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DISCONNECTING TOOL

Field of the invention

The present invention relates to a disconnecting tool for disconnecting a drill pipe
from a lower casing. The invention further relates to a method and a downhole

system.

Background art

In wellbores, annular barriers are used for providing zone isolation and isolation
of the production zone through which the recovery of hydrocarbon takes places.
The annular barriers form part of the lower casing and are submerged into the
borehole by means of a drill pipe. In order to expand the expandable sleeves of
the annular barriers, the drill pipe is pressurised from the top of the well, often
from the rig, and all the sleeves of the annular barriers can thus be expanded or
set in one operation step. Subsequently, the drill pipe is released from the lower

casing, leaving the lower casing fastened in the borehole.

By conventional running tools, the disconnection mechanism is activated by
rotating the drill pipe or dropping a ball into a ball seat in the running tool and
then pressurising the drill pipe once more to move the seat and release the
running tool from the lower casing. However, neither of these solutions is useful
for providing zone isolation when using annular barriers as the expanded annular
barriers must not be rotated, which will occur when rotating the drill pipe. Nor
must the lower casing be pressurised to a level above that at which the annular
barriers are expanded, which will occur with the solution of dropping the ball and

subsequently pressurising once more.

Summary of the invention

It is an object of the present invention to wholly or partly overcome the above
disadvantages and drawbacks of the prior art. More specifically, it is an object to
provide an improved solution for disconnecting a running tool and drill pipe from
the lower casing without damaging the zone isolation provided by expanded

annular barriers.
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The above objects, together with numerous other objects, advantages, and
features, which will become evident from the below description, are accomplished
by a solution in accordance with the present invention by a disconnecting tool for
disconnecting a drill pipe from a lower casing in a borehole and having an axial
extension along a centre line, comprising:

- an axial force generator comprising a first part and a second part and providing
an axial movement of the second part in relation to the first part along the axial
extension,

- a wireline powering the axial force generator, and

- an element comprising a leading part and a trailing part, the second part being
connected with the trailing part,

wherein a fluid channel extends from the leading part to the trailing part for
letting fluid through or pass the element when the second part is moved in

relation to the first part of the force generator during disconnection.

In one embodiment, the disconnecting tool may comprise an outer face, and the
fluid channel may have an inlet in the leading edge and an outlet ending in the
outer face of the tool.

In another embodiment, the fluid channel may extend from an inlet in the leading

part to an outlet in the trailing part for letting fluid through or pass the element.
In another embodiment, the fluid channel may extend on an outside surface of
the element from the leading part to the trailing part for letting fluid pass the

element.

Also, the fluid channel may be a groove or a cavity arranged in the outside
surface of the element.

Moreover, the leading part may have a front face and the inlet in the leading part
may be arranged in the front face.

Further, the inlet in the leading part may be arranged at the centre line.

Additionally, the inlet in the leading part may be arranged offset in relation to the

centre line.
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In an embodiment, the leading part may be arranged overlapping the centre line.

The outlet in the trailing part may be arranged at a larger distance to the centre

line than the inlet in the leading part.

Also, the outlet in the trailing part may be arranged at the centre line, and the
fluid channel may extend into the second part to a second outlet arranged in the
second part.

Furthermore, the front face may overlap the centre line.

In addition, the leading part of the element and/or the front face may taper along

the centre line.

Moreover, the leading part of the element and/or the front face may taper along

the centre line to have a larger width nearest the trailing part.

In an embodiment, a plurality of fluid channels may extend from one or more

inlets(s) in the leading part to a plurality of outlets in the trailing part.

Said plurality of fluid channels may extend from an inlet in the leading part to

outlets in the trailing part.

The trailing part may have a back face, and the second part may be connected
with the back face.

Further, the outlet in the trailing part may be arranged in the back face.

An area of the back face may be equal to or larger than an area of the front face.
The leading part of the element may be hemispherical.

