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(57) Abrege/Abstract:
The present invention relates to a cladding method for sealing a leak (2) in a casing (3), a pipeline, a borehole, or a well downhole

using a liner (1) having a tube (4) with a first diameter, a plurality of circumferential grooves (5), and a plurality of sealing means (6)
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(57) Abrege(suite)/Abstract(continued):
IN the grooves extending beyond the first diameter. The cladding method comprises the steps of fastening the liner in a fastening

means (9) of an expansion tool, inserting the liner having a first part (8) and a second part (10) into the casing (3) outside the teak
(2), positioning an expansion means of the expansion tool at the first part of the liner, expanding the first part of the liner until the
sealing means In the grooves of the first part of the liner are pressed against the casing and fasten the first part to the casing,
releasing the liner so that the liner Is free of the tool and the liner Is held in place by the sealing means In the first part of the liner,
and expanding all the way through the liner by expanding also the second part of the liner to abut the casing for sealing the leak.



woO 2008/131771 A3 I DU O0 A0 00 AR R0

CA 02684681 2009-10-20

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization f#

International Burcau

(43) International Publication Date
6 November 2008 (06.11.2008)

(51) International Patent Classification:
E21B 29/10 (2006.01) E21B 43/10 (2006.01)

(21) International Application Number:
PCT/DK2008/000159

(22) International Filing Date: 28 April 2008 (28.04.2008)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

PA 2007 00616 DK

26 April 2007 (26.04.2007)

(71) Applicant (for all designated States except US): WELL-
TEC A/S [DK/DK]; Gydevang 25, DK-3450 Allergd
(DK).

(72) Inventor; and

(75) Inventor/Applicant (for US only): HALLUNDBAEK,
Jorgen [DK/DK]; Haregabsvej 15, Esbonderup Skovhuse,
DK-3230 Graested (DK).

(74) Agent: CHAS. HUDE A/S; H.C. Andersens Boulevard
33, DK-1780 Copenhagen V (DK).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(10) International Publication Number

WO 2008/131771 A3

AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EL,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC,
LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
LA, M, 7. W.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, 8Z, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, 1,
FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CFE, CG,

CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declaration under Rule 4.17:
of inventorship (Rule 4.17(iv))

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

(88) Date of publication of the international search report:
19 February 2009

(54) Title: THE PRESENT INVENTION RELATES TO A CLADDING METHOD FOR SEALING A LEAK (2) IN A CASING
(3), A PIPELINE, A BOREHOLE, OR A WELL DOWNHOLE USING A LINER (1) HAVING A TUBE (4) WITH A FIRST
DIAMETER, A PLURALITY OF CIRCUMFERENTIAL GROOVES (5), AND A PLURALITY OF SEALING MEANS (6) IN
THE GROOVES EXTENDING BEYOND THE FIRST DIAMETER

9|
? ? 10
1. VN 7y
6 A SH Y [
Y Al
Y R
7
2 ) & A7 °
Z Q7 4
Y
MY % \y,
)/ y‘ \
s 7 7 o
17
11

Fig. 1

(57) Abstract: The present invention relates to a
cladding method for sealing a leak (2) in a casing
(3), a pipeline, a borehole, or a well downhole
using a liner (1) having a tube (4) with a first
diameter, a plurality of circumferential grooves (5),
and a plurality of sealing means (6) in the grooves
extending beyond the first diameter. The cladding
method comprises the steps of fastening the liner in
a fastening means (9) of an expansion tool, inserting
the liner having a first part (8) and a second part (10)
into the casing (3) outside the teak (2), positioning
an expansion means of the expansion tool at the first
part of the liner, expanding the first part of the liner
until the sealing means in the grooves of the first
part of the liner are pressed against the casing and
fasten the first part to the casing, releasing the liner
so that the liner is free of the tool and the liner is
held in place by the sealing means in the first part
of the liner, and expanding all the way through the
liner by expanding also the second part of the liner
to abut the casing for sealing the leak.
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Title: Cladding method and expansion too!

Technical Field

The present invention relates to a cladding method for sealing a leak in a casing, a
pipeline, a borehole, or a well downhole using a liner. Furthemmore, the invention re-
lates to an expansion tool. |

Background

In the event that a casing downhole has a leak, a tube, also called a liner or a clad,
having a smaller diameter than the casing is usually placed outside the leak. The liner
IS then expanded from inside the tube to increase the diameter of the tube to match the
diameter of the casing so as to seal the leak in the casing.

