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disclosures of which are incorporated herein by reference.

Background Of The Invention
[0003] This invention relates generally to oil and gas exploration, and 1n particular to forming and
repairing wellbore casings to facilitate oil and gas exploration.
[0004] Conventionally, when a wellbore is created, a number of casings are installed in the
borehole to prevent" collapse of the borehole wall and to prevent undesired outflow of drilling fluid into
the formation or inflow of fluid from the formation into the borehole. The borehole is drilled in
intervals whereby a casing which is to be installed in a lower borehole interval is lowered through a
previously installed casing of an upper borehole interval. As a consequence of this procedure the
casing of the lower interval is of smaller diameter than the casing of the upper interval. Thus, the
casings are in a nested arrangement with casing diameters decreasing in downward direction. Cement
annuli are provided between the outer surfaces ot the casings and the borehole wall to seal the casings
from the borehole wall. As a consequence of this nested arrangement a relatively large borehole
diameter is required at the upper part of the wellbore. Such a large borehole diameter involves
increased costs due to heavy casing handling equipment, large drill bits and increased volumes of
drilling fluid and drill cuttings. Moreover, increased drilling rig time is involved due to required
cement pumping, cement hardening, required equipment changes due to large variations in hole
diameters drilled in the course of the well, and the large volume of cuttings drilled and removed.
[0005] The present invention is directed to overcoming one oOr more of the limitations of the
existing procedures for forming and/or repairing wellbore casings.

Summary of the Invention

[0010] According to one aspect of the present invention, an apparatus for radially expanding and
plastically deforming an expandable tubular member is provided that includes a float shoe adapted to
mate with an end of the expandable tubular member, an adjustable expansion mandrel coupled to the
float shoe adapted to be controllably expanded to a larger outside dimension for radial expansion of the
expandable tubular member or collapsed to a smaller outside dimension, an actuator coupled to the
adjustable expansion mandrel adapted to controllably displace the adjustable expansion mandrel
relative to the expandable tubular member, a locking device coupled to the actuator adapted to
controllably engage the expandable tubular member, and a support member coupled to the locking
device.
[0011] According to another aspect of the present invention, a method for radially expanding and

plastically deforming an expandable tubular member within a borehole is provided that includes
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positioning an adjustable expansion mandrel within the expandable tubular member, supporting the
expandable tubular member and the adjustable expansion mandrel within the borehole, lowering the

adjustable expansion mandrel out of the expandable tubular member, increasing the outside dimension

of the adjustable expansion mandrel, and displacing the adjustable expansion mandrel upwardly relative
to the expandable tubular member n times to radially expand and plastically deform n pottions of the
expandable tubular member.

[0012] According to another aspect of the present invention, a method for forming a mono
diameter wellbore casing is provided that includes positioning an adjustable expansion mandrel within a
first expandable tubular member, supporting the first expandable tubular member and the adjustable
expansion mandrel within a borehole, lowering the adjustable expansion mandrel out of the first
expandable tubular member, increasing the outside dimension of the adjustable expansion mandrel,
displacing the adjustable expansion mandrel upwardly relative to the first expandable tubular member
m times to radially expand and plastically deform m portions of the first expandable tubular member
within the borehole, positioning the adjustable expansion mandrel within a second expandable tubular
member, supporting the second expandable tubular member and the adjustable expansion mandrel
within the borehole in overlapping relation to the first expandable tubular member, lowering the
adjustable expansion mandrel out of the second expandable tubular member, increasing the outside
dimension of the adjustable expansion mandrel, and displacing the adjustable expansion mandrel
upwardly relative to the second expandable tubular member n times to radially expand and plastically
deform n portions of the second expandable tubular member within the borehole.

[0013] According to another aspect of the present invention, an apparatus for radially expanding
and plastically deforming an expandable tubular member is provided that includes a float shoe adapted
to mate with an end of the expandable tubular member, an adjustable expansion mandrel coupled to the
float shoe adapted to be controllably expanded to a larger outside dimension for radial expansion of the
expandable tubular member or collapsed to a smaller outside dimension, an actuator coupled to the
adjustable expansion mandrel adapted to controllably displace the adjustable expansion mandrel
relative to the expandable tubular member, a locking device coupled to the actuator adapted to
controllably engage the expandable tubular member, a support member coupled to the locking device,
and a sealing member for sealingly engaging the expandable tubular member adapted to define a
pressure chamber above the adjustable expansion mandrel during radial expansion of the expandable
tubular member.

[0014] According to another aspect of the present invention, a method for radially expanding and
plastically deforming an expandable tubular member within a borehole is provided that includes
positioning an adjustable expansion mandrel within the expandable tubular member, supporting the
expandable tubular member and the adjustable expansion mandrel within the borehole, lowering the
adjustable expansion mandrel out of the expandable tubular member, increasing the outside dimension

of the adjustable expansion mandrel, displacing the adjustable expansion mandrel upwardly relative to
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the expandable tubular member n times to radially expand and plastically deform n portions of the

expandable tubular member within the borehole, and pressurizing an interior region of the expandable
tubular member above the adjustable expansion mandrel during the radial expansion and plastic
deformation of the expandable tubular member within the borehole.

