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(57) ABSTRACT 

A tubular member is expanded by pressurizing an interior 
region Within the tubular member. 
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EXPANDING A TUBULAR MEMBER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of US. utility patent 
application Ser. No. 10/ 169,434, attorney docket no. 
257911004, ?led on Feb. 18, 2003, Which Was the National 
Stage of PCT application Ser. No. PCT/US01/04753, attor 
ney docket no. 257911002, ?led on Feb. 14, 2001, Which 
claimed the bene?t of the ?ling date of US. provisional 
patent application No. 60/ 183,546, attorney docket no. 
25791.10, ?led on Feb. 18, 2000, Which Was a continuation 
in-part of US. Ser. No. 09/559,122, attorney docket number 
257912302, ?led on Apr. 26, 2000, Which claimed the 
bene?t of the ?ling date of US. provisional patent applica 
tion No. 60/131,106, ?led on Apr. 26, 1999, Which Was a 
continuation-in-part of US. patent application Ser. No. 
09/523,460, attorney docket number 257911102, ?led on 
Mar. 10, 2000, Which claimed the bene?t of the ?ling date 
of US. provisional patent application No. 60/124,042, ?led 
on Mar. 11, 1999, Which Was a continuation-in-part of US. 
patent application Ser. No. 09/ 510,913, attorney docket 
number 25791.7.02, Which claimed the bene?t of the ?ling 
date of US. provisional patent application No. 60/ 121,702, 
?led on Feb. 25, 1999, Which Was a continuation-in-part of 
US. patent application Ser. No. 09/ 502,350, attorney docket 
number 25791.8.02, ?led on Feb. 10, 2000, Which claimed 
the bene?t of the ?ling date of US. provisional patent 
application No. 60/ 119,611, attorney docket number 
25791.8, ?led on Feb. 11, 1999, Which Was a continuation 
in-part of US. patent application Ser. No. 09/454,139, 
attorney docket number 25791.3.02, ?led on Dec. 3, 1999, 
Which claimed the bene?t of the ?ling date of US. provi 
sional patent application No. 60/111,293, ?led on Dec. 12, 7, 
1 998. 

[0002] The present application is related to the following 
US. patent applications: (1) utility patent application Ser. 
No. 09/440,338, attorney docket number 25791.9.02, ?led 
on Nov. 15, 1999, Which claimed the bene?t of the ?ling date 
of provisional patent application No. 60/ 108,558, attorney 
docket number 25791.9, ?led on Nov. 16, 1998; (2) utility 
patent application Ser. No. 09/454,139, attorney docket 
number 25791.3.02, ?led on Dec. 3, 1999, Which claimed 
the bene?t of the ?ling date of provisional patent application 
No. 60/111,293, attorney docket number 25791.3, ?led on 
Dec. 7, 1998; (3) utility patent application Ser. No. 09/502, 
350, attorney docket number 25791.8.02, ?led on Feb. 10, 
2000, Which claimed the bene?t of the ?ling date of provi 
sional patent application No. 60/ 119,611, attorney docket 
number 25791.8, ?led on Feb. 11, 1999; (4) provisional 
patent application No. 60/ 121 702, attorney docket number 
25791.7, ?led on Feb. 25, 1999; (5) provisional patent No. 
application No. 60/ 121,841, attorney docket number 
25791.12, ?led on Feb. 26, 1999; (6) provisional patent 
application No. 60/ 121,907, attorney docket number 
25791.16, ?led on Feb. 26, 1999; (7) provisional patent 
application No. 60/ 124,042, attorney docket number 
25791.11, ?led on Mar. 11, 1999; (8) provisional patent 
application No. 60/ 131,106, attorney docket number 
25791.23, ?led on Mar. 26, 1999; (9) provisional patent 
application No. 60/ 137,998, attorney docket number 
25791.17, ?led on Jun. 7, 1999; (10) provisional patent 
application No. 60/ 143,039, attorney docket number 
25791.26, ?led on Jul. 9, 1999; (11) provisional patent 
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application No. 60/ 146,203, attorney docket number 
25791.25, ?led on Jul. 29, 1999; (12) provisional patent 
application No. 60/ 154,047, attorney docket number 
25791.29, ?led on Sep. 16, 1999; (13) provisional patent 
application No. 60/ 159,082, attorney docket number 
25791.34, ?led on Oct. 12, 1999; (14) provisional patent 
application No. 60/ 159,039, attorney docket number 
25791.36, ?led on Oct. 12, 1999; (13) provisional patent 
application No. 60/ 159,033, attorney docket number 
25791.37, ?led on Oct. 12, 1999; (15) provisional patent 
application No. 60/ 162,671, attorney docket number 
25791.27, ?led on Nov. 1, 1999, the disclosures ofWhich are 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0003] This invention relates generally to Wellbore cas 
ings, and in particular to Wellbore casings that are formed 
using expandable tubing. 
[0004] The present invention is directed to overcoming 
one or more of the limitations of the existing procedures for 
forming Wellbores and Wellheads. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] FIG. 1a is a fragmentary cross-section illustration 
of an embodiment of an apparatus and method for expanding 
tubular members. 

[0006] FIG. 1b is another fragmentary cross-sectional 
illustration of the apparatus of FIG. 1a. 

[0007] FIG. 10 is another fragmentary cross-sectional 
illustration of the apparatus of FIG. 1a. 

[0008] FIG. 2a is a fragmentary cross-section illustration 
of an embodiment of an apparatus and method for expanding 
tubular members. 

