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Description

[0001] The present invention relates to an apparatus
and method for forming an annular seal between a patch
and a tubular in a wellbore or between a patch and an
open hole wellbore.

[0002] In the course of completing an oil and/or gas
well, it is common practice to run a string of protective
casing into the well bore and then to run production tubing
inside the casing. The annulus between the casing and
the surrounding formation is then sealed with a deposit
of cement to prevent fluid from flowing through the an-
nulus from one formation zone to another. If the casing
traverses a hydrocarbon-bearing zone of the formation,
the casing is perforated to create flow apertures through
the casing and cement so that the formation fluids can
flow into the well. Such perforations may subsequently
be sealed using an expandable sealing member, prefer-
ably in the form of a radially expandable tubular metal
patch lowered into the wellbore through the production
tubing on a conventional patch setting tool. A patch may
also be used to seal holes in the casing caused by cor-
rosion or to reinforce corroded casing sections which
have not yet become perforated. Still other applications,
such as bridging the gap between sections of parted cas-
ing will also be apparent to those skilled in the art. In
some completions, however, the wellbore is uncased,
and an open face is established across the hydrocarbon
bearing zone. A patch may also be used in such open
face wellbores in order to increase the mechanical
strength of the wellbore wall or to seal off an open face
zone, for example, a water-producing zone. Where the
patch is used to increase the mechanical strength of the
wellbore wall, the patch is subsequently perforated where
it traverses a hydrocarbon bearing zone of the formation.
In other completions, a sandscreen is used in open face
wellbores. Suitably, the sandscreen that is run into the
open face wellbore comprises one or more tubular
("patch") sections that lie across one or more non-hydro-
carbon-bearing intervals of the wellbore, for example, a
water-producing interval, and one or more screen sec-
tions that lie across one or more hydrocarbon-bearing
intervals of the wellbore. Generally, an external casing
packer is set in the annulus formed between the tubular
section(s) of the sandscreen and the open face wellbore
at each end of the tubular section(s). A cement slurry
may also be introduced into the annulus formed between
the tubular section(s) and the open face wellbore to en-
sure that the non-hydrocarbon-bearing interval(s), for ex-
ample, water producing interval(s) is effectively sealed
off. It would therefore be advantageous to eliminate the
requirement for the external casing packers and for ce-
menting the tubular section(s) of a sandscreen.

[0003] According to US 2003/0015246, perhaps the
most common prior art approach to sealing perforations
in a casing has been to use a patch comprising a cylin-
drical steel sleeve with a rubber-like gasket material
bonded to the outer surface of the steel sleeve. Generally,

10

15

20

25

30

35

40

45

50

55

for deployment, the patch is wrapped about an expansion
device which is typically a mechanically operated ex-
pander plug and is subsequently lowered through the
production tubing to the uncovered perforation. Upon
reaching the perforation the patch is expanded to seal
the perforation. Typically the patch is held in place in the
well casing by friction. However, in many wells there are
one or more restrictions in the production tubing with the
minimum restriction imposing a limit on the diameter of
the unexpanded patch. During expansion of the patch,
the radial thickness of the wall of the cylindrical steel
sleeve decreases. In order to mitigate the risk of the ex-
panded patch collapsing under the external pressure ex-
erted by the formation fluids, the maximum expansion
ratio for a tubular metal patch is about 30%. A problem
therefore arises when the minimum restriction in the pro-
duction tubing is small compared with the diameter of the
wellbore as it may not be possible to expand the patch
to form a fluid-tight seal with the casing or the wall of an
open hole wellbore without exceeding the maximum ex-
pansion ratio.

[0004] A solution to this problem has been to use a
vertically corrugated metal liner (for example, as de-
scribed in US 3,203,451) wherein the external cross-sec-
tional perimeter of the corrugated liner is greater than the
internal cross-sectional circumference of the casing but
the maximum external cross-sectional dimension of the
corrugated liner is less than the internal diameter of the
casing so the liner can be inserted into the casing. After
the liner is placed at the desired location in the casing,
an expander tool is run through the corrugated liner to
cause it to assume a cylindrical shape inside the casing.
The liner is thus left in substantially maximum compres-
sive hoop stress. An expansion tool comprising an ex-
panding cone, a collet head and collet spring arms is
described. The arms have outwardly enlarged portions
which perform the final forming action to force the corru-
gated liner into a substantially cylindrical shape as the
cone and collet head are pulled through the corrugated
tube. It is said that the expression "expanding” the liner
into contact with the casing may be misleading. The ex-
panding cone does expand the liner in the sense that it
forces the outer ridges of the corrugations outwardly until
they come in contact with the casing. Then the inner cor-
rugations are, in a sense, expanded radially outwardly
until they come in contact with the casing. It would there-
fore be evident to the person skilled in the art that the
reformed liner is merely elastically reformed and is not
subsequently plastically expanded to form a seal with the
wellbore wall.

[0005] An apparatus and a method for expanding a
liner patch, in particular, a corrugated liner patch, in a
tubular to seal a hole therein is described in WO
98/214444. The apparatus comprises a body having a
top portion, a bottom portion and a middle portion, the
middle portion having an outer diameter greater than the
top portion and an outer diameter greater than the bottom
portion; a first set of fingers disposed around the top por-
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tion of said body and a second set of fingers disposed
around the bottom portion of said body; the arrangement
being such that, in use, said fingers can be urged radially
outwardly by displacement thereof over said middle por-
tion (colletexpander). Preferably, a cone is located above
said body to facilitate deformation of the liner patch. The
liner patch is expanded over the cone and finally over
the fingers as the apparatus is pulled all of the way
through the liner patch. Again, the term expansion refers
to elastically reforming the patch as opposed to plastically
expanding the reformed patch.

[0006] US Patent Application US 2002/018527 relates
to methods and apparatus for expanding tubulars in a
wellbore. An embodiment of the apparatus comprises an
electric motor, at least one pump and a hydraulic fluid
reservoir disposed in a housing with an expansion tool
disposed therebelow. The apparatus is run into the well
on a wireline which provides support for the weight of the
apparatus and electrical power for the componentsthere-
in. The apparatus is lowered into a tubular in a wellbore
to a predetermined depth. Thereafter, electric power sup-
plied to the motor operates the pump to provide pressu-
rised fluid to actuate the expansion tool and the shaft
extending from the pump provides rotational power to
the expansion tool. The apparatus can have atractor run
into the well on the wireline along with the expansion tool
and housing. In use, the tractor imports axial movement
to the apparatus in the wellbore while the expansion tool
rotates and expandable members thereupon increase
the diameter of the tubular. In order to direct rotation to
the expansion tool and prevent the housing from rotating,
the apparatus can be equipped with an anchor assembly
to prevent rotational movement of the housing while al-
lowing the apparatus to move axially within the wellbore.
The methods disclosed in US 2002/018527 require the
tubular to be installed into the desired location within the
wellbore prior to the apparatus being lowered into the
wellbore to expand the tubular.

[0007] Itis anobject of the presentinvention to provide
amethod and apparatus for forming an annular fluid-tight
seal between at least a portion of a plastically expandable
tubular patch and the wall of a wellbore (an open face
wellbore or a cased/lined wellbore).

[0008] It is also an object of the present invention to
provide a patch comprising a metal tube that is capable
of being deformed such that in its deformed state the
patch can pass through a restriction in a wellbore to the
location where the patch is to be deployed. Once at the
desired location in the wellbore, the patch may be elas-
tically reformed into a substantially regular tubular shape
having an outer diameter greater than the minimum re-
striction in the wellbore and subsequently at least a por-
tion of the reformed tubular patch may be plastically ex-
panded to form a fluid tight seal with the wall of the well-
bore (open face wellbore, or a cased/lined wellbore)
wherein the expansion ratio for the reformed patch is in
the range 10 to 30%.

[0009] Thus, according to a first embodiment of the
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presentinvention there is provided an apparatus for plas-
tically expanding a tubular patch in a wellbore compris-

ing:

(a) a gripping assembly capable of holding the tubu-
lar patch at a desired location within the wellbore
comprising at least one radially extendible gripping
member for gripping the interior wall of the tubular
patch and a mechanical means for radially extending
the gripping member(s);

(b) a rotatable expander tool, disposable in the tu-
bular patch, comprising a plurality of expander ele-
ments radially extendible therefrom adapted to en-
gage with the interior wall of the tubular patch and a
mechanical means for radially extending the ex-
pander elements; and

(c) at least one electric motor for, optionally, supply-
ing motive power to the mechanical means for radi-
ally extending the gripping member(s) of the optional
gripping assembly, for supplying motive power to the
mechanical means for radially extending the ex-
pander elements of the expander tool, and for pro-
viding rotation to the expander tool.

[0010] According to a second embodiment of the
present invention there is provided a method for sealing
a hole in a tubular in a wellbore or for sealing an open
hole interval (also referred to as an "open face interval”)
of a wellbore comprising:

(A) introducing a tubular patch system into the well-
bore and locating the system adjacent a hole in the
tubular or adjacent the open hole interval of the well-
bore that it is desired to seal, the tubular patch sys-
tem comprising a tubular patch and an apparatus for
plastically expanding the tubular patch comprising
(a) a gripping assembly capable of holding the tubu-
lar patch at a desired location within the wellbore
comprising at least one radially extendible gripping
member for gripping the interior wall of the tubular
patch as the patch is being introduced and located
atthe desired location in the wellbore and a mechan-
ical means for radially extending the gripping mem-
ber(s); (b) a rotatable expander tool, disposed in the
tubular patch, comprising a plurality of expander el-
ements radially extendible therefrom adapted to en-
gage with the interior wall of the tubular patch and a
mechanical means for radially extending the ex-
pander elements; and (c) at least one electric motor
for supplying motive power to the mechanical means
for radially extending the gripping member(s) of the
gripping assembly and to the mechanical means for
radially extending the expander elements of the ex-
pander tool, and for providing rotation to the expand-
er tool; and

(B) actuating the expander tool to plastically expand
the tubular patch to seal off the hole in the tubular or
to seal off the open hole portion of the wellbore.
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[0011] The apparatus for plastically expanding the tu-
bular patch may be run into the wellbore suspended from
conventional wireline (a reinforced steel cable encasing
one or more electrical wires or segmented electrical con-
ductors) which provides support for the weight of the ap-
paratus and electrical power for actuating the compo-
nents of the expansion tool. Alternatively, the apparatus
may be run into the wellbore suspended from electric
coiled tubing. Suitable electric coiled tubing is described
in UK patent application no. GB 2359571-A.

