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(57) Abrége/Abstract:
The present invention provides apparatus and methods for expanding an expandable tubular (150) in a wellbore (100). In one

aspect, the expandable tubular is expanded using an inflatable packer (200). In another aspect still, the expandable tubular is an
expandable sand screen.
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ABSTRACT

The present invention provides apparatus and methods for expanding an expandable
tubular (150) in a wellbore (100). In one aspect, the expandable tubular is expanded

using an inflatable packer (200). In another aspect still, the expandable tubular is an

expandable sand screen.

Figure 4
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METHOD OF EXPANDING A SAND SCREEN

The present invention generally relates to well completion. More particularly, the
present invention relates to methods for expanding an expandable sand screen. More
particularly still, the present invention includes trip saving methods for use with an

expandable sand screen.

The completion of wells includes the formation of a borehole to access areas of the
earth adjacent underground formations. Thereafter, the borehole may be lined with steel
pipe to form a wellbore and to facilitate the 1solation of a portion of the wellbore with
packers. The casing is perforated adjacent the area of the formation to be accessed to
permit production fluids to enter the wellbore for recovery at the surface of the well.
Whether the well is drilled to produce hydrocarbons, water, or geothermal energy, or 1s

intended as a conduit to stimulate other wells, the basic construction 18 substantially the

SArme.

In order to eliminate or reduce the production of formation sand, a sand screen is
typically placed adjacent to the perforations or adjacent to an open wellbore face
through which fluids are produced. A packer is usually set above the sand screen and

the annulus between the screen and the casing i1s then packed with a relatively course ‘
sand, commonly referred to as gravel, to form a gravel pack around the sand screen for
filtering sand out of the in-flowing formation fluids. In open hole gravel pack
installations, the gravel pack also supports the surrounding unconsolidated formation

and helps to prevent the migration of sand with produced formation fluids.

Recently, technology has arisen making it possible to expand a tubular in a wellbore.

These in-situ expansion apparatus and methods permit a tubular of a smaller diameter to
be mserted into a wellbore and then expanded to a larger diameter once in place. The

advantages of time and space are obvious.
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The in-situ expansion technique has been applied to sand screens, or those tubular
members at the lower end of production tubing designed to permit the passage of
production fluid therethrough but to inhibit the passage of particulate matter, like sand.
An exemplary sand screen that can be expanded in the wellbore is described in U.S.
Patent No. 5,901,789 which 1s incorporated by reference herein in its entirety.
Generally, an expandable sand screen “ESS” consists of a perforated base pipe, woven
filtering material and a protective, perforated outer shroud. Both the base pipe and the
outer shroud are expandable and the woven filter is typically arranged over the base
pipe in sheets that partially cover one anbther and shide across one another as the ESS is

expanded.

In one method of in-situ expansion, a wedge-shaped cone member is inserted into the
well adjacent an end of the expandable screen with the tapered surface of the cone
decreasing in diameter in the direction of expansion. The cone typically is mounted on
a separate string to permit it to move axially in the wellbore independent of the

expandable screen. When the screen is adjacent the area where production fluid will

~ enter the perforated casing, the cone is urged along the inner bore of the expandable

screen, thereby expanding the screen’s inner bore to the size of the outer diameter of the

CONc.

In another method of expansion, an expansion tool is run into the wellbore on a string of
tubulars to a location within the expandable screen to be expanded. The expansion tool
includes radially expandable roller members, which can be actuated against the wall of

the screen via fluid pressure. In this manner, the wall of the screen can be expanded

past its elastic limits.

One benefit from usiﬁg the expandable sand screen is that, once expanded, the annular
area between the screen and the wellbore or casing is mostly eliminated. Thus, the
gravel pack may no longer be necessary. Further, in an open hole, the ESS may be

expanded to a point where its outer wall places a stress on the wall of the wellbore,
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thereby providing support to the walls of the wellbore to prevent dislocation of

particles.

On the other hand, problems exist with the present methods of expansion. For example,
when a cone is used, the ESS has a tendency to “relax’ after expansion. As a result, the
ESS will form a loose fit with the casing or the wellbore. In many simple applications,
the use of the more costly and complex roller based expansion method is not necessary.
Further, both expansion methods rely on heavy and stiff expansion tubular strings which

are not alw'ays readily available at job locations.