[0009] FIG. 2b is another fragmentary cross-sectional 
illustration of the apparatus of FIG. 2a. 

[0010] FIG. 20 is another fragmentary cross-sectional 
illustration of the apparatus of FIG. 2a. 

[0011] FIG. 2d is another fragmentary cross-sectional 
illustration of the apparatus of FIG. 2a. 

[0012] FIG. 2e is another fragmentary cross-sectional 
illustration of the apparatus of FIG. 2a. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATION EMBODIMENTS 

[0013] Referring noW to FIGS. 1a, 1b and 10, an apparatus 
100 for expanding a tubular member Will be described. In a 
preferred embodiment, the apparatus 100 includes a support 
member 105, a packer 110, a ?rst?uid conduit 115, an 
annular ?uid passage 120, ?uid inlets 125, an annular seal 
130, a second ?uid conduit 135, a ?uid passage 140, a 
mandrel 145, a mandrel launcher 150, a tubular member 
155, slips 160, and seals 165. In a preferred embodiment, the 
apparatus 100 is used to radially expand the tubular member 
155. In this manner, the apparatus 100 may be used to form 
a Wellbore casing, line a Wellbore casing, form a pipeline, 
line a pipeline, form a structural support member, or repair 
a Wellbore casing, pipeline or structural support member. In 
a preferred embodiment, the apparatus 100 is used to clad at 
least a portion of the tubular member 155 onto a preexisting 
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tubular member. The support member 105 is preferably 
coupled to the packer 110 and the mandrel launcher 150. The 
support member 105 preferably is a tubular member fabri 
cated from any number of conventional commercially avail 
able materials such as, for example, oil?eld country tubular 
goods, loW alloy steel, carbon steel, or stainless steel. The 
support member 105 is preferably selected to ?t through a 
preexisting section of Wellbore casing 170. In this manner, 
the apparatus 100 may be positioned Within the Wellbore 
casing 170. In a preferred embodiment, the support member 
105 is releasably coupled to the mandrel launcher 150. In 
this manner, the support member 105 may be decoupled 
from the mandrel launcher 150 upon the completion of an 
extrusion operation. 

[0014] The packer 110 is coupled to the support member 
105 and the ?rst ?uid conduit 115. The packer 110 preferably 
provides a ?uid seal betWeen the outside surface of the ?rst 
?uid conduit 115 and the inside surface of the support 
member 105. In this manner, the packer 110 preferably seals 
off and, in combination With the support member 105, ?rst 
?uid conduit 115, second ?uid conduit 135, and mandrel 
145, de?nes an annular chamber 175. The packer 110 may 
be any number of conventional commercially available 
packers modi?ed in accordance With the teachings of the 
present disclosure. In a preferred embodiment, the packer 
110 is an RTTS packer available from Halliburton Energy 
Services in order to optimally provide high load and pres 
sure containment capacity While also alloWing the packer to 
be set and unset multiple times Without having to pull the 
packer out of the Wellbore. 

[0015] The ?rst ?uid conduit 115 is coupled to the packer 
110 and the annular seal 130. The ?rst ?uid conduit 115 
preferably is an annular member fabricated from any num 
ber of conventional commercially available materials such 
as, for example, oil?eld country tubular goods, loW alloy 
steel, carbon steel, or stainless steel. In a preferred embodi 
ment, the ?rst ?uid conduit 115 includes one or more ?uid 
inlets 125 for conveying ?uidic materials from the annular 
?uid passage 120 into the chamber 175. 

[0016] The annular ?uid passage 120 is de?ned by and 
positioned betWeen the interior surface of the ?rst ?uid 
conduit 115 and the interior surface of the second ?uid 
conduit 135. The annular ?uid passage 120 is preferably 
adapted to convey ?uidic materials such as cement, Water, 
epoxy, lubricants, and slag mix at operating pressures and 
?oW rates ranging from about 0 to 3,000 gallons/minute and 
0 to 9,000 psi in order to optimally provide ?oW rates and 
operational pressures for the radial expansion process. 

[0017] The ?uid inlets 125 are positioned in an end portion 
of the ?rst ?uid conduit 115. The ?uid inlets 125 preferably 
are adapted to convey ?uidic materials such as cement, 
Water, epoxy, lubricants, and slag mix at operating pressures 
and ?oW rates ranging from about 0 to 9,000 psi and 0 to 
3,000 gallons/minute in order to optimally provide ?oW 
rates and operational pressures for the radial expansion 
process. 

[0018] The annular seal 130 is coupled to the ?rst ?uid 
conduit 115 and the second ?uid conduit 135. The annular 
seal 130 preferably provides a ?uid seat betWeen the interior 
surface of the ?rst ?uid conduit 115 and the exterior surface 
of the second ?uid conduit 135. The annular seal 130 
preferably provides a ?uid seal betWeen the interior surface 
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of the ?rst ?uid conduit 115 and the exterior surface of the 
second ?uid conduit 135 during relative axial motion of the 
?rst ?uid conduit 115 and the second ?uid conduit 135. The 
annular seal 130 may be any number of conventional 
commercially available seals such as, for example, O-rings, 
polypak seals, or metal spring energiZed seals. In a preferred 
embodiment, the annular seal 130 is a polypak seal available 
from Parker Seals. 

[0019] The second ?uid conduit 135 is coupled to the 
annular seal 130 and the mandrel 145. The second ?uid 
conduit preferably is a tubular member fabricated from any 
number of conventional commercially available materials 
such as, for example, coiled tubing, oil?eld country tubular 
goods, loW alloy steel, stainless steel, or loW carbon steel. In 
a preferred embodiment, the second ?uid conduit 135 is 
adapted to convey ?uidic materials such as cement, Water, 
epoxy, lubricants, and slag mix at operating pressures and 
?oW rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute in order to optimally provide ?oW rates and 
operational pressures for the radial expansion process. 