[0012] Suitably, the apparatus may comprise a single
electric motor for providing motive power to the mechan-
ical means for radially extending the gripping member(s)
of the gripping assembly, for providing motive power to
the mechanical means for radially extending the plurality
of expander elements of the expander tool and for rotat-
ing the expander tool, typically via a drive means. Alter-
natively, the mechanical means for radially extending the
gripping member(s), the mechanical means for radially
extending the plurality of expander elements and the
drive means for rotating the expander tool may be pro-
vided with dedicated electric motors. For avoidance of
doubt, the mechanical means for radially extending the
gripping member(s) of the gripping assembly and the me-
chanical means for radially extending the expander ele-
ments of the expander tool are also capable of radially
retracting the gripping member(s) and expander ele-
ments respectively.

[0013] Preferably, the mechanical means for radially
extending and retracting the expander elements of the
expander tool is a jack mechanism or a cone displace-
ment mechanism comprising a conical member that is
moveable in a longitudinal direction with respect to the
expander elements such that the expander elements are
displaced radially outwardly or inwardly over the tapering
surface of the conical member. Any other suitable elec-
trically actuated mechanical means known to the person
skilled in the art for radially extending and retracting the
expander elements may also be employed. Suitably, the
drive means for rotating the expander tool is a rotatable
shaft. Thus, the electric motor provides rotational move-
ment to an output shaft that is connected to the expander
tool to provide rotation thereto.

[0014] Itis also envisaged that the expander tool may
be hydraulically actuated via at least one hydraulic pump.
Thus, electric power supplied to the motor may be used
to operate the pump to provide pressurised fluid to the
expander tool to radially extend the expander elements.
For example, the pressurised fluid may be used to actu-
ate the cone displacement mechanism. Alternatively, the
pressurised fluid may be used to directly urge the ex-
pander elements radially outwards into engagement with
the interior wall of the patch. In addition, a shaft extending
from the hydraulic pump may provide rotational motion
to the expansion tool. Typically, the apparatus of the
present invention may comprise a reservoir for a hydrau-
lic fluid disposed in a housing. Suitably, the expansion
tool is arranged below the housing. Alternatively, the
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pressurised fluid may be filtered wellbore fluid.

[0015] During the running in operation, the interior wall
of the tubular patch, preferably, a tubular metal patch, is
gripped by the least one radially extendible gripping
member of the gripping assembly, for example, by atleast
one radially extendible "slip". Preferably, the at least one
radially extendible gripping member grips the interior wall
of the tubular metal patch at the upper end thereof. Suit-
ably, the gripping member(s) comprises teeth or other
gripping elements. Preferably, the apparatus is provided
with a plurality of "slips”, preferably 2 to 4 slips. Suitable
"slips" for use with the patch would be well known to the
person skilled in the art. Preferably, the mechanical
means for radially extending and retracting the gripping
member(s) of the gripping assembly may be a jack mech-
anism or a cone displacement mechanism, as described
above for the expander tool. Preferably, the gripping as-
sembly remains fixed in place in the tubular patch while
the expander tool is rotated i.e. the gripping assembly
does notrotate with the expandertool. Itis also envisaged
that the radially extendible gripping member(s) of the
gripping assembly may be hydraulically actuated, as de-
scribed above for the expander tool. Thus, the electric
motor may drive a hydraulic pump thereby providing
pressurised fluid to the gripping assembly to radially ex-
tend the gripping member(s)

[0016] Suitably, as an alternative to holding the patch
at the desired location using at least one radially extend-
ible gripping member, an upper section of the patch may
be fixed in position in the wellbore by means of a plurality
of mechanical dimples, for example circular shaped dim-
ples arranged circumferentially around the tubing at the
desired location, as described in Figure 16 of US
6,223,823. Suitably, at least 3 dimples are provided. The
mechanical dimples may be activated by means of inter-
nal pressure applied by the expander elements of the
expander tool. Preferably, a resilient annular sealing
member is provided on the external surface of the patch
in the vicinity of the dimples to impart an anchoring sur-
face against which the dimples engage thus improving
the contact between the patch and the wall of the tubular
(for example, the casing or liner of a wellbore) or with the
open hole wellbore (open face wellbore). Thus, the grip-
ping assembly may be omitted from the apparatus of the
present invention.

[0017] Once the tubular patch system has been low-
ered to a level proximate a perforation or a damaged
section of a tubular (for example, casing or liner) or the
system lies within an open hole interval of the wellbore,
at least a portion of the tubular patch is plastically ex-
panded by rotating the expander tool and actuating the
mechanical means for radially extending the expander
elements such the expander elements engage with the
interior wall of the patch and a portion of the patch is
plastically expanded against the wall of the tubular (for
example, casing or liner) or the wall of the open hole
wellbore thereby forming an annular fluid-tight seal. Suit-
ably, the expander elements of the expander tool are
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rollers or balls that may be radially extended or retracted
via the electrically actuated mechanical means (for ex-
ample, a jack mechanism or cone displacement mecha-
nism). Preferably the rollers have a longitudinal length of
from 0.5 to 5 inches (1.3 to 12.7 cm), for example 0.5 to
3 (1.3 to 7.6 cm) inches with the longitudinal length of
the annular seal corresponding to the longitudinal length
of the rollers. Where the radially extendible elements of
the expander tool are balls, the annular seal has a lon-
gitudinal length of approximately half the ball diameter.
The diameter of the balls and hence the longitudinal
length of the annular seal is dependent upon the internal
diameter of the wellbore and the external diameter of the
tubular patch. For example, where a 3 inch (7.6 cm) ex-
ternal diameter tubular patch is deployed in a wellbore
having a 4.5 inch (11.4 cm) internal diameter casing, the
balls preferably have a diameter of at least 1.5 inch (3.8
cm), preferably, 1.5 to 3 inches (3.8 to 7.6 cm), for ex-
ample about 2 inches (5.1 cm). Accordingly, the annular
seal preferably has a longitudinal length of 0.75 to 1.5
inches (1.9 to 3.8 cm).

[0018] Preferably, the expander tool is also provided
with an electrically actuated mechanical means for mov-
ing the radially extendible expander elements of the ex-
pander tool longitudinally within the tubular patch thereby
extending the annular seal. Preferably, the mechanical
means is a screw mechanism. Suitably, the screw mech-
anism is actuated by means of a dedicated electric motor.
Accordingly, the apparatus of the present invention may
be used to form a seal along the entire length of the patch
by gradually moving the expander tool through the patch.
Alternatively, the apparatus of the present invention may
be used to form a plurality of annular (ring) seals. Pref-
erably the annular (ring) seals have a curved profile to
mitigate the risk of the seal being put under stress which
can lead to increased corrosion of the patch and/or the
tubular.

[0019] Preferably, the annular (or ring) seal is formed
by partially expanding a portion of the tubular metal patch
and then longitudinally extending the expanded portion
before further expanding the portion of the tubular metal
patch and then further longitudinally extending the ex-
panded portion of the tubular metal patch and repeating
these steps until the portion of the patch is plastically
expanded against the wall of the tubular or against the
open hole and a fluid tight annular (or ring) seal is formed
between the patch and the wall of the tubular or the open
hole respectively. The patch is now locked in place in the
tubular or in the open hole and the radially extendible
expander elements may be retracted and the gripping
member(s) of the gripping assembly (for example, slips)
unset before moving the apparatus to a new position in
the patch. The gripping member(s) of the gripping as-
sembly (for example, slips) is then reset and a further
annular (orring) seal may be formed as described above.
Preferably, the apparatus is provided with sensors for
monitoring the expansion of the patch and the position
of the expansion tool and gripping assembly in the well-
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bore thereby ensuring that the ring seals are formed at
the desired location in the wellbore.

[0020] Suitably, the apparatus of the present invention
may be used to deploy a patch comprising an inner metal
tube and an outer resilient sealing member. Suitably, the
inner metal tube is formed from steel, preferably, carbon
steel. As discussed above, the thickness of the inner met-
al tube will be a function of the diameter of the wellbore
and the yield and tensile strength of the metal forming
the tube. Preferably, the thickness of the inner metal tube
is in the range 0.25 to 0.5 inches (0.6 to 1.3 cm). Prefer-
ably, the outer resilient sealing member is formed from
an elastomeric material that is resistant to the well envi-
ronments i.e. temperature, pressure, well fluids, and the
like. Suitably, the elastomeric material is selected from
rubber (for example, silicone rubber), polymers of ethyl-
ene-propylene diene monomer (EPDM), polytetrafluor-
oethylene, polyphenylene sulfide, and perfluoroelastom-
ers. The outer resilient sealing member may be a sheath
extending along substantially the entire length of the
patch or may comprise at least one outer resilient sealing
ring arranged at a location where it is desired to form an
annular fluid-tight seal with the casing, liner or the wall
of the open hole wellbore and having a length corre-
sponding to the longitudinal length of the annular seal.
Typically the patch may be provided with a plurality of
outer resilient sealing rings thereby allowing a plurality
of annular fluid-tight seals to be formed. Typically, the
outer resilient sealing rings have a longitudinal length of
1to5inches (2.5t0 12.7 cm). Suitably, the outer resilient
sealing rings are arranged at the upper and lower ends
of the patch although the sealing rings may also be ar-
ranged at intervals along the patch, for example, every
0.5to 2 feet (15 to 61 cm). Typically, the thickness of the
outer resilient sealing member (sheath or ring) is in the
range 0.05 to 0.15 inches (1.3 to 3.8 cm), for example,
about 0.1 inches (2.5 mm). Suitably, the outer resilient
sealing member may be adhered to the inner metal tube.
Alternatively, the inner metal tube may be a tight fit within
the outer resilient annular sealing member.