A liner is usually made of metal, and usually of the same metal as the casing. When
the liner has been expanded to match the diameter of the casing and the expansion
tool is retracted from within the liner, the liner will shrink a bit due to the tension in the
metal. In this way, the diameter of the liner is somewhat smaller than that of the casing.
Therefore, when rolling the liner, the liner is expanded to a larger diameter than the
original diameter of the caSihg. This is obtained by rolling both the liner and the casing
to @ somewhat larger diameter so that; when the expansion tool is retracted, both the
liner and the casing shrink, and the liner is thus able to seal the leak in the casing.

However, expanding the liner into a larger diameter than that of the casihg IS only pos-
sible in the event that the casing can also be expanded. Usually, cement is used to fas-
ten the casing, and the casihg IS thus surr0undéd by cement. In this case, the casing
cannot be expanded, and rolling the liner will result in a small gap between the outside
of the liner and the inside of the casing — and the leak is thus not sealed by the liner.

Known solutions to this problem have been to make a liner of epoxy mixed with fibre
glass where the liner is curled, the cross-section of the liner thus being shaped like a
flower. In this way, the liner can be unburled when rolled to abut the inside of the cas-
ing, and due to the fact that epoxy does not shrink, the iiner will be able to seal the leak

as intended.
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Another solution to this problem is known from US 2005/057005 in which the liner has
projections that, during expansion of the liner, are fastened to the inside of the casing.
This is also known from US 2006/0237188. However, these projections may break off,
the result being that the liner is released and the leak |s not sealed.

In order to insert the liners into the casing or the like, the whole liner needs to have a
external diameter greater than that of the casing. When expanding the liner only some
of the liner is expanded, e.g. the first part, whereas the second part is not expanded.
The result is that the diameter of the casing is decreased in those areas where the liner |
is not expanded. Thus, the leak in the casing may be sealed, but the fluid flow in the
casing or pipeline is substantial decreased making the casing less efficient than before

the leak occurred.

Description of the Invention

An aspect of the present invention is, at least partly, to overcome the disadvantages of
the cladding methods méntiOned above, and to provide an improved cladding method
with which it is possible to seal a leak in 3 casing by means of a liner without decreas-
ing an internal diameter of the casing . '

This aspect and the advantages becoming evident from the description below are ob-
tained by a cladding method for sealing a leak (2) in 'é casing (3), a pipeline, a bore-
hole, or a well downhole using a liner (1) having a tube (4) with a first diameter and a
plurality of sealing means (6) in a plurality of circumferehtial grooves (5), comprising
the steps of. ' o

- fastening the liner in a fastening means of an expansion tool|,

- inserting the liner having a first part and a second part into the casing outside the
leak,

- positioning an expansion means of the expansion tool at the first part of the liner,

- expanding the first part of the liner until the sealing means in the grooves of the
first part of the liner are pressed 'against the casing and fasten the first part to the cas-
ing, '

- releasing the liner so that the liner is free of the tool and the liner is held in place
by the sealing means in the first part of the liner, and
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-  expanding all the way through the liner by expanding also the second part of the
liner to abut the casing for sealing the leak. '

By using a cladding method of the present invention, the entire liner is expanded from
an initial diameter to a larger second diameter fitting the internal surface of the casing.
Thus, when the tool leaves the liner in the casing, the diameter is the same along the
entire extension of the liner, the diameter is moreover only somewhat smaller than the
internal diameter of the casing. Hereby, the leak in the casing is sealed without sub-
stantial narrowing the internal diameter of the casing and thus without substantially di-
minishing the flow of the fluid flowing inside the casing. '

In one embodiment, the cladding method may further comprise the step of retracting
the expansion tool between expansion of the first and the second part of the liner.
Furthermore, the expansion means may be mandrel.

In another embodiment, the expansion means may be a body with rollers.

In addition, the expansion means may have a cone where part of the cone has a larger
diameter than that of a non-expanded liner and that part of the ¢cone extends outside
the liner before expansion of the liner.

Also, the sealing means may be a ring with a ring diameter and a centre, such as an Q-
rng.

In one embodiment, the sealing means may curl seen from the ring diameter towards
the centre, allowing the ring to be straightened out to a larger diameter than the original

nng diameter when expanded.

