EP 2 436 874 A1

Européisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
04.04.2012 Bulletin 2012/14

(21) Application number: 10183095.8

(22) Date of filing: 30.09.2010

(11) EP 2 436 874 A1

EUROPEAN PATENT APPLICATION

(51) IntCl.:
E21B 43/10(206.0%)

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILTLULV MC MK MT NL NO
PL PT RO SE SI SK SM TR
Designated Extension States:
BA ME RS

(71) Applicant: Welltec A/S
3450 Allered (DK)

(72) Inventors:
* Hallundbak, Jargen
3230 Graested (DK)
¢ Hazel, Paul
Aberdeen, Aberdeenshire AB41/7JQ (GB)

(74) Representative: Hoffmann Dragsted A/S
Radhuspladsen 16
1550 Copenhagen V (DK)

(54)  Drill pipe

(57)  The present invention relates to an expansion
device to be inserted in a casing or well tubular structure
for expanding an annular barrier downhole. The annular
barrier comprises a tubular structure for mounting as part
of the well tubular structure, an expandable sleeve sur-
rounding the tubular structure, and a connection part con-
necting the expandable sleeve with the tubular structure.
The tubular structure has an opening and two projecting

elements decreasing an inner diameter of the tubular
structure. The expansion device comprises a tubular part
extending between a first and a second end part, the
tubular part comprising at least one opening arranged
between the first and the second end; an inner face sur-
rounding an inner space; and an outer face. Furthermore,
the expansion device comprises at least a first and sec-
ond sealing elementsealingly connected to the outer face
at the first and second end parts of the tubular part.
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Description

Field of the Invention

[0001] The present invention relates to an expansion
device to be inserted in a casing or well tubular structure
for expanding an annular barrier downhole. The annular
barrier comprises a tubular structure for mounting as part
of the well tubular structure, an expandable sleeve sur-
rounding the tubular structure, and a connection part con-
necting the expandable sleeve with the tubular structure.
In addition, the invention relates to a drill pipe and coiled
tubing, both comprising the expansion device, and to a
method for expanding an annular barrier positioned out-
side a casing downhole and a method for inserting an
expansion device into a casing downhole.

Background Art

[0002] In wellbores, annular barriers are used for dif-
ferent purposes, such as for providing a barrier for flowing
between an inner and an outer tubular structure or be-
tween an inner tubular structure and the inner wall of the
borehole. The annular barriers are mounted as part of
the well tubular structure. An annular barrier has an inner
wall surrounded by an annular expandable sleeve. The
expandable sleeve is typically made of an elastomeric
material, but may also be made of metal. The sleeve is
fastened atits ends to the inner wall of the annular barrier.
[0003] Inorderto seal off a zone between an inner and
an outer tubular structure or a well tubular structure and
the borehole, a second annular barrier is used. The first
annular barrier is expanded on one side of the zone to
be sealed off, and the second annular barrier is expanded
on the other side of that zone, and in this way, the zone
is sealed off.

[0004] The expansion of the annular barriers is per-
formed by means of expansion devices which are adapt-
ed to pressurise a space outside the annular barrier to
be expanded. However, the design of the known expan-
sion devices is often complex, which may make them
difficult to use.

[0005] It is thus desirable to provide a solution where
the expansion device for expanding an annular barrier
has a simple, yet reliable design.

Summary of the Invention

[0006] Itis an object of the present invention to wholly
or partly overcome the above disadvantages and draw-
backs of the prior art. More specifically, it is an object to
provide an improved expansion device for expanding an
annular barrier outside a casing downhole.

