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(57) Abstract: A method of drilling and lining a wellbore
includes operably coupling a support member to a drilling de-
vice, an expansion cone configured to expand a tubular mem-
ber, an actuator configured to pull the expansion cone through
the tubular member, a releasable locking device configured to
limit displacement of the tubular member relative to the ac-
tuator during actuation. The drilling device is disposed be-
low the expansion cone and the expansion cone is disposed
at a lower end of the tubular member. The method further in-
cludes locking the locking device. After locking the locking
device, a wellbore is drilled to have a diameter greater than
an outside diameter of the tubular member. After the drilling,
the actuator is actuated to pull the expansion cone towards
the locking device to expand at least a portion of the tubular
member into contact with the drilled wellbore. The method
further includes releasing the locking device and removing
the drilling device through the expanded tubular member.
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APPARATUS AND METHODS FOR DRILLING AND LINING
A WELLBORE

Background of the Invention
[0001] This invention relates generally to oil and gas exploration, and in particular to
forming and repairing wellbore casings to facilitate oil and gas exploration.
Summary of Invention
[0002] In one aspect, the present disclosure relates to an apparatus for radially
expanding and plastically deforming a tubular member. The apparatus includes a support
member, an expansion cone disposed at a lower end of the tubular member and configured
to radially expand the tubular member, an actuator coupled tc the support member and the
expansion cone and configured to pull the expansion cone through at least a portion of the
tfubular member, a releasable locking device configured to limit displacement of the tubular
member relative to the actuator during actuation, and a drilling device disposed below the
expansion cone and having a drilling diameter greater than an outer diameter of the tubular
member before expansion. The drilling device is in fluid communication with the support
member.
[0003] In another aspect, the present disclosure relates to a2 method of drilling and lining
a wellbore. The method includes operably coupling a support member fo a drilling device,
an expansion cone configured 1o expand a tubular member, an actuator configured to pull
the expansion cone through the tubular member, a releasable locking device configured to
limit displacement of the tubular member relative to the actuator during actuation. The
drilling device is disposed below the expansion cone and the expansion cone is disposed af
a lower end of the tubular member. The method further includes locking the locking device.
After locking the locking device, a wellbore is drilled to have a diameter greater than an
outside diameter of the tubular member. After the drilling, the actuator is actuated to pull the
expansion cone towards the locking device to expand at least a portion of the tubuiar
member into contact with the drilled wellbors. The method further includes releasing the
locking device and removing the drilling device through the expanded tubular member.
[0004] Other aspects and advantages of the invention will be apparent from the following
description and the appended claims.
Brief Description of the Drawings
[0005] Fig. 1 is a fragmentary cross secticnal view of an exemplary embodiment of an
expandable tubular member positioned within a wellbore that traverses a subterranean
formation.
[0006] Fig. 2 is a fragmentary cross sectional view of the expandable tubular member of
Fig. 1 after positioning an expansion device within the expandable tubular member.
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[0007] Fig. 3 is a fragmentary cross sectional view of the expandable tubular member of
Fig. 2 after operating the expansion device within the expandable tubular member to radially
expand and plastically deform at least a portion of the expandable fubular member into
engagement with at least a portion of the interior surface of the wellbore.

[0008] Fig. 4 is a fragmentary cross sectional view of the expandable tubultar member of
Fig. 3 after further operating the expansion device within the expandable tubular member o
radially expand and plastically deform another portion of the expandable tubular member
into engagement with at least another portion of the interior surface of the wellbore.

[0610] Fig. 5 is a graphical illustration of the operating pressure of the expansion device
and the inside diameter of the wellbore during an exemplary experimental radial expansion
and plastic deformation of the tubular member.

[0011] Fig. 6 is a graphical illustration of an exemplary experimental implementation of a
pressure test and a pull test following an exemplary experimental radial expansion and
plastic deformation of the tubular member.

[0012] Fig. 7aa is a fragmentary cross sectional illustration of an exemplary embadiment
of an expansion device assembly.

[0013] Fig. 7ab is a fragmentary cross-sectional illustration of an exemplary embodiment
of the casing release of the expansion device assembly of Fig. 7aa.

[0014] Fig. 7b is a fragmentary cross-sectional illustration of the placement of the
expansion device assembly of Fig. 7aa within a wellbore that traverses a subterranean
formation.

[0015] Fig. 7c is a fragmentary cross-sectional illustration of the operation of the
expansion device assembly of Fig. 7b within the wellbore to radially expand and plastically
deform a lower portion of a tubular member.

[0016] Fig. 7d is a fragmentary cross-sectional illustration of the further operation of the
expansion device assembly of Fig. 7¢ within the wellbore to further radially expand and
plasctically deform the fubular member.

[0017] Fig. 7e is a fragmentary cross-sectional illustration of the further operation of the
expansion device assembly of Fig. 7¢ within the wellbore in which the expansion cone is
released by the release device.

[0018] Fig. 7f is a fragmentary cross-sectional illustration of the further operation of the
expansion device assembly of Fig. 7e within the wellbore in which the casing release is
operated.

[0019] Fig. 8 is a fragmentary cross-sectional iliustration of an alternative embodiment of
the operation of the expansion device assembly of Fig. 7b within the wellbore to radially
expand and plastically deform a lower portion of a tubular member.
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[0020] Fig. 9aa and 9ab are fragmentary cross sectional illustrations of an exemplary
embodiment of an expansion and drilling device assembly.

[0021] Fig. @b is a fragmentary cross-sectional illustration of the placement of the
expansion and drilling device assembly of Fig. 9a within a wellbore that traverses a
subterranean formation.

[0022] Fig. 9c is a fragmentary cross-sectional illustration of the operation of the
expansion and drilling device assembly of Fig. 9b to drill within the wellbore.

[0023] Fig. 9d is a fragmentary cross-sectional illustration of the operation of the
expansion and device assembly of Fig. 9c within the wellbore to radially expand and
plastically deform a lower portion of a tubular member.

[0024] Fig. 9e is a fragmentary cross-sectional illustration of the further operation of the
expansion and drilling device assembly of Fig. 9d within the wellbore to further radially
expand and plastically deform the tubular member.

[0025] Fig. 10 is a fragmentary cross-sectional illustration of an alternative embodiment
of the operation of the expansion and drilling device assembly of Fig. 9d within the wellbore
to radially expand and plastically deform a lower portion of a tubular member.

[0026] Fig. 11a is a fragmentary cross-sectional illustration of an exemplary embodiment
of an expansion and drilling sub-assembly.

[0027] Figs. 11b and 11c are fragmentary cross-sectional illustrations of an exemplary
embodiment of the operation of the expansion and drilling sub-assembly of Fig. 11a.