There 1s a need therefore for an apparatus and method to expand an expandable sand
screen 1n order to form a tight fit between the screen and the wellbore or casing. There
1s yet a fturther need for an apparatus and method for expanding an expandable sand

screen 1n a single trip.

The present invention provides apparatus and methods for expanding an expandable
tubular in the wellbore. In one aspect, the expandable tubular is expanded using one or
more packers. The one or more packers may include an ‘inﬂatable packer or a
mechanical packer. In another aspect still, the expandable tubular is an expandable sand

screer.
Further preferred features are set out in claims 2 et seq.

In one embodiment, an apparatus including a section of expandable sand screen and an
inflatable packer 1s disposed in the wellbore on coil tubing. Thereafter, the inflatable
packer in actuated to expand the expandable sand screen adjacent to a producing area of
the wellbore. In another embodiment, the expandable sand screen includes one or more
sealing means disposed on the ends of the expandable sand screen to isolate the

producing area. The expansion of the expandable sand screen will also expand the one

ore more sealing means.
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Some preferred embodiments of the invention will now be described by way of example

only and with reference to the accompanying drawings, in which:

Figure 1 is a section view showing a cased wellbore with an expandable sand screen and

an inflatable packer disposed therein;

Figure 2 is a schematic view of an inflatable packer;

Figure 3 1s a cross-section view of the expandable sand screen in an unexpanded state;
Figure 4 is a section view of the wellbore with the scréen partially expanded;

Figure 5 1s a section view of the wellbore with the screen partially expanded;

Figure 6 1s a section view of the wellbore with the screen fully expanded; and

Figure 7 1s a section view of an exemplary mechanical packer.

Figure 1 1s a section view of a wellbore 100 containing an expandable sand screen 150
releasably connected to an inflatable packer 200. The wellbore is lined with casing 105
and the annular area between the casing 105 and the earth 102 is filled with cement 115.
While the wellbore 100 disclosed herein is a cased wellbore, the methods and apparatus
of the present invention are useful with any wellbore, including horizontal wellbores

and wellbores not lined with casing.

The inflatable packer 200 is attached to and lowered into the wellbore 100 using coiled
tubing 110. In addition to coiled tubing 110, the inflatable packer 200 may also be
lowered into the wellbore 100 using a wire or electric line, production pipe, casing, or
other lowering means known to a person'of ordinary skill in the art. A pump out plug

220 may Optionally be temporarily connected to a lower end of the packer 200 using a
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shearable connection (not shown). Further, one or more centralisers 122 may be

disposed between the coil tubing 110 and the expandable sand screen 150.

Figure 2 1s a section view of an exemplary inflatable packer 200 suitable for use with
the present invention. The inflatable packer 200 has a tubular body 210 which extends
through the full length of the packer 200. Radial ports 215 are formed in the body 210
for fluid communication between an interior 211 of the body 210 and an exterior 212 of -
the body 210.

An inflatable elastomeric bladder 240 is concentrically disposed around the exterior 212
of the body 210. The bladder 24_0 is selectively movable between deflated and inflated
positions by pressurized fluid introduced through fluid transmission means such as the
radial ports 215 in the body 210. The bladder 240 may be surrounded and secured
relative to a reinforcing sheath 250. The sheath 250 may be formed of a plurality of
longitudinally extending strips or ribs 252 with each of the longitudinally extending
strips 252 circumferentially overlapping an adjacent strip 252. The arrangement of the
strips 252 in forming the sheath 250 is such that each of the strips 252 will at least
partially overlap the next adjacent strip 252 at all times, i.e., both when the bladder 240
is deflated and inflated. Thus, the bladder 240 is reinforced by the sheath 250
throughout the expansion process. In another embodiment,. the exterior of the sheath
250 may be partially or completely surrounded and bonded to an outer annular

elastomeric packing cover 260.

