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(57) Abstract: The present invention relates to an annular barrier system (100) for expanding an annular barrier (1) in an annulus
(2) between a well tubular structure (3) and an inside wall (4) of a borehole downhole. The annular barrier system comprises an
annular barrier (1) having a tubular part (5) for mounting as part of the well tubular structure (3), the annular barrier further com-
prising an expandable sleeve (6) surrounding the tubular part (5), at least one end (7) of the expandable sleeve being fastened in a
fastening means (8) of a connection part (9) in the tubular part. The annular barrier system also comprises a tool (20) for expand-
ing the expandable sleeve by letting a pressurised fluid through a passage (11, 21) in the tubular part into a space (12) between the
expandable sleeve and the tubular part.
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ANNULAR BARRIER AND ANNULAR BARRIER SYSTEM

Field of the Invention

The present invention relates to an annular barrier system for expanding an
annular barrier in an annulus between a well tubular structure and an inside wall
of a borehole or a well downhole, e.g. to seal off the annulus. The annular barrier
system comprises an annular barrier having a tubular part for mounting as part
of the well tubular structure, the annular barrier further comprising an
expandable sleeve surrounding the tubular part, at least one end of the

expandable sleeve being fastened by various fastening means to the tubular part.

Background Art

In wellbores, annular barriers are used for different purposes, such as for
providing a barrier to flow between an inner and an outer tubular structure or an
inner tubular structure and the inner wall of the borehole. The annular barriers
are mounted as part of the well tubular structure. An annular barrier has an inner
wall surrounded by an annular expandable sleeve. The expandable sleeve is
typically made of an elastomeric material, but may also be made of metal. The

sleeve is fastened at its ends to the inner wall of the annular barrier.

In order to seal off a zone between an inner and an outer tubular structure or a
well tubular structure and the borehole, a second annular barrier is used. The
first annular barrier is expanded at one side of the zone to be sealed off and the
second annular barrier is expanded at the other side of that zone. Thus, the zone

is sealed off.

An annular barrier having an expandable metal sleeve is known from US
6,640,893 B1. In its unexpanded condition, the inner wall of the annular barrier
and the enclosing expandable sleeve form a chamber. When the annular barrier
is installed forming part of the well tubular structure string, the chamber is
prefilled with hardening cement through openings in the inner wall of the annular
barrier. This is performed in order to prevent fluid flowing inside the well tubular

structure during production from entering the openings and thus the chamber.
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The sleeve is expanded by injecting a second cement compound into the chamber
through the openings and thus expanding the sleeve by breaking the hardened
cement. If the chamber had been filled with fluid and not hardening cement, the
second cement compound would be diluted and thus be unable to harden
subsequently. In order to provide the second cement compound with sufficient
pressure, the well tubular structure is closed off at the end most distant from the

surface and the well tubular structure is filled with the second cement compound.

When mounting the well tubular structure string, annular barriers can be inserted
at regular intervals. Some annular barriers may be used to fasten or centralise
the well tubular structure string in the borehole, whereas others await a later
use, such as sealing off a zone. Cement prefilled in the chambers may thus have

to wait for expansion at the risk of losing its properties before use.

When the annular barriers of US 6,640,893 B1 are used for centralising or sealing
off a production zone, the second cement compound filling up the well tubular
structure and, subsequently, also the plug have to be removed. This is a costly
procedure requiring several steps subsequent to the step of expanding the

sleeve,

Furthermore, the first cement compound may close the opening so that the
opening has to be cleaned before injecting the second cement compound. The
opening may also be filled with contaminants or fragments comprised in the fluid

running in the well tubular structure during production.

Summary of the Invention

It is an object of the present invention to wholly or partly overcome the above
disadvantages and drawbacks of the prior art. More specifically, it is an object to
provide an improved annular barrier system enabling an easier and more reliable

expansion of an annular barrier than in the solutions of prior art.

Furthermore, it is an object to provide a more reliable annular barrier.

The above objects, together with numerous other objects, advantages, and

features, which will become evident from the below description, are accomplished
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by a solution in accordance with the present invention by an annular barrier
system (100) for expanding an annular barrier (1) in an annulus (2) between a
well tubular structure (3) and an inside wall (4) of a borehole downhole,
comprising:

- an annular barrier (1) having a tubular part (5) for mounting a part of the well
tubular structure, the annular barrier further comprising an expandable sleeve
(6) surrounding the tubular part, at least one end (7) of the expandable sleeve
being fastened by means of a fastening means (8) of or to a connection part (9)
in the tubular part, and

- the expandable sleeve is made of metal,

wherein the annular barrier has a valve (13) for controlling the passage of
pressurised fluid into the space between the expandable sleeve and the tubular

part.

By having a valve, the metal sleeve is expandable from within the tubular
structure by means of other fluids than cement as the valve is closed again
subsequent to the filling of the space between the sleeve and the tubular
structure. If the pressure increases outside the sleeve in the annulus surrounding
the sleeve, the valve is reopened by means of a tool, and the pressure in the
space increases correspondingly. The expansion of the sleeve is performed by
building up a pressure opposite the valve by means of a tool or a drill pipe

assembly, or by pressurising the well from above.

In one embodiment, the annular barrier system may further comprise a tool for
expanding the expandable sleeve by letting a pressurised fluid through the valve
in a passage in the tubular part into the space between the expandable sleeve

and the tubular part.

In another embodiment the annular barrier system for expanding an annular
barrier in an annulus between a well tubular structure and a borehole downhole,
may comprise an annular barrier having a tubular part for mounting as part of
the well tubular structure, the annular barrier further comprising an expandable
sleeve surrounding the tubular part, each end of the expandable sleeve being
fastened in a fastening means of a connection part in the tubular part, and a tool
for expanding the expandable sleeve by letting a pressurised fluid through a
passage in the tubular part into a space between the expandable sleeve and the

tubular part.
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The annular barrier may have a valve for controlling the passage of pressurised
fluid into the space between the expandable sleeve and the tubular part.
Furthermore, the tubular part may have a wall thickness, and the connection part

projects outwardly from the tubular part increasing the wall thickness.
In addition, the tubular part may have a wall thickness, and the connection part
may comprise a layer on its surface facing the sleeve increasing its wall

thickness.

