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TEMPERATURE RESPONSIVE PACKER AND ASSOCIATED HYDROCARBON PRODUCTION SYSTEM

The present invention relates to a hydrocarbon production system, a packer for a
hydrocarbon production system, and a method of restricting the annulus between a

production or injection pipe and a hole/wellbore.

A packer is a device that may be used to seal the annulus between a production
tubing and a wellbore or casing in a hydrocarbon production system. The packer can
have a smaller initial outer diameter allowing it to be smoothly run into the wellbore,
whereafter the packer is expanded to create the seal.

Prior art packers include swellable packers. Swellable packers may comprise
elastomers that expand and form an annular seal when immersed in certain wellbore
fluids. However, the temperature in particular applications can be higher than the
elastomers can manage. Further, known swellable packer are irreversible, meaning that
it is impossible to run the production tubing out of the wellbore. Also, swellable packers
give high friction when running in the wellbore, thereby limiting the number of packers
that can be used.

Prior art packers also include inflatable packers, which can be expanded by
pumping fluid into the packer. However, inflatable packers require equipment for
pumping fluid into the packer, resulting in a more expensive and complicated solution.

Further, US 2003/0075341 (Kurlenya et al.) discloses a packer and a method for
fixation thereof in a well. The packer comprises a chamber, which in turn may include a
liquid and a thermoheater. By means of the thermoheater, the liquid in the chamber may
be converted into a gas, causing the packer to expand and seal the well. Supposedly, the
temperature in the well at the level of mounting the packer will promote the heating.
However, the packer in US 2003/0075341 is not for restricting the annulus between a
production tubing and wellbore, but for completely sealing the well, like a plug.

Further, US 2010/0038086 (Bunnell et al.) discloses a method, apparatus, and
production well system that utilize stimulus-responsive materials for "conformance
control" and profile control along the fluid flow path in a well as part of a gravel pack or
a coating on a well tool. The stimulus-responsive materials are typically polymeric
materials that reversibly or irreversibly swell or collapse in the presence of stimulus
such as changes in concentration of a fluid media in contact with the stimulus-
responsive material, pH or polarity of the media the stimulus-responsive material is in
contact with, salinity, current, or temperature. The stimulus-responsive materials may

swell upon contact with a rust stimulus and shrink or collapse upon contact with a
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second stimulus or vice-versa. The changes between production and injection profiles
may supposedly be automatic with the application of the stimulus-responsive materials
and may occur without user intervention. FIG. 3B in US 2010/0038086 discloses that an
intelligent polymer has an expanded configuration for low temperatures, and the volume

of the polymer decreases with increased temperature.

It is an object of the present invention to at least partly overcome the above
problem(s), and to provide an improved hydrocarbon production system and packer.

This object, and other objects that will be apparent from the following
description, is achieved by a hydrocarbon production system, packer, and a method of
restricting the annulus between a production or injection pipe and a hole/wellbore
according to the appended independent claims. Embodiments are set forth in the
appended dependent claims.

According to an aspect of the invention, there is provided a hydrocarbon
production system, comprising: a pipe placeable in a hole or wellbore, wherein an
annulus is defined between the pipe and the hole or wellbore wall; and at least one ring-
shaped packer provided around the pipe, wherein the packer comprises at least one
fluid-filled bellows or pocket which is adapted to reversibly expand when externally
subjected to increased temperature, such that the annulus is restricted.

By having at least one fluid-filled bellows or pocket that expands when
externally subjected to increased temperature, the packer may automatically be
expanded or “activated” due to changes in the environment surrounding the packer. The
packer may for instance be activated as or when a production temperature is reached.
No dedicated internal heater is necessary to expand the packer. Also, no external
equipment is necessary to activate the packer. Further, when the temperature decreases
(e.g. because the hydrocarbon production is shut off), the reversibly expandable fluid-
filled bellows or pocket contracts, which facilitates or enables removal of the pipe from
the hole or wellbore.

The at least one packer may be adapted to completely seal the annulus when the
at least one packer is externally subjected to (sufficiently) increased temperature.
Alternatively, the at least one packer may be adapted to expand so as to restrict the
annulus at least about 80 percent.

Further, the fluid in the bellows or pocket may be a liquid, and the at least one
packer may be adapted to expand by means of boiling of said liquid. Hence, the phase
transition of liquid to gas is used to expand the packer. The liquid may have a boiling
temperature that is lower than that of water for a particular or typical reservoir pressure.