[0015] According to another aspect of the present invention, a method for forming a mono
diameter wellbore casing is provided that includes positioning an adjustable expansion mandrel within a
first expandable tubular member, supporting the first expandable tubular member and the adjustable
expansion mandrel within a borehole, lowering the adjustable expansion mandrel out of the first
expandable tubular member, increasing the outside dimension of the adjustable expansion méndrel,
displacing the adjustable expansion mandrel upwardly relative to the first expandable tubular member
m times to radially expand and plastically deform m portions of the first expandable tubular member
within the borehole, pressurizing an interior region of the first expandable tubular member above the
adjustable expansion mandrel during the radial expansion and plastic deformation of the first
expandable tubular member within the borehole, positioning the adjustable expansion mandrel within a
second expandable tubular member, supporting the second expandable tubular member and the
adjustable expansion mandrel within the borehole in overlapping relation to the first expandable tubular
member, lowering the adjustable expansion mandrel out of the second expandable tubular member,
increasing the outside dimension of the adjustable expansion mandrel, displacing the adjustable
expansion mandrel upwardly relative to the second expandable tubular member n times to radially
expand and plastically deform n portions of the second expandable tubular member within the borehole,
and pressurizing an interior region of the second expandable tubular member above the adjustable
expansion mandrel during the radial expansion and plastic deformation of the second expandable
tubular member within the borehole.

[0016] According to another aspect of the present invention, an apparatus for drilling a borehole
within a subterranean formation and then radially expanding and plastically deforming an expandable
tubular member within the drilled borehole is provided that includes a float shoe adapted to mate with
an end of the expandable tubular member, a drilling member coupled to the float shoe adapted to drill
the borehole, an adjustable expansion mandrel coupled to the float shoe adapted to be controllably
expanded to a larger outside dimension for radial expansion of the expandable tubular member or
collapsed to a smaller outside dimension, an actuator coupled to the adjustable expansion mandrel
adaf)ted to controllably displace the adjustable expansion mandrel relative to the expandable tubular
member, a locking device coupled to the actuator adapted to cbntrollably engage the expandable tubular
member, and a support member coupled to the locking device.

[0017] According to another aspect of the present invention, a method for drilling a borehole
within a subterranean formation and then radially expanding and plastically deforming an expandable
tubular member within the drilled borehole is provided that include positioning an adjustable expansion

mandrel within the expandable tubular member, coupling a drilling member to an end of the expandable
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tubular member, drilling the borehole using the drilling member, positioning the adjustable expansion
mandrel and the expandable tubular member within the drilled borehole, lowering the adjustable
expansion mandrel out of the expandable tubular member, increasing the outside dimension of the
adjustable expansion mandrel, and displacing the adjustable expansion mandre] upwardly relative to the
expandable tubular member n times to radially expand and plastically deform n portions of the
expandable tubular member within the drilled borehole.

[0018] According to another aspect of the present invention, a method for forming a mono
diameter wellbore casing within a borehole is provided that includes positioning an adjustable
expansion mandrel within a first expandable tubular member, coupling a drilling member to an end of
the first expandable tubular member, drilling a first section of the borehole using the drilling member,
supporting the first expandable tubular member and the adjustable expansion mandrel within the drilled
first section of the borehole, lowering the adjustable expansion mandrel out of the first expandable
tubular member, increasing the outside dimension of the adjustable expansion mandrel, displacing the
adjustable expansion mandrel upwardly relative to the first expandable tubular member m times to
radially expand and plastically deform m portions of the first expandable tubular member within the
drilled first section of the borehole, positioning the adjustable expansion mandrel within a second
expandable tubular member, coupling the drilling member to an end of the second expandable tubular
member, drilling a second section of the borehole using the drilling member, supporting the second
expandable tubular member and the adjustable expansion mandrel within the borehole in overlapping
relation to the first expandable tubular member within the second drilled section of the borehole,
lowering the adjustable expansion mandrel out of the second expandable tubular member, increasing -
the outside dimension of the adjustable expansion mandrel, and displacing the adjustable expansion
mandrel upwardly relative to the second expandable tubular member n times to radially expand and
plastically deform n portions of the second expandable tubular member within the drilled second
section of the borehole.