This layer may be made of different material than the tubular part and/or the

connection part.

In one embodiment, the sleeve may have two ends made of a different material

than a centre part of the sleeve.

These two ends may have been welded to the centre part.

Furthermore, the two ends may have an inclined surface corresponding to an

inclined surface of the centre part of the sleeve.
In one embodiment, the annular barrier system may comprise at least two
annular barriers positioned at a distance from each other along the well tubular

structure.

According to the invention, the at least two annular barriers may be fluidly

connected via a fluid connection.

In one embodiment, the fluid connection may be a tube running along a

longitudinal extension of the borehole.

In another embodiment, the fluid connection may be a bore within the well

tubular structure.

The tool may have means for adjusting the valve from one position to another.
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Moreover, the tool may have an isolation device for isolating a first section
between an outside wall of the tool and an inside wall of the well tubular

structure outside the passage of the tubular part.

When isolating a section outside the passage of the tubular part, it is no longer
necessary to fill up the whole well tubular structure or to have an additional plug

as in prior art solutions.

The isolation device of the tool may have at least one sealing means for sealing
against the inside wall of the well tubular structure on each side of the valve in

order to isolate the first section inside the well tubular structure.
In addition, the tool may have pressure delivering means for taking in fluid from
the borehole and for delivering pressurised fluid to the first section. The pressure

delivering means may be a stroker tool.

Thus, the fluid surrounding the tool can be used for injection into the first

section.

The tool may have means for connection to a drill pipe, and it may have packers

for closing an annular area.

In one embodiment, the tool may have more than one isolation device.

The advantage of having more than one isolation device is that it is possible to

expand two sleeves at a time or measure at two positions at a time.

Pressurised fluid delivery could also be facilitated by simply applying pressure to

the well tubular structure from the surface via a drill pipe or coiled tubing.

Also, the tool may have means for connecting to the drill pipe or coiled tubing so

that the tool uses the pressurised fluid from drill pipe or coiled tubing.

In addition, the tool may have an anchor tool for anchoring the tool inside the

well tubular structure.
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Moreover, the tool may have means for measuring the flow, temperature,

pressure, density, water hold-up, and/or expansion of the sleeve.

In one embodiment, the tool may further have a recording and/or transmitting
device for recording and/or transmitting data from measurements performed by
the tool.

In addition, the tool may be connected to a downhole tractor in order to move

the tool in the well tubular structure.

The pressurised fluid may be fluid from the well tubular structure or surrounding
the well tubular structure, cement, or a polymer, or a combination thereof.

In one embodiment, the tool may comprise a reservoir with the pressurised fluid.

The invention also relates to an annular barrier comprising a tubular part for
mounting as part of a well tubular structure in a borehole, the annular barrier
comprising an expandable sleeve surrounding the tubular part, each end of the
expandable sleeve being fastened in a fastening means of a connection part in
the tubular part, wherein the annular barrier may comprise a valve for controlling
a passage of pressurised fluid into a space between the expandable sleeve and

the tubular part.

In one embodiment of the annular barrier or the annular barrier system, the

valve may be positioned in at least one of the connection part.

In another embodiment of the annular barrier or the annular barrier system, the

valve may be a one-way valve or a two-way valve.

Also, the valve may be a three-way valve for, in a first position, letting fluid into
the space between the expandable sleeve and the tubular part, in a second
position letting fluid into the annulus between the well tubular structure and the

borehole, and in a third position stopping the fluid from flowing.

In yet another embodiment of the annular barrier or the annular barrier system,
the valve in a first position lets fluid into the space between the expandable
sleeve and the tubular part, in a second position lets fluid into the annulus

between the well tubular structure and the borehole, in a third position stops the
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fluid from flowing, and in a fourth position lets fluid flow between the annulus and

the space.

Moreover, at least one of the fastening means may be slidable in relation to the

connection part of the tubular part of the annular barrier.

In addition, at least one sealing element, such as an O-ring, may be arranged

between the slidable fastening means and the connection part.

In one embodiment of the annular barrier or the annular barrier system, more
than one sealing elements may be arranged between the slidable fastening
means and the connection part.

At least one of the fastening means may be fixedly fastened to the connection

part or be part of the connection part.

In another embodiment of the annular barrier or the annular barrier system, both
of the fastening means may be fixedly fastened with its connection part or be

part of its connection part.

In one embodiment of the annular barrier or the annular barrier system, the
fastening means may have a projecting edge part which projects outwards from

the connecting part.

Having a part of the fastening means bending outwards means that the fastening
means does not have a sharp edge which may cause the sleeve to crack close to

the fastening means when expanded.

In one embodiment of the annular barrier or the annular barrier system, the

expandable sleeve may be made of metal.
In another embodiment of the annular barrier or the annular barrier system, the
expandable sleeve may be made of polymers, such as an elastomeric material,

silicone, or natural or syntactic rubber.

The expandable sleeve may have a thickness of less than 10% of its length.
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In addition, the expandable sleeve may be capable of expanding to at least a
10% larger diameter, preferably at least a 15% larger diameter, more preferably

at least a 30% larger diameter than that of an unexpanded sleeve.

Furthermore, the expandable sleeve may have a wall thickness which is thinner
than a length of the expandable sleeve, wherein the expandable sleeve may have
a thickness of less than 25% of its length, preferably less than 15% of its length,

more preferably less than 10% of its length

In one embodiment of the annular barrier or the annular barrier system, the

expandable sleeve may have a varying thickness.

The invention also relates to use of the annular barrier as described above in a

well tubular structure for insertion in a borehole.

Moreover, the invention relates to a tool as described above.

The invention further relates to an expansion method for expanding an annular
barrier as described above inside a borehole comprising well fluid having a
pressure, comprising the following steps:

- placing a tool outside the passage of the tubular part of the annular barrier,

- isolating the passage by means of the isolation device of the tool, and

- increasing the pressure of the well fluid inside the isolation device in order to

expand the sleeve of the annular barrier.