Also, the element may be hemispherically shaped, spherically shaped, ball-
shaped, elliptically shaped, cone-shaped, truncated cone-shaped, half-moon-

shaped, star-shaped, triangular-shaped, square-shaped, or a combination

thereof.
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The element may overall taper from the trailing part towards the leading part.
Moreover, the front face of the leading part may provide a tip (or point) to the

element.

Said element may be made of metal.

Additionally, the tool may comprise a pump and/or an electrical motor powered

by/from the wireline.

Furthermore, the tool may comprise an anchor unit and/or a driving unit, such as

a downhole tractor.

In addition, the axial movement of the second part may be provided by an
electrical motor, a hydraulic piston arrangement, a spindle, a toothed shaft in

engagement with a gear wheel, or a combination thereof.

The present invention further relates to a downhole system comprising:
- a running tool,

- a drill pipe, and

- a disconnecting tool according to any of the preceding claims.

This system may comprise a lower casing which is provided with one or more
annular barrier(s) having an expandable sleeve expandable within the borehole

for providing zone isolation.

The present invention also relates to a method for expanding an expandable
sleeve of an annular barrier in a borehole having an upper casing, comprising:

- connecting a lower casing having one or more annular barrier(s) with a running
tool,

- connecting the running tool with a drill pipe,

- lowering the drill pipe, running tool and lower casing into the borehole,

- expanding the expandable sleeve of the one or more annular barrier(s) and
connecting the lower casing with the upper casing,

- disconnecting the running tool from the lower casing by means of the
disconnecting tool as described above, and

- raising the running tool, the drill pipe and the disconnecting tool.
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Finally, the present invention relates to a well system comprising an upper
casing, a lower casing having annular barriers, a running tool and the

disconnecting tool as described above.

Brief description of the drawings

The invention and its many advantages will be described in more detail below
with reference to the accompanying schematic drawings, which for the purpose of
illustration show some non-limiting embodiments, and in which

Fig. 1 shows a cross-sectional view of a downhole system,

Fig. 2 shows a cross-sectional view of a downhole system being closed by a drop
ball,

Fig. 3 shows a cross-sectional view of a downhole system having expanded

annular barriers,

Fig. 4 shows the system of Fig. 3 in which a disconnecting tool is arranged,

Fig. 5 shows the system of Fig. 4 in which the disconnecting tool has

disconnected the running tool from the lower casing,

Fig. 6 shows the system of Fig. 4 in which the running tool and drill pipe have

been withdrawn,

Fig. 7 shows the disconnecting tool in connection with a downhole tractor,

Fig. 8 shows the disconnecting tool in connection with an anchor unit,

Fig. 9 shows an enlarged view of the running tool in engagement with the lower

casing and the drill pipe,

Fig. 10 shows an element having fluid channels in the form of external grooves,

Figs. 11A-11D show different embodiments of the element seen in perspective

from a side, and
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Figs. 12A-12F show different embodiments of the element seen from the top and

trailing face.
All the figures are highly schematic and not necessarily to scale, and they show
only those parts which are necessary in order to elucidate the invention, other

parts being omitted or merely suggested.

Detailed description of the invention

The present invention relates to a disconnecting tool 1 for disconnecting the
equipment used for completing a well. The well has a borehole 50 in which an
upper casing 51 is arranged at the top of the well, extending all the way to the
well head at the top part of the well. Subsequently, a lower casing 52 having
annular barriers 60 with expandable sleeves 61 is installed in the lower part of
the well to be an extension of the upper casing 51. The lower casing is connected
to a running tool, such as a tubing hanger running tool 53, in its one end by
means of dogs 54 engaging a cavity 55 in the lower casing. The tubing hanger
running tool 53 is, at its other end, threadingly connected with a drill pipe 57.
Then, the lower casing is submerged into the borehole by means of the tubing
hanger running tool 53 and the drill pipe 57, as shown in Fig 1. When the lower
casing is in its intended position in the borehole, a ball 56 is dropped into the
fluid inside the drill pipe 57, and the drill pipe is pressurised so that the ball 56
flows down to the bottom of the well and is seated in a ball seat 58 closing the
lower casing 52 from the surrounding annulus 59, as shown in Fig. 2. The drill
pipe is further pressurised to pressurise also the lower casing in order to expand
the expandable sleeves of the annular barriers. This is done to fasten the lower
casing in the bore and provide zone isolation of the annulus, as shown in Fig. 3.
In Fig. 3, the lower casing is fastened with the upper casing by means of an

annular barrier.

