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DESCRIPTION
Field of the invention

[0001] The present invention relates to a downhole annular barrier to be expanded in an 
annulus between a well tubular structure and a wall of a borehole or another well tubular 
structure downhole in order to provide zone isolation between a first zone having a first 
pressure and a second zone having a second pressure of the borehole. Furthermore, the 
present invention relates to an annular barrier system.

Background art

[0002] Annular barriers are often expanded downhole by means of pressurised fluid entering 
through an opening in the pipe around which the annular barrier extends, however, operators 
of oil wells are increasingly demanding that this opening is permanently closed, which is known 
from US5400855.

[0003] One solution to this problem has been to insert check valves in the opening, however, 
this solution has shown to fail as dirt may get stuck in the ball seat, thereby preventing the ball 
from closing the opening properly. Further, as temperature and pressure increase and 
decrease, e.g. during a fracturing process, the temperature and pressure of the entrapped 
fluid in the annular barrier increase and decrease accordingly. During increased pressure, the 
annular barrier is expanded more than intended, and during decreasing pressure, the annular 
barrier deflates accordingly, and such movements may rupture the annular barrier over time.

Summary of the invention

[0004] 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 having a simple closure of the opening in the base pipe after 
expansion ofthe annular barrier.

[0005] The above objects, together with numerous other objects, advantages and features, 
which will become evident from the below description, are accomplished by a solution in 
accordance with the present invention by a downhole annular barrier to be expanded in an 
annulus between a well tubular structure and a wall of a borehole or another well tubular 
structure downhole in order to provide zone isolation between a first zone having a first 
pressure and a second zone having a second pressure of the borehole, the annular barrier 
comprising:
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• a tubular part adapted to be mounted as part of the well tubular structure, the tubular 
part having an outer face and an inside,

• an expandable metal sleeve surrounding the tubular part and having an inner sleeve 
face facing the tubular part and an outer sleeve face facing the wall of the borehole, 
each end of the expandable metal sleeve being connected with the tubular part, and

• an annular space between the inner sleeve face of the expandable metal sleeve and the 
tubular part,

• a first opening in fluid communication with the inside,
• a second opening in fluid communication with the annular space, and
• a bore having a bore extension and comprising a first bore part having a first inner 

diameter and a second bore part having an inner diameter which is larger than that of 
the first bore part,

wherein the first opening and the second opening are arranged in the first bore part and 
displaced along the bore extension, and the annular barrier further comprises:

• a piston arranged in the bore, the piston comprising a first piston part having an outer 
diameter substantially corresponding to the inner diameter of the first bore part and 
comprising a second piston part having an outer diameter substantially corresponding to 
the inner diameter of the second bore part, and

• a rupture element preventing movement of the piston until a predetermined pressure in 
the bore is reached.

[0006] The piston has a round cross-section which is arranged in a round bore, and neither 
the piston nor the bore are annular, which increases the fitting so that the clearance between 
the piston and the bore can be made very small, and unwanted leakage can thereby be 
avoided.

[0007] Furthermore, the piston may have a centre axis arranged in a wall of the tubular part or 
in a wall of a connection part connecting the expandable metal sleeve with the tubular part.

[0008] In an embodiment, the downhole annular barrier may further comprise a locking 
element adapted to mechanically lock the piston when the piston is in the closed position, 
blocking the first opening.

[0009] Furthermore, the locking element may be configured to move at least partly radially 
outwards or inwards upon movement of the piston away from the initial position to prevent the 
piston from returning to an initial position of the piston.

[0010] Moreover, the locking element may permanently lock the piston in the closed position.

[0011] Furthermore, the locking element may be configured to move radially inwards upon 
movement of the piston away from the initial position.
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[0012] Also, the locking element may be configured to move radially inwards and abut the 
second piston face of the piston upon movement of the piston away from the initial position.

[0013] Moreover, the locking element may be configured to move partly radially outwards upon 
movement of the piston away from the initial position.

[0014] In addition, the locking element may prohibit the piston from returning to its initial 
position.

[0015] Also, the locking element may surround a part of the piston.

[0016] Moreover, the locking element may be forced towards the piston by a spring member.