[0028] Figs. 12a to 12c are fragmentary cross-sectional illustrations of an exemplary
embodiment of the operation of an expansion system for forming a mono-diameter wellbore
casing.

[0029] Figs. 13a fo 13d are fragmentary cross-sectional illustrations of an exemplary
embodiment of an expansion system.

[0030] Fig. 14a is a fragmentary cross-sectional illustration of an exemplary embodiment
of an expansion and drilling system.

[0031] Fig. 15 is a graphical illustration of exemplary experimental results obtained
during operation of the expansion system of Figs. 7aa to 71.

Detailed Description of the lllustrative Embodiments

[0032] Referring initially to Fig. 1, an expandable tubular member 10 is positioned within
a wellbore 12 that traverses a subterranean formation 14.

[0033] As iliustrated in Fig. 2, an expansion device 16 is then posifioned within the
tubular member 10. In several exemplary embodiments, the expansion device 16 may be
positioned within the tubular member 10 before, during, or after the placement of the fubular
member within the wellbore 12.

[0034] As illustrated in Fig. 3, the expansion device 16 is then operated to radiaily
3
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expand and plastically deform at least a portion of the tubular member 10 into engagement
with at least a portion of the interior surface of the wellbore 12.

[0035] As illustrated in Fig. 4, the expansion device 16 is then further operated to radially
expand the remaining pertion of the tubular member 10 intc engagement with first portions of
the interior surface of the wellbore 12. In an exemplary embodiment, as a result of the
operation of the

[0036] In an exemplary embodiment, following the operation of the expansion device 16,
the tubular member 10 remains in circumferential compression and the formation 14
surrounding the tubular member remains in circumferential tension. As a resulf, an
interference fit is formed between the tubular member 10 and the surrounding formation 14.
[0037] In an exemplary experimental implementation, the wellbore casing 10 was
radially expanded and plastically deformed into engagement with the interior surface of a
wellbore 12 using a fluid powered expansion device 16. In the exemplary experimental
implementation, the fluid powered expansion device 16 comprised a conventional solid
expansion cone that was displaced upwardly through the casing 10 in a conventional
manner using fluid pressure.

[0038] As illustrated in Fig. 5, during the exemplary experimental implementation, the
operating pressure 100 of the expansion device 16, the inside diameter 102 of the wellbore
12 at one radial location proximate the expansion device, and the inside diameter 104 of the
wellbore at another radial location proximate the expansion device were monitcred in a
conventional manner using conventional measuring devices.

[0039] As illustrated in Fig. 5, during the exemplary experimental implementation, the
operating pressure 100 of the expansion device varied inversely with respect to the inside
diameters, 102 and 104, of the wellbore 12. Thus, by monitcring the expansion forces
required to radially expand and plastically deform the tubular member 10, the geometry of
the wellbore 12 may be determined. Furthermore, by monitoring the expansion forces
required to radially expand and plastically deform the tubular member 10, the material
properties and geometry of the formation 14 may also be determined. For example,
empirical data may be used to develop and generate a functicnal relationship between the
expansion forces required to radially expand and plastically deform the tubular member 10
and the material properties and geometry of the formation 14. In this manner, by monitoring
the expansion forces required to radially expand and plastically deform the tubular member
10, a log of the formation 14 may be generated.

[0040] As illustrated in Fig. 6, in an exemplary experimental implementation, following
the completion of the radial expansion and plastic deformation of the tubular member 10, a
pressure test was conducted to determine the degree to which a fluid tight metal to formation

seal was created between the fubular member and the inferior surface of the wellbore 12.
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[0041] As illustrated in Fig. 6, the fluid tight metal to formation seal generated during the
exemplary experimental implementation was capable of withstanding an operating pressure
200 of up to about 2700 psi.

[0042] As also illustrated in Fig. 6, in an exemplary experimental impiementation,
following the completion of the radial expansion and plastic deformation of the tubular
member 10, a pull test was conducted to determine the degree to which a fluid tight metal to
formation seal was created between the {ubular member and the interior surface of the
wellbore 12.

[0043] As illustrated in Fig. 6, the fluid tight metal to formation seal generated during the
exemplary experimental implementation was capable of withstanding a tensile load 202 of
about 120,000 Ibf.

[0044] The experimental results, and observations derived therefrom, illustrated and
described above with reference to Figs. 5 and 6 were unexpected results.

[0045] Referring now to Figs. 7aa and 7ab, an exemplary embodiment of an expansion
device assembly 700 includes a tubular support member 702 having an end that is coupled
to an end of a locking device 704. In an exemplary embodiment, the tubular support
member 702 is a conventional drill pipe and the locking device 704 is, for example, a
conventional hydraulically actuated locking device suitable for locking onto a fubular member
such as, for example, a wellbore casing.

[0046] Another end of the locking device 704 is coupled to an end of a tubular support
member 706 and another end of the tubular support member is coupled to an end of an
actuator 708. In an exemplary embodiment, the tubular support member 706 is a
conventional drill pipe and the actuator 708 is a conventional actuator such as, for example,
an hydraulic actuator suitable for displacing one or more elements relative to the actuator.
[0047] Another end of the actuator 708 is coupled to an end of a tubular support
member 710 and another end of the tubular support member is coupled to an end of a
release device 712. In an exemplary embodiment, the tubular support member 710 is a
conventional drill pipe and the release device 712 is a conventional release device for
controllably releasing one or more elements coupled fo the release device such, for
example, upon the application of a loading condition greater than or equal o a
predetermined value.

[0048] An end of an expansion device 714 having one or more tapered expansion
surfaces 714a is coupled to another end of the release device 712. In an exemplary
embodiment, the expansion device 714 is a conventional expansion device.

[0049] An end of an expandable tubular member 716, that receives at least the actuator
708, the tubular support member 710, and the release device 712, is coupled to an

supported by the tapered expansion surface 714a of the end of the expansion device 714.
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Another end of the expandabie tubular member 716 is coupled to an end of a casing release
718 and another end of the casing release 718 is coupled to an end of an expandable
tubular member 720. In an exemplary embodiment, the outside diameters of at least one of
the expandable tubular member 716, the casing release 718, and/or the expandable tubular
member 720 are greater than the outside diameter of the expansion device 714.

[0050] Referring now to Fig. 7ab, in an exemplary embodiment, the casing release 718
includes an outer tubular support member 718a that defines one or more radial passages
718aa having an end that is coupled to an end of a tapered tubular member 718b. Anocther
end of the tapered tubular member 718b is coupled to an end of the tubular support member
7186.

[0051] The casing release 718 further includes an inner tubular member 718¢ that
defines one or more radial passages 718ca having an end that is coupled to an end of a
tapered tubular member 718d. Another end of the tapered tubular member 718b is coupled
to an end of the tubular support member 7186.