In Fig. 4, the expansion process has been completed, and the disconnecting tool
is run into the drill pipe 57 in order to disconnect the running tool 53 from the
lower casing 52. This is done by seating an element into a ball seat 62 or the like
in the running tool and subsequently providing an axial force of the element,
moving the seat and unlocking the running tool, as shown in Fig. 5. Hereby, the
dogs in the running tool 53 are retracted from the cavity in the lower casing 52,

thus separating the running tool 53 from the lower casing and the drill pipe 57.
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The running tool and the disconnecting tool 1 are then raised from the well,

leaving the installed lower casing in the borehole, as shown in Fig. 6.

In Fig. 7, a disconnecting tool 1 has an axial extension along its centre line 2, an
outer face 20 and a wireline 3 which is connected with an axial force generator 4.
The axial force generator 4 comprises a first part 5 and a second part 6. The axial
force generator 4 provides an axial movement of the second part in relation to
the first part along the axial extension to move an element 7. The element 7
comprises a leading part 8 and a trailing part 9, and the second part of the axial
force generator 4 is connected with the trailing part of the element. The element
of the disconnecting tool 1 has a fluid channel 10 extending from an inlet 11 in
the leading part to an outlet 12 in the outer face of the tool. In this way, fluid in
the lower casing can enter through or along the fluid channels when the element
seated in the seat of the running tool is forced away from the upper casing 51 to

move the seat of the running tool 53 and release the running tool.

When expanding the expandable sleeve 61 of the annular barriers 60, the inside
of the lower casing 52 is pressurised to a pressure difference level of e.g. 5,000
PSI, which level is set from the design of the other components in the lower
casing, such as the inflow control valve, fracturing ports, sliding sleeves etc.
Thus, the completion can withstand more than this maximum level of pressure,
such as 5,000 PSI, and it is crucial that this level is not exceeded because then
the other components of the completion may fail in the recovery of hydrocarbons.
Usually, the running tool 53 is disconnected from the lower casing 52 by dropping
a ball into the seat of the running tool or by twisting the drill pipe 57. When
dropping a ball into the seat of the running tool, the drill pipe is pressurised again
to move the seat. However, when moving the seat, the pressure in the lower
casing is increased above the maximum level, which is not acceptable and

therefore not allowable.

When twisting or rotating the drill pipe 57 and thus part of the running tool 53,
there is a risk of rotating the lower casing initially before releasing the running
tool from the lower casing 52. A slight rotation of the lower casing may result in
the annular barriers being rotated as well, which may cause a leak in the

expandable sleeve and thus result in the zone isolation being destroyed.
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By the disconnecting tool 1 comprising an element 7 having fluid channels having
outlets offset or facing the inner face 22 of the drill pipe, the fluid in the lower
casing 52 can flow in through the channels and out into the drill pipe 57. Thus,
the pressure in the lower casing is not increased, thereby reducing the risk of

other components in the completion being destroyed.

When the disconnecting tool abuts the running tool connected to the lower
casing, the disconnecting tool divides the well into an upper and a lower well
part, and fluid from the lower well part is only allowed to flow through the fluid
channel in the element due to the fact that the element abuts a seat in the
running tool. Disconnecting the drill pipe from the lower casing will result in the
fluid in the lower part flowing to the upper part. In prior art tools, the fluid in the
lower casing is “pressed together”, increasing the pressure in the lower well part,
and this increased pressure has to be overcome to force the second part of the
tool away from the first part. In the present invention, the fluid is able to flow
from a confined area in front of the element to the drill pipe and thereby equalise
the pressure across the element while moving the second part in relation to the

first part.