An upper end 241 of the bladder 240 and the sheath 250 is sealably attached io the bbdy
210 using a first collar 271 mounted to the body. Similarly, a lower end 242 of the
bladder 240 and the sheath 250 are sealably attached to the body 210 using a second
collar 272. The second collar 272 is slidably disposed on the body 210 for relative
movement When the inflatable packer 200 1s actuated. To actuate the packer 200,
pressurized fluid 1s communicated from the interior 211 of the body 210 to the exterior
212 where it may be used to inflate the bladder 240. Upon inflation, the outer diameter
of the bladder 240 is increased, thereby causing the bladder 240 and the sheath 250 to
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expand into contact with a surrounding tubular, such as an expandable sand screen.
During the inflation, the second collar 272 moves axially toward the first collar 271 to
accommodate the expansion of the bladder 240. The aspects of the present invention
are equally applicable using other types of inflatable packers known in the industry, for
example, the inflatable packers disclosed in U.S. Patent No. 5,469,919 and No.
6,202,748, which patents are incorporated herein by reference 1n their entirety. Further,
inflatable packers, as used herein, include inflatable packers and other fluid inflated
bladders or devices. Furthermore, the inflatable packer 200 may be actuated by other
means, such as electrical, mechanical, wire line, slick line, work string, and

combinations thereof.

As illustrated in Figure 1, a lower end of the eXpandable' sand screen (“ESS) 150 1s
releasably connected to the inflatable packer 200. An exemplary ESS 150 suitable for
use with the present invention is described in U.S. Patent No. 5,901,789, which is herein
incorporated by reference in its entirety. Eh the embodiment shown, the ESS 150 is
imitially fixed to the inflatable packer 200 with a temporary connection 156 such as a
shearable connection or some other ten:iporary mechanical means. As illustrated in
Figure 3, which is a cross-sectional view of the ESS 150 disposed in a wellbore 100, the
ESS 150 includes an expandable perforated inner tubular 151 and an expandablé
perforated outer shroud 153. At least one layer of filtering material 152 is disposed
between the inner tubular 151 and the outer shroud 153. Preferably, the layer of
ﬁlterin g material 152 1s arranged around the inner tubular 151 in sheets that partially
cover one another and slide across one another as the ESS 150 is expanded. It must be
noted that aspects of the present invention are suitable for use with other types
expandable sand screens known to one of ordinary skill in the art as well as other types
of expandable tubulars, including expandable solid tubulars and expandablé slotted
tubulars. '

In the embodiment shown in Figure 1, a sealing means 161, 162 is disposed on the
exterior of each end of the ESS 150. An example of a suitable sealing means 161, 162

1S a sealing element comprising an elastomeric material. The sealing elements 161, 162
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provide a seal between the ESS 150 and the casing 105, thereby préventing unwanted

fluid from the wellbore 100 from entering the ESS 150. Further, the sealing elements

161, 162 support and maintain the ESS 150 in the wellbore 100 during operation. The
sealing means 161, 162 may also include a variety of packers capable of sealing and
supporting the ESS 150 1n the wellbore that are known to a person of ordinary skill in
the art.

In operation, the inflatable packer 200 is lowered into the wellbore 100 using coiled

tubing 110 as illustrated 1n Figure 1. The ESS 150 is connected to the lower end of the
inflatable packer 200 and lowered into the wellbore 100 with the inflatable packer 200.
A centraliser 122 may be used to keep the packer 200 substantially centered in the ESS
150. The ESS 150 1s lowered to a predetermined location where filtering of formation

flmd 1s necessary.

When the ESS 150 has reached the predetermined location in the wellbore 100, the
packer 200 1s actuated. Pressurized fluid is introduced from the surface to actuate the
packer 200. The pressurized fluid exits the body 210 of the packer 200 through the
radial ports 215 and begins to inflate the bladder 240. Upon inflation, the bladder 240
expands radially to contact the inner wall of ESS 150 and applies an outward radial

force thereto.

Figure 4 1s a section view illustrating the expandable sand screen 150 after it has been
radially expanded against the casing 105 lining the wellbore 100. Radial force applied
to the ESS 150 has forced the inner tubular and the outer shroud past their elastic limits.
The expansion of the ESS 150 also expanded the lower sealing element 162 into contact
with the casing 105, thereby “setting” the lower sealing element 162. The expanded

lower sealing element 162 forms a seal between the ESS 150 and the casing 105 and
supports the weight of the ESS 150.