[0052] In an exemplary embodiment, the diametrical clearance between the inner and
outer tubular members, 718a and 718c, is a sliding fit.

[0053] The casing release further includes a conventional shear pin 718e having ends
that mate with and are received within the passages, 718aa and 718ca, of the outer and
inner tubular members, 718a and 718¢, respectively.

[0054] In an exemplary embodiment, the casing release 718 is adapted to permit the
application of radial expansion forces to the casing release without releasing the upper end
of the expandable tubular member 716 from the lower end of the expandable tubular
member 720 while permitting the upper end of the expandable tubular member 716 to be
disengaged from the lower end of the expandable tubular member 720 if a predetermined
toque loading is applied to the casing release.

[0055] In several exemplary embodiments, the casing release 718 includes may include
one or more of the following in addition to, or instead of, the structural features described
above: 1) collets; 2) collets with a release sleeve; 3) a threaded connection that may be
released by rotation; 4) splines to transfer torque; and/or 5) stress concentrations that permit
release after radial expansion, and/or equivalents thereof

[0056] Referring now to Fig. 7b, in an exemplary embodiment, during the operation of
the expansion device assembly 700, the assembly is positioned within a wellbore 740 that
tfraverses a sublerranean formation 742. In an exemplary embodiment, at least a portion of
the wellbore 740 includes a preexisting wellbore casing 744.

[0057] Referring now fo Fig. 7¢, in an exemplary embodiment, during the operation of
the expansion device assembly 700, the iocking device 704 is operated to engage and lock

the position of the expandable tubular member 716 relative to the locking device. In an
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exemplary embodiment, the actuator 708 is then operated to displace the expansion device
714 upwardly relative to the locking device 704. As a result, the lower portion of the
expandable tubular member 716 is thereby radially expanded and plastically deformed.
Furthermore, in an exemplary embodiment, as a result, at least a portion of the expandable
tubular member 716 is radially expanded and plastically deformed into engagement with the
surrounding subterranean formation 742. Furthermore, in an exemplary embodiment, as a
result, at least a portion of the surrounding subterranean formation 742 is elastically
deformed following the radial expansion and plastic deformation of the lower portion of the
expandable tubular member 716. In an exemplary embodiment, as a result, at least a
portion of the lower portion of the expandable tubular member 716 is anchored to the
surrounding subterranean formation 742,

[0058] Referring now to Fig. 7d, in an exemplary embodiment, the expansion device
assembly 700 may be further operated to radially expand and plastically deform the
remaining portion of the expandable tubular member 716, the casing release 718 and at
least a portion of the expandable tubular member 720 by applying a upward tensile load on
an end of the tubular support member 702.

[0059] In an alternative embodiment, the expansion assembly 700 may be further
operated to radially expand and plastically deform the remaining portion of the expandable
tubular member 7186, the casing release 718 and at least a portion of the expandable tubular
member 720 by resetting the actuator 708 and then re-stroking the actuator 708. In an
alternative embodiment, during the re-stroking of the actuator 708, an upward tensile load
may also be applied fo the end of the tubular support member 702,

[0060] Referring to Fig. 7e, in an exemplary embodiment, during operation of the
expansion device assembly 700, the release device 712 may be operated to disengage the
expansion device 714 from engagement with the release device by, for example, applying a
predetermined torque loading to the release device. In this manner, the expansion device
714 may be released in the event of, for example, an unforeseen operating condition such
as when the expansion device becomes stuck within the wellbore 740. The expansion
device 714 may be then removed from the interior of the expandable tubular member 716
by, for example, drilling the expansion device out of the interior of the expandable tubular
member.

[0061] Referring fo Fig. 7f, in an exemplary embodiment, during operation of the
expansion device assembly 700, the casing release 718 may be operated to disengage the
upper end of the expandable tubular member 716 from the lower end of the expandable
tubular member 720 by, for example, applying a predetermined toque loading to the casing
release 718. In this manner, the expandable tubular member 716 may be released from

engagement with the expandable tubular member 720 without having to employ a casing
7
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cutter device.

[0062] Referring to Fig. 8, in an alternative embodiment, during the operation of the
expansion device assembly 700, the locking device 704 is operated to engage and lock the
position of the expandable tubular member 716 relative to the locking device. In an
exemplary embodiment, the actuator 708 is then operated to displace the expandable
tubular member 716 downwardly relative to the expansion device 714. As a resulf, the lower
portion of the expandable tubular member 716 is thereby radially expanded and plastically
deformed. Furthermore, in an exemplary embodiment, as a result, at least a portion of the
expandable tubular member 716 is radially expanded and plastically deformed into
engagement with the surrounding subterranean formation 742. Furthermore, in an
exemplary embodiment, as a result, at least a portion of the surrounding subterranean
formation 742 is elastically deformed following the radial expansion and plastic deformation
of the lower portion of the expandable tubular member 716.

[0063] Referring to Fig. 9aa and 9ab, in an exemplary embodiment, an expansion and
drilling assembly 900 is substantially identical io the expansion assembly 700 except as
noted below.

[0064] In an exemplary embodiment, the tubular support member 702, the locking
device 704, the tubular support member 706, the actuator 708, the tubular support member
710, the release device 712, and the expansion device 714 of the assembly 200 define
internal passages, 702a, 704a, 706a, 708a, 710a, 712a, and 714b, respectively, that are
fluidicly coupled to one another.

[0065] in an exemplary embodiment, an end of a tubular support member 902 that
defines an internal passage 902a is coupled to the other end of the expansicn device 914.
In an exemplary embodiment, the internal passage 902a of the tubular support member 902
is fluidicly coupled to the internal passage 714b of the expansion device 714.

[0066] in an exemplary embodiment, another end of the tubular support member 902 is
coupled to a conventional fluid powered motor 904 that includes one or more exhaust ports
904a for exhausting fluidic materials from the motor and an output shaft 904b.

[0067] in an exemplary embodiment, a conventional drilling device 906 is coupled to an
end of the output shaft 304b of the motor 904. In an exemplary embodiment, the drilling
device 906 may include a conventional underreamer.

[0068] In an exemplary embodiment, during operation of the assembly 900, as illustrated
in Fig. 9b, the assembly is positioned within the wellbore 740.

[0069] In an exemplary embodiment, during further operation of the assembly 900, as
illustrated in Fig. 9¢, a fluidic material 920 is injected into the assembly through the passages
702a, 704a, 706a, 708a, 710a, 712a, 714b, and 902a to thereby operate the motor 904. As

a result, the output shaft 904b of the motor 904 operates the drilling device 906 thereby
8



WO 2009/009650 PCT/US2008/069620

extending the size and/or length of the wellbore 740.