[0017] In an embodiment, the annular barrier may comprise a third opening which is in fluid 
communication with the annulus.

[0018] Furthermore, the piston may have an initial position in which the first opening is in fluid 
communication with the second opening, and a closed position in which the second opening is 
in fluid communicaiton with the third opening in order to equalise the pressure between the 
annular space and the annulus.

[0019] In the closed position in which the second opening is in fluid communicaiton with the 
third opening, the pressure between the annular space and the annulus may be equalised.

[0020] The piston may comprise a fluid channel being a through bore providing fluid 
communication between the first and second bore parts.

[0021] By having a piston comprising a fluid channel being a through bore providing fluid 
communication between the first and second bore parts, the fluid pressure acts on the second 
piston face facing away from the first opening, and thus, a very simple construction is provided 
with a minimum of flow paths having a risk of becoming clogged.

[0022] Furthermore, by having a piston with a fluid channel, fluid communication between the 
first and second bore parts is provided so that the piston can move upon rupture of the rupture 
element, resulting in fluid communication to the inside of the tubular part being closed off. In 
this way, a simple solution without further fluid channels is provided, and due to the fact that 
the second piston part has an outer diameter which is larger than that of the first piston part, 
the surface area onto which fluid pressure is applied is larger than that of the first piston part. 
Thus, the pressure moves the piston when the annular barrier is expanded, and pressure is 
built up for breaking the rupture element, which allows the piston to move.

[0023] Moreover, the rupture element may be a shear pin engaging the piston.
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[0024] Also, the rupture element may be a shear disc arranged in the fluid channel or the first 
bore part for preventing flow past the disc.

[0025] Further, the disc may block the fluid channel or the first bore part.

[0026] The bore may have a second bore end in the second bore part and a first bore end in 
the first bore part, the disc being arranged between the first opening and the second bore part.

[0027] In addition, the piston may have a first piston end at the first piston part and a second 
piston end at the second piston part, the first piston end having a first piston face and the 
second piston end having a second piston face, the second piston face having a face area 
which is larger than a face area of the first piston face in order to move the piston towards the 
first bore end.

[0028] Movement of the piston may close fluid communication between the first opening and 
the second opening.

[0029] Furthermore, the first piston part may extend partly into the second bore part in an 
initial position of the piston and form an annular space between the piston and an inner wall of 
the bore.

[0030] The downhole annular barrier according to the present invention may further comprise 
a third opening in the second bore part, which third opening may be in fluid communication 
with the annular space and the annulus.

[0031] Moreover, a shuttle valve may be arranged between the third opening and the annulus, 
thus providing fluid communication between the annular space and the annulus.

[0032] Said shuttle valve may, in a first position, provide fluid communication between the 
annular space and the first zone of the annulus and may, in a second position, provide fluid 
communication between the annular space and the second zone of the annulus.

[0033] Also, the first piston part may comprise two annular sealing elements arranged in an 
annular groove in the first piston part.

[0034] The annular sealing elements may be arranged at a predetermined distance, meaning 
that the sealing elements are arranged at opposite sides of the first opening in a closed 
position of the piston.

[0035] Furthermore, the second piston face may be arranged at a distance from the second 
bore end in the initial position.

[0036] Additionally, the second piston part may comprise at least one sealing element 
arranged in an annular groove.
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[0037] Moreover, the downhole annular barrier according to the present invention may further 
comprise a locking element adapted to mechanically lock the piston when the piston is in the 
closed position, blocking the first opening.