[0021] Where a tubular patch is to be used to seal a
hole in a tubular (or to seal off an open hole interval of
the wellbore), at least one ring seal is formed above the
hole (or above the open hole interval that it is desired to
seal) and at least one ring seal is formed below the hole
(or below the open hole interval).

[0022] Thus, according to a third embodiment of the
present invention there is provided a method for sealing
a hole in a tubular in a wellbore or for sealing an open
hole interval of a wellbore comprising:

(A) introducing a tubular patch into the wellbore and
locating the tubular patch adjacent the hole in the
tubular or adjacent the open hole interval of the well-
bore;

(B) (i) plastically expanding a first portion of the tu-
bular patch above the hole in the tubular or above
the open hole interval of the wellbore into annular
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sealing engagementwith the tubular or the open hole
to form a first annular seal and (ii) plastically expand-
ing a second portion of the tubular patch below the
hole in the tubular or below the open hole interval of
the wellbore into annular sealing engagement with
the tubular or the open hole to form a second annular
seal thereby sealing the hole in the tubular or the
open hole interval of the wellbore.

[0023] Preferably, the tubular patch is located in the
desired position in the wellbore and the annular seals are
formed using the apparatus of the first embodiment of
the present invention.

[0024] In order to strengthen the seal, a plurality of
annular seals may be formed above and below the hole
in the tubular or above and below the open hole interval
of the wellbore. An advantage of sealing off the hole in
a tubular or of sealing off an open hole interval of the
wellbore by forming annular seals between the patch and
the tubular or the open hole interval is that there is no
requirement to plastically expand the entire patch. Suit-
ably, the open hole interval of the wellbore may be an
interval that requires hydraulic isolation, for example, a
water-producing interval of the wellbore. An advantage
of hydraulically isolating an open hole interval of a well-
bore using the method of the third embodiment of the
present invention is that this allows external casing pack-
ers and the use of cement to be eliminated.

[0025] The method of the third embodiment of the
present invention may also be used in conjunction with
a sandscreen comprising at least one tubular ("patch")
section and at least one screen section where the sand-
screen is run into a wellbore until the screen section(s)
lie across a hydrocarbon-bearing interval of an open hole
wellbore and the tubular section(s) lies across an interval
of the open hole wellbore that it is desired to hydraulically
isolate. It is envisaged that the sandscreen may be run
into the wellbore supported by the gripping assembly of
the apparatus of the first embodiment of the present in-
vention. If necessary, the apparatus may be provided
with a traction device to assist in placing the sandscreen
at the desired location in the open hole wellbore, partic-
ularly, where the wellbore is a deviated wellbore (for ex-
ample, a side track or lateral well). It is also envisaged
that the sandscreen may be deployed in the wellbore
using a conventional "running-in" tool before passing the
apparatus of the first embodiment of the present inven-
tion through the sandscreen (supported on wireline or
electric coiled tubing) to the location where it is desired
to form the annular fluid-tight seals, in which case the
gripping assembly may be omitted from the apparatus.
Preferably, at least one annular fluid-tight seal is formed
ateach end of the tubular ("patch™) section(s) of the sand-
screen. Preferably, a plurality of rings seals may be
formed at intervals along the entire length of the tubular
("patch™)section(s) of the sandscreen.

[0026] Suitably, the apparatus of the first embodiment
of the present invention and the methods of the second

10

15

20

25

30

35

40

45

50

55

and third embodiments of the present invention may be
used to deploy a tubular metal patch in a wellbore at a
location below a restriction, D4, wherein the patch is ca-
pable of being deformed into an irregularly shaped tube
having a maximum external cross-sectional dimension,
D,, and of being subsequently elastically reformed into
a substantially regularly shaped tube having an external
diameter, D5, wherein D, is lessthan D, and D5 is greater
than D4, and wherein at least a section of the reformed
tube is capable of being plastically expanded to an ex-
ternal diameter, D,, to form a fluid tight annular seal with
the wall of a tubular (for example, casing or liner of a
wellbore) or the wall of an open hole interval of a wellbore
and wherein the expansion ratio, [(D4-D3)/D3] X100, is in
the range 10 to 30%, preferably 20 to 30%, for example
25 to 30%.

[0027] By plastically expanded is meant that the ex-
panded shape is maintained when an expansion pres-
sure is no longer being applied.

[0028] Suitably, the deformed tube may be reformed
into a tube of substantially uniform external diameter (i.e.
a tube having a substantially circular transverse cross-
section), preferably, into its original tubular shape, prior
to plastically expanding at least a section of the reformed
tube to form an annular fluid-tight seal with the tubular or
open hole. Alternatively, a section of the deformed tube
may be reformed and plastically expanded to form an
annular seal prior to reforming and optionally plastically
expanding the remainder of the deformed tube.

[0029] Suitably, production tubing is run into the well-
bore and the patch is deployed in the wellbore through
the production tubing. Typically, the production tubing
has one or more restrictions therein such that the de-
formed patch must be capable of passing through the
minimum restriction in the production tubing.

[0030] Preferably, the metal tube is deformed into a
longitudinally corrugated tube of the types well known to
the person skilled in the art. It is also envisaged that the
metal tube may be deformed into any other shape that
is capable of passing through the restriction, D4, for ex-
ample, the patch may be deformed to put a groove there-
in, as described in US 3,489,220. Suitably, the metal tube
may be deformed to a size smaller than the restriction,
D, using a set of rollers located above the wellhead.
[0031] Typically, the deformed metal tube has a max-
imum external diameter, D,, that is slightly less than the
restriction, D4, for example 5 to 10% less than the restric-
tion, D;. At least a portion of the reformed tubular patch
is capable of being plastically expanded to form an an-
nular fluid tight seal with the wall of the wellbore wherein
the total expansion ratio for the deformed tube, [(D4-D5)
/D,]x100 is 40 to 50% with the proviso that the expansion
ratio for the reformed tube, [(D,4-D3)/D3]x100, is in the
range 10 to 30%, preferably 20 to 30%, for example 25
to 30%.

[0032] Suitably, the patch may be deployed in a cased
wellbore, a lined wellbore or an open hole wellbore with
the patch forming an annular fluid tight seal with the wall
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of the casing, liner or the open hole respectively. It is
envisaged that a plurality of portions of the reformed
patch may be plastically expanded to form a plurality of
annular seals. Alternatively, the deformed tubular patch
may be reformed and plastically expanded along sub-
stantially the entire length thereof.

[0033] Suitably, the patch may be from 10 to 1000 feet
(3to 305 m) in length, preferably, 30 to 600 feet (9 to 183
m), more preferably 50 to 300 feet (15 to 91 m), for ex-
ample, 100 to 200 feet (30 to 61 m). The patch may be
formed from tubular metal sections having a length of 5
to 40 feet (1.5 to 12 m), preferably 20 to 30 feet (6 to 9
m). The sections of the patch may be joined together
using conventional flush joints having a maximum diam-
eter smaller than the minimum restriction in the wellbore,
inwhich case there is norequirement to deform the joints.
Alternatively, the sections of the patch may be joined
together using deformable joints. Suitably, the deforma-
ble joint comprises a male connection on a first tubular
metal section of the patch and a female connection on a
second tubular metal section of the patch where the male
and female connections are provided with interlockable
complementary formations such that when the joint is
deformed and subsequently reformed, the complemen-
tary formations of the male and female connections do
not break apart. For example, the male and female con-
nections may be provided with interlockable dovetailed
threads. Preferably, the deformable joint is also capable
of being plastically expanded to allow the patch to be
plastically expanded along its entire length. Suitable ex-
pandable joints are well known to the person skilled in
the art and may be adapted to be interlockable, for ex-
ample, by employing interlockable dovetailed threads.
[0034] Suitably, the elastically deformable and plasti-
cally expandable metal patch is formed from steel, for
example, alow carbon steel or other suitable metal alloy.
Typically, the elastically deformable and plastically ex-
pandable metal patch may be provided with an outer re-
silient sealing member (sheath or ring), as described
above. Preferably, the elastically deformable and plasti-
cally expandable metal patch is coated with a resilient
material, typically an elastomeric material, to provide an
improved annular seal with the tubular (for example, cas-
ing or liner) or with the wall of the open hole interval of
the wellbore upon plastic expansion of the reformed tube.
Preferably, the elastomeric material is resistant to the
well environment, i.e. temperature, pressure, well fluids,
and the like. Suitable elastomeric materials are as de-
scribed above.

[0035] As discussed above, the thickness of the wall
of the metal tube decreases as it is plastically expanded.
The required thickness of the wall after expansion is a
function of the diameter of the wellbore and the yield and
tensile strength of the metal forming the tube. In general,
as the wellbore diameter increases it is necessary to in-
crease the thickness of the wall of the plastically expand-
ed metal tube in order for the tube to apply sufficient force
to seal the hole in the tubular (for example, perforations
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in the casing or liner of the wellbore) or to seal the open
hole wellbore. Preferably, the thickness of the wall of the
plastically expanded metal tube is in the range 0.25 to
0.5inches (0.6 to 1.3 cm) for a plastically, expanded tube
having an internal diameter of 6 to 8 inches (15 to 20
cm). Typically, the thickness of the coating of resilient
material is in the range 0.05 to 0.2 inches (1.3 to 5 mm),
for example, about 0.1 (2.5 mm) inch.