[0070] Referring now to Fig. 9d, in an exemplary embodiment, during the continued
operation of the assembly 900, the locking device 704 is operated to engage and lock the
position of the expandable tubular member 716 relative to the locking device. In an
exemplary embodiment, the actuator 708 is then operated to displace the expansion device
714 upwardly relative to the locking device 704. As a resulf, the lower portion of the
expandable tubular member 716 is thereby radially expanded and plastically deformed.
Furthermore, in an exempilary embodiment, as a result, at least a portion of the expandable
tubular member 716 is radially expanded and plastically deformed into engagement with the
surrounding subterranean formation 742. Furthermore, in an exemplary embodiment, as a
result, at least a portion of the surrounding subterranean formation 742 is elastically
deformed following the radial expansion and plastic deformation of the lower portion of the
expandable tubular member 716.

[0071] Referring now to Fig. 9e, in an exemplary embodiment, the assembly 900 may be
further operated to radially expand and plastically deform the remaining portion of the
expandable tubular member 716, the casing release 718 and at least a portion of the
expandable tubular member 720 by applying a upward tensile load on an end of the tubular
support member 702,

[0072] In an alternative embodiment, the assembly 900 may be further operated to
radially expand and plastically deform the remaining portion of the expandable tubular
member 716, the casing release 718 and at least a portion of the expandable tubular
member 720 by resetting the actuator 708 and then re-stroking the actuator 708. In an
alternative embodiment, during the re-stroking of the actuator 708, an upward tensile load
may also be applied to the end of the tubular support member 702.

[0073] Referring to Fig. 10, in an alternative embodiment, during the operation of the
assembly 900, the locking device 704 is operated to engage and lock the position of the
expandable tubular member 716 relative to the locking device. In an exemplary
embodiment, the actuator 708 is then operated to displace the expandable tubular member
716 downwardly relative to the expansion device 714. As a result, the lower portion of the
expandable fubular member 716 is thereby radially expanded and plastically deformed.
Furthermore, in an exemplary embodiment, as a result, at least a portion of the expandable
tubular member 716 is radially expanded and plastically deformed into engagement with the
surrounding subterranean formation 742. Furthermore, in an exemplary embodiment, as a
result, at least a portion of the surrounding subterranean formation 742 is elastically
deformed following the radial expansion and plastic deformation of the lower portion of the
expandable tubular member 716.

[0074] Referring to Fig. 11a, in an alternative embodiment, an expansion and drilling
9
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assembly 1100 is substantially identical in design and operation to the assembly 900 except
that the expansion device 714 is replaced with an expansion device 1102 that defines a
passage 1102a and includes one or more tapered expansion surfaces 1102b and the tubular
support member 902 is replaced with a tubular support member 1104 that defines a passage
1104a having an end that is coupled fo the release device 712 and another end that is
coupled to the motor 904. In an exemplary embodiment, the passage 1104a of the tubular
support member 1104 is fluidicly coupled to the passages 712a of the tubular support
member and the motor 904. [n an exemplary embodiment, the inside diameter of the
passage 1102a of the expansion device 1102 is greater than the outside diameters of both
the motor 904 and the drilling device 906 thereby permitting both to pass through the
passage.

[0075] In an exemplary embodiment, during the operation of the assembly 1100, as
illustrated in Figs. 11b and 11¢, the release device 712 may be operaied to disengage the
release device from the expansion device 1102 thereby permitting the motor 804 and drilling
device 906 to be removed from the assembly by lifting the motor and drilling device upwardly
through the passage 1102a defined within the expansion device 1102,

[0076] In an exemplary embodiment, during the operation of the assembly 1100, the
motor 904 and drilling device 906 may be removed from the assembly after the insertion of
the assembly intc the wellbore 740, either before or after the initiation and/or completion of
the expansion process.

[0077] Referring now to Fig. 12a, in an exemplary embodiment, a wellbore casing 1202
is coupled to a wellbore 1204 that traverses a subterranean formation 1206. In an
exemplary embodiment, the wellbore casing 1202 is radially expanded and plastically
deformed into engagement with the surrounding forming 1206 using one or more of the
apparatus and methods described above with reference to Figs. 1 to 11c.

[0078] In an exemplary embodiment, as illustrated in Fig. 12b, the wellbore 1204 is then
in a convention manner using a drilling device and an expansion assembly 1208 is then
positioned within the wellbore using a tubular support member 1210 coupled to an end of the
expansion assembly. In an exemplary embodiment, a gripping device 1212 is coupled to the
tubular support member 1210 for locking the position of the tubular support member fo, for
example, the wellbore casing 1202.

[0079] In an exemplary embodiment, the design and operation of the expansion
assembly 1208 may include one or more of the apparatus and methods described above
with reference to Figs. 1 to 11c. In an exemplary embodiment, the gripping device 1212 may
include a conventional commercially available gripping device.

[0080] In an exemplary embodiment, after positioning the expansion assembly 1208 at

a predetermined position within the wellbore 1204, the gripping device 1212 is operated to
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engage the wellbore casing 1202 thereby locking the position of the tubular support member
1210 to the wellbore casing.

[0081] In an exemplary embodiment, as illustrated in Fig. 12c, the expansion assembly
1208 is then operated to radially expand and plastically deform a wellbore casing 1208a into
engagement with the surrounding forming 12086.

[0082] In an exemplary embodiment, the inside diameters of the wellbore casings 1202
and 1208a are substantially identical. As a result, a mono-diameter wellbore casing is
formed within the wellbore,

[0083] Referring now to Fig. 13a, an exemplary embodiment of a drilling device
assembly 1300, that in some respects is similar in design and operation to the drilling device
assembly 700, includes a tubular support member 1302 having an end that is coupled to an
end of an actuator 1304. In an exemplary embodiment, the tubular support member 1302 is
a conventional drill pipe and the actuator 1304 is a conventional actuator such as, for
example, an hydraulic actuator suitable for displacing one or more slements relative to the
actuator.

[0084] Another end of the actuator 1304 is coupled to an end cof a tubular support
member 1306 and the other end of the tubular support member is coupled to an end of the
release device 712. An end of the expansion device 714 having one or more tapered
expansion surfaces 714a is coupled to ancther end of the release device 712.

[0085] An end of an expandable tubular member 1308, that receives at least the tubular
support member 1306 and the release device 712, is coupled fo an supported by the tapered
expansion surface 714a of the end of the expansion device 714. Another end of the
expandable tubular member 1308 is coupled to a locking assembly 1310 that defines a
passage 1310a that receives the tubular support member 1306. In this manner, the tubular
support member 1306 may be displaced relative to and within the passage 1310a of the
locking assembly 1310.