[0038] In this way, a permanent closure of fluid communication between the annular space and 
the inside of the well tubular structure is obtained. In the known solutions, one-way valves, 
such as ball valves, are used for the same purpose in order to let fluid into the space of the 
annular barrier but prevent it from escaping again. By using such check valves, the fluid inside 
the annular barrier is entrapped, and during e.g. fracturing of the formation where typically 
colder fluid is used for fracking the formation, fluid is let into the annular barrier at e.g. 300 bar 
which is the maximum pressure at which the annular barrier is tested to withstand without 
fracturing the expandable metal sleeve. When the fracking is effected using the cold fluid 
having a pressure of 300 bar, the annular barrier is equally filled with the cold fluid at the 
pressure of 300 bar. Subsequently, when the fracking has ended, the annular barrier is heated, 
causing the pressure in the annular barrier to increase above the maximum pressure since the 
fluid inside the annular barrier cannot escape from the annular space due to the check valve, 
and the expandable metal sleeve is therefore at high risk of breaking or rupturing. Thus, each 
time the temperature changes downhole, the pressure inside the annular barrier changes as 
well, and the sleeve is consequently expanded or crimped accordingly, which can result in 
breakage or rupture of the expandable metal sleeve. By permanently blocking the fluid 
communication between the annular space and the inside of the well tubular structure, the 
expandable metal sleeve will not undergo such large changes, which substantially reduces the 
risk of rupturing.

[0039] Also, the second piston part may comprise the locking element arranged in the second 
piston end of the piston, and the locking element being springy elements projecting outwards 
when being released when the piston moves to block the first opening.

[0040] The locking element may be collets forming in the second piston end of the piston.

[0041] When using a mechanical lock preventing backwards movement of the piston, there is 
no need for a check valve to prevent the return of the piston when the pressure inside the 
annular barrier increases. In this way, the risk of dirt preventing closure of the check valve and 
the risk that a pressure increase in the annular space of the barrier forces the piston to return 
and provide fluid communication from the inside of the tubular part again are eliminated. In the 
known solutions using check valves, the expandable metal sleeve has a potential risk of 
breaking or rupturing when the formation is fracked with colder fluid, such as seawater. By 
permanently blocking the fluid communication between the annular space and the inside of the 
well tubular structure, the expandable metal sleeve will not undergo such large changes in 
temperature and pressure, which substantially reduces the risk of rupturing.

[0042] Further, the locking element may be arranged around the second piston part.
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[0043] Moreover, the bore may have a third bore part, the second bore part being arranged 
between the first bore part and the third bore part, the third bore part having an inner diameter 
which is larger than the inner diameter of the second bore part, and the locking element being 
arranged in third bore part.

[0044] Furthermore, the locking element may be a plurality of inserts arranged in the third bore 
part around the second piston end.

[0045] The locking element may further comprise at least one spring member arranged in a 
circumferential groove of an outer face of the inserts, so that the inserts are held together and 
forced radially inwards when the piston moves to close off for fluid communication to the inside 
of the tubular part.

[0046] The present invention also relates to a downhole annular barrier system comprising a 
downhole annular barrier as described above and a pressure source.

[0047] Said pressure source may be arranged at the surface or seabed or at the well head or 
blowout preventer.

Brief description of the drawings

[0048] 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 a cross-sectional view of an annular barrier,

Fig. 2A shows a cross-sectional view of part of the annular barrier of Fig. 1 having a bore with 
a piston in an initial position,

Fig. 2B shows the piston of Fig. 2A in its closed position,

Fig. 3A shows another embodiment of the piston in its initial position,

Fig. 3B shows the piston of Fig. 3A in its closed position,

Fig. 4 shows a perspective view of a locking element,

Fig. 5 shows a perspective view of the piston of Fig. 3A,

Fig. 6 shows a cross-sectional view of the annular barrier abutting a second well tubular 
structure,

Fig. 7 shows a perspective view of a shuttle valve,

Fig. 8 shows another embodiment of the piston in its initial position,
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Fig. 9 shows yet another embodiment of the piston in its initial position,

Fig. 10 shows a partly cross-sectional view of an annular barrier system,

Fig. 11A shows another embodiment of the piston in its initial position, and

Fig. 11B shows the piston of Fig. 11A in its closed position.