[0019] According to another aspect of the present invention, an apparatus for drilling a borehole
within a subterranean formation and then radially expanding and plastically deforming an expandable
ubular member within the drilled borehole is provided that includes a float shoe adapted to mate with
an end of the expandable tubular member, a drilling member coupled to the float shoe adapted to drill
the borehole, an adjustable expansion mandrel coupled to the float shoe adapted to be controllably
expanded to a larger outside dimension for radial expansion of the expandable tubular member or
collapsed to a smaller outside dimension, an actuator coupled to the adjustable expansion mandrel
adapted to controllably displace the adjustable expansion mandrel relative to the expandable tubular
member, a locking device coupled to the actuator adapted to controllably engage the expandable tubular
member, a support member coupled to the locking device, and a sealing member for sealing engaging
the expandable tubular member adapted to define a pressure chamber above the adjustable expansion

mandrel during the radial expansion of the expandable tubular member.
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[0020] According to another aspect of the present invention, a method for drilling a borehole

within a subterranean formation and then radially expanding and plastically deforming an expandable
tubular member within the drilled borehole is provided that includes positioning an adjustable
expansion mandrel within the expandable tubular member, coupling a drilling member to an end of the
expandable tubular member, drilling the borehole using the drilling member, positioning the adjustable
expansion mandrel and the expandable tubular member within the drilled borehole, lowering the
adjustable expansion mandrel out of the expandable tubular member, increasing the outside dimension
of the adjustable expansion mandrel, displacing the adjustable expansion mandrel upwardly relative to
the expandable tubular member n times to radially expand and plastically deform n portions of the
expandable tubular member within the drilled borehole, and pressuring an interior portion of the
expandable tubular member above the adjustable expansion mandrel during the radial expansion and
plastic deformation of the expandable tubular member within the drilled borehole.

[0021] According to another aspect of the present invention, a method for forming a mono
diameter wellbore casing within a borehole is provided that includes positioning an adjustable
expansion mandrel within a first expandable tubular member, coupling a drilling member to an end of
the first expandable tubular member, drilling a first section of the borehole using the drilling member,
supporting the first expandable tubular member and the adjustable expansion mandrel within the drilled
first section of the borehole, lowering the adjustable expansion mandrel out of the first expandable
tubular member, increasing the outside dimension of the adjustable expansion mandrel, displacing the
adjustable expansion mandrel upwardly relative to the first expandable tubular member m times to
radially expand and plastically deform m portions of the first expandable tubular member within the
drilled first section of the borehole, pressuring an interior portion of the first expandable tubular
member above the adjustable expansion mandrel during the radial expansion and plastic-deformation of
the first expandable tubular member within the first drilled section of the borehole, positioning the
adjustable expansion mandrel within a second expandable tubular member, coupling the drilling
member to an end of the second expandable tubular member, drilling a second section of the borehole
using the drilling member, supporting the second expandable tubular member and the adjustable
expansion mandrel within the borehole in overlapping relation to the first expandable tubular member
within the second drilled section of the borehole, lowering the adjustable expansion mandrel out of the
second expandable tubular member, increasing the outside dimension of the adjustable expansion
mandrel, displacing the adjustable expansion mandrel upwardly relative to the second expandable
tubular member n times to radially expand and plastically deform n portions of the second expandable
tabular member within the drilled second section of the borehole, and pressuring an interior portion of
the second expandable tubular member above the adjustable expansion mandrel during the radial

expansion and plastic deformation of the second expandable tubular member within the drilled second

section of the borehole.
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[0022] According to another aspect of the present invention, an apparatus for radially expanding

and plastically deforming an expandable tubular member 1s provided that includes a float shoe adapted
to mate with an end of the expandable tubular member, a first adjustable expansion mandrel coupled to
the float shoe adapted to be controllably expanded to a first larger outside dimension for radial
expansion of the expandable tubular member or collapsed to a first smaller outside dimension, a second
adjustable expansion mandrel coupled to the first adjustable expansion mandrel adapted to be
controllably expanded to a second larger outside dimension for radial expansion of the expandable
tubular member or collapsed to a second smaller outside dimension, an actuator coupled to the first and
second adjustable expansion mandrels adapted to controllably displace the first and second adjustable
expansion mandrels relative to the expandable tubular member, a locking device coupled to the actuator
adapted to controllably engage the expandable tubular member, and a support member coupled to the
locking device. The first larger outside dimension of the first adjustable expansion mandrel is larger
than the second larger outside dimension of the second adjustable expansion mandrel.

0023} According to another aspect of the present invention, a method for radially expanding and
plastically deforming an expandable tubular member within a borehole is provided that includes
positioning first and second adjustable expansion mandrels within the expandable tubular member,
supporting the expandable tubular member and the first and second adjustable expansion mandrels
within the borehole, lowering the first adjustable expansion mandrel out of the expandable tubular
member, increasing the outside dimension of the first adjustable expansion mandrel, displacing the first
adjustable expansion mandrel upwardly relative to the expandable tubular member to radially expand
and plastically deform a lower portion of the expandable tubular member, displacing the first adjustable
expansion mandrel and the second adjustable expansion mandrel downwardly relative to the
expandable tubular member, decreasing the outside dimension of the first adjustable expansion mandrel
and increasing the outside dimension of the second adjustable expansion mandrel, and displacing the
second adjustable expansion mandrel upwardly relative to the expandable tubular member to radially
expand and plastically deform portions of the expandable tubular member above the lower portion of
the expandable tubular member. The outside dimension of the first adjustable expansion mandrel is
greater than the outside dimension of the second adjustable expansion mandrel.