In addition, the invention relates to an expansion method for expanding an
annular barrier as described above, comprising the following steps:

- placing a tool outside the passage of the tubular part of the annular barrier, and
- opening the valve in the connection part of the annular barrier so that
pressurised fluid in coiled tubing, in a chamber in the tool, or in an isolated
section between an outside wall of the tool and an inside wall of the well tubular
structure, is let into the space between the tubular part and the expandable

sleeve of the annular barrier in order to expand the sleeve.

The invention also relates to a production method for producing oil or the like

fluid through a well tubular structure having a production zone in which the well
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tubular structure has perforations, a screen, or the like and at least two annular
barriers as described above, comprising the following steps:

- expanding a first annular barrier at one side of the production zone of the well
tubular structure,

- expanding a second annular barrier at another of the production zone of the
well tubular structure, and

- letting fluid into the well tubular structure through the production zone.

In addition, the production method may comprise the step of opening a valve in
each annular barrier allowing pressurised fluid to flow from annulus zones

adjacent to the production zone into the cavity of the annular barriers.

Moreover, the invention relates to a fracturing method for fracturing a formation
surrounding a borehole for producing oil or the like fluid through a well tubular
structure having a production zone and at least one annular barrier as described
above, comprising the following steps:

- expanding a first annular barrier at one side of the production zone of the well
tubular structure,

- expanding a second annular barrier at another of the production zone of the
well tubular structure,

- injecting pressurised fluid into the production zone through an opening in the
tubular part of the annular barrier, and

- opening a valve in each annular barrier allowing pressurised fluid to flow from

the production zone into the cavity of the annular barriers.

Finally, the invention relates to a testing method for measuring pressure in a
production zone sealed off by two annular barriers as described above,
comprising the following steps:

- placing a tool outside the valve of annular barrier,

- adjusting the valve so that fluid in the production zone can flow in through the
passage, and

- measuring the pressure of the fluid from the production zone.
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Brief Description of the Drawings

The invention and its many advantages will be described in more detail below
with reference to the accompanying schematic drawings, which for the purpose of

illustration show some non-limiting embodiments and in which

Fig. 1 shows one embodiment of an annular barrier according to the present

invention in its unexpanded position,

Fig. 2 shows another embodiment of the annular barrier in its unexpanded

position,

Fig. 3 shows yet another embodiment of the annular barrier in its expanded
position,

Fig. 4 shows a further embodiment of the annular barrier in its expanded

position,

Fig. 5 shows an annular barrier system according to the invention,

Fig. 6 shows a another embodiment of the annular barrier system of the

invention,

Fig. 7 shows a well tubular structure with annular barriers according to the

invention in a production state,

Fig. 8 shows a well tubular structure with annular barriers according to the

invention in a fracturing state,

Fig. 9 shows an embodiment of the annular barrier seen from outside the annular

barrier,

Fig. 10 shows another embodiment of the annular barrier seen from outside the

annular barrier,

Fig. 11 shows four positions which a valve in an annular barrier of the present

invention may have,
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Fig. 12 shows a cross-sectional view of the annular barrier,

Fig. 13 shows a cross-sectional view of another embodiment of the annular

barrier,

Fig. 14 shows a cross-sectional view of yet another embodiment of the annular

barrier, and

Fig. 15 shows a cross-sectional view of yet another embodiment of the annular

barrier.
All the figures are highly schematic and not necessarily to scale, and they show

only those parts which are necessary in order to elucidate the invention, other

parts being omitted or merely suggested.

Detailed description of the invention

Annular barriers 1 according to the present invention are typically mounted into
the well tubular structure string before lowering the well tubular structure 3 into
the borehole downhole. The well tubular structure 3 is constructed by well tubular
structure parts put together as a long well tubular structure string. Often, the
annular barriers 1 are mounted in between the well tubular structure parts when

mounting the well tubular structure string.

The annular barrier 1 is used for a variety of purposes, all of which require that
an expandable sleeve 6 of the annular barrier 1 is expanded so that the sleeve
abuts the inside wall 4 of the borehole. The annular barrier 1 comprises a tubular
part 5 which is connected to the well tubular structure 3 as shown in Fig. 1, e.qg.
by means of a thread connection 15. Thus, the tubular part 5 and the well tubular
structure part 3 together form the inside wall 16 of the well tubular structure.
The annular barrier 1 of Fig. 1 is shown in its unexpanded and relaxed position
creating a cavity 12 between the expandable sleeve 6 and the tubular part 5 of
the annular barrier 1. In order to expand the expandable sleeve 6, pressurised
fluid is injected into the cavity 12 until the expandable sleeve abuts the inside

wall 4 of the borehole.
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In this embodiment, the annular barrier 1 has a valve 13 which is shown in its
closed position. This embodiment of the valve 13 has four positions as shown in
Fig. 11. In position A, the valve 13 has an open passage 11 from the inside of the
well tubular structure 3 to the space 12 between the expandable sleeve 6 and the
tubular part 5 while having a closed passage 21 from the inside of the well
tubular structure to the annulus 2 between the outside wall 17 of the well tubular
structure and the inside wall 4 of the borehole or formation. In position B, the
passage 11 from the inside of the well tubular structure 3 to the space 12
between the expandable sleeve 6 and the tubular part 5 is closed while the
passage 21 from the inside of the well tubular structure to the annulus 2 between
the outside wall 17 of the well tubular structure and the inside wall 4 of the
borehole or formation is open. In its closed position C, the valve 13 also closes
the passage 21 from the inside of the well tubular structure 3 to the annulus 2
between the outside wall 17 of the well tubular structure and the inside wall 4 of
the borehole or formation. In position D, the valve 13 has an open passage 11
from the inside of the well tubular structure 3 to the space 12 between the
expandable sleeve 6 and the tubular part 5 while also having an open passage 21
from the inside of the well tubular structure to the annulus 2 between the outside
wall 17 of the well tubular structure and the inside wall 4 of the borehole or
formation. Thus, the position D results in a fluid connection from the annulus 2 to

the space 12.

Having a valve 13 in the annular barrier 1 enables other fluids than cement, such
as the fluid present in the well or sea water, to be used for expanding the

expandable sleeve 6 of the annular barrier.

