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(57)  Atool (10) for expanding a tubular member in a
well, comprises: a locating device for locating the tool in
the tubular member to be expanded; and an expanding
device for expanding the tubular member beyond its
starting diameter, the expanding device comprising a ra-
dial array of expanding elements (40), each element, in
use, acting on the tubular member to deform it radially
outwardly; wherein each element is moveable in an axial
directionindependently of the other elements in the array.
A method of expanding a tubular member in a well, com-
prises: positioning an expansion tool in the tubular mem-

ber in the well, the expansion tool comprising a radial
array of expanding elements; and moving the elements
in an axial direction to act on the tubular and deform it in
a radial direction, each at least on element moving in an
axial direction independently of others in the array. A sys-
tem comprises a tool suspended on a wireline cable and
connected to control equipment located at the surface
so as to be operable in a well to expand tubular members
located therein.
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Description
Technical field

[0001] This invention relates to methods and appara-
tus for use in the expansion of tubular members. The
invention find particular application to such operations
conducted in underground well or boreholes such as are
found in the oil and gas industry.

Background art

[0002] The use of expandable tubular members to seal
or isolate portions of wells has been widely proposed. In
one version, a simple tubular member is expanded
against the borehole by stretching the wall of the tubular
using an expanding tool. In another, the tubular member
is positioned in the borehole in a vertically corrugated
form and then expanded back to a circular cross-section
against the borehole.

[0003] Whereexpansionisachieved by simple stretch-
ing, the thickness of the material forming the tubular de-
creases and there is typically a limit of 20-30% expansion
before plastic deformation of the material causes the tu-
bular to become weakened (and failure occurs). For prac-
tical purposes, an upper limit of 10% expansion is used.
[0004] Wherethetubularis vertically corrugated, much
greater expansion ratios can be achieved. However, ef-
fective sealing against the borehole can be an issue.
[0005] A number of techniques and tools have been
proposed for expanding the tubular. These include infla-
tion with a pressurised fluid such that the tubular ’bal-
loons’ against the borehole, forcing a tapered, oversize
mandrel through the tubular, either by using a cable or
using fluid pressure, or by use of a rotating system of
rollers urged radially outwardly against the tubular (see
for example US 2002185274 A and WO 2005003511 A).
[0006] Theexpandingtools typically comprise adevice
for locating the tool in the tubular to be expanded and an
expanding device that is moved axially through the tubu-
lar to expand it to the desired diameter. The expanding
device can comprise a tapered, cone-like mandrel, or a
radial array of expanding elements that are urged against
the tubular to expand it. The array may also rotate to
expand the tubular and the array can be moved axially
through the tubular to increase the axial extent of the
expanded portion.

[0007] Disclosure of the invention

[0008] A first aspect of the invention comprises a tool
for expanding a tubular member in a well, comprising:

- alocating device for locating the tool in the tubular
member to be expanded; and

- anexpanding device for expanding the tubular mem-
ber beyond its starting diameter, the expanding de-
vice comprising a radial array of expanding ele-
ments, each element, in use, acting on the tubular
member to deform it radially outwardly;
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wherein each element is moveable in an axial direction
independently of the other elements in the array.
[0009] Preferably each element is tapered inwardly at
one end. Consequently, the array can comprise a sec-
tored cone-like structure when all of the elements are
positioned at the same axial location in the member.
[0010] Each element can be moveable radially out-
wardly independent of the other elements in the array.
The elements can also be rotatable about a longitudinal
axis. In such a case each element can be rotatable in
use between a first position in which axial movement of
the element causes no radial deformation of the tubular,
and a second position in which axial movement causes
radial deformation.

[0011] The array is preferably configurable such that
the elements are axially distributed so multiple elements
of the array can be rotated into the first position at the
same time. The array can then be configured for expan-
sion by rotation of the elements into the respective sec-
ond position.

[0012] In one embodiment of the invention, the ele-
ments comprise rollers.

[0013] In this embodiment, the tool preferably further
comprises a mandrel over which the rollers move during
expansion of the tubular. The rollers move axially over
the surface of the mandrel from one end to the other as
the mandrel is moved through the tubular, the rollers be-
ing returned to the one end through the interior of the
mandrel. The mandrel preferably has a cone-like shape.
[0014] Power for operation of the tool can comprise
electrical power provided over a wireline cable.