[0049] 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

[0050] Fig. 1 shows a downhole annular barrier 1 to be expanded in an annulus 2 between a 
well tubular structure 3 and a wall 5 of a borehole 6 downhole in order to provide zone isolation 
between a first zone 101 having a first pressure Pi and a second zone 102 having a second 

pressure P2 of the borehole. The annular barrier comprises a tubular part 7 adapted to be 

mounted as part of the well tubular structure 3 and having an inside being the inside of the well 
tubular structure and thus in fluid communication therewith. The annular barrier 1 further 
comprises an expandable metal sleeve 8 surrounding the tubular part 7 and having an inner 
sleeve face 9 facing the tubular part and an outer sleeve face 10 facing the wall 5 of the 
borehole 6, and the outer sleeve face abuts the wall in the expanded position shown in Fig. 1. 
Each end 12 of the expandable metal sleeve 8 is connected with the tubular part 7, creating an 
annular space 15 between the inner sleeve face 9 of the expandable metal sleeve and the 
tubular part. The annular barrier 1 has a first opening 16 in fluid communication with the inside 
of the well tubular structure and thus the tubular part, and a second opening 17 of the annular 
barrier is in fluid communication with the annular space 15. When the inside of the tubular part 
7 is pressurised, fluid flows into the annular space 15, thereby expanding the expandable 
metal sleeve 8 to the expanded position, as shown in Fig. 1.

[0051] The annular barrier 1 further comprises a bore 18 having a bore extension and 
comprising a first bore part 19 having a first inner diameter (ID-, in Fig. 2A) and a second bore 

part 20 having an inner diameter (ID2 in Fig. 2A) which is larger than that of the first bore part. 

The first opening and the second opening are arranged in the first bore part 19 and are 
displaced along the bore extension. The annular barrier 1 further comprises a piston 21 
arranged in the bore 18, the piston comprising a first piston part 22 having an outer diameter 
(ODp-| in Fig. 2B) substantially corresponding to the inner diameter of the first bore part 19, 

and comprising a second piston part 23 having an outer diameter (ODP2 in Fig. 2B) 

substantially corresponding to the inner diameter of the second bore part 20. The annular 
barrier 1 further comprises a rupture element 24 preventing movement of the piston 21 until a 
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predetermined pressure in the bore 18 is reached. The strength of the rupture element is set 
based on a predetermined pressure acting on the areas of the ends of the piston, and thus, 
the difference in outer diameters results in a movement of the piston when the pressure 
exceeds the predetermined pressure. The piston 21 comprises a fluid channel 25 being a 
through bore providing fluid communication between the first and second bore parts 19, 20.

[0052] By having a piston with a fluid channel, fluid communication between the first and 
second bore parts is provided so that upon rupture of the rupture element, the piston can 
move, resulting in fluid communication to the inside of the tubular part being closed off. In this 
way, a simple solution without further fluid channels is provided, and due to the fact that the 
second piston part has an outer diameter which is larger than that of the first piston part, the 
surface area onto which fluid pressure is applied is larger than that of the first piston part. 
Thus, the pressure moves the piston when the annular barrier is expanded and pressure has 
been built up for breaking the rupture element 24, which allows the piston to move. The 
annular space 15 (shown in Fig. 6) is fluidly connected with the borehole via a hole 61, shown 
in Fig. 2A, and the pressure in the annular space can thus be relieved.

[0053] In Fig. 1, the rupture element 24 is a shear disc, and in Figs. 2A, 2B, 11A and 11B the 
rupture element is a shear pin. In Fig. 11 A, the shear pin is intact and extends through the 
piston and the inserts 43, and in Fig. 11B, the shear pin is sheared and the piston is allowed to 
move, and the inserts 43 have moved towards the centre of the bore 18. Depending on the 
isolation solution required to provide isolation downhole, the rupture element 24 is selected 
based on the expansion pressure so as to break at a pressure higher than the expansion 
pressure but lower than the pressure rupturing the expandable metal sleeve or jeopardising 
the function of other completion components downhole. In Fig. 1, the bore 18 and the piston 
21 are arranged in a connection part 26 connecting the expandable metal sleeve 8 with the 
tubular part 7. In Figs. 2A and 2B, the bore 18 and piston 21 are arranged in the tubular part 7.

[0054] In Figs. 2Aand 2B, the piston 21 has a first piston end 27 at the first piston part 22 and 
a second piston end 28 at the second piston part 23, and the first piston end has a first piston 
face 29 and the second piston end has a second piston face 30. Furthermore, the second 
piston face 30 has a face area which is larger than a face area of the first piston face 29 in 
order to move the piston 21 towards the first bore part 19. The difference in face area creates 
a difference in the force acting on the piston 21, causing the piston to move to close off the 
fluid communication between the first opening 16 and the second opening 17.