[0036] In yet a further embodiment of the present in-
vention there is provided a patch that may be deployed
in a wellbore using the apparatus and method of the
present invention. Suitably, the patch may be deployed
atalocation below a restriction, D4, the patch comprising
a metal tube having an outer diameter small enough to
pass through the restriction wherein at least one section
of the metal tube is of increased wall thickness, t;, com-
pared with the wall thickness, t,, of adjacent sections of
the metal tube (i.e. t;>t,) and wherein the at least one
section of metal tube of increased wall thickness is ca-
pable of being plastically expanded to form an annular
(or ring) seal. Preferably, the patch is capable of being
deployed through production tubing. Preferably, the dif-
ference in wall thickness, t;-t,, corresponds to the radial
distance through which the section of metal tube of in-
creased thickness is plastically expanded to form an an-
nular fluid-tight seal. Preferably, the section of metal tube
of increased wall thickness, t;, has a reduced inner di-
ameter compared with adjacent sections of the tube of
wall thickness, t,. Preferably, after plastic expansion of
the section of tube of increased thickness the inner di-
ameter of the plastically expanded section of tube is sub-
stantially the same as the inner diameter of the adjacent
non-plastically expanded sections of the metal tube. Pref-
erably, prior to expansion the patch has a substantially
uniform outer diameter.

[0037] The section(s) of metal tube of increased wall
thickness may be plastically expanded against the metal
casing or metal liner of a wellbore to form a metal to metal
annular seal. It is also envisaged that the section(s) of
tube of increased wall thickness may be coated with a
resilient material, preferably, an elastomeric material, in
order to provide an improved seal in an open hole well-
bore. Suitable elastomeric materials are as described
above.

[0038] Preferably, the section(s) of metal tube of in-
creased wall thickness, t;, may be provided with an an-
nular recess or groove on the outer surface thereof hav-
ing an annular resilient sealing member, for example, an
O-ring located therein. Preferably, the annular resilient
sealing member is formed of an elastomeric material.
Suitable elastomeric materials are as described above.
Expansion of the section(s) of the metal tube of increased
wall thickness, t;, will force the annular resilient sealing
member against the metal casing or metal liner of a well-
bore or against the wall of an open hole wellbore thereby
forming a fluid-tight seal.

[0039] The patch of this further embodiment of the
present invention is preferably plastically expanded us-
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ing the apparatus of the first embodiment of the present
invention. However, it is also envisaged that the patch
may be deployed using any conventional expansion tool,
in particular, an expansion tool having hydraulically ac-
tuated, radially expandable members, as described in
US 2001/0045284.

[0040] When the apparatus of the first embodiment of
the presentinvention is used to reform a deformed tubular
patch, for example, a longitudinally corrugated tube, at
least a portion of the tube is first reformed into its original
tubular shape using the expander elements of the ex-
pander tool before plastically expanding the portion of
reformed tube to form an annular (or ring) seal between
the patch and,the casing or liner or open hole wellbore.
Preferably, the deformed tubular patch is reformed along
the entire length thereof. Suitably, a plurality of portions
of the reformed tubular patch may be plastically expand-
ed using the apparatus of the present invention to form
a plurality of annular (or ring) seals or, alternatively, the
entire tubular patch may be plastically expanded to form
a seal with the wall of the casing, liner or the open hole
wellbore.

[0041] In afurther aspect of the present invention, the
apparatus of the first embodiment of the present inven-
tion may be used to form an annular (or ring) seal between
a liner string and a cased or lined interval of a wellbore
such that the annular (or ring) seal acts as a liner hanger
in addition to sealing the annulus between the liner and
the wall of the cased or lined interval of wellbore. Thus,
the ring seal must be capable of taking the weight of the
liner string. Preferably, the "liner hanger" comprises a
plurality of ring seals, for example, 2 to 5 annular seals.
Typically, the liner string is lowered into the wellbore,
supported by the radially extendible gripping member(s)
of the gripping assembly, until the upper section of the
liner string overlaps the lower section of the cased or
lined interval of the wellbore with the expander tool lo-
cated in the upper section of the liner string. The expand-
er elements of the expander tool are then extended ra-
dially outwardly into engagement with the interior wall of
the liner string and a portion of the liner string is plastically
expanded against the casing or lining to form an annular
fluid tight ring seal between the upper section of the liner
string and the lower section of the cased or lined interval
of wellbore. Where the liner string is deployed in a devi-
ated wellbore (lateral or side track wellbore), the appa-
ratus of the first embodiment of the present invention may
be provided with a tractor for running the liner string into
the deviated wellbore. Itis also envisaged that a prior art
means for running the liner string into a wellbore may be
employed. Once the liner string is in place in the wellbore,
the apparatus of the first embodiment of the present in-
vention may run into the wellbore to form the "liner hang-
er". As would be evident to the person skilled in the art,
the gripping assembly may be omitted from the apparatus
when the liner string is run into the wellbore using a prior
art "running-in" means.

[0042] The presentinvention will now be illustrated by
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reference to Figures 1 to 10.

[0043] Figure 1 is a transverse cross-sectional view
illustrating a deformable tubular patch in an undeformed
state 1, and deformed into a longitudinally corrugated
tube 2 having a maximum outer diameter, D, less than
the minimum restriction 3 in a wellbore. Figure 2 shows
the patch reformed into its original tubular shape 4 and
in a plastically expanded state 5. Figure 3, illustrates a
deformable and plastically expandable dovetail joint 6 for
joining sections of the deformable tubular metal patch.
[0044] Figure 4 is a longitudinal cross sectional view
showing a tubular metal patch 10 in position in a cased
wellbore 11 prior to expansion of the patch against the
casing wall 12. The patch 10 is provided with a section
13 of decreased internal diameter and hence increased
wall thickness. Figure 5 shows the patch after a metal to
metal ring seal 14 has been formed at the location of the
section of decreased internal diameter.

[0045] Figure 6 illustrates a modified patch of the type
shown in Figures 4 and 5 wherein the section 13 of patch
of decreased internal diameter and hence increased wall
thickness is provided with an external groove 17 adapted
to receive an O-ring, 15, formed from an elastomeric ma-
terial. Figure 7 shows the patchin annular (orring) sealing
engagement with the walls of a wellbore 16 which may
be either a cased or lined wellbore or an open hole well-
bore.

[0046] Referring to Figure 8, a production tubing 20
having a restriction 21 is positioned within the casing 22
of a wellbore. A liner 23 is hung from the casing 22 via a
casing hanger 24. An apparatus for deploying a tubular
metal patch 25 is lowered into the wellbore through the
production tubing 20 suspended from a wireline 26. The
apparatus comprises a connector 27, a controller 28, a
first electric motor 29 for actuating a screw mechanism
(not shown) for radially extending and retracting slips 30,
and an expander tool comprising a jack mechanism 31
for radially extending and retracting rollers 32, and a ro-
tatable shaft 33 that extends from a second electric motor
34 through patch 25 to a third electric motor 35. The sec-
ond electric motor 34 actuates the jack mechanism 31
and a means (not shown) for driving the rotatable shaft
33 while the third electric motor 35 actuates a screw
mechanism (not shown) for moving the rollers 32 in a
longitudinal direction within the patch 25. The slips 30
are shown in their radially extended position gripping the
tubular metal patch 25. Once the patch 25is in the desired
location in the wellbore, the shaft 33 is rotated and the
rollers 32 are gradually radially extended to plastically
expand the patch until the patch forms an annular fluid
tight seal with the wall of the liner 23. At various stages
during the radial extension of the rollers 32, the third elec-
tric motor 35 actuates the screw mechanism to move the
rollers upwardly and downwardly within the patch 25
thereby extending the annular seal. Figure 9 shows the
result of this operation with a section of the patch 25
plastically expanded to form an annular seal 36 with the
wall of liner 23. Referring to Figure 10, the rollers 32 and
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slips 30 are retracted before moving the expansion tool
to a new position in the patch and radially extending the
slips 30 to grip the interior wall of the patch. The expan-
sion tool is then actuated to plastically expand the new
section of patch, as discussed above. The third electric
motor 35 may be provided with a "steady" having a cen-
traliser 37 that engages with the liner 23. This operation
may be repeated until the entire lower section of the patch
has been plastically expanded against the wellbore wall.
As showninFigure 11, the apparatus may then be moved
upwardly through the wellbore until the expander tool is
located in the upper 38 unexpanded part of the patch 25.
The slips 30 are then radially extended to engage with
the wall of the casing 22 and the expander tool actuated
as described above to plastically expand the upper sec-
tion 38 of the tubular metal patch. The rollers 32 and slips
30 may then be retracted and the apparatus removed
from the wellbore by pulling the wireline leaving behind
the plastically expanded patch in annular sealing en-
gagement with the wall of the liner 23. Although the in-
stallation of the patch is described in relation to a vertical
wellbore, the apparatus of the presentinvention may also
be deployed in a deviated well, for example, a side track
or lateral well. If necessary, the apparatus may be pro-
vided with a tractor to assist in moving the tubular patch
through the deviated well.

Claims

1. An apparatus for plastically expanding a tubular
patch (25) in a wellbore comprising:

(a) a gripping assembly capable of holding the
tubular patch at a desired location within the
wellbore comprising atleast one radially extend-
ible gripping member (30) for gripping the inte-
rior wall of the tubular patch (25) and a mechan-
ical means for radially extending the gripping
member(s);

(b) a rotatable expander tool, disposable in the
tubular patch (25), comprising a plurality of ex-
pander elements (32) radially extendible there-
from adapted to engage with the interior wall of
the tubular patch (25) and a mechanical means
(31) for radially extending the expander ele-
ments (32); and

(c) at least one electric motor (29, 34) for sup-
plying motive power to the mechanical means
for radially extending the gripping member(s) of
the gripping assembly, for supplying motive
power to the mechanical means (31) for radially
extending the expander elements (32) of the ex-
pander tool, and for providing rotation to the ex-
pander tool.

2. An apparatus as claimed in Claim 1 that is suspend-
ed from wireline (26) or electric coiled tubing.
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3.

An apparatus as claimed in Claims 1 or 2 wherein
the mechanical means for radially extending the grip-
ping member(s) of the gripping assembly and/or for
radially extending the expander elements of the ex-
pander tool is a jack mechanism or a conical dis-
placement mechanism.