When the outlet 12 of the fluid channel is facing the drill pipe, as shown in Fig. 8,
the fluid in the lower well part can flow almost freely through the fluid channel,
out through the outlet of the fluid channel and into the surroundings of the tool
between the tool and the drill pipe. The fluid can thus flow without having to
slowly leak out of the tool, which is what will happen with prior art tools e.g. not
having an outlet of the fluid channel arranged offset in relation to the inner face

of the drill pipe.

In Fig. 7, the fluid channel ends in the element, and in Fig. 8, the fluid channel
ends in the vicinity of the element. Thus, the outlet is arranged in the second and
moving part and thereby in a non-overlapping manner while the first part is
moved in relation to the second part to disconnect the drill pipe from the lower

casing.

The axial force generator 4 is connected with a pump 31 driven by an electrical
motor 32 and an electrical control unit 33 which is connected through a cable
head to the wireline 3 through which it receives power from surface. The axial

force generator 4 is moved down through the drill pipe 57 by means of a driving
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unit, such as a downhole tractor having wheels on arms, caterpillar tracks or any
other suitable driving means. The driving means of the driving unit is forced
outwards towards the inner surface of the drill pipe while the axial force
generator 4 moves the second part 6 and thus the element in relation to the first

part 5.

The leading part 8 of the element has a front face 13 being in front of the
disconnecting tool 1 when moving forward in the drill pipe 57 towards the lower
casing 52 in order to disconnect the running tool 53 from the lower casing. When
seated in the ball seat or another type of seat in the running tool 53, most of the
front face is exposed in relation to the other part of the leading part 8 which
abuts the seat. The inlet 11 is arranged in the front face so that it does not
overlap part of the seat, thus diminishing the inlet and reducing the flow of fluid
from the lower casing 52 to the drill pipe 57. In Fig. 7, the inlet in the front face
of the leading part 8 is arranged at the centre line 2 in the front face of the

element, and the inlet thus overlaps the centre line.

The trailing part 9 of the element is connected with the second part 6 of the axial
force generator 4. In Fig. 7, the second part 6 is a shaft threadingly connected
with a back face 17 of the trailing part 9 of the element 7, and the outlet 12 is
arranged in another part of the trailing part 9. In Fig. 8, the shaft is hollow and is
also connected with the trailing part of the element, and the outlet is arranged so
that the fluid flows into the hollow shaft and out of second outlets in the shaft

into the drill pipe 57.

In Fig. 8, the axial force generator 4 is connected with an anchor unit 40, and
before the axial force generator 4 provides the axial force on the element and
moves the second part 6 in relation to the first part 5, the anchors 41 of the
anchor unit 40 is forced outwards towards the inner surface of the drill pipe to

provide retention while the axial force generator 4 provides the axial force.

The axial force generator 4 may be hydraulically driven by the pump in that the
axial force generator 4 comprises a hydraulic piston arrangement 43 comprising
several pistons 44 arranged on a shaft, each in a piston housing 45. The pump
46 pumps fluid into every piston housing, moving the pistons and thus the shaft.
The shaft may be the same as the shaft of the second part or it may be

connected thereto. In another embodiment, the axial force generator 4 may be



WO 2013/030282 PCT/EP2012/066869

10

15

20

25

30

35

10

directly motor driven without any pump by means of a toothed shaft in
engagement with a gear wheel rotated by the motor. The toothed shaft may be

the same as the shaft of the second part or it may be connected thereto.

The motor may be powered through the wireline or by a battery.

Fig. 9 shows an enlarged view of the running tool 53 in engagement with the drill
pipe 57 and the lower casing 52. The seat 62 of the running tool is part of a seat
element having a circumferential groove 15 and a projection 16. At the rig or
vessel, the running tool is connected with the lower casing by forcing the seat
element downwards so that the projection presses the dogs outwards into the
cavity 55 in the lower casing 52 thus engaging the lower casing. After the
expandable sleeves have been expanded, the disconnecting tool 1 is submerged
into the drill pipe 57 or, if already present in the drill pipe, lowered further into
the drill pipe. The arms of the downhole tractor or the anchors 41 of the anchor
unit 40 anchor the disconnecting tool 1 up inside the drill pipe, and the element is
forced further forwards by means of the axial force generator 4 until it seats in
the seat of the seat element of the running tool 53. Subsequently, the element is
forced further forwards, forcing the seat element to move away from the drill
pipe and the dogs pass the projection into the circumferential groove, releasing

the seat element from the lower casing 52.