[0086] In an exemplary embodiment, the locking assembly 1310 may be a conventional
commercially available locking assembly. [n an exemplary embodiment, the locking
assembly 1310 may further include one or more slips for engaging the end of the
expandable tubular member 1308.

[0087] Referring now to Fig. 13b, in an exemplary embodiment, during the operation of
the expansion device assembly 1300, the assembly is positioned within a wellbore 740 that
traverses a subterranean formation 742. In an exemplary embodiment, at least a portion of
the wellbore 740 includes a preexisting welibore casing 744.

[0088] Referring now to Fig. 13c, in an exemplary embodiment, during the operation of
the expansion device assembly 1308, the locking assembly 1310 engages the end of the

expandable tubular member 1308 and the actuator 1304 is operated {o displace the tubular
11



WO 2009/009650 PCT/US2008/069620

support member 1306 and the expansion device 714 upwardly relative to the actuator. As a
result, the locking assembly 1310 engages the lower end of the actuator 1304 thereby
preventing further upward movement of the expandable tubular member 1308 relative to the
actuator 1304. As a result, the lower portion of the expandable tubular member 1308 is
radially expanded and plastically deformed by the continued upward displacement of the
expansion device 714. Furthermore, in an exemplary embodiment, as a resulf, at least a
portion of the expandable tubular member 1308 is radially expanded and plastically
deformed into engagement with the surrounding subterranean formation 742. Furthermore,
in an exemplary embodiment, as a result, at least a portion of the surrounding subterranean
formation 742 is elastically deformed following the radial expansion and plastic deformation
of the lower portion of the expandable tubular member 1308. In an exemplary embodiment,
as a result, at least a portion of the lower portion of the expandable tubular member 1308 is
anchored to the surrounding subterranean formation 742.

[0089] Referring now to Fig. 13d, in an exemplary embodiment, the expansion device
assembly 1300 may be further operated to radially expand and plastically deform the
remaining portion of the expandable tubular member 1308 by applying a upward tensile load
on an end of the tubular support member 1302.

[0090] In an alternative embodiment, the expansion assembly 1300 may be further
operated to radially expand and plastically deform the remaining portion of the expandable
tubular member 1308 by continuing to operate the actuator 1304. In an alternative
embodiment, during the operation of the actuator 1304, an upward tensile load may also be
applied to the end of the tubular support member 1302,

[0091] Referring now to Fig. 14a, an exemplary embodiment of an expansion and drilling
assembly 1400 will now be described that includes various aspects of the design and
operation of the expansion assembly 1300. In particular, the tubular support member 1302
defines a passage 1302a that is fluidicly coupled to a passage 1304a defined within the
actuator 1304,

[0092] The tubular support member 1306 defines a passage 1306a that is fluidicly
coupled to the passage 1304a of the actuator 1304 and the release device 712 defines a
passage 712a that is fluidicly coupled to the passage 1306a defined within the tubular
support member. The expansion device 714 defines a passage 714b that is fluidicly coupled
to the passage 712a defined within the release device 712.

[0093] An end of a tubular support member 1402 that defines a passage 1402a that is
fluidicly coupled to the passage 714b defined within the expansion device. The passage
1402a is also fluidicly coupled to the fluid powered motor 804 that includes an exhaust 9044
and an output shafi 904b. The output shaft 904b of the motor 204 is coupled to the drilling

device 8086.
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[0094] During operation of the assembly 1400, the assembly may be operated to drill out
a wellhore and/or to radially expand and plastically deform the expandable tubular member
1308.

[0095] Referring now to Fig. 15, in an exemplary experimental implementation of the
expansion assembly 700, the following graphical data 1500 was observed: Free Expansion
1502, Free Conn Expansion 1504, EAF Expansion 1506, EAF Conn Expansion 1508, Free
OvL Expansion 1510, EAF OvL Expansion 1512, and EAF OvL Conn Exp 1514.

[0096] Free Expansion 1502 refers to pipe body expansion forces without cladding into
and or against formation.

[0097] Free Conn Expansion 1504 refers to applying expansion forces across
connections between adjacent tubulars without cladding into or against formation.

[0098] EAF Expansion 1506 refers to the forces required or used for pipe body
expansion cladding into and or against the formation.

[0099] EAF Conn Expansion 1508 refers to the forces required or used for expanding
the connections between adjacent tubulars while cladding into and or against the formation.
[00100] Free OvL Expansion 1510 refers to the expansion forces across the overlap
which includes pipe against pipe without cement or formation behind the outer pipe.

[00101] EAF OvL Expansion 1512 refers to expansion forces across an overlap between
inner and outer tubulars while cladding into or against the formation.

[00102] EAF OvL Conn Exp 1514 refers to the expansion forces across the overlap
between inner and outer tubulars with two connections between adjacent tubulars overlaying
each other while cladding into or against the formation.

[00103] An expandable tubular member has been described that includes: a tubular body;
wherein a yield point of an inner tubular portion of the tubular body is less than a yield point
of an outer tubular portion of the tubular body. In an exemplary embodiment, the yield point
of the inner tubular portion of the tubutar body varies as a function of the radial position
within the tubular body. tn an exemplary embodiment, the yield point of the inner tubular
portion of the tubular body varies in an linear fashion as a function of the radial position
within the tubular body.

[00104] A method of coupling a wellbore casing to the interior surface of a wellbore has
been described that includes positioning a wellbore casing within the wellbore and radially
expanding and plastically deforming the wellbore casing info engagement with the wellbore
to form a fluid tight seal between the casing and the wellbore. Ih an exemplary embodiment,
the fluid tight seal between the casing and the wellbore is capable of sealing off fluidic
materials having an operating pressure of up to about 2700 psi. In an exemplary
embodiment, the fluid tight seal between the casing and the wellbore is capable of

withstanding a tensiie load of up to about 180,000 Ibf.
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[00105] An apparatus has been described that includes a wellbore; and a wellbore casing
positioned within and engaged with the wellbore to form a fluid tight seal between the casing
and the wellbore. In an exemplary embodiment, the fluid tight seal between the casing and
the wellbore is capable of sealing off fluidic materials having an operating pressure of up to
about 2700 psi. In an exemplary embodiment, the fluid tight seal between the casing and
the wellbore is capable of withstanding a tensile load of up to about 180,000 Ibf.

[00106] A method of determining one or more properties of at least one of a wellbore and
a formation traversed by the wellbore has been described that includes radially expanding
and plastically deforming a tubular member within the wellbore using an expansion device;
monitoring one or more operating parameters of the expansion device; and correlating one
or more of the operating parameters of the expansion device fo one or more of the
properties of at least one of the wellbore and the formation.