An apparatus as claimed in any one of the preceding
claims wherein the expander elements (32) of the
expander tool are rollers or balls.

An apparatus as claimed in any one of the preceding
claims wherein the expander tool is provided with a
further mechanical means for moving the expander
elements (32) of the expander tool longitudinally
within the tubular patch (25) and the at least one
electric motor (c) (35) also provides motive power to
the further mechanical means.

An apparatus as claimed in any one of the preceding
claims wherein the expander tool is provided with a
drive means (33) for rotating the expander tool and
the at least one electric motor (c) (34) also provides
rotation to the drive means (33).

An apparatus as claimed in Claim 6 wherein the me-
chanical means for radially extending the gripping
member(s) of the gripping assembly, the mechanical
means for radially extending the expander elements
ofthe expander tool, the mechanical means for mov-
ing the expander elements of the expander tool lon-
gitudinally within the tubular patch and the drive
means for rotating the expander tool are provided
with dedicated electric motors (29, 34, 35).

A method for sealing a hole in a tubular in a wellbore
orfor sealing an open hole interval of awellbore com-
prising:

(A) introducing a tubular patch system into the
wellbore and locating the system adjacent a hole
in the tubular or adjacent the open hole interval
of the wellbore that it is desired to seal, the tu-
bular patch system comprising a tubular patch
(25) and an apparatus for plastically expanding
the tubular patch comprising (a) a gripping as-
sembly capable of holding the tubular patch at
adesired location within the wellbore comprising
at least one radially extendible gripping member
(30) for gripping the interior wall of the tubular
patch (25) as the patch is being introduced and
located at the desired location in the wellbore
and a mechanical means for radially extending
the gripping member(s); (b) a rotatable expand-
ertool, disposed in the tubular patch, comprising
a plurality of expander elements (32) radially ex-
tendible therefrom adapted to engage with the
interior wall of the tubular patch (25) and a me-
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chanical means (31) for radially extending the
expander elements (32); and (c) at least one
electric motor (29,34) for supplying motive pow-
er to the mechanical means for radially extend-
ing the gripping member(s) of the gripping as-
sembly, for supplying motive power to the me-
chanical means (31) for radially extending the
expander elements (32) of the expander tool,
and for providing rotation to the expander tool;
and

(B) actuating the expander tool to plastically ex-
pand the tubular patch to seal off the hole in the
tubular or to seal off the open hole portion of the
wellbore.

A method as claimed in Claim 8 wherein the at least
one radially extendible gripping member engages
with and grips the interior wall of the tubular patch
(25) at the upper end thereof.

A method as claimed in Claims 8 or 9 wherein a
portion of the patch (25) is plastically expanded by
rotating the expander tool and actuating the mechan-
ical means (31) for radially extending the expander
elements (32) of the expander tool so that the ex-
pander elements (32) engage with the interior wall
of the patch (25) and the patch (25) is plastically ex-
panded to form a fluid tight annular (or ring) seal with
the wall of the tubular or with the open hole.

A method as claimed in Claim 10 wherein the ex-
pander tool comprises a further mechanical means
for moving the expander elements in a longitudinal
direction within the patch (25) and the further me-
chanical means is electrically actuated to move the
expander elements of the expander tool longitudi-
nally through the patch (25) thereby extending the
annular seal or plastically expanding the entire tu-
bular patch.

A method as claimed in Claim 10 or 11 wherein, after
forming the annular seal, the radially extendible ex-
pander elements (32) of the expander tool and the
radially extendible gripping member(s) (30) of the
gripping assembly are retracted and the apparatus
is moved to a new position in the patch (25) to form
a further annular seal.

A method as claimed in Claim 12 wherein at least
one annular seal is formed above the hole in the
tubular or above the open hole interval of the well-
bore and at least one annular seal is formed below
the hole in the tubular or below the open hole interval
of wellbore.

A method as claimed in any one of Claims 8 to 13
wherein the patch (25) is deployed in the wellbore
at a location below a restriction (21), D;, and the
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patch comprises a metal tube that has been de-
formed into an irregularly shaped tube having a max-
imum external cross-sectional dimension, D, that is
less than D, and wherein after the patch has passed
through the restriction to the desired location in the
wellbore, the expander tool is actuated to reform the
patch into a substantially regular shaped tube having
an external diameter, D5, that is greater than D,, and
to plastically expand at leasta portion of the reformed
tube to an external diameter, D, to form a fluid tight
annular seal with the wall of the tubular or the wall
of the open hole wellbore wherein the expansion ra-
tio, [(D4-D3)/D3] X100, of the reformed tube is in the
range 10 to 30%.

A method as claimed in Claim 14 wherein the tubular
patch system is passed to the selected location in
the wellbore through the production tubing (20).

A method as claimed in Claims 14 or 15 wherein the
deformed patch is a longitudinally corrugated tube.

A method as claimed in any one of Claims 8 to 16
wherein the tubular metal patch (25) is provided with
an outer resilient sealing member to provide an im-
proved seal with the tubular or with the wall of the
open hole wellbore.

A method as claimed in any one of claims 8 to 17
wherein the patchis formed from a plurality of tubular
metal sections wherein the sections of the patch are
joined together using deformable and optionally
plastically expandable joints.

A method as claimed in any one of Claims 8 to 18
wherein at least one section of the patch is of in-
creased wall thickness (13), t;, compared with the
wall thickness, t,, of adjacent sections of the patch
(i.e. t;>t,) and wherein the rotatable expander tool
is actuated to plastically expand the at least one sec-
tion of metal tube of increased wall thickness to form
an annular seal with the tubular or open hole well-
bore.

Amethod as claimed in Claim 19 wherein the.section
(s) of metal tube of increased wall thickness (13), t;,
is provided with an annular recess or groove (17) on
the outer surface thereof having an annular resilient
sealing ring (15) located therein and wherein the me-
chanical means for radially extending the expander
elements is actuated to plastically expand the at least
one section of metal tube of increased wall thickness
(13), t;, thereby forcing the annular resilient sealing
ring against the tubular or against the wall of the open
hole wellbore to form a fluid-tight annular seal.

A method as claimed in claim 8 for sealing a hole in
a tubular in a wellbore or for sealing an open hole
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interval of a wellbore comprising:

(A) introducing a tubular patch (25) into the well-
bore and locating the tubular patch (25) adjacent
the hole in the tubular or adjacent the open hole
interval of the wellbore;

(B) (i) plastically expanding a first portion of the
tubular patch (25) above the hole in the tubular
or above the open hole interval of the wellbore
into annular sealing engagement with the tubu-
lar or the open hole to form a first annular seal
and (ii) plastically expanding a second portion
of the tubular patch (25) below the hole in the
tubular or below the open hole interval of the
wellbore into annular sealing engagement with
the tubular or the open hole to form a second
annular seal thereby sealing the hole in the tu-
bular or the open hole interval of the wellbore.

A method as claimed in Claim 21 wherein further
portions of the tubular patch (25) are plastically ex-
panded into annular sealing engagement with the
tubular or the open hole to form further annular seals.

A method as claimed in Claims 21 or 22 wherein the
tubular patch (25) is a tubular section of a sand-
screen that comprises at least one tubular section
and at least one screen section.

A method as claimed in Claims 21 or 22 wherein the
tubular patch (25) is deployed in the wellbore at a
location below a restriction (21), D4, and the patch
comprises a metal tube that has been deformed into
anirregularly shaped tube having a maximum exter-
nal cross-sectional dimension, D,, that is less than
D, and wherein after the patch has passed through
the restriction to the desired location in the wellbore,
the patch is reformed into a substantially regular
shaped tube having an external diameter, D3, that
is greater than D4, and the first and second annular
seals are formed by plastically expanding the first
and second portions of the reformed tube to an ex-
ternal diameter, D,, wherein the expansion ratio,
[(D4-D3)/D3] x100, of the first and second portions of
the reformed tube is in the range 10 to 30%.

A method as claimed in any one of the preceding
claims wherein the first, second and optional further
portion(s) of the patch that are plastically expanded
to form the annular seals with the tubular or open
hole are of increased wall thickness, t;, compared
with the wall thickness, t,, of adjacent portions of the
patch.

A method as claimed in any one of Claims 21 to 25
wherein the ring seals are formed using the appara-
tus of any one of Claims 1 to 7.
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27. A method as claimed in claim 8 in which the tubular

patch is a liner string, the liner string is located in the
wellbore such that an upper section of the liner string
overlaps with a lower section of a cased or lined in-
terval of the wellbore and the expander tool is actu-
ated so that the expander elements plastically ex-
pand a portion of the upper section of the liner string
to form an annular seal between the upper section
of the liner string and the lower section of the cased
or lined interval of the wellbore and optionally, actu-
ating the expander tool to form further annular seals
between the upper section of the liner string and the
lower section of the cased or lined interval of the
wellbore.

Patentanspriiche

1. Vorrichtung zum plastischen Ausdehnen eines réh-

renférmigen Flickens in einem Bohrloch, umfas-
send:

(a) eine Greifeinrichtung, die den réhrenférmi-
gen Flicken in dem Bohrloch an der gewiinsch-
ten Stelle halten kann, umfassend mindestens
ein radial ausziehbares Greifteil (30) zum Grei-
fen der Innenwand des réhrenférmigen Flickens
(25) und ein mechanisches Mittel zum radialen
Ausziehen des/der Greifteils/Greifteile;

(b) ein drehbares Dehnwerkzeug, das in dem
réhrenférmigen Flicken (25) angebracht werden
kann, umfassend mehrere Dehnelemente (32),
die radial davon ausziehbar und so angepalf3t
sind, dal} sie sich mit der Innenwand des roh-
renférmigen Flickens (25) verbinden, und ein
mechanisches Mittel (31) zum radialen Auszie-
hen der Dehnelemente (32); und

(c) mindestens einen elektrischen Motor (29,
34), der dem mechanischen Mittel Antriebskraft
zufthren kann, um so das/die Greifteil(e) der
Greifeinrichtung radial auszuziehen, dem me-
chanischen Mittel (31) Antriebskraft zum radia-
len Ausziehen der Dehnelemente (32) des
Dehnwerkzeugs zuzufihren und das Dehn-
werkzeug zu drehen.