Hence, if the packer is subjected to water vapour or steam, the liquid in the bellows or
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pocket will be converted into gas and thus expand the packer to create the seal. Suitable
liquids include difference alcohols, alcohol-water mixtures, acetone, ammonia, etcetera.

Further, the system may comprise a plurality of ring-shaped packers of the type
mentioned above, wherein the pipe is a production pipe that includes a plurality of
inflow devices or valves arranged along a length of the production pipe for allowing
matter into the production pipe, and wherein one or more of said inflow devices or
valves are provided between two (or every two) of said ring-shaped packers. This
allows a hotspot or steam breakthrough to be isolated, and the hydrocarbon (e.g. oil)
recovery may be increased.

Further, the packer may comprise a plurality of fluid-filled bellows or pockets.
Having several smaller fluid-filled bellows or pockets makes the packer less prone to
puncturing, compared to an embodiment wherein the packer comprises one larger fluid-
filled bellows or pocket. The latter embodiment is nevertheless within the scope of the
present invention.

Further, the hole or wellbore may be open (i.e. without a casing or the like) or at
least partly cased or provided with a slotted liner.

Further, said pipe may be a production pipe, wherein the system also comprises
a steam injector placeable in another hole or wellbore, and at least one packer is
provided around the steam injector. Hence, packers of the present invention may be
used to seal around both a production pipe and a steam injector (pipe) in a Steam
Assisted Gravity Drainage (SAGD) arrangement. The packer(s) around the injector
allows steam to be injected in particular zones or directions.

According to another aspect of the invention, there is provided a packer for a
hydrocarbon production system, wherein the packer is ring-shaped and comprises at
least one fluid-filled bellows or pocket which is adapted to reversibly expand when
subjected to heat from an external source such that the outer diameter of the packer is
increased (or decreased when cooled). This aspect may exhibit the same or similar
features and technical effects as the previously described aspect of the invention, and
vice versa.

According to yet another aspect of the invention, there is provided a method of
sealing the annulus between a production or injector pipe and a hole or wellbore, which
method comprises: providing at least one ring-shaped packer on the pipe, wherein the
packer comprises at least one fluid-filled bellows or pocket which is adapted to
reversibly expand when externally subjected to increased temperature such that the
outer diameter of the packer is increased (or decreased when cooled); and placing the

pipe (with the at least one packer) in the hole or wellbore. This aspect may exhibit the
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same or similar features and technical effects as the previously described aspects of the

invention, and vice versa.

These and other aspects of the present invention will now be described in more
detail, with reference to the appended drawings showing currently preferred
embodiments of the invention.

Figs. 1a-1b schematically illustrate a hydrocarbon production system comprising
a plurality of packers according to an embodiment of the present invention.

Figs. 2a-2e are cross-sectional side views showing packers according to

embodiments of the present invention.

Figs. 1a-1b illustrate a hydrocarbon production system 10. The system 10 may
for instance be used to produce at least one of oil (e.g. heavy crude oil), (natural) gas,
and bitumen from a formation or reservoir 12 under the earth surface or sea floor 14. A
hole or wellbore 16 goes from the earth surface/sea floor 14 to the reservoir 12. The
wellbore 16 may be open or at least partly cased.

The hydrocarbon production system 10 comprises a production pipe 18. The
production pipe 18 is placed in the wellbore 16 for providing a flow path for
hydrocarbons and other fluids through the wellbore 16. The production pipe 18 may be
placed concentric or substantially concentric with the wellbore 16. Between the
production pipe 18 and the wellbore 16 (or the wellbore wall), there is an annulus (or
annular space) 30. In case of an open wellbore 16, the annulus 30 may be defined as the
space between the production pipe 18 and the reservoir 12 (e.g. rock). In case of a cased
wellbore 16, the annulus 30 may be the space between the production pipe 18 and the
casing (not shown).

The production pipe 18 extends into the reservoir 12, and may have an at least
partly horizontal orientation. The production pipe 18 includes a plurality of inflow
devices or valves 20 arranged along a length of the production pipe 18, as illustrated.
The valves 20 are generally adapted to allow matter, in particular hydrocarbons, into the
production pipe 18. The inflow devices or valves 20 may for instance be autonomous
valves of the type disclosed in WO 2008004875 A1, the contents of which herein is
incorporated by reference.