[0020] The ?uid passage 140 is coupled to the second ?uid 
conduit 135 and the mandrel 145. In a preferred embodi 
ment, the ?uid passage 140 is adapted to convey ?uidic 
materials such as cement, Water, epoxy, lubricants, and slag 
mix at operating pressures and ?oW rates ranging from about 
0 to 9,000 psi and 0 to 3,000 gallons/minute in order to 
optimally provide ?oW rates and operational pressures for 
the radial expansion process. 

[0021] The mandrel 145 is coupled to the second ?uid 
conduit 135 and the mandrel launcher 150. The mandrel 145 
preferably are an annular member having a conic section 
fabricated from any number of conventional commercially 
available materials such as, for example, machine tool steel, 
ceramics, tungsten carbide, titanium or other high strength 
alloys. In a preferred embodiment, the angle of the conic 
section of the mandrel 145 ranges from about 0 to 30 degrees 
in order to optimally expand the mandrel launcher 150 and 
tubular member 155 in the radial direction. In a preferred 
embodiment, the surface of the conic section ranges from 
about 58 to 62 Rockwell C in order to optimally provide 
high yield strength. In a preferred embodiment, the expan 
sion cone 145 is heat treated in order to optimally provide a 
hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture tough 
ness. In an alternative embodiment, the mandrel 145 is 
expandible in order to further optimally augment the radial 
expansion process. 
[0022] The mandrel launcher 150 is coupled to the support 
member 105, the mandrel 145, and the tubular member 155. 
The mandrel launcher 150 preferably are a tubular member 
having a variable cross-section and a reduced Wall thickness 
in order to facilitate the radial expansion process. In a 
preferred embodiment, the cross-sectional area of the man 
drel launcher 150 at one end is adapted to mate With the 
mandrel 145, and at the other end, the cross-sectional area of 
the mandrel launcher 150 is adapted to match the cross 
sectional area of the tubular member 155. In a preferred 
embodiment, the Wall thickness of the mandrel launcher 150 
ranges from about 50 to 100% of the Wall thickness of the 
tubular member 155 in order to facilitate the initiation of the 
radial expansion process, 

[0023] The mandrel launcher 150 may be fabricated from 
any number of conventional commercially available mate 
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rials such as, for example, oil?eld country tubular goods, 
loW alloW steel, stainless steel, or carbon steel. In a preferred 
embodiment the mandrel launcher 150 is fabricated from 
oil?eld country tubular goods having higher strength but 
loWer Wall thickness than the tubular member 155 in order 
to optimally match the burst strength of the tubular member 
155. In a preferred embodiment, the mandrel launcher 150 
is removably coupled to the tubular member 155. In this 
manner, the mandrel launcher 150 may be removed from the 
Wellbore 180 upon the completion of an extrusion operation. 

[0024] In an alternative embodiment, the support member 
105 and the mandrel launcher 150 are integrally formed. In 
this alternative embodiment, the support member 105 pref 
erably terminates above the top of the packer 110. In this 
alternative embodiment, the ?uid conduits 115 and/or 135 
provide structural support for the apparatus 100, using the 
packer 110 to couple together the elements of the apparatus 
100. In this alternative embodiment, in a preferred embodi 
ment, during the radial expansion process, the packer 110 
may be unset and reset, after the slips 160 have anchored the 
tubular member 155 to the previous casing 170, Within the 
tubular member 155, betWeen radial expansion operations. 
In this manner, the packer 110 is moved doWnhole and the 
apparatus 100 is re-stroked. 

[0025] The tubular member 155 is coupled to the mandrel 
launcher, the slips 160 and the seals 165. The tubular 
member 155 preferably is a tubular member fabricated from 
any number of conventional commercially available mate 
rials such as, for example, loW alloy steel, carbon steel, 
stainless steel, or oil?eld country tubular goods. In a pre 
ferred embodiment, the tubular member 155 is fabricated 
from oil?eld country tubular goods. 

[0026] The slips 160 are coupled to the outside surface of 
the tubular member 155. The slips 160 preferably are 
adapted to couple to the interior Walls of a casing, pipeline 
or other structure upon the radial expansion of the tubular 
member 155. In this manner, the slips 160 provide structural 
support for the expanded tubular member 155. The slips 160 
may be any number of conventional commercially available 
slips such as, for example, RTTS packer tungsten carbide 
slips, RTTS packer Wicker type mechanical slips or Model 
3L retrievable bridge plug tungsten carbide upper mechani 
cal slips. In a preferred embodiment, the slips 160 are RTTS 
packer tungsten carbide mechanical slips available from 
Halliburton Energy Services. In a preferred embodiment, the 
slips 160 are adapted to support axial forces ranging from 
about 0 to 750,000 lbf. 

[0027] The seals 165 are coupled to the outside surface of 
the tubular member 155. The seals 165 preferably provide a 
?uidic seal betWeen the outside surface of the expanded 
tubular member 155 and the interior Walls of a casing, 
pipeline or other structure upon the radial expansion of the 
tubular member 155. In this manner, the seals 165 provide 
a ?uidic seal for the expanded tubular member 155. The 
seals 165 may be any number of conventional commercially 
available seals such as, for example, nitrile rubber, lead, 
A?as rubber, Te?on, epoxy, or other elastomers. In a pre 
ferred embodiment, the seals 165 are rubber seals available 
from numerous commercial vendors in order to optimally 
provide pressure sealing and load bearing capacity. 

