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(57) ABSTRACT 

The present invention provides apparatus and a method of 
anchoring an expandable conduit. A formation is provided 
on an outer surface of the conduit, the formation comprising 
a number of bands of a friction and/or sealing material. 
When the expandable conduit is radially expanded, the 
friction and/or sealing material engages a second conduit in 
Which the expandable conduit is located. The engagement of 
the friction and/or sealing material provides an anchor for 
the expandable conduit. 
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APPARATUS FOR AND A METHOD OF 
ANCHORING AN EXPANDABLE CONDUIT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of co-pending 
US. patent application Ser. No. 10/069,990, ?led Jul. 8, 
2002, Which claims priority to Great Britain patent applica 
tion number 99209363, ?led Sep. 6, 1999. Each of the 
aforementioned related patent applications is herein incor 
porated by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to apparatus for and 
a method of anchoring an expandable conduit, particularly, 
but not exclusively, to a second conduit in Which the 
expandable conduit is located. 

SUMMARY OF THE INVENTION 

[0003] A borehole is conventionally drilled during the 
recovery of hydrocarbons from a Well, the borehole typically 
being lined With a casing that is cemented into place. 
Casings are installed to prevent the formation around the 
borehole from collapsing. In addition, casings prevent 
unWanted ?uids from the surrounding formation from ?oW 
ing into the borehole, and similarly, prevent ?uids from 
Within the borehole escaping into the surrounding formation. 

[0004] It is knoWn to use a pliable casing that can be 
radially expanded so that an outer surface of the casing 
contacts the formation around the borehole. The pliable 
casing undergoes plastic deformation When expanded, typi 
cally by passing an expander device, such as a ceramic or 
steel cone or the like, through the casing. The expander 
device is propelled along the casing in a similar manner to 
a pipeline pig and may be pushed (using ?uid pressure for 
example) or pulled (using drill pipe, rods, coiled tubing, a 
Wireline or the like). 

[0005] Lengths of expandable casing are coupled together 
(typically by threaded couplings) to produce a casing string. 
The casing string is inserted into the borehole in an unex 
panded state and is subsequently expanded using the 
expander device. HoWever, the unexpanded casing string 
requires to be anchored either at an upper end or a loWer end 
thereof before and/or during the expansion process. 

[0006] According to a ?rst aspect of the present invention, 
there is provided apparatus for anchoring an expandable 
conduit, the apparatus comprising at least one formation 
provided on an outer surface of the expandable conduit, the 
formation being capable of engaging a second conduit in 
Which the expandable conduit is located, the formation 
providing an anchor and/or seal for the expandable conduit 
When the expandable conduit is at least partially expanded. 

[0007] According to a second aspect of the present inven 
tion, there is provided a method of anchoring an expandable 
conduit, the method comprising the steps of providing an 
expandable conduit having at least one formation on an 
outer surface thereof, the formation being capable of engag 
ing a second conduit in Which the expandable conduit is 
located to provide an anchor and/or seal for the expandable 
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conduit, anchoring the expandable conduit to the second 
conduit, and expanding at least a portion of the expandable 
conduit to force the formation into contact With the second 
conduit. 

[0008] The invention also provides expandable conduit 
such as casing or the like, the conduit having a formation on 
its outer surface adapted to engage a second member When 
the expandable conduit is expanded. 
[0009] The formation typically comprises resilient mate 
rial, typically ?rst and second bands of a ?rst resilient 
material such as rubber, the ?rst and second bands being 
axially spaced apart, With a third band of a second resilient 
material such as a second rubber being located betWeen the 
?rst and second bands. The ?rst material is preferably harder 
than the second material. The ?rst and/or second materials 
may be pro?led on an outer surface thereof to enhance 
anchoring and/or sealing. 
[0010] In one speci?c embodiment of the invention, the 
?rst and second bands comprise 2 inch (approximately 51 
millimetres) Wide bands, spaced apart by 10 inches 
(approximately 250 millimetres). The third band typically 
comprises a 10 inch (approximately 250 millimetres) Wide 
band. The ?rst rubber is typically a 60 durometer rubber. The 
second rubber is typically a 40 durometer rubber. The bands 
of rubber can be of any suitable hardness and Width. 
Alternatively, the ?rst rubber can be a 90 durometer rubber, 
and the second rubber can be a 60 durometer rubber. 

[0011] In an alternative embodiment, the formation com 
prises a band of rubber or other suitable resilient material. 
The band preferably de?nes a ZigZag pattern on the outer 
surface of the conduit. The rubber can be of any suitable 
hardness, but is typically in the order of 40 to 90 durometers, 
although values of hardness beyond this range may also be 
used. 