[0015] The tool can also comprise at least one sensor
capable of making measurements during the deforma-
tion operation.

[0016] In one preferred embodiment, the locating de-
vice comprises a cone-like member that is forced into the
tubular member to counteract the force required to move
the expanding elements axially while deforming the tu-
bular member. Preferably, the cone-like member de-
forms the tubular member radially outwardly.

[0017] The cone angle of the cone-like member can
be different to the corresponding angle on the expanding
elements. Also, more than one cone-like member can be
provided. When a single cone-like member is used, the
cone angle may be larger, when more than one is used,
the angle may be smaller.

[0018] A second aspect of the invention comprises a
method of expanding a tubular member in a well, com-
prising:

- positioning an expansion tool in the tubular member
in the well, the expansion tool comprising a radial
array of expanding elements ; and

- moving the elements in an axial direction to act on
the tubular and deform it in a radial direction, each
at least on element moving in an axial direction in-
dependently of others in the array.
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[0019] The method preferably further comprises posi-
tioning the tool in the tubular with the elements of the
array positioned in a first position in which axial move-
ment causes no radial deformation of the tubular, the
elements of the array being moved to a second position
such that axial movement causes deformation once the
tool is in position.

[0020] The movement between the first and second
positions can be achieved by rotation of each element
about a longitudinal axis.

[0021] The method according to the second aspect of
the invention is preferably performed using a tool accord-
ing to the first aspect of the invention.

[0022] The elements can be moved so as to deform
the tubular member in a non-axisymmetrical manner. It
is particularly preferred that the geometry of the well is
measured and the expanding elements configured so as
to provide a corresponding geometry in the deformed
tubular member.

[0023] A swelling material can be introduced between
the tubular member and the well wall so as to fill voids
remaining after deformation of the tubular member.

Brief description of the drawings

[0024] Figure 1 shows one embodiment of a tool ac-
cording to the invention;

Figure 2 shows a corrugated sleeve prior to expan-
sion;

Figure 3 shows a more detailed view of the tool of
Figure 1;

Figure 4 shows the steps in a multi-stage operation;
Figure 5 shows a schematic side view of an expan-
sion tool;

Figure 6 shows a schematic plan view of a tool ac-
cording to an embodiment of the invention;

Figure 7 shows a schematic side view of the tool of
Figure 6;

Figure 8 shows a schematic side view of an embod-
iment of the tool of Figure 7 with an actuator;
Figure 9 shows a schematic side view of another
embodiment of the tool of Figure 7;

Figure 10 shows the tool of Figure 9 when installed
prior to expansion;

Figure 11 shows the use of a tool according to an
embodiment ofthe inventionin anirregular borehole;
Figure 12 shows a tool according to another embod-
iment of the invention;

Figure 13 shows a plan view of the tool of Figure 12;
and

Figure 14 shows details of an embodiment of a tool
with a modified anchoring unit.

Mode(s) for carrying out the invention

[0025] The fundamentals of expandable tubular in
wells are well-known and will not be described in detail
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here. One such application comprises the expansion of
a sleeve inside a casing to close off perforations that
might be producing water. The use of an embodiment of
the invention in such an application is shown schemati-
cally in Figure 1. In use, a tool 10 according to one em-
bodiment of the invention, is positioned in a well 12
through production tubing 16 located in the well 12 by
means of a packer 14 and extending to the surface (not
shown). The tool 10 is lowered through the tubing 16 by
means of a wireline cable 18 which provides electric pow-
er and data to the tool 10. An expandable sleeve 20 is
positioned on the tool 10 with a mandrel 22 positioned
below the sleeve 20 and connected to the tool 10 through
the centre thereof. In this example, the sleeve 20 is ver-
tically corrugated as is shown in Figure 2 so as to reduce
its outer diameter and allow its installation through tubing.
Other forms of expandable tubular can also be used. To
expand the sleeve 20, the mandrel is drawn upwardly by
the tool 10 through the sleeve where it forces the sleeve
outwardly.

[0026] Figure 3 shows more detail of the tool in use.
In this preferred embodiment, the tool 10 is suspended
on the wireline cable 18 and comprises a number of func-
tional elements.

