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In one embodiment, there is disclosed expandable tubing 
Such as an expandable liner (10) comprising at least two 

(21) Appl. No.: 10/896,750 expandable tubing sections (18a, 18b) which are adapted to 
be coupled together, and a Seal (20) adapted to be located 
around the expandable tubing sections (18a, 18b), to seal a 

(22) Filed: Jul. 22, 2004 joint (22) between the Sections. 
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SEALING TUBING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims benefit of Great Britain 
patent application serial number 0317547.8, filed Jul. 26, 
2003, which is herein incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to the sealing of 
tubing. In particular, but not exclusively, the present inven 
tion relates to the Sealing of a joint between expandable 
tubing Sections. 
0004 2. Description of the Related Art 
0005. In the oil and gas exploration and production 
industry, expandable tubing has been developed and has a 
variety of uses. These include expandable borehole casing 
and liner, and expandable Sand exclusion based tubing 
assemblies, Such as those disclosed in International patent 
publication no WO97/17524 (Shell), and as sold under the 
ESS Trademark by the present applicant. 
0006 Expandable tubing offers a number of advantages 
over conventional borehole tubing, as the expandable tubing 
can be run into a borehole in an unexpanded State and 
Subsequently expanded downhole. This allows the tubing to 
be run through existing tubing and then expanded to a larger 
diameter within the borehole. 

0007. The expandable tubing sections typically include a 
male threaded portion (pin) and a female threaded portion 
(box) at opposite ends, for joining adjacent Sections of 
tubing together end to end. Maintaining a Seal between the 
pin and box portions post expansion can be problematic. 

0008. The sealing of sections of conventional, non-ex 
pandable tubing can also be problematic and can involve 
complex Sealing Systems. 

0009. It is amongst the objects of embodiments of the 
present invention to obviate or mitigate at least one of the 
foregoing disadvantages. 

SUMMARY OF THE INVENTION 

0010. According to a first aspect of the present invention, 
there is provided expandable tubing comprising: 

0011 at least two expandable tubing sections 
adapted to be coupled together; and 

0012 a seal adapted to be located around the 
expandable tubing Sections, to Seal a joint between 
the Sections. 

0013 Preferably, the tubing sections are sections of 
downhole tubing. It will be understood that the tubing 
Sections are typically located in a bore within a length of 
existing tubing Such as borehole casing or liner, and the Seal 
is compressed between the casing/liner and the tubing 
Sections during tubing expansion, to ensure Sealing at the 
Section joints. Alternatively, the tubing Sections may be 
located in open hole. 
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0014. The expandable tubing sections may include con 
nector portions at opposite ends of each Section, for coupling 
the Sections together end to end, to form a String of expand 
able tubing. The tubing may comprise a connector having 
first and Second portions, each portion adapted to be pro 
Vided on a respective expandable tubing Section. The first 
and Second connector portions may be formed integrally 
with the respective tubing Sections, or may be formed 
Separately and Subsequently coupled to the tubing Sections. 
The connector first and Second portions may be threaded and 
may comprise respective threaded male and female portions, 
Such as expandable pin and box portions. 
0015 The seal may be adapted to be located overlapping 
a joint between the tubing Sections. In this fashion, the Seal 
acts to prevent fluid ingreSS and egreSS at the joint post 
expansion. Preferably, the seal is deformable and most 
preferably resilient. The seal may therefore be elastically 
deformable. The Seal may comprise at least one generally 
tubular member Such as a sleeve, ring or collar, the tubular 
member adapted to be coupled to the tubing Sections to Seal 
the joint. 
0016. The seal may be adapted to be located around the 
tubing Sections Subsequent to coupling of the tubing Sections 
together and prior to expansion of the tubing Sections. 
Alternatively, the Seal may be adapted to be located around 
at least one of the tubing Sections prior to coupling of the 
tubing Sections together. 
0017. The Seal may comprise at least two Seal members 
which may comprise sleeves, each tubing Section having at 
least one Seal member coupled thereto. The Seal may include 
a first Seal member adapted to be coupled to one tubing 
Section and a Second Seal member adapted to be coupled to 
an adjacent tubing Section, the first and Second Seal members 
adapted to be brought into abutment to together form a Seal, 
either when the tubing Sections are coupled together or in a 
Separate procedure following coupling of the tubing Sec 
tions, for example, by translation of one or both of the Seal 
members along the tubing Sections. To ensure adequate 
Sealing post-expansion, the first and Second Seal members 
may be adapted to be located overlapping respective axial 
end portions of the tubing Sections, Such that when the 
tubing Sections are coupled together, ends of the Seal mem 
bers are pressed together and compressed. Thus when 
coupled together, a mating force may be exerted on the Seal 
members to seal the joint. It will be understood that when the 
tubing Sections are expanded and compressed between a 
wall of a borehole in which the expandable tubing is located 
and the expandable tubing Sections, the Seal members are 
elongated, enhancing Sealing at the interface between the 
members. 

0018. Alternatively, the seal may be adapted to be 
mounted on one of the tubing Sections and, following 
coupling, translated along the tubing Sections to a location 
where the Seal Seals the joint, and may be located Straddling 
the joint. 
0019. In a further alternative, the seal may be adapted to 
be located extending beyond an end of one of the tubing 
Sections prior to coupling the Sections together, and may be 
adapted to receive the other tubing Section, whereby on 
coupling the tubing Sections, the joint is Sealed. 
0020. Alternatively, the seal may be moveable from a 

first, non-Sealing configuration to a Second, Sealing configu 
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ration following coupling of the tubing Sections together, 
and may be adapted to be located on Said tubing Section in 
a folded, non-Sealing configuration. In an alternative, the 
Seal may be adapted to be located in a first configuration 
extending beyond an end of one of the tubing Sections and 
then moved to a Second, non-Sealing configuration to expose 
Said end, for coupling the tubing Sections together. The Seal 
may then be adapted to be returned to the first configuration 
to seal the joint. The seal may be deformable and is 
preferably elastically deformable. 