[0024] According to another aspect of the present invention, a method for forming a mono
diameter wellbore casing is provided that includes positioning first and second adjustable expansion
mandrels within a first expandable tubular member, supporting the first expandable tubular member and
the first and second adjustable expansion mandrels within a borehole, lowering the first adjustable
expansion mandrel out of the first expandable tubular member, increasing the outside dimension of the
first adjustable expansion mandrel, displacing the first adjustable expansion mandrel upwardly relative
to the first expandable tubular member to radially expand and plastically deform a lower portion of the
first expandable tubular member, displacing the first adjustable expansion mandrel and the second

adjustable expansion mandrel downwardly relative to the first expandable tubular member, decreasing
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the outside dimension of the first adjustable expansion mandrel and increasing the outside dimension of
the second adjustable expansion mandrel, displacing the second adjustable expansion mandrel upwardly
relative to the first expandable tubular member to radially expand and plastically deform portions of the
first expandable tubular member above the Jower portion of the expandable tubular member,
positioning first and second adjustable expansion mandrels within a second expandable tubular
member, supporting the first expandable tubular member and the first and second adjustable expansion
mandrels within the borehole in overlapping relation to the first expandable tubular member, lowering
the first adjustable expansion mandrel out of the second expandable tubular member, increasing the
outside dimension of the first adjustable expansion mandrel, displacing the first adjustable expansion
mandrel upwardly relative to the second expandable tubular member to radially expand and plastically
deform a lower portion of the second expandable tubular member, displacing the first adjustable
expansion mandrel and the second adjustable expansion mandrel downwardly relative to the second
expandable tubular member, decreasing the outside dimension of the first adjustable expansion mandrel
and increasing the outside dimension of the second adjustable expansion mandrel, and displacing the
second adjustable expansion mandrel upwardly relattve to the second expandable tubular member to
radially expand and plastically deform portions of the second expandable tubular member above the
lower portion of the second expandable tubular member. The outside dimension of the first adjustable
expansion mandrel is greater than the outside dimension of the second adjustable expansion mandrel.
[0025] According to another aspect of the present invention, an apparatus for radially expanding
and plastically deforming an expandable tubular member is provided that includes a float shoe adapted
to mate with an end of the expandable tubular member, a first adjustable expansion mandrel coupled to
the float shoe adapted to be controllably expanded to a first larger outside dimension for radial
expansion of the expandable tubular member or collapsed to a-first smaller outside dimension, a second
adjustable expansion mandrel coupled to the first adjustable expansion mandrel adapted to be
controllably expanded to a second larger outside dimension. for radial expansion of the expandable
tubular member or collapsed to a second smaller outside dimension, an actuator coupled to the first and
second adjustable expansion mandrels adapted to controllably displace the first and second adjustable
expansion mandrels relative to the expandable tubular member, a locking device coupled to the actuator
adapted to controllably engage the expandable tubular member, a support member coupled to the
locking device, and a sealing member for sealingly engaging the expandable tubular adapted to define a
pressure chamber above the first and second adjustable expansion mandrels during the radial expansion
of the expandable tubular member. The first larger outside dimension of the first adjustable expansion
mandrel is larger than the second larger outside dimension of the second adjustable expansion mandrel.
[0026] According to another aspect of the present invention, a method for radially expanding and
plastically deforming an expandable tubular member within a borehole is provided that includes
positioning first and second adjustable expansion mandrels within the expandable tubular member,

supporting the expandable tubular member and the first and second adjustable expansion mandrels
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within the borehole, lowering the first adjustable expansion mandrel out of the expandable tubular