[0007] Theabove objects, togetherwith numerous oth-
er objects, advantages, and features, which will become
evident from the below description, are accomplished by
a solution in accordance with the present invention by an
expansion device to be inserted in a casing or well tubular
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structure for expanding an annular barrier downhole, the
annular barrier comprising a tubular structure for mount-
ing as part of the well tubular structure, an expandable
sleeve surrounding the tubular structure, and a connec-
tion part connecting the expandable sleeve with the tu-
bular structure, the tubular structure having an opening
and two projecting elements decreasing an inner diam-
eter of the tubular structure, the expansion device com-
prising

- atubular partextending between afirstand a second
end part, the tubular part comprising:

- atleast one opening arranged between the first
and the second end,

- aninner face surrounding an inner space, and

- an outer face,

- atleast afirst and second sealing element sealingly
connected to the outer face at the first and second
end parts of the tubular part,

wherein each sealing element is arranged at a distance
corresponding to a distance between the projecting ele-
ments to sealingly connect with the projecting parts,
thereby creating an outer space there between.

[0008] In an embodiment, the tubular part may be a
wash down.
[0009] Furthermore, the invention relates to an expan-

sion device to be inserted in a casing for expanding an
annular barrier downhole, the expansion device compris-
ing

- atubular partextending between afirstand a second
end, the tubular part comprising:

- atleast one opening arranged between the first
and the second end,

- aninner face surrounding an inner space, and

- anouter face,

- atleast afirst and second sealing element sealingly
connected to the outer face at the first and second
ends of the tubular part,

wherein each sealing element has an annular part and
an annular flange projecting partly towards the opening,
the annular flange of the first sealing element projecting
from the first end towards the opening, and the annular
flange of the second sealing element projecting from the
second end towards the opening, thereby creating an
outer space there between.

[0010] The expansion device may further comprise a
slidable sleeve having a slidable sleeve opening, being
slidably connected with the tubular part on the outer face
from a closed position to an open position in which the
slidable sleeve opening is aligned with the tubular open-

ing.
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[0011] Furthermore, the slidable sleeve may be moved
from the closed position to the open position by means
of a ball closing a orifice in the slidable sleeve.

[0012] In an embodiment of the invention, the annular
flange may project in an angle from the annular part, the
angle being less than 60 degrees, preferably less than
45 degrees.

[0013] In another embodiment, the sealing element
may have a V-, a U-, an L-, an M-or an S-cross-sectional
shape, or the like.

[0014] Furthermore, the sealing element may be an
annular cup seal.

[0015] Moreover, several sealing elements may be ar-
ranged at the first and second ends of the tubular part.
[0016] In addition, the sealing elements may be ar-
ranged with a predetermined distance between them.
[0017] Also, at least the annular flange may be made
of a flexible/resilient material.

[0018] Additionally, the annular flange may have an
inherent resiliency.

[0019] Moreover, the material may be an elastomer.
[0020] Inaddition, atleastthe annular flange may com-
prise a reinforcement element.

[0021] The reinforcement element may be a grid or a
web imbedded in the flexible material.

[0022] Furthermore, the flexible/resilient material may
comprise a SMA-metal.

[0023] The expansion device may further comprise a
holding means for holding the annular flange towards the
annular part to reduce an outer diameter of the annular
flange.

[0024] In addition, the holding means may be a spring
device, a rubber band, a burst string or the like.

[0025] In an embodiment, the tubular part may com-
prise several openings.

[0026] Furthermore, the tubular part may be sealed off
at least at one end.

[0027] Moreover, the one end of the tubular part may
be sealed off by a ball closing.

[0028] Additionally, the inner space may be adapted
to be pressurised.

[0029] The expansion device may further comprise a
pressure building device and a heating device for heating
the fluid.

[0030] Furthermore, the inner space is pressurised by
building up a pressure in a fluid or a gas.

[0031] The present invention furthermore relates to a
downhole system comprising the expansion device as
described above and a driving unit, such as a downhole
tractor.

