tool comprises a driving unit for driving the pump and the drilling head.
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(87) Abstract: Drilling tool (1) for drilling a well downhole
where fluid is surrounding the tool and where the tool has a hous-

ing (15) and is connected to an electrical conducting means, such
as a wireline. The drilling tool has a drilling head (2) and a fluid
cleaner (3) for removal of elements, such as debris and forma-
tion pieces, from the fluid while drilling downhole. The fluid
cleaner has a chamber (4) and a filter (5) within the chamber for
separation of the elements from the fluid. The tool further com-
prises a pump (8) for pumping the fluid into the chamber through
an inlet (11) in the drilling head (2) and through the filter before
entering the well again. Furthermore, the tool comprises a driv-
ing unit for driving the pump and the drilling head.
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Title: Drilling tool with fluid cleaner

Technical Field

The present invention relates to a drilling tool for drilling a well downhole where fluid is

surrounding the tool and where the tool is connected to an electrical conducting means,

such as a wireline.

Background Art

Drilling tools are used when drilling a well downhole. Drilling may also be performed in
an existing well for making a branch well. While drilling a borehole into the subterra-
nean formation, the fluid surrounding the drilling tool is filled with elements such as de-
bris and formation pieces released from the formation. If the debris and formation

pieces are not pumped up, they will interfere with and aggravate the drilling process.

The fluid containing debris and formation pieces is typically pumped up to above sur-
face, after which the debris and formation pieces are filtrated from the fiuid. Such pro-
cesses are very energy consuming since the fluid has to be pumped all the way up to

above surface only to be poured into the well again.

An attempt to filtrate debris and formation pieces from the fluid downhole while drilling
is disclosed in DE 28 08 206, in which the drilling tool ejects the filtrated fluid out
through the drilling head and has an intake of fluid in the part of the tool closest to the
wireline. In this way, the fluid containing debris and formation pieces is forced along
the side of the tool, resulting in that the debris and formation pieces are squeezed be-

tween the formation and the tool whereby the tool is at risk of getting stuck.

Furthermore, the debris and formation pieces forced along the side of the tool are
pumped to above the tool. Thus, the debris and formation pieces fill the space above
the tool and may obstruct the return path of the tool to above surface. This problem Is

particularly relevant in regard to wireline tools, which have a limited amount of power in

relation to tools using coiled tubing drilling.

CONFIRMATION COPY
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Description of Invention

An aspect of the present invention is, at least partly, to overcome the disadvantages of
the tools mentioned above, and to provide an improved drilling tool which is simple in

its construction.

This aspect and the advantages becoming evident from the description below are ob-
tained by a drilling tool for drilling a well downhole where fluid is surrounding the tool
and where the tool has a housing and is connected to an electrical conducting means,
such as a wireline, comprising:
- a drilling head,
- a pump for pumping the fluid through an inlet in the tool,
- a driving unit for driving the pump and the drilling head,
- a fluid cleaner for removal of elements, such as debris and formation pieces, from the
fluid while drilling downhole, wherein the fluid cleaner has

- a chamber, and

- a filter within the chamber for separation of the elements from the fluid,
wherein the pump pumps the fluid into the chamber through the inlet and through the
filter and out through an outlet in the housing of the tool, and

wherein the inlet is positioned in the drilling head.

In one embodiment, the drilling head may have at least two drilling arms for providing a

rotational drilling process.

In another embodiment, the drilling head may have a plurality of drill bits.

Furthermore, the pump may be a centrifugal pump, a jet pump, or a piston pump.

In addition, the chamber may have a chamber inlet adjacent to the drilling head, and
this chamber inlet may have at least one one-way valve arranged so as to open to let

fluid into the chamber and close to prevent the same fluid from flowing through the inlet

out of the chamber.