0021. In a further alternative embodiment, the seal mem 
berS may be adapted to be located Spaced from one another 
and may be spaced axially along the tubing Sections. The 
Seal members may be adapted to be brought into abutment 
during expansion of the tubing Sections. Alternatively, the 
Seal members may provide an adequate Seal without being 
brought into abutment, and may therefore remain axially 
Spaced post expansion. The Seal may thus be established 
through an interaction between the tubing Sections, the Seal 
members and the wall of the borehole or tubular in which the 
tubing Sections are located. 

0022. The seal may comprise an elastomeric material or 
a rubber material. The seal may be adapted to Swell in the 
presence of water and/or hydrocarbons and may comprise a 
Swelling elastomer or a natural rubber. This provides 
enhanced Seal performance over time as the Seal absorbs 
water/hydrocarbons in the downhole environment and 
Swells. The Seal may be coupled to the expandable tubing 
sections by an adhesive, or may be thermally bonded (for 
example, welded or fused) to the tubing Sections. An outer 
Surface of one or more tubing Section may be textured or 
roughened to improve grip with the Seal. Alternatively, the 
Seal may comprise a metal or metal alloy having a relatively 
low yield Strength and modulus of elasticity, Such as bronze 
or lead. The Seal may therefore provide a metal to metal Seal. 
In a further alternative, the tubing may include a receSS, slot, 
groove, channel or the like in which at least part of the Seal 
is located. 

0023 The tubing may comprise a plurality of seals. 
0024. The seal may comprise at least two seal portions 
which may be of materials having different material prop 
erties. For example, one of the Seal portions may be of a 
material having a higher yield Strength and/or modulus of 
elasticity (Young's Modulus) than the other seal portion. 
One of the Seal portions may be of a metal Such as a Steel or 
other alloy, and the other portion may be of an elastomeric 
or rubber material, or a metal or alloy having a relatively low 
yield Strength and/or modulus. The Seal may comprise an 
inner Seal member and an outer Seal member adapted to be 
located around the inner Seal member and the Outer Seal 
member may comprise a sleeve, ring or collar and may 
extend over part or all of an unexpanded length of the inner 
Seal member. In this fashion, when the tubing is expanded, 
the inner Seal member is at least partly compressed between 
the tubing Sections and the Outer Seal member. This is of 
particular use where a Surrounding borehole casing or liner 
has deteriorated Such that an inner wall of the casing has 
become uneven, for example, through corrosion. In these 
circumstances, a Seal without Such an outer Seal member 
may not be compressed Sufficiently to adequately Seal the 
Section joint. The outer Seal member, however, provides a 
consistent internal Surface to compress the inner Seal mem 
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ber on expansion. This is of further use where the tubing is 
to be located in an open hole, where the borehole wall is 
typically uneven. 
0025 The outer seal member may carry the inner seal 
member and may include a receSS Such as a groove, slot, 
channel or the like in which the inner seal member is 
mounted. The outer Seal member may carry a plurality of 
inner Seal members and may include a Seal member adapted 
to be located either side of the joint between the tubing 
Sections. 

0026. Alternatively, the tubing may further comprise at 
least one restraining or fixing member adapted to restrain the 
Seal against axial movement in at least one axial direction. 
The restraining member may be coupled to or mounted on 
one of the tubing Sections and may be adapted to receive the 
Seal. The restraining member may restrain the Seal against 
axial movement during expansion of the tubing, by transla 
tion of an expansion tool through the tubing. This may also 
protect the Seal from damage and/or movement during 
run-in of the tubing into a borehole. The restraining member 
and the Seal may take the form of the outer and inner Seal 
members, respectively, defined above. 
0027. In a further alternative, the tubing may further 
comprise at least one Support or reinforcing member, the 
Support member adapted to Support the Seal by providing a 
clamping force to Securely clamp the Seal pre and/or post 
expansion to the tubing and/or to resist axial movement of 
the seal. The Support member may be provided integrally 
with the Seal member and may, for example, be embedded 
or mounted in the Seal. Alternatively, the Support member 
may be provided externally of the Seal, for example, 
mounted on or around a radially outer Surface of the Seal. 
The Support member may comprise a sleeve, ring or the like; 
a plurality of sleeves/rings, or a wire or cable. The Seal and 
Support member may take the form of the inner and outer 
Seal members, respectively, defined above. 
0028. In a further alternative, the seal may comprise a 
plurality of seal members or portions of different material 
properties. For example, the Seal may comprise at least one 
metal Seal member, for metal to metal Sealing, and at least 
one elastomeric or rubber seal member. The seal members 
may be adapted to cooperate with a corresponding Seal 
member carried by a tubing Section. 
0029. The seal members may be spaced axially along the 
Seal sleeve and/or the tubing Such that when the Seal is 
coupled to the tubing Sections, a plurality of Seals may be 
defined, adjacent Seals optionally having different material 
properties. 
0030. According to a second aspect of the present inven 
tion, there is provided a String of expandable tubing com 
prising: 

0031) a plurality of expandable tubing sections 
coupled together; and 

0032 a plurality of seals located around a selected at 
least one of the joints between the tubing Sections. 

0033. Further features of the tubing sections and the seals 
are defined above. 

0034. According to a third aspect of the present inven 
tion, there is provided a connector for expandable tubing 
Sections, the connector comprising: 
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0035 first and second portions each adapted to be 
provided on a respective expandable tubing Section, 
the first and Second portions adapted to be coupled 
together, and 

0036) a seal adapted to be located around the first 
and Second portions to Seal a joint between the 
portions. 

0037. It will be understood that the seal functions to seal 
the joint between the first and second portions of the 
connector in the same fashion as the joint between the 
expandable tubing Sections, as described above. Further 
features of the connector and the Seal are defined above. 