In addition, the sealing means may be made of silicone, natural or syntactic rubber,
polymer, or the like. ' '

The invention further relates to an eXpansiOn' tool for expanding a liner for sealing a
leak in a casing from within the casing using a liner, comprising

- at least one fastening means for fixing a first part of the liner and for holding the
liner in place outside the leak during expanding,
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-  an expanding means for expanding the liner to a larger diameter from a second
part of the liner all the way through the liner.

In one embodiment of the expansion tool, the expansion means may be a mandrel.

In another embodiment of the expansidn tool, the expansion means may be a body
with rollers.

Furthermore, the expansion means may have a cone where part of the cone has a lar-
ger diameter than that of a non-expanded liner and that part of the cone extends out-
side the liner before expansion of the liner so that the cone can uphold the liner when
inserting the liner into the casing.

In addition, the expansion means may be moved away from the expansion tool in order
to expand the liner.

Also, the expansion meahs may be r.e'tracted' into the expansion tool in order to expand

the liner.

Finally, the fastening means may be connected to a shaft penetrating the expansion
means in its centre.

Brief Description of the Drawings

The invention is explained in detail below with reference. to the drawings, in which
Fig. 1 shows a liner held by a tool Within a casing before expanding,

Fig. 2 shows the liner of Fig. 1 where 3 ’ﬁrst part of the liner: ha's been expanded,
Fig. 3 shows the liner of Figs. 1 and 2 where the whole liner has been expanded,
Fig. 4 shows a sectional view of Fig. 3 around the leak of the casing,

Fig. 5 shows sealing means within some grooves,
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Fig. 6 shows an expansion tool having fastened a liner within a casing,

Fig. 7 shows the expansion tool of Fig. 6 expanding the liner,
Fig. 8 shows the expansion tool of Fig. 6 and 7 expanding the liner even further,

Fig. 9 shows the expansion tool of Fig 6, 7 and 8 before the rest of the liner is ex-
panded, and

Fig. 10 shows the expansion tool of Fig. 9 after the entire liner has been expanded.

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

Detailed description of the invention

In Fig. 1, a liner 1 is shown positioned within a casing 3 downhole. The casing 3 has a
leak 2 indicated by an arrow. In this case, the casing 3 s cemented into the subterra-
nean formation. The liner 1 according to the invention can be used in all kinds of cas-
ings 3 which has not been cemented into the formation or directly into the borehoale.

The liner 1 is shown used in a casing 3; however, the liner 1 may also be used in an-
other cavity, such as a pipeline, a borehole, or a well downhole. A casing 3 is placed
inside a borehole for transporting fluid, such as oil, a mix of oil with water, gas, etc. In
many drilling operations for making the borehole, the fluid is mixed with filtrate or other
additives in order to improve the drilling process. Furthermore, the fluid may contain
other elements, such as cuttings, Swarf, sand, pipe dope, remains from a previous ex-
plosion, rust from the casing in the well, or detachments torn-off from the well, the cas-
ing, or the formation. in the following, the invention will be explained with reference to a
casing 3 conveying oii fluid.

The liner 1 comprises a tube 4 with circumferential grooves 5. A sealing means 6, such
as an O-ring, is provided ih each groove 5extending somewhat outside the groove §
so that the tube 4 has a larger second outside diameter where the grodves S with the
sealing means 6 are positioned. . .
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At one end, the liner 1 is held by fastening means or gripping means 9. The fastening
means or gripping means 9 grip around the circumferential wall 7 of the tube 4 in a
second part 10 of the liner 1. At the other end of the liner 1, a mandrel 11 is shown be-
fore expanding of the liner 1. '

In Fig. 2, the liner 1 has been partly rolled or expanded. The mandrel 11 has been
moved upwards for expanding the liner 1 from a first diameter to a second, expanded
diameter. As can be seen from Fig. 2, in the first, expanded part 8 of the liner 1, the
sealing means & has been squeezed between the inside wall of the casing 3 and the
outside wall of the liner 1. This is due to the fact that the liner 1 has been expanded by
the mandrel 11 so that the outside wall of the liner 1 abuts the inside wall of the casing
3.