[0012] The material properties and con?guration of each 
formation can be chosen to suit the particular application. 

[0013] The expandable conduit typically comprises an 
expandable casing or liner. HoWever, the expandable con 
duit may be any suitable expandable pipe or the like. 

[0014] The formation is optionally detachable and prefer 
ably applied to the outer surface of the conduit before the 
conduit is expanded. The formation optionally comprises 
tWo or more axially spaced formations. 

[0015] The second conduit typically comprises a borehole, 
casing, liner or the like. The expandable casing may engage 
any type of conduit. The method of the invention typically 
includes the additional step of providing an expander device 
to radially expand the expandable conduit. 
[0016] The expander device typically comprises a cone. 
The expander device may be manufactured from steel. 
Alternatively, the expander device may be manufactured 
from a ceramics material, or a combination of steel and a 
ceramics material. The expander device is optionally ?ex 
ible. 

[0017] The expandable conduit is typically temporarily 
anchored to the second conduit using a mechanical or other 
anchoring device (eg a slip). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] Embodiments of the present invention shall noW be 
described, by Way of example only, With reference to the 
accompanying draWing in Which: 
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[0019] FIG. 1 is a schematic cross-section of an exem 
plary embodiment of apparatus for anchoring an expandable 
conduit to a borehole; 

[0020] FIG. 2a is a front elevation shoWing a ?rst con 
?guration of a formation applied to an outer surface of the 
apparatus of FIG. 1; 

[0021] 
FIG. 2a; 

[0022] FIG. 2c is an enlarged vieW of a portion of the 
formation of FIGS. 2a and 2b shoWing a pro?led outer 
surface; 
[0023] FIG. 3 is a schematic cross-section of an alterna 
tive embodiment of apparatus for anchoring an expandable 
conduit to a borehole having a different formation on an 

outer surface; 

[0024] FIG. 4a is an front elevation of the formation of 
FIG. 3; and 

[0025] FIG. 4b is an end elevation of the formation of 
FIG. 401. 

FIG. 2b is an end elevation of the formation of 

DETAILED DESCRIPTION 

[0026] Referring to the draWing, FIG. 1 shoWs an exem 
plary embodiment of apparatus for anchoring an expandable 
conduit 12. The expandable conduit 12 is shoWn located 
Within a casing or liner 14. Conventionally, casing or liner 
14 is used to line or case a borehole that is drilled into a 
formation 16 to facilitate the recovery of hydrocarbons. It 
should be noted hoWever, that the expandable conduit 12 
may be a liner or casing used to case or line the borehole. 

[0027] The expandable conduit 12 may be any type of 
suitable conduit that is capable of sustaining plastic defor 
mation Whereby it can be radially expanded by at least 10%, 
although it may be radially expanded by a value more or less 
than this. 

[0028] The upper portion of FIG. 1 shoWs the expandable 
conduit 12 in unexpanded form, With an expander device 18 
located therein used to impart a radial expansion force. The 
loWer portion of FIG. 1 shoWs a portion of the expandable 
conduit 12 radially expanded by the expander device 18. 

[0029] The expander device 18 typically comprises a 
cone. The expander device 18 may be manufactured from 
steel, or alternatively may be manufactured from a ceramics 
material, or a combination of steel and a ceramics material. 
The expander device 18 is optionally ?exible, although this 
is advantageous Where the expander device 18 is required to 
expand an expandable conduit that includes a curvature or 
the like. Any conventional type of expander device 18 may 
be used. 

[0030] As shoWn in FIG. 1, the expandable conduit 12 is 
provided With at least one formation, generally designated 
20, (only one formation 20 shoWn in FIG. 1) on an outer 
surface 12s thereof. The formation 20 typically comprises 
?rst and second bands 22, 24 that are axially spaced apart 
along a longitudinal axis 26 of the expandable conduit 12. 
The ?rst and second bands 22, 24 are typically axially 
spaced by some distance, for example 10 inches (approxi 
mately 250 The ?rst and second bands 22, 24 are 
preferably annular bands that extend circumferentially 
around the outer surface 12s of the expandable conduit 12, 

Dec. 23, 2004 

although this con?guration is not essential. The ?rst and 
second bands 22, 24 typically comprise 2 inch Wide 
(approximately 51 mm) bands of a ?rst type of rubber. The 
formation 20 need not extend around the full circumference 
of the surface 12s. 