The expandable sleeve 6 is fastened in a fastening means 8 of a connection part
9 of the annular barrier 1. The expandable sleeve 6 is fixedly fastened in the
fastening means so that the ends 7 of the expandable sleeve do not move in
relation to the fastening means 8. Furthermore, in this embodiment, the
fastening means 8 is a part of the connection part 9. In another embodiment, the
fastening means 8 is fixedly connected to the connection part 9. Thus, both of
the fastening means 8 may be fixedly fastened to its connection part 9 or be a

part of its connection part.
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As can be seen, the expandable sleeve 6 is a thin-walled tubular structure
inserted into the fastening means 8. Subsequently, the fastening means 8 has
been embossed changing the form of the fastening means and the ends 7 of the
expandable sleeve, thus mechanically fastening them in relation to one another.
In order to seal the connection between the expandable sleeve 6 and the

fastening means 8, a sealing element 14 is arranged between them.

The tubular part 5 of the annular barrier 1 is mounted from two end parts 22 and
an intermediate part 23 which have been joined by means of threads. In this
embodiment, the end parts 22 are the same as the connection parts 9. However,
in another embodiment, the ends parts 22 are fixedly connected to the

connection parts 9.

Another embodiment of the annular barrier 1 is shown in Fig. 2. In one end of the
annular barrier 1, the fastening means 8 in which the sleeve 6 is fastened is
slidably connected to the connection part 9 (illustrated by the arrows). When the
expandable sleeve 6 is expanded in a transverse direction, the sleeve will tend to
shorten in its longitudinal direction - if possible. By having a slidable connection,
the sleeve 6 is allowed to reduce its longitudinal extension, resulting in a possibly
larger expansion since the sleeve is not stretched as much as when the sleeve is

fixedly connected to the connection part 9.

In order to seal the slidable connection also during any sliding movements,
sealing elements 14 are arranged between the sliding fastening means 8 and the

connection part 9.

In Fig. 2, the annular barrier 1 has one valve 13 arranged in the connection part
9 of the annular barrier in the transition between the cavity 12 and the annulus
3. In another embodiment, the connection part 9 of the sliding connection may
also be provided with a valve 13. Thus, the passages 11, 21 may have to be
elongated in order to compensate for length necessitated by the sliding ability of

the connection.

An annular barrier 1 with a slidable connection between the sleeve 6 and the
connection part 9 results in an increase of the expansion ability of the sleeve with

up to 100% in relation to an annular barrier without any slidable connections.
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In another embodiment, the annular barrier 1 has two slidable connections,

increasing the expansion ability of the sleeve 6 even more.

In Fig. 3, the annular barrier 1 of the invention has a valve 13 which is slidable
between a position where the first passage 11 from the inside of the well tubular
structure 3 and the cavity 12 is open and the second passage 21 from the inside
of the well tubular structure and the annulus 2 is closed to a second position
where the first passage is closed and the second is open. As shown, the valve 13

also has a third position in which both passages 11, 21 are closed.

In Fig. 3, the expandable sleeve 6 is in its expanded condition and the
unexpanded condition of the expandable sleeve is illustrated by a dotted line. As
can be seen, in its unexpanded position, the expandable sleeve 6 follows the
surface of the tubular part 5 so that only a narrow space 12 is created between
the two. The tubular part 5 thus does not have any indentation, and the cavity 12

is created solely by expansion of the sleeve 6.

As can be seen from Fig. 4, the annular barrier 1 may also have a valve 13
placed in the part between the two connection parts 9. Such a valve may be a

one-way valve or a two-way valve.

Also, the valve 13 of the annular barrier 1 may be a three-way valve which in a
first position lets fluid into the space 12 between the expandable sleeve 6 and the
tubular part 5, in a second position lets fluid into the annulus 2 between the well
tubular structure 3 and the borehole, and in a third position stops the fluid from

flowing.

The expandable sleeve 6 of the annular barrier 1 has a length extending along
the longitudinal extension of the well tubular structure 3. The expandable sleeve
6 has a wall thickness which is thinner than its length. In one embodiment, the
expandable sleeve 6 has a thickness of less than 25% of its length, preferably

less than 15% of its length, more preferably less than 10% of its length.

When the expandable sleeve 6 of the annular barrier 1 is expanded, the diameter
of the sleeve is expanded from its initial unexpanded diameter to a larger

diameter. In an embodiment of the invention, the expandable sleeve 6 is capable
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of expanding to a diameter which is at least 10% larger than its initial diameter,

preferably at least 15% larger, more preferably at least 30% larger.

In one embodiment of the annular barrier 1, the fastening means 8 may have a
projecting edge part which projects outwards from the connecting part 9. The
projection edge part may also be in the form of tongues 32 as shown in Fig. 9 or 10.
Having a part of the fastening means 8 bending outwards means that the
fastening means does not have a sharp edge which may cause the sleeve 6 to

crack close to the fastening means when expanded.

The expandable sleeve 6 of the annular barrier 1 may be made of metal or
polymers, such as an elastomeric material, silicone, or natural or syntactic

rubber.

When expanding the expandable sleeve 6, the expandable sleeve often expands
in an uneven way and it is therefore manufactured having a varying wall

thickness in order to compensate for the uneven expansion.

The expandable sleeve 6 is often made of metal and, in order to improve the
sealing ability of the expandable sleeve towards the inside wall of the borehole,
the expandable sleeve may be provided with sealing rings 33, such as rings of

polymers, rubber, silicone, or the like sealing material.

Also, the expandable sleeve 6 may comprise a mesh, as shown in Fig. 10, to
protect the sleeve from damage when being run into the well along with the well

tubular structure 3.

In Fig. 12, a cross-sectional view of an annular barrier is shown having a valve
which is slidable so as to open and/or close the openings 11, 21. The sleeve of
the annular barrier has two end parts welded on each end of a centre sleeve part.
The two end parts have a surface inclining towards the centre part corresponding
to an inclining surface on each end of the centre part. Due to the inclined surface,
the welding area is increased, and due to a three parts sleeve, the two ends may
be made of a different material with higher ductility than the centre part,
meaning that it stretches easily when the sleeve is expanded. Thus, the centre

part of the expandable sleeve may be made of a material with a higher strength,



WO 2010/079237 PCT/EP2010/050298

10

15

20

25

30

35

16

which is able to withstand a high hydraulic collapse pressure when the sleeve is

expanded.