In Fig. 10, the fluid channel extends on an outside surface of the element from
the leading part 8 to the trailing part 9 for letting fluid pass the element in the
fluid channel being a groove or a cavity arranged on the outside surface of the
element. The inlet 11 in the leading part 8 is arranged offset in relation to the
centre line 2, and the element has a plurality of inlets, all offset in relation to the
centre line 2. The outlets in the trailing part 9 are arranged at a larger distance
to the centre line 2 than the inlets in the leading part 8. The connection opening

19 of the element is shown in its top and trailing part.

As can be seen in Figs. 7, 8 and 11A-11C, the element 7 tapers along the centre
line 2 from the back face 17 towards the front face 13. In this way, the element 7
tapers along the centre line 2 to have a larger width nearest the trailing part 9.
In Figs. 11A-11B and 11D, the area of the back face is equal to or larger than an
area of the front face. In Fig. 11C, the leading part 8 of the element 7 is

hemispherical.
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In Fig. 7, the element is hemispherically shaped, and in Fig. 11D, the element is
spherically shaped or ball-shaped. In Fig. 11B, the element is cone-shaped, and
in Figs. 8, 10 and 11A, the element is truncated cone-shaped. In Figs. 12A-12F,
the element is seen from the back face of the trailing part, and as can be seen,
the element may have a variety of shapes. In Fig. 12F, it is half-moon-shaped, in
Fig. 12C, it is star-shaped, in Fig. 12B, it is triangular shaped, in Figs. 12E-12D, it
is almost square shaped, and in Fig. 12A, it has a round shape. The element may

also be elliptically shaped when seen from the side.

In Figs. 11A-11C, the element 7 overall tapers from the trailing part 9 towards
the leading part 8. In Fig. 11B, the front face of the leading part 8 provides a tip
or point 21 to the element as it tapers into this tip or point 21. The element is

made of metal, ceramics, plastic or any other suitable material.

The invention also relates to a downhole system comprising the running tool 53,
the drill pipe 57 and the above-mentioned disconnecting tool 1. The system may
further comprise a lower casing 52 which is provided with one or more annular
barrier(s) 60 having an expandable sleeve 61 expandable within the borehole for

providing zone isolation.

An annular barrier may also be called a packer or similar expandable means. The
lower and upper casings forming part of the well tubular structure can be the
production tubing or casing or a similar kind of tubing downhole in a well or a
borehole. The annular barrier can be used both between the inner production
tubing and between an outer tubing in the borehole or between a tubing and the
inner wall of the borehole. A well may have several kinds of tubing, and the
annular barrier of the present invention can be mounted for use in all of
them.The expandable sleeve is an expandable tubular metal sleeve and may be a

cold-drawn or hot-drawn tubular structure.

The fluid used for expanding the expandable sleeve may be any kind of well fluid
present in the borehole surrounding the tool and/or the upper or lower casing.
Also, the fluid may be cement, gas, water, polymers, or a two-component
compound, such as powder or particles mixing or reacting with a binding or
hardening agent. Part of the fluid, such as the hardening agent, may be present
in the cavity between the tubular part and the expandable sleeve before injecting

a subsequent fluid into the cavity.
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By fluid or well fluid is meant any kind of fluid that may be present in oil or gas
wells downhole, such as natural gas, oil, oil mud, crude oil, water, etc. By gas is
meant any kind of gas composition present in a well, completion, or open hole,
and by oil is meant any kind of oil composition, such as crude oil, an oil-
containing fluid, etc. Gas, oil, and water fluids may thus all comprise other

elements or substances than gas, oil, and/or water, respectively.