[0055] As shown in Fig. 2A, the first piston part 22 extends partly into the second bore part 20 
in an initial position of the piston 21 and forms an annular space 31 between the piston and an 
inner wall 32 of the bore. The movement of the piston 21 when the fluid presses onto the 
second piston face 30 stops when the second piston part 23 reaches the first bore part 19, 
causing the second piston part to rest against an annular face 33 created by the difference 
between the inner diameters of the first and the second bore parts 19, 20, which is shown in 
Fig. 2B. The annular space 31 is fluidly connected with the annulus between the well tubular 
structure and the inner wall of the borehole and is thus pressure-relieved via a hole 61, thereby
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allowing the movement of the piston 21.

[0056] The first piston part 22 comprises two annular sealing elements 34, each arranged in 
an annular groove 35 in the first piston part 22. The annular sealing elements 34 are arranged 
at a predetermined distance and are thereby arranged at opposite sides ofthe first opening 16 
in a closed position ofthe piston 21, as shown in Fig. 2B. Furthermore, the second piston part 
23 comprises two sealing elements 34B arranged in an annular groove 35B.

[0057] In Figs. 2A and 2B, the annular barrier further comprises a locking element 38 adapted 
to mechanically lock the piston 21 when the piston is in the closed position, blocking the first 
opening 16, as shown in Fig. 2B.

[0058] In the known solutions, one-way valves, such as ball valves, are used for the same 
purpose, i.e. letting fluid into the space of the annular barrier but preventing it from escaping 
again. By using such check valves, the fluid inside the annular barrier is entrapped, and during 
e.g. fracturing of the formation where typically colder fluid is used for fracking the formation, 
fluid is let into the annular barrier at e.g. 300 bar which is the maximum pressure at which the 
annular barrier is tested to withstand without fracturing the expandable metal sleeve. When the 
fracking is affected using the cold fluid having a pressure of 300 bar, the annular barrier is 
equally filled with the cold fluid at the pressure of 300 bar. Subsequently, when the fracking has 
ended, the annular barrier is heated, causing the pressure in the annular barrier to increase to 
above the maximum pressure since the fluid inside the annular barrier cannot escape from the 
annular space due to the check valve, and the expandable metal sleeve is therefore at high 
risk of breaking or rupturing. Thus, each time the temperature changes downhole, the 
pressure inside the annular barrier changes as well, and the sleeve is consequently expanded 
or crimped accordingly, which can result in breakage or rupture of the expandable metal 
sleeve. By permanently blocking the fluid communication between the annular space and the 
inside of the well tubular structure, the expandable metal sleeve will not undergo such large 
changes, which substantially reduces the risk of rupturing.

[0059] In Fig. 2A, the second piston part 23 comprises the locking element 38 arranged in the 
second piston end 28 of the piston 21. The locking element 38 may be springy elements 39 
projecting outwards but being suppressed in a third bore part 36 when the piston 21 is in the 
initial position, and the springy elements are released when the piston moves to block the first 
opening 16, and the springy elements thus project radially outwards, as shown in Fig. 2B. 
Thus, the locking element 38 is collets forming in the second piston end 28 of the piston 21. 
The second bore part 20 is arranged between the first bore part 19 and the third bore part 36, 
and the third bore part has an inner diameter which is larger than the inner diameter of the 
second bore part.

[0060] When using a mechanical lock preventing backwards movement ofthe piston, there is 
no need for a check valve to prevent the return of the piston when the pressure inside the 
annular barrier increases. In this way, the risk of dirt preventing closure of the check valve and 
the risk that a pressure increase in the annular space of the barrier forces the piston to return 
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and provide fluid communication from the inside of the tubular part again are eliminated. In the 
known solutions using check valves, the expandable metal sleeve has a potential risk of 
breaking or rupturing when the formation is fracked with colder fluid, such as seawater. By 
permanently blocking the fluid communication between the annular space and the inside of the 
well tubular structure, the expandable metal sleeve will not undergo such large changes in 
temperature and pressure, which substantially reduces the risk of rupturing.