In the annular barrier of Fig. 13, the fastening means is a screw connection
enabling the sleeve of the annular barrier to be screwed onto the connection part

of the tubular part.

The tubular part shown in Figs. 12-15 has an increased wall thickness in the
connection part of the tubular part opposite the ends of the sleeve. By having an
increased wall thickness, the outer diameter is increased correspondingly. By
having the increased thickness, the surface can be machined to make the surface
smoother and to make the outer diameter more exact without decreasing the
resulting outer diameter of the tubular part. The sleeve is fastened in one end of
the connection part of the tubular part, and in the other end, the sleeve is
slidably connected to the other connection part of the tubular part. A sealing
means is arranged so as to make a sealing connection between the sleeve and

the connection parts.

In the annular barrier of Figs. 12, 14 and 15, the fastening means is a welding
seam since the sleeve is welded to the connection part of the tubular part

forming part of the tubular structure.

The connection part projecting from the tubular part increasing the thickness of
the tubular structure may be a layer welded onto the connection part or by other
means applied as a layer onto the connection part, for instance sprayed onto the
surface. In another embodiment, the connection is initially moulded with
increased thickness. The layer applied onto the connection part may be made of
a different material which is easier to machine into a precise diameter and a

smoother surface than the material normally used for making tubular structures.

Furthermore, the invention relates to an annular barrier system 100 comprising
the above-mentioned annular barrier 1. Such as annular barrier system 100 is
shown in Fig. 5, where the annular barrier system comprises a tool 20 for
expanding the expandable sleeve 6 of the annular barrier 1. The tool 20 expands
the expandable sleeve 6 by applying a pressurised fluid through a passage 11 in
the tubular part 5 into the space 12 between the expandable sleeve and the

tubular part.
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In this embodiment, the tool 20 comprises an isolation device 18 for isolating a
first section 24 outside the passage 11, 21 between an outside wall 30 of the tool
and the inside wall 16 of the well tubular structure. The pressurised fluid is
created by increasing the pressure of the fluid in the isolation device 18. By
isolating a section 24 of the well tubular structure 3 outside the passage 11, 21
of the tubular part 5, the fluid in the whole well tubular structure no longer has to
be pressurised and no additional plug is needed as is the case in prior art

solutions.

In order to isolate the isolated section 24, the tool 20 comprises at least one
sealing means 25 for sealing against the inside wall of the well tubular structure
3 on each side of the valve 13 in order to isolate the first section 24 inside the
well tubular structure. The sealing means 25 is shown as two separate sealing
means, but may as well be just one means which is expandable in two positions.
The sealing means 25 may be made of an expandable polymer which is inflated
by the well fluid or a gas comprised in a reservoir in the tool 20. When the
isolation device 18 is no longer needed, the sealing means 25 is deflated and the

tool 20 may be retracted.

In that it is able to isolate a section 24 in the well tubular structure 3, this tool 20
can be used for injecting cement into the cavity in known annular barriers in
order to expand the expandable sleeves of known annular barriers. In this case,
no valve is needed due to the fact that the cement hardens and the cavity thus

does not have to be closed in order to keep the cement inside the cavity.

In another embodiment, the pressurised fluid is well fluid, i.e. the fluid present in
the well tubular structure 3, and the tool 20 has a suction means for suction of
fluid into the tool and out into the isolated section 24 or directly into the passage
11, 21.

When the tool 20 has expanded the expandable sleeve 6 by pressing fluid into
the space or cavity 12 between the expandable sleeve and the tubular part 5 of
the annular barrier 1, the passage 11 has to be closed in order to stop the fluid
from running back into the well tubular structure 3 when the tool is retracted. In

this embodiment, the passage 11 is controlled by means of a valve 13.
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In order to control the valve 13, the tool 20 has means for adjusting the valve
from one position to another position, e.g. from an open position to a closed
position. In one embodiment, the means for adjusting the valve 13 is a key

engaging indentations 34 in the valve in order to move the valve.

In Fig. 5, the tool 20 is shown having a stroker tool 27 for letting pressurised

fluid into the first section.

The annular barrier system 100 of Fig. 5 comprises two annular barriers 1
positioned at a distance from each other along a production zone 29 in the well
tubular structure 3. One annular barrier 1, 31 has already been inflated, e.g. in
order to centralise the well tubular structure 3 in the borehole or in a previous
run to isolate the production zone together with the second annular barrier 1, 41.
When expanding the expandable sleeve 6 of the second annular barrier 41, the
valves 13 of the first annular barrier 31 are closed (illustrated by circles with a

Cross).

In one embodiment, the system 100 comprises a plurality of annular barriers 1
fluidly connected by means of a fluid connection, such as a tube running on the
outside of the well tubular structure 3 so that, by expanding one annular barrier,
a pluralities of annular barriers can be expanded in turn. In this way, the tool 20
can expand all the subsequent barriers 1 by injecting a pressurised fluid into the
first annular barrier. Thus, the tool 20 only has to be lowered into the top part of

the well and not all the way into the well.

When producing, the well tubular structure 3 is often perforated to allow the oil
fluid to flow into the well tubular structure and further on to the surface of the
well. Thus, the annular barriers 1 cannot be expanded by building up a pressure
within the well tubular structure 3, such as by means of coiled tubing. By linking
the annular barriers 1 by a fluid connection, also annular barriers arranged below
the perforations can be expanded without sealing off a zone around each annular

barrier.

When linking annular barriers 1 together via a fluid communication as mentioned,
the first annular barrier is expanded in order to expand also the subsequent

barriers. The first barrier 1 can be expanded by a tool 20 by means of the
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isolation device 18 or by temporarily plugging the well beneath the first barrier

and applying a pressure of fluid from the surface.

In the event that the tool 20 cannot move forward in the well tubular structure 3,

the tool may comprise a downhole tractor, such as a Well Tractor®.

The tool 20 may have several stroker tools 27 in order to expand several
expandable tubular sleeves 6 at a time. The tool 20 may have more than one
isolation device 18 and thus be able to operate several annular barriers 1 at the
same time, e.g. expanding several sleeves 6 or measuring the conditions of a
production zone 29, the annulus 2, and/or the inside pressure of the expanded

annular barrier.