[0028] During operation of the apparatus 100, the appa 
ratus 100 is preferably loWered into a Wellbore 180 having 
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a preexisting section of Wellbore casing 170. In a preferred 
embodiment, the apparatus 100 is positioned With at least a 
portion of the tubular member 155 overlapping With a 
portion of the Wellbore casing 170. In this manner, the radial 
expansion of the tubular member 155 Will preferably cause 
the outside surface of the expanded tubular member 155 to 
couple With the inside surface of the Wellbore casing 170. In 
a preferred embodiment, the radial expansion of the tubular 
member 155 Will also cause the slips 160 and seals 165 to 
engage With the interior surface of the Wellbore casing 170. 
In this manner, the expanded tubular member 155 is pro 
vided With enhanced structural support by the slips 160 and 
an enhanced ?uid seal by the seals 165. 

[0029] As illustrated in FIG. 1b, after placement of the 
apparatus 100 in an overlapping relationship With the Well 
bore casing 170, a ?uidic material 185 is preferably pumped 
into the chamber 175 using the ?uid passage 120 and the 
inlet passages 125. In a preferred embodiment, the ?uidic 
material is pumped into the chamber 175 at operating 
pressures and ?oW rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 gallons/minute in order to optimally provide 
?oW rates and operational pressures for the radial expansion 
process. The pumped ?uidic material 185 increase the 
operating pressure Within the chamber 175. The increased 
operating pressure in the chamber 175 then causes the 
mandrel 145 to extrude the mandrel launcher 150 and 
tubular member 155 off of the face of the mandrel 145. The 
extrusion of the mandrel launcher 150 and tubular member 
155 off of the face of the mandrel 145 causes the mandrel 
launcher 150 and tubular member 155 to expand in the radial 
direction. Continued pumping of the ?uidic material 185 
preferably causes the entire length of the tubular member 
155 to expand in the radial direction. 

[0030] In a preferred embodiment, the pumping rate and 
pressure of the ?uidic material 185 is reduced during the 
latter stages of the extrusion process in order to minimiZe 
shock to the apparatus 100. In a preferred embodiment, the 
apparatus 100 includes shock absorbers for absorbing the 
shock caused by the completion of the extrusion process. 

[0031] In a preferred embodiment, the extrusion process 
causes the mandrel 145 to move in an axial direction 185. 

During the axial movement of the mandrel, in a preferred 
embodiment, the ?uid passage 140 conveys ?uidic material 
190 displaced by the moving mandrel 145 out of the 
Wellbore 180. In this manner, the operational e?iciency and 
speed of the extrusion process is enhanced. 

[0032] In a preferred embodiment, the extrusion process 
includes the injection of a hardenable ?uidic material into 
the annular region betWeen the tubular member 155 and the 
bore hole 180. In this manner, a hardened sealing layer is 
provided betWeen the expanded tubular member 155 and the 
interior Walls of the Wellbore 180. 

[0033] As illustrated in FIG. 10, in a preferred embodi 
ment, upon the completion of the extrusion process, the 
support member 105, packer 110, ?rst ?uid conduit 115, 
annular seal 130, second ?uid conduit 135, mandrel 145, and 
mandrel launcher 150 are moved from the Wellbore 180. 

[0034] In an alternative embodiment, the apparatus 100 is 
used to repair a preexisting Wellbore casing or pipeline. In 
this alternative embodiment, both ends of the tubular mem 
ber 155 preferably include slips 160 and seals 165. 
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[0035] In an alternative embodiment, the apparatus 100 is 
used to form a tubular structural support for a building or 
o?fshore structure. 

[0036] Referring noW to FIGS. 2a, 2b, 2c, 2d, and 2e, an 
apparatus 200 for expanding a tubular member Will be 
described. In a preferred embodiment, the apparatus 200 
includes a support member 205, a mandrel launcher 210, a 
mandrel 215, a ?rst ?uid passage 220, a tubular member 
225, slips 230, seals 235, a shoe 240, and a second ?uid 
passage 245. In a preferred embodiment, the apparatus 200 
is used to radially expand the mandrel launcher 210 and 
tubular member 225. In this manner, the apparatus 200 may 
be used to form a Wellbore casing, line a Wellbore casing, 
form a pipeline, line a pipeline, form a structural support 
member, or repair a Wellbore casing, pipeline or structural 
support member. In a preferred embodiment, the apparatus 
200 is used to clad at least a portion of the tubular member 
225 onto a preexisting structural member. 

[0037] The support member 205 is preferably coupled to 
the mandrel launcher 210. The support member 205 prefer 
ably is a tubular member fabricated from any number of 
conventional commercially available materials such as, for 
example, oil?eld country tubular goods, loW alloy steel, 
carbon steel, or stainless steel. The support member 205, the 
mandrel launcher 210, the tubular member 225, and the shoe 
240 are preferably selected to ?t through a preexisting 
section of Wellbore casing 250. In this manner, the apparatus 
200 may be positioned Within the Wellbore casing 270. In a 
preferred embodiment, the support member 205 is releas 
ably coupled to the mandrel launcher 210. In this manner, 
the support member 205 may be decoupled from the man 
drel launcher 210 upon the completion of an extrusion 
operation. 
[0038] The mandrel launcher 210 is coupled to the support 
member 205 and the tubular member 225. The mandrel 
launcher 210 preferably are a tubular member having a 
variable cross-section and a reduced Wall thickness in order 
to facilitate the radial expansion process. In a preferred 
embodiment, the cross-sectional area of the mandrel 
launcher 210 at one end is adapted to mate With the mandrel 
215, and at the other end, the cross-sectional area of the 
mandrel launcher 210 is adapted to match the cross-sectional 
area of the tubular member 225. In a preferred embodiment, 
the Wall thickness of the mandrel launcher 210 ranges from 
about 50 to 100% of the Wall thickness of the tubular 
member 225 in order to facilitate the initiation of the radial 
expansion process. 