member, increasing the outside dimension of the first adjustable expansion mandrel, displacing the first
adjustable expansion mandrel upwardly relative to the expandable tubular member to radially expand
and plastically deform a lower portion of the expandable tubular member, pressurizing an interior
region of the expandable tubular member above the first adjustable expansion mandrel during the radial
expansion of the lower portion of the expandable tubular member by the first adjustable expansion
mandrel, displacing the first adjustable expansion mandrel and the second adjustable expansion mandrel
downwardly relative to the expandable tubular member, decreasing the outside dimension of the first
adjustable expansion mandrel and increasing the outside dimension of the second adjustable expansion
mandrel, displacing the second adjustable expansion mandrel upwardly relative to the expandable
tubular member to radially expand and plastically deform portions of the expandable tubular member
above the lower portion of the expandable tubular member, and pressurizing an interior region of the
expandable tubular member above the second adjustable expansion mandrel during the radial expansion
of the portions of the expandable tubular member above the lower portion of the expandable tubular
member by the second adjustable expansion mandrel. The outside dimension of the first adjustable
expansion mandrel is greater than the outside dimension of the second adjustable expansion mandrel.
[0027] According to another aspect of the present invention, a method for forming a mono
diameter wellbore casing is provided that includes positioning first and second adjustable expansion
mandrels within a first expandable tubular member, supporting the first expandable tubular member and
the first and second adjustable expansion mandrels within a borehole, lowering the first adjustable
expansion mandrel out of the first expandable tubular member, increasing the outside dimension of the
first adjustable expansion mandrel, displacing the first adjustable expansion mandrel upwardly relative
to the first expandable tubular member to radially expand and plastically deform a lower portion of the
first expandable tubular member, pressurizing an interior region of the first expandable tubular member
above the first adjustable expansion mandrel during the radial expansion of the lower portion of the first
expandable tubular member by the first adjustable expansion mandrel, displacing the first adjustable
expansion mandrel and the second adjustable expansion mandrel downwardly relative to the first
expandable tubular member, decreasing the outside dimension of the first adjustable expansion mandrel
and increasing the outside dimension of the second adjustable expansion mandrel, displacing the second
adjustable expansion mandrel upwardly relative to the first expandable tubular member to radially
expand and plastically deform portions of the first expandable tubular member above the lower portion
of the expandable tubular member, pressurizing an interior region of the first expandable tubular
member above the second adjustable expansion mandrel during the radial expansion of the portions of
the first expandable tubular member above the lower portion of the first expandable tubular member by
the second adjustable expansion mandrel, positioning first and second adjustable expansion mandrels
within a second expandable tubular member, supporting the first expandable tubular member and the

first and second adjustable expansion mandrels within the borehole in overlapping relation to the first
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expandable tubular member, lowering the first adjustable expansion mandrel out of the second

expandable tubular member, increasing the outside dimension of the first adjustable expansion mandrel,
displacing the first adjustable expansion mandrel upwardly relative to the second expandable tubular
member to radially expand and plastically deform a lower portion of the second expandable tubular
member, pressurizing an interior region of the second expandable tubular member above the first
adjustable expansion mandrel during the radial expansion of the lower portion of the second expandable
tubular member by the first adjustable expansion mandrel, displacing the first adjustable expansion
mandrel and the second adjustable expansion mandrel downwardly relative to the second expandable
tubular member, decreasing the outside dimension of the first adjustable expansion mandrel and
increasing the outside dimension of the second adjustable expansion mandrel, displacing the second
adjustable expansion mandrel upwardly relative to the second expandable tubular member to radially
expand and plastically deform portions of the second expandable tubular member above the lower
portion of the second expandable tubular member, and pressurizing an interior region of the second
expandable tubular member above the second adjustable expansion mandrel during the radial expansion
of the portions of the second expandable tubular member above the lower portion of the second
expandable tubular member by the second adjustable expansion mandrel. The outside dimension of the
first adjustable expansion mandrel is greater than the outside dimension of the second adjustable
expansion mandrel.

10028] According to another aspect of the present invention, an apparatus for radially expanding
and plastically deforming an expandable tubular member is provided that includes a support member, a
locking device coupled to the support member and releasably coupled to the expandable tubular
member, an adjustable expansion mandrel adapted to be controllably expanded to a larger outside
dimension for radial expansion and plastic deformation of the expandable tubular member or collapsed
to a smaller outside dimension; and an actuator coupled to the locking member and the adjustable
expansion mandrel adapted to displace the adjustable expansion mandrel upwardly through the
expandable tubular member to radially expand and plastically deform the expandable tubular member.
[0029] According to another aspect of the present invention, a method for radially expanding and
plastically deforming an expandable tubular member within a borehole is provided that includes
supporting the expandable tubular member, an hydraulic actuator, and an adjustable expansion mandrel
within the borehole, increasing the size of the adjustable expansion mandrel, displacing the adjustable
expansion mandrel upwardly relative to the expandable tubular member using the hydraulic actuator to
radially expand and plastically deform a portion of the expandable tubular member.

[0030] According to another aspect of the present invention, a method for forming a mono
diameter wellbore casing within a borehole that includes a preexisting wellbore casing is provided that
includes supporting the expandable tubular member, an hydraulic sctuator, and an adjustable expansion
mandrel within the borehole, increasing the size of the adjustable expansion mandrel, displacing the

adjustable expansion mandrel upwardly relative to the expandable tubular member using the hydraulic
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actuator to radially expand and plastically deform a portion of the expandable tubular member, and

displacing the adjustable expansion mandrel upwardly relative to the expandable tubular member to
radially expand and plastically deform the remaining portion of the expandable tubular member and a
portion of the preexisting wellbore casing that overlaps with an end of the remaining portion of the
expandable tubular member.