[00107] An apparatus for radially expanding and plastically deforming a tubular member
has been described that includes a support member; a locking device coupled to the support
member for controllably locking a position of the tubular member relative to the locking
device; an expansion device coupled to the support member for radially expanding and
plastically deforming the tubular member; and an actuator coupled to the support member
and the expansion device for displacing the expansion device relative to the tubular member.
In an exemplary embodiment, an outside diameter of the expansion device is less than or
equal to an outside diameter of a bottom end of the tubular member proximate the
expansion device. In an exemplary embodiment, the apparatus further includes a tubular
release member for releasably coupling an end of the tubular member to an end of another
adjacent fubular member member. [n an exemplary embodiment, the tubular release
member comprises a frangible element coupled between the tubular member and the other
tubular member. In an exemplary embodiment, the apparatus further comprises a release
device for releasably coupling the expansion device to the actuator. In an exemplary
embodiment, the apparatus further includes a drilling device coupled to the support member
for driling a wellbore. In an exemplary embodiment, the expansion device defines a
longitudinal passage; and wherein an internal diameter of the longitudinal passage is greater
than an outside diameter of the drilling device. In an exemplary embodiment, the apparatus
further comprises a motor operably coupled to the drilling device for operating the drilling
device. In an exemplary embodiment, the expansion device defines a longitudinal passage;
and wherein an internal diameter of the longitudinal passage is greater than an outside
diameter of the motor and the drilling device. In an exemplary embodiment, the expansion
device defines a longitudinal passage.

[00108] An apparatus for radially expanding and plastically deforming a tubular member

has been described that includes: a support member; a locking device coupled to the
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support member for controllably locking a position of the tubular member relative to the
locking device; an expansion device coupled to the support member for radially expanding
and plastically deforming the tubular member; an actuator coupled to the support member
and the expansion device for displacing the expansion device relative {o the tubular member;
a release device for releasably coupling the expansion device to the actuator; another
tubular member; a tubular release member for releasably coupling an end of the tubular
member to an end of the other tubular member member; a drilling device coupled to the
support member for drilling a wellbore; and a motor operably coupled to the drilling device
for operating the drilling device; wherein an outside diameter of the expansion device is less
than or equal to an outside diameter of a bottom end of the tubular member proximate the
expansion device; wherein the expansion device defines a longitudinal passage; wherein an
internal diameter of the longitudinal passage of the expansion device is greater than an
outside diameter of the motor and the driling device; and wherein the tubular release
member comprises a frangible element coupled between the tubular member and the other
tubular member.

[00109] A method of radially expanding and plastically deforming a tubular member within
a preexisting structure has been described that includes positioning the tubular member and
an expansion device within the preexisting structure using a support member; locking the
position of the tubular member relative to the support member; and then displacing the
expansion device relative to the tubular member to radially expand and plastically deform the
tubular member. In an exemplary embodiment, the method further includes: radially
expanding and plastically deforming the tubular member into engagement with the
preexisting structure. [n an exemplary embodiment, the method further includes: then
further displacing the expansion device relative to the tubular member to radially expand and
plastically deform the tubular member. [n an exemplary embodiment, then further displacing
the expansion device relative to the tubular member to radially expand and plastically deform
the tubular member comprises: unlocking the position of the tubular member relative to the
support member; and then displacing the expansion device relafive to the tubular member to
radially expand and plastically deform the tubular member. in an exemplary embodiment,
the method further comprises: then further displacing the expansion device relative to the
tubular member to radially expand and plastically deform the tubular member. In an
exemplary embodiment, then further displacing the expansion device relative {o the tubular
member to radially expand and plastically deform the tubular member comprises: unlocking
the position of the tubular member relative to the support member; displacing the support
member relative to the tubular member; relocking the position of the tubular member relative
to the support member; and then displacing the expansion device relative to the tubular

member to radially expand and plastically deform the tubular member. In an exemplary
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embodiment, the method further comprises: decoupling the expansion device from the
tubular suppert member; and removing the tubular support member from the tubular
member. In an exemplary embodiment, the tubular member comprises first and second
tubular members coupled to one another; and the method further comprises: decoupling the
first and second tubular members; and removing one of the first and second tubular
members from the preexisting structure. In an exemplary embodiment, the method further
comprises; drilling out the preexisting structure. In an exemplary embodiment, the method
further comprises: drilling out the preexisting structure prior to displacing the expansion
device relative to the tubular member {o radially expand and plastically deform the tubular
member. In an exemplary embodiment, the method further comprises: drilling out the
preexisting structure after displacing the expansion device relative to the tubular member to
radially expand and plastically deform the tubular member. In an exemplary embodiment,
the method further comprises: drilling out the preexisting structure using a drilling device;
and removing the drilling device from the preexisting structure. In an exemplary
embodiment, the method further comprises: removing the drilling device from the preexisting
structure prior to displacing the expansion device relative to the tubular member to radially
expand and plastically deform the tubular member. In an exemplary embodiment, the
method further comprises: removing the drilling device from the preexisting structure after
displacing the expansion device relative to the tubular member to radially expand and
plastically deform the tubular member. In an exemplary embodiment, the method further
comprises: locking a position of the support member fo the preexisting structure; and then
displacing the expansion device relative to the tubular member to radially expand and
plastically deform the tubular member. In an exemplary embodiment, the preexisting
structure comprises a wellbore that traverses a subterranean formation. In an exemplary
embodiment, the preexisting structure further comprises a wellbore casing positioned within
the wellbore that is coupled to the subterranean formation.

[00110] A method of radially expanding and plastically deforming a fubular member within
a preexisting structure has been described that includes: positioning the tubular member and
an expansion device within the preexisting structure using a support member; locking the
position of the fubular member relative fo the support member; then displacing the
expansion device relative to the tubular member {o radially expand and plastically deform the
tubular member into engagement with the preexisting structure; and then further displacing
the expansion device relative to the tubular member to further radially expand and plastically
deform the tubular member; wherein then further displacing the expansion device relative to
the tubular member to further radially expand and plastically deform the tubular member
comprises one or more of: unlocking the position of the {ubular member relative to the

support member; and then displacing the expansion device relative to the tubular member to
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radially expand and plastically deform the tubular member; or unlocking the position of the
tubular member relative to the support member; displacing the support member relative to
the tubular member; relocking the position of the tubular member relative to the support
member; and then displacing the expansion device relative to the tubular member to radially
expand and plastically deform the tubular member.

[00111] A method of radially expanding and plastically deforming a tubutar member within
a preexisting structure has been described that includes positioning the tubular member and
an expansion device within the preexisting structure using a support member; locking the
position of the fubular member relative to the support member; then displacing the
expansion device relative to the tubular member to radially expand and plastically deform the
tubular member into engagement with the preexisting structure; then further displacing the
expansion device relative to the tubular member to further radially expand and plastically
deform the tubular member; decoupling the expansion device from the tubular support
member; and removing the tubular suppott member from the tubular member.