[0039] The mandrel launcher 210 may be fabricated from 
any number of conventional commercially available mate 
rials such as, for example, oil?eld country tubular goods, 
loW alloW steel, stainless steel, or carbon steel. In a preferred 
embodiment, the mandrel launcher 210 is fabricated from 
oil?eld country tubular goods having higher strength but 
loWer Wall thickness than the tubular member 225 in order 
to optimally match the burst strength of the tubular member 
225. In a preferred embodiment, the mandrel launcher 210 
is removably coupled to the tubular member 225. In this 
manner, the mandrel launcher 210 may be removed from the 
Wellbore 260 upon the completion of an extrusion operation. 

[0040] The mandrel 215 is coupled to the mandrel 
launcher 210. The mandrel 215 preferably are an annular 
member having a conic section fabricated from any number 
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of conventional commercially available materials such as, 
for example, machine tool steel, ceramics, tungsten carbide, 
titanium or other high strength alloys. In a preferred embodi 
ment, the angle of the conic section of the mandrel 215 
ranges from about 0 to 30 degrees in order to optimally 
expand the mandrel launcher 210 and the tubular member 
225 in the radial direction. In a preferred embodiment, the 
surface of the conic section ranges from about 58 to 62 
RockWell C in order to optimally provide high yield 
strength. In a preferred embodiment, the expansion cone 215 
is heat treated in order to optimally provide a hard outer 
surface and a resilient interior body in order to optimally 
provide abrasion resistance and fracture toughness. In an 
alternative embodiment, the mandrel 215 is expandible in 
order to further optimally augment the radial expansion 
process. 

[0041] The ?uid passage 220 is positioned Within the 
mandrel 215. The ?uid passage 220 is preferably adapted to 
convey ?uidic materials such as cement, Water, epoxy, 
lubricants, and slag mix at operating pressures and ?oW rates 
ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/ 
minute in order to optimally provide ?oW rates and opera 
tional pressures for the radial expansion process. The ?uid 
passage 220 preferably includes an inlet 265 adapted to 
receive a plug, or other similar device. In this manner, the 
interior chamber 270 above the mandrel 215 may be ?uid 
icly isolated from the interior chamber 275 beloW the 
mandrel 215. 

[0042] The tubular member 225 is coupled to the mandrel 
launcher 210, the slips 230 and the seals 235. The tubular 
member 225 preferably is a tubular member fabricated from 
any number of conventional commercially available mate 
rials such as, for example, loW alloy steel, carbon steel, 
stainless steel, or oil?eld country tubular goods. In a pre 
ferred embodiment, the tubular member 225 is fabricated 
from oil?eld country tubular goods. 

[0043] The slips 230 are coupled to the outside surface of 
the tubular member 225. The slips 230 preferably are 
adapted to couple to the interior Walls of a casing, pipeline 
or other structure upon the radial expansion of the tubular 
member 225. In this manner, the slips 230 provide structural 
support for the expanded tubular member 225. The slips 230 
may be any number of conventional commercially available 
slips such as, for example, RTTS packer tungsten carbide 
mechanical slips, RTTS packer Wicker type mechanical 
slips, or Model 3L retrievable bridge plug tungsten carbide 
upper mechanical slips. In a preferred embodiment, the slips 
230 are adapted to support axial forces ranging from about 
0 to 750,000 lbf. The seals 235 are coupled to the outside 
surface of the tubular member 225. The seals 235 preferably 
provide a ?uidic seal betWeen the outside surface of the 
expanded tubular member 225 and the interior Walls of a 
casing, pipeline or other structure upon the radial expansion 
of the tubular member 225. In this manner, the seals 235 
provide a ?uidic seal for the expanded tubular member 225. 
The seals 235 may be any number of conventional commer 
cially available seals such as, for example, nitrile rubber, 
lead, A?as rubber, Te?on, epoxy or other elastomers. In a 
preferred embodiment, the seals 235 are conventional rubber 
seals available from various commercial vendors in order to 
optimally provide pressure sealing and load bearing capac 
ity. 
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[0044] The shoe 240 is coupled to the tubular member 
225. The shoe 240 preferably is a substantially tubular 
member having a ?uid passage 245 for conveying ?uidic 
materials from the chamber 275 to the annular region 270 
outside of the apparatus 200. The shoe 240 may be any 
number of conventional commercially available shoes such 
as, for example, a Super Seal II ?oat shoe, a Super Seal II 
DoWn-Jet ?oat shoe, or a guide shoe With a sealing sleeve for 
a latch doWn plug modi?ed in accordance With the teachings 
of the present disclosure. In a preferred embodiment, the 
shoe 240 is an aluminum doWn-j et guide shoe With a sealing 
sleeve for a latch doWn plug, available from Halliburton 
Energy Services, modi?ed in accordance With the teachings 
of the present disclosure, in order to optimally guide the 
tubular member 225 in the Wellbore, optimally provide a 
?uidic seal betWeen the interior and exterior diameters of the 
overlapping joint betWeen the tubular members, and opti 
mally facilitate the complete drilling out of the shoe and plug 
upon the completion of the cementing and radial expansion 
operations. 