Vorrichtung nach Anspruch 1, die an einer Drahtlei-
tung (26) oder einem elektrischen Schlangenrohr
aufgehangt ist.

Vorrichtung nach den Anspriichen 1 oder 2, wobei
das mechanische Mittel zum radialen Ausziehen
des/der Greifteils/Greifteile der Greifeinrichtung
und/oder zum radialen Ausziehen der Dehnelemen-
te des Dehnwerkzeugs ein Hebemechanismus oder
ein Kegelverdrangungsmechanismus ist.

Vorrichtung nach einem der vorhergehenden An-
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spriiche, wobei die Dehnelemente (32) des Dehn-
werkzeugs Rollen oder Kugeln sind.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei das Dehnwerkzeug mit einem wei-
teren mechanischen Mittel zum Bewegen der
Dehnelemente (32) des Dehnwerkzeugs langs in
dem rohrenférmigen Flicken (25) ausgestattet ist
und der mindestens eine elektrische Motor (c) (35)
auch dem weiteren mechanischen Mittel Antriebs-
kraft zuflhrt.

Vorrichtung nach einem der vorhergehenden An-
spruche, wobei das Dehnwerkzeug mit einem An-
triebsmittel (33) zum Drehen des Dehnwerkzeugs
ausgestattet ist und der mindestens eine elektrische
Motor (c) (34) auch das Antriebsmittel (33) dreht.

Vorrichtung nach Anspruch 6, wobei das mechani-
sche Mittel zum radialen Ausziehen des/der Greif-
teils/Greifteile der Greifeinrichtung, das mechani-
sche Mittel zum radialen Ausziehen der Dehnele-
mente des Dehnwerkzeugs, das mechanische Mittel
zum Bewegen der Dehnelemente des Dehnwerk-
zeugs langs in dem réhrenférmigen Flicken und das
Antriebsmittel zum Drehen des Dehnwerkzeugs mit
zweckspezifischen elektrischen Motoren (29, 34, 35)
ausgestattet sind.

Verfahren zum Abdichten eines Loches in einem
Rohr in einem Bohrloch oder zum Abdichten eines
offenen Zwischenraumes eines Bohrloches, umfas-
send:

(A) das Einfuhren eines réhrenférmigen Flicken-
systems in das Bohrloch und Plazieren des Sy-
stems neben einem Loch in dem Rohr oder ne-
ben dem offenen Zwischenraum des Bohrlo-
ches, der abgedichtet werden soll, wobei das
réhrenformige Flikkensystem einen réhrenfor-
migen Flicken (25) und eine Vorrichtung zum
plastischen Dehnen des réhrenférmigen Flik-
kens umfal3t, umfassend (a) eine Greifeinrich-
tung, die den rohrenférmigen Flicken in dem
Bohrloch an der gewiinschten Stelle halten
kann, umfassend mindestens ein radial aus-
ziehbares Greifteil (30) zum Greifen der Innen-
wand des réhrenférmige Flikkens (25), wenn der
Flicken eingefiihrt wird und sich in dem Bohrloch
an der gewunschten Stelle befindet, und ein me-
chanisches Mittel zum radialen Ausziehen
des/der Greifteils/Greifteile; (b) ein drehbares
Dehnwerkzeug, dasindem réhrenférmigen Flik-
ken angebracht ist, umfassend mehrere
Dehnelemente (32), die radial davon ausziehbar
und so angepalfdt sind, daf3 sie sich mit der In-
nenwand des rohrenférmigen Flickens (25) ver-
binden, und ein mechanisches Mittel (31) zum
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radialen Ausziehen der Dehnelemente (32); und
(c) mindestens einen elektrischen Motor (29,
34), der dem mechanischen Mittel Antriebskraft
zuftihren kann, um so das/die Greifteil(e) der
Greifeinrichtung radial auszuziehen, dem me-
chanischen Mittel (31) Antriebskraft zum radia-
len Ausziehen der Dehnelemente (32) des
Dehnwerkzeugs zuzufihren und das Dehn-
werkzeug zu drehen; und

(B) Betatigen des Dehnwerkzeugs, um den réh-
renférmigen Flicken so auszudehnen, dalR das
Loch in dem Rohr oder der offene Teil des Bohr-
loches abgedichtet wird.

Verfahren nach Anspruch 8, wobei das mindestens
eine radial ausziehbare Greifteil mit der Innenwand
des rohrenférmigen Flickens (25) an dessen unte-
rem Ende verbunden ist und darin eingreift.

Verfahren nach den Anspriichen 8 oder 9, wobei ein
Teil des Flickens (25) durch Drehen des Dehnwerk-
zeugs und Betatigen des mechanischen Mittels (31)
zum radialen Ausziehen der Dehnelemente (32) des
Dehnwerkzeugs plastisch ausgedehnt wird, so daf
die Dehnelemente (32) mit der Innenwand des Flik-
kens (25) verbunden sind und der Flicken (25) unter
Bildung einer flissigkeitsdichten, ringférmigen (oder
Ring-) Dichtung mit der Wand des Rohres oder mit
dem offenen Bohrloch plastisch ausgedehnt wird.

Verfahren nach Anspruch 10, wobei das Dehnwerk-
zeug ein weiteres mechanisches Mittel zum Bewe-
gen der Dehnelemente in L&ngsrichtung in dem Flik-
ken (25) umfaRdt, und das weitere mechanische Mittel
unter Bewegung der Dehnelemente des Dehnwerk-
zeugs langs durch den Flicken elektrisch betétigt
wird, wodurch die ringférmige Dichtung ausgezogen
oder der gesamte réhrenformige Flicken plastisch
ausgedehnt wird.

Verfahren nach Anspruch 10 oder 11, wobei hach
dem Bilden der ringférmigen Dichtung die radial aus-
ziehbaren Dehnelemente (32) des Dehnwerkzeugs
und das/die radial ausziehbare(n) Greifteil(e) (30)
der Greifeinrichtung eingezogen werden und die
Vorrichtung zur Bildung einer weiteren ringférmigen
Dichtung zu einer neuen Stelle in dem Flicken (25)
bewegt wird.

Verfahren nach Anspruch 12, wobei mindestens ei-
ne ringférmige Dichtung Uber dem Loch in dem Rohr
oder Uber dem offenen Zwischenraum des Bohrlo-
ches und mindestens eine ringférmige Dichtung un-
ter dem Loch in dem Rohr oder unter dem offenen
Zwischenraum des Bohrloches gebildet wird.

Verfahren nach einem der Anspriiche 8 bis 13, wobei
der Flicken (25) in dem Bohrloch an einer Stelle unter



15.

16.

17.

18.

19.

20.

23

einer Verengung (21), D4, eingesetzt wird, und der
Flicken ein Metallrohr umfaf3t, das in ein unregelma-
RBig geformtes Rohr mit einem maximalen auBeren
Querschnittsausmal, D,, das kleiner ist als D,, ver-
formt ist, und wobei, nachdem der Flicken durch die
Verengung zu der gewiinschten Stelle in dem Bohr-
loch gefiihrt wurde, das Dehnwerkzeug zum Zuriick-
bilden des Flickens in ein im wesentlichen regelma-
RBig geformtes Rohr mit einem AuRendurchmesser,
D, der groRer ist als D, und zum plastischen Aus-
dehnen mindestens eines Teils des zuriickgebilde-
ten Rohres auf einen AulRendurchmesser, D,, beté-
tigt wird, um so eine flissigkeitsdichte ringférmige
Dichtung mit der Wand des Rohres oder der Wand
des offenen Bohrloches zu bilden, wobei das Expan-
sionsverhaltnis [(D, - D3) / D3] x 100 des zuriickge-
bildeten Rohres im Bereich von 10 bis 30 % liegt.

Verfahren nach Anspruch 14, wobei das réhrenfor-
migen Flickensystem durch das Steigrohr (20) zu
der ausgewahlten Stelle in dem Bohrloch gefiihrt
wird.

Verfahren nach Anspruch 14 oder 15, wobei der ver-
formte Flicken ein langs gewelltes Rohr ist.

Verfahren nach einem der Anspriiche 8 bis 16, wobei
der réhrenférmige Metallflicken mit einem &uf3eren
elastischen Dichtungsteil ausgestattet ist, um so ei-
ne bessere Dichtung mit dem Rohr oder mit der
Wand des offenen Bohrloches bereitzustellen.

Verfahren nach einem der Anspriiche 8 bis 17, wobei
der Flicken aus mehreren réhrenférmigen Metallab-
schnitten gefertigt ist, wobei die Abschnitte des Flik-
kens unter Verwendung verformbarer und gegebe-
nenfalls plastisch ausdehnbarer Gelenke miteinan-
der verbunden sind.

Verfahren nach einem der Anspriiche 8 bis 18, wobei
mindestens ein Abschnitt des Flikkens im Vergleich
zu der Wanddicke, t,, der benachbarten Abschnitte
des Flikkens eine starkere Wanddicke (13), t;, auf-
weist (d. h. t; > t,), und wobei das drehbare Dehn-
werkzeug zum plastischen Ausdehnen des minde-
stens einen Abschnittes des Metallrohres mit der
starkeren Wanddicke betétigt wird, um so eine ring-
férmige Dichtung mit dem Rohr oder dem offenen
Bohrloch zu bilden.