Because the ESS 150 is supported by the lower sealing element 162, the inflatable
packer 200 may be deflated. Thereafter, the shearable connection 156 is disengaged to
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allow independent movement of the inflatable packer 200 relative to the ESS 150. The
coiled tubing 100 may now move the inflatable packer 200 to another portion of the
ESS 150 for expansion. Figure 5 shows the inflatable packer 200 expanding another
portion of the ESS 150. In this manner, the length of the ESS 150 can be

circumferentially expanded into or nearly into contact with the casing 1035 therearound.

Figure 6 is a section view illustrating the expandable sand screen 210 of the present
invention after it has been eXpanded in a wellbore 100. Radial force applied to the inner
wall of the ESS 150 has forced the inner tubular past its elastic limits and also expanded
the diameter of the inner tubular. In addition, the lower and upper sealing elements 161,

162 have been set in the wellbore 100. Therefore, the placement of ESS 150 1n the

wellbore 100 was accomplished in one trip.

~ In another embodiment (not shown), one or more inflatable packers may be disposed on

a working string and lowered into the wellbore with the ESS. As a result, multiple

sections of the ESS may be expanded at the same time, thereby reducing the duration of

the expansion process.

In another aspect, the inflatable packer may be lowered into the wellbore to expand an
existing expandable tubular. In another aspect still, long lengths of ESS may initially be
hung off of the surface of the wellbore. Thereafter, the inflatable packer may be

lowered into the wellbore and connected to the ESS. Then, both the ESS and inflatable

packer may be moved to a location in the wellbore where the ESS is to be expanded.

In another aspect, the ESS may be expanded using a mechanical packer having a
radially expandable sealing system. Figure 7 illustrates an exemplary mechanical
packer 10 suitable for use with the present invention. The mechanical packer 10
includes a sealing system 15 disposed around a mandrel 20. The sealing system 15
serves to expand ESS (not shown) .against an inner wall of a caéing (not shown) upon
activation. The sealing system 15 includes a set support rings 65, 70 to contain a

sealing element 95 upon activation of the mechanical packer 10. The support rings 63,
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70 are disposed on the mandrel 20 and at least partially contact the tapered surface of
expansion rings 75, 80. The expansion rings 75, 80 fill in gaps that are created dunng
the expansion of the sealing element 95. The sealing system 15 further provides inner
cones 85, 90 disposed about the mandrel 20 adjacent each end of the sealing member
05. A tapered edge'on the inner cones 85, 90 urge the expansion rings 75, 80 radially

outward upon activation of the mechanical packer 10.

The mechanical packer 10 may optionally include a pair of cones 45, 50, a pair of slips
35, 40, a top ring 30, and a setting ring 25. Upon activation of the mechanical packer

10, the cones 45, 50 urge the slips 35, 40 radially outward into contact with the ESS.

The mechanical packer 10 may be actuated using a separate setting tool (not shown).
The setting tool is run into the wellbore with the mechanical packer 10. The setting tool
operates to set the mechanical packer 10 by applying opposing forces to the inner
mandrel 20 and the setting ring 30. In operation, an inner diameter of a setting tool
straddles the top ring 25. The lower end of the setting tool abuts against setting ring 30.
A force is applied to the setting tool from the surface to cause the lower end of the
setting tool o push axially downward against the setting ring 30. At the same time, the
inner diameter of the tool pulls up on the mandrel 20. The opposing forces urge the
slips 35, 40 to ride up cones 45, 50 and contact the inner surface of the ESS. In turn, the
expansion rings 75, 80 nde up the tapered surfaces of cones 85, 90 and compress the
sealing member 95, thereby causing the sealing member 95 to expand outwardly into
contact with the ESS. As more force is applied, the sealing member exerts pressure
against the ESS to expand the ESS. In this manner, the ESS is expanded into contact
with the surrounding casing. It must be noted that a mechanical packer, as used herein,
also includes frac-plugs, bridge plugs, and other devices having a radially expandable

sealing system as is known to a person of ordinary skill in the art,

While the foregoing is directed to embodiments of the present invention, other and
further embodiments of the invention may be devised without departing from the basic

scope thereof, and the scope thereof 1s determined by the claims that follow.
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CLAIMS:
1. A method of expanding a tubular in a wellbore, comprising:

lowering the tubular into the wellbore; and

expanding the tubular with one or more packers.