The tool may also be a drill pipe assembly arranged as part of the drill pipe, e.g.
in the end of a drill pipe. In this embodiment, the tool is in the same way
arranged opposite the sleeve and thereby isolates a zone by means of a sealing
means 25. The drill pipe is closed in the bottom by letting a ball into the drill
pipe, closing the bottom when landing in the known ball catcher. Subsequently,
the drill pipe, and thereby the zone, are pressurised in order to expand the

sleeve,

The tool connected to the drill pipe may also be is inserted into the tubular
structure, and packers are expanded between the inside wall of the tubular
structure and the outside wall of the drill pipe. The tool further comprises means
for closing the top of the tubular structure or of the well. Subsequently, the
annular area between the drill pipe and the tubular structure is pressurised in
order to expend the sleeve. The drill pipe may also be called an inner wash down

string.

In another embodiment, the tool has means for closing a zone on the inside of
the tubular structure. The means closes the tubular structure in the top of the
well and in a position on the other side of the sleeve to be expanded. Then, the

zone inside the tubular structure is pressurised in order to expand the sleeve.

The tool 20 may have means for measuring the flow, temperature, pressure,

density, water hold-up, and/or expansion of the sleeve 6. When measuring flow,
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temperature, pressure, density, and/or water hold-up, the conditions of the

production zone 29 can be evaluated.

In order to evaluate the data from the measurements, the tool 20 has a
recording and/or transmitting device for recording and/or transmitting data from

measurements performed by the tool.

It may also occur that the pressure on one side of an expanded annular barrier 1
is larger than the pressure within the cavity 12 of the annular barrier. The fluid
from the high-pressure zone HP may thus try to undermine the connection
between the expandable sleeve 6 and the inside wall of the borehole in order to
equalise the pressure difference. In this case, the tool 30 opens the valve 13 of
the annular barrier 1, allowing fluid to flow from the high-pressure zone into the
annular barrier as shown in Fig. 7. In this way, it is ensured that the fluid from a
high-pressure zone does not break the seal between the expanded annular

barrier 1 and the inside wall of the borehole.

The tool 20 of Fig. 6 uses coiled tubing for expanding the expandable sleeve 6 of
two annular barriers 1 at the same time. A tool 20 with coiled tubing can
pressurise the fluid in the well tubular structure 3 without having to isolate a
section 24 of the well tubular structure; however, the tool may need to plug the
well tubular structure further down the borehole from the two annular barriers 1

to be operated.

The annular barrier system 100 of the present invention may also expand the
sleeve 6 by means of a drill pipe or a wireline tool, such as the one shown in Fig.
5.

The annular barrier system 100 may comprise an anchor tool 26 for anchoring of
the tool 20 inside the well tubular structure 3 when operating the annular

barriers 1, as shown in Fig. 5.

In one embodiment, the tool 20 comprises a reservoir containing the pressurised
fluid, e.g. when the fluid used for expanding the sleeve 6 is cement, gas, or a

two-component compound.
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In Fig. 6, two annular barriers 1 are inflated simultaneously into having a
pressure higher than that of the annulus 2. Hereby, it is ensured that the annular
barriers 1 seal properly against the inside wall of the borehole. The flow of the
pressurised fluid is illustrated by arrows. When the annular barriers 1 have been
expanded, the well tubular structure 3 is centralised in the borehole and ready to

use for production of oil.

The annular barriers 1 during production are shown in Fig. 7, where the valves 13
of the annular barriers have been closed and the production valve 35 is in fluid
communication with the production screen and thus the production zone 29 of
the formation. During production, the valves 13 controlling the passage from the
non-production zone of the annulus 2 and the cavity 12 are opened so that the
pressure of well fluid in the cavity is the same as the pressure of well fluid in the
non-production zone. The arrow inside the well tubular structure 3 illustrates the
flow of oil. This ensures that the highest pressure in relation to the formation
pressure is maintained within the cavity 12, thereby reducing the differential

pressure across the expandable sleeve 6.

The annular barriers 1 of the present invention may also be used when fracturing
the formation in order to enable oil to run out of the formation at a higher rate.
An annular barrier 1 is expanded on each side of the future production zone 29.
Pressurised well fluid or water is injected through the production valve 35 and
thus through the production screen 29 in order to crack and penetrate the
formation. While fracturing, one of the valves 13 in each annular barrier 1 is
adjusted so that the pressurised fluid in the fracturing zone also flows into the
cavity 12 of the annular barriers 1, reducing the risk of the fluid undermining the
seal between the sleeve 6 and the inside wall of the borehole, and also reducing
the risk of the expandable sleeve collapsing inwards. The other valve 13 in each

annular barrier 1 is kept closed.

An annular barrier 1 may also be called a packer or the like expandable means.
The well tubular structure 3 can be the production tubing or casing or a similar
kind of tubing downhole in a well or a borehole. The annular barrier 1 can be
used both in between the inner production tubing and an outer tubing in the
borehole or between a tubing and the inner wall of the borehole. A well may have
several kinds of tubing and the annular barrier 1 of the present invention can be

mounted for use in all of them.
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The valve 13 may be any kind of valve capable of controlling flow, such as a ball
valve, butterfly valve, choke valve, check valve or non-return valve, diaphragm
valve, expansion valve, gate valve, globe valve, knife valve, needle valve, piston

valve, pinch valve, or plug valve.

The expandable tubular metal sleeve 6 may be a cold-drawn or hot-drawn

tubular structure.

The fluid used for expanding the expandable sleeve 6 may be any kind of well
fluid present in the borehole surrounding the tool 20 and/or the well tubular
structure 3. Also, the fluid may be cement, gas, water, polymers, or a two-
component compound, such as powder or particles mixing or reacting with a

binding or hardening agent.

The means for measuring the flow, temperature, pressure, density, water hold-
up, and/or expansion of the sleeve 6 may be any kind of sensors. The sensor for

measuring the expansion of the sleeve 6 may be e.g. a strain gauge.

The recording device may have a memory. The transmitting device may transmit

data by means of wireless communication, fibre optic, wireline, or fluid telemetry.