[0027] A control unit 24 is connected to the upper part
of the tool and providing electrical and mechanical con-
nection to the cable 18 and a proper operational interface
with the cable 18 for sending and receiving commands
and data. This unit provides for the management of the
electrical power transmitted by the cable 18 to the down-
hole tool 10. In particular, power supplies provide energy
to control electronics (such as a microprocessor (not
shown)). This section includes also control systems for
high levels of electrical power which will be required to
perform the expansion of the tubular sleeve. This power
control preferably allows smooth starting of expansion
functions.

[0028] The control unit 24 also performs monitoring of
the expansion process and transmits this information to
the surface, so that the operator may adapt operational
parameters for the optimum expansion process.

[0029] An anchorage mechanism 26 is provided that
can be expanded into the sleeve 20 to lock the tool 10
and sleeve 20 together. Typically this locking is per-
formed by hydraulic slips 27 which can be pushed radially
against the sleeve 20. This mechanism holds the tool in
place while the expansion is being performed. For the
proper operation, this mechanism has to transmit the re-
action forces of the expansion process. In some applica-
tion, this is only an axial force, but it can also be torque.
[0030] A retraction system 28 which operates to move
the expansion system 29 (corresponding to the mandrel
22 described above) through the sleeve 20 over a pre-
determined length. The expansion/retraction section of
the tool generates the mechanical movement for the ex-
pansion process. This section contains typically high
power and high torque systems to generate these ex-
pansion movement.
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[0031] A retraction and expansion transmission sys-
tem 30 for transmitting the drive from the retraction sys-
tem 28 to the expansion system 29.

[0032] The expansion system 29 is the device in direct
contact with the sleeve 20 to cause it to expand. This
device transmits the high contact force to the sleeve 20
to deform it. It is driven by an expansion and retraction
transmission 30. The expansion system may include a
cone-shaped mandrel (as will be described in more detail
below). In this case, the mandrel is pulled towards the
wireline tool 10 by the retraction transmission 30.
[0033] The expansion ofasleeve 20 over lengths long-
er than the maximum stoke of the retraction mechanism
is feasible. However, expansion using the tool of Figure
3 has to be performed in multiple steps of short expansion
as is shown in Figure 4. A short tubular section is ex-
panded as previously explained (Steps 1 and 2). Then
the slips 27 are removed, the wireline tool 24, 26, 28 is
pulled upwards while the retraction mechanism 30 is ex-
panded (Step 3). After these operations, the wireline tool
is in a new upwards position inside the tubular 20 to be
expanded, with its expansion cone 29 still in contact with
the upper part of tubular section already expanded in the
previous stroke. The slips 27 can then be reopened (Step
4). The next section of tubular can be the expanded (Step
5).

[0034] The tool 10 may be provided with sensors to
perform several measurements relating to the expansion
process, including:

e calliperinformation to track the shape of the expand-
ed tubular;

e expanding force;

¢ thickness of tubular after expansion;

* loss of diameter (relaxation) after unloading of tool
following expansion;

e contact quality with formation (and layer behind met-
al structure);

e presence of cracks and surface quality; and

* change of length of the tubular.

[0035] The expanding tooling 29 (such as a mandrel
22) can take a number of forms. For smooth tubular at
the end of the job, one option is to perform the expansion
by axial displacement of a cone. This process can be
considered as forcing a too-large cone 22 in the sleeve
20. Figure 5 shows schematically this process and is
known in the art. An embodiment of the present invention
based on this process comprises the use of a sectored
cone as a mandrel. This is shown generally in Figures 6
and 7 which show the mandrel in the form of an eight
sector hollow mandrel (40a-40h). The sectored cone sup-
port high hoop stresses which press the sectors (or parts)
of the cone together. These high stresses are generated
by the contact force with the tubular during the expansion
process.

[0036] The instantaneous axial force to displace the
whole cone may be important, depending on the sleeve
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thickness and diameter. To limit this instantaneous axial
force requirement, the sectored cone can be moved one
sector at a time. Figure 8 shows one embodiment of such
a system. Each conical sector 40 is dragged by a hook
42 pulled by the control unit 44. The tip of the hook 42 is
aright angle turn which is applied against only one sector
40 at a time. Before pulling a sector 40, the hook 42 is
rotated to apply its tip onto the proper sector.