Verfahren nach Anspruch 19, wobei der/die Ab-
schnitt(e) des Metallrohres mit der stérkeren Wand-
dicke (13), t;, mit einer ringférmigen Aussparung
oder Fuge (17) auf der AuRenflache mit einem darin
befindlichen ringformigen elastischen Dichtungsring
(15) ausgestattet ist/sind, und wobei das mechani-
sche Mittel zum radialen Ausziehen der Dehnele-
mente bewegt wird, um den mindestens einen Ab-
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schnitt des Metallrohres mit der stéarkeren Wanddik-
ke (13), t;, plastisch auszudehnen, wodurch der ring-
férmige elastische Dichtungsring unter Bildung einer
flussigkeitsdichten ringférmigen Dichtung gegen
das Rohr oder gegen die Wand des offenen Bohrlo-
ches gedrangt wird.

Verfahren nach Anspruch 8 zum Abdichten eines
Loches in einem Rohr in einem Bohrloch oder zum
Abdichten eines offenen Zwischenraumes eines
Bohrloches, umfassend:

(A) das Einfuhren eines rohrenférmigen Flik-
kens (25) in das Bohrloch und Plazieren des réh-
renférmigen Flickens (25) neben dem Loch in
dem Rohr oder neben dem offenen Zwischen-
raum des Bohrloches;

(B) (i) das plastische Ausdehnen eines ersten
Teils eines rohrenférmigen Flickens (25) uber
dem Loch in dem Rohr oder Giber dem offenen
Zwischenraum des Bohrloches in ringférmigem
Dichtungseingriff mit dem Rohr oder dem offe-
nen Bohrloch zur Bildung einer ersten ringfor-
migen Dichtung und (ii) das plastische Ausdeh-
nen eines zweiten Teils des rohrenférmigen
Flickens (25) unter dem Loch in dem Rohr oder
unter dem offenen Zwischenraum des Bohrlo-
ches in ringférmigem Dichtungseingriff mit dem
Rohr oder dem offenen Bohrloch zur Bildung ei-
ner zweiten ringférmigen Dichtung, wodurch
das Lochin dem Rohroder dem offen Zwischen-
raum des Bohrloches abgedichtet wird.

Verfahren nach Anspruch 21, wobei weitere Teile
des réhrenférmigen Flickens (25) zur Bildung weite-
rer ringférmiger Dichtungen in ringférmigem Dich-
tungseingriff mit dem Rohr oder dem offenen Bohr-
loch plastisch ausgedehnt werden.

Verfahren nach Anspruch 21 oder 22, wobei der roh-
renférmige Flicken (25) ein rohrenférmiger Abschnitt
eines Sandsiebes ist, dal? mindestens einen réhren-
férmigen Abschnitt und mindestens einen Siebab-
schnitt umfalit.

Verfahren nach Anspruch 21 oder 22, wobei der roh-
renférmige Flicken (25) in dem Bohrloch an einer
Stelle unter einer Verengung (21), D,, eingesetzt
wird und der Flicken ein Metallrohr umfaf3t, das in
ein unregelmanRig geformtes Rohr mit einem maxi-
malen aulReren Querschnittsausmaf, D,, das klei-
ner ist als D4, verformt wurde, und wobei, nachdem
der Flicken durch die Verengung zu der gewiinsch-
ten Stelle in dem Bohrloch gefiihrt worden ist, der
Flickenin einim wesentlichen regelmafig geformtes
Rohr mit einem AuBendurchmesser, D5, der groRer
ist als D4, zuriickgebildet wird, und die erste und
zweite ringférmige Dichtung durch plastisches Aus-
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dehnen des ersten und zweiten Teils des zuriickge-
bildeten Rohres auf einen AuRendurchmesser, Dy,
gebildet werden, wobei das Expansionsverhéltnis
[(D,4 - D) / D3] x 100 des ersten und zweiten Teils
des zuriickgebildeten Rohres im Bereich von 10 bis
30 % liegt.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei das erste, zweite und gegebenenfalls
weitere Teil(e) des Flickens, das/die unter Bildung
der ringférmigen Dichtungen mitdem Rohr oder dem
offenen Bohrloch plastisch ausgedehnt wurde(n) im
Vergleich zu der Wanddicke, t,, der benachbarten
Teile des Flickens eine starkere Wanddicke, t;, auf-
weist/auf weisen.

Verfahren nach einem der Anspriiche 21 bis 25, wo-
bei die Ringdichtungen unter Verwendung der Vor-
richtung aus einem der Anspriche 1 bis 7 gebildet
werden.

Verfahren nach Anspruch 8, wobei der réhrenférmi-
ge Flicken ein Linerstrang ist, der Linerstrang so in
dem Bohrloch plaziert wird, daf? ein oberer Abschnitt
des Linerstranges einen unteren Abschnitt eines ge-
stitzten oder gefiitterten Zwischenraumes des
Bohrloches liberlappt, und das Dehnwerkzeug so
betétigt wird, da? die Dehnelemente einen Teil des
oberen Abschnitts des Linerstranges unter Bildung
einer ringférmigen Dichtung zwischen dem oberen
Abschnitt des Linerstranges und dem unteren Ab-
schnitt des gestitzten oder gefiitterten Zwischen-
raumes des Bohrloches plastisch ausdehnen, und
gegebenenfalls Betatigen des Dehnwerkzeuges zur
Bildung weiterer ringférmiger Dichtungen zwischen
dem oberen Abschnitt des Linerstranges und dem
unteren Abschnitt des gestiitzten oder gefitterten
Zwischenraumes des Bohrloches.

Revendications

1.

Dispositif destiné a expanser de maniéere plastique
une chemise tubulaire (25) dans un puits de forage
comprenant :

(a) un ensemble d’'accrochage en mesure de
maintenir la chemise tubulaire & un emplace-
ment souhaité a l'intérieur du puits de forage
comprenant au moins un élément d’accrochage
radialement extensible (30) destiné a accrocher
la paroi intérieure de la chemise tubulaire (25)
et un moyen mécanique destiné a étendre ra-
dialement le ou les éléments d’accrochage ;

(b) un outil d’expansion rotatif, pouvant étre po-
sitionné dans la chemise tubulaire (25), compre-
nant une pluralité d’éléments d’'expansion (32)
radialement extensibles depuis celui-ci adaptés
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pour venir en prise avec la paroi intérieure de la
chemise tubulaire (25) et un moyen mécanique
(31) destiné a étendre radialement les éléments
d’'expansion (32) ; et

(c) au moins un moteur électrique (29, 34) des-
tiné a délivrer de la puissance motrice au moyen
mécanique destiné a étendre radialement le ou
les éléments d’accrochage de I'ensemble d’ac-
crochage, destiné a délivrer de la puissance mo-
trice au moyen mécanique (31) destiné a éten-
dre radialement les éléments d’expansion (32)
de I'outil d’expansion, et destiné a permettre la
rotation de I'outil d’expansion.

Dispositif selon la revendication 1, qui est suspendu
depuis un cable (26) ou un tubage enroulé électri-
que.

Dispositif selon la revendication 1 ou 2, dans lequel
le moyen mécanique destiné a étendre radialement
le ou les éléments d’accrochage de I'ensemble d’ac-
crochage et/ou destiné a étendre radialement les
éléments d’expansion de I'outil d’expansion est un
mécanisme de vérin ou un mécanisme de déplace-
ment conique.

Dispositif selon I'une quelconque des revendications
précédentes, dans lequel les éléments d’expansion
(32) de I'outil d’expansion sont des rouleaux ou bal-
les.

Dispositif selon I'une quelconque des revendications
précédentes, dans lequel I'outil d’expansion est mu-
ni d’'un moyen mécanique supplémentaire destiné a
déplacer les éléments d'expansion (32) de I'outil
d’expansion longitudinalement a l'intérieur de la che-
mise tubulaire (25) et le au moins un moteur électri-
que (c) (35) délivre en outre de la puissance motrice
au moyen mécanique supplémentaire.

Dispositif selon I'une quelconque des revendications
précédentes, dans lequel I'outil d’expansion est mu-
ni d'un moyen d’entrainement (33) destiné a faire
tourner I'outil d’expansion et le au moins un moteur
électrique (c) (34) permet en outre la rotation du
moyen d’entrainement (33).

Dispositif selon la revendication 6, dans lequel le
moyen mécanique destiné a étendre radialement le
ou les éléments d’accrochage de I'ensemble d’ac-
crochage, le moyen mécanique destiné a étendre
radialement les éléments d’expansion de I'outil d'ex-
pansion, le moyen mécanique destiné a déplacer les
éléments d’expansion de I'outil d’expansion longitu-
dinalement a l'intérieur de la chemise tubulaire et le
moyen d’entrainement destiné a faire tourner I'outil
d’expansion sont munis de moteurs électriques dé-
diés (29, 34, 35).
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Procédé de scellement d'un trou dans un tubulaire
dans le puits de forage ou de scellement d’un inter-
valle de trou découvert d'un puits de forage
comprenant :

(A) l'introduction d’'un systeme de chemise tu-
bulaire dans un puits de forage et la localisation
du systéme de maniére adjacente a untrou dans
le tubulaire ou de maniére adjacente al'interval-
le de trou découvert du puits de forage que l'on
souhaite sceller, le systeme de chemise tubu-
laire comprenant une chemise tubulaire (25) et
un dispositif destiné a expanser de maniere
plastique la chemise tubulaire comprenant (a)
un ensemble d’accrochage en mesure de main-
tenir la chemise tubulaire & un emplacement
souhaité a 'intérieur du puits de forage compre-
nant au moins un élément d’accrochage radia-
lement extensible (30) destiné a accrocher la
paroiintérieure de la chemise tubulaire (25) tan-
dis que la chemise est en cours d'introduction
et positionnée a I'emplacement souhaité dans
le puits de forage et un moyen mécanique des-
tiné a étendre radialement le ou les éléments
d’accrochage ; (b) un outil d’expansion rotatif,
positionné dans la chemise tubulaire, compre-
nant une pluralité d’éléments d’expansion (32)
radialement extensibles depuis celui-ci adaptés
pour venir en prise avec la paroi intérieure de la
chemise tubulaire (25) et un moyen mécanique
(31) destiné a étendre radialement les éléments
d’expansion (32) ; et (c) au moins un moteur
électrique (29, 34) destiné a délivrer de la puis-
sance motrice au moyen mécanique destiné a
étendre radialement le ou les éléments d’accro-
chage de I'ensemble d’accrochage, destiné a
délivrer de la puissance motrice au moyen mé-
canique (31) destiné a étendre radialement les
éléments d’expansion (32) de I'outil d’expan-
sion, et destiné a permettre la rotation de I'outil
d’expansion ; et

(B) 'actionnement de l'outil d’expansion pour
expanser de maniére plastique la chemise tu-
bulaire afin de sceller entierement le trou dans
le tubulaire ou de sceller entierement la partie
de trou découvert du puits de forage.