[0032] Additionally, the invention relates toaadrill pipe
comprising the expansion device as described above.
[0033] Moreover, the invention relates to a coiled tub-
ing comprising the expansion device as described above.
[0034] In addition, the invention relates to a method
for expanding an annular barrier positioned outside a
casing downhole, comprising the steps of:
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- positioning an expension device as described above
opposite an opening in the casing opposite which
the annular barrier is positioned,

- pressurising an inner space of the expansion device,
whereby the pressure via an opening forces a first
and a second sealing element towards an inner face
of the casing wall, thereby creating a pressurised
outer space, and

- expanding the annular barrier by pressuring an inner
space of the annular barrier via the opening in the
casing.

[0035] In an embodiment, the inner space of the ex-
pansion device may be sealed off at one end before
and/or during the pressuring.

[0036] Moreover, the expansion device may be sealed
off by a ball closure at the one end.

[0037] Finally, the present invention relates to a meth-
od for inserting an expansion device as described above
into a casing downhole, comprising the steps of:

- reducing an outer diameter of an annular flange of
the sealing element of the expansion device by
pressing the annular flange towards an annular part,

- maintaining the annular flange in the reduced diam-
eter by means of a holding means,

- inserting the expansion device into the casing,

- movingthe expansion device into a position opposite
an opening in the casing opposite which an annular
barrier is positioned, and

- releasing the holding means in order for the annular
flange to retain its original diameter, whereby the ex-
pansion device is ready for expansion.

[0038] In an embodiment, the holding means may be
released during pressurising of an inner space of the ex-
pansion device.

[0039] Furthermore, the outer diameter of the annular
flange may be reduced after expansion of the annular
barrier and before a step of removing the expansion de-
vice from the casing.

[0040] Finally, the outer diameter may be reduced
when the inner space of the expansion device is pressu-
rised.

Brief Description of the Drawings

[0041] The invention and its many advantages will be
described in more detail below with reference to the ac-
companying schematic drawings, which for the purpose
of illustration show some non-limiting embodiments and
in which

Fig. 1 shows an expansion device inserted in a cas-
ing downhole,

Fig. 2 shows the expansion device of Fig. 1, having
one end closed,



5 EP 2 436 874 A1 6

Fig. 3 shows the expansion device of Fig. 1 during
expansion of an annular barrier,

Fig. 4 shows another embodiment of the expansion
device,

Fig. 5 shows yet another embodiment of the expan-
sion device,

Fig. 6 shows a sealing element,

Fig. 7 shows another embodiment of the sealing el-
ement,

Figs. 8A and 8B show the sealing element having a
reinforcing element,

Figs. 9A and 9B show yet another embodiment of
the sealing element,

Figs. 10A and 10B show another embodiment of the
expansion device, and

Fig. 11 shows a partly cross-sectional view of the
expansion device.

[0042] Allthe figures are highly schematic and not nec-
essarily 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

[0043] Fig. 1 shows an expansion device 1 inserted in
a casing 2 downhole opposite an annular barrier 15 be-
fore expanding the annular barrier. The expansion device
1 comprises a tubular part 3 having an inner face 7 en-
closing an inner space 8 and an outer face 9 onto which
two sealing elements 10, 11 have been sealingly fas-
tened. The tubular part 3 has an opening 6 arranged op-
posite the opening 16 in the annular barrier 15. The first
10 of the two sealing elements is arranged at a first end
4 of the tubular part 3, and the second sealing element
11 is arranged at a second end 5 of the tubular part so
that there is a mutual distance between them. Each seal-
ing element 10, 11 has an annular part 12 and an annular
flange 13. The annular flange 13 projects from the annu-
lar part 12 towards the opening 16. Thus, the first 10 and
second 11 sealing elements, the outer face 9 of the tu-
bular part 3 and the inner face 7 of the casing 2 all enclose
an outer space 14 which is pressurised in order to expand
the annular barrier 15.

[0044] The expansion device 1 further comprises a
closing element 20 in the form of a ball cooperating with
a ball seat. The ball 20 flows with the pressurised fluid in
the inner space 8 of the tubular part 3, and when it hits
the ball seat, the tubular part 3 is closed, as shown in
Fig. 2.
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[0045] The expansion device 1 is connected to an or-
dinary drill pipe 25 or coiled tubing by means of athreaded
connection 26 so that the tubular part 3 forms part of the
drill pipe 25.