[0037] In Figure 8, the hook 42 is represented as a
small bar. The hook may also consist of a cylinder running
inside the sector cone and equipped with a solid (rela-
tively high-strength) pin extending out of the cylinder.
This pin corresponds to the finger of the hook 42.
[0038] In some applications, each sector has its own
dragging hook. In this case, the wireline control unit main-
tains a direct link to each sector and the hook may be
physically attached to the sector itself.

[0039] The sectored cone allows the expansion to start
with the whole system inside the none-expanded tubular.
This is can be important when only a certain defined
length of the tubular has to be expanded to a larger di-
ameter. For example, multiple short lengths of tubular
inside a long completion could be expanded: the expand-
ed lengths acting as annular seals (and replacing the
ECP function).

[0040] To start inside the unexpanded tubular, the
cone is initially assembled with missing sectors, so that
the circumference of this initial assembly is smaller than
in complete assembly. Then, the missing sectors are ax-
ially forced between sectors of the initial assembly cone.
When these sectors are added, the circumference of the
assembled cone increases and grows to its final size.
During this growth, the tubular is also formed to a larger
diameter. When the cone is completely assembled to fi-
nal shape, it can then be dragged over some distance to
perform the tubular expansion.

[0041] To ease the insertion of the missing sectors,
these sectors may be machined with major chamfer (cor-
responding to half of the width of the sector). Other spe-
cial cuts can also be considered.

[0042] With the design of the sector cone, sector can
be added or removed so that the overall cone diameter
can either be increase or reduced. Above an expanded
zone in the well, the tubular may be left at its initial size.
[0043] Another major advantage offered by the use of
sectored cone is to allow the expanding tool to be passed
through narrow section. For this purpose, the cone sec-
tors can beinstalled one below each other in along string.
In this configuration, the global radial dimension of the
system is small (in the range of the sector lateral dimen-
sion). This can be important in order to pass through pro-
duction tubing. When reaching the proper location, the
control unit rebuilds the cone in one plane before starting
the expansion job. This reconstruction of the cone from
the in-line setting of the sectors can be achieved with
limited manipulation. Figure 9 shows such a tool with
parts omitted for clarity. Each sector 40 is mounted on
its own connecting rod 46. In Figure 9, two sectors are
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shown, 40a which is in its in-line position, and 40f which
is in its operating position. The sectors conserve their
radial array position between their operating and in-line
positions. To pass from the in-line position to the oper-
ating position, the sectors are first rotated radially to-
wards the tubular, then they are moved to the same depth
location. For the reverse transition, the sectors are first
spread indepth. Then they are rotated towards the centre
of the borehole to be positioned in-line. Figure 10 shows
three sectors 40a, 40b, 40c each in the in-line position
at different depths. This function can be implemented as
already explained above: each sector 40 is attached to
the wireline control unit 44 with its own connecting rod
46 in a permanent fashion. Each connecting rod 46 can
be independently extended and rotated by the control
unit 44. When required by the control unit 44, the con-
necting rod 46 can be extended each at a different length
to stagger the sectors 40 in depth so that each sector is
held at a different depth. Then each connecting rod and
sector is rotated by 180 degrees, bringing the sector to
the centre of the system (as is shown in Figure 10). In
this configuration, all the sectors are in-line and central-
ized into a minimum-sized overall dimension.

[0044] The reverse process is performed to prepare
the tool for expansion.

[0045] If the sectored cone has a hollow centre (as
shown) when assembled from all of its sectors, the sys-
tem can then provide a sleeve expansion of nearly three
fold (the hollow centre being one third of the final diam-
eter, making each sector width equal to one third of the
final diameter).

[0046] The use of a cone mandrel is compatible with
the expansion of a corrugated sleeve. The cone is in con-
tact with the internal part of the corrugated sleeve at an
earlier position than the part closer to the outside diam-
eter, making the opening of the corrugated surface quite
smooth. The cone can also have a shape matching the
sleeve corrugated shape to help smooth the process.
[0047] This proposed technique allows also the expan-
sion of multiple sections of non-successive tubulars in a
single runin the well-bore. In this case, only critical zones
of the completion can be expanded for a pre-defined pur-
pose. For example with long completion of slotted liner,
slotted liner elements can be separated by solid tubulars
which can be expanded against the formation to act as
external sealing (and replace ECPs). The present inven-
tion is well-suited to this application. The expansion cone
(orsectored cone) can be used over long length of tubular
to expand without undue wear. The sectored cone allows
expansion to be started from the initial size of the tubular.
The sectored cone can be easily moved to the next sec-
tion to be expanded by removal of some sectors to allow
the overall diameter to be reduced for this move. The
expansion process can be started even in front of a non-
sealing tubular (such as screen, slotted liner, or perforat-
ed structure).