[0061] In Fig. 3A, the annular barrier 1 comprises a locking element 38 which is arranged 
around the second piston part 23. The bore further comprises a third opening 37 in the second 
bore part 20, which third opening is in fluid communication with the annular space 15 and the 
annulus 2. The third opening 37 may be arranged in fluid communication with a shuttle valve 
49, as shown in Fig. 7, in such a way that the shuttle valve is arranged between the third 
opening and the annulus, thus providing fluid communication between the annular space and 
the annulus. The shuttle valve 49 provides, in a first position, fluid communication between the 
annular space and the first zone 101 of the annulus (shown in Fig. 1), and in a second 
position, the shuttle valve provides fluid communication between the annular space and the 
second zone 102 of the annulus (shown in Fig. 1).

[0062] In Fig. 7, an assembly 51 having the bore with the piston has the first opening 16 
receiving fluid from the inside of the well tubular structure 3 through the screen 54. The first 
opening 16 is fluidly connected with the second opening 17 during expansion, causing the 
expansion fluid in the well tubular structure 3 to expand the expandable metal sleeve 8. When 
the expandable metal sleeve 8 is expanded to abut the wall of the borehole, the pressure 
builds up, and the rupture element within the assembly shears to close off the fluid connection 
from the first opening 16 and opens the fluid connection 37a via the third opening 37 to the 
shuttle valve 49. When the first pressure P-j increases in the first zone 101 (see Fig. 1), fluid 

from the first zone is connected with the shuttle valve and let into the annular space. When the 
second pressure P2 increases in the second zone 102 (see Fig. 1), the shuttle valve shifts, and 

fluid is let from the second zone into the annular space.

[0063] When the piston 21 moves to the closed position, shown in Fig. 3B, a recess 48 in the 
second piston part 23 provides fluid communication between the second opening and the third 
opening, so that fluid communication between the annular space 15 and the third opening is 
provided in the closed position of the piston 21. The recess 48 in the piston 21 is further 
disclosed in Fig. 5.

[0064] In Fig. 3A, the rupture element 24 is a shear disc arranged in the fluid channel, but in 
another embodiment, a shear disc may be arranged in the first bore part 19 for preventing flow 
past the disc. The disc thus blocks the fluid channel or the first bore part 19. In Fig. 3A, the 
bore has a second bore end 42 in the second bore part 20 and a first bore end 41 in the first 
bore part 19, and the second piston face 30 is arranged at a distance from the second bore 
end 42 in the initial position. In the closed position shown in Fig. 3B, the distance between the 
second piston face 30 and the second bore end 42 is increased.
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[0065] In Figs. 3A and 3B, the locking element 38 is a plurality of inserts 43 arranged in the 
third bore part around the second piston end. The inserts 43 are held together by rings 45, 
such as O-rings, circlips, split rings or key rings. As the piston 21 moves from the initial position 
shown in Fig. 3Ato the closed position shown in Fig. 3B, the inserts 43 fall inwards and block 
the return of the piston and secure permanent closure of the fluid communicaton between the 
first opening 16 and the annular space 15 of the annular barrier. The inserts 43 are shown in 
perspective in Fig. 4.

[0066] In Fig. 8, the locking element 38 further comprises at least one spring member 45 
arranged in a circumferential groove 46 of an outer face of the inserts 43, so that the inserts 
are held together and forced radially inwards when the piston 21 moves to close off for fluid 
communication to the inside of the tubular part 7.

[0067] In Fig. 9, the locking element 38 is a spring member 47, such as a coiled spring, a key 
ring or snap rings, being expanded in the initial position, and the spring force is released when 
the piston 21 moves, so that the spring member retracts to a smaller outer diameter.

[0068] In Fig. 6, the annular barrier 1 is expanded to abut a second well tubular structure 3a, 
and the disc 24 is arranged between the first opening 16 and the second bore part 20.

[0069] Fig. 10 shows a downhole annular barrier system 100 comprising two downhole 
annular barriers 1 and a pressure source 60 arranged at the surface/seabed or at the well 
head or blowout preventer.