The hydrocarbon production system 10 further comprises a plurality of packers
22. The packers 22 are generally ring-shaped or doughnut-shaped, and provided or
wrapped around the production pipe 18, as illustrated in particular in the enlarged
perspective view in fig. 1a. The packers 22 may for instance be welded onto the

production pipe 18 before the production pipe 18 with the packers 22 are inserted into
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the hole or wellbore 16. The packers 22 are distributed along the length of the

production pipe 18, next to the valves 20, such that at least one valve 20 preferably is
situated between every two packers 22.

Each packer 22 comprises at least one fluid-filled bellows or pocket 24, as
illustrated more in detail in figs. 2a-2e. The pocket, or rather the fluid inside the pocket,
is adapted to reversibly expand when subjected to increased temperature. In this way,
the outer diameter D of the packer may be increased when the packer is subjected to
heat from an external source. Contrary, the outer diameter of the packer may decrease
when the packer is cooled.

In more detail, each packer 22 comprises two holder rings 26a and 26b attached
to the production pipe 18. The two holder rings 26a and 26b are for instance attached to
the production pipe 18 by means of welding, as mentioned above. Between the holder
rings 26a and 26b, an outer flexible or elastic tube-shaped element 28 is fastened. In the
embodiment of figs. 2a-2b, the space between the element 28 and the outer surface of
the production pipe 18 between the holder rings 26a and 26b is filled with a fluid, thus
is a fluid-filled bellows or pocket 24 formed. The fluid inside the pocket 24 may be a
liquid having a boiling temperature that is lower than that of water for a particular or
typical reservoir pressure. Suitable liquids include difference alcohols, alcohol-water
mixtures, acetone, etcetera. Hence, at lower temperatures, the fluid may be in liquid
phase occupying lesser space as indicated in fig. 2a (outer packer diameter D,). In fig.
2b, the packer 22 is subjected to heat sufficient for the liquid to start to boil, whereby
the packer 22 is expanded and the annulus 30 is sealed (outer packer diameter D, > D).
Fig. 2c illustrates an embodiment of the present packer with one closed volume, i.e. a
single fluid-filled pocket 24, whereas fig. 2d illustrates an embodiment with multiple
closed volumes, i.e. several fluid-filled pockets 24a, b, etcetera. The fluid filled pockets
in fig. 2d may for instance be ring-shaped. However, several longitudinal pockets could
also be used. Fig. 2e illustrates an embodiment with smaller expanding elements 34
compared to fig. 2d. The expanding elements 34 may for instance be fluid-filled balls.

Returning to figs. l1a-1b, the system 10 may further comprise a steam injector
36. The steam injector 36 is placed in another hole/wellbore 38 which may be arranged
above and substantially parallel to the hole/wellbore 16 for the production pipe 18. At
least one packer of the type mentioned above may be provided also around the steam
injector 36, as illustrated.

Directly following installation, the packers 22 are initially in a non-expanded
state (fig. 1a).

Typically, the packers 22 will then be gradually and automatically expanded as

the temperature is increased. The temperature may be increased due to steam injection
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from the steam injector 36. When a production temperature is reached, at which
temperature the hydrocarbon in question may have become sufficiently mobile for
production, the packers 22 can be so expanded that the annulus 30 is substantially or
completely restricted (fig. 1b). In this way, material is prevented to travel un-restricted
along the pipe 18. In particular, if a steam breakthrough 32 occurs along the productions
pipe 18 as illustrated in fig. 1b, the nearby packers 22a and 22b will restrict or
completely seal the annulus 30 on both sides to the steam breakthrough 32, whereby the
steam breakthrough 32 is “isolated” and steam is prevented from travelling along the
production pipe 18 and reach other inflow valves 20. Alternatively, if the packers are
not expanded at the time of regular operation of the system, they can be automatically
expanded when a steam breakthrough occurs. Hence, the packers 22 may also in this
situation isolate the breakthrough, though packers more remote from the breakthrough
are possible not expanded. Overall, by creating isolated zones along the production pipe
18, the hydrocarbon (e.g. oil) recovery may be increased. Further, by creating isolated
zones along the injector 36, the injection of steam may be better controlled

It should be noted that if the valves 20 are autonomous valves of the type
disclosed for example in WO 2008004875 A1, the inflow through the valve or valves
near the steam breakthrough will automatically be reduced. But without the packers 22,
the steam from the breakthrough would just continue in the annulus 30 along the
production pipe 18 and instead enter through nearby valves.