The second part 10 of the liner 1 cannot yet be expanded since the fastening means or
gripping means 9 holds the liner 1. Therefore, when the liner 1 has been partly ex-
panded, the fastening means or gripping means release 9 the liner 1, and the liner 1 is
held in place by the friction between the sealing means 6 and the inside wall of the cas-
ing 3. Subsequently, the mandrel 11 can expand the rest of the liner 1, that is, the sec-
ond part 10, as shown in Fig. 3. Thus, the liner 1 is able to uphold itself in the casing 3
while the rest of the liner 1 is expanded by the expansion means which expands the
whole liner 1 without having to expand the casing 3. '

The liner 1 is ¢cladded inside the casing 3 for sealing of a leak 2 in the casing 3. Firstly,
a second part 10 of the liner is fastened in some fastening means 9 or gripping means
9 of an expansion tool and the liner 1 is inserted in the casing 3 outside the leak 2.
Secondly, the first part 8 of the liner 1 is expanded until the sealing means 6 in the
grooves 5 of the first part 8 of the liner 1 are préssed against the casing 3 and fasten
the first part 8 to the casing 3. Then, the liner 1 is released from the fastening means 9
so that the second part 10 of the liner 1 is no longer held by the tool and the liner 1 is
held in place by the sealing means 6 in the first part of the liner: Finally, the second part
10 of the liner 1 is also expahded and the liner 1 has thus been expanded along its en-

tire extension to abut the casing 3 for sealing the leak 2.

The sealing means 6 is fastened to the casing 3 due to the friction between the sealing
means 6 and the casing 3, and in this way the liner 1 is able to uphold itself and hold
itself in position when the second part 10 of the liner 1 is expanded so that no fastening
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means 6 is needed. In this way, the expansion means is able to penetrate and thereby
expand the whole liner 1 without needing to expand the casing also. ‘

By sealing a leak 2 by means of the present cladding method, the leak 2 in the casing 3
is sealed without substantially reducing the intemal diameter of the casing 3 due to the
fact that the entire liner 1 is expanded to a larger diameter and not only part of the liner.

When the mandrel 11 is still inside the liner 1, the outside wall of the liner 1 abuts the
inside wall of the casing 3. However, at the moment the mandrel 11 is retracted, the
liner 1 will, if made of some kind of metal, shrink somewhat due to the tension in the
metal. In Fig. 4, a sectional view of the expanded liner 1 outside the casing 3 is shown.
The mandrel 11 has been retracted from inside the liner 1, and the liner 1 has some-
what shrunk, so that a small gap d has been created between the liner 1 and the cas-
ing 3. However, the sealing means 6 has expanded correspondingly so as to fill up this

gap d and thus seal the leak 2.

As shown in Fig. 5, the sealing means 6 may be shaped like a ring which curis seen
from the diameter tOwards the centre of the ring. In this way, the ring may expand when
the liner 1 is expanded to a larger diameter than the initial diameter of the liner 1. When
the liner 1 is expanded, the ring will be straightened out.

The number of sealing means 6 is determined by how much force is needed for ex-
panding the rest of the liner 1 when the fastening means or gripping means 9 have re-
leased the liner 1. However, the sealing means 6 may vary in diameter and the cross-
section of the ring may be oval as well as circular. The larger the diameter, the more
able the sealing means 6 are to expand, and an ovél shape may increase the friction
area between the Sealing' means 6 and the inside wall of the casing 3. Thus, the num-
ber of sealing means 6 may élso in part be determined by the size and shape of the
sealing means 6. '

The invention also relates to an expansion tool for expanding the liner 1 within the cas-
ing 3 to seal a leak 2 in the casing 3. The tool comprises two fastening means or grip-
ping means 9 gripping around the second part 10 of the liner 1 as shown in Fig. 1. The
tool further comprises an expansion means such as the mandrel 11 shown in Fig. 2
which expands the liner 1 from a first diameter to a second, larger diameter. The fas-
tening means or gripping means 9 is connected to a shaft penetrating the mandrei 11

at its centre.
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In another embodiment, the expansion means is a body with rollers. In yet another em-
bodiment, the expansion means has a cone as shown in Fig. 6. A first part of the cone
has a larger diameter than that of a non-expanded liner 1 so as to be able to expand
the liner 1 when the cone is moved in the direction of the tool. The first part of the cone
extends outside the liner 1 before expanding the liner 1 so that the liner 1 is fastened
between the cone and a body of the expansion tool. In this way, the expansion tool and
the cone can uphold the liner 1 when inserting the liner 1 in the casing 3.