[0046] Ascanbe seeninFigs. 1-3, the annular flanges
13 of the sealing elements 10, 11 projectinwards towards
the opening 16, and when the ball 20 closes one end of
the drill pipe 25, the pressure is built up in the inner space
8 and thus also in the outer space 14. Hereby, the pres-
sure pushes the flanges 13 towards the inner face 7 of
the casing 2 against which the flanges 13 seal, causing
the pressure to be built up inside the outer space 14 as
well. In addition, the pressurised fluid flows further into
the inner space 8 of the annular barrier 15, and the pres-
sure increases until the expandable sleeve 17 of the an-
nular barrier is expanded, as shown in Fig. 3.

[0047] In Fig. 4, the tubular part 3 of the expansion
device 1 is closed at one end, and no additional closing
element 20 is needed to pressurise the expansion device
1. In this way, the expansion device 1 is the end part of
the drill pipe 25.

[0048] The expansiondevice 1 of Fig. 5 comprises two
first sealing elements 10 at the first end 4 of the tubular
part 3 and two second sealing elements 11 at the second
end 5 of the tubular part. By having two sealing elements
10, 11 in each end, a double barrier is created for safety
reasons.

[0049] The expansiondevice 1 may also be connected
to a driving unit, such as a downhole tractor, instead of
being connected with drill pipe 25.

[0050] The sealing element 10, 11 has a base annular
part 12 sealingly surrounding the tubular part 3. The an-
nular part 12 extends in a radial direction of the tubular
part 3. The annular flange 13 projects from the annular
part 12 in angle o from the radial direction, as shown in
Fig. 6. The angle a is less than 60 degrees, preferably
less than 45 degrees. The sealing element 10, 11 is cup
seal formed in a solid and flexible and resilient material,
such as an elastomeric polymer.

[0051] InFig.7,the sealingelement10, 11 hasacross-
sectional shape, such as a V-shape, so thatthe projecting
flange 13 and the annular part 12 together form a V when
seen in a cross-sectional view. In another embodiment,
the sealing element 10, 11 may have a U-, an L-, an M-,
or an S-cross-sectional shape.

[0052] The sealing element 10, 11 may also comprise
a reinforcement element 18, as shown in Figs. 8A and
8B. The reinforcement element 18 is shaped as a coiled
spring made of Shape Memory Alloy (SMA) so that when
the spring is subjected to heat, its diameter expands, as
shown in Fig. 8B. The heat may be supplied by injecting
heated fluid down the drill pipe 25.

[0053] In Figs. 9A and 9B, the reinforcement element
18 is shaped as fingers. The fingers have a spring force
which is released when the holding means 19 is removed.
Until then, the holding means 19 maintains the reduced
diameter of the flange 13 of the sealing element 10, 11,
as shown in Fig. 9A.
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[0054] In Figs. 8A-9B, the reinforcement element 18
is embedded in the sealing element 10, 11, butin another
embodiment, the reinforcing element may be arranged
on the outside of the flange 13. The reinforcement ele-
ment 18 may be a grid, a web, fingers or arms embedded
in the flexible material or arranged on the outside of the
sealing element 10, 11.