0.038 According to a fourth aspect of the present inven 
tion, there is provided a Seal for expandable tubing Sections, 
the Seal adapted to be located around adjacent expandable 
tubing Sections to Seal a joint between the Sections. 
0.039 According to a fifth aspect of the present invention, 
there is provided a method of Sealing a joint between 
expandable tubing Sections, the method comprising the Steps 
of: 

0040 
and 

0041 locating a seal around the expandable tubing 
Sections. 

coupling expandable tubing Sections together; 

0042. The method may comprise coupling the tubing 
sections together and then locating the seal around the 
tubing Sections. The Seal may be located overlapping the 
joint between the tubing Sections, and may Straddle the joint. 
In one embodiment, the Seal may be mounted on one of the 
tubing Sections and then translated to a location Sealing the 
joint, where the Seal may straddle the joint. 
0.043 Alternatively, the method may comprise coupling a 
Seal member to each one of the tubing Sections and Subse 
quently coupling the tubing Sections together, to compress 
the Seal members. The method may comprise locating the 
Seal members overlapping axial end portions of the tubing 
Sections. AS described above, this may enhance Sealing of 
the joint. 
0044) The method may comprise locating a seal compris 
ing an inner Seal member around the tubing Sections and an 
outer Seal member, of a material having a higher yield 
Strength and modulus of elasticity than the inner Seal mem 
ber, around the inner Seal member. The Outer Seal member 
may be located around the inner Seal member Subsequent to 
coupling the tubing Sections together, or the inner and outer 
Seal members may be provided as a Seal unit to be located 
around the tubing Sections together. 
0.045. In a further alternative, the seal may be located 
with a portion extending beyond an end of one of the tubing 
Sections prior to coupling the Sections together and the other 
tubing Section may then be located in Said portion and 
coupled to Said tubing Section. 
0046. In a still further alternative, the seal may be 
mounted on one of the tubing Sections in a first configuration 
and then deformed or otherwise moved to a Second, non 
Sealing configuration, by deforming the Seal (Such as by 
folding the Seal back). The tubing Sections may then be 
coupled together and the Seal Subsequently returned to the 
first configuration, to Seal the tubing Sections. Alternatively, 
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the Seal may be mounted on Said tubing Section in a first, 
non-Sealing configuration and Subsequently moved to a 
Second, Sealing configuration. 
0047 The method may comprise restraining the seal 
against axial movement in at least one direction, for 
example, by coupling a restraining member to a tubing 
Section and locating the Seal in or coupling the Seal to the 
restraining member. 
0048. The method may comprise clamping the seal to a 
tubing Section using a Support or reinforcing member. 
0049. The step of locating the seal around the expandable 
tubing Sections may provide at least an initial Seal of the 
joint between the Sections. Additionally or alternatively, the 
method may further comprise expanding the tubing Sections 
to compress the Seal and Seal the joint. 
0050. According to a fifth aspect of the present invention, 
there is provided a method of locating an expandable tubing 
in a borehole, the method comprising the Steps of: 

0051 coupling a plurality of expandable tubing sec 
tions together, 

0.052 locating a seal around a selected at least one 9. 
joint between adjacent tubing Sections, 

0053 locating the expandable tubing in the bore 
hole; and 

0054 expanding at least part of the expandable 
tubing, compressing the at least one Seal between the 
borehole and the expandable tubing. 

0055. It will be understood that the tubing is typically 
located in tubing casing, liner, expandable Sand exclusion 
based tubing assemblies, or other tubing previously installed 
in the borehole or in an open hole environment. 
0056 According to a sixth aspect of the present inven 
tion, there is provided tubing comprising: 

0057 at least two tubing sections adapted to be 
coupled together; and 

0058 a seal adapted to be located around the tubing 
Sections, to Seal a joint between the Sections. 

0059. According to a seventh aspect of the present inven 
tion, there is provided a method of Sealing a joint between 
tubing Sections, the method comprising the Steps of: 

0060) 
0061 

coupling tubing Sections together; and 
locating a Seal around the tubing Sections. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0062) Embodiments of the present invention will now be 
described, by way of example only, with reference to the 
accompanying drawings, in which: 
0063 FIG. 1 is a longitudinal sectional view of expand 
able tubing in accordance with an embodiment of the present 
invention, shown located in a casing lined borehole prior to 
expansion of the tubing, 
0064 FIG. 2 is a view of the tubing of FIG. 1 after 
expansion; 
0065 FIG. 3 is longitudinal sectional view of expandable 
tubing Sections shown before being coupled together to form 
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expandable tubing in accordance with an alternative 
embodiment of the present invention; 
0.066 FIG. 4 is a view of the expandable tubing sections 
of FIG. 3 coupled together to form the expandable tubing, 
shown located in a casing lined borehole but prior to 
expansion of the tubing, 

0067 FIG. 5 is a longitudinal sectional view of expand 
able tubing in accordance with a further alternative embodi 
ment of the present invention, shown located in a casing 
lined borehole prior to expansion of the tubing, 
0068 FIG. 6 is a longitudinal sectional view of expand 
able tubing in accordance with a still further alternative 
embodiment of the present invention, shown located in a 
casing lined borehole prior to expansion of the tubing, 
0069 FIG. 7 is a longitudinal sectional view of expand 
able tubing in accordance with a yet further alternative 
embodiment of the present invention, shown prior to cou 
pling expandable tubing Sections of the tubing together and 
prior to expansion of the tubing, 

0070 FIG. 8 is a view of the expandable tubing sections 
of FIG. 7 following coupling of the expandable tubing 
Sections together; 
0071 FIG. 9 is a longitudinal sectional view of expand 
able tubing in accordance with a yet further alternative 
embodiment of the present invention, shown prior to cou 
pling eXpandable tubing Sections of the tubing together and 
prior to expansion of the tubing, 
0072 FIGS. 10-12 are views illustrating steps in a 
method of coupling the expandable tubing sections of FIG. 
9 together; 

0073 FIG. 13 is a longitudinal half-sectional view of 
expandable tubing in accordance with a yet further alterna 
tive embodiment of the present invention; 
0.074 FIG. 14 is a longitudinal half-sectional view of 
expandable tubing in accordance with a yet further alterna 
tive embodiment of the present invention; 
0075 FIG. 15 is a longitudinal half-sectional view of 
expandable tubing in accordance with a yet further alterna 
tive embodiment of the present invention; and 
0076 FIG. 16 is a longitudinal half-sectional view of 
expandable tubing in accordance with a yet further alterna 
tive embodiment of the present invention. 