Brief Description of the Drawings
[0031] Fig. 1 is a fragmentary cross-sectional illustration of the placement of an embodiment of an
apparatus for radially expanding and plastically deforming a tubular member within a preexisting
structure.
[0032] Fig. 2 is a fragmentary cross-sectional illustration of apparatus of Fig. 1 after displacing the
adjustable expansion mandrel and the float shoe downwardly out of the end of the expandable tubular
member.
[0033] Fig. 3 is a fragmentary cross-sectional illustration of the apparatus of Fig. 2 after expanding
the adjustable expansion mandrel.
[0034] Fig. 4 is a fragmentary cross-sectional illustration of the apparatus of Fig. 3 after displacing
the adjustable expansion mandrel upwardly to radially expand and plastically deform the expandable
tubular member.
[0035] Fig. 5 is a fragmentary cross-sectional illustration of the apparatus of Fig. 4 after displacing
the actuator, locking device, and tubular support member upwardly relative to the adjustable expansion .
mandrel and the expandable tubular member.
[0036] Fig. 6 is a fragmentary cross-sectional illustration of the apparatus of Fig. 5 after displacing
the adjustable expansion mandrel upwardly to radially expand and plastically deform the expandable
tubular member.
[0037] Fig. 6a is a fragmentary cross-sectional illustration of the apparatus of Fig. 6 that include
one or more cup seals positioned above the adjustable expansion mandrel for defining an annular
pressure chamber above the adj ustable expansion mandrel.
10038} Fig. 7 is a fragmentary cross-sectional illustration of the placement of an embodiment of an
apparatus for drilling a borehole and radially expanding and plastically deforming a tubular member
within the drilled borehole.
[0039] Fig. 8 is a fragmentary cross-sectional illustration of the apparatus of Fig. 7 after pivoting
the drilling elements of the drilling member radially inwardly.
[0040] Fig. 9 is a fragmentary cross-sectional illustration of apparatus of Fig. 8 after displacing the
adjustable expansion mandrel and drilling member downwardly out of the end of the expandable
tubular member.
[0041] Fig. 10 is a fragmentary cross-sectional illustration of the apparatus of Fig. 9 after

expanding the adjustable expansion mandrel.
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[0042] Fig. 11 is a fragmentary cross-sectional illustration of the apparatus of Fig. 10 after

displacing the adjustable expansion mandrel upwardly to radially expand and plastically deform the
expandable tubular member.

[0043] Fig. 12 is a fragmentary cross-sectional illustration of the apparatus of Fig. 11 after
displacing the actuator, locking device, and tubular support member upwardly relative to the adjustable
expansion mandrel and the expandable tubular member.

[0044] Fig. 13 is a fragmentary cross-sectional illustration of the apparatus of Fig. 12 after
displacing the adjustable expansion mandrel upwardly to radially expand and plastically deform the

expandable tubular member.

[0045] Fig. 14 is a fragmentary cross-sectional illustration of the placement of an embodiment of
an apparatus for radially expanding and plastically deforming a tubular member within a preexisting
structure.

[0046] Fig. 15 is a fragmentary cross-sectional illustration of the apparatus of Fig. 14 after
displacing the lower adjustable expansion mandrel and float shoe downwardly out of the end of the
expandable tubular member.

[0047] Fig. 16 is a fragmentary cross-sectional illustration of the apparatus of Fig. 15 after
expanding the lower adjustable expansion mandrel.

[0048] Fig. 17 is a fragmentary cross-sectional illustration of the apparatus of Fig. 16 after
displacing the lower adjustable expansion mandrel upwardly to radially expand and plastically deform

the expandable tubular member.

[0049] Fig. 18 is a fragmentary cross-sectional illustration of the apparatus of Fig. 17 after
displacing the upper and lower adjustable expansion mandrels downwardly relative to the expandable
tubular member.

[0050] Fig. 19 is a fragmentary cross-sectional illustration of the apparatus of Fig. 18 after

collapsing the lower adjustable expansion mandre] and expanding the upper adjustable expansion

mandrel.

[10031] Fig. 20 is a fragmentary cross-sectional illustration of the apparatus of Fig. 19 after
displacing the upper adjustable expansion mandrel upwardly to radially expand and plastically deform
the expandable tubular member.

[0052] Fig. 21 is a fragmentary cross-sectional illustration of the apparatus of Fig. 20 after
displacing the tubular support member, the locking device, and the actuator upwardly relative to the
upper adjustable expansion mandrel and the expandable tubular member.

[0053) Fig. 22 is a fragmentary cross-sectional illustration of the apparatus of Fig. 21 after
displacing the upper adjustable expansion mandrel upwardly to radially expand and plastically deform

the expandable tubular member.

[0054] Fig. 23 is a fragmentary cross-sectional illustration of a mono diameter wellbore casing

formed using one or more of the apparatus of Figs. 1-22.
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[0055] Figs. 24a-24k are fragmentary cross sectional illustrations of the placement of an

exemplary embodiment of an apparatus for radially expanding and plastically deforming a tubular
member within a wellbore that traverses a subterranean formation.

[0056] Fig. 25a-25f are fragmentary cross sectional and perspective illustrations of the expansion

cone assembly of the apparatus of Figs. 24a-24k.
[0057] Fig. 25g is a perspective illustration of a float shoe locking dog.