[0070] The expandable metal sleeve is made of a flexible material, such as elastomer, rubber 
or metal, so that the sleeve can be expanded and provide zone isolation. The tubular part is 
made of metal.

[0071] The annular barrier is thus a metal annular barrier having both an expandable sleeve 
made of metal and a tubular part made of metal. The annular barrier may further comprise 
annular sealing elements arranged in such a way that they abut and surround the expandable 
metal sleeve.

[0072] By fluid or well fluid is meant any kind of fluid that may be present in oil or gas wells 
downhole, such as natural gas, oil, oil mud, crude oil, water, etc. By gas is meant any kind of 
gas composition present in a well, completion, or open hole, and by oil is meant any kind of oil 
composition, such as crude oil, an oil-containing fluid, etc. Gas, oil, and water fluids may thus 
all comprise other elements or substances than gas, oil, and/or water, respectively.

[0073] By a casing is meant any kind of pipe, tubing, tubular, liner, string etc. used downhole in 
relation to oil or natural gas production.

[0074] 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 
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modifications are conceivable without departing from the invention as defined by the following 
claims.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not 
form part of the European patent document. Even though great care has been taken in 
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all 
liability in this regard.

Patent documents cited in the description

• US5400855A [00021
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RINGFORMET BARRIERE MED LUKKEMEKANISME

Patentkrav

1. Ringformet borehulsbarriere (1) beregnet til at blive ekspanderet i et 

ringvolumen (2) mellem en rørformet brøndkonstruktion (3) og en væg (5) af et 

borehul (6) eller en anden rørformet brøndkonstruktion (3a) i borehullet med 

henblik på tilvejebringelse af zoneadskillelse mellem en første zone (101), der 

har et første tryk (Pi), og en anden zone (102), der har et andet tryk (P2), af 

borehullet, hvilken ringformet barriere omfatter:

- en rørformet del (7), der er tilpasset til at blive monteret som en del af den 

rørformede brøndkonstruktion, idet den rørformede del har en udvendig flade (4) 

og et indre (14),

- et ekspanderbart meta I rørstykke (8), der omgiver den rørformede del og har en 

indvendig rørstykkeflade (9), som vender mod den rørformede del, og en 

udvendig rørstykkeflade (10), som vender mod borehullets væg, idet hver 

ende (12) af det ekspanderbare meta I rørstykke er forbundet med den rørformede 

del, og

- et ringformet rum (15) mellem det ekspanderbare meta I rørstykkes indvendige 

rørstykkeflade og den rørformede del,

- en første åbning (16) i fluidforbindelse med det indre,

- en anden åbning (17) i fluidforbindelse med det ringformede rum, og

- en boring (18), der har en boringsudstrækning og omfatter en første 

boringsdel (19), som har en første indvendig diameter (IDi) og en anden 

boringsdel (20), som har en indvendig diameter (ID2), der er større end den 

første boringsdels,

hvor den første åbning og den anden åbning er indrettet i den første boringsdel 

og forskudt langs boringsudstrækningen, og den ringformede barriere endvidere 

omfatter:

- et stempel (21), der er indrettet i boringen, hvilket stempel omfatter en første 

stempeldel (22), som har en udvendig diameter (ODPi), der i det væsentlige 

svarer til den første boringsdels indvendige diameter og omfatter en anden 

stempeldel (23), som har en udvendig diameter (ODP2), der i det væsentlige 

svarer til den anden boringsdels indvendige diameter, og

- et brudelement (24), der forhindrer bevægelse af stemplet, indtil et 

forudbestemt tryk i boringen er nået,
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kendetegnet ved, at den ringformede barriere omfatter en tredje åbning, der er 

i fluidforbindelse med ringvolumenet, og

ved, at stemplet har en initial position, i hvilken den første åbning er i 

fluidforbindelse med den anden åbning, og en lukket position, i hvilken den 

anden åbning er i fluidforbindelse med den tredje åbning med henblik på at 

udligne trykket mellem det ringformede rum og ringvolumenet.

2. Ringformet borehulsbarriere ifølge krav 1, der endvidere omfatter et låse­

element (38), som er indrettet til mekanisk låsning af stemplet, når stemplet er i 

den lukkede position, hvorved den første åbning blokeres.