DETAILED DESCRIPTION OF DRAWINGS 

0077 Turning firstly to FIG. 1, there is shown a longi 
tudinal Sectional view of expandable tubing in accordance 
with an embodiment of the present invention, the tubing 
indicated generally by reference numeral 10. The tubing 10 
is shown located in a borehole 12 which has previously been 
lined with a casing 14, and cemented at 16, in a conventional 
fashion. The tubing 10 is shown in FIG. 1 prior to expansion 
of the tubing into contact with the borehole casing 14. 
0078. In general terms, the expandable tubing 10 com 
prises expandable tubing Sections 18a, 18b coupled together 
to form the tubing 10, and a seal 20 located around the 
expandable tubing sections 18a, 18b, to seal a joint 22 
between the tubing Sections. 
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007.9 The expandable tubing 10 which, in this embodi 
ment, comprises a Solid expandable liner for gaining access 
to a hydrocarbon bearing formation below the casing 14, is 
first located in the borehole casing 14 as shown in FIG. 1. 
The liner tubing 10 is then expanded as shown in FIG. 2, to 
bring the seal 20 into contact with an inner wall 24 of the 
casing 14. The seal 20 is thus compressed between the inner 
wall 24 of the casing 14 and an outer surface 26 of the tubing 
10, to Seal the joint 22. This compression causes elongation 
of the Seal 20. 

0080. In more detail, the expandable tubing 10 typically 
comprises a large number of expandable tubing Sections 
coupled together to form an expandable tubing String, which 
may extend for hundreds or thousands of feet along a length 
of the borehole 12. However, only two such sections 18a, 
18b are shown in the Figures. 

0081. Each tubing section 18a, 18b carries a male 
threaded portion 28, forming a pin, and a female threaded 
portion 30, forming a box, at opposite ends thereof. Adjacent 
Sections of expandable tubing are coupled together by 
threading the pin of one Section into the box of an adjacent 
section, as shown in FIG. 1. The pin 28 of one section and 
the box 30 of the adjacent section together form a connector 
23. Both the pin 28 and box 30 are provided as short subs 
welded to the end of respective solid expandable tubes 32a, 
32b, forming main parts of the tubing Sections, and the pin 
28 and box 30 are expandable. 

0082 The seal 20 comprises a short sleeve, of an elas 
tomeric, rubber or metal of relatively low yield strength and 
modulus of elasticity, such as bronze or lead. The seal 20 is 
located around the joint 22 between the tubing sections 18a, 
18b at Surface following their coupling together and prior to 
running the expandable tubing 10 into the casing 14. This is 
achieved by first locating the seal 20 around the box 30 of 
the tubing section 18b at a level below an end 34 of the box, 
and then threading the pin 28 of the tubing section 18a into 
the box 30, in a conventional fashion. The seal 20 is then 
moved upwardly to overlap the joint 22, Sealing the joint, 
and is fixed to the tubing Sections using an adhesive, or by 
welding or fusing. It will be understood that this procedure 
may be reversed and that the Seal may be initially located 
around the pin 28. Each joint between adjacent tubing 
Sections forming the expandable tubing 10 may be sealed in 
this fashion using Seals 20, or only Selected ones of the joints 
may be Sealed. 

0083. The completed tubing 10 is then run into the casing 
14, as shown in FIG. 1, and is located relative to the casing 
14 by any appropriate means. For example, the tubing 10 
may be Suspended from the casing 14 by a liner hanger. 
Alternatively, the tubing 10 is temporarily suspended from 
Surface until Such time as the tubing 10 has been expanded. 
An expansion tool, Such as an expansion cone or mandrel, or 
a rotary tubing expansion tool Such as that disclosed in the 
Applicant’s International patent publication no WO00/ 
37766 (or a combination thereof), is then passed through the 
tubing 10, to radially expand the tubing. FIG. 2 illustrates 
the tubing after expansion, where the tubing Sections 18a, 
18b have been radially expanded into contact with the casing 
inner wall 24. The connector 23 has also been expanded 
radially outwardly, compressing the Seal 20 between the 
borehole inner wall 24 and the tubing outer surface 26. It 
will be understood that the seal 20 is illustrated in an 
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exaggerated fashion in FIG. 2, which may not represent the 
true appearance of the Seal following expansion of the 
tubing 10. 
0084. The seal 20 is thus held under compression to seal 
the joint 22, preventing fluid ingreSS from within or Sur 
rounding the casing 14 into the tubing 10, or egreSS from the 
tubing 10 through the joint 22, as may otherwise occur due 
to deformation of the pin 28 and box 30 during the expan 
Sion process. 
0085 Turning now to FIG. 3, there is shown an expand 
able tubing in accordance with an alternative embodiment of 
the present invention, the tubing indicated generally by 
reference numeral 100. Like components of the tubing 100 
with the tubing 10 of FIGS. 1 and 2 share the same 
reference numerals, incremented by 100. Only the main 
differences between the tubing 100 and the tubing 10 will be 
described in detail. 

0.086 The tubing 100 comprises an expandable solid 
liner, and the Seal 120 comprises two Seal portions in the 
form of first and second seal members 36, 38, which are 
sleeves of a similar material to the seal 20 described above. 
However, the first sleeve 36 is carried by the pin 128 on 
tubing section 118a, whilst the second sleeve 38 is carried by 
the box 130 on tubing section 118b. When the tubing 
sections 118a, 118b are coupled together as shown in FIG. 
4, the first and second sleeves 36, 38 are brought into 
abutment. The sleeves 36, 38 may be located overlapping 
end portions of the respective tubing Sections. Specifically, 
the sleeve 36 may be located overlapping a shoulder 40 on 
the pin 128, and the second sleeve 38 overlapping the end 
134 of the box 130. When the seal sleeves 36,38 are brought 
into abutment, there is an initial compression of the Sleeves 
to provide a mating force which improves Sealing of the joint 
122. 