After the liner 1 has been fastened, it is inserted into the casing 3 outside the leak 2 to
be sealed. In this embodiment, the positioning of the expansion tool takes place at the
same time as the fastening of the liner 1 in the expansion tool. Subsequently, the ex-
pansion means of the expansion tool expands the first part 8 of the liner 1 as shown in
Fig. 7 by retracting the shaft onto which the cone is positioned into the expansion tool.

The movement of the expansion means Is shown by an arrow.

In Fig. 8, the shaft is retracted so that the cone abuts the body of the expansion tool.
Then, as shown in Fig. 9, the body of the expansion tool is moved away from the liner 1
releasing the liner 1 while the cone stays in the liner 1 whereby the shaft is pulled out of
the body again. Finally, the cone expands the rest of the liner 1, i.e. the second part 10
of the liner 1. In Fig. 10, the entire liner 1 has been expanded.

The expansion tool is held in place inside the casing 3 by means of anchors, slips, or
the like means. Such means may be positioned either in the expansion tool or in an-
other, connected tool. The expansion tool may also be held in place inside the casing 3
by means of a downhole tractor. -

By liner 1 is meant any form of sealing element used to cover or seal a leak on the in-

side of a casing 3, such as a lining, a liner, a clad, a seal, or the like.

In the event that the expansion tool is not submergible all the way into the casing 3, a
downhole tractor can also be used to push the expansion tool all the way into position
in the casing 3 or the well. A downhole tractor is any kind of driving tool capable of
pushing or pulling tools in a weli downhole, such as a Well Tractor®.
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Claims

1. A cladding method for sealing a leak in a casing, a pipeline, a borehole, or a well
downhole using a liner having a tube with a first diameter and a plurality of sealing
means in a plurality of circumferential grooves, comprising the steps of:

- fastening the liner In a fastening means of an expansion tool,

- inserting the liner having a first part and a second part into the casing outside the
leak,

- positioning an expansion means of the expansion tool at the first part of the liner,

- expanding the first part of the liner until the sealing means in the grooves of the
first part of the liner are pressed against the casing and fasten the first part to the cas-
ing,

- releasing the liner so that the liner is free of the tool and the liner is held in place
by the sealing means in the first part of the liner, and

- expanding all the way through the liner by expanding also the second part of the
liner to abut the casing for sealing the leak.

2. A cladding method according to claim 1, further comprising the step of retracting

the expansion tool between expansion of the first and the second part of the liner.

3. A cladding method according to claim 1 or 2, wherein the expansion means is a
mandrel.

4. A cladding method according to claim 1 or 2, wherein the expansion means is a
body with rollers.

5. A cladding method according to claim 1 or 2, wherein the expansion means has a
cone where part of the cone has a larger diameter than that of a non-expanded liner

and that part of the cone extends outside the liner before expansion of the liner.

6. A cladding method according to any of claims 1-3, wherein the sealing means is a

ring with a ring diameter and a centre, such as an O-ring.

7. A cladding method according to ciaim 6, wherein the sealing means curls as seen
from the ring diameter towards the centre, allowing the ring to be straightened out to a
larger diameter than the original ring diameter during expansion.

P1073CAPC



10

15

20

25

CA 02684681 2014-05-26

10

8. A cladding method according to any of claims 1-7, wherein the sealing means Is

made of silicone, natural or syntactic rubber, polymer, or the like.

9. Expansion too! for expanding a liner for sealing a leak in a casing from within the
casing using a liner, comprising

- at least one fastening means for fixing a first part of the liner and for holding the
liner in place outside the leak during expanding,

- an expansion means for expanding the liner to a larger diameter from a second

part of the liner all the way through the liner.

10. Expansion tool according to claim 9, wherein the expansion means is a mandrel.

11. Expansion tool according to claim 9, wherein the expansion means is a body with

rollers.

12. Expansion tool according to claim 9 or 10, wherein the expansion means has a
cone where part of the cone has a larger diameter than that of a non-expanded liner
and that part of the cone extends outside the liner before expansion of the liner so that

the cone can uphold the liner when inserting the liner into the casing.

13. Expansion tool according to any one of claims 9-12, wherein the expansion
means is moved away from the expansion too! while expanding the liner.

14. Expansion tool according to any one of claims 9-12, wherein the expansion

means is retracted into the expansion tool while expanding the liner.

15. Expansion tool according to any one of claims 9-14, wherein the fastening means

is connected to a shaft penetrating the expansion means in its centre.

P1073CAPC
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