[0048] The overall shape of the mandrel does not have
to be circular but can have a different shape than cylin-

10

15

20

25

30

35

40

45

50

55

drical over its large section. With such a section, the tu-
bular may have non-circular cross-section after expan-
sion. In particular, the tubular can be deformed to oval
shape which can be critical is some cases such as in the
connection zone for multi-lateral well with two legs.
[0049] In some applications, it is critical to perform the
tubular expansion so that the expanded tubular is against
the bore-hole (or the already installed tubular). This is
particularly true for the case of liner hanger expansions.
In this situation, the liner has to be in solid contact with
the previous casing to be able to hang onto the casing.
It can also be important for expansion of completion for
the largest internal bore for easy internal flow and for
sleeve for sealing against the well-bore.

[0050] Insuch situations, itis important that the tubular
is expanded at maximum diameter allowed by the hole,
and not a pre-defined diameter.

[0051] With the initial design of the sectored cone de-
scribed above, and by dragging the cone over the tubular
length, the tubular is expanded to a constant diameter.
To achieved the new requirement of variable expansion
against the external structure (i.e. the formation or a pre-
installed casing), the system has be adapted. One solu-
tion is to use the concept of using sectors with large entry
chamfers and moving one sector per unit of time. By mov-
ing each sector individually, the overall cone diameter
grows. During that growth, the overall diameter of the
tubular also grows as the sector chamfers engage and
make the overall cone diameter larger. The circumferen-
tial growth is sustained until a external event stops it, for
example:

* Theresistance to circumferential growth is too large,
indicating that the tubular is expanded against the
formation.

*  The maximum engagement of all sectors is reached,
ensuring the maximum expansion size.

*  The material of the tubular is at its limit for circum-
ferential expansion such that cracking may appear
if more expansion is applied.

[0052] When this point has been reached, one (or
more) sectors are backed-off slightly from the assembled
cone. The rest of the cone is moved slightly forwards and
then the missing sectors are reinserted to expand the
next zone of the tubular.

[0053] Only smalldisplacement ofthe assembled cone
is performed when the sectors are missing to avoid cre-
ating an irregular (wavy) surface on the tubular.

[0054] This latest technique can be slightly modified
to ensure that the tubular is expanded against the well-
bore, while ensuring proper contact over the full perim-
eter. The tubular therefore has a variable diameter with
depth and but also its shape also conforms to the well.
This may be important for proper sealing at the outside
face of the expanded tubular (which is vital for sealing
sleeves and tubular).

[0055] For this purpose, the sectored cone is modified



9 EP 1717 411 A1 10

as is shown in Figure 11, so that the sectors 40 do not
have flat faces for their contact area. In this case, they
are in contact only following a line. This can be achieved
by the use of axial small interface cylinders 47. Thanks
to this local linear contact, each sector can pivot slightly
versus the neighbour sector.

Thanks to this pivoting, the overall shape is not exactly
circular (as is shown in Figure 6), but is an assembly of
broken segments of a circle. This irregular perimeter al-
lows adequate adjustment to the shape of the external
surface 48 (bore-hole or already installed tubular). Alter-
natively, the geometry of the hole can be measured prior
to installation of the tubular and the expanding elements
configured to provide a corresponding geometry in the
expanded tubular. A swelling material can be introduced
between the tubular member and the borehole wall to fill
any voids remaining after expansion.

[0056] Incertain cases. the radius of the hole may vary
from depth to depth. In such a case, it is desirable that
the diameter of the expanded tubular should vary corre-
spondingly. This can be achieved by providing each seg-
ment of the split cone with large chamfer. Thanks to these
chamfers, the global circumference of the assembled
cone will grow by engaging more the segments together.
Tin order to maintain an overall cylindrical shape, the
segments are partially engaged, with all the "even" seg-
ments at one axial position (or depth), while the "odd"
segments are slightly shifted in axial position (depth). The
global circumference of the expansion mandrel is de-
pends directly on the axial shift of the chamfered split
segments.