In another embaodiment, the one-way valve of the tool may have at least one flap which
opens to let fluid into the chamber and closes to prevent the same fluid from flowing

through the Inlet out of the chamber.
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In yet another embodiment, the filter may be an elongated filter extending in the cham-
ber having a length L and wherein the filter has a length that is at least one fourth of the

length of the chamber L.

In addition, the filter may have the same length as the chamber so that the filter ex-

tends all the way through the chamber.

Furthermore, the invention relates to a drilling system for removing elements, such as
debris and formation pieces, from fluid while drilling downhole, comprising

- a drilling tool as described above, and
- a driving unit such as a downhole tractor for moving the fluid cleaner in the well.

Finally, the invention also relates to a drilling process for drilling e.g. a well in a forma-
tion or the like downhole, comprising the steps of:

- Introducing a drilling tool as described above,

- drilling into the formation and releasing elements of the formation.

- sucking fluid containing the elements in through at least one inlet 11 in the drilling

head,
- filtrating the elements from the fluid,
- pumping the filtrated fluid back into the well through at least one outlet 6 in the tool in

the end of the tool closest to the wireline, and
- sucking the filtrated fluid through a gap between the tool and the inside formation wall

of the well.

Brief Description of the Drawings

The invention is explained in detail below with reference to the drawings, in which
Fig. 1 shows a drilling tool according to the invention,

Fig. 2 shows a drilling head,

Fig. 3 shows another embodiment of the drilling head,

Fig. 4 shows yet another embodiment of the drilling head,
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Fig. S shows an additional embodiment of the drilling head,
Fig. 6 shows a sectional view of the drilling tool of Fig. 1, and

Fig. 7 shows the same sectional view as Fig. 6.

The drawings are merely schematic and shown for an illustrative purpose.

Detailed description of the invention

In Fig. 1, a drilling tool 1 according to the invention is shown while drilling in a formation
downhole. The drilling tool 1 has a drilling head 2 with several drill bits 10 and two
Inlets 11 for suction of fluid. Furthermore, the drilling tool has a fluid cleaner 3 posi-
tioned so as to clean or filtrate the fluid before the fluid is ejected through the outlets6
In @ housing 15. The fluid cleaner 3 comprises a chamber 4 into which fluid flows. In

the drawings, the flow of the fluid is illustrated by arrows.

Inside the chamber 4, a filter 5 for filtrating the elements from the fluid is situated so as
to allow the fluid to flow through the filter 5 while the elements are sifted out by the filter
5. The separated elements are mostly debris and formation pieces, but may be any
kKinds of sand, pipe dope, remains from a previous explosion, rust from the casing in

the well, or detachments torn off from the well, the casing, or the formation.

In one end, the tool 1 is connected to a wireline 16 which again is connected to a
power supply situated on e.g. an oil rig above surface (not shown). In the other end of
the tool, the drilling head 2 is situated. In Fig. 1 the drilling head is shown having two
inlets 11, however, the number of inlets may vary. Since the inlets are situated in the
front of the tool in the drilling head, the fluid is led past the drill bits 10 of the drilling
head, whereby the bits 10 are flushed during the drilling operation.

In Fig. 1, the inlets 11 are shown as being substantially in the front of the tool, namely
In the front of the drilling head 2; however, in another embodiment, the inlets may be
situated along the whole extension of the drilling head so that inlets are situated both in
front of the drilling head 2 and further away from the centre of the drilling head, de-

pending on the design of the drilling head.
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The fluid surrounding the tool is sucked in through the inlets 11 in the drilling head 2
and, in this way, the fluid between the formation and the tool is sucked downwards into
these inlets 11. Therefore, elements released by the drilling operation and accumulated
in the surrounding fluid are no longer at risk of getting stuck between the tool and the
formation, since the fluid is forced in the same direction as the tool, i.e. in the drilling di-

rection, in through the drilling head 2.