[0031] Located betWeen the ?rst and second bands 22, 24 
is a third band 28 of a second type of rubber. The third band 
28 preferably extends betWeen the ?rst and second bands 22, 
24 and is thus typically 10 inches (approximately 250 mm) 
Wide. The ?rst and second bands 22, 24 are typically of a 
?rst depth. The third band 28 is typically of a second depth. 
The ?rst depth is typically larger than the second depth, 
although they may be the same. Thus, the ?rst and second 
bands 22, 24 protrude further from the surface 12s than the 
third band 28, as shoWn schematically in FIG. 1. 

[0032] The ?rst type of rubber (i.e. ?rst and second bands 
22, 24) is preferably of a harder consistency than the second 
type of rubber (i.e., third band 28). The ?rst type of rubber 
is typically 60 durometer rubber, Whereas the second type of 
rubber is typically 40 durometer rubber. Durometer is a 
conventional hardness scale for rubber. 

[0033] The particular properties of the rubber may be of 
any suitable type and the hardnessess quoted are exemplary 
only. It should also be noted that the relative dimensions and 
spacings of the ?rst, second and third bands 22, 24, 28 are 
exemplary only and may be of any suitable dimensions and 
spacing. 
[0034] Referring to FIGS. 2a to 2c, there is shoWn an 
alternative formation 50 that is substantially the same as 
formation 20. In the embodiment shoWn in FIGS. 2a to 2c, 
the formation 50 comprises ?rst and second bands 52, 54 of 
a ?rst resilient material, With a third band 56 of a second 
resilient material located therebetWeen. 

[0035] The ?rst and second bands 52, 54 are around 1 inch 
(approximately 25.4 mm) Wide, and are spaced-apart by 
around 3 inches (approximately 76 mm); the third band 56 
is thus 3 inches Wide. 

[0036] The ?rst resilient material of the ?rst and second 
bands 52, 54 is typically harder than the second resilient 
material of the third band 56. In the embodiment shoWn in 
FIGS. 2a to 2c, the ?rst resilient material comprises a rubber 
With a 90 durometer hardness, and the second resilient 
material comprises a rubber With a 60 durometer hardness. 

[0037] Unlike formation 20, the depths of the bands 52, 
54, 56 are substantially the same. As can be seen from FIG. 
2c in particular, an outer face 56s of the third band 56 can 
be pro?led. The outer face 56s is ribbed to enhance the grip 
of the third band 56 on an inner face of a second conduit (eg 
a preinstalled portion of liner, casing or the like, or a 
Wellbore formation) in Which the expandable conduit 12 is 
located. It Will be appreciated that an outer surface on the 
?rst and second bands 52, 54 may also be pro?led (e.g. 
ribbed). 
[0038] The tWo outer bands 52, 54 being of a harder 
rubber provide a relatively high temperature seal and a 
back-up seal to the relatively softer rubber of the third band 
56. The third band 56 typically provides a loWer temperature 
seal 

[0039] In use, the formation 20, 50 is applied to the outer 
surface 12s of the (unexpanded) expandable conduit 12. The 
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formation 20, 50 may be applied at axially spaced-apart 
locations long the length of the expandable conduit 12, the 
spacings and number of formations 20, 50 being chosen to 
suit the particular application. 

[0040] The expandable conduit 12 is then run into a 
borehole, casing or liner 14, or some other conduit onto 
Which the expandable conduit 12 is to be attached. As can be 
seen in FIG. 1 (upper portion) When the expandable conduit 
12 is run into the casing or liner 14, an annulus 30 is created 
betWeen the outer surface 12s of the expandable conduit 12 
and an inner surface 14i of the casing or liner 14. The 
expander device 18 is typically located in an expanded 
portion 126 of the expandable conduit 12 before the conduit 
12 is run into the casing or liner 14. It should be noted that 
the conduit 12 is of the non-interference type Wherein the 
annulus 30 remains (although reduced in siZe) even When 
the expandable conduit 12 is radially expanded i.e., there is 
a gap betWeen the expandable conduit 12 and the casing or 
liner 14. Expandable conduit 12 need not be of the non 
interference type. 

[0041] As the outer surface 12s of the expandable conduit 
12 is not in direct contact With the inner surface 14i of the 
casing or liner 14, a mechanical or other type of anchoring 
device 32 (eg a slip) is used to provide a temporary anchor 
Whilst at least a portion of the expandable conduit 12 is 
radially expanded. The mechanical or other type of anchor 
ing device 32 may be of any conventional type and is 
typically attached at or near, the expanded portion 126 of the 
expandable conduit 12. When the mechanical or other type 
of anchoring device 32 is set, the expander device 18 is 
pushed or pulled through the expandable conduit 12 in the 
direction of arroW 34. The expander device 18 may be 
propelled through the expandable conduit 12 using ?uid 
pressure, or may be pigged along the expandable conduit 12 
using a conventional pig or tractor (not shoWn). The 
expander device 18 may alternatively be propelled using a 
Weight (from a string for example), or may by pulled 
through the expandable conduit 12 (eg using drill pipe, 
rods, coiled tubing, a Wireline or the like). 