[0057] The shape of the expansion mandrel can be
modified from a cylindrical shape to other shapes (such
asoval, ellipse, egg shape, tri-angular rounded...) by set-
ting the proper axial shift for each segment. For example
for oval shape some segments (a quarter of the total
number) are fully engaged at the extremity of the small
axis of the oval (this defines the arc of large radius), and
some segments (a quarter of the total number) are par-
tially engaged (high variation of axial shift from segment
to segment) to defined the arc of the small radius of the
oval.

[0058] The control unit maintains the proper axial shift
of the elements while displacing the segment in sequen-
tial fashion. The shift is selected from the target local
expansion diameter. It can be also based on real-time
measurement outputs (such as required force for expan-
sion or contact detection with the formation).

[0059] The various expansion devices described
above can be combined with a wireline tool for effective
control for all required functions. In particular the proper
setting sequence for installation the sectors in the proper
position can be performed.

[0060] It should also be noted that the tubular to ex-
pand may be lowered in the well in advance of the ex-
pansion system. In some cases, the tubular to be ex-
panded may have been previously lowered with the com-
pletion (in case of screens and slotted liner). In other
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applications, the tubular to be expanded may be a sleeve
of limited length (e.g. 10 meters). In these applications,
the sleeve can be lowered by the wireline tool itself with
a consequent saving rig time.

[0061] A further embodiment of the present invention
incorporating a cone system for expanding the sleeve
involves the introduction of rollers between the cone and
the sleeve, for friction reduction. An example of this is
shown in Figures 12 and 13. The rollers 50 are injected
at least in three rows, as the circumference 52 at the
point of injection is smaller, allowing that only a limited
number of rollers can be installed at once at a given cir-
cumference. As soon as the rollers have moved, a sec-
ond layer is injected with a small angular offset (and so
on for the third and further layers). Three layers can
achieve a expansion ratio of nearly three fold.

[0062] This technique allows expansion above the di-
ameter of a pipe through which the cone can pass, as
the total internal diameter of the expanded sleeve 54 is
larger than (cone diameter + 2 x roller diameters).
[0063] The rollers 50 are similar to the rollers of roller
bearing. Their curvature can correspond to the final in-
ternal diameter of the expanded sleeve 54. The cone 56
can also be made of sectors as is described above.
[0064] The rollers are re-circulated from the end of the
stroke between the cone 56 and the tubular 54. This re-
circulation consists of catching the rollers and returning
them 58 to the upper end of the cone 56.

[0065] In the embodiments described above, the ex-
pansion is performed by a wireline tool which is lowered
in the well-bore. This tool pulls the expanding elements
upwards in the form of a cone which performs the expan-
sion of the tubular. The displacement of these elements
may require a relatively large force, depending on the
shape and material of the tubular to expand. In some
cases, this force may be tens of tons. Consequently, the
tool needs to anchor itself in the tubular outside the sec-
tion that is to be expanded. In many cases, the tool cre-
ates adisplacement of the cone over a stroke in the range
of less than a few meters. When the cone is displaced
over this stroke, the tool has to be moved to the next
position to allow the expansion of the next section. It is
therefore necessary that any anchoring can be easily re-
leased to allow movement of the tool.

[0066] In most case, the expansion process proceeds
in a bottom to top direction (with respect to the well). In
this situation, a tool that operates by pulling must anchor
itself in a tubular section which is not yet expanded.
[0067] The anchors have to be able to resist forces
which generate the tubular expansion. In a particularly
preferred form of anchor, the anchoring effect is obtained
by plastic deformation of the tubular itself. The tool is
equipped with a similar set of slipped cone elements in-
stalled on top of the tool. This cone works in the same
way as the expansion cone, but it is facing downwards.
The tool installs this cone at the desired location and
deforms the tubular. After this installation, the tool locks
itself in this cone and can then pull the expansion cone
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upwards. To ensure thatthe anchor does not move down-
wards during the expansion, the anchor is set with a high-
er plastic deformation force for it to move. To achieve
this, the anchoring cone is provided with a more aggres-
sive cone angle so that the axial force for its displacement
is higher.