[00112] A method of radially expanding and plastically deforming a tubular member
assembly, comprising first and second tubular members coupled to one another, within a
preexisting structure has been described that includes positioning the tubular member
assembly and an expansion device within the preexisting structure using a support member;
locking the position of the tubular member assembly relative to the support member; then
displacing the expansion device relative to the tubular member assembly to radially expand
and plastically deform the tubular member assembly into engagement with the preexisting
structure; then further displacing the expansion device relative io the tubular member
assembly to further radially expand and plastically deform the tubular member assembly;
decoupling the first and second tubular members; and removing one of the first and second
tubular members from the preexisting structure.

[00113] A method of radially expanding and plastically deforming a tubular member within
a preexisting structure has been described that includes positioning the tubular member and
an expansion device within the preexisting structure using a support member; locking the
position of the tubular member relative to the support member; then displacing the
expansion device relative to the tubular member to radially expand and plastically deform the
tubular member into engagement with the preexisting structure; drilling out the preexisting
structure prior to or after displacing the expansion device relative to the tubular member to
radially expand and plastically deform the tubular member using a drilling device; and
removing the driling device from the preexisting structure prior to displacing the expansion
device relative to the tubular member to radially expand and plastically deform the tubular

member.
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[00114] A method of radially expanding and plastically deforming a tubular member within
a preexisting structure has been described that includes positioning the tubular member and
an expansion device within the preexisting structure using a support member; locking a
position of the support member {o the preexisting structure; locking the position of the tubular
member relative to the support member; then displacing the expansion device relative to the
tubular member to radially expand and plastically deform the tubular member into
engagement with the preexisting structure; and then further displacing the expansion device
relative to the tubular member to further radially expand and plastically deform the tubular
member; wherein then further displacing the expansion device relative to the tubular
member to further radially expand and plastically deform the tubutar member comprises one
or more of: unlocking the position of the tubular member relative to the support member; and
then displacing the expansion device relative to the tubular member to radially expand and
plastically deform the tubular member; or unlocking the position of the tubular member
relative to the support member; displacing the support member relative to the tubular
member; relocking the position of the tubular member relative to the support member; and
then displacing the expansion device relative to the tubular member to radially expand and
plastically deform the tubular member; and wherein the preexisting structure comprises a
wellbore that traverses a subterranean formation; and wherein the preexisting structure
further comprises a wellbore casing positioned within the wellbore that is coupled to the
subterranean formation.

[00115] A system for radially expanding and plastically deforming a tubular member within
a preexisting structure has been described that includes means for positioning the tubular
member and an expansion device within the preexisting structure using a support member;
means for locking the position of the tubular member relative to the support member; and
means for then displacing the expansion device relative to the tubular member to radially
expand and plastically deform the tubular member. In an exemplary embodiment, the
system further comprises: means for radially expanding and plastically deforming the tubular
member into engagement with the preexisting structure. In an exemplary embodiment, the
system further comprises: means for then further displacing the expansion device relative o
the tubular member to radially expand and plastically deform the tubular member. In an
exemplary embodiment, then further displacing the expansion device relative to the tubular
member to radially expand and plastically deform the tubular member comprises: means for
unlocking the position of the tubular member relative fo the support member; and means for
then displacing the expansion device relative fo the tubular member to radially expand and
plastically deform the tubular member. In an exemplary embodiment, the system further
comprises: means for then further displacing the expansion device relative to the tubular

member to radially expand and plastically deform the tubular member. In an exemplary
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embodiment, then further displacing the expansion device relative to the tubular member to
radially expand and plastically deform the tubular member comprises: means for unlocking
the position of the tubular member relative to the support member; means for displacing the
support member relative to the tubular member; means for relocking the position of the
tubular member relative to the support member; and means for then displacing the
expansion device relative to the tubular member to radially expand and plastically deform the
tubular member. In an exemplary embodiment, the system further comprises; means for
decoupling the expansion device from the tubular support member; and means for removing
the tubular support member from the tubular member. In an exemplary embodiment, the
tubular member comprises first and second tubular members coupled to one another; and
wherein the method further comprises: means for decoupling the first and second tubular
members; and means for removing one of the first and second tubular members from the
preexisting structure. [n an exemplary embodiment, the system further comprises: means
for drilling out the preexisting structure. In an exemplary embodiment, the system further
comprises: means for drilling out the preexisting structure prior to displacing the expansion
device relative to the tubular member to radially expand and plastically deform the tubular
member. In an exemplary embodiment, the system further comprises: means for drilling out
the preexisting structure after displacing the expansion device relative to the tubular member
to radially expand and plastically defoerm the tubular member. in an exemplary embodiment,
the system further comprises: means for drilling out the preexisting structure using a drilling
device; and means for removing the drilling device from the preexisting structure. [n an
exemplary embodiment, the system further comprises: means for removing the drilling
device from the preexisting structure prior to displacing the expansion device relative {o the
tubular member to radially expand and plastically deform the tubular member. In an
exemplary embodiment, the system further comprises: means for removing the drilling
device from the preexisting structure after displacing the expansion device relative to the
tubular member to radially expand and plastically deform the tubular member. In an
exemplary embodiment, the system further comprises: means for locking a position of the
support member to the preexisting structure; and means for then displacing the expansion
device relative to the tubular member to radially expand and plastically deform the tubular
member. In an exemplary embodiment, the preexisting structure comprises a wellbore that
fraverses a subterranean formation. In an exemplary embodiment, the preexisting structure
further comprises a wellbore casing positioned within the wellbore that is coupled to the
subterranean formation.

[00116] A system for radially expanding and plastically deforming a tubular member within
a preexisting structure has been described that includes means for positioning the tubular

member and an expansion device within the preexisting structure using a support member;
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means for locking the position of the tubular member relative to the support member; means
for then displacing the expansion device relative to the tubular member to radially expand
and plastically deform the tubular member into engagement with the preexisting structure;
and means for then further displacing the expansion device relative to the tubular member to
further radially expand and plastically deform the tubular member; wherein means for then
further displacing the expansion device relative to the tubular member to further radially
expand and plastically deform the tubular member comprises one or more of: means for
unlocking the position of the tubular member relative {o the support member; and means for
then displacing the expansion device relative to the tubular member to radially expand and
plastically deform the tubular member; or means for unlocking the position of the tubular
member relative to the support member; means for displacing the support member relative
to the tubular member; means for relocking the position of the tubular member relative to the
support member; and means for then displacing the expansion device relative to the tubular
member to radially expand and plastically deform the tubular member.