Although the invention has been described in the above in connection with
preferred embodiments of the invention, it will be evident for a person skilled in
the art that several modifications are conceivable without departing from the

invention as defined by the following claims.
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Claims

1. Annular barrier system (100) for expanding an annular barrier (1) in an
annulus (2) between a well tubular structure (3) and an inside wall (4) of a
borehole downhole, comprising:

- an annular barrier (1) having a tubular part (5) for mounting a part of the well
tubular structure, the annular barrier further comprising an expandable sleeve
(6) surrounding the tubular part, at least one end (7) of the expandable sleeve
being fastened by means of a fastening means (8) of or to a connection part (9)
in the tubular part, and

- the expandable sleeve is made of metal,

wherein the annular barrier has a valve (13) for controlling the passage of
pressurised fluid into the space between the expandable sleeve and the tubular
part.

2. Annular barrier system according to claim 1, wherein the annular barrier
system further comprises a tool (20) for expanding the expandable sleeve by
letting a pressurised fluid through the valve in a passage (11, 21) in the tubular

part into the space (12) between the expandable sleeve and the tubular part.

3. Annular barrier system (100) for expanding an annular barrier (1) in an
annulus (2) between a well tubular structure (3) and an inside wall (4) of a
borehole downhole, comprising:

- an annular barrier (1) having a tubular part (5) for mounting s part of the well
tubular structure, the annular barrier further comprising an expandable sleeve
(6) surrounding the tubular part, at least one end (7) of the expandable sleeve
being fastened in a fastening means (8) of or to a connection part (9) in the
tubular part, and

- a tool (20) for expanding the expandable sleeve by letting a pressurised fluid
through a passage (11, 21) in the tubular part into a space (12) between the

expandable sleeve and the tubular part.

4, Annular barrier system according to claim 3, wherein the annular barrier
has a valve (13) for controlling the passage of pressurised fluid into the space

between the expandable sleeve and the tubular part.
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5. Annular barrier system according to any of the preceding claims, wherein
the tubular part has a wall thickness, and the connection part projects outwardly

from the tubular part increasing the wall thickness.

6. Annular barrier system according to any of the preceding claims, wherein
the tubular part has a wall thickness, and the connection part comprises a layer

on its surface facing the sleeve increasing its wall thickness.

7. Annular barrier system according to claim 6, wherein the layer is made of a

different material than the tubular part and/or the connection part.

8. Annular barrier system according to any of the preceding claims, wherein
the sleeve has two ends made of a different material than a centre part of the

sleeve,

9. Annular barrier system according to claim 8, wherein the two ends have

been welded to the centre part.

10. Annular barrier system according to claim 8 or 9, wherein the two ends
have an inclined surface corresponding to an inclined surface of the centre part of

the sleeve.

11. Annular barrier system according to any of claims 1-3 or 4-10, wherein the

valve is positioned in at least one of the connection parts.

12. Annular barrier system according to any of claims 1-3 or 4-11, wherein the

valve is a one-way valve or a two-way valve.

13. Annular barrier system according to any of claims 1-3 or 4-11, wherein the
valve is a three-way valve for, in a first position, letting fluid into the space
between the expandable sleeve and the tubular part, in a second position letting
fluid into the annulus between the well tubular structure and the borehole, and in

a third position stopping the fluid from flowing.

14. Annular barrier system according to any of claims 1-3 or 4-13, wherein the
valve in a first position lets fluid into the space between the expandable sleeve

and the tubular part, in a second position lets fluid into the annulus between the
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well tubular structure and the borehole, in a third position stops the fluid from
flowing, and in a fourth position lets fluid flow between the annulus and the

space.

15. Annular barrier system according to any of the preceding claims, wherein at
least one of the fastening means is slidable in relation to the connection part of

the tubular part of the annular barrier.

16. Annular barrier system according to any of the preceding claims, wherein at
least one of the fastening means is fixedly fastened to the connection part or at

least one of the fastening means is part of the connection part.

17. Annular barrier system according to any of the preceding claims, wherein
the system comprises at least two annular barriers positioned at a distance from

each other along the well tubular structure.

18. Annular barrier system according to claim 9, wherein the at least two

annular barriers are fluidly connected via a fluid connection.

19. Annular barrier system according to any of claims 3-18, wherein the tool

has means for adjusting the valve from one position to another.

20. Annular barrier system according to any of claims 3-19, wherein the tool
has an isolation device (18) for isolating a first section (24) between an outside
wall of the tool (30) and an inside wall of the well tubular structure (11) outside

the passage of the tubular part.

21. Annular barrier system according to claim 20, wherein the isolation device
of the tool has at least one sealing means (25) for sealing against the inside wall
of the well tubular structure on each side of the valve in order to isolate the first

section inside the well tubular structure.

22. Annular barrier system according to any of claims 3-21, wherein the tool
has a pressure delivering means (27) for taking in fluid from the borehole and for

delivering pressurised fluid to the first section.
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23. Annular barrier system according to any of the preceding claims, wherein

the tool has means for connection to a drill pipe.

24. Annular barrier system according to any of the preceding claims, wherein

the tool has packers for closing an annular area.

25. Annular barrier according to any of claims 1-2 or 4-24.

26. Use of the annular barrier according to claim 25 in a well tubular structure

for insertion into a borehole.

27. Tool according to any of claims 19-24.

28. Expansion method for expanding an annular barrier according to claim 25
inside a borehole comprising a well fluid having a pressure, the method
comprising the steps of:

- placing a tool outside the passage of the tubular part of the annular barrier,

- isolating the passage by means of the isolation device of the tool, and

- increasing the pressure of the well fluid inside the isolation device in order to
expand the sleeve of the annular barrier,

or the steps of:

- placing a tool outside the passage of the tubular part of the annular barrier, and
- opening the valve in the connection part of the annular barrier so that
pressurised fluid in coiled tubing, in a chamber in the tool, or in an isolated
section between an outside wall of the tool and an inside wall of the well tubular
structure is let into the space between the tubular part and the expandable

sleeve of the annular barrier in order to expand the sleeve.