0.087 As shown in FIG. 4, the string of expandable 
tubing 100 is located in a borehole casing 114 in a similar 
fashion to the tubing 10, and is then expanded. Compression 
of the seal 120 results in an enhanced sealing effect on the 
joint 122, as the Seal Sleeves 36,38 elongate along the length 
of the tubing 100 in the same way as the seal 22 illustrated 
in FIG. 2, enhancing the mating force between the sleeves. 
0088 Turning now to FIG. 5, there is shown a longitu 
dinal sectional view of an expandable tubing 200 in accor 
dance with a further alternative embodiment of the present 
invention, indicated generally by reference numeral 200. 
The tubing 200 is similar to the tubing 10 of FIGS. 1 and 
2, and like components share the Same reference numerals 
incremented by 200. 
0089. The tubing 200 differs from the tubing 10 in that 
the seal 220 of the tubing 200 comprises two seal portions 
in the form of an inner Seal member 42 and an outer Seal 
member 44. The inner seal member 42 is an elastomeric, 
rubber or metal seal sleeve, and the outer seal member 44 is 
a Seal sleeve 44 of a material having a higher yield Strength 
and/or modulus of elasticity than the inner Seal sleeve 42, 
typically of a metal Such as a Steel. The Outer Seal sleeve 44 
is located around the inner Seal sleeve 42 following con 
nection of the tubing sections 228a, 228b together and 
location of the inner sleeve 42 around the joint 222. Alter 
natively, the Seal 220 may be provided as a Single unit. 
0090 When the tubing 200 is expanded, the inner seal 
sleeve 42 is compressed between the outer seal sleeve 44 and 
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the outer surface 226 of the tubing 200, to seal a joint 222 
between sections 228a, 228b of the tubing. This ensures 
adequate Sealing of the joint 222 in a deteriorated casing 
214, where the inner wall 224 of the casing 214 has suffered 
from corrosion and has become pitted. This typically results 
in the internal bore of the casing 214 being of an inconsistent 
internal diameter. In these circumstances, a Seal of the type 
illustrated in FIG.1 may not be sufficient to ensure adequate 
Sealing of the joint, as the Seal 20 may not be Sufficiently 
compressed following expansion. This problem is obviated 
by use of the tubing 200. 
0091 FIG. 6 is a longitudinal sectional view of expand 
able tubing in accordance with a further alternative embodi 
ment of the present invention, the tubing indicated generally 
by reference numeral 300. The tubing 300 comprises elas 
tomeric inner seal sleeves 342a, 342b and a metal outer seal 
sleeve 344. The outer seal sleeve 344 is located around the 
inner seal sleeves 342a, 342b following connection of 
tubing sections 328a, 328b together. The tubing 300 is 
expanded in a similar fashion to the tubing 200 of FIG. 5, 
and allows adequate Sealing of a joint 322 between the 
expandable tubing sections 328a, 328b, even in a deterio 
rated casing. 

0092 Turning now to FIG. 7, there is shown expandable 
tubing in accordance with a yet further alternative embodi 
ment of the present invention, indicated generally by refer 
ence numeral 400 and shown in FIG. 7 prior to connection 
of expandable tubing sections 4.18a, 418b together. It will be 
noted that like components of the tubing 400 with the tubing 
10 of FIGS. 1 and 2 share the same reference numerals, 
incremented by 400. 
0093. The tubing 400 includes a seal 420 located on a box 
430 of the tubing section 418b with a portion 46 of the seal 
420 overlapping and extending beyond an end 434 of the 
box 430. The pin 428 is mated with the box 430 by locating 
the pin 428 in the portion 46 of the seal 420, before lowering 
the pin 428 and connecting the pin to the box 430. The seal 
420 is thus located prior to connection of the tubing Sections 
4.18a, 418b, and seals the joint 422 between the tubing 
Sections following connection. 
0094 Turning now to FIG. 9, there is shown a longitu 
dinal Sectional view of expandable tubing in accordance 
with a yet further alternative embodiment of the present 
invention, the expandable tubing indicated generally by 
reference numeral 500. Like components of the tubing 500 
with the tubing 10 of FIGS. 1 and 2 share the same 
reference numerals, incremented by 500. 
0.095. In a similar fashion to the tubing 400 of FIGS. 7 
and 8, the expandable tubing 500 includes a seal 520 which 
is located on a box 530 of a tubing section 518b prior to 
connecting with a pin 528 of an expandable tubing Section 
518. 

0096) The seal 520 is located on the box 530 in a first 
configuration shown in FIG. 9. However, the seal 520 is 
elastically deformable and is folded or peeled back away 
from an end 534 of the box to a Second, non-Sealing position 
exposing the box end 534. The pin 528 is then lowered and 
connected to the box 530, as shown in FIG. 11, and the seal 
520 is subsequently returned to the first position, thereby 
Sealing a joint 522 between the expandable tubing Sections 
518a, 518b, as shown in FIG. 12. 
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0097 Turning now to FIG. 13, there is shown a longi 
tudinal half-sectional view of expandable tubing in accor 
dance with a yet further alternative embodiment of the 
present invention, the expandable tubing indicated generally 
by reference numeral 600. Like components of the expand 
able tubing 600 with the expandable tubing 10 of FIGS. 1 
and 2 share the same reference numerals, incremented by 
600. 

0098. The expandable tubing 600 includes a seal 620 of 
an elastomeric or other material, similar to the seal 20 of the 
expandable tubing 10. A restraining member 638 in the form 
of a sleeve of a material having a higher yield Strength 
and/or Young's Modulus than the seal 620 is mounted on a 
box 630 of an expandable tubing section 618b, and is shaped 
to receive the seal 620. The sleeve 638 restrains the seal 620 
against axial movement during expansion of the tubing 600, 
for example, by passing an expansion tool through the 
tubing 600 in the direction of the arrow A, and thus Supports 
the Seal 620. 

0099. Also, the sleeve 638 is tapered and thereby pre 
vents damage to the seal 620 when the tubing 600 is run into 
a borehole. 