[0045] During operation of the apparatus 200, the appa 
ratus 200 is preferably loWered into a Wellbore 260 having 
a preexisting section of Wellbore casing 275. In a preferred 
embodiment, the apparatus 200 is positioned With at least a 
portion of the tubular member 225 overlapping With a 
portion of the Wellbore casing 275. In this manner, the radial 
expansion of the tubular member 225 Will preferably cause 
the outside surface of the expanded tubular member 225 to 
couple With the inside surface of the Wellbore casing 275. In 
a preferred embodiment, the radial expansion of the tubular 
member 225 Will also cause the slips 230 and seals 235 to 
engage With the interior surface of the Wellbore casing 275. 
In this manner, the expanded tubular member 225 is pro 
vided With enhanced structural support by the slips 230 and 
an enhanced ?uid seal by the seals 235. 

[0046] As illustrated in FIG. 2b, after placement of the 
apparatus 200 in an overlapping relationship With the Well 
bore casing 275, a ?uidic material 280 is preferably pumped 
into the chamber 270. The ?uidic material 280 then passes 
through the ?uid passage 220 into the chamber 275. The 
?uidic material 280 then passes out of the chamber 275, 
through the ?uid passage 245, and into the annular region 
270. In a preferred embodiment, the ?uidic material 280 is 
pumped into the chamber 270 at operating pressures and 
?oW rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute in order to optimally provide ?oW rates and 
operational pressures for the radial expansion process. In a 
preferred embodiment, the ?uidic material 280 is a harden 
able ?uidic sealing material in order to form a hardened 
outer annular member around the expanded tubular member 
225. 

[0047] As illustrated in FIG. 20, at some later point in the 
process, a ball 285, plug or other similar device, is intro 
duced into the pumped ?uidic material 280. In a preferred 
embodiment, the ball 285 mates With and seals off the inlet 
265 of the ?uid passage 220. In this manner, the chamber 
270 is ?uidicly isolated from the chamber 275. 

[0048] As illustrated in FIG. 2d, after placement of the ball 
285 in the inlet 265 of the ?uid passage 220, a ?uidic 
material 290 is pumped into the chamber 270. The ?uidic 
material is preferably pumped into the chamber 270 at 
operating pressures and ?oW rates ranging from about 0 to 
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9,000 psi and 0 to 3,000 gallons/minute in order to provide 
optimal operating e?iciency. The ?uidic material 290 may 
be any number of conventional commercially available 
materials such as, for example, Water, drilling mud, cement, 
epoxy, or slag mix. In a preferred embodiment, the ?uidic 
material 290 is a non-hardenable ?uidic material in order to 
maximiZe operational e?iciency. 

[0049] Continued pumping of the ?uidic material 290 
increases ?uidic material 280 increases the operating pres 
sure Within the chamber 270. The increased operating pres 
sure in the chamber 270 then causes the mandrel 215 to 
extrude the mandrel launcher 210 and tubular member 225 
off of the conical face of the mandrel 215. The extrusion of 
the mandrel launcher 210 and tubular member 225 off of the 
conical face of the mandrel 215 causes the mandrel launcher 
210 and tubular member 225 to expand in the radial direc 
tion. Continued pumping of the ?uidic material 290 prefer 
ably causes the entire length of the tubular member 225 to 
expand in the radial direction. 

[0050] In a preferred embodiment, the pumping rate and 
pressure of the ?uidic material 290 is reduced during the 
latter stages of the extrusion process in order to minimiZe 
shock to the apparatus 200. In a preferred embodiment, the 
apparatus 200 includes shock absorbers for absorbing the 
shock caused by the completion of the extrusion process. In 
a preferred embodiment, the extrusion process causes the 
mandrel 215 to move in an axial direction 295. 

[0051] As illustrated in FIG. 2e, in a preferred embodi 
ment, upon the completion of the extrusion process, the 
support member 205, packer 210, ?rst ?uid conduit 215, 
annular seal 230, second ?uid conduit 235, mandrel 245, and 
mandrel launcher 250 are removed from the Wellbore 280, 
In a preferred embodiment, the resulting neW section of 
Wellbore casing includes the preexisting Wellbore casing 
275, the expanded tubular member 225, the slips 230, the 
seals 235, the shoe 240, and an outer annular layer 4000 of 
hardened ?uidic material. 

[0052] In an alternative embodiment, the apparatus 200 is 
used to repair a preexisting Wellbore casing or pipeline. In 
this alternative embodiment, both ends of the tubular mem 
ber 255 preferably include slips 260 and seals 265. 

[0053] In an alternative embodiment, the apparatus 200 is 
used to form a tubular structural support for a building or 
o?fshore structure. 