[0055] The holding means 19 may have any suitable
design, one of which is shown in Figs. 10A and 10B. The
holding means 19 is connected with the ball seat of the
closing element 20, and when the ball flows and hits
against the seat, the seat is moved until the axial grove
21 stops it from moving further. This axial movement re-
sults in an axial movement of the holding means 19, and
the holding means is thus moved out of engagement with
the flange 13 of the sealing element 10, 11. When the
holding means 19 is moved away from the flange 13, the
flange projects outwards due to the resilient spring force.
[0056] The holding means 19 may have any suitable
design, and as shown in Fig. 9A, it may break when the
pressure forces the flange 13 to project towards the inner
face 7 of the casing 2. The holding means 19 may also
be a rubber band rolling off along the inclining surface of
the back side of the flange 13 when the pressure pres-
surises from the front to force the flange outwards. The
holding means 19 may also be a burst string rupturing
when the pressure forces the flange 13 outwards.
[0057] InFig. 11, the expansion device 1to be inserted
in a casing 2 for expanding an annular barrier 15 down-
hole cooperates with the annular barrier on providing two
sealing connections between the device and the annular
barrier in order to build up a pressure inside the expan-
sion device, inside the annular space surrounding the
expansion device and inside the space between the ex-
pandable sleeve and the tubular structure of the annular
barrier. The annular barrier 15 comprises a tubular struc-
ture for mounting as part of the well tubular structure 2.
The expandable sleeve 7 surrounds the tubular structure,
and a connection part 23 connects the expandable
sleeve with the tubular structure. The tubular structure
has an opening and two projecting elements 22 decreas-
ing an inner diameter of the tubular structure and thus
the thickness of the tubular structure in two positions on
opposite sides of the opening in the tubular part 3. The
tubular part 3 of the expansion device 1 extends between
the first 4 and the second 5 end parts, and at least a first
10 and a second 11 sealing element sealingly is connect-
ed to the outer face 9 at the first and second end parts
4, 5 of the tubular part 3. Each sealing element 10, 11 is
arranged at a distance corresponding to a distance be-
tween the projecting elements 22 to sealingly connect
with the projecting elements 22. In this way, the sealing
elements 10, 11 of the expansion device 1 seal against
the projecting elements 22 of the tubular part 3 and there-
by create an outer space 14 there between.

[0058] The expansion device 1 comprises a slidable
sleeve 24 having an internal seat in which a ball 20
dropped down into the fluid flowing in the tubular part 3
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seats in order to close an orifice in the seat of the slidable
sleeve. When the ball 20 has closed the slidable sleeve
24, a pressure is built in the inner space 8 until the pres-
sure actuated on the ball is large enough to move the
sleeve from a closed position to an open position. In its
open position, the opening of the slidable sleeve 24 and
the opening in the tubular structure are aligned, and the
pressure is built up even further to expand the expand-
able sleeve 7.

[0059] Inthis embodiment, the tubular part 3 is a wash
down, a drill pipe or another tubing. The tubular part 3 of
the expansion device 1 is connected with the wash down,
drill pipe, etc. as a part thereof, and is subsequently low-
ered into the well.

[0060] The projecting elements 22 may have sealing
O-rings 25 or the like seals in grooves in order to provide
a better seal.

[0061] The expansion device 1 may further comprise
a pressure building device, such as a pump, situated on
the surface on a rig or a vessel.

[0062] 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, re-
spectively.

[0063] By a casing is meant any kind of pipe, tubing,
tubular, liner, string etc. used downhole in relation to oil
or natural gas production.

[0064] In the event that the tool is not submergible all
the way into the casing, a downhole tractor can be used
to push the tool 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®.

[0065] 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 de-
parting from the invention as defined by the following
claims.

Claims

1. An expansion device (1) to be inserted in a casing
or well tubular structure (2) for expanding an annular
barrier (15) downhole, the annular barrier comprising
a tubular structure for mounting as part of the well
tubular structure, an expandable sleeve (7) sur-
rounding the tubular structure, and a connection part
(23) connecting the expandable sleeve with the tu-
bular structure, the tubular structure having an open-
ing and two projecting elements (22) decreasing an
inner diameter of the tubular structure, the expansion
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device comprising

- a tubular part (3) extending between a first (4)
and a second (5) end part, the tubular part com-
prising:

- atleast one opening (6) arranged between
the first and the second end,

- an inner face (7) surrounding an inner
space (8), and

- an outer face (9),

- at least a first (10) and second (11) sealing
element sealingly connected to the outer face
at the first and second end parts of the tubular
part,

wherein each sealing element is arranged at a dis-
tance corresponding to a distance between the pro-
jecting elements to sealingly connect with the pro-
jecting parts, thereby creating an outer space (14)
there between.