0100. It will be understood that the principles behind 
construction of the tubing 600 may be applied to any one of 
the expandable tubings 10, 100, 200, 300, 400 or 500 
described above. In particular, the sleeve 638 may extend 
along a majority of a length of the Seal 620, affording the 
advantages described above in relation to the expandable 
tubing 200 or 300. 
0101 Turning now to FIG. 14, there is shown a longi 
tudinal half-section view of expandable tubing in accor 
dance with a yet further alternative embodiment of the 
present invention, the expandable tubing indicated generally 
by reference numeral 700. Like components of the tubing 
700 with the tubing 10 of FIGS. 1 and 2 share the same 
reference numerals incremented by 700. 
0102) The tubing 700 includes a seal 720, typically of an 
elastomeric material and a Support or reinforcing member 
738 in the form of a sleeve of a higher yield strength and/or 
Young's Modulus than the seal 720. 
0103) The sleeve 738 is formed integrally with the elas 
tomeric seal 736, but may equally be mounted on an outer 
surface or otherwise coupled to the seal 736. The sleeve 738 
exerts a clamping force on the Seal 720, to assist in main 
taining the seal 720 in a position sealing a joint 722 between 
expandable tubing sections 718a, 718b of the tubing 700 
both during run-in to a borehole and following expansion. 
0104 Turning now to FIG. 15, there is shown a longi 
tudinal half-sectional view of expandable tubing in accor 
dance with a yet further alternative embodiment of the 
present invention, the expandable tubing indicated generally 
by reference numeral 800. Like components of the expand 
able tubing 800 with the expandable tubing 10 of FIGS. 1 
and 2 share the same reference numerals, incremented by 
800. 

0105. The expandable tubing 800 is essentially similar to 
the expandable tubing 700 of FIG. 14, except the tubing 800 
includes a Seal 820 and a Support or reinforcing member in 
the form of a number of wires or cables 838 formed 
integrally with, or mounted on or around the seal 820, to 
provide a clamping force. 
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0106 Where the wires 838 (or indeed the sleeve 738 of 
tubing 700) is located around the seal 820, or for example in 
a groove in the seal, the tubing sections 8.18a, 818b may be 
coupled together and Sealed using one of the Structures and 
according to one of the methods described above. The wires 
may then subsequently be located around the seal 820, to 
provide a clamping force. This facilitates mounting of the 
Seal 820 on the tubing by only creating the clamping force 
after coupling and sealing of the tubing sections 8.18a, 818b. 
0107 Turning now to FIG. 16, there is shown a longi 
tudinal half-sectional view of expandable tubing in accor 
dance with a yet further alternative embodiment of the 
present invention, the expandable tubing indicated generally 
by reference numeral 900. Like components of the expand 
able tubing 900 with the expandable tubing 10 of FIGS. 1 
and 2 share the same reference numerals, incremented by 
900. 

0108). The expandable tubing 900 essentially combines 
the features of the expandable tubing 600, 700 and 800 of 
FIGS. 13, 14 and 15. Thus the tubing 900 includes a seal 
920 with a restraining sleeve 938a, a sleeve 938b which 
exerts a clamping force on the Seal 920, and reinforcing 
wires 938c, thereby combining each of the advantages 
discussed above. 

0109) In particular, the sleeve 938b may exert a relatively 
greater clamping force than the wires 938c, facilitating 
connection of the expandable tubing sections 918a, 918b. 
For example, the sleeve 938b may be provided integrally 
with the seal 920, and the wires 938c mounted around the 
seal 920 following connection of the tubing sections 918a, 
918b. This facilitates connection of the tubing sections 918a, 
918b in that the clamping force exerted by the wires 938c is 
only exerted Subsequent to coupling of the tubing Sections. 
0110. It will be understood that, in further alternative 
embodiments, a Seal may be provided incorporating two 
sleeves, which may take the form of the sleeve 738 of tubing 
700, the sleeves spaced either side of the joint 722, or indeed 
wires such as the wires 838 of tubing 800 may be provided 
on both sides of the joint 822. In a further alternative, the 
configuration of the sleeve 938b and wires 938c in the tubing 
900 of FIG.16 may be reversed, such that the wires 938care 
provided around the portion of the seal 920 on the box 930. 
Also, the sleeve/wire may overlap the respective joint. 
0111 Furthermore, any one of the seals may be angled 
(tapered) in the fashion of the seals 620, 920 of the tubing 
600 or 900. 

0.112. It will be understood that the principles of any of 
the tubings 700, 800 or 900 may equally be employed with 
the tubings 10, 100, 200, 300, 400 or 500 described above. 
0113 Various modifications may be made to the forego 
ing with the Scope of the present invention. 
0114 For example, the tubing may comprise slotted or 
otherwise perforated tubing, and may comprise an expand 
able Sand exclusion tubing based assembly, Such as the 
Applicant's ESS (Trademark). The tubing may be used in an 
open hole environment. The tubing Sections may be coupled 
together in any Suitable fashion, Such as by Stab, Snap fit or 
latch lock connections. The Seal and the inner Seal members 
may Swell in the presence of water and/or hydrocarbons, 
Such as borehole fluids (oils and gasses) and may comprise 
a Swelling elastomer. 



US 2005/O127671 A1 

0115 The outer seal member may carry the inner seal 
member and may include a receSS Such as a groove, slot, 
channel or the like in which the inner seal member is 
mounted. The outer Seal member may carry a plurality of 
inner Seal members and may be adapted to provide a Seal 
member spaced either Side of the joint between the tubing 
Sections. 

0116. In a further alternative, the seal may comprise a 
plurality of seal members or portions of different material 
properties. For example, the Seal may comprise at least one 
metal Seal member, for metal to metal Sealing, and at least 
one elastomeric or rubber seal member. The seal members 
may be adapted to cooperate with a corresponding Seal 
member carried by a tubing Section. The Seal member may 
comprise an outer Seal Sleeve including at least one Seal 
member extending inwardly of the Seal sleeve and with at 
least one Separate Seal member of a different material 
mounted on the Seal sleeve or a tubing Section. The Seal 
members may be of an elastomeric, rubber or metal of lower 
Strength and/or modulus of elasticity. The Seal members may 
be spaced axially along the Seal sleeve and/or the tubing 
Such that when the Seal is coupled to the tubing Sections, a 
plurality of Seals may be defined, adjacent Seals optionally 
having different material properties. 
0.117) Furthermore, whilst the present invention is 
described herein in relation to expandable tubing, it will be 
understood that the principles of the invention may equally 
be employed with non-expandable tubing, Such as non 
expandable downhole tubing (for example, conventional 
casing, liner or the like), or indeed with other types of tubing 
not found in the downhole environment, Such as pipeline. 