By a casing is meant any kind of pipe, tubing, tubular, liner, string etc. used

downhole in relation to oil or natural gas production.

In the event that the tool is not submergible all the way into the casing, a
downhole tractor can be used to push the tools all the way into position in the
well. A downhole tractor is any kind of driving tool capable of pushing or pulling
tools in a well downhole, such as a Well Tractor®. A downhole tractor may have
wheels on arms projecting from a tool housing of the tractor, or driving belts or

caterpillar tracks for moving the tractor forward in the well.

Although the invention has been described in the above in connection with
preferred embodiments of the invention, it will be evident for a person skilled in
the art that several modifications are conceivable without departing from the

invention as defined by the following claims.
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Claims

1. A disconnecting tool (1) for disconnecting a drill pipe from a lower casing
in a borehole and having an axial extension along a centre line (2), the
disconnecting tool comprising an outer face (20) and further comprising:

- an axial force generator (4) comprising a first part (5) and a second part (6)
and providing an axial movement of the second part in relation to the first part
along the axial extension,

- a wireline (3) powering the axial force generator, and

- an element (7) comprising a leading part (8) and a trailing part (9), the trailing
part being connected with the second part,

wherein a fluid channel (10) extends from the leading part to the trailing part for
letting fluid through or pass the element when the second part is moved in
relation to the first part of the force generator during disconnection, and wherein
the fluid channel has an inlet (11) in the leading edge and an outlet (12) ending
in the outer face of the tool.

2. A disconnecting tool according to claim 1, wherein the fluid channel
extends from the inlet (11) in the leading part to the outlet (12) in the trailing
part for letting fluid through or pass the element.

3. A disconnecting tool according to claim 2, wherein the leading part has a

front face and the inlet in the leading part is arranged in the front face.

4, A disconnecting tool according to any of the preceding claims, wherein

the inlet of the leading part is arranged at the centre line.

5. A disconnecting tool according to claim 3, wherein the front face overlaps
the centre line.

6. A disconnecting tool according to any of the preceding claims, wherein

the leading part of the element and/or the front face tapers along the centre line.

7. A disconnecting tool according to any of the preceding claims, wherein a
plurality of fluid channels extend from one or more inlets(s) (11) in the leading
part to a plurality of outlets (12) in the trailing part.
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8. A disconnecting tool according to any of the preceding claims, wherein
the trailing part has a back face and the second part is connected with the back

face.

9. A disconnecting tool according to claim 8, wherein the outlet in the

trailing part is arranged in the back face.

10. A disconnecting tool according to any of the preceding claims, wherein

the leading part of the element is hemispherical.

11. A disconnecting tool according to any of the preceding claims, wherein
the element is hemispherically shaped, spherically shaped, ball-shaped,
elliptically shaped, cone-shaped, truncated cone-shaped, half-moon-shaped, star-

shaped, triangular-shaped, square-shaped, or a combination thereof.

12. A downhole system comprising:

- a running tool (53),

- a drill pipe (57), and

- a disconnecting tool according to any of the preceding claims.

13. A downhole system according to claim 12, wherein the system comprises
a lower casing (52) which is provided with one or more annular barrier(s) (60)
having an expandable sleeve (61) expandable within the borehole for providing

zone isolation.

14. A method for expanding an expandable sleeve (61) of an annular barrier
(60) in a borehole having an upper casing (51), comprising:

- connecting a lower casing (52) having one or more annular barrier(s) (60) with
a running tool (53),

- connecting the running tool (53) with a drill pipe (57),

- lowering the drill pipe, running tool (53) and the lower casing (52) into the
borehole,

- expanding the expandable sleeve (61) of the one or more annular barrier(s)
(60) and connecting the lower casing (52) with the upper casing (51),

- disconnecting the running tool (53) from the lower casing by means of the
disconnecting tool according to any of the claims 1-11, and

- raising the running tool (53), the drill pipe (57) and the disconnecting tool.
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15. A well system comprising an upper casing (51), a lower casing (52)
having annular barriers (60), a running tool (53) and the disconnecting tool

according to any of the claims 1-11.
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