[0068] Another embodiment comprises two (or more)
cones spaced axially by a small distance, an example of
which is shown in Figure 13. Each of these cones 60 is
installed by plastic deformation of the tubular 62 (as de-
scribed above). The total axial force to displace this an-
chor corresponds to the sum of the anchoring force of
each anchor. With this technique, each anchor does not
need to be expanded final diameter of the expanded tu-
bular, and the cone of each anchor 60 is smaller than the
cone use for the tubular expansion 29. While the maxi-
mum load supportable by each anchor 60 is lower than
the force to move the expansion cone 29, the sum of the
anchoring forces is higher. As the deformation 62 of the
tubular by the anchoring cone(s) 60 is smaller than the
final expansion, the expansion process will ensure a
smooth surface even at the depth of anchoring.

[0069] The load is shared between the anchoring
cones 60, each cone supports a certain axial load before
starting tubular expansion while sliding. The sliding of
the anchors will stop when an even force distribution is
achieved due to the axial plastic deformation below each
cone of the anchor.

[0070] The anchoring cones can be constructed in a
similar design as the expansion cone. They can be made
of splitted cones which can allow each cone segment to
be moved axially as well as rotated. This construction
allows to install the cone segment of the anchors in line
to insure small overall diameter: this small overall diam-
eter allows to pass through narrow well section (such as
the production tubing).

[0071] The expansion of the final section of the limited
length tubular may need particular attention, as the proc-
ess described above requires that the tool is anchored
into the tubular to expand. In the final upper section of
the tubular, the expansion can be performed in the op-
posite direction (downwards). For this to occur, an ex-
pansion cone is provided in the tool system to be pulled
downwards and an anchoring mechanism is positioned
atthe bottom ofthe tool system. The previously described
slip mechanism based on split cone, allowing anchoring
by plastic deformation of the tubular can be modified to
become the "upper" expansion cone.

This can work particularly well with the system equipped
with the pair of split cones for slips. In this case, one cone
is left contracted so that it plays no effect in the process,
while the other cone is fully opened imposing the full size
deformation of the tubular. Furthermore, the lower split
cone which is the expanding tool for the normal expand-
ing process becomes the anchoring system for this down-
wards expansion. For this operation, this lower split cone
is opened at extremely high opening force. This opening
force is counter-balanced by the simultaneous strength
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of the expanded tubular and the pre-existing structure
(behind the expanded tubular). Thanks to this combined
resisting force, the anchor is capable of supporting a larg-
er force than the force for the downwards expansion.
[0072] Another tool configuration can have two sets of
pairs of split cones (one on top and one at the bottom of
the tool). With this symmetrical tool design, the expansion
process can be fully symmetrical (upwards or down-
wards). When anchoring on one side, both cones of the
relevant set are expanded at limited forces, while the
expansion process at the other extremity requires the
opening on only one cone.

[0073] The expansion of the upper part of the tubular
starts with the upper cone outside the tubular (justin con-
tact with the tubular upper end).

[0074] When expanding downwards, slack can be pro-
vided in the wireline cable so that the cable is not
stretched by the downwards expanding process.
[0075] As will be appreciated from the above descrip-
tion, making the expanding elements (cone sectors, roll-
ers, etc,) moveable axially independently of each other
allows an expansion tool and method that addresses
problems associated with the previously proposed sys-
tems.

Claims

1. Atoolforexpanding a tubular memberin a well, com-
prising:

- a locating device for locating the tool in the
tubular member to be expanded; and

- an expanding device for expanding the tubular
member beyond its starting diameter, the ex-
panding device comprising a radial array of ex-
panding elements, each element, in use, acting
on the tubular member to deform it radially out-
wardly;

wherein each element is moveable in an axial direc-
tion independently of the other elements in the array

2. A tool as claimed in claim 1, wherein each element
is tapered inwardly at one end.

3. Atool as claimed in claim 2, wherein the array com-
prises a sectored cone-like structure when all of the
elements are positioned at the same axial location
in the member.

4. A tool as claimed in any preceding claim, wherein
each element is moveable radially outwardly inde-
pendent of the other elements in the array.

5. A tool as claimed in any preceding claim, wherein
each element is rotatable about a longitudinal axis.
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A tool as claimed in claim 5, wherein each element
is rotatable in use between a first position in which
axial movement of the element causes no radial de-
formation of the tubular, and a second position in
which axial movement causes radial deformation.