[0058] Fig. 25h is a fragmentary cross sectional illustration of the design and operation of the

casing gripper locking dogs.
[00359] Figs. 26a-26k are fragmentary cross sectional illustrations of the apparatus of Figs. 24a-24k

after expanding the expansion cone assembly.

[0060] Figs. 27a-27b are a fragmentary cross sectional and perspective illustrations of the

expansion cone assembly of the apparatus of Figs. 26a-26k.

[0061] Figs. 28a-28j are fragmentary cross sectional illustrations of the apparatus of Figs. 26a-26k
during the upward displacement of the expansion cone assembly by the actuators to radially expand and

plastically deform a portion of the casing.

[0062] Figs. 29a-29m are fragmentary cross sectional illustrations of the apparatus of Figs. 28a-28;

after the collapse of the expansion cone assembly.

[0063] Fig. 30a-30c are fragmentary cross sectional illustrations of the process for collapsing the
expansion cone assembly of the apparatus of Figs. 29a-29m. |
[0064] Figs. 31a-31n are fragmentary cross sectional illustrations of the apparatus of Figs. 29a-

29m after the plastic deformation and radial expansion of the sealing sleeve and the disengagement of

the casing from the locking dogs of the casing lock assembly.

[0065] Figs. 32a-32k are fragmentary cross sectional illustrations of the apparatus of Figs. 31a-31n

after setting down the apparatus onto the bottom of the wellbore to open the bypass valve in the shoe

and expand the expansion cone assembly.

[0066] Figs. 33a-33p are fragmentary cross sectional illustrations of the apparatus of Figs. 32a-32k
during the radial expansion and plastic deformation of the casing.

[0067] Figs. 34a-341 are fragmentary cross sectional illustrations of the apparatus of Figs. 33a-33p
during the radial expansion and plastic deformation of a portion of the casing that overlaps within a

preexisting wellbore casing within the wellbore.

[0068] Figs. 35a-35] are fragmentary cross sectional illustrations of the apparatus of Figs. 28a-28j
during the emergency collapse of the expansion cone assembly.
[0069] Figs. 36a-36b are fragmentary cross sectional illustrations of several exemplary

embodiments of the operation of the pressure balance piston.
Detailed Description of the Illustrative Embodiments
[0070] Referring to Fig. 1, an exemplary embodiment of an apparatus 10 for radially expanding

and plastically deforming a tubular member 12 includes a tubular support member 14 that extends into
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the tubular member that is coupled to an end of a locking device 16 for controllably engaging the

tubular member. Another end of the locking device 16 is coupled to a tubular support member 18 that
is coupled to an end of an actuator 20. Another end of the actuator 20 is coupled to a tubular support
member 22 that is coupled to an end of an adjustable expansion mandrel 24 for radially expanding and
plastically deforming the tubular member 12. Another end of the adjustable expansion mandrel 24 1s
coupled to a tubular support member 26 that 1s coupled to an end of a float shoe 28 that mates with and
is at least partially received within a lower end of the tubular member 12. In an exemplary
embodiment, the locking device 16, the tubular support member 18, the actuator 20, the tubular support
member 22, the adjustable expansion mandrel 24, and the tubular support member 26 are positioned
within the tubular member 12.

[0071] In an exemplary embodiment, the tubular member 12 includes one or more solid and/or
slotted tubular members, and one or more of the solici and/or slotted tubular members include resilient
sealing members coupled to the exterior surfaces of the solid and/or slotted tubular members for
engaging the wellbore 30 and/or one or more preexisting wellbore casings coupled to the wellbore. In
an exemplary embodiment, the tubular support members, 14, 18, 22, and 26 define corresponding

passages, that may or may not be valveable, for conveying fluidic materials into and/or through the

apparatus 10.

[0072] In an exemplary embodiment, the locking device 16 includes one or more conventional
controllable locking devices such as, for example, slips and/or dogs for controllably engaging the
tubular member 12. In an exemplary embodiment, the locking device 16 is controlled by injecting

fluidic materials into the locking device.

[0073] In an exemplary embodiment, the actuator 20 1s a conventional actuator that is adapted to
displaced the adjustable expansion mandrel 24 and float shoe 28 upwardly or downwardly relative to
the actuator.

[0074] In an exemplary embodiment, the adjustable expansion mandrel 24 is a conventional
adjustable expansion mandrel that may be expanded to a larger outside dimension or collapsed to a
smaller outside dimension and includes external surfaces for engaging the tubular member 12 to
thereby radially expand and plastically deform the tubular member when the adjustable expansion
mandrel is expanded to the larger outside dimension. In an alternative embodiment, the adjustable
expansion mandrel 24 may include a rotary adjustable expansion device such as, for example, the
commercially available rotary expansion devices of Weatherford International, Inc. In several
Jlternative embodiments, the cross sectional profile of the adjustable expansion mandrel 24 for radial
expansion operations may, for example, be an n-sided shape, where n may vary from 2 to infinity, and
the side shapes may include straight line segments, arcuate segments, parabolic segments, and/or
hyperbolic segments. In several alternative embodiments, the cross sectional profile of the adjustable
expansion mandrel 24 may, for example, be circular, oval, elliptical, and/or multifaceted.

