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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.



Title: Cladding method and expansion tool

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. Furthermore, 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 casing. This is obtained by rolling both the liner and the casing

to a 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 casing 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 casing is thus surrounded 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 uncurled when rolled to abut the inside of the cas¬

ing, and due to the fact that epoxy does not shrink, the liner will be able to seal the leak

as intended.



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 is 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 mentioned above, and to provide an improved cladding method

with which it is possible to seal a leak in a 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 a casing (3), a pipeline, a bore¬

hole, or a well down hole using a liner (1) having a tube (4) with a first diameter and a

plurality of sealing means (6) in a plurality of circumferential grooves (5), 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

finer 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 O-

ring.

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

ring 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,



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 expansion 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 means may be retracted 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 a first part of the liner has 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,



Rg. 6 shows an expansion tool having fastened a liner within a casing,

Fig. 7 shows the expansion tool of Rg. 6 expanding the liner,

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

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

panded, and

Rg. 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 is 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 borehole.

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 oil fluid.

The liner 1 comprises a tube 4 with circumferential grooves 5. A sealing means 6 , such

as an O-ring, is provided in each groove 5 extending somewhat outside the groove 5

so that the tube 4 has a larger second outside diameter where the grooves 5 with the

sealing means 6 are positioned.



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 tub© 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 6 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 1 1 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 pressed 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 expanded 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



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 internal 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 Rg. 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 oval 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 also 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 mandrel 11

at its centre.



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 a n

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 well downhole, such as a Well Tractor®.



1. 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 and a plurality of

sealing means (6) in a plurality of circumferential grooves (5), comprising 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 leak (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 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

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 the preceding claims, 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 claim 6, wherein the sealing means curls 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.



8. A cladding method according to any of the preceding claims, wherein the sealing

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

9 . [Expansion tool for expanding a liner for sealing a leak (2) in a casing (3) from

within the casing using a liner, comprising

at least one fastening means (9) 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 mandrel.

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