1. Expandable tubing comprising: 
at least two expandable tubing Sections adapted to be 

coupled together; and 
a Seal adapted to be located around the expandable tubing 

Sections, to Seal a joint between the Sections. 
2. Expandable tubing as claimed in claim 1, comprising a 

connector having first and Second portions, each portion 
adapted to be provided on a respective expandable tubing 
Section. 

3. Expandable tubing as claimed in claim 2, wherein the 
first and Second connector portions are formed integrally 
with the respective tubing Sections. 

4. Expandable tubing as claimed in claim 2, wherein the 
first and Second connector portions are formed Separately 
and Subsequently coupled to the tubing Sections. 

5. Expandable tubing as claimed in claim 2, wherein the 
connector first and Second portions comprise respective 
threaded male and female portions. 

6. Expandable tubing as claimed in claim 1, wherein the 
Seal is adapted to be located overlapping the joint between 
the tubing Sections. 

7. Expandable tubing as claimed in claim 1, wherein the 
Seal is deformable. 

8. Expandable tubing as claimed in claim 7, wherein the 
Seal is resilient. 

9. Expandable tubing as claimed in claim 1, wherein the 
Seal is adapted to be located around the tubing Sections 
Subsequent to coupling of the tubing Sections together. 

10. Expandable tubing as claimed in claim 1, wherein the 
Seal is adapted to be located around the tubing Sections prior 
to coupling of the tubing Sections together. 
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11. Expandable tubing as claimed in claim 1, wherein the 
Seal comprises at least two Seal members, each tubing 
Section having at least one Seal member coupled thereto. 

12. Expandable tubing as claimed in claim 11, wherein the 
Seal includes a first Seal member adapted to be coupled to 
one tubing Section and a Second Seal member adapted to be 
coupled to an adjacent tubing Section, the first and Second 
Seal members adapted to be brought into abutment. 

13. Expandable tubing as claimed in claim 12, wherein 
the first and Second Seal members are adapted to be located 
overlapping respective axial end portions of the tubing 
Sections, Such that when the tubing Sections are coupled 
together, ends of the Seal members are adapted to be 
compressed. 

14. Expandable tubing as claimed in claim 12, wherein 
the first and Second Seal members are adapted to be brought 
into abutment when the tubing Sections are coupled together. 

15. Expandable tubing as claimed in claim 12, wherein 
the first and Second Seal members are adapted to be brought 
into abutment in a separate procedure following coupling of 
the tubing Sections. 

16. Expandable tubing as claimed in claim 15, wherein 
the Seal members are adapted to be translated along the 
tubing Sections. 

17. Expandable tubing as claimed in claim 11, wherein the 
Seal includes a first Seal member adapted to be coupled to 
one tubing Section and a Second Seal member adapted to be 
coupled to an adjacent tubing Section, and wherein the Seal 
members are adapted to be located spaced from one another. 

18. Expandable tubing as claimed in claim 17, wherein 
the Seal members are adapted to be brought into abutment 
during expansion of the tubing. 

19. Expandable tubing as claimed in claim 17, wherein 
the Seal members remain Spaced post expansion. 

20. Expandable tubing as claimed in claim 1, wherein the 
Seal is adapted to be mounted on one of the tubing Sections 
and translated along the tubing Sections to a location where 
the Seal Seals the joint, following coupling of the tubing 
Sections. 

21. Expandable tubing as claimed in claim 20, wherein 
the Seal is adapted to be located Straddling the joint. 

22. Expandable tubing as claimed in claim 1, wherein the 
Seal is adapted to be located extending beyond an end of one 
of the tubing Sections prior to coupling the Sections together, 
and to receive the other tubing Section, whereby on coupling 
the tubing Sections, the joint is Sealed. 

23. Expandable tubing as claimed in claim 1, wherein the 
Seal is moveable from a first, non-Sealing configuration to a 
Second, Sealing configuration following coupling of the 
tubing Sections together. 

24. Expandable tubing as claimed in claim 23, wherein 
the Seal is adapted to be located on Said tubing Section in a 
folded, non-Sealing configuration. 

25. Expandable tubing as claimed in claim 1, wherein the 
Seal is adapted to be located in a first configuration extending 
beyond an end of one of the tubing Sections and then moved 
to a Second, non-Sealing configuration to expose Said end, 
for coupling the tubing Sections together, and to be Subse 
quently returned to the first configuration to Seal the joint. 

26. Expandable tubing as claimed in claim 1, wherein the 
Seal comprises an elastomeric material. 

27. Expandable tubing as claimed in claim 1, wherein the 
Seal comprises a rubber material. 
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28. Expandable tubing as claimed in claim 1, wherein the 
Seal is adapted to Swell in the presence of at least one of 
water and hydrocarbons. 

29. Expandable tubing as claimed in claim 1, wherein the 
Seal comprises a metal having a low yield Strength and 
modulus of elasticity relative to the tubing Sections. 

30. Expandable tubing as claimed in claim 1, wherein the 
tubing includes a receSS in which at least part of the Seal is 
located. 

31. Expandable tubing as claimed in claim 1, comprising 
a plurality of Seals. 

32. Expandable tubing as claimed in claim 1, comprising 
at least two Seal portions of materials having different 
material properties. 

33. Expandable tubing as claimed in claim 32, wherein 
the Seal portions are of materials having different yield 
Strength and modulus of elasticity. 

34. Expandable tubing as claimed in claim 32, comprising 
an inner Seal member, and an outer Seal member adapted to 
be located around the inner Seal member. 

35. Expandable tubing as claimed in claim 34, wherein 
the outer Seal member is of a material having a higher yield 
Strength and modulus of elasticity than the inner Seal mem 
ber. 

36. Expandable tubing as claimed in claim 34, wherein 
the outer Seal member extends over at least part of an 
unexpanded length of the inner Seal member. 