As the temperature subsequently decreases, for instance because the
hydrocarbon production is shut off, the packers 22 contract. This facilitates or enables
removal of the production pipe 18 from the wellbore 16.

In a typical application of the present invention, the reservoir pressure is about
20-30 bar, the boiling temperature for water is about 212-234°C, and the boiling
temperature for a water-ethanol mixture contained in the packers 22 is about 180°C.
Hence, if such a packer is subjected to water steam at this pressure, the water-ethanol
mixture transits into gaseous phase, and the packer is expanded. Further, it should be
"cold" during installation, so that the packers do not expand before the production pipe
is in place.

The person skilled in the art will realize that the present invention by no means
is limited to the embodiment described above. On the contrary, many modifications and
variations are possible within the scope of the appended claims.

For instance, instead of the packers being triggered or activated by a steam
breakthrough, the packers may be (purposely) expanded by means of in-situ

combustion. Also, the present invention may be used also in a non-SAGD applications.
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Claims

1. A hydrocarbon production system (10), comprising:

a pipe (18; 36) placeable in a hole or wellbore (16), wherein an annulus (30) is
defined between the pipe and the hole or wellbore; and

at least one ring-shaped packer (22) provided around the pipe,

wherein the packer comprises at least one fluid-filled bellows or pocket (24)
which is adapted to reversibly expand when externally subjected to increased

temperature, such that the annulus (30) is restricted.

2. A system according to claim 1, wherein the at least one packer is adapted to
completely seal the annulus when the at least one packer is externally subjected to

increased temperature.

3. A system according to claim 1 or 2, wherein the fluid in the bellows or pocket is
a liquid, and wherein the at least one packer is adapted to expand by means of boiling of

said liquid.

4. A system according to claim 3, wherein the liquid has a boiling temperature that

is lower than that of water for a particular or typical reservoir pressure.

5. A system according to any preceding claim, comprising a plurality of ring-
shaped packers (22), wherein the pipe is a production pipe (18) that includes a plurality
of inflow devices or valves (20) arranged along a length of the production pipe for
allowing matter into the production pipe, and wherein one or more of said inflow

devices or valves are provided between two or every two of said ring-shaped packers.

6. A system according to any preceding claim, wherein the packer comprises a
plurality of fluid-filled bellows or pockets (24).

7. A system according to any preceding claim, wherein the hole or wellbore is one

of: open, at least partly cased, and provided with a slotted liner.

8. A system according to any preceding claim, wherein said pipe is a production
pipe (18), the system further comprises a steam injector (36) placeable in another hole

or wellbore (38), and at least one packer is provided around the steam injector.
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0. A packer (22) for a hydrocarbon production system, wherein the packer is ring-
shaped and comprises at least one fluid-filled bellows or pocket (24) which is adapted to
reversibly expand when subjected to heat from an external source such that the outer

diameter (D) of the packer is increased.

10. A method of restricting the annulus (30) between a production or injection pipe
(18; 36) and a hole or wellbore (16; 38), which method comprises:

providing at least one ring-shaped packer (22) on the pipe, wherein the packer
comprises at least one fluid-filled bellows or pocket (24) which is adapted to reversibly
expand when externally subjected to increased temperature such that the outer diameter
(D) of the packer is increased; and

placing the pipe in the hole or wellbore.

11. A method according to claim 10, further comprising:
completely sealing the annulus between the pipe and the hole or wellbore by

means of at least one of said packer(s).

12. A method according to claim 10 or 11, wherein the fluid in the bellows or pocket
is a liquid at a lower temperature, and wherein the at least one packer is adapted to

expand by means of boiling of said liquid when subjected to a higher temperature.

13. A method according to claim 12, wherein the liquid has a boiling temperature

that is lower than that of water for a particular or typical reservoir pressure.

14. A method according to any one of the claims 10 — 13, wherein the pipe is a
production pipe that includes a plurality of inflow devices or valves arranged along a
length of the production pipe for allowing matter into the production pipe, and wherein
the method comprises providing a plurality of ring-shaped packers (22) on the
production pipe, such that one or more of said inflow devices or valves are situated

between two or every two of said ring-shaped packers.

15. A method according to any one of the claims 9 — 14, wherein the packer

comprises a plurality of fluid-filled bellows or pockets.

16. A method according to any one of the claims 9 — 15, wherein the hole or

wellbore is open or cased or provided with a slotted liner.
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