An expansion device (1) to be inserted in a casing
(2) for expanding an annular barrier (15) downhole,
the expansion device comprising

- a tubular part (3) extending between a first (4)
and a second (5) end, the tubular part compris-

ing:

- atleast one opening (6) arranged between
the first and second end parts,

- an inner face (7) surrounding an inner
space (8), and

- an outer face (9),

- at least a first (10) and second (11) sealing
element sealingly connected to the outer face
at the first and second end parts of the tubular
part,

wherein each sealing element has an annular part
(12) and an annular flange (13) projecting partly to-
wards the opening, the annular flange of the first
sealing element projecting from the first end part to-
wards the opening, and the annular flange of the
second sealing element projecting from the second
end parts towards the opening, thereby creating an
outer space (14) there between.

An expansion device according to claim 1 or 2, fur-
ther comprising a slidable sleeve (24) having a slid-
able sleeve opening, being slidably connected with
the tubular part on the outer face from a closed po-
sition to an open position in which the slidable sleeve
opening is aligned with the tubular opening.
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4.

10.

11.

12.

13.

14.

15.

16.

An expansion device according to claim 3, wherein
the slidable sleeve is moved from the closed position
to the open position by means of a ball (20) closing
a orifice in the slidable sleeve.

An expansion device according to any of claims 2-4,
wherein the annular flange projects in an angle from
the annular part, the angle (o) being less than 60
degrees, preferably less than 45 degrees.

An expansion device according to any of claims 2-5,
wherein the sealing element has a V-, a U-, an L-,
an M- or an S-cross-sectional shape, or the like.

An expansion device according to any of claims 2-6,
wherein at least the annular flange is made of a flex-
ible/resilient material.

An expansion device according to claim 7, wherein
the material is an elastomer.

An expansion device according to any of claims 2-8,
wherein at least the annular flange comprises a re-
inforcement element (18).

An expansion device according to claim 9, wherein
the reinforcement element is a grid or a web imbed-
ded in the flexible material.

An expansion device according to any of claims 2-10,
wherein one end part of the tubular part is sealed off
by a ball closing (20).

An expansion device according to any of claims 2-10,
wherein the inner space is pressurised by building
up a pressure in a fluid or a gas.

A downhole system comprising the expansion de-
vice according to any of the preceding claims and a
driving unit, such as a downhole tractor.

A drill pipe comprising the expansion device accord-
ing to any of the claims 1 to 12.

A coiled tubing comprising the expansion device ac-
cording to any of the claims 1 to 12.

A method for expanding an annular barrier (15) po-
sitioned outside a casing downhole, comprising the
steps of:

- positioning an expansion device according to
any of the claims 1 to 12 opposite an opening in
the casing opposite which the annular barrier is
positioned,

- pressurising an inner space (8) of the expan-
sion device, whereby the pressure via an open-
ing (6) forces a first and a second sealing ele-
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ment towards an inner face (24) of the casing
wall, thereby creating a pressurised outer
space, and

- expanding the annular barrier by pressuring an
inner space of the annular barrier via the open- %
ing in the casing.

17. A method according to claim 16, wherein the inner
space of the expansion device is sealed off at one
end part before and/or during the pressuring. 10

18. A method for inserting an expansion device accord-
ing to any of the claims 1 to 12 into a casing down-
hole, comprising the steps of:
15
-reducing an outer diameter of an annular flange
of the sealing element of the expansion device
by pressing the annular flange towards an an-
nular part,
- maintaining the annular flange in the reduced 20
diameter by means of a holding means,
- inserting the expansion device into the casing,
- moving the expansion device into a position
opposite an opening in the casing opposite
which an annular barrier is positioned, and 25
- releasing the holding means in order for the
annular flange to retain its original diameter,
whereby the expansion device is ready for ex-

pansion.
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