Procédé selon la revendication 8, dans lequel le au
moins un élément d’accrochage radialement exten-
sible vient en prise avec et accroche la paroi inté-
rieure de la chemise tubulaire (25) au niveau de I'ex-
trémité supérieure de celle-ci.

Procédé selon la revendication 8 ou 9, dans lequel
une partie de la chemise (25) est expansée de ma-
niére plastique par la rotation de I'outil d’expansion
et I'actionnement du moyen mécanique (31) destiné
aétendreradialementles éléments d’expansion (32)
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de I'outil d’expansion de sorte que les éléments d’ex-
pansion (32) viennent en prise avec la paroi intérieu-
re de lachemise (25) etlachemise (25) estexpansée
de maniere plastique pour former un joint annulaire
(ou bague) étanche au fluide avec la paroi du tubu-
laire ou avec le trou découvert.

Procédé selon la revendication 10, dans lequel I'outil
d’'expansion comprend un moyen mécanique sup-
plémentaire destiné a déplacer les éléments d’ex-
pansion dans une direction longitudinale a I'intérieur
de la chemise (25) et le moyen mécanique supplé-
mentaire est actionné électriquement pour déplacer
les élément d’expansion de I'outil d’expansion lon-
gitudinalement a travers la chemise (25) pour éten-
dre de la sorte le joint annulaire ou expanser de ma-
niére plastique toute la chemise tubulaire.

Procédé selon larevendication 10 ou 11, dans lequel
apres la formation du joint annulaire, les éléments
d’expansion extensibles radialement (32) de I'outil
d’expansion et le ou les éléments d’'accrochage ex-
tensibles radialement (30) de I'ensemble d’'accro-
chage sont rétractés et le dispositif est déplacé a un
nouvel emplacement dans la chemise (25) pour for-
mer un joint annulaire supplémentaire.

Procédé selon la revendication 12, dans lequel au
moins un joint annulaire est formé au-dessus du trou
dans le tubulaire ou au-dessus de I'intervalle de trou
découvert du puits de forage et au moins un joint
annulaire est formé au-dessous du trou dans le tu-
bulaire ou au-dessous de I'intervalle du trou décou-
vert du puits de forage.

Procédé selon I'une quelconque des revendications
8 a 13, dans lequel la chemise (25) est déployée
dans le puits de forage a un emplacement au-des-
sous d'une restriction (21), D4, et la chemise com-
prend un tube métallique qui a été déformé en un
tube de forme irréguliere ayant une dimension en
coupe transversale externe maximum, D,, qui est
inférieure & D4 et dans lequel aprés que la chemise
a franchi la restriction jusqu’'a I'emplacement sou-
haité dans le puits de forage, 'outil d’expansion est
actionné pour reformer la chemise en un tube de
forme sensiblement réguliere ayant un diameétre ex-
terne, D3, qui est supérieur & D4, et pour expanser
de maniere plastique au moins une partie du tube
reformeé jusqu’a un diametre externe, D, pour former
un joint annulaire étanche au fluide avec la paroi du
tubulaire ou la paroi du puits de forage a trou décou-
vert dans lequel le ratio d’expansion, [(D4-D3)/Dj]
x100, du tube reformé se situe dans la fourchette de
10 & 30 %.

Procédé selon la revendication 14, dans lequel le
systeme de chemise tubulaire est introduit jusqu'a
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I'emplacement sélectionné dans le puits de forage
a travers la colonne de production (20).

Procédé selon larevendication 14 ou 15, dans lequel
la chemise déformée est un tube a ondulations lon-
gitudinales.

Procédé selon I'une quelconque des revendications
8 & 16, dans lequel la chemise métallique tubulaire
(25) est munie d'un élément d’étanchéité élastique
externe pour apporter une étanchéité améliorée
avec le tubulaire ou avec la paroi du puits de forage
a trou découvert.

Procédé selon I'une quelconque des revendications
8 & 17, dans lequel la chemise est formée & partir
d’'une pluralité de sections métallique tubulaires
dans lequel les sections de la chemise sont reliées
les unes aux autres a I'aide de joints déformables et
en option expansibles de maniére plastique.

Procédé selon I'une quelconque des revendications
8 a 18, dans lequel au moins une section de la che-
mise est d’'une épaisseur de paroi augmentée (13),
t,, en comparaison a I'épaisseur de paroi, t,, de sec-
tions adjacentes de la chemise, (a savoir, t;>t,) et
dans lequel I'outil d’expansion rotatif est actionné
pour expanser de maniéere plastique la au moins une
section de tube métallique d’épaisseur de paroi aug-
mentée pour former un joint annulaire avec le tubu-
laire ou le puits de forage a trou découvert.

Procédé selon la revendication 19, dans lequel la ou
les sections de tube métallique d’épaisseur de paroi
augmentée (13), t;, sont munies d’un évidement ou
d’'une rainure annulaire (17) sur leur surface externe
ayant une bague d'étanchéité élastique annulaire
(15) située dans celui-ci et dans lequel le moyen mé-
canique destiné a étendre radialement les éléments
d’expansion est actionné pour expanser de maniere
plastique la au moins une section de tube métallique
d’épaisseur de paroi augmentée (13), t;, poussant
de la sorte la bague d’étanchéité élastique annulaire
contre le tubulaire ou contre la paroi du puits de fo-
rage a trou découvert pour former un joint annulaire
étanche au fluide.

Procédé selon la revendication 8, destiné a sceller
un trou dans un tubulaire dans un puits de forage ou
a sceller un intervalle de trou découvert d’un puits
de forage comprenant :

(A) lintroduction d’'une chemise tubulaire (25)
dans le puits de forage et la localisation de la
chemise tubulaire (25) de maniére adjacente au
trou dans le tubulaire ou de maniére adjacente
a lintervalle de trou découvert du puits de
forage ;
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(B) (i) 'expansion plastique d’une premiere par-
tie de la chemise tubulaire (25) au-dessus du
trou dans le tubulaire ou au-dessus de l'interval-
le de trou découvert du puits de forage en prise
d’étanchéité annulaire avec le tubulaire ou le
trou découvert pour former un premier joint an-
nulaire et (ii) 'expansion plastique d’une deuxié-
me partie de la chemise tubulaire (25) au-des-
sous du trou dans le tubulaire ou au-dessous de
I'intervalle de trou découvert du puits de forage
en prise d’étanchéité annulaire avec le tubulaire
ou le trou découvert pour former un deuxieme
joint annulaire scellant de la sorte le trou dans
le tubulaire ou l'intervalle de trou découvert du
puits de forage.

Procédé selon la revendication 21, dans lequel des
parties supplémentaires de la chemise tubulaire (25)
sont expansées de maniére plastique en prise
d’étanchéité annulaire avec le tubulaire ou le trou
découvert pour former des joints annulaires supplé-
mentaires.

Procédeé selon la revendication 21 ou 22 dans lequel
la chemise tubulaire (25) est une section tubulaire
d’'un crible pour sable qui comprend au moins une
section tubulaire et au moins une section de crible.

Procédé selon larevendication 21 ou 22, dans lequel
la chemise tubulaire (25) est déployée dans le puits
de forage a un emplacement au-dessous d’'une res-
triction (21), D4, et la chemise comprend un tube
métallique qui a été déformé en un tube de forme
irréguliere ayant une dimension en coupe transver-
sale externe maximum, D,, qui est inférieure & D, et
dans lequel aprés que la chemise a franchi la res-
triction jusqu’a I'emplacement souhaité dans le puits
de forage, la chemise est reformée en un tube de
forme sensiblement réguliére ayant un diamétre ex-
terne, D3, qui est supérieur & D4, et les premier et
deuxiéme joints annulaires sont formés en expan-
sant de maniere plastique les premiére et deuxiéme
parties du tube reformé jusqu’a un diameétre externe,
D,, dans lequel le ratio d’expansion, [(D4-D3)/Dj]
x100, des premiére et deuxiéme parties du tube re-
formé se situe dans la fourchette de 10 & 30 %.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel la premiére, la deuxiéme
et des parties supplémentaires optionnelles de la
chemise qui sont expansées de maniére plastique
pour former les joints annulaires avec le tubulaire ou
le trou découvert sont d’épaisseur de paroi augmen-
tée, t;, en comparaison a I'épaisseur de paroi, t,, de
parties adjacentes de la chemise.

Procédé selon I'une quelconque des revendications
21 a 25, dans lequel les bagues d’étanchéité sont
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formées a I'aide du dispositif selon 'une quelconque
des revendications 1 4 7.

Procédé selon larevendication 8, dans lequel la che-
mise tubulaire est une colonne perdue, la colonne
perdue est située dans le puits de forage de telle
sorte qu’une section supérieure de la colonne per-
due chevauche une section inférieure d’un intervalle
entubé ou cuvelé du puits de forage et I'outil d’ex-
pansion est actionné de sorte que les éléments d’'ex-
pansion expansent de maniére plastique une partie
de la section supérieure de la colonne perdue pour
former un joint annulaire entre la section supérieure
de la colonne perdue et la section inférieure de I'in-
tervalle entubé ou cuvelé du puits de forage, et en
option, consiste & actionner I'outil d’expansion pour
former des joints annulaires supplémentaires entre
la section supérieure de la colonne perdue et la sec-
tion inférieure de lintervalle entubé ou cuvelé du
puits de forage.
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Fig.3
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