A tool as claimed in claim 6, wherein the array is
configurable such that the elements are axially dis-
tributed so multiple elements of the array can be ro-
tated into the first position at the same time.

A tool as claimed in claim 7, wherein the array is
configurable for expansion by rotation of the ele-
ments into the respective second position.

A tool as claimed in claim 1, wherein the elements
comprise rollers.

A tool as claimed in claim 9, wherein the tool further
comprises a mandrel over which the rollers move
during expansion of the tubular.

A tool as claimed in claim 10, wherein the rollers
move axially over the surface of the mandrel from
one end to the other as the mandrelis moved through
the tubular, the rollers being returned to the one end
through the interior of the mandrel.

Atool as claimed in claim 10 or 11, wherein the man-
drel has a cone-like shape.

A tool as claimed in any preceding claim, wherein
electrical power and control signals for operation of
the tool provided over a wireline cable.

A tool as claimed in any preceding claim, wherein
the locating device comprises a cone-like member
that is forced into the tubular member to counteract
the force required to move the expanding elements
axially while deforming the tubular member.

A tool as claimed in claim 14, wherein the cone-like
member deforms the tubular member radially out-
wardly.

Atool as claimed in claim 15, wherein the cone angle
of the cone-like member is different to the corre-
sponding angle on the expanding elements.

A tool as claimed in any of claims 14-16, comprising
more than one cone-like member.

Atool as claimed n any of claims 14-17, wherein the
expanding device and the cone-like member can
each be operated as a locating device or as an ex-
panding member so as to allow expansion to pro-
ceed in either direction.
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A method of expanding a tubular member in a well,
comprising:

- positioning an expansion tool in the tubular
member in the well, the expansion tool compris-
ing a radial array of expanding elements ; and
- moving the elements in an axial direction to act
on the tubular and deform it in a radial direction,
each at least on element moving in an axial di-
rection independently of others in the array.

A method as claimed in claim 19, further comprising
positioning the tool in the tubular with the elements
ofthe array positioned in a first position in which axial
movement causes no radial deformation of the tu-
bular, the elements of the array being moved to a
second position such that axial movement causes
deformation once the tool is in position.

A method as claimed in claim 20, wherein the move-
ment between the first and second positions is
achieved by rotation of each element about a longi-
tudinal axis.

A method as claimed in any of claims 19, 20 or 21,
when performed using a tool as claimed in any of
claims 1-18.

A method as claimed in any of claims 19-22, com-
prising moving the elements so as to deform the tu-
bular member in a non-axisymmetrical manner.

A method as claimed in any of claims 19-23, com-
prising deforming the tubular member against the
wall of the well or a structure located therein.

A method as claimed in claim 24, wherein deforma-
tion is performed so as to seal the annulus after ex-
pansion.

A method as claimed in claim 25, when performed
in open hole.

A method as claimed in any of claims 19-23, further
comprising introducing a swelling material between
the tubular member and the well wall so as to fill
voids remaining after deformation of the tubular
member.

A system comprising a tool as claimed in any of
claims 1-18 suspended on a wireline cable and con-
nected to control equipment located at the surface
so as to be operable in a well to expand tubular mem-
bers located therein.
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The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to several inventions or groups of inventions, namely:

1. claims: 1-8, 13, 19-28

Apparatus and method for expanding a tubular member in a
well by positioning and expanding a device comprising a
radial array of expanding elements, wherein each element is
movable in an axial direction independently of the other
elements in the array, and wherein (claim 5) each element is
rotatable about a Tongitudinal axis.

2. claims: 9-12

Apparatus and method for expanding a tubular member in a
well by positioning and expanding a device comprising a
radial array of expanding elements, wherein each element is
movable in an axial direction independently of the other
elements in the array, wherein (claim 9) the elements
comprise rollers.

3. claims: 14-18

Apparatus and method for expanding a tubular member in a
well by positioning and expanding a device comprising a
radial array of expanding elements, wherein each element is
movable in an axial direction independently of the other
elements in the array, wherein (claim 14) the locating
device comprises a cone-like member that is forced into the
tubular member to counteract the force required to move the
expanding elements axially while deforming the tubular
member .
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