[0054] In a preferred embodiment, the tubular members 
105 and 225; shoes 240; expansion cone launchers 150 and 
210; and expansion cones 145 and 215 are provided sub 
stantially as described in one or more of the following US. 
patent applications: (1) utility patent application Ser. No. 
09/440,338, attorney docket number 25791.9.02, ?led on 
Nov. 15, 1999, Which claimed the bene?t of the ?ling date 
of provisional patent application No. 60/ 108,558, attorney 
docket number 25791.9, ?led on Nov. 16, 1998; (2) utility 
patent application Ser. No. 09/454,139, attorney docket 
number 25791.3.02, ?led on Dec. 3, 1999, Which claimed 
the bene?t of the ?ling date of provisional patent application 
No. 60/111,293, attorney docket number 25791.3, ?led on 
Dec. 7, 1998; (3) utility patent application Ser. No. 091502, 
350, attorney docket number 25791.8.02, ?led on Feb. 10, 
2000, Which claimed the bene?t of the ?ling date of provi 
sional patent application No. 60/ 119,611, attorney docket 
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number 25791.8, ?led on Feb. 11, 1999; (4) provisional 
patent application No. 60/ 121,702, attorney docket number 
25791.7, ?led on Feb. 25, 1999; (5) provisional patent 
application No. 60/ 121,841, attorney docket number 
25791.12, ?led on Feb. 26, 1999; (6) provisional patent 
application No. 60/121,907, attorney docket number 
25791.16, ?led on Feb. 26, 1999; (7) provisional patent 
application No. 60/ 124,042, attorney docket number 
25791.11, ?led on Mar. 11, 1999; (8) provisional patent 
application No. 60/ 131,106, attorney docket number 
25791.23, ?led on Apr. 26, 1999; (9) provisional patent 
application No. 60/ 137,998, attorney docket number 
25791.17, ?led on Jun. 7, 1999; (10) provisional patent 
application No. 60/ 143,039, attorney docket number 
25791.26, ?led on Jul. 9, 1999; (11) provisional patent 
application No. 60/ 146,203, attorney docket number 
25791.25, ?led on July 29, 1999; (12) provisional patent 
application No. 60/ 154,047, attorney docket number 
25791.29, ?led on Sept. 16, 1999; (13) provisional patent 
application No. 60/ 159,082, attorney docket number 
25791.34, ?led on Oct. 12, 1999; (14) provisional patent 
application No. 60/ 159,039, attorney docket number 
25791.36, ?led on Oct. 12, 1999; (13) provisional patent 
application No. 60/ 159,033, attorney docket number 
25791.37, ?led on Oct. 12, 1999; (15) provisional patent 
application No. 60/ 162,671, attorney docket number 
25791.27, ?led on Nov. 1, 1999. Applicants incorporate by 
reference the disclosures of these applications. 

[0055] Although illustrative embodiments of the invention 
have been shoWn and described, a Wide range of modi?ca 
tion, changes and substitution is contemplated in the fore 
going 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. 

What is claimed is: 
1. An apparatus for radially expanding a tubular member, 

comprising: 

a ?rst tubular member; 

a second tubular member positioned Within the ?rst 
tubular member; 

a third tubular member movably coupled to and posi 
tioned Within the second tubular member; 

a ?rst annular sealing member for sealing an interface 
betWeen the ?rst and second tubular members; 

a second annular sealing member for sealing an interface 
betWeen the second and third tubular members; and 

a mandrel positioned Within the ?rst tubular member and 
coupled to an end of the third tubular member. 

2. The apparatus of claim 1, further including an annular 
chamber de?ned by the ?rst tubular member, the second 
tubular member, the third tubular member, the ?rst annular 
sealing member, the second annular sealing member, and the 
mandrel. 

3. The apparatus of claim 1, further including an annular 
passage de?ned by the second tubular member and the third 
tubular member. 
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4. The apparatus of claim 1, further including a ?uid 
passage contained Within the third tubular member and the 
mandrel. 

5. The apparatus of claim 1, further including one or more 
sealing members coupled to an exterior surface of the ?rst 
tubular member. 

6. The apparatus of claim 1, further including: 

an annular chamber de?ned by the ?rst tubular member, 
the second tubular member, the third tubular member, 
the ?rst annular sealing member, the second annular 
sealing member, and the mandrel; and 

an annular passage de?ned by the second tubular member 
and the third tubular member. 

7. The apparatus of claim 6, Wherein the annular chamber 
and the annular passage are ?uidicly coupled. 

8. The apparatus of claim 1, further including one or more 
slips coupled to the exterior surface of the ?rst tubular 
member. 

9. The apparatus of claim 1, Wherein the mandrel includes 
a conical surface. 

10. The apparatus of claim 9, Wherein the angle of attack 
of the conical surface ranges from about 0 to 30 degrees. 

11. The apparatus of claim 9, Wherein the conical surface 
has a surface hardness ranging from about 58 to 62 RockWell 
C. 

12. An apparatus, comprising: 

a tubular member; 

a piston adapted to expand the diameter of the tubular 
member positioned Within the tubular member, the 
piston including a passage for conveying ?uids out of 
the tubular member; and 

an annular chamber de?ned by the piston and tubular 
member. 

13. The apparatus of claim 12, Wherein the piston includes 
a conical surface. 

14. The apparatus of claim 13, Wherein the angle of attack 
of the conical surface ranges from about 0 to 30 degrees. 

15. The apparatus of claim 14, Wherein the conical surface 
has a surface hardness ranging from about 58 to 62 RockWell 
C. 

16. The apparatus of claim 14, Wherein the tubular mem 
ber includes one or more sealing members coupled to the 
exterior surface of the tubular member. 

17. An apparatus, comprising: 

a ?rst tubular member, and 

a second tubular member coupled to the ?rst tubular 
member by the process of: 

positioning the second tubular member in an overlap 
ping relationship to the ?rst tubular member 

placing a mandrel Within the second tubular member; 

pressuriZing an annular region Within the second tubu 
lar member above the mandrel; and 

displacing the mandrel With respect to the second 
tubular member. 

18. The apparatus of claim 17, Wherein the process for 
coupling the second tubular member to the ?rst tubular 
member further comprises: 
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removing ?uids Within the second tubular member that 
are displaced by the displacement of the mandrel. 