[0042] As the expander device 18 is propelled along the 
expandable conduit 12 (using any conventional means), it 
radially expands the conduit 12, as illustrated in the loWer 
portion of FIG. 1. As the conduit 12 is expanded, the 
formation 20, 50 is also expanded Whereby the formation 20, 
50 (i.e. ?rst, second and third bands 22, 24, 28, 52, 54, 56 
of rubber) engage With a portion of the inner surface 14i of 
casing or liner 14. It is advantageous to have an outer surface 
of the ?rst and second rubbers (i.e. bands 22, 24, 52, 54), and 
optionally the third rubber (i.e. band 28, 56), pro?led (e.g. 
ribbed or the like) to enhance the anchoring and/or sealing. 

[0043] As the ?rst, second and third bands 22, 24, 28, 52, 
54, 56 of rubber engage the inner surface 14i of the casing 
or liner 14, they provide an anchor point due to the friction 
caused betWeen the ?rst and/or second rubbers and the inner 
surface 14i. This anchor point anchors the expandable 
conduit 12 to the casing or liner 14. 

[0044] Additionally, the ?rst and/or second rubbers may 
also act as a seal that results in an annular pressure seal that 
seals the annulus 30. Where tWo or more formations 20, 50 
are provided at axially spaced-apart locations, the portions 
of the annulus 30 betWeen the formations 20, 50 Will be 
isolated from one another. 
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[0045] After the formation 20, 50 has been expanded 
Whereby the ?rst and second rubbers provide at least an 
anchor point for the expandable casing 12 (and optionally a 
seal for annulus 30), the mechanical or other type of 
anchoring device 32 can be released, and optionally 
removed from the casing or liner 14. 

[0046] Referring to FIG. 3, there is shoWn an alternative 
expandable conduit 100, that is a second embodiment of 
apparatus of the present invention. Expandable conduit 100 
is substantially the same as expandable conduit 12, but has 
a further alternative formation 150 on an outer surface 100s 
thereof. 

[0047] The expandable conduit 100 may be any type of 
suitable conduit that is capable of sustaining plastic defor 
mation Whereby it can be radially expanded by at least 10%, 
although it may be radially expanded by a value more or less 
than this. 

[0048] As can be seen from FIG. 3, the expandable 
conduit 100 is provided With a pre-expanded portion 1006 in 
Which an expander device (eg expander device 18) may be 
located Whilst the conduit 100 is run into a borehole or the 
like. It should be noted that the expander device need not be 
located in the conduit 100 Whilst it is being run into the 
borehole, and can be located in the conduit 100 once it is in 
place. 
[0049] As shoWn in FIG. 3, the expandable conduit 100 is 
provided With at least one formation, generally designated 
150. A number of formations 150 are shown applied to the 
outer surface 100s of the conduit 100, each formation being 
axially spaced from one another by around 12 inches 
(approximately 305 

[0050] The formation 150 is best shoWn in FIGS. 4a and 
4b. The alternative formation 150 is in the form of a ZigZag. 
In this embodiment, the or each formation 150 comprises a 
single (preferably annular) band of rubber that is, for 
example, of 90 durometers hardness and is about 2.5 inches 
(approximately 28 mm) Wide by around 0.12 inches 
(approximately 3 mm) deep. 
[0051] To provide a ZigZag pattern and hence increase the 
strength of the grip and/or seal that the formation 150 
provides in use, a number of slots 152a, 152b (eg 20) are 
milled into the band of rubber. The slots 152a, 152b are 
typically in the order of 0.2 inches (approximately 5 mm) 
Wide by around 2 inches (approximately 50 mm) long. 

[0052] The slots 152a are milled at around 20 circumfer 
entially spaced-apart locations, With around 18° betWeen 
each along one edge 150a of the band. The process is then 
repeated by milling another 20 slots 152b on the other side 
150b of the band, the slots on the other side being circum 
ferentially offset by 9° from the slots 152a on the other side. 