3. Ringformet borehulsbarriere ifølge krav 2, hvor låseelementet er 

konfigureret til at bevæge sig i det mindste delvist radialt udad eller indad ved 

bevægelse af stemplet væk fra den initiale position for at forhindre stemplet i at 

vende tilbage til en initiale position af stemplet.

4. Ringformet borehulsbarriere ifølge et hvilket som helst af kravene 2 eller 3, 

hvor låseelementet permanent låser stemplet i en lukket position.

5. Ringformet borehulsbarriere ifølge et hvilket som helst af kravene 1-4, hvor 

stemplet omfatter en fluidkanal (25), som er en gennemboring, der tilvejebringer 

fluidforbindelse mellem den første og den anden boringsdel.

6. Ringformet borehulsbarriere ifølge et hvilket som helst af kravene 1-4, hvor 

stemplet har en midterakse, der er indrettet i en væg af den rørformede del eller 

i en væg af en forbindelsesdel, som forbinder det ekspanderbaret meta I rørstykke 

med den rørformede del.

7. Ringformet borehulsbarriere ifølge et hvilket som helst af de foregående 

krav, hvor brudelementet er en brudstift, der går i indgreb med stemplet.

8. Ringformet borehulsbarriere ifølge et hvilket som helst af de foregående 

krav, hvor brudelementet er en brudskive, der er indrettet i fluidkanalen eller den 

første boringsdel med henblik på at forhindre strømning forbi skiven.

9. Ringformet borehulsbarriere ifølge et hvilket som helst af de foregående 

krav, hvor stemplet har en første stempelende (27) ved den første stempeldel og 
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en anden stempelende (28) ved den anden stempeldel, idet den første stempel­

ende har en første stempelflade (29), og den anden stempelende har en anden 

stempelflade (30), idet den anden stempelflade har et fladeareal, der er større 

end et fladeareal af den første stempelflade med henblik på at bevæge stemplet 

mod den første boringsende.

10. Ringformet borehulsbarriere ifølge et hvilket som helst af de foregående 

krav, hvor den første stempeldel strækker sig delvist ind i den anden boringsdel i 

en initial position af stemplet og danner et ringformet rum (15) mellem stemplet 

og en indervæg af boringen.

11. Ringformet borehulsbarriere ifølge et hvilket som helst af de foregående 

krav, der endvidere omfatter en tredje åbning (37) i den anden boringsdel, 

hvilken tredje åbning er i fluidforbindelse med det ringformede rum og 

ringvolumenet.

12. Ringformet borehulsbarriere ifølge et hvilket som helst af kravene 2-4, hvor 

den anden stempeldel omfatter låseelementet, der er indrettet i den anden 

stempelende af stemplet, idet låseelementet er fjedrende elementer, der rager 

udad, når de udløses, når stemplet bevæger sig for at blokere den første åbning.

13. Ringformet borehulsbarriere ifølge et hvilket som helst af kravene 2-11, 

hvor boringen har en tredje boringsdel, idet den anden boringsdel er indrettet 

mellem den første boringsdel og den tredje boringsdel (36), idet den tredje 

boringsdel har en indvendig diameter, som er større end den anden boringsdels 

indvendige diameter, og idet låseelementet er indrettet i den tredje boringsdel, 

og
hvor låseelementet er en flerhed af indsatser (43), der er indrettet i den tredje 

boringsdel omkring den anden stempelende.

14. Ringformet borehulsbarriere ifølge et hvilket som helst af kravene 2-4 

eller 10, hvor låseelementet endvidere omfatter mindst ét fjederelement (45), 

der er indrettet i en periferisk rille (46) af en yderflade af indsatserne, således at 

indsatserne holdes sammen og tvinges radialt indad, når stemplet bevæger sig 

for at lukke af for fluidforbindelse til den rørformede dels indre.
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15. Ringformet borehulsbarrieresystem (100), der omfatter en ringformet 

borehulsbarriere ifølge et hvilket som helst af de foregående krav og en 

trykkilde (60).
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Fig. 4
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Fig. 7
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