19. The apparatus of claim 18, Wherein the removed ?uids 
pass inside the annular region. 

20. The apparatus of claim 17, Wherein the volume of the 
annular region increases. 

21. The apparatus of claim 17, Wherein the process for 
coupling the second tubular member to the ?rst tubular 
member further comprises sealing off the annular region. 

22. The apparatus of claim 31, Wherein sealing off the 
annular region includes sealing a stationary member and 
sealing a non-stationary member. 

23. The apparatus of claim 17, Wherein the process for 
coupling the second tubular member to the ?rst tubular 
member further comprises conveying ?uids in opposite 
directions. 

24. The apparatus of claim 17, Wherein the process for 
coupling the second tubular member to the ?rst tubular 
member further comprises conveying a pressurized ?uid and 
a non-pressurized ?uid in opposite directions. 

25. The apparatus of claim 17, Wherein the pressuriZing is 
provided at operating pressures ranging from about 0 to 
9,000 psi. 

26. The apparatus of claim 17, Wherein the pressuring is 
provided at ?oW rates ranging from about 0 to 3,000 
gallons/minute. 

27. The apparatus of claim 17, Wherein the ?rst tubular 
member includes a defective portion, and Wherein the sec 
ond tubular member is positioned in opposing relation to the 
defective portion. 

28. An apparatus for radially expanding a tubular member, 
comprising: 

a ?rst tubular member; 

a second tubular member coupled to the ?rst tubular 
member; 

a third tubular member coupled to the second tubular 
member; and 

a mandrel positioned Within the second tubular member 
and coupled to an end portion of the third tubular 
member; 

Wherein the inside diameter of the second tubular member 
is greater than the inside diameters of the ?rst and third 
tubular members. 

29. The apparatus of claim 28, Wherein the mandrel 
includes a ?uid passage having an inlet adapted to receive 
?uid stop member. 

30. The apparatus of claim 28, further including one or 
more slips coupled to the exterior surface of the third tubular 
member. 

31. The apparatus of claim 28, Wherein the mandrel 
includes a conical surface. 

32. The apparatus of claim 31, Wherein the angle of attack 
of the conical surface ranges from about 0 to 30 degrees. 

33. The apparatus of claim 31, Wherein the conical surface 
has a surface hardness ranging from about 58 to 62 Rockwell 
C. 

34. An apparatus, comprising: 

a tubular member having a ?rst portion, a second portion, 
and a third portion; and 

a piston adapted to expand the diameter of the tubular 
member positioned Within the second portion of the 
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tubular member, the piston including a passage for 
conveying ?uids out of the tubular member; 

Wherein the inside diameter of the second portion of the 
tubular member is greater than the inside diameters of 
the ?rst and third portions of the tubular member. 

35. The apparatus of claim 34, Wherein the piston includes 
a conical surface. 

36. The apparatus of claim 35, Wherein the angle of attack 
of the conical surface ranges from about 0 to 30 degrees. 

37. The apparatus of claim 35, Wherein the conical surface 
has a surface hardness ranging from about 58 to 62 RockWell 
C. 

38. The apparatus of claim 34, Wherein the tubular mem 
ber includes one or more sealing members coupled to the 
exterior surface of the tubular member. 

39. An apparatus for radially expanding a tubular member, 
comprising: 

a ?rst tubular member; 

a second tubular member positioned Within the ?rst 
tubular member; 

a third tubular member movably coupled to and posi 
tioned Within the second tubular member; 

a ?rst annular sealing member for sealing an interface 
betWeen the ?rst and second tubular members; 

a second annular sealing member for sealing an interface 
betWeen the second and third tubular members; 

a mandrel positioned Within the ?rst tubular member and 
coupled to an end of the third tubular member; 

an annular chamber de?ned by the ?rst tubular member, 
the second tubular member, the third tubular member, 
the ?rst annular sealing member, the second annular 
sealing member, and the mandrel; 

a ?uid passage de?ned by the third tubular member and 
the mandrel ?uidicly coupled to an interior region of 
the ?rst tubular member beloW the mandrel; and 

an annular passage de?ned by the second tubular member 
and the third tubular member ?uidicly coupled to the 
annular chamber. 

40. An apparatus, comprising: 

a ?rst tubular member; and 

a second tubular member coupled to the ?rst tubular 
member by the process of: 

positioning the second tubular member in an overlapping 
relationship to the ?rst tubular member; 

placing a mandrel Within the second tubular member; 

sealing off an annular region Within the second tubular 
member above the mandrel by sealing a stationary 
member and sealing a non-stationary member; 

pressuriZing the annular region; 

displacing the mandrel With respect to the second tubular 
member; and 

removing ?uids Within the second tubular member that 
are displaced by the displacement of the mandrel by 
passing the removed ?uids inside of the annular region. 
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41.Anapparatus for radially expandingatubular member, a mandrel having a conical outer surface including an 
comprising: angle of attack betWeen about 0 to 30 degrees and a 

surface hardness ranging from about 58 to 62 Rockwell 
2‘ ?rst tubular member; C positioned Within the second tubular member and 

a second tubular member coupled to the ?rst tubular Coupled to an end pomon of the thud tubular member; 
member; Wherein the inside diameter of the second tubular member 

is greater than the inside diameters of the ?rst and third 
a third tubular member coupled to the second tubular tubular members; 

member; Wherein the mandrel includes a ?uid passage having an 

one or more slips coupled to the exterior surface of the Inlet adapted to recelve ?uld Stop member' 

third tubular member; and * * * * * 