29. Production method for producing oil or the like fluid through a well tubular
structure having a production zone (29) in which the well tubular structure has
perforations, a screen, or the like and at least two annular barriers according to
claim 25, comprising the steps of:

- expanding a first annular barrier (31) at one side of the production zone of the
well tubular structure,

- expanding a second annular barrier (41) at another of the production zone of
the well tubular structure, and

- letting fluid into the well tubular structure through the production zone.



PCT/EP2010/050298

WO 2010/079237

1/14




PCT/EP2010/050298

WO 2010/079237

ST

T¢

€T

IT (T N4

91 S

[44

C b

A L A A O N 00

%0r-5T |

)




WO 2010/079237 PCT/EP2010/050298

3/14

h N i\ N
9 ‘ \ \
" 23

Fig. 4



PCT/EP2010/050298

WO 2010/079237

8T

Ve

S¢

LC

6¢

9¢

8¢

G "bi4

v

L A

IT 0€




PCT/EP2010/050298

WO 2010/079237

¥4

9 'bi4




PCT/EP2010/050298

WO 2010/079237

L b4

v

AT TEEEAT T

4

g
°@73

; 5 ot ety Y e
e e T T O A

ki

A

TE




PCT/EP2010/050298

WO 2010/079237

7/14

6¢

8 b1

€¢ <1

vl

v

TE




WO 2010/079237 PCT/EP2010/050298

8/14

Fig.9



WO 2010/079237 PCT/EP2010/050298

9/14




WO 2010/079237 PCT/EP2010/050298

10/14

Fig. 11



PCT/EP2010/050298

WO 2010/079237

11/14

e e
..JP... xf S .fw..y 5,

o T Y




PCT/EP2010/050298

WO 2010/079237

12/14

£1 "By




PCT/EP2010/050298

WO 2010/079237

13/14

7

/

A



PCT/EP2010/050298

WO 2010/079237

14/14

]
/

WY

R S RO
4 .sﬁ.,x,fsy

IIIIITTIZT T

S

T T
S e N T e

SANUANNNR

/

Z




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2010/050298

CLASSIFICATION OF SUBJECT MATTER

A.
INV. E21B33/12 E21B33/128 E21B43/10

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

E21B

Documentation searched other than minimum documentation 1o the extent that such documents are included in the fields searched

Electronic data base consuited during the international search (name of data base and, where practical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category” | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 6 325 144 B1 (TURLEY ROCKY A [US] ET 1-19
AL) 4 December 2001 (2001-12-04)
column 2, Tine 28 - 1line 65; figure 1
A US 2005/161232 Al (PATEL DINESH R [US] ET 1-19
AL) 28 July 2005 (2005-07-28)

page 1, paragraph 20 - page 2, paragraph
30; figure 2

A US 2007/114016 Al (BREZINSKI MICHAEL M 1-19
[US] ET AL BREZINSKI MICHAEL M [US] ET AL)
24 May 2007 (2007-05-24)

page 6, paragraph 67 - page 7, paragraph
69; figures 6-9

page 9, paragraph 83 - paragraph 84;
figures 15,16

page 10, paragraph 91 - paragraph 95;
figures 24,25

-f

Further documents are listed in the continuation of Box C. See patent family annex.

* 8pecial categories of cited documents : Y ’ X »

T" later document published after the International filing dale
or priority date and not in conflict with the application but
cited }o understand the principle or theory underlying the
invention

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international "X" document of particular relevance; the claimed invention
filing date carnot be considered novel or cannot be considered to
" docrtxment whié:h may tglro;v ﬂoubtg lon prioridty clafim(s) hor involve an inventive step when the document is taken alone
which is cited to establish the publication date of another "Y' document of particular relevance; the claimed invention
cltation or other special reason (as specified) cannot be considered to involve an inventive step when the
"0" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu—
other means ments, such combination being obvious to & person skilled
*P" docurnent published prior to the intemational filing date but in the art.
later than the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
23 February 2010 03/03/2010
Name and mailing address of the I1SA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NII_ E 2280 HV Rijswijk

Tel. (+31-70) 340-2040, 3

Fax: (+31-70) 340-3016 Morrish, Susan

Form PCT/ISA/210 {second sheet) (April 2005)

page 1 of 2



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2010/050298

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

US 2006/260820 Al (WHITSITT JOHN R [UST ET
AL) 23 November 2006 (2006-11-23)

page 3, paragraph 46 — page 4, paragraph
50; figures 3-5,7

US 4 499 947 A (ZSOKA ISTVAN [HU] ET AL)
19 February 1985 (1985-02-19)

column 4, Tine 34 -~ Tine 44; figures 1,2
US 6 640 893 B1 (RUMMEL FRITZ [DE] ET AL)
4 November 2003 (2003-11-04)

cited in the application

the whole document

1-19

1f19

1-19

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2010/050298
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 6325144 Bl 04-12-2001 AU 777129 B2 07-10-2004
AU 5180101 A 13-12-2001
CA 2350149 Al 09-12-2001
GB 2363621 A 02-01-2002
NO 20012846 A 10-12-2001
US 2005161232 Al 28-07-2005 BR PI0501218 A 27-09-2005
CA 2494484 Al 27-07-2005
US 2007114016 Al 24-05-2007 US 2007114018 Al 24-05-2007
US 2007114019 Al 24-05-2007
Us 2007114017 Al 24-05-2007
Us 2007114044 Al 24-05-2007
Us 2007267201 Al 22-11-2007
US 2006260820 Al 23-11-2006 BR PI0602133 A 17-07-2007
CA 2544657 Al 25-10-2006
GB 2437525 A 31-10-2007
US 4499947 A 19-02-1985 NONE
US 6640893 Bl 04-11-2003 AT 268429 T 15-06-2004
DE 60011254 D1 08-07-2004
DE 60011254 T2 08-09-2005
DK 1165933 T3 11-10-2004
EP 1165933 Al 02-01-2002
ES 2223487 T3 01-03-2005
WO 0058601 Al 05-10-2000
FR 2791732 Al 06-10-2000
JP 2002540330 T 26-11-2002
PT 1165933 E 29-10-2004

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - wo-search-report
	Page 43 - wo-search-report
	Page 44 - wo-search-report