Prior art drilling tools enabling fluid filtration downhole force the fluid containing re-
leased elements in the opposite direction of the drilling direction by sucking the fluid in
through inlets in the end of the tool furthest away from the drilling head of the tool and
ejecting the filtrated fluid through the drilling head. In this way, the elements released
from the drilling process are squeezed in between the outside wall of the tool and the
formation during the drilling operation, since the tool moves in one direction and the
fluid containing released elements moves in the opposite direction. In this way, the

prior art tools are at risk of getting stuck while drilling.

The chamber 4 has at least one outlet 6 through which filtrated fluid passes. Once
again, drilling pieces then accumulate in the filtrated fluid before the fluid enters the
inlets 11 in the drilling head 2. In this way, the fluid having to pass between the tool and
the inside formation wall of the well is substantially filtrated, thus diminishing the risk of

the tool getting stuck.

The smallest gab between the tool and the inside wall of the formation is that between
the side of the drilling head perpendicular to the drilling direction and the inside wall of
the formation. At least in some embodiments, the part of the tool behind the drilling

head may have a smaller outside diameter than that of the drilling head.

In one embodiment, a chamber inlet 14 of the chamber 4 is provided with a one-way
valve 7 opening to let fluid into the chamber 4 and closing to prevent the same fluid
from flowing through the chamber inlet 14 out of the chamber 4 and out through the
drilling head. In another embodiment, the one-way valve 7 is in the form of a flap which
is arranged so as to open for letting fluid into the chamber 4 and close for preventing
the same fluid from flowing through the chamber inlet 14 out of the chamber 4. The flap
may be in the form of a ring around the filter. The ring may be divided into a plurality of
flaps corresponding to the number of chamber inlets 14. The ring is a flexible ring made

from e.g. a thin metal sheet, rubber, polymer, silicone, or the like material.
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In yet another embodiment, the one-way valve may be in the form of a ball check valve,

a diaphragm check valve, a swing check valve, a clapper valve, a stop-check valve, or

another kind of one-way valve.

The filter 5 is designed as an elongated member and arranged to extend along the cen-
tre axis of the chamber 4. The debris and formation pieces which have been separated
from the fiuid by the filter 5 are then collected by the chamber 4 and placed in the cav-
ity between the filter 5 and the inside of the chamber 4. The fluid which has passed the

filter 5 is let out through outlets 6 so that the fluid, when passing the filter 5, re-enters

the well again.

Furthermore, the tool comprises a pump 8 driven by a driving unit 9. In this way, the
fluid is sucked into the inlet 11 of the drilling head 2 and further into the chamber inlets
14, through the filter 5 and past a gear connection 12 into the pump and out through
outlets in the housing 15 of the tool 1. In this embodiment, the driving unit 9 is an elec-
trical motor which drives both the pump 8 and the drilling head 2. The motor has a shaft
13 which penetrates the filter 5 and drives both the pump 8 and the drilling head 2. The

shaft 13 is connected to the drilling head 2 through a gear connection 12.

The gear connection is shown in Fig. 1 as being positioned between the chamber and
the pump; however, in another embodiment the gear connection may be positioned be-
tween the chamber and the drilling head. In this way, one drilling head 2 may be re-

placed by another drilling head 2.

The drilling tool 1 may have all kinds of known drilling heads 2, such as the ones
shown in Figs. 2-5. Instead of a drilling head 2 with e.g. three rotating wheels 17 or drill
bits in rows 16, the drilling tool 1 may also have two rotating arms 14 having a plurality
of bits 10. The particular drilling head 2 is chosen in accordance with the type of drilling
operation. The drilling head 2 shown in Fig. 1 has a plurality of drill bits 10 in order to

cut into the formation and release pieces thereof.

The pump 8 may be any kind of suitable pump. In this embodiment, the pump 8 is a
one-step centrifugal pump, but in another embodiment the pump 8 may be a multi-step

centrifugal pump, a jet pump, or a piston pump.
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In one embodiment, the chamber 4 has a length L which corresponds to the longitudi-
nal extension of the chamber 4. In another embodiment, the extension length of the fil-
ter 5 is 1/4 of the length L of the chamber 4. In yet another embodiment, the extension
length of the filter 5 is 1/2 or 2/3 of the length L of the chamber 4. In yet another em-

bodiment, the filter has the same length as the chamber.