37. Expandable tubing as claimed in claim 34, wherein 
the Outer Seal member includes a receSS in which the inner 
Seal member is mounted. 

38. Expandable tubing as claimed in claim 37, wherein a 
plurality of inner Seal members are coupled to the outer Seal 
member, and wherein a Seal member is adapted to be located 
either Side of the joint between the tubing Sections. 

39. Expandable tubing as claimed in claim 1, further 
comprising at least one restraining member adapted to 
restrain the Seal against axial movement in at least one axial 
direction. 

40. Expandable tubing as claimed in claim 39, wherein 
the restraining member is coupled to one of the tubing 
Sections and adapted to receive the Seal. 

41. Expandable tubing as claimed in claim 39, wherein 
the Seal and the restraining member take the form of an inner 
Seal member, and an outer Seal member adapted to be 
located around the inner Seal member. 

42. Expandable tubing as claimed in claim 1, further 
comprising at least one Support member adapted to Support 
the Seal by providing a clamping force to Securely clamp the 
Seal to the tubing. 

43. Expandable tubing as claimed in claim 42, wherein a 
Support member is provided integrally with the Seal. 

44. Expandable tubing as claimed in claim 43, wherein a 
Support member is mounted in the Seal. 

45. Expandable tubing as claimed in claim 42, wherein a 
Support member is provided externally of the Seal. 

46. Expandable tubing as claimed in claim 45, wherein a 
Support member is mounted on a radially outer Surface of the 
Seal. 

47. Expandable tubing as claimed in claim 42, wherein 
the Support member comprises a sleeve. 

48. Expandable tubing as claimed in claim 42, wherein 
the Support member comprises a wire. 

49. Expandable tubing as claimed in claim 42, wherein 
the Seal and the Support member take the form of an inner 
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Seal member, and an Outer Seal member adapted to be 
located around the inner Seal member. 

50. Expandable tubing as claimed in claim 1, wherein the 
Seal comprises a plurality of Seal members of different 
material properties. 

51. Expandable tubing as claimed in claim 50, wherein 
the Seal members are adapted to cooperate with correspond 
ing Seal members on the tubing Sections. 

52. Expandable tubing as claimed in claim 1, wherein the 
Seal comprises a plurality of Seal memberS Spaced axially 
along the tubing. 

53. Expandable tubing as claimed in claim 52, wherein 
adjacent Seals have different material properties. 

54. A String of expandable tubing comprising: 
a plurality of expandable tubing Sections coupled 

together, and 

a plurality of Seals located around a Selected at least one 
of the joints between the tubing Sections. 

55. A connector for expandable tubing Sections, the con 
nector comprising: 

first and Second portions each adapted to be provided on 
a respective expandable tubing Section, the first and 
Second portions adapted to be coupled together; and 

a Seal adapted to be located around the first and Second 
portions to Seal a joint between the portions. 

56. A Seal for expandable tubing Sections, the Seal adapted 
to be located around adjacent expandable tubing sections to 
Seal a joint between the Sections. 

57. A method of sealing a joint between expandable 
tubing Sections, the method comprising the Steps of: 

coupling expandable tubing Sections together, and 
locating a Seal around the expandable tubing Sections. 
58. A method as claimed in claim 57, comprising coupling 

the tubing Sections together and then locating the Seal 
around the tubing Sections. 

59. A method as claimed in claim 57, comprising locating 
the Seal overlapping the joint between the tubing Sections. 

60. A method as claimed in claim 57, comprising mount 
ing the Seal on one of the tubing Sections and translating the 
Seal to a location Sealing the joint. 

61. A method as claimed in claim 60, comprising trans 
lating the Seal to a location Straddling the joint. 

62. A method as claimed in claim 57, comprising coupling 
a Seal member to each one of the tubing Sections and 
Subsequently coupling the tubing Sections together, to com 
preSS the Seal members. 

63. A method as claimed in claim 62, comprising locating 
the Seal members overlapping axial end portions of the 
respective tubing Sections. 

64. A method as claimed in claim 57, comprising locating 
a Seal comprising an inner Seal member around the tubing 
Sections and an outer Seal member, of a material having a 
higher yield Strength and modulus of elasticity than the inner 
Seal member, around the inner Seal member. 

65. A method as claimed in claim 64, comprising locating 
the outer Seal member around the inner Seal member Sub 
Sequent to coupling the tubing Sections together. 

66. A method as claimed in claim 64, comprising provid 
ing the inner and outer Seal members as a Seal unit and 
locating the unit around the tubing Sections. 
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67. A method as claimed in claim 57, comprising locating 
the Seal with a portion extending beyond an end of one of the 
tubing Sections prior to coupling the Sections together, and 
then locating the other tubing Section in Said portion and 
coupling the tubing Sections together. 

68. A method as claimed in claim 57, comprising mount 
ing the Seal on one of the tubing Sections in a first configu 
ration and then moving the Seal to a Second, non-Sealing 
configuration. 

69. A method as claimed in claim 68, further comprising 
Subsequently coupling the tubing Sections together and 
returning the Seal to the first configuration, to Seal the tubing 
Sections. 

70. A method as claimed in claim 57, comprising mount 
ing the Seal on one of the tubing Sections in a first, non 
Sealing configuration, coupling the tubing Sections together 
and then moving the Seal to a Second, Sealing configuration. 

71. A method as claimed in claim 57, further comprising 
restraining the Seal against axial movement in at least one 
direction. 

72. A method as claimed in claim 57, further comprising 
clamping the Seal to a tubing Section. 
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73. A method as claimed in claim 57, wherein the step of 
locating the Seal around the expandable tubing Sections 
provides at least an initial Seal of a joint between the 
Sections. 

74. A method as claimed in claim 57, further comprising 
expanding the tubing Sections to compress the Seal and Seal 
the joint. 

75. A method of locating an expandable tubing in a 
borehole, the method comprising the Steps of: 

coupling a plurality of expandable tubing Sections 
together; 

locating a Seal around a Selected at least one joint between 
adjacent tubing Sections, 

locating the expandable tubing in the borehole; and 
expanding at least part of the expandable tubing, com 

pressing the at least one Seal between the borehole and 
the expandable tubing. 