[00117] A system for radially expanding and plastically deforming a tubular member within
a preexisting structure has been described that includes: means for positioning the tubular
member and an expansion device within the preexisting structure using a support member;
means for locking the position of the tubular member relative to the support member; means
for then displacing the expansion device relative 1o the tubular member to radially expand
and plastically deform the tubular member into engagement with the preexisting structure;
means for then further displacing the expansion device relative to the tubular member to
further radially expand and plastically deform the tubular member; means for decoupling the
expansion device from the fubular support member; and means for removing the tubular
support member from the tubular member.

[00118] A system for radially expanding and plastically deforming a tubular member
assembly, comprising first and second tubular members coupled fo one another, within a
preexisting structure has been described that includes: means for positioning the tubular
member assembly and an expansion device within the preexisting structure using a support
member; means for locking the position of the fubular member assembly relative to the
support member; means for then displacing the expansion device relative to the tubular
member assembly to radially expand and plastically deform the tubular member assembly
into engagement with the preexisting structure; means for then further displacing the
expansion device relative to the tubular member assembly to further radially expand and
plastically deform the tubular member assembly; means for decoupling the first and second
tubular members; and means for removing one of the first and second tubular members from

the preexisting structure.
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[00119] A system for radially expanding and plastically deforming a tubular member within
a preexisting structure has been described that includes: means for positioning the tubular
member and an expansion device within the preexisting structure using a support member,;
means for locking the position of the tubuiar member relative to the support member; means
for then displacing the expansion device relative to the tubular member to radially expand
and plastically deform the tubular member into engagement with the preexisting structure;
means for drilling out the preexisting structure prior to or after displacing the expansion
device relative to the tubular member to radially expand and plastically deform the tubular
member using a driling device; and means for removing the drilling device from the
preexisting structure prior to displacing the expansion device relative to the tubutar member
to radially expand and plastically deform the tubular member.

[00120] A system for radially expanding and plastically deforming a tubular member within
a preexisting structure has been described that includes: means for positioning the tubular
member and an expansion device within the preexisting structure using a support member,
means for locking a position of the support member to the preexisting structure; means for
locking the position of the tubular member relative fo the support member; means for then
displacing the expansion device relative to the tubular member to radially expand and
plastically deform the tubular member into engagement with the preexisting structure; and
means for then further displacing the expansion device relative to the tubular member to
further radially expand and plastically deform the tubular member; wherein means for then
further displacing the expansion device relative to the tubular member to further radially
expand and plastically deform the tubular member comprises one or more of: means for
unlocking the position of the tubular member relative to the support member; and means for
then displacing the expansion device relative to the tubular member to radially expand and
plasticaily deform the tubular member; or means for unlocking the position of the tubular
member relative to the support member; means for displacing the support member relative
to the tubular member; means for relocking the position of the tubular member relative to the
support member; and means for then displacing the expansion device relative to the tubular
member to radially expand and plastically deform the tubular member; and wherein the
preexisting structure comprises a wellbore that traverses a subterranean formation; and
wherein the preexisting structure further comprises a wellbore casing positioned within the
wellbore that is coupled to the subterranean formation.

A method of forming a wellbore casing system within a wellbore that fraverses a
subterranean formation has been described that includes: radially expanding and plastically
deforming a first tubular member within a first portion of the wellbore; and then radially
expanding and plastically deforming a second tubular member within a second portion of the

wellbore using any one of the methods or apparatus described above. In an exemplary
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embodiment, the method further comprises: radially expanding and plastically deforming a
first tubular member within a first portion of the wellbore using any one of the methods or
apparatus described above. In an exemplary embodiment, an inside diameter of the first
and second tubular members are substantially identical.

[00121] It is understood that variations may be made in the foregoing without departing
from the scope of the invention. For example, the teachings of the present illustrative
embodiments may be used to provide a wellbore casing, a pipeline, or a structural support,
Furthermore, the elements and teachings of the various illustrative embodiments may be
combined in whole or in part in some or all of the illustrative embodiments. In addition, one
or more of the elements and teachings of the various illustrative embodiments may be
omitted, at least in pari, and/or combined, at least in part, with one or more of the other
elements and teachings of the various illustrative embodiments.

[00122] Although illustrative embodiments of the invention have been shown and
described, a wide range of modification, changes and substitution is contemplated in the
foregoing disclosure. In some instances, some features of the present invention may be
employed without a corresponding use of the other features. Accordingly, it is appropriate
that the appended claims be construed broadly and in a manner consistent with the scope of

the invention.
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Claims

What is claimed is:

1. An apparatus for radially expanding and plastically deforming a tubular member,
comprising:

a support member,

an expansion cone disposed at a lower end of the tubular member and configured to
radially expand the tubular member;

an actuator coupled to the support member and the expansion cone and configured
to pull the expansion cone through at least a portion of the tubular member;

a releasable locking device configured to limit displacement of the tubular member
relative to the actuator during actuation; and

a drilling device disposed below the expansion cone and having a drilling diameter
greater than an outer diameter of the tubular member before expansion,

wherein the drilling device is in fluid communication with the support member.

2. The apparatus of claim 1, further comprising:

a motor disposed between the expansion cone and the drilling device.

3. The apparatus of claim 1, further comprising:

a release device for releasably coupling the expansion cone to the actuator.

4, The apparatus of claim 1, wherein the expansion cone comprises a longitudinal
passage, and wherein an internal diameter of the longitudinal passage is greater than an

outside diameter of the drilling device.

5. The apparatus of claim 1, wherein the actuator is hydraulically operated.

6. A method of drilling and lining a wellbore, comprising:

operably coupling a support member to a drilling device, an expansion cone
configured to expand a tubular member, an actuator configured to pull the expansion cone
through the tubular member, and a releasable locking device configured to limit
displacement of the tubular member relative to the actuator during actuation, wherein the
drilling device is disposed below the expansion cone and the expansion cone is disposed at
a lower end of the tubular member;

locking the locking device;
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after locking the locking device, drilling a wellbore to have a diameter greater than an
outside diameter of the tubular member;

after the drilling, actuating the actuator to pull the expansion cone towards the locking
device to expand at least a portion of the tubular member into contact with the drilled
wellbore; and

releasing the locking device;

removing the drilling device through the expanded tubular member.

7. The method of claim 6, further comprising:
repeating the locking the locking device, the actuating the actuator, and the releasing

the locking device to expand entire length of the tubular member.
8. The method of claim 6, further comprising:

after releasing the locking device, pulling upwards on the support member fo pull the
actuator and the expansion cone to expand any portion of the tubular member not expanded

during the actuating of the actuator.

9. The method of claim 6, wherein a motor is operably coupled to the drilling device.
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