The chamber 4 is shown as ending at the pump section so that the chamber 4 does not
comprise the pump section. In this way, the pump section may have a larger extension
In the direction perpendicular to the extension axis of the tool. However, in another em-

bodiment, the chamber 4 extends past and encloses the section comprising the pump
8.

When elements, such as debris and formation pieces, have been separated from the
fluid, the elements will initially be deposited in a pile 15 as shown in Fig. 6. However,
the fluid will flow around the pile 15 of elements and thus move the pile towards the
pump 8 as shown in Fig. 7, and the pile 15 will move accordingly. In this way, almost
the entire capacity of the chamber 4 is used, filling the chamber 4 perfectly with debris
or other elements while the front of the filter 5 is kept free of elements. Therefore, the
elements will not block the filter 5 before the chamber 4 is almost filled and must be

emptied anyway.

In the event that the drilling tool 1 is not submergible all the way into the casing, a
downhole tractor can be used to draw or push the pump system all the way into posi-
tion in the well. A downhole tractor is any kind of driving tool able to push or pull tools in

a well downhole, such as a Well Tractor®.

For illustrative purposes, the fluid is described as a fluid containing pieces of formation
and debris before entering the filter 5. However the fluid may also contain other ele-
ments such as cuttings, swarf, sand, pipe dope, remains from a previous explosion,
rust from the casing in the well, or detachments torn-off from the well, the casing, or the
formation. Within the scope of the invention, the fluid may be any kind of downhole fluid
such as oil, water, a mix of oil with water, gas, or the like. In many drilling operations,

the fluid is mixed with filtrate in order to improve the drilling process.
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Claims

1. Drilling tool for drilling a well downhole where fluid is surrounding the tool and
where the tool has a housing and is connected to an electrical conducting means,
such as a wireline, comprising:
- a drilling head,
- a pump for pumping the fluid in through an inlet in the tool,
- a driving unit for driving the pump and the drilling head, and
- a fluid cleaner for removal of elements, such as debris and formation pieces,
from the fluid while drilling downhole, wherein the fluid cleaner has

- @ chamber, and

- a filter within the chamber for separation of the elements from the fluid,
wherein the pump pumps the fluid into the chamber through the inlet into the
chamber inlets and through the filter past a gear connection into the pump and
out through an outlet the housing of the tool, and wherein the inlet is positioned

in the drilling head.

2. Drilling tool according to claim 1, wherein the drilling head has at least two

drilling arms for providing a rotational drilling process.

3. Drilling tool according to claim 1 or 2, wherein the drilling head has a plurality
of drill bits.

4. Drilling tool according to claim 1 or 2, wherein the pump is a centrifugal pump,

a jet pump, or a piston pump.

5. Drilling tool according to claim 1 or 2, wherein the chamber has a chamber
inlet adjacent to the drilling head, and wherein the chamber inlet has at least one
one-way valve arranged so as to open to let fluid into the chamber and close to
prevent the same fluid from flowing through the chamber inlet out of the

chamber.
6. Drilling tool according to claim 5, wherein the one-way valve has at least one
flap which opens to let fluid into the chamber and closes to prevent the same

fluid from flowing through the inlet out of the chamber.

7. Drilling tool according to claim 1, 2 or 6, wherein the filter is an elongated

P1063PCQO0
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filter extending in the chamber having a length L and wherein the filter has a

length that is at least one fourth of the length of the chamber L.

8. Drilling system for removing elements, such as debris and formation pieces,
from fluid while drilling downhole, comprising
- a drilling tool according to claim 1,2 or 6, and

- a driving tool such as a downhole tractor for moving the drilling tool in the well.

P1063PCO0
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