[0073] In an exemplary embodiment, the float shoe 28 is a conventional float shoe.

15



CA 02467381 2004-05-12

WO 03/042487 PCT/US02/36267
[0076] In an exemplary embodiment, the apparatus 10 is positioned within a preexisting structure

30 such as, for example, a wellbore that traverses a subterranean formation 32. The wellbore 30 may
have any orientation from vertical to horizontal. In several exemplary embodiments, the wellbore 30
may include one or more preexisting solid and/or slotted and/or perforated wellbore casings that may or
may not overlap with one another within the wellbore.

[0077] As illustrated in Fig. 2, the adjustable expansion mandrel 24 and the float shoe 28 are then
displaced downwardly out of the tubular member 12 by the actuator 20. During the downward
displacement of the adjustable expansion mandre] 24 and the float shoe 28 out of the tubular member
12, the tubular member is maintained in a stationary position relative to the tubular support member 14
by the locking device 16.

[0078] As illustrated in Fig. 3, the adjustable expansion mandrel 24 is then expanded to the larger
dimension. In several alternative embodiments, the adjustable expansion mandrel 24 may be expanded
to the larger dimension by, for example, injecting a fluidic material into the adjustable expansion
mandrel and/or by impacting the float shoe 28 on the bottom of the wellbore 30. After expanding the
adjustable expansion mandrel 24 to the larger dimension, expansion surfaces 24a are defined on the
adjustable expansion mandrel that may include, for example, conical, spherical, elliptical, and/or
hyperbolic surfaces for radially expanding and plastically deforming the tubular member 12. In an
exemplary embodiment, the expansion surfaces 24a also include means for lubricating the interface
between the expansion surfaces and the tubular member 12 during the radial expansion and plastic
deformation of the tubular member.

[0079] As illustrated in Fig. 4, the adjustable expansion mandrel 24 is then displaced upwardly by
the actuator 20 to thereby radially expand and plastically deform a portion of the tubular member 12. In
an exemplary embodiment, during the upward displacement of the adjustable expansion mandrel 24, the
tubular member 12 is maintained in a stationary position relative to the tubular support member 14 by

- the locking device 16. In an exemplary embodiment, the tubular member 12 is radially expanded and
plastically deformed into engagement with the wellbore 30 and/or one or more preexisting wellbore
casings coupled to the wellbore 30. In an exemplary embodiment, the interface between the expansion
surfaces 24a of the adjustable expansion mandrel 24 and the tubular member 12 is not fluid tight n
order to facilitate the lubrication of the interface between the expansion surface of the adjustable
expansion mandrel and the tubular member.

[0080] As illustrated in Fig. 5, the locking device 16 is then disengaged from the tubular member
12, and the tubular member 12 is supported by the adjustable expansion mandrel 24. The tubular
support member 14, the locking device 16, the tubular support member 18, and the actuator 20 are then
displaced upwardly relative to the adjustable expansion mandrel 24.

[0081] As illustrated in Fig. 6, the locking device 16 then engages the tubular member 12 to

maintain the tubular member in a stationary position relative to the tubular support member 14, and the
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adjustable expansion mandrel 24 is displaced upwardly relative by the actuator 20 to radially expand

and plastically deform another portion of the tubular member.

[0082] In an exemplary embodiment, the operations of Figs. 5 and 6 are then repeated until the
entire length of the tubular member 12 is radially expanded and plastically deformed by the adjustable
expansion mandrel 24. In several alternative embodiments, the adjustable expansion mandrel 24 may
be collapsed to the smaller dimension prior to the further, or complete, radial expansion and plastic
deformation of the tubular member 12.

[0083] In several alternative embodiments, as illustrated in Fig. 6a, the apparatus 10 further
includes one or more cup seals 34 that are coupled to the tubular support member 22 and engage the
tubular member 12 to define an annular chamber 36 above the adjustable expansion cone 24, and fluidic
materials 38 are injected into the tubular member 12 through passages defined within the tubular
support member 14, the locking device 16, the tubular support member 18, the actuator 20, the tubular
support member 22, the adjustable expansion mandrel 24, the tubular support member 26, and the float
shoe 28 to thereby pressurize the annular chamber 36. In this manner, the resulting pressure differential
created across the cup seals 34 causes the cup seals to pull the adjustable expansion mandrel 24
upwardly to radially expand and plastically deform the tubular member 12. In several alternative
embodiments, the injection of the fluidic material 38 into the tubular member 12 is provided 1n
combination with, or in the alternative to, the upward displacement of the expansion mandrel 24 by the
actuator 20. In several alternative embodiments, during the injection of the fluidic material 38, the
locking device 16 is disengaged from the tubular member 12.

[0084] Referring to Fig. 7, an alternative embodiment of an apparatus 100 for radially expanding
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