[0053] In use, the formation 150 is applied to the outer 
surface 100s of the (unexpanded) expandable conduit 100. 
The formation 150 may be applied at axially spaced-apart 
locations along the length of the expandable conduit 100, as 
shoWn in FIG. 3, the spacings and number of formations 100 
being chosen to suit the particular application. 

[0054] The expandable conduit 100 is then run into a 
borehole, casing or liner 14, or some other conduit onto 
Which the expandable conduit 100 is to be attached, and is 
used in substantially the same Way as conduit 12 described 
above. 
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[0055] Using the method and apparatus described herein 
for anchoring an expandable conduit to a second conduit, it 
is possible to case a Wellbore using an expandable conduit 
provided With the formation, Without the use of cement. This 
has signi?cant advantages, particularly in terms of cost due 
to the reduction of materials required and rig doWn-time. 

[0056] Thus, there is provided a method and apparatus of 
anchoring an expandable conduit to a second conduit. Cer 
tain embodiments of the apparatus and method optionally 
provide a seal betWeen the expandable conduit and the 
second conduit. Certain embodiments of the apparatus 
include a formation of different layers or bands of resilient 
materials that are specially arranged and composed to pro 
vide a good anchor and/or seal betWeen the expandable 
conduit and the second conduit. 

[0057] Modi?cations and improvements may be made to 
the foregoing Without departing from the scope of the 
present invention. 

1. A method of expanding a tubular in a Wellbore, com 
prising: 

expanding a portion of the tubular, the tubular having at 
least one resilient member disposed around its outer 
surface in the expanded area; and 

causing the resilient member to contact the Wellbore in a 
sealing and frictional relationship While leaving an 
annular area de?ned betWeen the outer tubular Wall and 
the Wellbore. 

2. The method of claim 1, further comprising setting an 
anchor that temporarily retains the tubular prior to causing 
the resilient member to contact the Wellbore. 

2. The method of claim 1, further comprising setting a slip 
that temporarily retains the tubular prior to causing the 
resilient member to contact the Wellbore. 

3. The method of claim 1, further comprising: 

setting an anchor that temporarily retains the tubular prior 
to causing the resilient member to contact the Wellbore; 
and 

releasing the anchor after causing the resilient member to 
contact the Wellbore. 

4. The method of claim 1, Wherein the at least one resilient 
member includes a plurality of resilient members. 

5. The method of claim 1, Where the at least one resilient 
member includes a plurality of resilient members spaced 
from one another. 

6. The expandable liner hanger of claim 1, Wherein the 
resilient member includes pro?les on an outer surface 
thereof. 

7. The expandable liner hanger of claim 1, Wherein the 
resilient member includes ribs on an outer surface thereof. 
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8. The expandable liner hanger of claim 1, Wherein the 
resilient member is a rubber material. 

9. An expandable liner hanger for use in a Wellbore, 
comprising: 

a tubular body, the body expandable at an upper end 
thereof; 

an resilient ring disposed around the upper end; and 

the hanger constructed and arranged to retain and seal the 
expanded body in the Wellbore While leaving an annu 
lar area betWeen an outer Wall of the expanded body 
and the Wellbore. 

10. The expandable liner hanger of claim 9, Wherein the 
resilient ring includes pro?les on an outer surface thereof. 

11. The expandable liner hanger of claim 9, Wherein the 
resilient ring includes ribs on an outer surface thereof. 

12. The expandable liner hanger of claim 9, further 
comprising at least one additional resilient ring disposed 
around the upper end. 

13. The expandable liner hanger of claim 9, further 
comprising at least one additional resilient ring disposed 
around the upper end, the resilient rings spaced from one 
another. 

14. The expandable liner hanger of claim 9, further 
comprising a temporary anchor separate from the resilient 
ring. 

15. The expandable liner hanger of claim 9, further 
comprising a temporary anchor separate from the resilient 
ring, Wherein the temporary anchor includes a slip. 

16. The expandable liner hanger of claim 9, Wherein the 
resilient ring is a rubber material. 

17. A method of expanding a ?rst tubular in a second 
tubular located in a Wellbore, comprising: 

locating a portion of the ?rst tubular Within the second 
tubular, the portion of the ?rst tubular having a resilient 
member on a section of an outside surface thereof; and 

expanding the ?rst tubular at least along the section to a 
predetermined diameter, the predetermined diameter 
selected to compress the resilient member in a sealing 
and frictional relationship betWeen the ?rst and second 
tubular that remain concentrically spaced from one 
another. 

18. The method of claim 17, Wherein the resilient member 
includes pro?les on an outer surface thereof. 

19. The method of claim 17, further comprising at least 
one additional resilient member, the resilient members 
spaced from one another. 