2. A method as claimed in claim 1, wherein the one or more inflatable packers are

lowered into the wellbore together with the tubular.

3. A method as claimed in claim 1 or 2, wherein each of the one or more packers

comprises an inflatable packer.

4. A method as claimed in claim 1 or 2, wherein each of the one or more packers

comprises a mechanical packer.

5. A method as claimed in any preceding claim, wherein expanding the tubular
comprises expanding at least a portion of the tubular to increase the inner and outer

diameter thereof

6. A method as claimed in any preceding claim, further comprising causing the

tubular to substantially contact the wellbore.

7. A method as claimed in any preceding claim, wherein the tubular is a slotted

tubular.

8. A method as claimed in any of claims 1 to 6, wherein the tubular comprises an

expandable solid tubular.

0. A method as claimed in any of claims 1 to 6, wherein the tubular comprises an

expandable sand screen.
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10. A method as claimed in claim 9, wherein the expandable sand screen comprises:
an inner tubular;
at least one layer of filtering material; and

an outer tubular.
11. A method as claimed in claim 10, wherein the inner tubular comprises slots.

12. A method as claimed in claim 10 or 11, wherein the at least one layer of filtering

material comprises at least two sheets of overlapping filtering material.

13. A method as claimed in any preceding claim, wherein the tubular comprises one

or more sealing means.

14. A method as claimed in claim 13, wherein the one or more sealing means are

disposed on an outer surface of the tubular.

15. A method as claimed in claim 13 or 14, wherein a first sealing means is disposed

at a first end of the tubular and a second sealing means is disposed at a second end of

the tubular.

16. A method as claimed in any of claims 13 to 15, wherein the one or more sealing

means comprise an elastomeric maternal.

17. A method as claimed in any preceding claim, wherein the one or more packers
are connected to a lowering means selected from the group consisting of coil tubing,

casing, production pipe, work string, wire line, and combinations thereof.

18. A method as claimed 1n any preceding claim, wherein the tubular is connected to

the one or more packers using a shearable connection.
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19. .A method as claimed in any preceding claim, wherein the one or more packers
are actuated by an actuating means selected from the group consisting of hydraulic
means, electric means, work string, wire line, slick line, mechanical means, and

combinations thereof.

20. A method as claimed in any preceding claim, wherein one or more centralisers

are disposed between the tubular and the one or more packers..

21. A method as claimed in any preceding claim, further comprising setting one or

more scaling means.

22. A method as claimed in claim 21, further comprising deactuating the packer

after setting the one or more sealing means.

23. A method as claimed in claim 22, further comprising moving the packer to

another portion of the tubular.

24.  An apparatus for completing a wellbore, comprising;:
one or more packers;
a lowering means for lowering the one or more packers; and

an expandable tubular selectively connected to the one or more packers.

25.  An apparatus as claimed in claim 24, wherein the one or more packers comprises

a mechanical packer.

26.  An apparatus as claimed in claim 24, wherein the one or more packers comprise

an inflatable packer.

27.  An apparatus as claimed in claim 24, 25 or 26, wherein the lowering means is
selected from the group consisting of coil tubing, casing, production pipe, work string,

wire line, and combinations thereof.
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28.  An apparatus as claimed in any of claims 24 to 27, wherein the expandable

tubular comprises a slotted tubular.

29.  An apparatus as claimed in any of claims 24 to 27, wherein the expandable

tubular comprises a solid tubular.

30. An apparatus as claimed in any of claims 24 to 27, wherein the expandable

tubular comprises an expandable sand screen.

31.  An apparatus as claimed in claim 30, wherein the éxpandable sand screen
cOmprises:
an inner tubular; and

filtering material disposed around the inner tubular.

32.  An apparatus as claimed in claim 31, wherein the expandable sand screen further

comprises one or more sealing means.

33.  An apparatus as claimed in claim 31 or 32, wherein the expandable sand screen

further comprises an outer tubular.
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